

[image: image]





Frontiers eBook Copyright Statement

The copyright in the text of individual articles in this eBook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers.

The compilation of articles constituting this eBook is the property of Frontiers.

Each article within this eBook, and the eBook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this eBook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version.

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or eBook, as applicable.

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with.

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question.

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-88976-961-2
DOI 10.3389/978-2-88976-961-2

About Frontiers

Frontiers is more than just an open-access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers Journal Series

The Frontiers Journal Series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers Journal Series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to Quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. 

Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view.

By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers Journals Series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area! Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers Editorial Office: frontiersin.org/about/contact





DEEP LEARNING IN ADAPTIVE LEARNING: EDUCATIONAL BEHAVIOR AND STRATEGY

Topic Editors: 

Chia-Chen Chen, National Chung Hsing University, Taiwan

Patrick Hung, Ontario Tech University, Canada

Erol Eğrioğlu, Giresun University, Turkey

Kuo-Lun Hsiao, National Taichung University of Science and Technology, Taiwan

Citation: Chen, C.-C., Hung, P., Eğrioğlu, E., Hsiao, K.-L., eds. (2022). Deep Learning in Adaptive Learning: Educational Behavior and Strategy. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-88976-961-2





Table of Contents




Piano Education of Children Using Musical Instrument Recognition and Deep Learning Technologies Under the Educational Psychology

Huizi Li

Application of Deep Learning Algorithms to Visual Communication Courses

Zewen Wang, Jiayi Li, Jieting Wu and Hui Xu

The Teaching Design Methods Under Educational Psychology Based on Deep Learning and Artificial Intelligence

Zewen Wang, Lin Cai, Yahan Chen, Hongming Li and Hanze Jia

The College Students’ Oral English Education Strategy Using Human-Computer Interaction Simulation System From the Perspective of Educational Psychology

Ping Zhou, Xiaoliang Wu, Hui Xu and Guan Wang

Using Artificial Intelligence-Based Collaborative Teaching in Media Learning

Weijun Wang and Zhenhuan Liu

Influence of Vocalized Reading Practice on English Learning and Psychological Problems of Middle School Students

Hongyan Zhang and Xianghua Han

The Efficiency of Cooperative Learning in Physical Education on the Learning of Action Skills and Learning Motivation

Cairu Yang, Rongli Chen, Xiaozhong Chen and Kuan-Han Lu

Deep Learning-Based Teaching Strategies of Ideological and Political Courses Under the Background of Educational Psychology

Xiaoqing He, Peiyao Chen, Jieting Wu and Zhen Dong

Design and Implementation of Human-Computer Interface for Participatory Art Video Development Platform Based on Interactive Non-linear Algorithm

Xixia Liu and Musen Liu

The Teaching Pattern of Law Majors Using Artificial Intelligence and Deep Neural Network Under Educational Psychology

Di Xuan, Delong Zhu and Wenhai Xu

Understanding Continuance Usage of Mobile Learning Applications: The Moderating Role of Habit

Yi-Ting Wang and Kuan-Yu Lin

Analysis of AI Precision Education Strategy for Small Private Online Courses

Yu-Shan Lin and Ying-Hsun Lai

Design and Implementation of Intelligent Learning System Based on Big Data and Artificial Intelligence

Yawen Yang

Applying the Cloud Intelligent Classroom to the Music Curriculum Design of the Mental Health Education

Yanan Liang and Shiyong Wu

The Influence of “Artificial Intelligence + Human–Computer Interaction” on Teachers’ Psychological Changes in Academic Management in Colleges

Honghai Guan, Qingli Chen, Song Han and Baoge Zhang

Applying Deep Learning in the Training of Communication Design Talents Under University-Industrial Research Collaboration

Rui Zhou, Zhihua He, Xiaobiao Lu and Ying Gao

Immersive Learning Design for Technology Education: A Soft Systems Methodology

C. H. Wu, Y. M. Tang, Y. P. Tsang and K. Y. Chau

Personalized Online Learning Resource Recommendation Based on Artificial Intelligence and Educational Psychology

Xin Wei, Shiyun Sun, Dan Wu and Liang Zhou

Application of Massive Open Online Course to Grammar Teaching for English Majors Based on Deep Learning

Minghui Du and Yiqun Qian

The Influencing Legal and Factors of Migrant Children’s Educational Integration Based on Convolutional Neural Network

Chi Zhang, Gang Wang, Jinfeng Zhou and Zhen Chen

Learning Social Media Content Optimization: How Can SMEs Draw the Users’ Attention on Official WeChat Accounts?

Xueyun Zeng, Xuening Xu and Yenchun Jim Wu

Do Flipped Learning and Adaptive Instruction Improve Student Learning Outcome? A Case Study of a Computer Programming Course in Taiwan

Hong-Ren Chen and Wen-Chiao Hsu

Current Situation and Strategy Formulation of College Sports Psychology Teaching Following Adaptive Learning and Deep Learning Under Information Education

Chuan Mou, Yi Tian, Fengrui Zhang and Chao Zhu

Exploring Quality Evaluation of Innovation and Entrepreneurship Education in Higher Institutions Using Deep Learning Approach and Fuzzy Fault Tree Analysis

Changlin Wang, Puyang Zheng, Fengrui Zhang, Yufeng Qian, Yiyao Zhang and Yulin Zou

How Smart Technology Affects the Well-Being and Supportive Learning Performance of Logistics Employees?

Fei Jiang, Li Wang, Jian-Xin Li and Jie Liu

Using Data Mining Approach for Student Satisfaction With Teaching Quality in High Vocation Education

Bailin Chen, Yi Liu and Jinqiu Zheng

The Educational Function of English Children’s Movies From the Perspective of Multiculturalism Under Deep Learning and Artificial Intelligence

Nan Hu, Shuyi Li, Luna Li and Hui Xu

Study on the Influence Mechanism of Virtual Simulation Game Learning Experience on Student Engagement and Entrepreneurial Skill Development

Qixing Yang, Yue Zhang and Yawen Lin

Analysis of Piano Performance Characteristics by Deep Learning and Artificial Intelligence and Its Application in Piano Teaching

Weiyan Li

Learning Performance in Adaptive Learning Systems: A Case Study of Web Programming Learning Recommendations

Hsiao-Chi Ling and Hsiu-Sen Chiang

Application of Augmented Reality Technology in Children’s Picture Books Based on Educational Psychology

Rui Wang

The Effect of Internet Corpus Learning on Students’ Japanese Learning Motivations and Learning Effect

Rizhong Shen

Psychological and Emotional Recognition of Preschool Children Using Artificial Neural Network

Zhangxue Rao, Jihui Wu, Fengrui Zhang and Zhouyu Tian

Virtual Reality-Integrated Immersion-Based Teaching to English Language Learning Outcome

Yu Xie, Yang Liu, Fengrui Zhang and Ping Zhou

Interactive Design Psychology and Artificial Intelligence-Based Innovative Exploration of Anglo-American Traumatic Narrative Literature

Xia Hou, Noritah Omar and Jue Wang

Research Into improved Distance Learning Using VR Technology

Pengfei Li, Zelong Fang and Tan Jiang

Exploration on Scientific Research Data-Targeted Intelligent Recommendation System Using Machine Learning Under the Background of Sustainable Development

Ruoqi Wang, Shaozhong Zhang, Lin Qi and Jingfeng Huang

Study of Virtual Reality Immersive Technology Enhanced Mathematics Geometry Learning

Yu-Sheng Su, Hung-Wei Cheng and Chin-Feng Lai

Establish a Digital Real-Time Learning System With Push Notifications

Hsin-Te Wu

The Structure of Mental Elasticity Education for Children in Plight Using Deep Learning

Xuanlu Sun and Xiaoyang Yang

Exploration and Strategy Analysis of Mental Health Education for Students in Sports Majors in the Era of Artificial Intelligence

Liang Liang, Yong Zheng, Qiluo Ge and Fengrui Zhang

The Impact of Enterprise Management Elements on College Students’ Entrepreneurial Behavior by Complex Adaptive System Theory

Yueyuan Cheng, Junlong Zhang and Yang Liu

Teaching Strategies and Psychological Effects of Entrepreneurship Education for College Students Majoring in Social Security Law Based on Deep Learning and Artificial Intelligence

Qinlei Zhu and Hao Zhang

Entrepreneurship Education and Health-Stress Analysis of College Teachers and Students Using Backpropagation Neural Network Model

Leiming Fu and Qi Cheng

Application of Educational Psychology-Based Dance Therapy in College Students’ Life Education

Haiyan Zhong, Chunhui Zhao, Fengrui Zhang and Ruizhi Zhang

Research on the Influence of AI and VR Technology for Students’ Concentration and Creativity

Qiming Rong, Qiu Lian and Tianran Tang

Talent Cultivation of New Ventures by Seasonal Autoregressive Integrated Moving Average Back Propagation Under Deep Learning

Fanshen Han, Chenxi Zhang, Delong Zhu and Fengrui Zhang

The Psychology Analysis for Post-production of College Students’ Short Video Communication Education Based on Virtual Image and Internet of Things

Wufeng Tang

Impact of Virtual Imaging Technology on Film and Television Production Education of College Students Based on Deep Learning and Internet of Things

Chengye Du, Chijiang Yu, Tingting Wang and Fengrui Zhang

Application of Dance Movement Therapy to Life-Death Education of College Students Under Educational Psychology

Liu Yang and Fen Li

Artificial Intelligence-Based Human–Computer Interaction Technology Applied in Consumer Behavior Analysis and Experiential Education

Yanmin Li, Ziqi Zhong, Fengrui Zhang and Xinjie Zhao

Investigation of the Influence of Artificial Intelligence Markup Language-Based LINE ChatBot in Contextual English Learning

Yu-Cheng Chien, Ting-Ting Wu, Chia-Hung Lai and Yueh-Min Huang

A Research on Online Education Behavior and Strategy in University

Quan Deng

New Strategies and Practices of Design Education Under the Background of Artificial Intelligence Technology: Online Animation Design Studio

Tianran Tang, Pengfei Li and Qiheng Tang

Immersive Virtual Reality Serious Games With DL-Assisted Learning in High-Rise Fire Evacuation on Fire Safety Training and Research

Shih-Yeh Chen and Wei-Che Chien












	
	ORIGINAL RESEARCH
published: 16 September 2021
doi: 10.3389/fpsyg.2021.705116






[image: image2]

Piano Education of Children Using Musical Instrument Recognition and Deep Learning Technologies Under the Educational Psychology

Huizi Li*

School of Music and Recording Arts, Communication University of China, Beijing, China

Edited by:
Chia-Chen Chen, National Chung Hsing University, Taiwan

Reviewed by:
Mu-Yen Chen, National Cheng Kung University, Taiwan
 Jiunn-Woei Lian, National Taichung University of Science and Technology, Taiwan

*Correspondence: Huizi Li, music_hh@cuc.edu.cn

Specialty section: This article was submitted to Educational Psychology, a section of the journal Frontiers in Psychology

Received: 04 May 2021
 Accepted: 16 August 2021
 Published: 16 September 2021

Citation: Li H (2021) Piano Education of Children Using Musical Instrument Recognition and Deep Learning Technologies Under the Educational Psychology. Front. Psychol. 12:705116. doi: 10.3389/fpsyg.2021.705116



The objective of the study was to enhance quality education in the traditional pre-school piano education. Deep Learning (DL) technology is applied to piano education of children to improve their interest in learning music. Firstly, the problems of the traditional piano education of children were analyzed with the teaching patterns discussed under educational psychology, and a targeted music education plan was established. Secondly, musical instrument recognition technology was introduced, and the musical instrument recognition model was implemented based on DL. Thirdly, the proposed model was applied to the piano education of children to guide the music learning of students and improve their interest in piano learning. The feature recognition and acquisition of the proposed model were improved. Finally, the different teaching patterns were comparatively analyzed through the Questionnaire Survey (QS). The experimental results showed that the instrument recognition accuracy of Hybrid Neural Network (HNN) is 97.2%, and with the increase of iterations, the recognition error rate of the model decreases and stabilizes. Therefore, the proposed HNN based on DL for musical instrument recognition can accurately identify musical features. The QS results showed that the introduction of musical instrument recognition technology in the piano education of children can improve their interest in piano learning. Therefore, the establishment of the piano education patterns based on the piano education model can improve the effectiveness of teaching piano to students. This research provides a reference for the intelligentization of children's piano education.

Keywords: piano education, educational psychology, children's quality education, deep learning, musical instrument recognition


INTRODUCTION

With social development, more attention is being paid to the quality education of children. Music education can cultivate the sentiments of children, promote the healthy development of their body and mind, and strengthen perseverance (Fan, 2019). The purpose of pre-school education for children is to improve the cultural accomplishment of children and their overall quality through emotional music. Therefore, piano education can be used as a teaching content of quality education for children. However, children are starting to learn the piano at a young age and therefore, may easily lose interest in learning during the boring piano practice (Gerelus et al., 2020). Therefore, teachers should design scientific piano learning strategies that can manifest the charm of piano performance for children according to their age, the relevant contents of pedagogy, and educational psychology (Qian et al., 2018). Through the introduction of deep learning (DL) technology into piano education, targeted teaching programs can be designed for different students, and with the combination of psychological problems of children, each child can always be closely attended to Chen et al. (2021). Here, to enhance the teaching ability of the piano education of children, musical instrument recognition technology is established with the DL algorithm and applied to the piano education of children to promote the intellectualization of piano education.

Domestic and international scholars have rigorously researched piano education. Shuo and Xiao (2019) studied piano education through the intelligent network, established a piano note recognition algorithm, and implemented it in piano education. Some piano audio files were transcribed, tested, and annotated to construct a linear annotation recognition model (Shuo and Xiao, 2019). Liu (2021) explored the interest of parents in the piano education of their children through personal experiences and the status of piano education and compared and analyzed some Chinese and foreign piano education methods (Liu, 2021). Mei and Yang (2021) applied Augmented Reality (AR) technology in piano education, conducted case analysis through experiments, and collected experience for piano education based on AR technology. The survey results showed that the piano education method based on AR technology had specific practical value (Mei and Yang, 2021). Blasco-Magraner et al. (2021) studied the importance of emotional ability in music teaching and examined the positive impact of music on the emotions of children aged 3–12. The experimental results showed that music had a positive impact on the emotional quotient (EQ) development of the children, academic performance, and social skills enhancement (Blasco-Magraner et al., 2021).

Here, the instrument recognition technology based on DL was applied to the piano education of children to improve their piano learning interest, thereby improving the teaching effect of piano education and strengthening quality education for children. Firstly, the current situation of the piano education of children was analyzed. Combined with the relevant content of educational psychology, curriculum innovation was carried out, and the application of instrument recognition technology in the piano education of children was proposed. Afterward, the music recognition technology was designed based on DL, and then a QS was issued to explore the influence of teaching patterns on the piano education of children. Innovatively, DL was applied to the piano education of children to improve their interest in learning piano, identify the musical works of the children through the designed DL learning system, guide and adjust the timeliness of the piano performance of children, and stimulate the initiative of students for learning the piano.



APPLICATION OF DL IN PIANO EDUCATION OF CHILDREN


Piano Education of Children Under Educational Psychology

In traditional piano education, a teacher may teach one to tens of students simultaneously. Therefore, not all the performances can be observed and guided timely. Thus, student number is strictly controlled to ensure an active classroom atmosphere and to attend to each student (Barsamyan, 2019; Wu and Song, 2019). Traditionally, teachers focus on course contents, and students assimilate and digest what is taught. Students are passively involved both in theories and playing techniques and therefore, can hardly perceive the essence of the piano performance. Consequently, they may lack the initiative to learn to play (Rogoza et al., 2018; Burrows and Brown, 2019). Therefore, piano education children should be innovated and deepened, and teachers should awaken the interest of the children in learning and performance through a novel and humorous course design (Chen, 2019; Wu et al., 2019; Li and Tian, 2020).

Meanwhile, it has been argued that children benefit from pleasant classroom environments, and improvement of performance skills should not solely rely on repeated exercises (Mierowsky et al., 2020; Sabljar et al., 2020). Self-control and willpower of children are relatively weak, so the role of parents in their piano practice cannot be overemphasized. This makes parental companionship important throughout the course. Thus, parents and teachers should collaborate harmoniously, and teachers should innovate customized piano courses based on the educational psychology of children, thereby catering to the healthy development of their mentality (Hamond et al., 2019).

People perceive knowledge through cognitive activities, and in the piano education of children, psychological activities should be analyzed (Guhn et al., 2020). Educational psychology can provide a basis for the educational mental health of children to optimize teaching methods.

According to the growth status and ages of children, they can be divided into different groups: infancy, early childhood, preschool, school age, and adolescence. Here, children younger than seven are classified into pre-schoolers. Some of these pre-schoolers, aged 4–6 years old, are recruited for experimental education.

It is believed that the intelligence of children develops the best in early childhood. In line with this, pre-school education can help children cultivate and improve the overall quality of their intellect. Music can provide pre-schoolers, aged 4–6, with skills to display their imagination and performance. Children are often keen to create and play in the music world, which can bring them the freshness and fun of music performance (Woody, 2020). Therefore, teachers should refresh teaching techniques to help students learn the theoretical knowledge and skills necessary in piano performance.



Training Musical Sense of Children Through Musical Instrument Recognition Technology

Piano education of children focuses on personality development to cultivate creativity in students. It has been argued that students can benefit from targeted piano courses based on their personalities and be cultivated comprehensively. Piano music can shake hearts, and musical sense is the ability to perceive this feeling. It has been argued that children benefit from teaching strategies that can cultivate their musical sense from solfeggio and ear training which pays more attention to rhythm and tone. In the beginning, tone and spectrum awareness of children should be strengthened through constant singing and playing. Hearing should be trained through attentive listening on fixed melodies so that children can pick out any wrong tone in piano music and adjust themselves accordingly. Thus, a sense of accomplishment and the confidence of children will be exerted during piano practice (Guo and Cosaitis, 2020; Kurtuldu, 2021).

Instrument recognition technology can classify, annotate, and identify music emotions. It can also acquire instrument names, extract melodies, and annotate musical texts for music transcription and visualization. Additionally, it can extract the tones of the instrument to construct a new digital music evaluation model. The basis of musical instrument recognition is to distinguish instrumental tones. Computer Technology (CT) can distinguish instrumental tones more accurately. The effectiveness of the evaluation model depends on the tone analysis algorithm. Thus, the accurate extraction of instrumental tone is essential to CT instrument recognition (Comeau et al., 2019).

During instrumental music recognition, the timbre features should be represented. Most commonly, the Mel cepstrum feature, orthogonal matching, timbre descriptor, and probability feature representation methods are used. Humans do not rely on the cepstrum to recognize musical instruments but process the sound signal into the auditory spectrum, reflects the harmonic information through the auditory spectrum, and process the time and frequency of the auditory spectrum by multi-scale video modulation, thereby obtaining the time-frequency information of instrumental music. Mel spectrum is proposed according to the auditory characteristics of human ears and has a non-linear relationship with frequency. Based on this relationship, the Mel Frequency Cepstrum Coefficient (MFCC), or the frequency spectrum characteristic, is calculated, which is mainly used for feature extraction of speech data and dimension reduction operations. The above instrumental music recognition methods belong to the shallow structure, and the difference lies in timbre feature extraction and classifier optimization. However, when dealing with complex problems, such models cannot explore the characteristics of music, such as percussion and orchestral instruments.



Musical Instrument Recognition Based on DL

The DL can extract and abstract information more accurately and learn musical instrument features at different levels. The input of the neural network affects the feature extraction efficiency and instrumental recognition accuracy. Hence, the auditory spectrogram is chosen for the input of the neural network because the auditory spectrum can better reflect the sound reception range of humans than the Spectrogram and can extract advanced sound features in the neural network (Yu et al., 2020). Figure 1 shows the technical process of musical instrument recognition.


[image: Figure 1]
FIGURE 1. Technological process of musical instrument recognition.


Here, the Denoise Autoencoder (DA) and the Restricted Boltzmann Machines (RBM) are concatenated to estimate the distribution of the input signal of the neural network and to enhance feature expression. Then, the Softmax layer is used as the classifier (Li et al., 2019). The DA can expand the projection of the original data and pre-train the RBM through the contrast three-degree method. Layer-by-layer pre-training ensures good initial weights for the Neural Network, and the neural network is fine-tuned through the Backpropagation (BP) algorithm, thus effectively identifying the instruments (Szenicer et al., 2019). Figure 2 shows the structure of the proposed Hybrid Neural Network (HNN) for musical instrument recognition based on DL and auditory spectrogram. The structure includes two DA layers, two RNM layers, and one Softmax layer, and the auditory spectrogram is used as the input.


[image: Figure 2]
FIGURE 2. Hybrid Neural Network (HNN) structure of musical instrument recognition.


The DA randomly zeroize the input nodes based on specific probability distribution to denoise the weight matrix and ensure the stability of the activation value between the explicit layer and the hidden layer. The objective function L(x) can be expressed as in Equation (1).

[image: image]

In Equation (1), σ represents the sigmoid activation function, W denotes the connection weight matrix between the explicit layer and the hidden layer, [image: image] stands for the explicit layer output after some elements are zeroized, and is the original data. The damaged data is [image: image] output to the hidden layer, and the error is iterated through the original data x to denoise of the weight matrix, thereby reducing the error of the training data and the test data. The DA feature extraction from auditory spectrogram is enhanced through the configuration of hidden layer nodes number, facilitating abstraction of musical instrument features through RBM. Therefore, the original data is expanded in DA, abstracted in the second layer, and the output data in the dimension of the first layer is reduced and compressed (Xu et al., 2019).

The RBM is a generative stochastic neural network composed of visible units and hidden units, the model structure is shown in Figure 3. Both visible variable v and hidden variable are binary variables, that is, their states fall into {0, 1}. The Deep Belief Network (DBN) can be obtained through cascaded RBMs. The network is a bipartite grahph, and there is only a connection between the visible unit and the hidden unit. There is no connection between the visible units or the hidden units.


[image: Figure 3]
FIGURE 3. Structure of RBM.


In the RBM, the joint probability distribution of the explicit layer and the hidden layer can be obtained through the parameters, such as the weight matrix and bias of the model, as expressed in Equation (2) and Equation (3), respectively.

[image: image]

[image: image]

In Equation (2) and (3), Z represents the normalization factor, and θ denotes the model parameters. E(v, h; θ) stands for the energy function of the RBM network, which obeys the steady-state distribution. The value of the energy function is determined by the distribution of the input layer. The input of the first layer of DA follows the normal distribution, and the input value of the second layer of DA follows the Bernoulli distribution (Yu et al., 2019). The RBM network can distribute nodes in the explicit layer within the distribution space of the input sample, and the objective function can be calculated through the maximum likelihood function lnL(v), as expressed in Equation (4).

[image: image]

In Equation (4), S denotes the collection of input data. The Contrastive Divergence (CD) can initialize the training data, and then the spatial distribution of the samples is estimated. The gradient of the RBM parameters can be updated through the CD algorithm. The algorithm flowchart is shown in Figure 4.


[image: Figure 4]
FIGURE 4. Flowchart of CD algorithm.


The Learning Rate (LR) of HNN is calculated through Adaptive Moment Estimation (Adam) to avoid the slow convergence in HNN and loss function fluctuation caused by parameter updates. Adam algorithm combines the advantages of AdaGrad and RMSProp algorithms and calculates the parameter LR based on the one-order matrix and the two-order matrix (Ebigbo et al., 2019). The cross-entropy between the output of the Softmax layer and the data set is the objective function, and the network is accelerated through the Tensorflow framework. The identification process of musical instruments through the proposed HNN based on DL and auditory spectrogram is shown in Figure 5.


[image: Figure 5]
FIGURE 5. Musical instrument recognition process based on HNN.




QS Design and Reliability and Validity Test

Further, a QS is conducted from three levels of children, parents, and teachers to explore the application of intelligent piano based on DL in piano education of children, and the QS is designed by Likert type. The questions involved include three dimensions: (1) the QS of children includes their interest in intelligent piano and class status, (2) the QS of parents includes motivation, attitude, and advice on piano learning, and (3) the QS of teachers include their educational background, majors, teaching methods, and teaching strategies (Maguet et al., 2021). All three, together, constitute the whole QS. The experimental research is conducted upon the piano education institutions for children in X district of the city of Xi'an. The QS is mainly distributed through the online WeChat class group. Meanwhile, the QS star is used for the production, distribution, and recovery of the QS. Totally, 480 QSs are collected, meeting the survey standards. The issuance and recovery of the QS have been agreed upon by the parties, and the QS data are only used for related research. The detailed information of the questionnaire is shown in Table A1 in the appendix.

The research is exploratory, so relevant scales should be designed to analyze the problems. Specifically, SPSS 25.0 is used for statistical analysis of the collected QS data, and the scale is verified through the Exploratory Factor Analysis (EFA), while the validity of the scale is evaluated with Kaiser–Meyer–Olkin (KMO) test and Bartlett's sphericity test.

Generally, it is believed that a KMO value of above 0.9 in the validity evaluation indicates that the data are suitable for factor analysis. A KMO value between 0.8 and 0.9 suggests very suitable, a KMO value between 0.7 and 0.8 represents suitable, a KMO value between 0.6 and 0.7 means acceptable, a KMO value between 0.5 and 0.6 is very poor, and a KMO below 0.45 implies that the results should be abandoned. Here, the results of the KMO and Bartlett's sphericity tests are shown in Table 1. Obviously, the KMO value is 0.934 which means that validity is good and the data is very suitable for factor analysis. Chi-square value of Bartlett's sphericity test is 13321.772, p < 0.01, the data are very suitable for factor analysis. Further, the two common factors are rotated to explain the original variables more accurately with the extracted factors and increase the correlation between the common factors and the original variables (Küçük, 2020). Table 2 suggests that the data of the designed QS can reflect the actual problems and meet the needs of scientific research.


Table 1. KMO and Bartlett's sphericity tests.

[image: Table 1]


Table 2. Rotational component matrix.

[image: Table 2]



Experimental Data Set and Model Parameter Setting

Here, the experimental sample set is the audio library of the University of Iowa Electronic Music Studio, in which the instruments of various manufacturers and the monophonic parts of different players are recorded. The samples of instruments include a total of nine instruments, such as woodwind instruments, brass instruments, plucked string instruments, hammered string instruments, bowed string instruments, and percussion instruments. In the experiment, the bassoon, saxophone, tuba, flute, guitar, piano, violin, cello, and xylophone are selected as the experimental research options. The sample number of each instrument is 500, the training samples are 16-bit single-channel digital signals, and the sampling frequency is 44.1 kHz. In the sample library, 80% of the samples are randomly selected as the training set, and the remaining samples constitute the test set. All the samples are transformed into the auditory spectrum. The duration of the sample is 2 s, and the auditory spectrum is a 128 100 matrix. In the training process, the neural network with Back Propagation (BP) algorithm is fine-tuned with the training set, and the cycle traverses 50 times. The descent rate is adjusted with the Ada× m algorithm, and the step size of the gradient descent algorithm is set to 0.001. Experiment-related hyperparameter settings are shown in Table 3.


Table 3. Hyperparameters setting.

[image: Table 3]




TEST AND QS ANALYSIS


HNN Test Analysis

The proposed model is compared with other neural network models with the same training parameters to verify the music recognition accuracy of the proposed HNN based on DL. The results are shown in Figure 6.


[image: Figure 6]
FIGURE 6. Model accuracy comparison.


The neural network model with different numbers of DA layers and RBM layers is chosen as comparison models, including SDA2 (Stacked Denoising Autoencoders) (neural network containing two DA layers, zero RBM layer, and one Softmax layer), DBN2 (neural network containing zero DA layer, two RBM layers, and one Softmax layer), SDA3 (neural network containing three DA layers, zero RBM layer, and one Softmax layer), DBN3 (neural network containing zero DA layer, three RBM layers, and one Softmax layer), SDA4 (neural network containing four DA layers, zero RBM layer, and one Softmax layer), and DBN4 (neural network containing zero DA layer, four RBM layers, and one Softmax layer). Figure 7 shows the training process of the network with 2–4 layers, and the influence of the iteration number on the model error rate is analyzed.


[image: Figure 7]
FIGURE 7. The training process of each layer of the HNN model.


Figure 6 indicates that the recognition accuracy of SDA and DBM models increases with the neural network layer number, and the recognition effect of the SDA model is better than that of the DBM model with the same layers. The recognition accuracy of HNN is higher than that of the single model, which is 97.2%, and with the increase of the number of layers, the training, fine-tuning, and total time of the model are gradually increased. Compared with the SDA4 model, the total time of HNN is reduced by 3.89 min, and the accuracy of HNN is increased by 1.5%. Compared with the DBM4 model, the total time of HNN is extended by 11.52 min, and the accuracy is increased by 1%. Therefore, with the same number of layers, HNN has higher recognition accuracy than the SDA and DBM models, indicating that HNN has inherited strong feature learning from the DA structure and strong feature expression from the RBM structure. Figure 7 suggests that under constant network parameters, the error rate of the training set decreases with the increase of the network layer, decreases with the iteration number, and finally stabilizes. HNN can effectively extract the high-level time-frequency features of the auditory spectrogram, obtaining local optimal parameters through iteration.

The spectrogram, MFCC, and auditory spectrogram are input into HNN to verify the influence of input features on the identification accuracy. The results are shown in Figure 8.


[image: Figure 8]
FIGURE 8. Comparison of different input features.


Figure 8 illustrates that when the spectrogram is input, the musical identification accuracy of HNN is more than 88%, and the result is stable. When MFCC is input, the identification accuracy fluctuates greatly, and the highest identification accuracy is 93%, while the lowest is 45%. The MFCC extracts information from the source resonant cavity, so the identification accuracy of percussion instruments with the same resonant cavity is poor. When the auditory spectrogram is input into the proposed model, the identification accuracy is about 97% and is higher than the other two input features. Thus, the auditory spectrogram is chosen as the input of HNN for higher identification accuracy for musical instruments.



QS Results

Subsequently, the QS indexes are integrated for different research subjects based on the statistics of the QS results of pre-schoolers (aged between 4 and 6), parents, and teachers. The results of students are shown in Figure 9.


[image: Figure 9]
FIGURE 9. QS result of students. (A) QS results statistics. (B) Favorite piano music activities of students.


Figure 9 illustrates that 79.87% of the students like innovative teaching, and 80.26% of the students like game-based teaching. The piano education activities that students like, include music rhythm, reading music scores, and music listening. After participating in the new piano education class, 81.58% of the students can take the initiative to practice the piano. Meanwhile, the students have a high learning interest under the new piano education pattern. Thus, the application of the instrument recognition technology based on DL to piano education can improve the learning initiative of students and greatly stimulate the learning interest of the students through situational teaching methods. Additionally, the design of music courses should combine technical characteristics and set up scientific and reasonable course arrangements to better help students learn music courses.

Figure 10 shows the statistical structure of parents, and Figure 11 shows the statistical results of teachers.


[image: Figure 10]
FIGURE 10. QS result of parents.



[image: Figure 11]
FIGURE 11. QS result of teachers.


The survey results of parents in Figure 10 reveal that 83.33% of the parents believe that after receiving the new piano education class, the interest of the students in learning piano has increased, and their notation ability and solfeggio are improved. The statistical analysis results of the survey of teachers in Figure 11 show that 80% of the piano music teachers have a bachelor's degree or above, and 76% of them are professional music teachers. Therefore, these teachers for piano education have basically received professional systematic teaching and are competent to facilitate piano educational activities for children.




DISCUSSION

To sum up, the analysis of the proposed instrument recognition technology based on DL showed that the adjustment of neural network structure will affect the recognition accuracy of the model. Under the same number of neural network layers, the proposed model has better recognition accuracy than SDA and DBM models with the same structure. And the increase in the number of layers of the neural network will also reduce the error rate of the training set. The recognition accuracy of different types of music models is different, but the overall recognition accuracy of the instrument recognition model is above 88%. In Pirmoradi et al. (2020), a method for automatically determining the hidden layer and the number of neurons in the DBN was studied. However, the experimental results showed that the input value of the restricted Boltzmann machine could only receive the approximate value to prevent over-fitting, and there was a certain deviation in the results. Ning et al. (2020) introduced the CD-k (k-step contrastive divergence) algorithm to optimize the traditional DBN network, thereby effectively calculating the logarithmic gradient of the Boltzmann machine. Here, experimental results show that the classification accuracy of the proposed method is higher than that of several existing technologies. Specifically, under the comparative analysis of the structures of neural networks with different layers, the optimal network structure is determined so the proposed model can meet the practical application requirements. Meanwhile, the application of the new teaching model to the classroom shows that students, parents, and teachers have a good evaluation of the teaching model, and most students have a high interest in piano learning. Therefore, the proposed new piano education model for children can improve their interest in learning and is welcomed by parents and teachers.



CONCLUSION

The purpose of the study was to improve the initiative of learning piano in children. Here, the instrument recognition technology is applied to the piano education of children, and the instrument recognition model is designed with DL technology. Based on the relevant theories of educational psychology, the current content of the piano education of children is designed and innovated to improve their initiative for piano learning and teaching effect. Meanwhile, the musical instrument recognition technology is designed by model combination to improve the feature identification and acquisition effect of the proposed model. The experimental results show that the proposed model can identify the features of music well. The introduction of musical instrument recognition technology in the piano education of children can improve their interest in learning and strengthen the effect of piano education. Specifically, the accuracy of the model for musical instrument recognition is improved by designing the musical instrument recognition model based on the neural network and optimizing the structure of the model. The experimental results show that the instrument recognition model based on DL technology can meet the needs of the piano education and improve the interest of children in piano learning.

Still, there are some shortcomings. The design of the musical instrument recognition model still needs to be further strengthened for higher recognition accuracy. The designed QS is relatively simple, and the scope is insufficient. Besides, the collected QS sample range is concentrated, and under the uneven distribution of educational resources, the ability of students to accept the teaching model may show regional differences. Thus, the results of the QS may be biased. Therefore, in the follow-up study, the instrument recognition model and QS design will be further optimized and updated, and the scope of experimental samples will be expanded to enhance the representativeness of the research results.
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There are rare studies on the combination of visual communication courses and image style transfer. Nevertheless, such a combination can make students understand the difference in perception brought by image styles more vividly. Therefore, a collaborative application is reported here combining visual communication courses and image style transfer. First, the visual communication courses are sorted out to obtain the relationship between them and image style transfer. Then, a style transfer method based on deep learning is designed, and a fast transfer network is introduced. Moreover, the image rendering is accelerated by separating training and execution. Besides, a fast style conversion network is constructed based on TensorFlow, and a style model is obtained after training. Finally, six types of images are selected from the Google Gallery for the conversion of image style, including landscape images, architectural images, character images, animal images, cartoon images, and hand-painted images. The style transfer method achieves excellent effects on the whole image besides the part hard to be rendered. Furthermore, the increase in iterations of the image style transfer network alleviates lack of image content and image style. The image style transfer method reported here can quickly transmit image style in less than 1 s and realize real-time image style transmission. Besides, this method effectively improves the stylization effect and image quality during the image style conversion. The proposed style transfer system can increase students’ understanding of different artistic styles in visual communication courses, thereby improving the learning efficiency of students.

Keywords: deep learning, visual communication courses, fast style transfer network, image style transfer, TensorFlow


INTRODUCTION

Of recent years, with the rapid economic and social developments in China, the public has a new understanding of talent training, and the concept of talent training has also shifted (Wang et al., 2015). The core of talent training in modern society has changed from having students master knowledge to allowing students to adapt to a lifelong learning society; with positive attitudes to master knowledge and skills, students should have the ability to knowledge conversion, critical thinking, and solve practical problems (Craik and Wyatt-Rollason, 2002; Fryer and Vermunt, 2018). These are consistent with the learning methods advocated by deep learning and the overall development theory of people. Although the importance of deep learning and overall development has been emphasized by higher education, the application of deep learning in the actual education process is too weak, which cannot enable students to develop comprehensively (Cannatella and Cannatella, 2018). Many people think that visual communication design is “graphic design,” which is inaccurate (Jun, 2018; Yanuarsari and Setiawan, 2018). Indeed, visual communication design originated from “graphic design” or “printing art design.” With the gradual scope expansion of modern design, however, digital technology has penetrated various fields of visual communication design. Meanwhile, the influence and participation of multimedia technology on art and design keep increasing, and the educational methods of visual communication design have attracted full attention (Kim and Lee, 2016; Delhey and Peters, 2017).

Visual communication design is a form of non-verbal communication. It applies linguistics or semiotics to the teaching of visual communication design, making graphic design an innovative and scientific discipline (Russmann and Svensson, 2017). The utilization of narrative techniques in visual communication design not only stimulates the creativity of designers but also evokes the visual memory of the audiences, thereby promoting bilateral communication between the two entities (Lee et al., 2018). Yang and Hsu (2017) adopted a paired group design, in which 30 participants were divided into an experimental group and a control group and participated in different activities within 4 weeks; their results suggested that incorporating narrative theory into graphic design courses could improve students’ poster designing capabilities, such as theme concepts, image creation, and visual esthetics (Yang and Hsu, 2017). For the current phenomenon of “theoretical curriculum marginalization” of students majoring in arts, Huang et al. (2019) explored the Canadian BOPPPS teaching model, integrated it into their courses, analyzed the problems that occurred during teaching, and finally, optimized the teaching model and method. Visual communication design conveys information to the audiences through visual symbols and visual influences. However, due to the rapid development of digital communication and multimedia technology, the practice of visual communication design encounters broad development prospects and challenges. For an efficient and safe information literacy education model, the hierarchical model of information literacy education is designed through visual communication. The visual image is analyzed based on the data and information of each part of the visual communication in the 3D environment, thereby constructing an information literacy education model (Liu et al., 2016). Chu and Wu (2018) researched the application of in-depth correlation features in image style classification comprehensively, designed various correlations and transformed them into style vectors, explored the classification performance brought by different variants, and showed the effectiveness of in-depth association features; finally, a learning framework to automatically learn the associations between feature maps was proposed.

The above results suggest that research on visual communication courses and image style transfer are various; however, the combination of the two is rarely reported. Hence, the combination of visual communication courses and image style transfer is investigated based on deep learning algorithms. Visual communication design is closely connected to the way of thinking and design philosophy. In some respects, the three are interrelated. Therefore, innovative works on visual communication thinking mode and design concepts should be valued to improve the design quality effectively. Firstly, the main contents of the visual communication course are sorted out, and the relationship between the course and the image style transfer is discussed. Then, a style transfer method is designed based on deep learning. In addition, a fast style transfer network is proposed based on TensorFlow to separate training and execution, which improves the speed of image transfer. Moreover, the image style transfer model is trained.



MATERIALS AND METHODS


Thinking Model of Visual Communication Design

The goal of visual communication design is to enhance people’s visual experience and enjoyment. Therefore, in the process of designing, everything should be visual-centric. All design contents should take vision as the starting point and the ending point of further research. Figure 1 illustrates the four aspects of the thinking model of visual communication design.


[image: image]

FIGURE 1. Structure of the thinking model of visual communication design.


The visual communication design of divergent thinking is a unique way of thinking for designers while designing. The presentation of the final design is affected by many factors. The designers need to consider whether their works meet the requirements from multiple angles and aspects, as well as whether the works take vision as the center, diverge the thinking, and use the imagination, thereby presenting the infectious and meaningful works. In the process of divergent thinking, designers should be reasonable to ensure that the works are connected to the topic (Forthmann et al., 2020).

Designers must adopt reverse thinking during visual communication design. While designing, it is necessary to enrich the connotation of the works from all aspects to improve the innovation and final effect of the works. Therefore, designers need to reasonably incorporate excellent design cases in daily life into their design works. Besides, designers can integrate available materials through reverse thinking for the inspiration of work designs.

The associative thinking of visual communication design is widespread. It refers to linking other things with particular things during designing and generating other creative inspirations during associative thinking, which can effectively improve the connotation and innovation of works (Boot et al., 2017; Krause et al., 2017). The connection between things in associative thinking can be a causal connection, close connection, or contrast connection. In practical applications, designers can choose particular connections according to their needs, thereby improving the visual communication effects of the works.

The innovative thinking of visual communication design refers to that when people appreciate the design works, they will understand the works through information such as color, shape, and text. Therefore, the innovative thinking of artistic language can well indicate the thinking model of innovative vision.



Image Style Transfer Based on Deep Learning

During the teaching process of visual communication courses, the rendering of artistic style is particularly important. Different rendering methods will present different effects and different visual perceptions for the audiences (Yang and Hsu, 2017; Saterbak et al., 2018). Therefore, the image style transfer network is designed through deep learning methods to provide better visual communication courses. Recently, artificial intelligence technology led by deep learning has begun to be applied more widely in various fields of society. The cross-collision of artificial intelligence and art has attracted considerable attention in technical fields and artistic fields. Various image processing software and filter applications developed based on the above technologies have attracted numerous users once they were launched (Shrivakshan and Chandrasekar, 2012; Dutta et al., 2013; Desai et al., 2020). The core of all kinds of wonders is the image style transfer based on deep learning.

The image style transfer is the process of obtaining an image with a converted style with a given original image and style image. The original image indicates the content, while the style image indicates the style; the obtained image with the converted style indicates the generated image (Sun et al., 2017).

The fast style transfer network consists of two parts. One is the image transform network, and the other is the loss network.

The input layer in the image transform network receives an input image, and the output of the final output layer is also an image (the result of style transfer). The overall model is divided into two stages, namely the training stage and the execution stage.

In the training stage, a style image is chosen. During the training process, the images in the dataset are input to the network. Then, the image transform network generates the resulting image y, the loss network extracts the feature map of the image, and the generated image y is separately calculated with the target style image ys and the target input image (content image) yc for loss calculation. Finally, the weight of the image transform network is adjusted according to the loss value, and the target effect is achieved by minimizing the loss value.

In the execution stage, an image is given, which is input into the trained image transform network, and the result of the image style transfer is output. The image transform network is essentially a Convolutional Neural Network (CNN) (Liu et al., 2018; Yang et al., 2019; Wu et al., 2021). Here, the image transform network is a deep residual network without any pooling layer. Instead, it uses stride convolution or micro stride convolution for up-sampling or down-sampling. The neural network here consists of five residual blocks. Except for the last output layer, all non-residual convolution layers are followed by a spatial instance-normalization and the non-linear layer of ReLU. The instance-normalization regularization prevents overfitting.

The last layer uses a scaled Tanh to ensure that the pixels of the output image are between [0, 255]. Except that the first and last layers use a 9 × 9 convolution kernel, all other convolution layers use a 3 × 3 convolution kernel.

The Loss Network φ can define content loss and style loss to measure the gap between the content and the style, respectively. Each input image x has a content target yc and a style target ys. For style transfer, the content target yc is the input image x and the output image y. The style ys should be combined with the content x = yc. The system trains a network for each target style.

It is essential for image classification to train the CNN in advance to clarify the shortcomings of the pixel-by-pixel loss function and ensure that the utilized loss function can better measure the gap in image perception and semantics (Wang et al., 2018). This CNN has learned to perceive and encode semantic information, which is precisely what needs to be done in the loss function of the image style transfer system. Hence, a pre-trained network φ for image classification is utilized to define the loss function of the system. Then, the same loss function of the deep convolutional network is utilized for training the proposed deep convolutional transfer network.

Although the loss network here is also a CNN, the parameters are not updated. It is only utilized to calculate content loss and style loss. The training update is the weight parameters of the previous image transform network. Therefore, from the perspective of the entire network structure, the input image is transferred through the image transform network. Then, the corresponding loss is calculated. The entire network continuously updates the weights of the previous image transform network by minimizing this loss.

For the process of finding the loss, instead of constructing the loss function by pixel-by-pixel difference, the perceptual loss function is applied to extract advanced features from the pre-trained Loss Network. During the training process, the perceptual loss function is more suitable for measuring the similarity between images than the pixel-by-pixel loss function.

(1) Content loss: two perceptual loss functions are designed to measure the advanced perceptual and semantic difference between two images. The content loss calculation employs a VGG calculation to represent the advanced features (content). Because the VGG model is initially used for image classification, a trained VGG model can effectively extract the advanced features (content) of the image (Ha et al., 2018; Tammina, 2019; Hameed et al., 2020).

The initial image is represented as [image: image], and the new image after processing is represented as [image: image]. Let F1 and P1 be the feature representation in the l layer, respectively. The residual sum of squares loss function between the two can be expressed as Eq. 1.

[image: image]

This function indicates that for the image p for content extraction, the content represented by the position is denoted as P, and through constructing [image: image], the characteristics of the corresponding position are infinitely close to P, to finally achieve the minimum content loss function. Its reciprocal can be written as Eq. 2.

[image: image]

The image is modified until the same feedback is obtained as the initial image at a CNN layer.

Gram matrix G1 ∈ RN1×Nl is used to represent the feature relationship. The relationship between different network levels is different, and the texture information except the overall structure can be obtained. The point product [image: image] of i and j the layer in the l layer of the feature map can be written as Eq. 3.

[image: image]

The selected image type is used to create new images, to obtain the information of feature space constructed in the CNNs at different levels. The original image is represented as [image: image], the new image is represented as [image: image], and the style of one layer is represented as A1. G1 denotes the ratio of the l layer to the overall loss. E1 and the total style loss function Lstyle are, respectively, expressed as:

[image: image]

[image: image]

In the migration of image style, a new image can be obtained by combining the content representation in the image [image: image] and the style representation in the image [image: image]. This method can represent the style image [image: image] in the content image [image: image]. The minimization function Ltotal can be presented as:

[image: image]

where α and β refer to the proportion of content and style of the image.

Through the future extraction content image and style image by CNN and the visualization of the convolution layer of the network, the activation state of each layer of CNN corresponds to specific information. Different filters activate different contents, showing various activation values, and finally visualize them as different images.



Specific Implementation of the Fast Style Transfer Network

TensorFlow is the second-generation artificial intelligence learning system developed by Google based on DistBelief (Lozano Jimenez et al., 2019; Sun et al., 2021). Its name comes from its operating principle. Tensor means an N-dimensional array, while Flow means the calculation based on the data flow graph. Therefore, TensorFlow is the calculation process of tensor flowing from one end of the flow graph to the other end. TensorFlow is a system that transmits complex data structures to artificial intelligence neural networks for analysis and processing.

TensorFlow can be employed in various fields of deep machine learning, such as speech recognition and image recognition (Lemley et al., 2017). The deep learning infrastructure DistBelief developed in 2011 has been improved in various aspects. It can run on small devices, such as smartphones, and large devices, such as data center servers with thousands of equipment. TensorFlow is completely open-source; anyone can use it.

The image transform network contains three convolution layers at the beginning; these layers are implemented by the custom function conv layer, in which the tf.nn.conv2d function provided by TensorFlow is called for convolution operation. Then, the five residual modules are implemented by the custom function residual block. The input image size should be consistent with the output. Correspondingly, the next three deconvolution operations are implemented by the custom function _conv_tranpose_layer, which invokes the tf.nn.conv2d_transpose function in the framework. A Tanh activation function is set at the end of image transform network to map the output value to (0, 255).



Simulation Experiments

Images of different styles are downloaded from Google Gallery to train the model. After training different style models, the time of model training can be saved, and the real-time image style rendering can be performed directly. The six types of images selected from Google Gallery are landscape images, architecture images, character images, animal images, cartoon images, and hand-painted images. The styles of different types of images are transferred, and the length and loss function value of the style transfer are recorded. In the network training process, the batch size is 8, the number of epochs is 8, the learning rate is 0.0001, and the Adam optimization algorithm is used for parameter back propagation.

In the style transfer network, the encoder is mainly responsible for extracting the features of the image under different convolution layers to prepare for the subsequent multi-scale feature fusion. The encoder network uses the pre-trained VGG network structure from conv1_1 to relu4_1. The convolution kernel size is 3 × 3. Each convolution layer is followed by a relu activation function, and there is a maximum pooling layer after relu1_2, relu2_2 and relu3_4 to perform down sampling for the feature map. Considering the small gap between the original image and the image after only one layer of convolution, the weighted image may restrict the embedding of style and affect the quality of style transfer, so the relu1_1 result is not fused when weighted.

The whole network style transfer process is as follows. Firstly, the content image and the target style image are sent into the pre-trained VGG encoder to extract the multi-scale features at different levels. Then, the content feature map and style feature map of the encoder at relu2_1, relu3_1 and relu4_1 are transformed by whitening and coloring, respectively, to obtain the fusion feature maps with different sizes and scales. Finally, the fusion feature maps of different scales are weighted and fused in the decoder, which is mapped back to the original pixel RGB space to obtain the style transfer result. Figure 2 illustrates the structure of the multi-scale feature fusion network.


[image: image]

FIGURE 2. Structure of the multi-scale feature fusion network.





RESULTS AND DISCUSSION


Results of Image Style Transfer

Figure 3 reveals the results of image style transfer.


[image: image]

FIGURE 3. Results of image style transfer. (A,D): content image; (B,E): style image; (C,F): results of image style transfer.


The marked area in Figures 3C,F is a complex area for style transfer. In the designed image style transfer network, the image style can be better transferred, and the style of the image is consistent with the style image. Figure 3 illustrates that the image has changed in style, which is no longer the style of the original content image; instead, the style is transformed into a style that is close to the style image in terms of utterance. The style of the original content image belongs to realism. After many iterations, the image output by the image transform network is similar to the style image, which is more abstract and cubist.



Test Results of the Model Loss Function

Figure 3 illustrates the test results of the content loss function of the model with different times of iterations.

Figure 4 indicates that the higher the iteration numbers are, the greater the overall loss function is reduced. However, the reduction trend of different categories is not the same; thus, in the actual application of the model, the number of categories can be selected artificially. A model with a small loss function and an appropriate number of iterations can be accurately identified and can reduce the calculation time. In addition, in terms of the content loss of the model, the larger the iteration numbers are, the smaller the content loss is. However, the increase in the number of iterations represents the increase in the style transfer time of a single image. Hence, the iteration numbers of the model should be determined according to the complexity of the specific image in practical applications.


[image: image]

FIGURE 4. Test results of content loss function under different iterations. (A): landscape images; (B): architecture images; (C): character images; (D): animal images; (E): cartoon images; (F): hand-painted images.


Figure 4 provides the test results of the style loss function of the model under different iterations.

Figure 5 suggests that the higher the iteration numbers are, the greater the overall loss function decreases. In addition, in terms of the style loss of the model, the larger the iteration numbers are, the smaller the style loss is. However, the increase in the number of iterations represents the increase in the style transfer time of a single image. Hence, the iteration numbers of the model should be determined according to the complexity of the specific image in practical applications.
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FIGURE 5. Test results of style loss function under different iterations. (A): landscape images; (B): architecture images; (C): character images; (D): animal images; (E): cartoon images; (F): hand-painted images.




Results of Time Consumption of Image Style Transfer

Figure 5 displays the time consumption of the image style transfer for a single image.

Figure 6 reveals that the proposed method of image style transfer takes less than 1 s, which can quickly transfer the image style and achieve the real-time image style transfer. Besides, the transfer effect is good, and the expected goal is achieved.


[image: image]

FIGURE 6. Time consumption of image style transfer.





DISCUSSION

Visual communication design conveys information to the audiences through visual media performance. It is “a design for people to see and an information design.” Visual communication is generally summarized as four procedures: “who,” “what,” “to whom,” and “effects and impacts.” In the daily lives of people, many fields are involved in visual communication design, such as television, film, architecture, plastic arts, various design products, and various icon, stage, and text designs. Since images of different styles will bring different experiences to audiences, students enrolled in visual communication courses need to understand the utterance of images in various styles accurately. Recently, artificial intelligence technologies led by deep learning have been applied more widely in various fields of society. Among them, the cross-collision of artificial intelligence and art has attracted considerable attention in many research fields. Image style transfer based on deep learning has become one of the current research hot spots.

Therefore, a real-time style transfer system is designed to facilitate the implementation of the visual communication courses by teachers. The experimental results reveal that for the difficult-to-transfer parts, the designed image style transfer system can transfer the image styles well, illustrating the effectiveness of the system. Besides, as the iteration numbers increase, the lack of image content and image style can be improved, showing that for images with different difficulties in style transfer, different iteration numbers can be chosen for efficient image style transfer. Moreover, the designed image style transfer system consumes a shorter time in transferring various types of images, thereby achieving real-time transfer. Cai et al. (2019) proposed a transfer method of image color style based on color feature extraction for mobile applications; this method used dichotomy to extract the color features of the template image; then, it employed the Quartz2D engine of iOS based on the color features of the template image to draw the target image; finally, it utilized the iOS Metal interface to adjust the color saturation of the target image and sharpen the edge of the target image; during the entire process, the color style of the source image was transferred to the new image, realizing the transfer system of image color style for IOS applications (Cai et al., 2019). However, it only transfers the image color. In constant, the effect of the proposed style transfer system is more excellent.

The following suggestions are put forward for the setting of visual communication courses. First, in China, it is a common phenomenon in higher education institutions that schools emphasize theories rather than practices. The low usability of courses makes students unable to apply the knowledge they learned to practical works. Therefore, for course settings, Chinese colleges and universities should integrate theoretical knowledge with market demands and student needs, and take student development as the principal teaching goal. For the content of the courses, practices should be the leading factor to cultivate students’ innovative thinking and practical skills, as well as guiding students to study instead of blindly instilling theoretical knowledge into students and not paying attention to students’ practical application abilities.



CONCLUSION

The multi-scale feature style transfer algorithm based on deep learning is reported here, and the feasibility of this method is proved through the style transfer effect realized by different network parameters. The designed rendering system can assist the teaching of visual communication courses by teachers. Although some fruitful results are achieved in this experiment, some shortcomings exist in the experimental process. On the one hand, the designed system can only perform style rendering of a limited model that has been trained, but it cannot support arbitrary style rendering. On the other hand, the model training consumes a considerable amount of time, which cannot feedback random style rendering results to users. Therefore, in future, the method of training style models will be explored to reduce the time required for model training.
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This study aims to evaluate the practical application value of the teaching method under the guidance of educational psychology and artificial intelligence (AI) design, taking the deep learning theory as the basis of teaching design. The research objects of this study involve all the teachers, students, and students' parents of Ningbo Middle School. The questionnaires are developed to survey the changes in the performance of students before and after the implementation of the teaching design and the satisfaction of all teachers, students, and parents to different teaching methods by comparing the two results and the satisfaction ratings. All objects in this study volunteer to participate in the questionnaire survey. The results suggest the following: (1) the effective return rates of the questionnaires to teachers, students, and parents are 97, 99, and 95%, respectively, before implementation; whereas those after implementation are 98, 99, and 99%, respectively. Comparison of the two return results suggests that there was no significant difference statistically (P > 0.05). (2) Proportion of scoring results before and after implementation is given as follows: the proportions of levels A, B, C, and D are 35, 40, 15, and 10% before implementation, respectively; while those after implementation are 47, 36, 12, and 5%, respectively. After the implementation, the proportion of level A is obviously higher than that before the implementation, and the proportions of other levels decreased in contrast to those before the implementation, showing statistically obvious differences (P < 0.05). (3) The change in the performance of each subject after 1 year implementation is significantly higher than that before the implementation, and the change in the average performance of each subject shows an upward trend. In summary, (1) the comparison on the effective return rate of the satisfaction survey questionnaire proves the feasibility of its scoring results. (2) The comparison of the survey scoring results shows that people are more satisfied with the new educational design teaching method. (3) The comparison of the change in the performance of each subject before and after the implementation indirectly reflects the drawbacks of partial subject education, indicating that the school should pay the same equal attention to every subject. (4) Due to various objective and subjective factors, the results of this study may be different from the actual situation slightly, and its accuracy has to be further explored in the future.

Keywords: teaching design, artificial intelligence, deep learning, educational psychology, satisfaction survey questionnaire, effective return rate


INTRODUCTION

With the rapid development of electronic technology in the society of today, artificial intelligence (AI) technology and deep learning theory have been widely applied in instructional design to respond to the call of educational psychology. With the rapid growth and deep application of electronic science and technology, AI technology is becoming mature, providing a new development way for most fields and leading the better development of this era. AI technology has been applied to all aspects to accelerate the development of countries all over the world, even at the national strategic level of many countries, including the United States, South Korea, Japan, and China (Abbas et al., 2019a,b). The promulgation of a series of national policies on AI technology around the world marks that mankind has entered the era of intelligence. As a new generation of information technology, AI has also been highly valued by educational circles. Therefore, the application of instructional design in this context should be more scientific and reasonable.

To explore the basic law between learning and teaching with scientific methods (Rogoza et al., 2018; Chen, 2019), the State Council of China in July 2017 pointed out that AI education is an important part of the national strategy (Dai et al., 2018). By 2018, the Ministry of Education has issued a series of AI education policies, which is the full opening of the modern education system (Roll and Wylie, 2016). Therefore, education has made great progress in the era of AI. Teaching design refers to the process of reasonably arranging many elements in teaching according to the requirements of curriculum standards and based on the characteristics of educated objects, so as to formulate a scientific and reasonable teaching plan. It mainly includes the reasonable arrangement of teaching objectives, difficulties, methods, steps, and time (Khalil and Elkhider, 2016; Qian et al., 2018; Maqsood et al., 2021). As one of the many branches of applying psychology in the process of education, educational psychology plays a guiding role in learning and teaching. The research of educational psychology is mainly about the teaching psychology of teachers, psychology of students, and the application of educational theory (Wu and Song, 2019). Teachers help students to learn and form a special “interactive system.” The purpose of educational psychology is to ensure the efficient and harmonious operation of the “interactive system” (Wu et al., 2019b). Deep learning theory refers to the learning in which students can understand and absorb the knowledge they have learned, and apply them by analogy to develop their advanced thinking ability (Waldhoer, 2020). Since its publication, this theory has been valued by people all over the world. After 2000, the theory advocated “active, highly participatory, and critical understanding of learning process, including deep participation of advanced thinking and emphasis of learning results” (Abbas et al., 2021; Aqeel et al., 2021), which has been highly recognized by education experts and triggered teaching reform and practice worldwide (Willingham, 2017). Deep learning theory is in line with the development situation of the world and the needs of curriculum reform in China.

To further understand the effect of the combination of AI and instructional design required by modern teaching, this study carries out an instructional design based on educational psychology theory and AI technology under the guidance of deep learning theory and evaluates the application effect of the design through the satisfaction survey of research objects (Su et al., 2021), so as to obtain practical research results.



LITERATURE REVIEW

1. Foreign-related research

At present, AI technology and deep learning algorithm have been widely used in various industries of society, including medical treatment, transportation, manufacturing, and education. The AI technology, statistical modeling, and integrated learning are combined and applied to the classroom teaching evaluation, and the results prove the accuracy of teaching evaluation under this mode is higher and shows a good prospect (Guo et al., 2021). Seren and Özcan (2021) also proposed that the main significance of the application of AI in the education industry is to promote the learning adaptability of students, so as to improve the learning enthusiasm of students. In addition, Timms pointed out that the education model combining AI and deep learning is beneficial to enhance the teaching efficiency and increase the participation of students in teaching, which would be widely supported by students in the future (Timms, 2017). According to the developmental situation of AI technology, some experts put forward that the design of intelligent teaching system in the future can not only simulate the learning process of students and provide adaptive cognitive support, but also adaptively establish social relations with learners (Kulikov et al., 2020), and above all show the good developmental prospect of AI in the future.

2. Domestic-related research

In China, AI technology has been applied in education and there are many pieces of research. In terms of theory, Zhang and others studied the essential characteristics, core technology, and the development trend of AI education (Zhang et al., 2021). In addition, Li and others described in detail the four specific application forms, five typical characteristics, and the integrated development system of AI and education (Li et al., 2020). Some experts also put forward the initial content and implementation plan of relevant teaching courses in view of the application of deep learning theory in higher fields under the background of AI (Chong et al., 2020). Lei studied the application of open-source AI systems in education and discussed the existing problems and future development space in the process of research and practice (Lei et al., 2020). In a word, the specific practical effect needs further research.



METHODS


Research Objects

All teachers, students, and students' parents of the Ningbo Middle School are selected as the research objects, with a total number of 1,998. The questionnaires are designed to survey the changes in the performance of students before and after the implementation of the teaching design and the satisfaction of all teachers, students, and parents to different teaching methods. The questionnaires are issued two times based on the number of people counted (Walker and Ogan, 2016). They are first distributed before the implementation of the teaching design based on deep learning theory under the precondition of the educational psychology theory and AI technology (Cowie, 2020). They are second distributed after the teaching design is implemented for 1 year, with a total of 2,000 questionnaires each time. For the first distribution, 238 questionnaires are issued to teachers, 230 questionnaires are effectively returned; 881 questionnaires are issued to students and their parents, with effectively returned numbers of 870 and 839, respectively. For the second time, 238 questionnaires are issued to teachers, and 234 questionnaires are effectively returned; 881 questionnaires are issued to students and their parents, respectively, and the numbers of questionnaires effectively returned are 875 and 871, respectively. All objects in this study volunteered to participate in the questionnaire survey. This study has been declared for research ethics and has been approved.



Representative Teaching Design Models

At this stage, the more representative teaching design models include the system view teaching design model proposed by Gagne, the teaching design model proposed by Dick Carey, and the general teaching design mode. Of these, the general model is the most commonly used one (Jabaay et al., 2020; Susilawati and Paidi, 2020). The specific design links of the above three models are shown in Figure 1.


[image: Figure 1]
FIGURE 1. The specific links of representative teaching design models. (A–C) showed the links of Gagne's system view teaching design model, Dick Carey's teaching design model, and the general teaching design mode, respectively.




Multilevel Influencing Factors of Deep Learning Theory-Based Teaching Design Model

A third-order deep learning theoretical model can be established based on the systemic principles of deep learning theory. The model is a three-dimensional, multidimensional, open non-linear structure, and is composed of multiple layers and elements. The third-order relationship in the established teaching design model in the deep learning theoretical model (Aderibigbe, 2021) is shown in Figure 2. The teaching design model based on the deep learning theory in this study is also constructed on this basis and applied to actual teaching for verification and evaluation.


[image: Figure 2]
FIGURE 2. The three-order relationship during the construction of teaching design model based on the deep learning theory.




Research Methods

1. Literature analysis: The literature is analyzed to collect and sort out the development, current situation, and teaching process based on academic journals and books in educational psychology and AI technology and analyze the existing problems (Shen et al., 2019; Lebni et al., 2020).

2. Questionnaire survey: The teaching satisfaction survey questionnaire is improved based on the teaching design in this study (Local Burden of Disease HIV Collaborators, 2021; Su et al., 2021). The contents of the questionnaire for teaching satisfaction mainly include the age, gender, occupation, family economy, education level, and other basic information of surveyed persons, aiming to understand the guiding ideology, basic structure, teaching objectives, analysis of students, and analysis of teaching materials. In addition, it analyzes whether the management methods in the teaching process, the arrangement of homework, the design of examination methods, and teaching strategies are reasonable and scientific (Xiao-Ru et al., 2018). A reasonable evaluation is given based on the degree of changes in the learning situation of the students before and after the implementation of the teaching design. The specific evaluation criteria are shown in Table 1. The reliability and validity of the questionnaire have been tested to enhance the credibility of this study (Ohanian, 1990). Reliability to be verified can be classified into testing reliability and split-half reliability. Eleven items in the questionnaire are divided into six odd-numbered items and five even-numbered items. The sum scores of the odd-numbered item and even-number items are calculated. It is found that the Pearson correlation coefficient of the two is 0.501, which shows obviously statistical significance (P < 0.01). Validity verification refers to testing the consistency among the items in the instructional design questionnaire; the total score of the questionnaire is undertaken as the criterion, and the Pearson correlation coefficient between the score of each item and the total score is basically larger than 0.500, indicating that the consistency of each item is better.

3. Structural equation model: The satisfaction is evaluated using the structural equation model (SEM) in this paper. SEM is also called path modeling, and it is a statistical method based on statistical analysis techniques to explore macroscopic laws from microscopic individuals (Monecke and Leisch, 2015). The partial least squares (PLS) are adopted to analyze the SEM generally.

The equation that uses mathematical expressions to describe the relationship between measurable variables and hidden variables is called the measurement equation, which can be expressed as follows:

[image: image]

In the above equation, Xi and Yj refer to the column vector formed by the i-th and j-th measured variables; AX and AY are matrixes; α and χ represent the column vectors, and β and δ refer to the error terms.


Table 1. Evaluation on the teaching design (score).

[image: Table 1]

Then, the relationship between the exogenous hidden variables and the endogenous hidden variables in the structural equation is as follows:

[image: image]

In equation (2) above, B refers to the relationship between various endogenous hidden variables; ℑ is a matrix, indicating the influence of exogenous hidden variables on endogenous hidden variables; and γ represents the residual item.

The calculating steps of PLS are given as follows:

First, the expression of the hidden variable is obtained using iteration:

[image: image]

The above equation is the linear combination of manifest variable x based on weighting φ.

Second, the common PLS method is adopted to obtain the estimation of the coefficients of internal relations and external relations, that is, to obtain a measurement of the relationship between hidden variables and the measurable variables.

Finally, various values should be obtained. Since there is the same estimated value for each hidden variable to be the number of observations, which is assumed to be m, the estimated [image: image] (j = 1,...,m) can be obtained. Based on these estimated values, the survey satisfaction index can be calculated with the following equation:

[image: image]

4 Analysis of the performance of students: The average performances in the main subjects (including Chinese, mathematics, English, physics, chemistry, biology, politics, and history) of the whole school students 1 year ago and 1 year later are sorted out for comparative analysis.



Statistical Analysis

SPSS22.0 statistical software is used for data analysis, the measurement data is expressed as mean ± SD ([image: image] ± s), and measurement data among groups are compared by t-test. The count data is expressed in the form of a percentage (%) and was compared using the χ2 test among groups. The k-s test is used to test whether the sample conforms to the normal distribution. The data conforming to the normal distribution is tested by the t-test, and the Kruskal–Wallis H and F-test are used for the data that does not conform to the normal distribution. P < 0.05 indicates that the difference is statistically significant.




RESULTS


Comparison of the Return Rate of the Questionnaire Survey Before and After the Implementation of the New Teaching Design

In this study, satisfaction with the teaching design is surveyed based on deep learning theory before its implementation and after its implementation for 1 year. In addition, the survey questionnaire is returned. For the first distribution, 238 questionnaires are issued to teachers, and 230 questionnaires are effectively returned; 881 questionnaires are issued to students and their parents, and 870 and 839 are effectively returned, respectively. Therefore, the effective return rates are 97%, 99%, and 95%, respectively. For the second time, 238 questionnaires are issued to teachers, and 234 questionnaires are effectively returned; 881 questionnaires each are issued to students and their parents, and 875 and 871 are returned effectively, respectively. Therefore, the effective return rates are 98, 99, and 99%, respectively. The effective return rates from teachers, students, and parents of the two times distributions of questionnaires are compared, and the results show that the effective return rate from teachers differs by 1%, that from students does not change, and that from parents differs by 4%. Therefore, the change of the effective return rate between the two distributions is relatively small, showing no statistical significance (P > 0.05), proving the feasibility of comparing the results of the two questionnaire surveys.



The Age, Gender, and the Educational Background Distribution of All Filled-In Persons

According to the basic information filled in all the satisfaction survey questionnaires returned, statistics are collected based on the gender, age, and education level of the filled-in persons. The specific information is shown in Table 2. There are about 59% of men and 41% of women; there are 912 people aged 10–15 years old (45%), 1,054 people aged 25–45 years old (53%), and 34 people over 45 years old (2%). For the distribution of education level, 18% of the subjects with a junior high school degree or below, 20% of the subjects with a high school degree, 52% of the subjects with a University degree, and 10% of the subjects with a graduate degree or above (as shown in Figure 3) were selected. According to the above statistics, there is no obvious difference in gender, which has little effect on the survey results, but the unevenness of age and education will have a larger impact on the survey. This is a point to be analyzed in the subsequent analysis.


Table 2. Proportions of filled-in persons in gender and age.

[image: Table 2]


[image: Figure 3]
FIGURE 3. Distribution on the education level of subjects.




Results Analysis of Related Literature Surveys

As illustrated in Figure 4, there is more and more research literature studying the teaching design based on AI and deep learning in recent years. It shows that AI and instructional design have gradually become the research hotspots.


[image: Figure 4]
FIGURE 4. Statistics of related literature. (A,B) show the statistics results of literature related to AI and deep learning, respectively.




Comparison on Satisfactions of Two Surveys

Figure 5 shows the statistics of the satisfaction survey questionnaire returned two times. Before the implementation of the new teaching design, the proportions of satisfaction questionnaire scores of levels A, B, C, and D account for 35, 40, 15, and 10%, respectively. After 1 year of implementation, the proportions of satisfaction questionnaire scores of levels A, B, C, and D account for 47, 36, 12, and 5%, respectively. Therefore, the proportion of the level A scores after the implementation is significantly higher than before the implementation, whereas the proportions of the B, C, and D levels are all higher than those after the implementation. Such results indicate that the respondents are more satisfied with the new teaching design, and the comparison shows statistical significance (P < 0.05). Such results suggest that optimizing some teaching methods is accepted more by students and parents.


[image: Figure 5]
FIGURE 5. Comparison on satisfactions of two surveys.




Comparison on Change in the Performance of Students Before and 1 Year After the Implementation of the New Teaching Model

The average scores of each subject of the students of the whole school before and 1 year after the implementation of the new teaching model are collected and compared, as shown in Table 3. After analysis, it is found that the general trend of change in the average score of each subject is increasing. Figure 6 illustrates the change in the performance of each subject. It reveals that three main subjects (mathematics, language, and English) change greatly, indirectly reflecting the shortcomings in education in China that no enough attention is paid to other subjects. In addition, analysis on the relationship between each score in the questionnaire and the score reveals that the higher the scores of student analysis, teaching strategy, and textbook analysis, the higher their scores. The total scores of the above three items are 5, 3.5, and 0.5 in descending order, and the corresponding student scores are 750, 540, and 398 points (100 points per subject). Therefore, there is a proportional trend among them.


Table 3. Performance of students before and 1 year after implementation of the new teaching mode (scores).

[image: Table 3]


[image: Figure 6]
FIGURE 6. Change in performance of each subject. (A–H) refers to mathematics, Chinese, English, physics, chemistry, biology, politics, and history, respectively.





DISCUSSION


Principal Results

In this study, satisfaction with the teaching design is surveyed based on deep learning theory before its implementation and after its implementation for 1 year. The effective return rates from teachers, students, and parents of the two times distributions of questionnaires are compared. The results show that the effective return rates of the questionnaires to teachers, students, and parents are 97, 99, and 95%, respectively, before implementation; whereas those after the implementation of the proposed teaching design are 98, 99, and 99%, respectively. Therefore, there was no obvious difference statistically (P > 0.05), so the comparison of the two surveys is feasible. At the same time, the scores before and after implementation of the new teaching design reveal that the proportions of levels A, B, C, and D are 35, 40, 15, and 10% before implementation, respectively; whereas those after implementation are 47, 36, 12, and 5%, respectively. After the implementation, the proportion of level A is obviously higher than that before the implementation, and the proportions of other levels are lower in contrast to those before the implementation, showing statistically obvious differences (P < 0.05). It shows that the respondents are more satisfied with the new educational design. The change in the performance of each subject after the new teaching design is implemented for 1 year is significantly higher than that before the implementation, and the average performance of each subject shows an increasing trend. The changes in mathematics, language, and English are the greatest. It is found that the higher the score for student analysis, teaching strategy, and textbook analysis, the higher the score, so there is a proportional trend among them. Such results suggest that it is necessary to fully understand students and be familiar with teaching materials to have good teaching strategies and provide students with better teaching quality (Liu and Chen, 2021).



Comparison With Prior Works

In this study, related research documents in recent years have been compared statistically, and it is found that the frequency of research on AI combined with teaching is the highest. Many research experts discussed the application of AI technology in teaching. They also pointed out that the integration of education and AI technology can not only improve the teaching efficiency of teachers but also attract students to better integrate into the classroom. Moreover, the system design of AI education in the future is likely to model the learning situation of students, improving the current teaching methods to provide students with a better learning environment (Khazaie et al., 2021; Taufik et al., 2021). Other experts have proposed that traditional learning methods have to be upgraded and transformed with the integration of education and AI, which can not only provide a good learning experience for learners but also provide related researchers with more basis for improvement in learning principles (D'Mello, 2016; Nye, 2016). Some experts have applied AI technology and electronic machinery to the daily study of students for further analysis and discussion, and have achieved good learning results (Wen and Yue, 2021). There are also some related literature collections that discuss the application prospects, challenges, and methods of AI in the education system due to the existence of unbalanced social conditions (Boulay and Luckin, 2016; Pinkwart, 2016; Chen, 2018). In addition, the application of deep learning theory in teaching design has been studied, too. Some researchers have proposed that the main goal of deep learning-based teaching design is to help students master key skills (“6Cs”: character, citizenship, communication, critical thinking and solving, collaboration, and creativity and imagination) (Yang and Juan, 2016). The results of this study also concluded that teaching design in the context of teaching psychology combined with AI technology and deep learning theory is more popular than the previous educational model in terms of teaching process and effect. It is not unreasonable that the educational method in the context of educational psychology will make students more acceptable. Some research experts have proposed that scientific and reasonable teaching activities can be formulated based on the psychological needs and psychological conditions of students in different periods, which can be more effectively stimulate the interest of students in learning (Wu et al., 2019a). There is research on the practice of junior middle school chemistry smart classroom teaching under the background of “AI + education.” It shows that when students accept the smart classroom teaching mode, the learning subjectivity of students is more prominent in the smart classroom, and the learning effect of students is gradually improved in the smart classroom (Sapci and Sapci, 2020). During the teaching, students should not be blindly regarded as a learning machine, they have to be treated correctly, and their psychological states have to be valued to adjust to the way of education. There are endless researches on educational psychology all over the world. Some experts think (Menz et al., 2020; Azadi et al., 2021) that the objective of educational psychology refers to the psychological phenomena and changes in the education process. It studies the psychological laws of educated people who form moral qualities, master knowledge and skills, and develop the entire wisdom and personality under the influence of education. At the same time, educational psychology also studies the relationship between education and the psychological development of educated people so as to improve the efficiency of education. The current research on educational psychology has paid more attention to individual cognition, motivation, emotion, and situation; and integration is now the main development trend of educational psychology (Su et al., 2021). At present, educational psychology in China has become the model based on basic theories, taking learning theory as the mainstay, and integrating other issues in the educational context (Local Burden of Disease HIV Collaborators, 2021).



Advantage and Limitations

On the one hand, all relevant personnel of the school is investigated and analyzed. The results are relatively accurate for the school and can express the views of teachers, students, and parents. On the other hand, it only involves our school, and so the scope of participants is small. Therefore, the representativeness of the results is also limited to a certain extent. In addition, parents (as one group of subjects) do not have long-term and intuitive opportunities to understand the actual teaching situation, and they can only comprehend subjectively based on written form. Therefore, there may be a certain gap between the results obtained and the actual situation, which means that the accuracy of the research results needs further consideration and application. However, this study helps further understand the aspects to which the students pay more attention in the teaching process and which can provide more reference for the future teaching design of the school, thereby improving the quality of teaching and learning. In addition, the reliability and validity of the questionnaire have been verified, which proves that the results of the survey on the students are useful.




CONCLUSIONS

This study first compares the effective return rate of the satisfaction questionnaire before and after the implementation to prove the feasibility of the questionnaire scoring results. Then, it sorts out the questionnaire scores and compares the survey scoring results. The results show that teachers, students, and students' parents as the research object are more satisfied with the teaching methods of the new educational design. In addition, the change in the scores of various subjects before and after the implementation of the new instructional design is compared. It is also found that after 1 year of implementation, the average scores of most subjects in the whole school have increased significantly, but a small number of subjects have not changed significantly, which may be caused by insufficient attention to these subjects from the school. After all, most schools only focus on the main subjects. Therefore, the results of this study also indirectly reflect the disadvantages of partial subject education in our school. The school should pay equal attention to every subject and teaching design in all subjects. In addition, this study is conducted based on the satisfaction questionnaire, and so there may be various objective and subjective factors to affect the scoring results of the questionnaire. Therefore, there may be some differences between the results of this study and the actual situation, and so the accuracy of the study has to be further improved. In the future, it will continuously optimize the research process to improve the accuracy and practicability of the research results.
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The role of the human–computer interaction (HCI) system in college students’ oral English learning is discussed to analyze the current situation of college students’ oral English based on the HCI simulation system. The purpose is to study the oral education of college students. First, the theories of educational psychology, the HCI system, and the current situation of college students’ oral English learning are elaborated. Meanwhile, in oral English teaching, teachers use support vector machines and multimodal fusion intention perception methods in set theory to realize the interactive teaching between students and machines; then, the HCI simulation of oral English is explained. The current situation of college students’ oral English learning is analyzed by a questionnaire from the perspective of educational psychology. Finally, the HCI system in college students’ oral English learning is explored based on the learning level detection. The results show that 12% of college students are unqualified in oral English; 25% of them think their oral English level is medium; most of college students’ English learning anxiety is related to English progress anxiety; 18% of the students believe that they will study oral English for life; 32% of the students think that they have more opportunities to learn English at ordinary times; and most of the students learn English through English movies and songs outside of class. What attracts college students to learn oral English through the HCI system is that learning is not limited by time and space. Most students believe that their English level is good and hope that learning anxiety can be reduced through HCI systems. The strategies of college students’ oral English education with an HCI simulation system are evaluated based on the perspective of educational psychology, providing a research basis for oral English education in other regions and even the whole country to facilitate the better development of oral English education.

Keywords: educational psychology, human–computer interaction, simulation, oral English education, educational strategy


INTRODUCTION

The education of college students is closely related to the development of China, and educational psychology is inseparable from education. The development of today’s education industry is no longer limited to the single form of face-to-face classroom teaching. In the field of online education, Massive Open Online Courses (MOOC), interactive classes, live classes, and other forms have come into the public view. For the huge user base in China, the proportion of users covered by excellent teachers and private teachers is very small. At present, in addition to public institutions, China’s training market has fewer than 200,000 teachers, but it has to meet the needs of 230 million users. Among the 200,000 teachers, less than 20% are really recognized and considered “effective” by users. The high cost and long cycle of training excellent teachers make the number of teachers the biggest obstacle to the development of the whole education and training industry (Mohapatra, 2020). In order to solve this problem, technical means and machines need to be used to replace teachers to complete repeated work and standardize the learning process. Copying excellent teachers can break the bottleneck of the education industry, break regional restrictions, and reduce the popularization cost of high-quality teaching resources. The significance of education lies in guiding students to establish correct life values. Teachers inspire and educate students according to the knowledge of educational psychology, improve students’ learning effect, promote students to form positive values, and contribute to the development of education (Wu et al., 2019a).

The research purpose is to integrate educational psychology into a human–computer interaction (HCI) simulation system to help college students’ oral English. The theoretical basis of this exploration is established through the analysis of educational psychology theory, HCI theory, and the current situation of college students’ oral English learning. Then, the students participating in this oral English teaching are investigated and studied through the establishment of a system and the design of a questionnaire. The research innovation aims to realize the education of college students’ oral English through HCI technology, which is a new reform of the traditional education model. It will promote the connection between subject education and computer to a certain extent and improve the quality of teaching (Chen, 2021a).

The above research shows that at present, most college students’ oral English education has changed from the early research on the characteristics of language itself to the current research on artificial intelligence, oral learning, and education. With the continuous development and renewal of HCI and college students’ oral English education, intelligent language learning products under the application of new technologies such as artificial intelligence continue to promote the development of oral English education. In this context, from the perspective of educational psychology, the HCI simulation system strategy is innovatively applied to college students’ oral English education. The impact of an HCI simulation system on college students’ oral English education strategy is studied from the perspective of educational psychology through the analysis of the application of interactive simulation system, the model mechanism of the interactive system, and the questionnaire on the educational practice of oral applied learning so that a better oral education goal is achieved. This exploration is aimed at college students’ oral education, but it can also be applied to other disciplines to lay the foundation for the development of intelligent education.



LITERATURE REVIEWS

From the perspective of educational psychology, the method of applying an HCI simulation system to college students’ oral English teaching has become a research topic of many scholars.

Souza et al. (2020) proposed an HCI teaching process, which combines traditional lecture-based classrooms (TLBC), active learning, and project-based learning to improve students’ understanding of HCI. The background of this is academic courses in undergraduate scientific computing include theoretical courses and practical courses. Theory courses involve more abstract content. This process aims to increase students’ participation in HCI theory. Different from Souza, Chen (2018) analyzed the advantages of constructing a simulation teaching system based on HCI virtual reality technology, summarized it from the functional level, and reflected on the traditional classroom. In addition, the application of virtual reality technology in HCI in the development of simulation teaching system platform and the functional aspects that need to be improved in design research were mainly analyzed to help comprehensively improve the operation effect of the system and promote the better application of virtual reality technology in the design of teaching system. However, the research on HCI in the fields related to English teaching was not specifically discussed. Wang (2019) found that the seewo all-in-one machine can complete real-time writing and real-time erasure, and multiple people can write at the same time. A relaxed HCI situation is an effective means to promote the human–computer interactive teaching of English in senior high school. Therefore, the theme of “the application of HCI (teachers and students, network, seewo all-in-one machine, etc.) teaching in senior high school English teaching” was explored. Hu et al. (2020) conducted further research on this, and they found that there are many factors affecting English classroom teaching, and teachers cannot effectively grasp students’ learning. In particular, classroom management in network teaching is more difficult. In order to improve the effectiveness of English classroom teaching, the HCI process and classroom learning of students in network teaching are effectively recognized based on the HCI algorithm and face recognition algorithm, and the image background is removed according to the actual teaching needs. Moreover, the spatio-temporal feature image that can express dynamic typical features is obtained by extracting and fusing the spatio-temporal information of motion in the video. Perera and Liyanage (2021) found that brain–computer interface technology has been widely used in education, autonomy, development, marketing, safety, sports and entertainment, heart reading, telecommunications, and other fields, and it has been used in treatment and rehabilitation. Among the existing brain–computer interface technologies, the brain–computer interface technology based on EEG is still the most popular, surpassing some invasive and non-invasive technologies. The research of Xu et al. (2020) is more detailed. They believed that an electrooculogram (EOG) is a bioelectrical signal recorded by an electrode and formed by the potential difference among eyeball, retina, and cornea; the barrier-free HCI system controlled by EOG plays an increasingly important role in serving patients with limb movement control disorders. They summarized the establishment and development of EOG controlled HCI system; introduced the common methods of eye movement detection: search coil method, infrared eye movement diagram method, Purkinje image tracking method, and the method based on computer graphics and EOG; and summarized the application of EOG controlled HCI system in medical assistance for the disabled and operation in a dangerous environment. Finally, the limitations of the HCI system controlled by EOG and its future development trend are analyzed.

To sum up, the development of the HCI simulation system has been relatively mature. However, the application of the HCl simulation system in college students’ oral English education is still in the early stage of development. The research advantage is to study the application of the HCI simulation system in college students’ oral English education from the perspective of educational psychology, which is a novel perspective. This exploration is related to promoting the quality of oral English education, and the related research literature is relatively lacking. This exploration plays an expanding and complementary role in the research of related fields. Moreover, the research is of great practical value, which can help students understand oral English and provide students with a good language simulation environment.



EXPERIMENTAL DESIGN AND RESEARCH PROCESS


Educational Philosophy From the Perspective of Educational Psychology

The teaching method is relatively fixed in the traditional teaching mode, which basically includes classroom teaching and homework. It cannot play the role of educational psychology and impart the knowledge of educational psychology thoroughly. Educational psychology and education are inseparable. The significance of education lies in guiding students to establish correct life values. Teachers enlighten and educate students according to the knowledge of educational psychology to improve students’ learning effect, promote students to form positive values, and boost the development of education. In recent years, educational psychology has been introduced into network education, and the electronic platform has been applied to teaching to make students learning through various online learning. From the perspective of educational psychology in the new era, strengthening the shaping of school physical education personality is a crucial platform and channel for students to build self-expression. Moreover, students need to correctly understand and treat themselves in a certain way in the process of daily learning and social life. Meanwhile, this understanding will be adjusted with the development of the situation. This phenomenon is called “self-expression” from the perspective of educational psychology. Meanwhile, students often encounter the following situations in their daily life. That is, some students prefer to express themselves, while some students do not (i.e., whether individuals are willing to show their advantages in front of students). Some students are willing to attract the attention of other students in any case and especially hope to leave a good impression on the students. The research results of domestic theoretical circles show that some scholars and researchers believe that this kind of self-expression can be called “self-presentation” or “self-display.” This statement is similar to “self-expression” or “impression management” in English. Some western scholars regard self-expression as a behavior to give full play to and expand the image on the stage of self-life. The people who are willing to perform self-expression will take various reasons to promote self-expression and further convey the connotation closely related to their personal image. It belongs to the category of individual internal psychology and the research focus of social educational psychology. It reveals that both western self-expression and eastern self-expression can effectively use the shaping function of physical education personality from the perspective of educational psychology. It is embodied in fully perceiving the impression of others at the same time and hoping to form a good impression of others as a social individual. Thereby, school physical education based on the perspective of educational psychology has a far-reaching impact on students’ physical and mental health development and education, which cannot be replaced by other similar courses and disciplines.

Wu et al. (2019b) evaluated the application of social media in online course learning, believing that it not only enriches teaching methods but also helps to broaden students’ horizons. The combination of educational psychology and network under the background of network education can increase multiple learning methods that are not available in traditional teaching mode, shorten the distance between students and educational psychology, and promote the development of China’s education.



Theory of HCI Simulation System

HCI is the process by which people get information through the output device of a computer and control the computer through the input device. Generalized HCI covers hundreds of interaction modes (Gurcan et al., 2021). Although people expected HCI to develop in the direction of virtual reality technology and so on as early as the end of the 20th century, the most popular and most available way today is still the graphical user interface (GUI) and mouse keyboard input (Wu et al., 2020), and the GUI will not be replaced. It has been proposed that we examine the emotional labor of team members and investigate the mechanisms adopted by these teams to improve their members’ emotional contagion levels. Hence, the HCI behavior considered here mainly refers to the method based on the WIMP (window, icon, mouse, and pointer) interface in a narrow sense, but the correlation analysis and modeling method should be able to provide a reference for the implementation of touch screen interaction, voice interaction, and other similar ways (Yy et al., 2021). The HCI simulation system studies the coordination relationship between humans, computers, and the environment. According to different conditions and characteristics, it uses physiology, psychology, and other related knowledge (Jung et al., 2020) to reasonably allocate the operation functions undertaken by humans and computers and makes them adapt to each other. It can create a safe, convenient, and comfortable working environment for people and make the work efficiency reach the best.


Speech Recognition Module

In speech recognition technology, the client software uses two kinds of technology: one calls the Baidu voice (API) online, and the other is there as backup support. A Microsoft voice API on a local machine will be called only when network partition occurs. The Baidu voice API is powerful, accurate, and easy to call. It does not need to be installed locally by users. A general Microsoft voice API is native to win7 and above operating systems, but it may not have its own voice library in some compact operating systems. Users need to install the appropriate version by themselves, which is cumbersome to use. Hence, it is only used as backup support.

Baidu voice API is free and open to developers. To use the functions of Baidu voice, first, users need to apply for a key in the open platform of Baidu voice, download the Software Development Kit (SDK) related to Baidu voice, and complete the necessary configuration. Then, the dynamic link library needs to be imported into the client software.



Action Recognition Module

At present, there are many ways to realize gesture recognition. The specific implementation of the gesture recognition system proposed mainly consists of five parts: image acquisition, image preprocessing, gesture segmentation, feature extraction, and gesture matching, as shown in Figure 1.

[image: Figure 1]

FIGURE 1. Action recognition process.


First, a camera is employed to capture the video data stream. In essence, the video data stream includes a frame-by-frame image sequence. Then, the image is preprocessed to eliminate the noise and enhance the quality of the image; next, the color space of the image is transformed, and an appropriate skin color model is established to judge whether there are gestures. If a gesture is detected, gesture segmentation is carried out. The geometric feature parameters of the current gesture are extracted based on the analysis of the separated gesture, and then gesture recognition is carried out by template matching.




Design of Multimodal Fusion Intention Perception Method System Based on SVM and Set Theory


Hardware Design

A simulation experiment system of multimodal fusion intention perception method based on support vector machine (SVM) and set theory (MSSN system) is adopted. First, the system allows users to use VR (virtual reality) equipment for the experiment to cultivate teachers’ application ability in the actual teaching process. Meanwhile, the immersion of the oral English virtual teaching environment is improved by using simulation equipment and natural interaction methods such as oral English and gestures. Then, the user’s interaction intention is perceived through the multimodal information sent by the user in the process of the experiment to make up for the lack of intelligence of the virtual experiment and bring about a better interactive experience for the user. Finally, navigational interaction is adopted to navigate for users to reduce the load of users and improve the participation of teachers and students in the teaching process (Hu et al., 2020).

1. Therefore, regarding the hardware, VR glasses, Bluetooth scanning handle, smartphone hardware equipment, high-performance server, and high-capacity storage equipment are selected. The selection follows the principles of advanced technology, reasonable economy, applicable in the course, as well as the requirements of feasibility, maintainability, operability, and energy supply to determine the optimal scheme of the equipment

2. Selection of VR glasses: after wearing the VR head display, users put a mobile phone into the box as a display and computing device and can see the images of the left and right parts with the help of the left and right eyes, respectively. The brain can process two images and produce stereo vision. With the help of a mobile phone accelerator and gyroscope, the head posture of the human body is determined. At this time, users can transfer their perspective by moving their head so they can initially experience the charm of virtual reality technology and bring students an immersive feeling

3. Selection of Bluetooth scanning handle: the Bluetooth scanning handle can be an ordinary handle

4. Smartphone selection: there are no specific requirements for the selection of mobile phones, just ordinary smartphones. Any version of Android and IOS can meet the operation of the platform

5. Hardware environment; the system is required to report the operation environment, so an ordinary PC can meet the operation requirements.



System Structure

Figure 2 shows the structure of the SVM and MSSN simulation experiment system. First, the system detects whether there are users according to the user information obtained by the kinect device. Then, the system uses a kinect device to recognize the position of human hands and uses Baidu Speech SDK for speech recognition and sentence segmentation to get speech recognition results. The voice information of touch and vision can be obtained through the VR device. The recognized visual, auditory, and tactile information is communicated via the MSSN method. Users’ complex operation intention can be perceived according to the multimodal fusion algorithm. Finally, according to the perceived user intention, the system carries out multimodal interaction with users, including visual feedback, experimental equipment feedback, and voice navigation, which greatly improves the intelligence of the system. The student voice recognized by Kinect is applied to the virtual reality model in the virtual scene. MSSN algorithm and LBP algorithm are employed to recognize the students’ voices and emotions, realize the interaction with the machine, and sense the students’ emotions in real time. Figure 3 presents the structure of the MSSN algorithm.

[image: Figure 2]

FIGURE 2. System architecture.


[image: Figure 3]

FIGURE 3. MSSN algorithm.


The MSSN algorithm is divided into four layers: multimodal input layer, recognition layer, multimodal fusion intention perception layer, and application layer. The core is the multimodal fusion intention perception layer. In this layer, multimodal data are organically combined to form the form of intention behavior nodes, which is convenient for the computer to understand students’ more complex intentions.



System Environment

Software environment: Windows10, Unity 2018, Visual Studio 2015, Baidu voice;

Programming language: C#.



System Test Scheme

In total, 41 sophomores and 12 English teachers from a college in Xi’an were invited to experience the experimental system to evaluate the MSSN system proposed. For the same experiment, the experimental results are compared and analyzed by using the smart oak intelligent English system and the MSSN system. The full score in the experiment is 5. The questionnaire includes the following aspects (Zlatkovic et al., 2020). The student part contains interesting, exploratory, and learning mastery; and the teacher part contains students’ interest in learning, an explanation of key contents, and students’ participation.




Research on the Current Situation of College Students’ Oral Education

There is a growing number of studies on oral English anxiety in recent years. Most students’ oral anxiety level is higher than that of listening, writing, reading, and other skills, and oral anxiety is relatively difficult to overcome (Chen et al., 2021). It is urgent to study how to reduce oral anxiety to improve students’ comprehensive foreign language level and promote effective communication (Kirova, 2020; Tsai et al., 2020).

In oral English learning, it is difficult for college students to have the opportunity to use English in addition to communicating in English class, leading to students’ lack of enthusiasm, self-confidence, and a poorer language environment for learning English. The college students in China are deeply influenced by Chinese and word-to-word translation thinking, which leads to poor oral English expressions. There is a big gap in western English expression, but the gap is also narrowing. There are differences in the way of oral expression, sentence structure, and the meaning of words. Chinese students often blame their poor oral English on their insufficient vocabulary and then recite dictionaries aimlessly. In fact, this is not an effective way to learn oral English. The oral polysemy needs to be found and mastered in language use. Most of them come from life, not from high-level words.



Research Route of Oral English Education for College Students

College students’ English education has always been a troubling issue, and the state attaches great importance to it. The structure diagram of the human–computer system shows the relationship among each module in the HCI learning system intuitively (Jian et al., 2020). Teachers can query students’ information and learning status information through HCI equipment. Student information comes from the student database, and learning status information comes from the learning status database (Choi and Park, 2020). Figure 4 displays the structure of the HCI system. Figure 5 is the flow chart of the HCI oral training course (Wu et al., 2020). Students can also obtain learning activities through HCI equipment, and the information of learning activities comes from the learning activity database (Chen, 2021b). Learning status data are generated when students conduct HCI learning, including interest level test results, students’ learning activities, learning time, and achievements, which are stored in the learning status database (Qian et al., 2018).

[image: Figure 4]

FIGURE 4. Structure of HCI learning system.


[image: Figure 5]

FIGURE 5. Flow chart of HCI oral training course.





QUESTIONNAIRE DESIGN AND MODEL SELECTION


Questionnaire Design

The questionnaire was chosen to study the management of college students’ oral English teaching under the HCI simulation system from the perspective of educational psychology. The questionnaire is primarily distributed through the “XX” platform, mainly for sophomores and juniors. Teachers of the college students’ entrepreneurship center are contacted in advance before the questionnaire is issued to ensure the effective recovery of the questionnaire (Wu and Song, 2019).

Overall, 500 questionnaires are distributed, and 450 questionnaires are obtained by statistics, with an effective rate of recovery of 90%. SPSS is adopted to analyze the reliability and validity of the questionnaire. It is found that the questionnaire has good reliability and validity. The questionnaire aims to analyze the situation of college students’ oral English. Table 1 is a few key issues involved in the questionnaire design.



TABLE 1. Key question design of the questionnaire.
[image: Table1]



An Analysis of Oral Education Strategies

Oral English education for college students is the key direction of national education. The calculation method of Harr characteristics is introduced (Li, 2020) based on the questionnaire to analyze college students’ interest in oral English education and learning and further analyze the current situation and development of college students’ awareness of learning oral English. A machine learning algorithm is adopted to obtain the face data of students’ learning, and face recognition is carried out by the detection machine (Liu et al., 2020). Then, the inner corner of the human face is labeled and taken as the level, and processing is performed at a distance of 50 pixels. The equation is as follows:

[image: image]

N is the scale of the image, R is the rotation angle of the image, and (x1, y1) and (x2, y2) are the coordinates of the left and right inner eye corners, respectively.

The basic LBP algorithm of expression recognition is as follows:

[image: image]

(A1, B1) is the center pixel of the selected area, m is the number of other pixels except for the center pixel of the selected area, and the brightness is Ln; Lm is the brightness of adjacent pixels. S is a symbolic function:

[image: image]

After the calculation of the above equations, the machine can identify the psychological anxiety of students in learning oral English and the psychological changes after learning through the HCI system and collect the information of students learning oral English to assess the situation of students learning English. Chen et al. (2021) proposed that the HCI system can judge other people’s emotional changes according to the results of emotion recognition. The experimental software used is the data analysis software SPSS 25. version. The operating system of the system software running environment is win10 with a 64-bit processor. The CPU model is Intel Core i7 11700K, the solid-state hard disk is 1T, the mobile hard disk is 2T, the GPU model is 8GB LPDDR4, and the system running memory is 8G. The questionnaire is conducted on the “College Students Forum” platform, which is a national online communication platform with college students as the main service object.




EXPERIMENTAL RESULTS AND PERFORMANCE EVALUATION


Analysis of Simulation Results

Figure 6 displays the experimental results of oral English teaching in knowledge learning in two systems. The data image above reveals that compared with the traditional teaching methods (video and PPT) and SOAE English intelligent teaching system, the MSSN system shows a good data effect in learning English knowledge. First, for college students who have not learned the intelligent teaching mode, it can stimulate their interest in the HCI mode, make them better understand knowledge and have a deep impression on oral English knowledge, and better cultivate their ability of inquiry learning through intelligent perception. According to the statistics of English teachers’ teaching data: through teachers’ intuitive operation and systematic phenomenon feedback, it is more conducive to the teaching of key English contents, stimulates students’ interest in learning, and cultivates students’ participation to enhance students’ understanding of oral English.

[image: Figure 6]

FIGURE 6. Test results of oral English teaching in knowledge learning [(A): students; (B): teachers; A: Interest; B: Exploratory; C: learning mastery; D: students’ interest in learning; E: key content explanation; F: student participation].




Reliability and Validity Analysis of Questionnaire

Figure 7 below presents the reliability and validity analysis of the questionnaire. The reliability coefficient of each factor in figure (A) shows that Cronbach’s α coefficient statistics of interest, learning mastery, key content explanation, and student participation are higher than 0.8 and have good reliability. The Cronbach’s α coefficient of exploration and students’ interest in learning is in the range of 0.7–0.8, which also meets the reliability requirements. The KMO values of interest, exploration, learning mastery, students’ learning interest, key content explanation, and students’ participation are greater than 0 and close to 1, and there is thus a good correlation among the factors. Moreover, in the chi-square value of Bartlett’s test, it is found that the p values are less than 0.05, and they have thus reached the significant level. Therefore, the above factors can be used for exploratory factor analysis.

[image: Figure 7]

FIGURE 7. Reliability and validity analysis of questionnaire content—(A) reliability analysis results of the questionnaire; (B): validity analysis of content variables in the questionnaire; (C): validity analysis of teacher content variables in the questionnaire; A: Interest; B: Exploratory; C: Learning mastery; D: Students’ interest in learning; E: Key content explanation; F: Student participation.




Analysis of Questionnaire Survey Results

The survey results of several key items in the questionnaire are analyzed. Figure 8 below shows the survey results based on Q1 and Q9. Figure 8A shows that in Q1, 12% of college students are unqualified in oral English; 25% think their oral English level is medium; Figure 8B shows that regarding Q9, English progress anxiety M91 accounts for the largest proportion of 32%, classroom speaking anxiety M2 accounts for the smallest proportion of 16%, and oral self-confidence accounts for a slightly higher proportion than classroom anxiety, indicating that college students hope that a better oral English learning environment can be provided and HCI system classroom can be set up, that is, a classroom interaction model of internet and oral English teaching.

[image: Figure 8]

FIGURE 8. Survey results based on Q1 and Q9: (A) the survey results based on Q1; (B) the survey results based on Q2.


Figure 9 shows the survey results based on Q4-Q6. Figure 9A suggests that M41 accounts for 32% of the students’ oral English learning opportunities, M52 (disagree with the idea of lifelong learning English) accounts for 18% of the students, and 8% of the students agree with lifelong learning oral English, indicating that college students are more willing to accept oral English learning. The number of students who choose English clubs to learn oral English is up to 33%, and the number of students who choose English movies and other ways to learn English is the same, that is, the proportion of M61 and M64 is the same (6%).

[image: Figure 9]

FIGURE 9. Survey results based on Q4-Q6: (A) the survey results of Q4 and Q5; (B) the survey results of Q6.


The above results demonstrate that college students have a great intention to learn oral English in the HCI system. However, oral English training is limited by time and space. Regarding HCI oral training system, students can download the corresponding app software on their mobile phones. Whether it is in the classroom, playground, or other places, as long as they carry a mobile phone, students can carry out oral training at any time and will not be disturbed by others. Wu et al. (2018) believed that this kind of information and communication technology (ICT) is employed to improve the effectiveness and ability training of traditional teaching methods. This free learning space can effectively alleviate students’ anxiety in learning English in class; besides, the HCI system has the function of privacy protection (Li and Chen, 2021). Every time the study is completed, there are corresponding practice results, and students can see their advantages and disadvantages. With repeated practice and learning, students’ anxiety about oral English learning will gradually reduce. Most students are optimistic about the HCI system of oral English teaching, indicating that the HCI simulation system has a certain role in promoting college students’ oral English teaching.

Table 2 displays the statistical results of the whole scale.



TABLE 2. Statistical results of the overall scale.
[image: Table2]

The researchers analyzed the survey data to study the psychological situation of college students’ oral English before the implementation of oral training. In Table 2, regarding the whole scale, the average score of students’ oral English learning is 67.5, and the standard deviation is 12.3. According to the classification standard of Oxford & Burry-Stock (1995), if the average score of each item is less than 2.4, the level is relatively low; if the average score is much higher than 3.5 (including 3.5), it indicates that the level is relatively high. Besides, if the average value is between 2.5 and 3.4, the descriptive statistical results of the overall scale in Table 2 show that the average value of the overall scale is 67.5, and the standard deviation is 12.3. The average score of each item is 2.93, which is between 2.5 and 3.4, and this can lead to the conclusion of medium level. Before the teaching experiment, the level of college students’ oral English anxiety is above the middle level. Besides, the standard deviation of 12.3 shows that there are great individual differences in college students’ oral English anxiety.

Moreover, a separate statistical analysis on the types of English anxiety is made, and each dimension of the scale is analyzed. Figure 10 presents the descriptive statistical results of English anxiety types.

[image: Figure 10]

FIGURE 10. Descriptive statistical results of English anxiety types—A: classroom progress anxiety; B: classroom oral anxiety; C: evaluation anxiety; D: oral anxiety.


Descriptive statistical results of English anxiety types in Figure 10 show that oral anxiety of college students has the highest average score (M=3.58) and evaluation anxiety has the lowest score (M=2.96), indicating that oral communication anxiety is the main source of oral anxiety (Solomon, 2021). The most important function of language is that it is a tool for human communication (Rl et al., 2020). In the current education and examination environment, oral English education has been greatly affected.



Comparison of the Effect of Oral English Training Before and After the Use of the HCI System

In Figure 11, the comparison results before and after the training show that the four kinds of anxiety after the training are reduced to varying degrees, indicating that the use of the HCI system in oral English learning is helpful and reduces the students’ psychological pressure and anxiety in learning oral English. Figure 12 suggests that there are significant differences in four dimensions in the paired sample t-test, including classroom progress anxiety (p=0.000<0.05), classroom speaking anxiety (p=0.000<0.05), evaluation anxiety (p=0.017<0.05), and oral anxiety (p=0.025>0.05). The above data once again proves that the HCI training system is an effective way to improve learners’ learning motivation (Fang et al., 2021) and self-confidence. Researchers conduct paired sample t-test on the data (Matheson and Petersen, 2020) to explore the specific role and influence of the HCI system on college students’ oral English learning psychological state. In the overall scale, there is a significant difference (p=0.000<0.01) in the psychological level of oral English before and after the implementation of the HCI system (Bergstrm and Hornbk, 2019), and the average score of the sample decreases from 67.5 to 57.8. The HCI oral training system effectively intervenes in the college students’ oral English state (Farinde and Omolaiye, 2021).

[image: Figure 11]

FIGURE 11. Comparison before and after training.


[image: Figure 12]

FIGURE 12. Result chart of correlation analysis: standard stands for standard deviation; T is the T value of correlation analysis; value of p indicates the degree of correlation.





DISCUSSION

The above results show that the MSSN system shows a good data effect in learning English knowledge compared with traditional teaching methods (video and PPT) and SOAE English intelligent teaching system. According to the statistics of English teachers’ teaching data, teachers’ intuitive operation and systematic phenomenon feedback are more conducive to the teaching of key English contents, which can stimulate students’ interest in learning and cultivate students’ participation to enhance the students’ understanding of oral English. College students have a great willingness to learn oral English in the HCI system because this learning method has no time and space constraints. Better privacy protection function reduces students’ psychological anxiety in oral learning and plays a positive role. The research data and analysis results support the research purpose and design idea of this exploration. Unlike many studies in the previous literature review, the application of the HCI simulation system in college students’ oral English education is studied from the perspective of educational psychology. The questionnaire data analysis is fully demonstrated, and the research results meet the expected objectives.



CONCLUSION

The strategy research of college students’ oral education based on the HCI simulation system from the perspective of educational psychology shows that college students should also focus on their psychological state when taking oral education. Teachers should make the English classroom lively and interesting, and integrate the HCI system into oral English education. Then, students should avoid outdated English learning habits to adapt to the new mode of oral English education.

The psychological factors and current situation of college students’ oral English learning are evaluated via a questionnaire and the method of simulating the test before and after the training of oral English. The results reveal that the average score of the subjects to learn oral English is 67.5 and the standard deviation is 12.3. The HCI training system is an effective way to improve the self-confidence and learning motivation of learners. The calculation method of Harr characteristics is introduced. The students’ anxiety in learning oral English is evaluated by a machine learning algorithm along with face data and oral English training data. HCI oral simulation learning can effectively intervene in the psychological state of college students based on the perspective of educational psychology. The sample selection is limited because of the influence of the actual research conditions, which cannot cover all aspects. The improvement of oral English ability is a gradual process. Hence, according to the results, it is suggested that college students should not be in a hurry during oral English education. The cultivation of oral English ability is a long process and does not happen overnight. The limited time in class can only meet the needs of the students’ basic knowledge, and the cultivation of practical oral communication ability still needs to be carried out in daily life. Therefore, it is very crucial to guide students to cultivate their oral English ability independently in their daily life. Teachers should consciously establish this awareness in the teaching process and guide students from the following two aspects. On the one hand, in daily life, teachers should take the initiative to improve their oral English communication ability, influence students’ learning concepts with practical actions, and imperceptibly implant the consciousness of self-training oral communication ability into students’ consciousness; on the other hand, teachers should focus on students’ psychological state in daily life, affirm and encourage students who try to communicate in oral English, eliminate students’ fear of English communication, and cultivate students’ awareness of independent training.

However, there are still some limitations. The sample selection is limited due to the influence of the actual research conditions, which is not enough to cover all aspects. The improvement of oral English ability is a gradual process. College students should have good learning habits and perseverance, and teachers need to practice and explore new and effective teaching methods. In the future study, college students should consciously cultivate their own oral thinking, improve their oral fluency, and actively participate in social practice to improve the effectiveness of oral learning and adapt to the rapid development of English in the future.
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With the advent of the 5G era, humans must not only learn the knowledge and skills of cross-border integration but must also get to grips with the breadth and efficiency of artificial intelligence (AI) technology in order to jointly overcome current difficulties and create a happy and beautiful life. In this article, we use the example of an elementary school to discuss the decision-making factors that influence teachers when choosing AI technology, where the digital content of schools is imported into artificial intelligence-based collaborative teaching. After discussing the relevant literature, this study will introduce the concept of digital media education, and then compare the development and application of smart technology and human-computer collaborative teaching methods, describing three key aspects and factors that influence elementary school teachers’ choice of AI technology. There are 12 evaluation criteria in total. After the completion of expert questionnaires and data analysis, it was found that the main factors affecting teachers’ choice of AI technology are “collaborative tasks,” “functional characteristics,” and “modeling characteristics.” In terms of evaluation criteria, the four most important aspects were found to be “learning assistance,” “security,” “teaching observation,” and “record review.” The results of this research analysis will help provide a reference for digital content development and individual recommendation services. In future work, this study can further discuss teaching innovations in digital media education, aimed at improving the quality and effectiveness of teaching and learning.

Keywords: artificial intelligence, collaborative teaching, digital media education, teaching innovation, learning effectiveness


INTRODUCTION

In 2020, the COVID-19 pandemic became a global emergency, and the way in which interpersonal interaction was conducted changed dramatically. The trend of technology-assisted life is becoming more and more obvious. Teachers have begun to teach online, and students, too, have become familiar with this mode of education; governments have also made use of online platforms to help the public and refute rumors. In line with the trends of the digital economy and 5G era, the digital content industry has introduced artificial intelligence (AI) for cross-domain integrated innovative applications, and it has created new platform services and the experience economy. This is a new trend in the development of AI technology education for the future (Anita and Judit, 2016; Zhu, 2020).

The line between humans and machines is becoming more and more blurred with the development of artificial intelligence and biotechnology. Therefore, people must continually stay abreast of new technology and improve their abilities in order to adapt to contemporary life, finding meaning in and learning to value their existence. In the future, this study hopes to use AI technology to construct ubiquitous learning; to provide fair and inclusive educational opportunities; and to promote personalized learning and improve learning effectiveness. Therefore, education units must not only adjust their teaching and learning methods but also train students to adapt to modes of learning in the AI era. The nature of work literacy and work-related skills is changing at a dramatic rate, with the implementation of dual-teacher collaborative teaching, the introduction of education management information systems, formulation of public policies, and application of research in the field of AI education. The era of Industry 4.0 has seen robots replacing traditional labor. AI courses have been incorporated into basic education curriculum planning. AI textbooks and teaching plan examples for high schools, middle schools, and elementary schools have been completed and launched, and relevant promotional studies continue to be provided to teachers below high school (Omar et al., 2013; Kandlhofer et al., 2016).

Elementary school teachers formed the research group for this study, and this study explored the factors affecting decision-making in relation to digital content, where artificial intelligence was imported into collaborative teaching. Data were collected through questionnaire surveys, and the analytic hierarchy process (AHP) hierarchical analysis method was used to enable us to understand (and model) the decision-making characteristics of elementary school teachers in terms of AI technology and to determine the weighting of the relationship between perception of related factors (such as functional characteristics and collaborative tasks). This study then summarized and sorted the decision-making factors influencing elementary school teachers’ choice of AI technology-based collaborative teaching, as a reference for digital content development and individual recommendation services. The research objectives are summarized as to ascertain whether, after the introduction of digital content into artificial intelligence-based collaborative teaching, teachers attach importance to the shape, function, and role of AI technology. To determine the relative weight of decision-making factors associated with elementary school teachers’ selection of AI technology for the introduction of digital content into artificial intelligence-based collaborative teaching, this research mainly focused on all teachers in elementary schools. The research subject consisted of teachers, including qualified full-time teachers, acting teachers, hourly acting teachers, directors, and principals. The term “teachers” refers to teachers teaching in the school during the school year, but it does not include office workers, nurses, general workers, kitchen workers, or contracted personnel (Liu et al., 2014; Salavati et al., 2016; Chen et al., 2021a).



LITERATURE REVIEW


Intelligent Education

Innovative teaching applications emphasize deep-learning methods (such as topic inquiry, peer cooperation, flipped autonomy, and task-oriented or problem-oriented learning) or multiple learning modes (such as inter-school, international, and distance learning) and the possibilities for cultivating future students across the board. Key basic capabilities include globalization, cooperation, and innovation.

The government has allocated funds for the improvement of campus technology environments (i.e., establishing a smart network environment; building interactive software and hardware; introducing IoT sensors into classrooms; and purchasing online learning and mobile learning resources, etc.) in order to create a seamless learning experience, one where students are eager to learn and exhibit behaviors for learning at any time in different contexts (including those where equipment or vehicles are moved to help virtual IoT technology to try and change the personalized service provided by school teachers where students quickly switch between different situations and achieve the effect of learning transfer; Zhang et al., 2012; Chen et al., 2019a; 2021b). Therefore, by using cloud teaching and teachers, students, and staff, a “smarter” campus can utilize the interactive integration mode of campus resources to integrate a school’s curriculum teaching, administrative management, and learning. System and campus resources are integrated with the application system to improve the quality of teaching and then realize the learning mode of intelligent services and management (Mautone and Mayer, 2001). Smart campuses have become the focus of education reform in advanced countries around the world. Governments in Asia, Europe, and the United States have formulated policies to promote smart campus innovation and integration services and have compiled huge budgets to actively attack the international market (Chevalier et al., 2016; Suhaebar and Irokatun, 2019).



Hierarchical Structure Analysis Method

The AHP is mainly used in uncertain situations and decision-making problems with several evaluation criteria. The AHP builds a hierarchy of factors in complex relationships, enabling comparison between pairs of possible factors in terms of importance. AHP theory is simple and practical. It also refers to the opinions of many experts. Since its development, it has been widely adopted by research institutions in various countries. Its application range is quite wide, especially in planning, forecasting, judgements, resource allocation, and investment portfolio trial calculations. Both have good results. The basic division of the evaluation scale of the hierarchical analysis method includes five items, namely “equally important,” “slightly important,” “quite important,” “extremely important,” and “absolutely important.” Values of 1, 3, 5, 7, or 9 can be assigned; the other four are between the five basic scales, and a value of 2, 4, 6, or 8 can be assigned (Anita and Judit, 2016; Zi-yun and Sung-chiang, 2019).


Operational Steps in Hierarchical Analysis

When the AHP has to deal with complex issues (such as multi-objective or multi-criteria decision-making evaluations), it mainly includes these steps:

Step 1. Define the problem.

Step 2. Establish a hierarchical structure.

Step 3. Design the questionnaire and survey.

Step 4. Establish a pairwise comparison matrix.

A paired comparison matrix is established to measure the results of the comparison between two elements of the questionnaire. When comparing the results of n factors in pairs, the upper triangular part of the comparison matrix is held to be A, and values in the lower triangular part represent the reciprocal of the relative position value of the upper triangular part, forming a paired comparison matrix form (Song et al., 2011; Salavati et al., 2016; Huang et al., 2019a).

Step 5. Calculate the eigenvector and the maximum eigenvalue.

Because the pairwise comparisons reflect the judgements of decision-makers, subjective judgements will differ from the actual values. There must be a certain degree of difference, which is inevitable and cannot be avoided; n is therefore replaced by the largest eigenvalue in the matrix.

Step 6. Verify the consistency.

The consistency index (C.I.) and the consistency ratio (C.R.) are used to verify the consistency of the paired comparison matrix (Grandzol, 2005; Arroyo et al., 2015; Munier, 2021).


Consistency Index

The consistency index obtained by the eigenvector method and the difference between n (matrix dimension) and the calculation can be used as a benchmark for judging the degree of consistency.



Consistency Ratio

The consistency index generated from the up-and-down value matrix (reflecting the evaluation scale from 1 to 9 under different orders) is called the randomness index (R.I.). The ratio of the C.I. value to the R.I. value under the matrix of the same order is called the consistency ratio (C.R.; Larson and Ernest, 2007; Zhu, 2020; Chen et al., 2021b).

Step 7. Calculate the dominance value of each factor.






RESEARCH METHODS

This study concludes that when digital content is imported into AI collaborative teaching, teachers choose decision-making factors of AI technology, and then use the AHP hierarchical structure analysis method to establish the dimensions and evaluation criteria that affect teachers’ choice of AI technology. After the overall structure is complete, the expert questionnaire is designed. Through the questionnaire survey, this study has in-depth understanding of the importance ranking and obtained research results, which can be used as a reference for future digital content development and individual recommendation service directions. This first explains the research structure, the content of the expert questionnaire designed by the dimensions and evaluation criteria, then states the sampling and research tools of the research objects and their implementation methods, and finally explains the data processing and analysis of the questionnaire (Liu et al., 2014; Kandlhofer et al., 2016; Huang et al., 2019b).

When AHP deals with complex issues such as multi-objective or multicriteria for decision-making evaluation, it mainly includes five steps, as shown in Figure 1 (Salavati et al., 2016; Huang et al., 2017; Chen et al., 2019b).

[image: Figure 1]

FIGURE 1. Operation process of AHP method.



Research Structure


Factors Affecting Teachers’ Choice of AI Technology When Constructing Digital Content and Introducing Artificial Intelligence Into Collaborative Teaching

This study uses the digital content industry to introduce the current status of education intelligence, and then compares the development and application of education intelligence technology and human-computer collaborative teaching methods around the world, and further analyses the model, function, and role of teachers’ emphasis on AI technology, and selects AI for teachers (Huang et al., 2012; Chen et al., 2015, 2020). Decision-making factors relating to science and technology were divided into three dimensions: “modeling characteristics,” “functional characteristics,” and “collaborative tasks.” Twelve evaluation criteria were extrapolated from these three dimensions, as the content options of the research questionnaire (Huang et al., 2004). The breakdown is as follows.


Modeling Features

Modeling features refer to the appearance, shape, material, and size of the AI technology, which evoke slightly different psychological feelings in people and influence them in different ways, according to users’ preferences, habits, and level of acceptance (Mayer, 2014; Paas and Sweller, 2014).



Features

These refer to AI technology that can learn from massive amounts of data through the system and then correctly interpret external data, using this knowledge to achieve specific goals and complete tasks, including the following: interactive entertainment, record checking, original equipment manufacturer (OEM) maintenance, and reception scheduling (Huang et al., 2006, 2014; Liu et al., 2014).



Collaborative Tasks

It can be explored from the four dimensions of “class management,” “teaching observation,” “learning assistance,” and “administrative sharing,” and an example of the current application of AI education technology used in school is shown in Table 1.



TABLE 1. Collaborative tasks of AI technology used in school.
[image: Table1]




Designing the Content of the Questionnaire

Data collection for this research was divided into two parts. The first was background information on the elementary school teachers, and the second was digital content imported into artificial intelligence and collaborative teaching: factors affecting elementary school teachers’ decision-making when choosing AI technology (Yeung et al., 1998; Wang et al., 2013) (Appendix 1 and Appendix 2).


Modeling Characteristics Which Are Inevitable and Cannot Be Avoided

These were as follows: item a: “pet healing,” type a, item b: “animation imagination,” type b, item c: “human simulation,” type c, item d: “natural and invisible,” type d: “collaborative teaching,” B1: interactive entertainment, B2: record check, B3: OEM security, B4: reception schedule, and C: collaborative tasks (C1: class management, C2: teaching observation, C3: learning assistance, and C4: administrative sharing). The scope of this research was limited to all the teachers in a national elementary school. Fifteen people provided feedback (via questionnaire surveys) on the factors affecting their decision-making in relation to the selection of AI technology.




Research Objects

The scope of this research is limited to all teachers of a national elementary school. Teachers refers to those who taught at the school during the school year, excluding staff, officers, and nurses. The research objects include full-time teachers, acting teachers, directors, and principals. Fifteen people reported their decision-making factors for AI technology selection through questionnaire surveys, as shown in Table 2.



TABLE 2. Respondents and number of questionnaires.
[image: Table2]




Research Tools and Implementation

The questionnaire was divided into two parts: firstly, instructions for filling in the questionnaires and secondly, the questionnaire content, as follows:

Instructions for completing the questionnaire: This mainly entailed explaining the research purpose, research methods, and questionnaire structure so that the teachers filling in the questionnaire would understand the research direction and implementation steps.

Questionnaire content: The main structure was divided into three dimensions: A (“modeling features”), B (“functional features”), and C (“collaborative tasks”), with 12 key factor evaluation criteria. The construction model is shown in Figure 2.

[image: Figure 2]

FIGURE 2. Research hierarchical structure.




Data Processing and Analysis

As for the calculation of the maximum eigenvalue, Saaty proposes four approximation methods, among which, the more accurate result can be obtained by using the normalization method of the row vector average value.

[image: image]


Consistency Verification

Based on the basic assumptions of this theory, assume that A is a consistent matrix, but due to the subjective judgment of the person who fills in the paper, the matrix A may not be consistent, but the evaluation result must pass the consistency test before it can be shown. It is a questionnaire that is consistent with the judgment of the person filling in the questionnaire, otherwise it will be regarded as invalid. Therefore, Saaty suggests using the consistency index (C.I.) and the consistency ratio (C.R.) to verify the consistency of the paired comparison matrix.



Consistency Index

The consistency index obtained by the eigenvector method and the difference between n (matrix dimension) and the two can be used as a benchmark for judging the degree of consistency.

[image: image]

When C.I.=0, it means that the before and after judgments are completely consistent, and C.I>0 means that the before and after judgments are inconsistent. Saaty believes that C.I. ≦ 0.1 is an allowable error.



Consistency Ratio

According to the research conducted by Oak Ridge National Laboratory & Wharton School, the consistency index generated from the up-and-down value matrix generated from the evaluation scale 1–9 under different orders is called the randomness index (R.I.), as shown in Table 3.



TABLE 3. Stochastic index table.
[image: Table3]

The ratio of the C.I. value to the R.I. value under the matrix of the same order is called the consistency ratio (C.R.), which is:

[image: image]

If C.R. ≦ 0.1, the consistency of the matrix is satisfactory.

The main purpose of the hierarchical analysis method is to quantify qualitative analysis of people’s subjective judgements and finally present the differences between various schemes, with numerical values, to provide decision-makers with a reference. When processing and analyzing questionnaire data, in order to minimize the effects of respondents’ subjective judgements, resulting in inconsistent pairwise comparisons, Saaty recommends the use of a consistency index (C.I.) and consistency ratio (C.R.) and to check the consistency of the dual comparison matrix. The results of the evaluation must pass the consistency test to show that the judgement of the subjects is consistent and not subjectively affected. Screening confirmed that all the questionnaires returned in this study were valid, and the C.I. and C.R. were verified (C.I.<0.1; C.R.<0.1). The scores for the completed questionnaires were quantified using an Excel spreadsheet to calculate the relative weights between each aspect and each evaluation criterion.





DATA ANALYSIS AND DISCUSSION

A total of 16 questionnaires was sent out, and all returned questionnaires were valid. Finally, this study carried out a statistical analysis of the survey data and discussed the results.


Sample Description

Five questionnaires were received from male teachers, and 10 came from female teachers. The age distribution included those who were 41 or above (9, 60%), followed by those who were between 31 and 40years old (5, 33.33%). For education level, the proportion of participants with a master’s degree was the highest (9, 60%), followed by those with one university degree (6, 40%), and those without a college or doctoral degree. Participants’ teaching experience included those with 21 to 30years’ experience (9, 60%), followed by those with 6 to 10years’ experience (4, 26.66%). In terms of teaching category, grade-level teachers concurrently performed administrative services (6, 40%), followed by subject teachers who concurrently performed administrative services (5, 33.33%). Among the teaching grades, the number of senior teachers was the largest (19, 40.43%), followed by the least number of middle-grade teachers (15, 32.91%). The most common teaching field was comprehensive (7, 16.28%), followed by those teaching Mandarin, mathematics, art, and literature (6, 13.95%).



Verification and Analysis of Questionnaires

In this study, the data collected from the questionnaires were entered into the AHP Excel spreadsheet. The consistency check of C.I. and C.R. values for various dimensions and the evaluation criteria calculation results were less than 0.1, indicating that the judgement of each person filling in the questionnaire was consistent, and the consistency was confirmed. The verification showed that the results of the questionnaire in this study were in good agreement.



Results Pertaining to Decision-Making Factors Influencing Teachers’ Selection of AI Technology


Analysis of the Results of the Questionnaire Survey


Analysis of the Relative Weight of the Main Facets

The evaluation facets of this study could be divided into three categories: “modeling features,” “functional characteristics,” and “collaborative tasks.” The weight analysis results for these dimensions were compared with one another. The order of the weight values was found to be as follows: first: collaborative tasks (0.481); second: “functional features” (0.393); and third: “modeling features” (0.126).

The analysis results showed that when digital content is imported into artificial intelligence-based collaborative teaching, “collaborative tasks” capability is the main determining factor in teachers’ decisions about AI technology. Therefore, digital content development should aim to strengthen the planning of collaborative tasks, and time-consuming tasks enable AI robots to relieve teachers of some of their burden, e.g., sharing tedious, repetitive, or time-consuming tasks, enabling them to work together and maximize their full teaching potential. The second most important factor is the “functional characteristics” aspect. Teachers hope to use knowledge to achieve specific goals and tasks through human-computer collaboration and the big data analysis mode. It is also important that the application results can be used as a reference for the development of digital content. As for the “shape feature” aspect, because AI technology is a new form of technology, it is attractive no matter what, but it is not the key to teachers’ consideration.



Analysis of the Relative Weight of “Modeling Features” Evaluation Criteria

After analyzing their respective weights through Excel trial calculations, the four evaluation criteria under “sculpting features” were ranked according to relative importance. The first was “A1: pet healing,” with a weight of 0.296; the second was “A2: animation imagination,” with a weight of 0.252; the third was “A4: natural invisible,” with a weight of 0.248; and the fourth was “A3: human simulation,” with a weight of 0.203.



Analysis of the Relative Weight of “Functional Characteristics” Evaluation Criteria

After the AHP trial calculations and after comparing their weights with one another, the four evaluation criteria under “functional features” were ranked according to relative importance. The first was “B3: OEM security,” with a weight of 0.327, and the second was “B2: record inspection.” The weight of “core” was 0.262; the weight of the third criterion, “B1: interactive entertainment,” was 0.224; and the weight of the fourth criterion, “B3: reception schedule,” was 0.188.



Analysis of the Relative Weights of the Evaluation Criteria for “Collaborative Tasks”

After analyzing the respective weights of each criterion in Excel calculations, the four evaluation criteria under “collaborative tasks” were ranked according to relative importance. The first was “C3: learning assistance,” with a weight of 0.382; the second was “C2: teaching observation,” with a weight of 0.260; the third was “C4: administrative sharing,” with a weight of 0.185; and the fourth was “C1: class management,” with a weight of 0.172.




Overall Ranking of Decision-Making Factors Affecting Teachers’ Choices of AI Technology

On the basis of the weight data relating to various aspects of decision-making and the evaluation criteria in this research, the overall weight was calculated. The overall weight ranking and the overall weight cumulative table are shown in Table 4. The ranking of the weighted data in the table clearly indicates how important various factors are to elementary school teachers when it comes to choosing AI technology and when digital content is to be imported into artificial intelligence-based collaborative teaching.



TABLE 4. Overall weight analysis table and radar chart of factors affecting decisions about choice of AI technology by elementary school teachers.
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The results of the study indicate that in the ranking of overall weight values of the 12 evaluation criteria, the top four (with the highest weights) were “C3: learning assistance” (0.1840) and “C2: teaching observation” (0.1250) in category C (collaborative tasks); and “B3: OEM maintenance” (0.1284) and “B2: record check” (0.1030) in category B (functional features).



Discussion

The results show that teachers believe that the most important factor in decision-making for AI technology is the planning of collaborative tasks, enabling them to implement differentiated teaching and level the learning gap for students. Secondly, the service demand for teaching observation has increased significantly with educational reform. AI technology uses sensor technology to assist teachers in recording the actual situation in the classroom, which is convenient for teachers when they want to focus on discussion, analysis, evaluation, and feedback; whether it is for the purposes of evaluating teachers’ teaching methods or students’ learning strategies, it helps to have another pair of “friendly eyes” to help professional diligence. In addition, in terms of the functional characteristics of AI technology, teachers need AI technology to be able to share the work of supervisors inside the classroom and off campus (including taking account of traffic and maintaining a tidy campus) so that teachers have more time to take care of their students at the class level or can safely leave the classroom temporarily to deal with other administrative duties. However, the development of human-computer collaboration is still at an intermediate stage. AI technology can become a human teaching partner or an administrative assistant, and it can divide labor and cooperate with other systems to improve students’ learning while teachers maintain responsibility for planning, communication, coordination, and decision-making (Kandlhofer et al., 2016). AI technology can support individualized teaching and guidance. In the future, AI technology will gain a dominant position as an elite teaching consultant; even after reaching the super stage, humans and AI technology will be integrated, and human senses will be expanded. By then, the potential for human-computer action and development will only be limited by human beings’ thinking and imagination.



Comparison of Collaborative Teaching Versus Lecturing

For comparisons among the criteria, to evaluate the behavior of each alternative against the factors, a Likert-type scale of 1 to 5 was used, in which a higher value indicates better behavior regarding the evaluated factor, as shown in Figure 3. The value obtained for the consistency index (C.I.) which indicates an acceptable level of consistency. The relationships between the skills and the different criteria and compared collaborative teaching with traditional lectures are shown in Figure 3. Improvement is seen in the acquisition of skills by applying the collaborative teaching methodology versus lecturing. Each of the skills is linked with several factors, and the same factor influences various skills. The valuation of each skill is represented in an X-Y diagram, where the X value represents the average value obtained for the lectures, which is calculated using the assessment average of the factors that influence the skill. Similarly, the Y value represents the average value obtained for the collaborative methodology. All values indicate that the collaborative teaching methodology is better for the acquisition of skills than lectures. The most important improvement occurs for skills “C3: learning assistance” and “C2: teaching observation”; and “B3: OEM maintenance” and “B2: record check”.

[image: Figure 3]

FIGURE 3. Comparison of collaborative teaching versus lecturing.






CONCLUSION

When digital content is imported into artificial intelligence-based collaborative teaching, key factors are taken into consideration when teachers choose AI technology. Through the perspective of elementary school teachers, this study has gained a better understanding of the real needs of teachers in artificial intelligence-based collaborative teaching, and the significance of both the convenience and inherent limitations of smart technology. The research results’ contribution can be used as a reference to help determine the direction of digital content development and individual recommendation services. The most important aspect of this research evaluation of the data was sorting by factors, followed by “collaborative tasks,” “functional features,” and “modeling features,” that elementary school teachers are most concerned about with regard to AI technology. The provided collaborative tasks are the most helpful and present the least psychological burden for them when digital content is imported into artificial intelligence-based collaborative teaching. Therefore, future digital content development strategies should endeavor to strengthen the design and planning of collaborative tasks in educational settings that use AI technology, which is recommended for teachers seeking to individualize their services and differentiate module design according to different teaching fields and categories.

The results of this research evaluation of the data were sorted by weight, the ranking of weights with regard to the seventh and eighth evaluation factors is worth exploring further, namely “class management” and “reception ranking.” “Class management” (8.28%) is an indispensable teaching art for elementary school teachers, which comprehensively displays the following: the teacher’s personal educational philosophy, time management methods, life order norms, reward systems, competition guidance skills, communication skills, crisis management skills, counselling skills, and activity leadership methods, etc. In addition, “reception ranking” (7.37%) is regarded as a part of parent-teacher communication and time management. Teachers’ working days are invariably full and intensive. If they cannot schedule their workflow quickly and effectively, they may miss the most suitable time for incident handling, thereby creating further work and trouble for themselves (e.g., difficulties associated with timing, channels, tools, frequency, and terms of communication between parents and teachers). However, some subject teachers hope that AI technology can assist in class management, activity leadership, rewards, and punishments, and enable them to work more efficiently so that they can focus purely on teaching. The greater the capacity for human simulation with the AI technology in question, the more favorable it is perceived as being, but a research limitation exists: if the AI technology exceeds a certain critical point, favorability will decrease. Elementary school teachers in the lower grades believe that human-simulated robots will upset or frighten younger students, which is not conducive to collaborative teaching. In future work, this study can further discuss teaching innovations in digital media education, aimed at improving the quality and effectiveness of teaching and learning.
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APPENDIX

Questionnaire Content

1. Survey on the importance of each evaluation dimension.
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Rank the importance of the above evaluation dimensions: ______≥_______≥______ (please fill in the code)

2. Analysis of the importance of each evaluation facet.
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(Please compare the relative importance of each aspect according to the above sorting, please tick).

Sub-dimension analysis questionnaire-evaluation criteria weight table.
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The purpose of this study is to improve the English learning anxiety and learning effect for middle school students. From the perspective of educational psychology, the influence of vocalized reading practice on the English learning of students is studied based on the self-efficacy theory and the schema theory. To encourage the students to practice English, the study might solve the problem of insufficient opportunities by applying the artificial intelligence (AI) chat system to the oral English practice of the students. Several research hypotheses are put forward, which concern the correlation between the English learning anxiety of the students with their self-efficacy, topic familiarity, and English grades under vocalized reading practice. Then, the hypotheses are verified through a controlled trial and a questionnaire survey (QS). Afterward, the experimental and QS data are statistically analyzed and tested with a regression model. The results show that the English grades, self-efficacy, and topic familiarity of the students have been significantly improved in the experimental group after the vocalized reading practice. The significance coefficient of the regression model is P = 0.000 < 0.05, which can be used to verify the proposed hypotheses. The English grades, self-efficacy, and topic familiarity can well-predict the English learning anxiety of the students. The computer simulation in educational communication (CSIEC) teaching system and AI can help create an interactive learning environment for the students to practice oral English by chatting with AI robots.

Keywords: educational psychology, reading aloud training, self-efficacy, mental disorder in english learning, english learning anxiety


INTRODUCTION

In China, the psychological problems of the students have not been paid enough attention in the current educational system, while too much emphasis has been on the development of the cognitive ability of the students, thus giving rise to the so-called “psychological crises” in education (Jacobson, 2020). With the evolution of educational psychology, the psychological problems of students in language learning are concerning more scholars in the educational circles and have been attached to great importance (McCrudden and Marchand, 2020). In particular, it has been argued that positive psychology is conducive to language learning, while negative psychology or psychological problems, hinders language learning. Specifically, positive psychology can enhance the positive emotional experiences of the students and cultivate healthy personality quality; meanwhile, it can help create a more effective learning atmosphere; moreover, it encourages the students to develop a positive outlook on life. It has been contended that anxiety can be the biggest psychological obstacle in learning a foreign language. For example, studies have revealed that anxiety in language learning affects the effect of language storage and output (Gumartifa and Syahri, 2021).

The vocalized reading practice has always been a popular teaching method to cultivate the sense of a language of students. In most cases, the students are impossible to learn a second language in its native linguistic context, so the vocalized reading practice becomes essential for the beginners to establish a speech signal system for a second language (Lou and Noels, 2020) in a traditional teaching method. In China, under the examination-oriented education evaluation system, most teachers and students are reluctant to spend time in the vocalized English reading practice. However, the vocalized reading practice can improve the oral English of the students, encourage them to communicate with English, and enjoy the charm of English rather than only learning it for the sake of examinations. Thereby, the interest of students in English can be aroused, as well as self-confidence in learning and speaking and English scores (Görgen et al., 2020). In terms of teaching, the English teachers should inspire the students to improve their oral English expressions and communications more through the vocalized reading practice. The application of artificial intelligence (AI) in English teaching can encourage students to chat in English, devise a dialog, and practice it with the robots in simulated environments. The AI robot provides learners with a simulated intelligent English context through individualized, diversified, and efficient methods to promote their autonomous learning.

The students with difficulties in English learning often lack self-confidence, have low interest in learning, and are easy to get cold feet in learning, so they are badly in need of help. This study aimed to improve the English learning effect of the middle school students and help them overcome the psychological problems in English learning. Section Literature review reviews the literature research on English learning anxiety and learning self-efficacy of the students; section Research methods and models puts forward the relevant hypotheses according to the existing research conclusions and explains the research methods and processes; section Results and Discussion lists and explains the actual investigation and analysis results, and finally, draws the research conclusion. Based on educational psychology, the vocalized reading practice in English learning is discussed, and its influence on relieving the English learning anxiety of the students is studied according to the self-efficacy theory and the schema theory. The research hypotheses are verified by a control experiment and a questionnaire survey (QS). Then, the experimental and QS data are statistically analyzed and tested through a regression model to explore the influence of self-efficacy, topic familiarity, and English scores on relieving the English learning anxiety of the students. Finally, the effect of vocalized reading practice is verified through different training results of the experimental class and the control class.



LITERATURE REVIEW


English Learning Anxiety

An American psychologist Horwitz first proposes the concept of “foreign language classroom anxiety” and defines it as “a kind of self-perception, belief, and emotion related to language learning in the class.” Horwitz finds that the students with foreign language classroom anxiety have less intention to speak in class, and they are nervous or afraid, often accompanied by a faster heartbeat, sweating, and other psychological problems (Horwitz and Albert, 2006).

Generally, the psychological problems in English learning include negative emotions, such as tension, worry, and fear, which seriously affect the learning effects of the students (Gawi, 2020). English learning anxiety can be subdivided into three dimensions, namely, communication anxiety, negative evaluation anxiety, and test-taking anxiety. Communication anxiety refers to the fear or anxiety about real-life or expected communication with others (Du, 2020). Na (2018) pointed out that the typical behavior of communication anxiety was avoidance or withdrawal; compared with fearless speakers, these students were reluctant to get involved in the conversations or take part in the social activities. Negative evaluation anxiety refers to the fear and depression from negative evaluation, as well as the expectation for a negative evaluation of others. Test-taking anxiety refers to the fear of poor exam performances of the students. The English learning anxiety of the students is summarized, as shown in Figure 1. The anxiety of the students mainly comes from English communication, social evaluation, English test, and the English learning environment. In English teaching practice, the teachers sometimes raise questions without giving the students enough time for consideration, which is believed to increase the psychological burden of students, especially, the English learning anxiety.


[image: Figure 1]
FIGURE 1. Students' English learning anxiety.




Vocalized Reading Practice Based on the Computer Simulation in Educational Communication System

A simulated intelligent learning platform based on AI technology can well-make up for the absence of a native linguistic environment in English learning, on which students can learn English anywhere and anytime by only using their mobile devices, and they can interact with their teachers or classmates freely. Meanwhile, the teachers can also use the intelligent learning platform to record the learning process of the students and analyze the evaluation results, thereby formulating better instruction courses for the students. The vocalized reading practice refers to the comprehensive application of phonetic knowledge and skills to transform static words into dynamic and emotional language expressions that can actively involve the multiple senses of an individual (Anwar, 2020). Some even regard the vocalized reading practice as an art form, while its roles are neglected by many in English learning. Thus, the roles of vocalized reading practice in language learning are summarized as follows.

The vocalized reading practice can help the students accumulate vocabulary, grammar, and cultural background, thereby broadening their horizons and improving their language expression proficiency. Further, the accumulated quantitative practices will eventually result in a spike in English performance, attended by uplifted self-confidence, and language skills (Gao et al., 2020). With the vocalized reading practice, the students can get an in-depth understanding of the reading materials, as well as an insight into the writing essence and literary style. In particular, it enables the students to feel the unique charm of English as a language (Calet et al., 2017). Through vocalized reading, the logical thinking and in-depth reading skills of the students can be significantly improved (Caldani et al., 2020).

The vocalized reading practice is the process of information processing by multiple body organs. An effective vocalized reading practice can form muscle pronunciation memory, deepen the brain's impression of word forms, and the understanding of the syntactic structure, and helps the students fabricate more sentences (Peng and Goodrich, 2020). The vocalized reading practice plays a critical role in the construction of sentence and discourse frameworks (Bourguignon et al., 2020). In English learning, the vocalized reading practice can cultivate the habit of oral expression of the students and help them build up solid memory for knowledge points, through which students can also feel the difference between phonemes and the changes in pronunciations (De Simone et al., 2021). Meanwhile, the vocalized reading practice can be used to train the pronunciation and intonation of the students, and it is also believed to be the best way to improve their listening and speaking skills. After long-term vocalized reading practice, the students can acquire a good sense of language and promote their written language automatically (Purwanto, 2019). Positive motivation, strong self-confidence, and low anxiety are believed to be favorable input information for the human language acquisition mechanism. On the contrary, lack of self-confidence, negative motivation, and strong anxiety are detrimental input information for the human language acquisition mechanism. In other words, creating a positive emotional experience using effective strategies is helpful in reducing the anxiety of students in practicing oral English. The teachers can alleviate the language learning anxiety of students by arousing their English learning interest and creating a comfortable English learning atmosphere.

Situational learning theory holds that learning is a social, practical, and differential resource-mediated participation process. It emphasizes that the students need to learn specific knowledge in a situational learning environment, that is, English learners need to learn English in a specific linguistic environment, through dialog and other interactive exercises in real or simulated real situations to achieve better learning results. The computer simulation in education communication (CSIEC) is an intelligent English learning system and includes an AI robot for chatting, a teaching platform, and software to recite English words (Choi et al., 2020). The chat robot can create a specific situation in which a dialog is proceeding naturally, and simulate the environment of the dialog in the text. The teaching platform mainly aims at the classroom learning needs of students, provides learning materials for them, and gives scores and feedbacks timely every time the students complete the exercises.



Self-Efficacy Theory in English Learning

According to Bandura's theory, the beliefs of a learner (self-efficacy) refer to the faith of a person in self-competence to complete specific tasks, which can help students complete a certain task in the learning process. Many studies on educational psychology have proved the role of self-efficacy in language learning (Namaziandost and Çakmak, 2020). Moreover, self-efficacy serves as a medium to transform knowledge into action and emphasizes the importance of the beliefs of the learners and motivation in learning. Therefore, to effectively implement knowledge and skills into practice, the self-efficacy of students should be cultivated and enhanced (McBride et al., 2020).

Self-efficacy regulates human function through cognition, drive, emotion, and decisions. All of these affect the self-recognition of an individual, that is, when individuals encounter difficulties, the self-efficacy will encourage them to persist and deal with the pressure rationally and firmly (Perera et al., 2019). Syaful Anam and Elke Stracke studied the relationship between the learning strategies selection and self-efficacy of Indonesian students in English learning in a primary school (Margahana, 2019); the results showed that students with the higher self-efficacy adopted different learning strategies from those with lower self-efficacy because they believed in themselves in undertaking English learning tasks and could regulate their learning behaviors. This shows that self-efficacy influences the learning effects of students (Yao et al., 2019).

Currently, the relationship between the learning effect and self-efficacy has been proved by many scholars. However, the research on the role of vocalized reading practice in enhancing self-efficacy is very limited (Dorfman and Fortus, 2019).

It has been argued that self-efficacy is not inborn but forms through daily activities, such as learning and practice. Reasonable teaching methods play an important role in improving self-efficacy (Burnette et al., 2020). It is necessary to arouse the interest of the students in English learning and improve their scores through the improvement of the self-efficacy of students, thus realizing their virtuous development (Marsh et al., 2019).



Topic Familiarity in English Learning

Cognitive science states that the learners' understanding of the topic depends on two factors. One is knowledge reserve, such as the general knowledge structure, also known as background knowledge or schema; the other is the information of the topic, namely, the meaning of the topic (Qiu, 2020). The cognitive linguists contend that background knowledge can be used for understanding and accepting new knowledge, which is beneficial to English language learning. If the topics fall into the schemata of learners, they will show cognition or awareness, have a clear understanding of the topic, and express themselves fluently and logically around the topic (Yang and Kim, 2020). In particular, when the topic arouses the interests of students, the speaker might speak more based on their own experiences (Klassen, 2020). In schema theory, an oral expression is considered an agile thinking activity. The students can interact with the materials and their schemata through the topic, and activate, reconstruct, and reproduce their expression in different ways to articulate logical sentences. Therefore, the activation of the corresponding schema in the brain may greatly affect the learning content of students (Intini et al., 2019).

The topic is a key factor of oral performance both in the oral tests and classroom activities. The different oral topics will show distinct difficulties for the students. Therefore, it is necessary to combine the topic familiarity with oral English performance. Thus, the topic selection should be based on the prior experiences of students while bringing new experiences. Most students usually fall into a loose state and seldom reflect on theirs lives. Thus, the teachers might think of better topics to stimulate the students to communicate with each other more, share their life experiences, express their thoughts in the classroom, thereby improving the topic awareness of students in English learning.




RESEARCH METHODS AND MODELS


Research Hypothesis

The specific implementation process of the vocalized reading practice is as follows. The same English teacher from the control class will implement the vocalized reading practice in the experimental class by arranging self-study course and pronunciation guidance course, as well as various forms of reading practices. The present study aimed to help the students master reading skills, stimulate their interest in reading and learning, and help them overcome the psychological problems in learning English. The vocalized reading is a basic skill that the students are supposed to master, especially, when learning English, which can significantly improve their oral English; besides, it is the basis of memorization and an efficient way to learn English pronunciation and intonation; hence, the vocalized reading practice plays a positive role in stimulating the interest of students in learning and improving the quality of English teaching; additionally, the vocalized reading practice can cultivate the enthusiasm of students in learning English by changing negative learning attitudes toward the positive learning attitudes, and it can cultivate the enterprising spirit of students for active research and autonomous learning.

Taboada Barber et al. (2015) analyzed the role of vocalized reading practice in improving the reading comprehension ability and reading self-efficacy of middle school students under different language backgrounds. The group intervention and test suggested that the vocalized reading practice positively impacted the English comprehension and English learning self-efficacy of students. Accordingly, this study puts forward the hypotheses H1, H3, and H5. Hong et al. (2014) discussed the anxiety caused by the low self-efficacy of students in English learning, finding that the long-term low English scores would lead to the decline of self-efficacy, resulting in English learning anxiety of the students. Based on this, the present study puts forward the hypotheses H2, H4, and H6.

Before the implementation of the research method, the following hypotheses are put forward.

H1: The vocalized reading practice can improve the topic familiarity of students in English learning.

H2: The higher the topic familiarity of students in English learning, the lower is their English learning anxiety.

H3: The vocalized reading practice can improve the self-efficacy of students in learning English.

H4: The higher the self-efficacy of students in English learning is, the lower the degree of English learning anxiety is.

H5: The vocalized reading practice can improve the English scores of students.

H6: The higher the English scores of students are, the lower is their English learning anxiety.



Experimental Design and Research Methods

The purpose of the experiment is to explore the influence of vocalized reading practice on the topic of familiarity and self-efficacy of students in English learning, as well as English learning anxiety and the psychological problems of students in language learning. An experimental comparison method was adopted to analyze the effect of vocalized reading practice on the self-efficacy and English grades of students. The two classes of students with close English scores in grade two of S middle school in Suzhou, Jiangsu Province, China were recruited as respondents. S middle school ranks among the medium in local educational institutions in terms of teaching quality, and the English level of the respondents is moderate among the overall grade two students, which ensures the representativeness and authenticity of the research results. In total, 86 students in the two classes were involved in the experimental research, of which 44 students in class 1 were assigned to the experimental class, and 42 students in class 2 were assigned to the control class. The proportion of the boys and girls in the two classes was evened up.

In this study, several methods were used, such as control experiment, interview, and a QS. The experimental teaching method was used to explore the effectiveness of the vocalized reading practice on improving the oral English proficiency of middle school students. Meanwhile, the more flexible semi-structured interview rather than the standardized interview was used for the middle school students given their particular age. The interviewer and the respondents were allowed to communicate freely during the interview according to the outline.

The control experiment was conducted on the experimental class and the control class for one semester. Specifically, the experimental class adopted the proposed reading strategies: to read according to guidance, read with pause, and read with speed. The control class was guided by the general reading materials. The control experiment chose the same teaching content for the two classes whose teaching progress were consistent, and in-class practice and after-class practices were all designed with the same contents; the experimental class was given an extra 20-min of vocalized reading practice compared with the control class which just received the routine teaching.

Then, the QS method was used. The topic familiarity scale was used to conduct the pre-test and post-test on the topic familiarity of the students in the two classes. The QS was divided into three dimensions: familiarity of cultural background knowledge, the familiarity of life experience, and familiarity of contextual meaning, which were used to investigate the students' mastery of social and cultural backgrounds, social experiences, the relationship between the context and language expression, and the explicit and implicit meanings of the reading materials. The QS contained 20 topics and was scored with a Likert five-level scale, which was consistent with the research questions. The higher the score is, the more familiar the students are with the topic in English learning. The English Learning Self-Efficacy Scale was used to conduct pre-test and post-test on the self-efficacy of two classes; the scale subdivided the self-efficacy into two parts: learning ability and learning behavior; learning behavior can reflect the motivation of students to complete learning; there were 10 questions in each dimension, with a total of 20 questions; five-point evaluation system was used to obtain the score of the QS; the higher the score is, the higher the sense of self-efficacy is; the English Learning Self-Efficacy Scale was used for the self-efficacy pre-test and post-test in the experimental class. Afterward, the Foreign Language Classroom Anxiety Scale (FLCAS) was used to measure the English learning anxiety and psychological problems of the students; the scale consists of 20 items, and four dimensions: communication anxiety, test-taking anxiety, negative evaluation anxiety, and general anxiety. The Likert five-point scoring method was used to calculate the score of the QS. The higher the score is, the more serious the anxiety of the student is.

The purpose is to study the influence of vocalized reading practice on the topic familiarity and self-efficacy of the students, as well as English grades improvement and overcoming their psychological problems in English learning. The teacher-tested and scored oral English of students before and after the vocalized reading practice.

The students filled out the QS anonymously, and their personal information was kept confidential. The vocalized reading practice lasted about 15–20 min for every section. The QS was distributed and recovered on the spot. The recovered effective QSs were statistically analyzed using SPSS 21.0, and P < 0.05 showed that the collected data had statistical significance. The results showed that the self-efficacy of students in the experimental class and control class was significantly different.




RESULTS AND DISCUSSION


Descriptive Analysis Results of Key Variables

Before the experiment, the English scores of the experimental class and the control class are tested and compared. After the experiment, the paired-sample t-test and an independent sample t-test are conducted on the English scores of the two classes. Figure 2 shows the statistical results.


[image: Figure 2]
FIGURE 2. Comparison of the average English scores between the experimental class and the control class before and after the experiment (*indicates P < 0.05 compared with the post-test of the control class).


After the experiment, the average score of the experimental class is greatly improved, but the SD is reduced, which shows that the English scores of the students are more evenly distributed than before, and the learning effect is improved significantly. The average score of the control class increases, but the SD continues to rise, which indicates that there is still a big gap among the English scores of the students in the control class after the experiment, which has shown no significant improvement from pre-test English scores. The comparison of the average English scores reveals that the scores of the two classes show an upward trend; but the score improvement in the control class is not significant, while that of the experimental class is higher than the control class. Moreover, the reduction of SD indicates that the score gap in the experimental class is narrowed, which proves that the vocalized reading practice has a certain effect on improving the overall English grades of the students.

Subsequently, the effectiveness of the experimental results is further studied through post-test and pre-test. The students in the control class and the experimental class are required to complete the QS of English learning self-efficacy at the same time. The results are analyzed as follows.

Figure 3 shows that before the vocalized reading practice experiment, the difference in the average score of English learning self-efficacy between the experimental class and the control class is very small, that is, the level of self-efficacy of the two classes is roughly the same. However, after the experiment, the scores of English learning self-efficacy of the experimental class are significantly improved, while the scores of the control class are almost unchanged. This shows that the English learning self-efficacy of the students in the experimental class is greatly enhanced, and the English learning self-efficacy of students in the control class is basically the same before and after the experiment.


[image: Figure 3]
FIGURE 3. Comparison of the average score of English learning self-efficacy between the experimental class and the control class before and after the experiment (*indicates P < 0.05, compared with the post-test of the control group).


Next, the topic familiarity of the experimental class and that of the control class are investigated through post-test and pre-test. The students in the control class and the experimental class are required to complete the English learning topic familiarity scale at the same time to better prove the effectiveness of the experimental results. Figure 4 shows the QS results.


[image: Figure 4]
FIGURE 4. Comparison of the average score of topic familiarity in English learning between the experimental class and the control class before and after the experiment (*indicates P < 0.05 compared with the post-test of the control group).


Figure 4 shows that before the experiment, the difference in the average score of the topic familiarity in English learning between the experimental class and the control class is very small, that is, the topic familiarity of the two classes is roughly the same. However, after the experiment, the scores of the topic familiarity of the experimental class are significantly improved, while the scores of the control class are almost unchanged. This shows that the students in the experimental class with the vocalized reading practice have a better mastery of the topic in English learning, while the students in the control class without the vocalized reading practice have almost the same topic familiarity in English learning before and after the experiment.

Then, the English learning anxiety is investigated for the experimental class and the control class through pre-test and post-test. The students in the control class and the experimental class are asked to complete the English learning anxiety scale at the same time to ensure the effectiveness of the experimental results. Figure 5 shows the QS results.


[image: Figure 5]
FIGURE 5. Comparison of the average score of English learning anxiety between the experimental class and the control class before and after the experiment (*indicates P < 0.05 compared with the post-test of the control group).


Figure 5 shows that before the experiment, there is a small difference in the average score of English learning anxiety between the experimental class and the control class, that is, the degree of English learning anxiety of the students in the two classes is roughly the same. However, after the experiment, the scores of the English learning anxiety of the students in the experimental class decrease significantly, while the scores of the control class hardly change or even increase. This suggests that the English learning anxiety of the students in experimental class with the vocalized reading practice is greatly reduced, while the English learning anxiety of the students in control class is the same before and after the experiment.

Figures 2–5 indicate that the vocalized reading practice is simple and easy to be used, and it has various forms and can arouse the learning enthusiasm of the students, specifically, for those students with learning difficulties. Through the vocalized reading practice, the students can read English texts skillfully and fluently, understand the meaning of the text, and learn cultural backgrounds around English. Meanwhile, while reading aloud students can also stimulate their multiple sensory organs by listening to themselves, which can help to improve their listening skills by practicing pronunciation and getting themselves familiar with the characteristics of oral English.



Analysis of the Correlation Between the Topic Familiarity of the Students in Learning English and Their English Learning Anxiety

The post-test topic familiarity of the students and their English learning anxiety are plotted to show the influence of topic familiarity on the English learning anxiety of the students under the vocalized reading practice.

As Figure 6 suggests, the scatter between the topic familiarity and the English learning anxiety shows a downward straight line from the upper left corner to the lower right corner, which indicates that there is a negative linear relationship between the topic familiarity and English learning anxiety. The more familiar the students are with the topic, the lower the English learning anxiety is.


[image: Figure 6]
FIGURE 6. Scatterplot of topic familiarity and English learning anxiety.


The regression analysis is conducted to fully understand the relationship between the topic familiarity and English learning anxiety. The topic familiarity is taken as an independent variable, while English learning anxiety is used as the dependent variable. The regression analysis (Table 1) shows that the topic familiarity can be introduced into the regression model, indicating that the topic familiarity can partly predict the English learning anxiety of the students and is closely related to their English learning anxiety. The higher the students' mastery of the topic content is, the lower the degree of English learning anxiety is. Thus, the hypotheses H1 and H2 hold.


Table 1. Regression coefficient of the topic familiarity and English learning anxiety.

[image: Table 1]

The regression results show that topic familiarity has a good predictive effect on the English learning anxiety, and the model significance is P = 0.000 < 0.05, indicating that the whole regression model has statistical significance. In the regression coefficient table, the t-value is 243.457, and the coefficient significance of the model is P = 0.000 < 0.05, indicating that the original hypothesis data can be accepted, and the whole model is valid.

Hence, the final regression equation is deduced: English learning anxiety = 165.685 – 2.312 * topic familiarity.



Analysis of the Correlation Between the Self-Efficacy in English Learning and English Learning Anxiety

The scatterplot of post-test self-efficacy in English learning and English learning anxiety of respondents is drawn to show the effect of self-efficacy in English learning anxiety of the students under the vocalized reading practice.

The scatter between self-efficacy and English learning anxiety shows a downward trend from the upper left corner to the lower right corner, indicating that there is a negative linear relationship between the self-efficacy of the students in English learning and English learning anxiety (Figure 7). According to the scatterplot, the higher the self-efficacy of students is, the lower their English learning anxiety is. Self-efficacy is taken as an independent variable, and English learning anxiety is taken as the dependent variable for the regression analysis to fully understand the relationship between self-efficacy and English learning anxiety of middle school students. The regression analysis (Table 2) suggests that self-efficacy can be introduced into the regression model, indicating that self-efficacy can partly predict the English learning anxiety of the students, thus proving that self-efficacy is closely related to the English learning anxiety of the students. Thus, the hypotheses H3 and H4 hold.


[image: Figure 7]
FIGURE 7. Scatterplot of the self-efficacy and English learning anxiety.



Table 2. Regression coefficient of the self-efficacy and English learning anxiety of the students.

[image: Table 2]

The regression results show that the self-efficacy has a good predictive effect on the English learning anxiety, and the model significance P = 0.000 < 0.05, indicating that the whole regression model has statistical significance. In the regression coefficient table, the t-value is 178.586, and the coefficient significance of the model is P = 0.000 < 0.05, indicating that the original hypothesis data can be accepted, and the model is valid. Hence, the final regression equation is deduced: English learning anxiety = 143.685 – 1.834 * self-efficacy.

In summary, the students should be cultivated with empathetic reading and learning skills based on their full understanding of the reading materials and imaginations, which can be perfectly realized through the vocalized reading practice. Meanwhile, the teachers should take individual differences into account while striving to devise a universal learning method for the students in the vocalized reading practice. The students with outstanding reading performances should be honored and encouraged, thereby cultivating their sense of accomplishment, which in turn, can strengthen their aspiration for the vocalized reading, thus forming a higher sense of self-efficacy.



Analysis of the Correlation Between English Grades and English Learning Anxiety

The scatterplot of post-test English learning scores and English learning anxiety of respondents is drawn to show the influence of English grades of the students on their English learning anxiety under the vocalized reading practice (Figure 8).


[image: Figure 8]
FIGURE 8. Scatterplot of the English grades and English learning anxiety of students.


The scatter between the English grades and English learning anxiety of students shows a downward trend from the upper left corner to the lower right corner, indicating that there is a negative linear relationship between the English grades and English learning anxiety of students. The better their English grades are, the lower their degree of English learning anxiety is.

The regression analysis is conducted on the English grades and English learning anxiety of the students to fully understand the relationship between the English grades and English learning anxiety. The English grades of the students are taken as the independent variable, and learning anxiety is taken as the dependent variable. The regression analysis (Table 3) reveals that the English grades of the students can be introduced into the regression model, indicating that the English scores can partly predict their English learning anxiety and English grades of the students are closely related to their learning anxiety. The better the English grades of the students are, the lower the degree of English learning anxiety is. Thus, the hypotheses H5 and H6 hold.


Table 3. Regression coefficient of English grades and English learning anxiety of the students.
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The results show that English grade has a good predictive effect on English learning anxiety, and the model significance is P = 0.000 < 0.05, indicating that the whole regression model has a statistical significance. In the regression coefficient table, the t-value is 185.742, and the coefficient significance in the model is P = 0.000 < 0.05, showing that the original hypothesis data can be accepted, and the model is valid. Hence, the final regression equation is deduced: English learning anxiety = 178.685 – 1.268 * English grades of the students.




DISCUSSION

The vocalized reading practice is an essential method in English learning, which is simple and interesting, during which, the teachers should create a relaxed and pleasant reading environment for the students, reward them with excellent performance, and cultivate them with a correct view on success or failure, as well as difficulties and achievements. Meanwhile, there is a need for the teachers to let students positively evaluate their self-learning ability, understand the essence of learning, discard negative outlooks on learning, and arduously face difficulties in learning. The vocalized reading practice can help the students accumulate English vocabulary, develop English thinking habits, and cultivate English language sense and imagination. On this basis, the students will be relaxed and be more fluent at expressing themselves in writing. By developing their listening, speaking, reading, and writing skills in English, the students can get a sense of accomplishment in learning. Meanwhile, the English performance of the students will be improved, which, in turn, helps to uplift their confidence and self-efficacy in learning English.

This study conducted a controlled experiment and a QS, and the data results are statistically analyzed and tested using the regression model. The results show that the average scores of self-efficacy, English scores, and topic familiarity of the students in the experimental class are significantly improved, while the average scores of the students in the control class almost have not changed. This shows that the vocalized reading practice has a certain effect on improving the English scores, self-efficacy, and topic familiarity of the students. The results of the regression analysis prove that the English scores, self-efficacy, and topic familiarity can better predict English learning anxiety. Overall, there is a significant correlation between English learning anxiety and English learning self-efficacy, topic familiarity, and English scores. Ardasheva et al. (2018) pointed out that the correlation between learning anxiety and self-efficacy was confirmed through the data analysis, which was proved in this study. Zhang et al. (2020) also confirmed that the positive psychological state of the students could promote the smooth development of teaching activities and strengthen the teaching effect.

It has been contended that if the learners experience too much frustration and anxiety while learning, their initially low self-efficacy may completely change to learned helplessness, and, as a result, they may give up continuing efforts and attempts. It is found that in the process of teaching, some students are completely uninterested in learning. They are indifferent toward the success or failure in learning, despite the unremitted efforts of the parents or teachers. It helps the students to learn to notice their negative anxiety consciousness and experience in time and talk about them with their teachers. Moreover, the teachers should cultivate the students with a challenging spirit against learning anxiety by strengthening their positive behaviors and encouraging their slightest progress.

To help the students shape effective English learning strategies, the English teachers should emphasize the importance of vocalized reading practice. In particular, the students should be trained with social strategies to create a learning environment conducive to overcoming the psychological anxiety of the students, thus improving their learning effect.



CONCLUSION

English learning, like other language learnings, is a long and arduous process, in which a suitable linguistic environment is essential for reading and oral practices. The application of the CSIEC system based on AI in English classroom teaching can create an English linguistic environment for the students, provide functions, such as words dictations, listening exercises, and timely feedback. As an intelligent English learning platform, the CSIEC can also stimulate the interest of learners in learning and improve their learning motivation.

Here, the vocalized reading practice in English learning is specifically discussed to study its influence on the English learning anxiety of the students based on educational psychology, the theory of self-efficacy, and the schema theory. Some hypotheses are put forward, concerning the effects of self-efficacy, topic familiarity, and English grades on the English learning anxiety of the students under the vocalized reading practice. The results suggest that the vocalized reading practice can improve the topic familiarity of the students in English learning and their English scores, thus reducing the English learning anxiety and improving their self-efficacy in English learning.

This study adopts a specific and operable educational intervention to help the students with difficulties in English learning. Additionally, this study has great significance to promote each student to obtain maximum development. Due to the limited conditions, the tests on the respondents cannot be conducted. The selected respondents are from the two classes in one school, which cannot represent all the students, and the experimental results are not universal.
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This paper proposes a cooperative learning method for use in physical education, involving two different grouping methods: S-type heterogeneous grouping and “free” grouping. Cooperative learning was found to enhance the effectiveness of basketball skills learning and learning motivation. A comparison was made of the differences between action skills grouping (the control group) and “free” grouping (the experimental group). The ARCS Motivation Scale and Basketball Action Skills Test were used to measure results, and SPSS statistical analysis software was used for relevant statistical processing (with α set to.05). The results showed that overall skills, dribbling and passing among the action skills groups and “free” groupings significantly improved, but results for shooting were not significant; motivation levels for the two grouping methods significantly improved overall, and no significant differences in learning motivation and learning effectiveness were found between the different grouping methods. It is clear that teachers should first establish a good relationship between and with students, and free grouping methods can be used to good effect. Teachers using cooperative learning should intervene in a timely manner and choose suitable grouping methods according to the teaching goals.
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INTRODUCTION

Physical education is based on physical activity and focuses on training physical fitness and improving health. In the past, physical education in schools was often regarded as marginalized or was not considered a suitable subject to study at higher education level, compared with other subjects. However, Spencer pointed out in the life preparation theory that the purpose of education is to prepare young people for a fulfilling and successful life in the future. Physical health and self-discipline are therefore highly important and are directly related to survival. The representative indirectly pointed out that the most valuable courses are those in the fields of health and physical education. In addition, many scholars have pointed out that in physical education, students can experience the fun of sports through sporting activities, and they can develop their sports skills along with personal and social skills. Sporting activities can help establish harmonious interpersonal relationships and enable individuals to develop appropriate ethical (sportsmanlike) and team behaviors, and they are an effective way to build self-confidence. Furthermore, exercise has the following benefits: it stimulates the brainstem and helps regulate neurotransmitters in the brain; it helps reduce anxiety and relieve stress; it improves strength; it can improve memory, learning ability and concentration; and it can promote feelings of well-being. The importance of physical education is therefore clear to see (Chen et al., 2019a; Bai et al., 2020).

Health has long been a topic of concern for people, and it has the most direct relationship with survival. In holistic terms, five elements of health and well-being are recognized: physical fitness, emotional fitness, social fitness, spiritual fitness and cultural fitness. Social fitness emphasizes active interaction with others and the ability to develop friendships. Ten basic abilities have been identified, associated with physical education, including respect, care and teamwork. The 12-year national education curriculum has developed the concept of “spontaneous,” “interactive,” and “shared good” in the nine years since its introduction, and the importance of this for children’s learning has been actively promoted in recent years.

The concept of teamwork and cooperation has always been valued, and the importance of cooperation has been mentioned many times in the major domains of education, and is reflected in fitness ability indicators. It can be seen that physical education can create an ideal context for cooperative learning. Acquisition of action skills in physical education is not something that happens automatically as children grow and mature, but it can be enhanced by external factors such as practice, guidance and encouragement. Cooperative learning provides these opportunities and is an effective teaching method that is advocated by experts and scholars. It can shape teamwork situations, and students can develop the ability to communicate, cooperate and coordinate with others in the process. Social skills can be enhanced at the same time, through mutual encouragement, teaching, explanation and other interactions between peers. Cooperative learning can stimulate individuals’ inner motivation, improve attitudes to learning, improve learning effectiveness and help young people achieve key learning goals. Many studies in the past have pointed out that cooperative learning can not only improve the effectiveness of learning but also make learning more enjoyable (Chen et al., 2015, 2021e, 2019b).

In addition, cooperative learning is also effective in promoting subject knowledge and problem-solving abilities. Assessing the effectiveness of learning has always been an important aspect of physical education (as with other subject areas), enabling teaching and learning outcomes to be evaluated and improvements and next steps to be explored further. Various factors will affect the effectiveness of learning. Studies of heterogeneous grouping have found that it helps to promote interaction between students, cultivate social skills, increase learning effectiveness and improve learning motivation. Cooperative learning almost equates with heterogeneous grouping. In physical education, the heterogeneous grouping method mostly involves skill-performance grouping, and most studies have pointed out that such a heterogeneous grouping method is beneficial to the learning of all group members. Better performing individuals can assist those with poorer skills so that the latter can obtain feedback on their performance and improve, and those with better skills can reorganize and improve their own performance by teaching other team members.

In this research, cooperative learning was applied to physical education classes in order to explore the impact of different grouping methods on learning effectiveness and learning motivation (Chen et al., 2020). Based on the research background and motivation, the aim of this study was to explore the impact of different cooperative learning grouping methods in relation to action skills learning and learning motivation. Quasi-experimental research methods were used so that the results could serve as a reference for physical education and future research.


Research Questions

The following research questions were formulated:

(1) What differences can be seen (before and after testing) between action skills groups and “free” groupings in relation to the effectiveness of cooperative learning?

(2) What differences can be seen (before and after testing) between action skills groups and “free” groupings in relation to motivation in cooperative learning?

(3) What differences can be seen between action skills groups and “free” groupings in relation to performance of action skills in cooperative learning?

(4) What differences can be seen (pre- and post-test) between action skills groups and “free” groupings in relation to learning motivation in cooperative learning?



Research Participants

(1) Research participants: Intentional sampling was used in this study. Two classes of students were selected as the research participants (59 participants in total). There were 29 students in class A (15 males and 14 females). Free grouping was adopted, and this was the experimental group in the research. Class B comprised 30 students (17 males and 13 females), grouped according to S-type heterogeneous action skills, and this was the control group.

(2) Research time: The implementation time for this research was from March 2019 to May 2020, a period of six weeks. There was a total of 12 lessons. One physical education lesson took place (45 min per class) every Monday and Thursday afternoon throughout the study period. The teaching strategy of cooperative learning was used to carry out physical education basketball teaching.

(3) Teaching content: In this study, a self-designed cooperative-learning teaching strategy was integrated into the basketball unit. The teaching content included basic basketball passing, dribbling and shooting.

(4) Research test restrictions: The ARCS Motivation Scale and the Basketball Action Skills Test were used in the pre- and post-tests of the study. Therefore, the pre-tests may have affected the post-tests.



Interpretation of Terms


(1) Cooperative Learning

This is a structured and systematic teaching strategy to promote group learning. Group members participate in the learning together, and peers have a mutual relationship of success or failure and help one another to achieve the learning goal. For this research, two types of student group achievement differentiation (STAD) were used, and group game competition (TGT) to design teaching plans.



(2) Action Skills

In this research, the action skills consisted of dribbling, passing and shooting in basketball. Dribbling refers to the speed of the dribbling movement using the left and right hands; passing refers to the accuracy and speed of passing and receiving the ball bounced against the wall; shooting refers to the ability to shoot and pick up the ball (from the same distance) and shoot the ball into the basket.



(3) Different Grouping Methods

The different grouping methods in this study refer to free grouping within the limit set for the number of members and S-type heterogeneous grouping according to the performance of action skills. Participants were divided into five groups, with five to six people in each group. Once the groups had been set, they stayed as they were until the end of the study. The terms used for groups are defined separately as follows:


“Free” Grouping

Students could group themselves according to their own wishes, with at least five people in each group and a maximum of six people.



S-Type Heterogeneous Grouping of Action Skills

Action skills were defined as described above. The basketball skills test developed for the study was used as the test method. The pre-test scores obtained were ranked from high to low and were used as the basis for dividing the participants into five groups, each containing five to six people: 1∼5, 6∼10, 11∼15, 16∼20. The scores for the first group were 1, 10, 11, 20, 21, and 30. The scores for the second group were 2, 9, 12, 19, 22, and 29. From less to more, more to less, and so on.



Effectiveness of Action Skills Learning

Learning effectiveness is critical to teaching and learning outcomes. Learning effectiveness refers to the degree to which students achieve particular teaching goals. However, there may be a range of these, e.g., the main learning, auxiliary learning, cognition, motivation and skills. The action skills learning effect referred to in this research refers to the passing, dribbling and shooting scores obtained by students after the cooperative basketball lessons.



LITERATURE REVIEW


The Connotations of Cooperative Learning

Cooperative learning is a type of teaching. It means that two or more learners become a learning unit. Through the interaction of group members and the sharing of responsibilities, learners can achieve common learning goals. In this process, each learner must take responsibility for team members. This kind of teaching is learner-centered and can provide students with opportunities for active thinking and more interactive communication. Cooperative learning is a learning activity that establishes a common goal between group members, who then work together toward this, cooperate and support one another. Through the cooperation of peers, the effectiveness of individual learning is improved, and group goals can be achieved. For learning to be fully cooperative, it needs to have the following three key elements: promotion of positive interdependence; personal performance responsibility; face-to-face interaction. Cooperative learning is a structured and systematic teaching strategy, which is less subject to the restrictions of subjects and grades. Teachers can help meet the needs of students of different genders, abilities, socioeconomic backgrounds, races, etc.

After getting into groups, the whole group establishes a common goal. All group members are responsible for themselves and for the others. They encourage and assist one another in order to achieve the learning goals. Teachers arrange suitable cooperative learning situations and group students in a heterogeneous manner, providing guidance to students to help them cooperate, learn from one another, share resources and achieve learning goals together, which not only contributes to learning achievement but also to motivation levels. Cooperative learning is a systematic and structured teaching strategy, which supports learning outcomes and also students’ communication and social skills (Chettaoui et al., 2020; Chen et al., 2021d, e).



Cooperative Teaching Methods

Teachers can choose appropriate teaching methods to apply in the classroom according to teaching goals, student characteristics and the characteristics of the subject being taught. Cooperative learning methods are divided into three categories, according to the teaching situation. The first type is communication, which focuses on sharing (and discussion) of ideas among group members; the second type is that of proficiency, which focuses on the content of the course; and the third type is inquiry, which focuses on guiding groups as they explore set tasks and solve problems. Below, five other methods commonly used in physical education will be introduced, along with the student group achievement differentiation (STAD) method used in this research.


Students’ Team Achievement Differentiation Method

The student group achievement differentiation method is the most straightforward and easy-to-implement cooperative learning method. This implementation and evaluation method is similar to traditional teaching methods, but it also has other special benefits, such as group rewards, individual responsibilities and equalization. The test method ascertains the progress scores of each group member and the entire group, meaning that the effort and achievement of all students can be recognized and celebrated. Progress scores are used to confirm the extent to which teaching goals are achieved. The STAD process may involve whole-class teaching, group study, quizzes and calculation of personal progress scores. For the purposes of this study, participants’ individual scores (before cooperative learning) were calculated for each group member, and the detailed score comparison is shown in Table 1.


TABLE 1. Personal progress score conversion table.
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Research Relating to Cooperative Learning

Cooperative learning began to develop after establishment of the Cooperative Learning Centre. Many experts and scholars have successively proposed cooperative learning-related teaching strategies and methods, and related research has also continued to develop. The research objects range from kindergartens to colleges and universities. In the field of sports, colleges and universities are the main users. A meta-analysis of relevant literature on cooperative learning showed that 80% of the results indicate that cooperative learning can have a positive impact on learning effectiveness; 13% of the results showed that there is no difference between cooperative learning and general teaching methods; 12% of the results showed use of the one-class teaching method, which has better learning results than cooperative learning. From the above meta-analysis, it was found that not all cooperative learning has positive effects. This research explored the relationship between cooperative learning and physical education. From previous literature, it was found that cooperative learning can be used in different projects and different stages of learning, and it can be combined with other teaching methods so that students’ cognition, skills and motivation can be enhanced (Chou et al., 2015; Chiang and Yang, 2017; D’Aniello et al., 2020; Ding et al., 2020).

Not all results support the positive impact of cooperative learning in physical education classes, but few studies have found there to be no positive impact. Most of the results show that cooperative learning is a highly feasible teaching method and can be used not only in team sports such as baseball, football and volleyball but also in activities involving a small number of people or individual sports such as tennis, badminton, billiards and gymnastics. Outcomes are not dependent on the learning stage, and cooperative learning is suitable for all ages of students, including college students.

In the past, related research variables applied to physical education classes included learning effectiveness, learning motivation, interactive behavior, critical thinking, physical activity, etc. Among these, learning effectiveness has received the most attention. Not only has the learning effectiveness of action skills been found to improve but also interpersonal, communication and social skills. Furthermore, personal motivation is stimulated during interaction (Dyson, 2001, 2002).

Studies have shown that cooperative learning can improve learning effectiveness, physical activity and learning motivation more than traditional independent learning methods. Previous research into application of cooperative learning in physical education classes has yielded promising results, showing that cooperative learning is more efficient than learning in isolation or competitively. Cooperative learning is a well-established teaching method, and it is a common strategy in the field of research and teaching. Since most studies show the positive impact of cooperative learning, how to bring the greatest positive impact using this learning strategy is worthy of in-depth discussion (Dyson et al., 2004; Chen et al., 2021a).



ARCS Motivation Scale

ARCS learning motivation theory is based on comprehensive integration of different forms of learning motivation and related theories in the United States, such as cognitive school attribution theory, behavior school reinforcement theory and other theories proposed by the motivation model. This theory is based on the premise that learners’ internal psychological factors, teachers’ teaching designs and learning effectiveness are closely related. These are important factors affecting the effectiveness of learning. It is believed that traditional teaching designs have, in the past, ignored learners’ motivation for learning. If learners are not interested or are unable to focus on learning, the effect of learning will be greatly reduced. The ARCS motivation model provides teachers with a better understanding of students’ motivational needs, so that they can design courses based on learners’ needs in order to stimulate learning motivation and enhance learning effectiveness. ARCS constitutes a relatively complete set of motivational factors. It is not restricted by age and is applicable to all learning stages. Therefore, the ARCS Motivation Scale is often used to investigate student learning motivation. ARCS stands for “Attention,” “Relevance,” “Confidence,” and “Satisfaction,” which are key to learning that stimulates motivational levels and attracts the attention of learners (Fu et al., 2018).

Students’ interest is linked to the perceived “relevance” for them personally and to feelings of “self-confidence” in terms of students’ perceived ability to achieve their goals. Finally, it is important for students to feel a sense of “satisfaction” from the learning process. ARCS emphasizes that in order to arouse students’ learning motivation, the above four elements must be provided for in order for teaching to be effective.



Grouping Method for Physical Education Classes

An important step before implementation of teaching in cooperative learning is to group students. It is important to group students appropriately so that they will not resist psychologically and to ensure that there is a good interactive relationship between group members, with all group members willing to work together for the group. The goal is to work hard to achieve the desired learning outcomes, so how to organize groups is a major issue in cooperative learning. For middle-school children, the distribution method normally used is to divide up classes, so groups will be uneven, with large differences. In this situation, cooperative learning usually involves heterogeneous grouping, so that students with different characteristics are allocated to each group. This can serve to even out individual shortcomings, so that each group will have its own merits, while also reducing the adverse effects caused by individual differences. As “free” grouping is very straightforward, there is no need to do any preparatory work, and students can stay with their friends. Therefore, the method of letting students select their own group members is frequently used on campus. In cooperative learning, the members of the group will be affected by the way the group is formed. A good grouping method can make the team work harder toward the common goal and significantly improve learning (Gillies, 2004; Goodyear et al., 2014).

Before considering the subject of heterogeneity grouping, another term should be briefly explained, namely homogeneity. This means that two or more individuals have certain attributes or traits that are similar. These attributes or traits may refer to the level of skills, motivation, education or social and economic background. Heterogeneity is the opposite of the above and refers to differences in certain attributes or traits between two or more individuals. According to the definition of heterogeneous grouping, it is believed that cooperative learning with heterogeneous grouping can bring together students with diverse characteristics (such as background, abilities, experience and interests), so that they can learn from others with different attributes during the learning process. Being exposed to different ideas and perspectives will stimulate cognitive imbalances and challenge learners’ knowledge structures, thereby generating new knowledge.

In the past, there have been many studies comparing cooperative learning with other teaching methods, and it has generally been found to be a reliable method. Most of the above-mentioned studies point out that heterogeneous grouping can improve student performance in cooperative learning, and such studies have been based on the hypothesis that heterogeneous grouping yields significantly better results. There are many types of heterogeneous grouping methods. When heterogeneous grouping is applied to physical education, groups can be based on the following: skills or technical ability, gender, learning style, learning motivation, height and weight, and sporting expertise. Physical education is a subject that emphasizes action skills. Therefore, heterogeneous grouping will be based on performance of action skills (although some studies have focused on implementation of grouping based on other perspectives) (Huang et al., 2012; Hernandez et al., 2020).



Study of Learning Effectiveness in Physical Education

Learning outcomes can be evaluated following teaching, so that students can better understand their own learning, and teachers can review their practice and endeavor to improve students’ test results. The three educational goals evaluated in this study (in relation to physical education classes) were cognition, motivation and skills. In physical education classes, cognitive measurements can involve oral reports, observations or paper and pencil tests. Test content usually relates to the rules and strategies of each sport, sports development history and general knowledge about physical fitness; motivation is scored according to sports participation, effort, learning attitude, class attendance, etc.; and skill level is based on the skills of each sport. Evaluation methods used in physical education classes particularly focus on development of sports skills, and the focus of this study was skills learning in basketball (Hung, 2004; Huang et al., 2017).


The New Direction of Physical Education Assessment

In the past, assessments were based on the three categories of cognition, motivation and skills. In the future, in order to improve the consistency of evaluation standards in the field of fitness, a new type of teaching target (that of “behavior”) will be classified in evaluations. In addition, in the national middle-school learning evaluation standards currently being piloted, the following sub-themes (for physical education) are included: sports knowledge, skill principles, learning attitude, sports appreciation, skill performance, tactical application, sports planning and sports practice, etc. Physical education evaluations should serve to help students improve their ability to perform key skills. Other aspects of teaching should be adjusted according to actual teaching considerations, and (taking account of the differences in students’ abilities) the “process of hard work” in students’ learning should be understood in a diversified manner. The grades traditionally used (such as excellent, A, B, C, D, etc.) were changed to five A to E grades, based on student performance: A indicated “excellent”; B was “good”; C was “fair”; D was “inadequate”; and E indicated “below the required level”.



Evaluation of Basketball Learning Effectiveness

The relationship between evaluation and teaching objectives is inseparable. An evaluation design must be based on teaching objectives and the principle of segmented ability indicators. There are many ways to evaluate learning outcomes, depending on the purpose and target, with different timings and different use cases. Basketball is one of the school’s main teaching programs and is a popular sport. Although general physical education classes can use objective and subjective evaluation methods, secondary evaluations are more suitable for research and should be neutral and objective to avoid being affected by subjective factors. Therefore, the subjective evaluation method was not used in this study, and we adopted a single-objective evaluation method to evaluate teaching content (basketball skills of dribbling, passing and shooting). Not only is this method of assessment suitable for the teaching content, but the applicable objects also conform to the teaching objects of this time. In addition, if the cooperative learning strategy is used to teach basketball, whether the target is elementary school, junior high school or college students, or students with low sporting achievement in junior high schools, it can effectively improve basketball skills performance and acquisition of essential basketball knowledge. In terms of performance and students’ understanding of basketball strategy, it can be seen that application of cooperative learning in this context is feasible and can have a positive impact (Huxham and Land, 2000; Ibarra et al., 2019; Chen et al., 2021b).



Research Hypothesis

From the literature review, it was found that cooperative learning can have a positive impact on learning effectiveness and learning motivation, and free grouping and action skills grouping have been used in cooperative learning. Both grouping methods have advantages and disadvantages. Although differences between the two groups have been compared in the past, it could not find any comparison of the two grouping methods in physical education reported in the literature. No studies have yet been carried out on free grouping in physical education. Therefore, the following research hypotheses were formulated for the research purposes and experiments:

Hypothesis 1: In cooperative learning, skills-based grouping and free grouping yield significantly better post-test results relating to the effectiveness of action skills learning.

Hypothesis 2: In cooperative learning, skills-based grouping and free grouping yield significantly better post-test results relating to motivation for learning.

Hypothesis 3: In cooperative learning, there is no significant difference between the effectiveness of action skills learning in skills-based groups or free grouping.

Hypothesis 4: In cooperative learning, there is no significant difference between learning motivation in skills-based groups and free grouping.


Difference Between of Free Grouping and Other Grouping Methods

Free grouping can achieve teaching goals because of the friendship factor. In this study, middle-school students were divided into three groups: mixed-ability and homogeneous grouping; S-type heterogeneous grouping; and free grouping. It was found that free grouping had obvious learning effects in terms of cognition, motivation and skills. Post-test results for learning motivation were significantly better than those for the research hypothesis 1 and 2 of the pre-test. With free grouping, students with medium and low abilities improved their cognition, motivation and skills. With these three grouping methods, high-ability students can achieve cognitive, affective and technical learning(Huang et al., 2004; Chen et al., 2021c).



No Difference Between Free Grouping and Other Grouping Methods

The study of the impact of the three grouping methods (“heterogeneous grouping,” “homogeneous grouping,” and “free grouping”) in the natural sciences in school in terms of learning effectiveness found no significant difference in overall academic performance. The students were divided into heterogeneous groups and self-chosen groups. The results of the study indicated that there was no difference in learning effectiveness between heterogeneous grouping and self-grouping. It was found that the three groups (“heterogeneous grouping,” “homogeneous grouping,” and “free grouping”) could all improve the academic achievement of students. Based on the above research results, research hypothesis 3 was formulated, i.e., that there would be no significant difference between the two groups in relation to action skills learning. In the above research on free grouping, it was found that the results are not yet stable (although free grouping has been evaluated in many fields) (Huang et al., 2006, 2015, 2019b).

In addition, the way the group operates will have an impact on students’ cognition and motivation and the effectiveness of skills learning. Relevant studies in the literature have found free grouping to be effective. In addition to improving cognitive skills, it also has other beneficial effects (e.g., on attitude and cohesion), and it is particularly effective for low-achieving students. Based on the above research results regarding attitudes to learning, this paper hypothesized that there would be no significant differences between the two grouping methods in terms of learning motivation (hypothesis 4) (Huang et al., 2019a).



RESEARCH METHODS


Research Structure and Process

This study mainly explored the influence of different grouping methods on the effectiveness of cooperative learning and motivation in physical education. The independent variable was grouping. The experimental group used free grouping, and the control group was based on skill levels. In order to avoid affecting the results, the control variables were teaching method, teaching time, course content, teacher characteristics and teaching environment. The dependent variable mainly explored differences between the experimental group and the control group in terms of the effectiveness of action skills learning and motivation (Kang, 2019; Laurens and Valdés, 2020).


Research Structure

The research framework was based on the research background, research purpose and research questions, and it was drawn up based on the results of the literature review. The control variables in this research framework were teaching methods, teaching time, course content, teacher characteristics and teaching environment; the independent variables were grouping methods (free grouping and skills-based grouping); the dependent variables were the effectiveness of action skills learning and learning motivation. The research architecture diagram is shown in Figure 1 below:
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FIGURE 1. Research architecture diagram.




Research Design

This study used ARCS motivation grouping and skills grouping as independent variables, and ARCS learning motivation and action skills as the experimental teaching of dependent variables, in an attempt to compare the influence of grouping on learning motivation and action skills learning. In the research design, T, ARCS Motivation Scale; Action Skill Test X1, free grouping; X2, skill grouping, as shown in Table 2.


TABLE 2. Research design.
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(1) Students Participating

The students participating in the study had the same physical education teacher in the first grade, and the research teacher took over in the second grade. The pre-test results were close for both types of grouping. Before the formal start of the experiment, the two groups of students took the basketball skills performance test and the ARCS Motivation Scale pre-test. Once the two groups of teaching experiments were complete, the students immediately retook the basketball skills performance test and the ARCS Motivation Scale post-test. The statistical table of class size is shown in Table 3. Our analysis of the relationship between gender and group distribution for the 59 study participants showed that the distribution ratio of male to female students was 54.5%:45.5%. (Respondents who completed the questionnaire in Appendix).


TABLE 3. Class size statistics.

[image: Table 3]The chi-square test was used to analyze the results for gender and group and found that x2 = 0.16, p = 0.69 > 0.05, which did not reach the significant level, indicating that there were no significant differences. The differences are shown in Table 4.


TABLE 4. Gender test summary table.
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(2) Sample Homogeneity Test

This test was to understand whether there were significant differences in the test scores for the “Basketball Skills Performance Test” and “ARCS Motivation Scale” between the action skills groups and free groupings before the experiment, which might have caused errors in the research results. An independent sample t-test was conducted based on the pre-test scores for the two groups, and the data were analyzed. If a significant difference was found, a covariate analysis was carried out to establish the equality between the two groups and the post-test.

With regard to the action skills grouping and free grouping ARCS motivation pre-test homogeneity test, the test scores for the experimental group and the control group are shown in Table 5. It can be seen that the results of the homogeneity test for the control group and the experimental group in terms of learning motivation (before testing) were not significant for overall learning motivation, self-relevance and satisfaction (F = 2.80, 1.68, 0.48, p > 0.05), but the results were significant for attention and self-confidence (F = 1.68, 1.06, p < 0.05). The relevant parameters of the mean and standard deviation of learning motivation were 2.93 ± 0.31 and 3.08 ± 0.36. The components were as follows: intent: 2.98 ± 0.46 and 3.36 ± 0.43; perceived relevance: 3.22 ± 0.49 and 3.35 ± 0.53; self-confidence: 2.96 ± 0.60 and 3.33 ± 0.61; satisfaction: 3.31 ± 0.56 and 3.43 ± 0.54.


TABLE 5. Homogeneity test of action skill grouping and free grouping ARCS learning motivation pre-test.
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Homogeneity Test for Basketball Skills (Pre-test) in the Control Group and the Experimental Group

The pre-test scores for the control group and the experimental group in terms of basketball skills performance are shown in Table 6. It can be seen from Tables 2–4 that there were no significant differences between the control group and the experimental group in terms of performance of basketball skills and the homogeneity test results for overall basketball skills, shooting and passing tests (F = 0.14, 7.18, 3.33, p > 0.05), but there was a significant difference in dribbling (F = 2.3, p < 0.05). The average basketball skills of the experimental group and the control group were 56.43 ± 12.13 and 50.93 ± 11.19, respectively; the average number of shots was 11.25 ± 3.33 and 12.46 ± 5.56; average passing was 28.58 ± 9.14 and 25.20 ± 7.18; and average dribbling was 16.18 ± 2.22 and 13.20 ± 3.23.


TABLE 6. Homogeneity test of pre-test of action skill grouping and free grouping in basketball skill performance.
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Homogeneity Test Results

According to the test results, there were no significant differences between the action skills group and the free groupings in terms of overall learning motivation, self-relevance and satisfaction; and overall basketball skills, passing and shooting were also not significantly different. This means that the two groups of subjects had homogeneity before commencing the cooperative learning research, and the independent sample t-test could be used directly. However, attention, self-confidence and basketball skills performance in learning motivation had significant differences in the pre-test, so single-factor covariate analysis was used for the post-test results to adjust for the differences (Lin et al., 2020).



Research Tools

The tools used in this research included five items: a stopwatch for timing, a technical ability test, the ARCS Motivation Scale, a checklist relating to cooperative group learning and a teacher checklist. These tools are explained in the experimental equipment table below.


Basketball Skills Performance


(1) Movement Teaching

The main basketball skills focused on in the teaching project were basic ball sense, dribbling, passing and shooting.



(2) Basketball Skills Test Method

Two approaches can be adopted for assessment of students’ action skills learning: objective skill assessment and subjective skill assessment. Objective skill assessment involves measurement of distance or time with a measuring tape, stopwatch or by counting. Subjective skill assessment involves considering the pros and cons of postural performance, such as pitching power, posture and coordination. In this study, we used the basketball skills test developed for the study (see Figure 2).
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FIGURE 2. Dribbling test diagram. In the above illustration, on the left is the left-hand ball; the context is a specified basketball court; the specified time and the ball route are shown by the dotted line.


Test content The pre-test and post-test units for action skills learning effectiveness in this research entailed three tests of basketball skills (dribbling, passing and shooting).

Test subjects The test tool for this research is suitable for use with 10- to 22-year-old subjects and is not restricted by gender. It is appropriate for use with the participants in this study.

Difficulty of distinguishing The average difficulty index of the test tools in this research was.65∼0.95.

Internal consistency The internal consistency α coefficient of the test tool in this study was between 0.84 and 0.97.

Scorer reliability Scorer reliability needs to be above 0.80 to be reliable. In this study, the internal scorer reliability was 0.94 and 0.91, and the inter-rater reliability was 0.90.



ARCS Motivation Scale

This research used the ARCS Motivation Scale. The scale is divided into two parts and contains 17 questions, which are explained as follows:

(1) Basic information relating to students: such as gender, exercise habits, previous semester’s sports score, physical fitness level and whether students have participated in school sports teams in the past (five questions in total).

(2) Learning motivation in physical education: This research used the ARCS Motivation Scale, which was a revised version of the designed learning motivation scale. The internal consensus reliability for “Attention” was 0.84; “Relevance” was 0.80; “Confidence” was 0.79; “Satisfaction” was 0.89; and the overall internal consensus was 0.96. This tool uses a Likert formula four-point scale (four-point Likert scale), as follows: 1 means “strongly disagree”; 2 means “disagree”; 3 means “agree”; and 4 means “strongly agree.” The four factors in ARCS are concentration, relevance, self-confidence and satisfaction.

(3) Attention: This relates to students’ level of curiosity or interest, and the aim of teaching is to ensure that this is maintained.

(4) Relevance: This relates to students’ perception that the content of the course or teaching activities relate to their own life, needs, familiar things or past experience, or that the learning may come in handy in the future.

(5) Confidence: This relates to students’ mental state in terms of whether or not they feel they can achieve the learning goals, which will, in turn, affect the actual degree of effort expended by students and their performance level. It is helpful if students believe that there is a link between success and effort.

(6) Satisfaction: This relates to positive inner feelings and also external rewards that students receive in the learning process; this kind of satisfaction is an important factor that helps sustain motivation.

Question numbers: attention: 1, 2, 3; relevance: 4, 5, 6; confidence: 7, 8, 9; satisfaction: 10, 11, 12.



Teaching Design

The participants in this study were divided into two groups: the experimental group and the control group (based on two classes). The experimental group adopted free grouping, and the method used for the control group was skills-based grouping. The teaching experiment lasted for eight weeks. In the first two sessions of the formal class, the pre-test was conducted, and an explanation of the research was given. The last two sessions involved the post-test. Every Monday and Thursday afternoon throughout the study, the students participated in a session of physical education (45 min per class), involving cooperative learning, focusing on basketball skills. There were 16 lessons in total, including the two pre-tests and two post-tests.


Preparation Before Teaching

(1) Pre-test and grouping: Free grouping: Before the experiment began, students in the experimental group were allowed to choose their groups, with a maximum of five to six people per group. Groups within the control sample were formed based on the students’ pre-test scores for basketball skills. The highest and lowest scores for each ability were grouped in the same group, and the second highest and second lowest scores were grouped in the same group. By analogy, the class was divided into five groups. Immediately after the grouping, each group was asked to come to an agreement within each group. Each student was to express his or her opinions and work toward the goal, together with the others in the group.

(2) Roles and task assignment: According to the content of the learning task, the members of each group were to take turns at playing each role. Except for the captain’s role, the other roles could be played by two or more people at the same time.

(3) Establishing a tacit understanding: Before the teaching experiment, students underwent cooperative learning and interactive skills training, such as teamwork, communication skills, leadership skills, maintenance of an atmosphere of mutual trust and conflict resolution.



Teaching Implementation Stage

The teaching implementation phase of this research was divided into three parts: preparatory activities, development activities and comprehensive activities. At the same time, based on the steps of cooperative learning, whole-class teaching, group learning, individual performance and team history, the three main skills were shooting, dribbling and passing in basketball. The teaching module comprised the following: one class to establish group relationships; three classes for the shooting unit; and four classes for each of the dribbling and passing units. There were 12 lessons in total. The main teaching method used in the cooperative learning was student group achievement differentiation (STAD), supplemented by the group game competition (TGT) method for design of teaching plans.



After the Teaching Stage

Following delivery of the teaching module, a review was completed to reflect on the following: whether the teaching methods for the two groups had been the same; whether the teaching objectives had been achieved; whether the teaching plan had been carried out according to the teaching plan; whether the teaching plan had been properly designed; and whether the elements of cooperative learning had been provided for.



Data Processing

The data processing method used in this research involved the SPSS statistical software package, to analyze the action skills test scores and learning motivation levels for the different groups after the students had completed the cooperative learning.

(1) Dependent sample t-test: This tested the difference between free grouping and action skills grouping after cooperative learning (comparison of “before” and “after” test results).

(2) Independent sample t-test: This tested the difference between free grouping and action skills grouping after cooperative learning (comparison of “before” and “after” test results for motivation).

(3) Covariate analysis: For the free grouping and action skills grouping, respectively, in the performance of the previous test, the difference between the two did not reach a significant level. The independent sample t-test was then used to analyze the difference. The difference between the two pre-test scores was found to reach a significant level. The previous test scores had common variables, and a co-variable analysis was performed to adjust the differences.

(4) In the above statistical analysis, the significance level of all the differences tested was set as α = 0.05.



RESULTS AND DISCUSSION

The data collected from the experiments were used for statistical analysis and discussion.


Difference Between Action Skills Learning in the Control Group and the Experimental Group Before and After Cooperative Learning

Grouping in the control sample was skills-based. The differences between the pre-test and post-test scores were analyzed by an independent sample t-test, as shown in Table 7. The results indicated that overall basketball skills, passing and dribbling skills were significantly different (t = −3.60, −3.46, 4.70, p < 0.05), but a significant difference was not observed in the case of shooting (t = −1.21, p > 0.05). The post-test results for overall skills, shooting, passing and dribbling were all higher than the pre-test scores (M = 50.77 < 63.90, 12.50 < 14.45, 25.12 < 32.14, 13.18 < 17.12).


TABLE 7. t-test analysis of the basketball skill performance pre-test and post-test repeated measures of the control group.
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Discussion of Differences Between the Control Group Before and After Cooperative Learning

Cooperative learning using skills-based grouping can effectively improve skill performance. In the past, cooperative learning using heterogeneous grouping in various sports has been shown to improve the effectiveness of action skills learning. The results of this study were found to support research hypothesis 2. It may be inferred that this is to do with the heterogeneous grouping of action skills. Highly skilled performers in each group can rectify incorrect actions in time and give feedback, and the interdependence of goals and tasks in the elements of cooperative learning are such that everyone must contribute and take responsibility for achieving the goals of the group. In heterogeneous grouping, each group will have some students with strong action skills, who can act as a model, so that other students with weaker action skills can imitate them and learn from them, adjusting their actions accordingly, thereby increasing the effectiveness of action skills learning.

However, of the basketball skills studied, the improvement in shooting was not found to be significant. This may have been due to the high level of uncertainty associated with shooting. Even the most powerful players cannot achieve a 100% success rate for shooting, and shooting takes a long time. Therefore, although the improvement was not significant in statistical terms, this may be due to the limitations of the teaching environment for the three skills involved. Passing and dribbling just require an open space, but shooting is restricted by the venue, and teaching activities can only be carried out in a venue with a basketball hoop. Under this limitation, the number of shooting courses was reduced to one lesson. In addition, in the research and in our observations, it was found that the heterogeneous grouping was due to the large gap between the strengths and weaknesses of group members in the same group, so that students with strong action skills could not play to their fullest and lacked the feeling of competing at their highest level. In the post-test, the participants wanted to complete the test as soon as possible, possibly shooting without aiming carefully enough (Lu et al., 2005; Liu et al., 2014; Nikou and Economides, 2018).



Differences in the Experimental Group Before and After Cooperative Learning

The experimental group used the free grouping method. The results of the independent sample t-test are shown in Table 8. Our findings indicated that overall basketball skills, passing and dribbling skills were significantly different (t = −3.40, −3.18, −4.87, p < 0.05), but there was no significant difference in shooting (t = −1.03, p > 0.05). Post-test scores for overall skills, shooting, passing and dribbling were all higher than those of the pre-test (M = 56.44 < 67.47, 11.33 < 12.39, 28.72 < 36.20, 16.23 < 18.88).


TABLE 8. The basketball skill performance pre-test and post-test repeated measurement t-test analysis of the experimental group.
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Discussion of Differences Between Pre-test and Post-test Results for the Experimental Group

The experimental group was based on free grouping, and this grouping method could significantly improve students’ overall basketball skills, passing and dribbling. The results of this research supported research hypothesis 1. It was found that free grouping could improve the effectiveness of action skills learning. The researchers inferred that with self-chosen groups, many of the students could stay with their friends, whoever they were, and they were more willing to actively assist and help. In a good relationship, students are more patient and supportive. They are also more willing to learn, and the friendship factor in free grouping can make it easier for students to achieve the teaching goals. In addition, self-grouping can help students obtain benefits other than those explicitly intended by the teacher. Such behaviors can further improve the effectiveness of action skills learning. In the research results, although the shooting scores improved, they did not reach a significant level. The researchers deduced that factors which might have affected these results included the difficulty of acquiring and consolidating such skills and the relatively small number of lessons spent on developing this skill (Ratnaningsih et al., 2020).

Another factor may be the order of learning. Shooting was taught before the other movement skills, but it could take about one and a half months to master. If students had not reached the automatic stage by the time of the post-test and had not been practicing this skill for very long, the retention effect after learning may have been poor. Another reason may be that shooting was the first item to be introduced after the free grouping. At this point in time, the students might not yet have become fully engaged with their studies. In addition, the group members, who were mostly all students of their own choosing, would have had plenty (possibly too much) to talk about, with common interests, etc., so at the beginning of the practice, there may have been more chatting and off-task behavior, reducing the practice time.



Differences in Motivation Levels Between the Control Group and Experimental Group Before and After Cooperative Learning

To explore the pre-test and post-test differences in learning motivation between the control group and the experimental group (before and after cooperative learning), a statistical analysis of the dependent sample t-test was carried out.


Differences in the Control Group Before and After Cooperative Learning

The control sample, grouped according to skill levels, was tested by an independent sample t-test before and after cooperative learning, as in Table 9. It was found that overall learning motivation was significantly different (t = −2.48, p < 0.05), but attention, perceived relevance, self-confidence and satisfaction were not significant (t = 0.54, −0.57, −0.52, 0.39, p > 0.05). Attention and satisfaction scores were higher than in the pre-test (M = 3.33 > 3.29, 3.46 > 3.37); the post-test scores for perceived relevance and self-confidence were higher than those of the pre-test (M = 3.38 < 3.46, 3.30 < 3.43).


TABLE 9. Control group ARCS learning motivation scale pre-test and post-test repeated measures t-test analysis.

[image: Table 9]


Discussion of Differences in the Control Group Before and After Cooperative Learning

The results of this research were found to support research hypothesis 4, i.e., that heterogeneous grouping in cooperative learning can improve learning motivation. This may be due to the help of students with strong action skills, so that other group members can gain successful experience, thereby enhancing self-confidence. In addition, due to the design of the teaching plan, each student had their own goals to achieve, contributing to achievement of team goals. In order to contribute to their group, individuals had to practice harder. Cooperative learning is something that students may not have had much experience of in physical education in the past. With this new experience and fresh relationships, not just practicing alone but in a group, there are more opportunities for exchanges, encouragement and feedback between peers, which, in turn, improves learning motivation. However, the reason for post-test scores being lower than those of the pre-test, in terms of satisfaction and attention, may be the research focus on basketball, which was not the favorite sport of most students in the classes involved. In order to carry out our research, the teaching experiment had to match the progress of the teacher. A series of 12 consecutive basketball lessons is quite different from four lessons interspersed with other activities in a general teaching unit. The participants could not engage in other sports such as badminton or volleyball. Even students who liked basketball could not engage in activities such as “bullfighting,” thus depriving them of learning or engaging in other sports. The results may therefore have been affected by the limited opportunity for the type of exercise chosen as the research focus (Song et al., 2011; Chu and Chen, 2018).



Differences in the Experimental Group Before and After Cooperative Learning

These students were allowed greater flexibility in terms of grouping themselves. The independent sample t-test conducted before and after cooperative learning (see Table 10) indicated that overall learning motivation was significantly different (t = −2.12, p < 0.05), but attention, perceived relevance, self-confidence and satisfaction were not significant (t = 0.60, −0.90, 1.15, −0.49, p > 0.05). The pre-test scores for attention were higher than those in the post-test (M = 2.90 > 2.87); post-test scores for perceived relevance, self-confidence and sense of satisfaction were higher than those of the pre-test (M = 3.21 < 3.30, 2.89 < 3.10, 3.13 < 3.25).


TABLE 10. The number of repetitions t-test analysis before and after the “ARCS learning motivation scale” of the experimental group.
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Discussion of the Differences Between Pre-test and Post-test Scores for the Experimental Group

The results of this research were found to support research hypothesis 3, i.e., that the free grouping method can improve affective partial conformity. Free grouping can help establish a harmonious atmosphere of cooperation, and a harmonious class atmosphere can enhance motivation for learning in physical education. Although overall learning motivation was found to significantly improve, other aspects (attention, perceived relevance, self-confidence, and satisfaction) were not significant. The researchers believe that due to the limit imposed on the number of groups and group size, one group was not entirely happy and had a level of unwillingness to engage. This group was composed of one student with a high level of skills and four others with lower skill levels. Because they did not usually get along very well, they often showed unwillingness to cooperate in the classroom. Some left their usual group of friends (for the sake of the research) to focus on another group of friends during the practice, which resulted in lower levels of attention, perceived relevance, self-confidence and satisfaction, and this meant that certain goals were not achieved; even attention level scores were reduced. Although students in the experimental sample were allowed to freely group themselves, it was inevitable that several individuals would be left out, meaning that single students ended up gathered together in one group. It was therefore impossible to ensure that all groups were truly “freely” selected, with group members fully aligned with one another. Indeed, it has been argued that students are maladaptive in grouping, which is echoed in grouping theory.



Comparison of the Effectiveness of Action Skills Learning in the Control Group and the Experimental Group

The main purpose of this section is to test research question 3, i.e., to compare differences in action skills learning between the control group and experimental group.


Differences in Action Skills Learning Between the Control Group and Experimental Group

Performance of basketball action skills in the experimental group and the control group was found to be homogeneous in the first test. The independent sample t-test results for overall skill performance, shooting and passing are shown in Table 11. After analysis, it was found that the experimental group and the control group were of the same quality. The difference in the overall performance, shooting and passing tests did not reach significant levels (t = 1.00, −1.58, 1.81, p < 0.05). The experimental group was better than the control group in terms of overall performance and passing (M = 67.51 > 63.81, 36.30 > 32.32), and the control group was better than the experimental group in terms of shooting performance (M = 12.30 < 14.35). After analysis, it was found that the differences in dribbling scores between the two groups were not significant (F = 0.02, p < 0.05), and the experimental group was better than the control group (M = 18.30 > 17.71).


TABLE 11. Action Skill Performance post-measurement repetition number t-test analysis.
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Discussion of Differences in Action Skills Learning Between the Control Group and the Experimental Group

The research results showed that there were no significant differences in action skills learning between the control group and the experimental group. This finding supports research hypothesis 3. The research results indicated that there was no significant difference between heterogeneous grouping and free grouping. In this study, we found that heterogeneous grouping and “free” grouping can both effectively improve the quality of students’ action skills in a cooperative learning situation, and there was no difference between heterogeneous grouping and free grouping. There was no significant improvement in the two groups in terms of “shooting.” The researchers believe that shooting may have been the first skill to be learnt after the groups were organized. The group is in the middle of the group. Differences in styles and values among group members will negatively affect group interaction. In this study, it was found that the skills of “passing” and “dribbling,” which were introduced during the first stage of the teaching unit, had been adequately honed by the time the post-tests were conducted, so a significant improvement was seen in performance of these skills. It is believed that learners must first have the opportunity to speak before they can gain knowledge through interaction and dialog, and then improve their action skills. In heterogeneous groups, due to differences in ability, high-ability group members tend to be the ones who are listened to most. For classmates, the chances of speaking when individuals are of a lower ability are reduced, and the effectiveness of their learning is likely to be compromised. Free grouping creates more opportunities for expression, and the interaction between group members is more equal than that of heterogeneous grouping, although there are also opportunities in free grouping. There are different levels of ability, but there are fewer people playing the role of leader, so they are willing to respect opinions, and there are opportunities for expression regardless of ability. Students who are grouped freely tend to think that team members have better tacit understanding and a high degree of cooperation. Members can feel the centripetal force when they discuss tasks together and cooperate in the division of labor.

It has been shown that S-type heterogeneous grouping can easily make high-ability students feel greater learning pressure, and it can cause additional burdens, but in free grouping, responsibility can be shared among group members. In addition, because dribbling and passing are relatively basic skills, the level of difficulty is not high. As long as students are willing to improve their abilities, the skills in question are not directly related to the grouping method. As long as the teaching content matches the needs of students being taught, teachers can support learning by assisting students, and most learners can achieve good results. The researchers in this study believe that the lack of significant differences in action skills learning between the experimental group and the control group may be due to the above-mentioned reasons. The two grouping methods were found to have an effect on action skills, and no difference in learning effectiveness was observed. Clearly, if the teacher is aware of students’ skill levels in physical education, there will be no need to spend one or two lessons conducting pre-tests, and this knowledge can then be used for the purposes of heterogeneous grouping. Free grouping only takes three to five minutes to organize. In either of these cases, grouping can be completed quickly, and the time saved can be used in physical education and practice (Zhang et al., 2012).



Comparison and Discussion

The main purpose of this section is to test the fourth research question, mainly to compare differences in post-test motivation scores between the control group and the experimental group.


Post-test Differences in Learning Motivation Between the Control Group and the Experimental Group

The experimental group and the control group were homogenous in terms of the ARCS Motivation Scale. Overall learning motivation, perceived relevance and post-satisfaction test results are shown in Table 12. The results of the independent sample t-test are shown in Table 12. The analysis indicated that differences between the experimental group and the control group in terms of learning motivation, perceived relevance and post-satisfaction were not significant (t = −1.78, −0.56, −1.00, p < 0.05), and the control group was in learning motivation, perceived relevance, satisfaction The control group was better than the experimental group (M = 3.09 < 3.37, 3.30 < 3.41, 3.25 < 3.40).


TABLE 12. ARCS Learning Motivation Scale post-measurement repeat measurement t-test analysis.

[image: Table 12]Single-factor covariate analysis was conducted to test the different qualities of “attention” and “self-confidence,” and it was found that the “attention” aspect was not significant (F = 0.15, p < 0.05). The control group was better than the experimental group (M = 3.26 > 2.93), and “self-confidence” was not significant (F = 0.13, p < 0.05). The control group was better than the experimental group (M = 3.36 > 3.19). That is, after excluding the influence of the pre-test, there was no significant difference in learning motivation between the experimental group and the control group after receiving eight weeks of cooperative learning.



Discussion of Post-test Differences in Motivation Between the Control Group and the Experimental Group

The results of the study indicated that there was no significant difference in learning motivation between the experimental group and the control group after cooperative learning. The results were found to support the research hypothesis, i.e., that there was no significant difference between heterogeneous grouping and free grouping. Past studies have pointed out that contextual factors will directly affect learners’ motivation, and cooperative learning provides a context that can effectively enhance students’ learning motivation. In the context of cooperative learning, we found no significant difference between free grouping and action skills grouping. The researchers believe that the reason why free grouping can improve overall learning motivation may be that allowing students to form their own groups helps support peer group emotions and creation of a harmonious learning atmosphere. Group members are more likely to actively help one another when they are friends. However, the free grouping process might have made some students feel anxious or afraid of being left out when looking for group members, and this may have had a negative impact on the experimental group. In the action skills grouping, because each group had more capable students, who could give guidance and assistance, most of the group members were able to experience a feeling of success, so learning motivation also improved (mostly from the satisfaction of learning achievements and inner gains from success). Such rewards often help students to improve their self-confidence and motivation to learn. It should also be pointed out that students can gain self-confidence in action skills learning, and this is consistent with the self-confidence part of the ARCS learning motivation theory.



CONCLUSION

This study used two different grouping methods in cooperative learning (free grouping and skills-based grouping) to teach basketball in physical education. The results in terms of learning effectiveness and learning motivation for the two groups of students were found to be relevant to school physical education. The following conclusions were reached:

(1) In cooperative learning, free grouping and action skills grouping can improve the effectiveness of skill acquisition in physical education.

(2) In cooperative learning, free grouping and skills-based grouping can effectively enhance learning motivation.

(3) In cooperative learning, no clear differences were found in terms of the effectiveness of action skills learning among self-selected groups and skills-based groups.

(4) In cooperative learning, no clear differences were found in terms of learning motivation among self-selected groups and skills-based groups.

The limitation of this study mainly is that the objective environment and content setting of teaching will affect the action skills learning motivation and produce different research results. Therefore, the teaching content and environmental factors should be unified in the research process.

It is recommended that future work should seek to explore existing relationships between students and peers so that a good cooperation mechanism can be established to promote better relationships between students.
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APPENDIX


Questionnaire

Student, hello! Thank you very much fortaking valuable time to fill in the questionnaire. Your help will play a vital role in my experiment, thanks for your participation!
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At present, low teaching efficiency has been the common problem of ideological and political education in colleges and universities in China. It is essential to improve the teaching efficiency and realize the intelligent information transformation of the ideological and political courses in colleges and universities. First, the relationship between ideological and political courses and the educational psychology of college students was analyzed based on the theoretical characteristics of educational psychology and college ideological and political courses. Additionally, the teaching efficiency of ideological and political courses based on deep learning (DL) was analyzed through a literature survey. Combined with online teaching modes such as the flipped classroom and Massive Open Online Courses, a comprehensive online teaching mode of college ideological and political courses was proposed via educational psychology and the Single Shot MutiBox Detector networks of DL. Then, a total of 100 research subjects were selected randomly from the freshmen and sophomores of the Southwest University of Science and Technology, and their acceptability to the online ideological and political courses was analyzed by a questionnaire survey. The results show that the adopted questionnaire had high reliability and validity, and the proportion of respondents of different genders, grades, and majors was essentially balanced. More than half of the students had a good understanding of the comprehensive ideological and political courses and made progress in their values, ideology, morals, and knowledge reserves. More than half of the students had a positive attitude to the course, and they thought that the class atmosphere of the course was active, which was conducive to a satisfactory learning effect. This indicates that the teaching strategy of ideological and political courses in colleges and universities that integrates educational psychology, DL, and online information can attract students. The contribution of this study is that the research outcome can be applied to the concrete formulation of the teaching strategies of ideological and political courses for college students.

Keywords: educational psychology, deep learning, Single Shot MutiBox Detector, ideological and political courses, comprehensive teaching strategy


INTRODUCTION

Ideological and political theory courses are crucial for schools to implement the fundamental task of moral education. The enhancement of the effectiveness of ideological and political courses in teaching practice has become a practical task in teaching reform. In the new era, strengthening, and improving the teaching of ideological and political courses requires a new instruction thought of education and teaching. In recent years, under the leadership of the Communist Party of China (CPC) and the government of China, the ideological and political theory teaching of colleges and universities has achieved remarkable results. In general, college students have healthy, upward, and positive beliefs, thoughts, and values (Dache et al., 2019). However, with the progress of society, ideological, and political education in colleges and universities is facing increasing challenges. Ideological and political courses are critical spiritual guidance for contemporary college students. Therefore, it is necessary to formulate effective strategies and policies to guide students in establishing a correct world outlook, values, and outlook on life (Goodson, 2020; Li and Zheng, 2021). The application of educational psychology to ideological and political teaching in college can improve the quality of teaching. The development and improvement of its theoretical system can promote the theoretical research of ideological and political teaching (Hartson et al., 2021).

Although deep learning (DL) technology has become a research hotspot in many fields, there are only a few studies on its in-depth application to classroom instruction. Deep learning that focuses on the transformation of the learning styles of students has become the cardinal direction of international education reform. Deep learning highlights the learning subjectivity of students, pays attention to the adjustment of learning methods, and emphasizes the cultivation of the paramount literacy of subjects. The implementation of DL in ideological and political courses is conducive to deepening the goal of cultivating talents, optimizing the learning methods of students, implementing the core literacy of disciplines, and promoting the new curriculum reform of ideological and political education. Teachers can implement DL in ideological and political courses by creating real situations, developing teaching topics, carrying out cooperative learning, and strengthening value guidance strategies. In the Internet era, ideological, and political courses need to be combined with modern information technologies for continuous reform and innovation. On the one hand, the issues set by teachers often lack depth and breadth or are even inferior and pseudo topics. Many issues are inadequate for the deep cooperative inquiry and discussion of students, and some students may inactively rely on other members of the group to complete the task, evading the advanced training of thinking, which reduces the effect of learning. On the other hand, lecturers cannot accurately control the activity time of issue discussions, and schedule a good chunk of time for seemingly lively discussions of the selected topic, forming prominently formalistic learning. Therefore, the current dilemma of issue-based teaching coerces the activity-based curriculum of ideological and political courses in high school into exploring more effective teaching methods. The issue-based teaching reform-oriented to DL can provide new ideas and methods for students. Hence, educational psychology was introduced into the teaching of ideological and political courses to college students. Additionally, the acceptance survey of online ideological and political courses was innovatively combined with the analysis of the state ideological and political class based on DL. This creative attempt can provide a realistic basis for the formulation of ideological and political teaching strategies for college students in the new era.

There are six sections in this study. The first section is the introduction, which describes the research background, research status, innovation points, and contributions. The second section is the literature review, which analyzes the current research background and research status of ideological and political teaching worldwide. The third section introduces the research method and analyzes the relationship between the ideological and political courses of college students and educational psychology. Moreover, an efficiency analysis model of the ideological and political class state was proposed based on the Single Shot MutiBox Detector (SSD) algorithm. A questionnaire survey on the effects and acceptance of comprehensive online ideological and political courses was performed. The fourth section expatiates the research results, focusing on the cognition of the college students of the comprehensive ideological and political courses, and formulates the teaching strategy of the comprehensive ideological and political courses. The fifth part is the discussion, which highlights the advantages of this work by comparing its research results with those of other scholars. The sixth part is the conclusion, which summarizes the research methods and outcomes and states deficiencies and prospects.



LITERATURE REVIEW


Present Situation of Ideological and Political Teaching in Colleges and Universities

Ideological and political education is primarily aimed at college students. The ideological and political courses in colleges and universities shoulder the momentous mission of cultivating qualified builders and successors of socialism, showing prominent significance. Lin (2021) stated that other countries except for China usually implicitly carry out ideological and political education through civic education, religious education, legal education, and moral education. Instant music videos have become extensively fashionable in society, and gradually became one of the sources of entertainment for contemporary college students. Song and Tian (2020) combined the short video recommendation model with the characteristics of new media to propose innovative ideas for ideological and political work in colleges and universities. Wang (2020) analyzed the artificial intelligence (AI) teaching expert system and summarized its functions and characteristics. They pointed out that the ideological and political teaching system for college students based on mobile AI terminals could be used as a teaching manager, teaching assistant, and even teaching assistant. Various countries perform ideological and political education with different concepts according to their national conditions. For instance, Frisbie et al. (2019) studied the “social studies” and “moral time” in Japan; Gupta et al. (2020) mentioned the “civic education” in the United States and France, the “life education” in Singapore, the “political education” in Britain and Canada, etc.; Yang (2021) indicated that ideological and political education in American universities serves to promote personality development, value, political education, moral education, healthy personality education, and religious education. Ford and Jennings (2020) added the Western European political profile and some social issues to the concept of higher education. Shchepetylnykova and Alvis (2020) investigated the contribution of international development activities to the overall internationalization of public higher education institutions in the United States. They concluded that international development activities promoted the mission of education, research, and service of public universities. Additionally, the ideological and political education in American universities paid attention to the combination of general patriotism and national spirit, and combined explicit courses with implicit courses, paying more attention to the educational function of implicit courses.



Teaching Techniques of Ideological and Political Courses in Colleges and Universities

The Chinese scholar Wang et al. (2018) and Marchingiglio (2021) suggested that personality education theory should be integrated into the teaching of ideological and political courses in colleges and universities, and it was necessary to simultaneously take the personality of the students and the teaching effect into consideration. Rogoza et al. (2018) showed that factors such as human personality and self-esteem had different characteristics that influence each other, so, the idea of the coexistence of knowledge and interest and the teaching-learning transaction should be integrated into the teaching effect considering the personality of students. Moody (2020) established a data-mining model for the evaluation of teaching quality and listed its indicators. Additionally, they gave the mining process and specific classification in the analysis of association rules and determined the mining object, data selection, data-mining process, and specific mining steps in the cluster analysis. Moreover, they discussed the relationship between the basic information of teachers, teaching methods, and teaching evaluation results, generated clustering results, and finally expected the new vistas for the selection of evaluation methods, the formulation of relevant policies, and the improvement strategies of teachers' teaching.

In the Internet age, the analysis of the effectiveness of ideological and political teaching and class state through the network has become a hot topic. Nowadays, the booming DL technology has gradually been applied to study the behavior, state, and fatigue of students in classrooms (Stoeve et al., 2021). For example, Melkonian et al. (2017) and Song et al. (2021) found that the concentration degree of students in the classroom could be evaluated by profile face detection algorithms, changes in eye closure, and head-up and head-down behavior recognition. Hu and Zhang (2021) proposed an eye and nose detection method using a facial recognition model based on DL to evaluate the attention of the students in the classroom. Moreover, Wu Y. et al. (2019) proposed to identify the classroom behavior of students using Openpose bone detection. Feng (2021) expounded the importance and superiority of the “autonomy-cooperation-exploration”-type ideological and political education teaching mode in aerobics classes based on the summary of the practice of aerobics teaching. They put forward the major problems existing in the ideological and political education of aerobics teaching, and further optimized aerobics teaching through ideological and political education, to effectively improve the specific teaching effect. Samfira and Sava (2021) believed that the teachers who adopted a custodial view on the pupil control ideology endorsed more dysfunctional beliefs than the teachers who adopted a humanistic view. They found that they tended to present a higher level of perfectionism, unrelenting standards, and problematic relational beliefs, including schemas of mistrust and entitlement, and more often, they also presented other-directed demands and derogation of other thoughts. Such results described the view on the dysfunction of students with misconduct, who oppose their strict and/or perfectionist expectations. In summary, all countries attach great importance to the ideological and political education of college students. The effective education methods of the implementation of ideological and political education of college students have raised considerable concern from the present academia. In this study, fundamental research is performed on teaching technology and the current situation of ideological and political education.



Innovation and Contribution

In the field of ideological and political education, many scholars have conducted abundant research. In this innovation report, the relationship between the ideological and political courses of college students and educational psychology was analyzed, and a state efficiency analysis model of the ideological and political class was proposed based on the SSD algorithm. Moreover, a feedback survey was performed on the effect of the network ideological and political course.




METHODS


The Relationship Between the Ideological and Political Courses of College Students and Educational Psychology

The core content of ideological and political education is the theoretical practice of Marxism in China, namely, Mao Zedong Thought, Deng Xiaoping Theory, and the important thought of “Three Represents” (Li and Guan, 2020), as shown in Figure 1.


[image: Figure 1]
FIGURE 1. Elementary contents of the ideological and political course.


The elementary contents of the ideological and political course should rely on the systematic education of Marxism–Leninism, Mao Zedong Thought, Deng Xiaoping Theory, and the important thought of “Three Represents.” It is necessary to dexterously introduce the Deng Xiaoping Theory and the important thought of “Three Represents” into textbooks, classrooms, and college courses. The course should also help college students in learning and mastering the basic viewpoints and scientific system of the socialist theory with Chinese characteristics and guide college students to use the Marxist world outlook and methodology when understanding and analyzing problems. It is essential to guide students to develop Marxist educational thought, life values, morals, and the legal system. In addition, ideological and political educators should guide students to cultivate lofty ideals and good moral qualities and to exhibit the excellent tradition and spirit of the times of the Chinese nation according to value standards and behavior norms. Moreover, the education in modern Chinese history can help students in understanding national history, national conditions, and the reason for the choice of Marxism, the CPC, and the socialist road. It is necessary to carry out the education of the line, guidelines, and policy of the CPC to enable students to correctly understand the international situation and the necessity to accept the ideological and political courses based on the theory of educational psychology (Golovin and Vissonov, 2021). The psychological characteristics formed at school will also greatly affect the subsequent careers of students. Wu W. et al. (2019) showed that personal psychological characteristics had a strong impact on entrepreneurial intention under the intermediary effect of self-efficacy.

As the main approach of ideological and political education for college students, ideological, and political courses can not only promote the development of universities and the coordinated development of students from all aspects but also is of vitally strategic significance to the cultivation of socialist builders and successors. Table 1 illustrates the multi-dimensional teaching goals (Renshaw and Bolognino, 2016) from different perspectives.


Table 1. Teaching goals of college ideological and political courses from different perspectives.

[image: Table 1]

The research object of educational psychology (Greenbaum et al., 2016) is “the psychological activity of teachers and students in the teaching process and the law of psychological activity under the background of school education, and the law of psychological activity during teacher-student interaction.” Therefore, educational psychology is a science that studies the learning situation of students, the teaching situation of teachers, and the psychological activities and corresponding laws in the process of interaction (Turner and Nolen, 2015). The influence of educational psychology on students extends to the adaptability of students to work stress in later periods. Chen (2019) proved that work stress and work engagement in high-tech industries were affected by the adaptability of the employees to enterprise culture and psychological pressure. Therefore, it is crucial for students to cultivate their psychological ability in their student period.

The relationship between ideological and political courses and educational psychology is primarily manifested in three aspects. First, they both have a common educational object, namely, students. Second, they both include content such as belief and will. The firm ideals, beliefs, and perseverance of students will not only improve their moral level but also help them to form positive and healthy psychological qualities. Third, they have a common goal of talent cultivation. Overall, the goal of ideological and political education is to “cultivate ideal, moral, cultural, and disciplined builders and successors dedicated to the cause of socialism with Chinese characteristics” (Metaferia et al., 2021). Educational psychology aims to investigate the mental health of students through their learning of skills and cultural knowledge, ideology and morals, and behaviors and habits to promote the integrated quality of students.



Analysis of the Teaching Efficiency of Ideological and Political Courses Based on DL

In a traditional classroom, teachers and schools need to keep abreast of the class state during the class through manual monitoring to judge the learning efficiency, acceptance, and attendance of students. With the development of AI and smart campuses, the application of intelligent technologies to conventional class sessions by transforming manual monitoring into intelligent recognition has become a research trend and hotspot (Reyes et al., 2019).

This section aims to analyze the recognition efficiency of students in class by relying on the DL model (Xing et al., 2021). Based on the literature review, the SSD algorithm (Pan et al., 2021) is used to identify five common behaviors of students in the classroom, namely, sitting, listening, writing, sleeping, raising hands, and playing with mobile phones. Figure 2 reveals the procedure of student behavior recognition.


[image: Figure 2]
FIGURE 2. The process of student behavior recognition.


First, it was necessary to collect as many images of the behavior of students in classrooms as possible of the five student behaviors, namely, raising hands, sitting, writing, sleeping, and playing with mobile phones. Second, a behavior recognition database was established. After preprocessing and labeling, the collected images were divided into three parts, namely, a training set, a test set, and a verification set (Wang et al., 2019). Finally, the model was trained and tested. The training set was put into the behavior recognition model for the initial training of the model, and then the validation set was utilized to verify this model. The parameters of the behavior recognition model were adjusted according to the validation results.

The test set was ultimately input into the model for the results, which were then analyzed to determine whether they were identical to the expectations. The comparison result decided the model for the next training. The behavior recognition model with a good recognition effect was saved for the subsequent recognition experiment on the behavior of students.



Survey on Acceptance of the Comprehensive Online Ideological and Political Course of College Students

(1) The ideological and political courses were conducted using online teaching modes such as the flipped classroom and Massive Open Online Courses (MOOC) (Sharp et al., 2020). Meanwhile, DL was used to analyze the states of the students in class, which is in line with the concept of information-based teaching in the new era. Wu and Song (2019) stated that the adaption of media in entrepreneurship courses should fully consider the psychological acceptance of college students. The acceptance of students of network ideological and political education refers to the process whereby college students actively select and integrate the needed ideas, political views, and moral norms required by the education on the network based on their ideas and values so that t quality and practical behavior guidance can be formed.

(2) A questionnaire was designed for college students to investigate their acceptance of online ideological and political courses. The questionnaire was mainly divided into two parts. The first part is the basic information, including gender, grade, major, time online (Question 1 to Question 4). The second part is the investigation of the cognition and acceptance of online ideological and political education (Question 5 to Question 8) and acceptance elements (Question 9 to Question 21). The survey on the acceptance elements involve four aspects: (1) the evaluation of the accepted contents of online ideological and political courses of college students; (2) the evaluation of their acceptance ability; (3) the evaluation of online ideological and political teachers; (4) the evaluation of the acceptance carrier of the online ideological and political course of college students. Therefore, the questionnaire tackles the current situation and problems of the acceptance of college students of online ideological and political courses, followed by the reasons for these problems. Moreover, there is an open subjective question (Question 22) at the end of the questionnaire to make the research more comprehensive and rigorous. Table 2 describes the content of the questionnaire.


Table 2. Online ideological and political course acceptance questionnaire.

[image: Table 2]

(3) The research subjects were randomly selected from the freshmen and sophomores at the Southwest University of Science and Technology. A total of 100 questionnaires were distributed, and 93 valid questionnaires were collected, with a recovery rate of 93%.

(4) The IBM SPSS 26.0 software (IBM, Armonk, New York, United States) was used to process the questionnaire data, and Origin 201864Bit (OriginLab, Northampton, Massachusetts, United States) was used to visualize the data.




RESULTS


The Reliability Test and Validity Test of the Questionnaire

Figure 3 provides the results of the reliability and validity of the questionnaire tested by IBM SPSS 26.0.


[image: Figure 3]
FIGURE 3. Results of the reliability and validity of the questionnaire.


In Figure 3, the alpha coefficient of the questionnaire is more than 0.9, indicating that the reliability of the questionnaire is brilliant. The Kaiser–Meyer–Olkin (KMO) statistics are more than 0.7, demonstrating that the questionnaire has excellent validity and meets the research standard.



Analysis Results of the Basic Information of the Research Subjects

Figure 4 shows the data of the basic information of the 100 research subjects, including gender, grade, major, and time online.


[image: Figure 4]
FIGURE 4. Statistical results of basic information of the research object (1: male; 2: female; 3: freshman; 4: sophomore; 5: liberal arts students; 6: science students; 7: time online < a year; 8: time online: 1–3 years; 9: time online >3 years).


In Figure 4, among the randomly selected research subjects, there were 60 men, 40 women, 55 freshmen, 45 sophomores, 48 liberal arts students, and 52 science students. There were 43 students who started to use the network within a year, 51 students had access to the Internet for 1–3 years, and only six students surfed on the Internet for more than 3 years. This demonstrates that the number of male subjects is slightly larger than that of female subjects, and the number of freshmen is slightly larger than that of sophomores.



The Cognition and Acceptance of Comprehensive Ideological and Political Courses of College Students

Figure 5 displays the survey results of the cognition of comprehensive ideological and political courses of college students.


[image: Figure 5]
FIGURE 5. The cognition of comprehensive ideological and political courses of college students (A: overall awareness; B: gap analysis; 1: know a lot; 2: partly know; 3: heard of 4: never heard of).


Figure 5 shows that 20% of the research subjects know a lot about the comprehensive ideological and political courses. The majority of students know a part of the course, amounting to 65% of the research subjects. There were 17% of the research subjects who have heard of the courses, while 3% have never heard of it. Between freshmen and sophomores, there is a small gap in the proportion of students who know a lot about the comprehensive ideological and political courses and those who partly know, which differed by 2 and 5%, respectively. This result proves that the current college students, especially freshmen, do not have a deep understanding of the ideological and political courses. Therefore, it is necessary to generate effective teaching strategies to make college students have a comprehensive understanding of the ideological and political courses.



Influencing Factors and Learning Effects of the Learning Psychology of College Students

The evaluation of students of their gains from the ideological and political courses is an elementary indicator of teaching efficiency. Figure 6 signifies the gains of the research subjects from the systematic learning of the ideological and political course.


[image: Figure 6]
FIGURE 6. Statistical results of the gain of college students from the ideological and political courses (1: correct “three outlooks”; 2: improvement of the ideological and theoretical level; 3: improvement of moral cultivation; 4: knowledge reserves; 5: almost no gains).


According to Figure 6, most of the research objects have made great achievements after the comprehensive ideological and political courses. There were 30% of the students establishing a correct world outlook, outlook on life, and values, with 25% improving their ideological and theoretical level, 26% improving their moral cultivation, and 18% enhancing their knowledge reserves. There was only 1% of the students who have little gain from the ideological and political courses.

Figure 7 shows the influence of the interests and attitudes of students on the learning effect of the ideological and political courses.


[image: Figure 7]
FIGURE 7. Influence of the interests and attitudes of students on the learning effect (A: degree of interest; 1: very interested; 2: relatively interested; 3: not very interested; 4: A little disgusted; 5: very disgusted; B: influence degree; A: greatly B: generally; C: partially; D: little).


According to Figure 7, 20% of the research objects are very interested in ideological and political courses, along with 50% who are relatively interested, 15% not very interested, 10% a little disgusted, and 5% very disgusted. Furthermore, 71% of the students think that learning attitude has a great influence on the learning effect of the ideological and political courses, and 15% think that the influence is general. Additionally, 10% think that the influence is small, and only 4% think that attitude has little influence on the learning effect of the ideological and political course. This proves that it is very important to cultivate the attitude of students to the study of ideological and political courses, which will affect the learning effect of such courses.

In addition to learning interest and learning attitudes, the influencing factors of the learning effect on students contain learning motivation as shown in Figure 8.


[image: Figure 8]
FIGURE 8. The learning motivation of students to ideological and political courses (1: compulsory course; 2: test credits; 3: discipline constraints; 4: interest; 5: teachers' personality charm; 6: teachers' vivid lectures; 7: further study; 8: enhance the theoretical basis).


In Figure 8, 49% of the research subjects took ideological and political courses as compulsory courses. Furthermore, 28% of the students attend the ideological and political courses for credits, and 5% are forced by the discipline. Additionally, 6% of the students took ideological and political courses due to interest, 5% due to the personality charm of the teacher, and 3% due to the vivid lectures of the teacher. Of the students, 2% also have a requirement for further study, and another 2% to enhance the theoretical basis.

Figure 9 represents the statistical results of the class atmosphere of the ideological and political courses.


[image: Figure 9]
FIGURE 9. Statistical results of the class atmosphere (1: active; 2: boring; 3: dull; 4: depressed).


Figure 9 shows that 63% of the students think that the class atmosphere is active, while 25% think that it is boring, with 10% thinking dull, and 2% thinking depressed. This shows that although more than half of the students think that the atmosphere of the ideological and political courses is active, nearly 40% of the students still think that the course is boring and its atmosphere is dull. Therefore, the teaching methods of this course also need to be improved.



Teaching Strategies of Comprehensive Ideological and Political Courses for College Students

A comprehensive teaching strategy of ideological and political courses in colleges and universities is formulated through the integration of educational psychology with the behavior recognition model of the students in the class based on DL and online ideological and political courses, as shown in Figure 10.


[image: Figure 10]
FIGURE 10. Teaching strategies of comprehensive ideological and political courses for college students.


From Figure 10, the teaching strategy proposed for the comprehensive ideological and political courses contains the integration of educational psychology, DL, and online ideological and political course teaching. The integration of educational psychology and college ideological and political courses should regard the students as the main body, enhance the beliefs and will of these students, and cultivate builders and successors with ideals, morality, culture, and discipline dedicated to the cause of socialism with Chinese characteristics. Deep learning is mainly used to identify the class status of students, combined with flipped classrooms and online teaching such as MOOC, to truly realize the informatization and intelligent transformation of the ideological and political education strategy in colleges and universities.




DISCUSSION

The teaching of ideological and political courses is a process of spiritual communication, cultivating the positive learning attitudes, and interests of students through education and satisfying the psychological needs of educators and students (Gao and Liu, 2021; Zhang and Sun, 2021). Glveanu (2020) proved that attention should be paid to the rhythm and nature of psychological development to prevent the ineffectiveness of education, and it is essential to combine education with psychology, which is consistent with the results of this study. The ideological and political education in colleges and universities should critically employ the psychological effect of education, take students as the main body to play their positive roles in the course, overcome the adverse influences, and optimize the teaching concept of teachers.

As the recipients of information-based ideological and political education, college students of different grades and majors have different levels of awareness regarding online ideological and political education. Insufficient knowledge storage and comprehension of course content are crucial influencing factors of the learning effect (Ai, 2021; Bai and Zhou, 2021). Hossain et al. (2019) showed that, from the perspective of educators, the targeted online ideological and political activities should be carried out based on the concrete needs and psychological characteristics of college students. This is consistent with the research results reported in this study. For the information-based ideological and political education of college students, it is necessary to consider the characteristics of students of different genders, grades, and majors and dynamically analyze the classroom status of students and the online teaching mode. Additionally, a suitable and comprehensive teaching strategy is required for the ideological and political courses of college students, which is also important for the improvement of the performance of college students in their later careers. Qian et al. (2018) also stated that empowerment activities should be combined with task performances and psychological ideas to obtain a series of feedback.

In summary, it is necessary for the teaching strategy of ideological and political courses in colleges and universities to grasp the background of information development in the new era and conform to the frontier of science and technology with practical application values. Only in this way can the teaching efficiency of ideological and political courses in colleges and universities be truly improved to change the dull class atmosphere of ideological and political courses.



CONCLUSION

This research focuses on the theoretical basis of educational psychology and its relationship with ideological and political courses in colleges and universities. Through a literature analysis, the SSD algorithm was used for the recognition of the class status of college students regarding the ideological and political courses in colleges and universities. Additionally, a comprehensive teaching strategy of information-based ideological and political courses for college students was proposed, inspired by online teaching methods such as the flipped classroom and MOOC. The research results show that students have made great achievements in the establishment of “three views,” the improvement of ideological and moral quality, and the increase of knowledge reserves after the course. Half of the research subjects were more familiar with and interested in the comprehensive ideological and political courses. Moreover, more than half of the students thought that the class atmosphere of the comprehensive ideological and political courses is active. The integration of educational psychology and ideological and political courses in colleges and universities should take students as the main body and enhance the beliefs and will of these students. The application of DL chiefly aims to identify the class status of the students and realize the intelligent information transformation of educational strategies of ideological and political courses in colleges and universities via the flipped classroom and MOOC.
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Artificial intelligence (AI) technology is innovatively combined with participatory video for artistic creation and communication to improve the enthusiasm of art lovers for artistic creation and communication and expand the application range of AI technology. First, the interactive framework of interactive participation video is proposed based on the analysis of the related literature of interactive non-linear video. Then, a questionnaire is designed accordingly to analyze the social needs of people on art social platforms. According to the survey results, the participatory art video online communication platform is designed and preliminarily realized. Finally, a participant video eye movement control experiment is conducted to test the performance of the participatory art video development platform. Meanwhile, the platform is evaluated through field research from two aspects of test efficiency and user experience. The results show that the operation time of the participatory art video development platform is much shorter than that of the control group. It takes only approximately 15 s to complete the annotation operation with low SD, indicating that the system performance is stable. The accuracy of the platform also reaches 100%.
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INTRODUCTION

Nowadays, with the rapid development of science and technology, the integration of art and technology has become increasingly common. The continuous breakthroughs in the application of artificial intelligence (AI) technology make the lives of people more and more intelligent. AI has occupied a place in areas, such as image recognition, speech recognition, intelligent transportation, financial management, medicine, and social networks due to its powerful functionality and adaptability. Lv et al. (2018) proposed a new government service platform using the three-dimensional geographic information system and cloud computing. They conducted three-dimensional analysis and visualization of urban information on the platform of smart cities to effectively manage and use urban data. However, the application of AI in artistic composition and communication is still in an initial stage without deep research (Su and Chiu, 2021; Thomas et al., 2021).

In traditional concepts and artistic composition, the final works of artists are often static. Artworks, such as Mona Lisa are suitable for static displays for more mystery. But for other forms of artistic composition, the dynamic display is the more appropriate way to communicate with people (Qian et al., 2018). Dynamic communication can promote ideological collision, inspire inspiration, and promote the development of art and culture. Meanwhile, the composition and communication of artists also need to keep pace with the times through constant communication with the outside world and new knowledge (Dewantara et al., 2021). The development of Internet technology and information technology has created a wide enough communication platform for artists to learn new knowledge or explain their works more conveniently so that audiences can better understand the intention and connotation of their works. In the digital age, the development of applications, such as new media technology has narrowed the distance between artists and audiences, allowing audiences to embrace and feel art, and making art no longer remote.

Participatory video is an application that allows viewers to interact with the video. This research direction of participatory video mainly involves fields of education and social contact. Through the establishment of various social platforms, the audience can interact with the platform through bullet-screen comments (Lin et al., 2019). Better learning and social effects can be achieved by establishing special social relationships on interactive art platforms. AI, as the premise of the mechanical platform with social ability, can assist and optimize the platform functions in many aspects to meet the emotional needs, psychological needs, and functional needs of people in social activities (Rogoza et al., 2018; Harriel and Parboosingh, 2020; Jayanthiladevi et al., 2020).

The innovation and advantage of the research lie in the human-computer interaction (HCI) design of art video development platform integrating AI algorithm with participatory video, which meets the essential social demand and achieves the goal of promoting artistic creation and communication. Based on this, according to the related theory of psychology, a questionnaire is designed to analyze the communication needs of people on the art social platform. Then, a participatory art video interactive platform is designed and preliminarily realized.



MATERIALS AND METHODS


Research on the Participatory Video

Participatory video is also called interactive non-linear video. Interactive non-linear video is a new type of video that uses technical means to integrate the interaction into traditional linear video, which enhances the interactive learning experience. Other researchers believe that participatory video is about the interaction between students and educational content or learning resources in an online learning environment with the achievement of corresponding operations. Feedback plays a mediating role in interactive learning videos. Qian et al. (2018) believed that there is a positive relationship between feedback with task performance, responsibility, and the voice of employees. It is the same for learning. Thus, the interactive behavior in interactive non-linear videos is not only the traditional pause, fast forward, and backward playback but also related to the understanding of the audience and the information transmitted by the video. Interactive video has developed rapidly in education and social networks, but there is minimal research on participatory video in the field of interactive art (Wu et al., 2019; Medusalem et al., 2021). The essence of the interaction is to create value and exchange value. With reference to the design points of interactive videos in educational and social interactions, the participatory video is applied in the interactive learning practice of art.

First, teaching videos have become one of the mainstream ways of learning. Therefore, the learning effects of people are closely related to the quality of the selected teaching video (Taslibeyaz, 2020). Novel online educational videos, such as open video lessons, miniature classrooms, and massive open online courses (MOOC), have become a key component of mainstream learning and have brought great convenience to the learning of people. Efficient and fast network information technology has promoted the rise of online courses with an expanding audience range. Through the analysis and summary of relevant literature on interactive non-linear video, the interactive learning video framework is designed as shown in Figure 1.
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FIGURE 1. Framework of interactive learning video.


In Figure 1, the interaction mode in the second part is the focus of the framework of interactive learning video, including basic interaction mode and advanced interaction mode. In the interactive learning video, the basic interaction mode includes forward, pause, and backward, while the advanced interaction mode involves more functions, such as navigation, embedding problem, problem feedback, embedding problem reflection, and hotspot interaction. Most of these interactions occur between people and video interfaces, or between learners and learning contents. The interaction between people occurs less in interactive learning videos, except in live class.

In addition to interactive learning videos, the interactive non-linear video application is also socially oriented. Interactive videos on social platforms and interactive videos in learning have both similarities and differences. The common feature of interactive social video and interactive learning video is the interaction of people with these videos, or the communication of people with other users has created new value (Zhou and Wu, 2018; Cardinale et al., 2020; Patel and Wong, 2020). The difference between them is that interactive videos in interest-based social areas focus on users, based on the sharing of entertainment information between users. The focus of interactive learning videos is the own learning effects of learners and the quality of learning videos.

The depth and breadth of interactive communication is the key research object for the participatory art video communication reported in this study. According to the interactive display mode of information, the socially meaningful participatory art video is innovatively classified into two forms, namely, Internet Relay Chat (IRC) format channel and bullet-screen comments. Bullet-screen comments are real-time comments from viewers flying across the screen like bullets appearing in the video which are visible to every audience. The advantage of the interactive form of bullet-screen comments is that it can make users interact directly and increase the immersion of the audience. IRC is instant messaging software widely used in a group chat or one-to-one chat. In this interactive mode, since the IRC channel is the only form of user interaction, it can highlight the instantaneity of the channel interaction with live video. The interactive information is displayed on the right side of the video so that the main content of the video is not affected by communication. However, interactive information shows that in the chat area, users must enter the dialog box of the chat area when they want to understand interactive information and interactive behavior, which partially reduces the immersion of watching videos.

Based on the above analysis, it is believed that for live games and videos with real-time comments, the importance of the interactive experience of the user is greater than that of the video itself. Therefore, immersion in watching videos is more important. For such a video, the audience does not need to fully participate in video content, and they can choose the interface design with bullet-screen comments. The interactive platform with participatory videos applied to teaching videos and artistic exchanges is more dependent on the quality of videos. Therefore, the content gained by watching the video is more important than the communication between users. Therefore, it is better to choose the IRC interactive mode.



Influencing Factors of Social Network Based on the Questionnaire Survey

The experience of offline interactive art exhibitions is summarized and used for reference to motivate participants to actively interact with artistic works. It is found that excellent artworks and perfect activity organization mechanisms can greatly stimulate the participation motivation and enthusiasm of participants (Chen, 2019; Sigala and Robinson, 2019). Although the performance media (i.e., photos, texts, and videos) of the Internet platform are different, the forms of performance are almost the same (Jennifer et al., 2020; Yuan et al., 2020). Participants can interact with the works by means of reviewers, bullet-screen comments, and favoriting, while with some artistic interactions (Hearn and Hearn, 2020; Vinken and Upadhye, 2020; Clarabelle et al., 2021). There are also art activities taking online and offline interactions simultaneously with specific processes, using the Internet for publicity while holding offline activities. To a certain extent, this form can encourage art lovers to participate, but the degree and frequency of participation of users are relatively lower than that on entertainment platforms or social platforms. Therefore, many related studies on the network and social psychology are taken as a reference to increase the participation of users of participatory art videos. Wu and Song (2019) studied the satisfaction of social media use in entrepreneurial courses from the perspective of learners and found four satisfactory factors in online entrepreneurial groups, including trust, profit, learning, and socializing. Referring to the classical hierarchical theory of needs proposed by American psychologists Abraham H. Maslow and corresponding literature, a multidimensional questionnaire is designed to analyze the factors affecting the social behavior of participants (Ye et al., 2020). Active users over 3 months from three popular APPs are selected as research objects. A total of 550 questionnaires are distributed through Internet platforms, E-mail, or other channels, and 509 valid questionnaires are returned, with a recovery rate of 92.5%. The efficient rate is 97.6% after excluding 12 questionnaires that are filled incompletely or disorderly. There are 497 effective samples after screening the invalid questionnaires with a relatively large sample size and certain reliability. Respondents cover all age levels, including young and middle-aged people and a small number of elderly people. The gender ratio of respondents is close to 1:1, and nearly 80% of respondents have a bachelor’s degree or above, with closely 30% in art-related majors. Due to the randomness of the questionnaire survey, the low proportion of art major participants is the defect that needs to be improved in this survey, which may also become a factor affecting the results.



Design of Online Participatory Art Video Platform

According to the analysis results of the questionnaire, the architecture of the online participatory art video platform is designed as shown in Figure 2.
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FIGURE 2. Architecture of the online platform.


In Figure 2, the platform consists of five parts, namely, the homepage, art co-composition, nearby users, new messages, and user information. Users can enter the user information module to set their own profile photo or information, upload artworks and descriptions of works, and save inspiration (Makoto et al., 2020). The new message part mainly accepts information from the entire online platform. The module of nearby users displays neighboring users on the online participatory art video platform, which is conducive to friendly offline communication among users, allowing users to selectively expand their social circle. The art co-composition part is the site provided by the platform for users to communicate. Users can upload their latest works to the website for communication and learning with others. They can also click on the previous content to view the communication between themselves and other authors in the past and obtain creative experience and inspiration.

In this study, the interactive art website designed is primarily aimed at activity participants and artists. The limitation of website design and development is manifested in the project cycle, and there may be some loophole update problems in future. According to the architecture shown in Figure 2, the key part of modular website design based on interactive consciousness chain theory includes the following three parts: the development of personal files, the design of art co-composition part, and the design of nearby users. The main operations and interactive relationship chains of these three parts are shown in Figure 3.
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FIGURE 3. Main operations and interactive relationship chains (A represents comments visible only to the author and the publisher; B represents comments open to all users).


According to the interactive relationship chain shown in Figure 3, the online participatory art video platform also includes the offline social part. Every user on the platform has the opportunity to follow others through viewing comments, or to be followed by others through comments.



Adding a Video Annotation Module

A video annotation interactive module is added in the participatory art video platform, with Figure 4 presenting the logical structure.
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FIGURE 4. Logical structure of video annotation interactive module.


The video annotation interactive module allows users to comment on their ideas and feelings from time nodes on the video screen. Users can express their thoughts and feelings as texts or images when watching videos using the client. When the user clicks the Add Special Effects for Text button on the right side of the video toolbar, the currently playing video will automatically be suspended. Meanwhile, an editable area will be displayed on the video screen for users to input text information and select the size of the annotation and the time to stay in the video. The automatic pause function when adding video reviews provides convenience for users and saves operation time. When the user clicks the Add Image Description button, the user can see the floating photo upload window and set the comment residence time. This information and functionality are the same as text annotations, reducing learning costs and project development costs of users.



Participatory Video Eye Movement Control Experiment

The eye movement control experiment is conducted to verify the experience and learning effect of online participatory art video platforms and existing video interactive platforms in the market. Eye-tracking is a real-time technology to capture the eye movement of the user, which can provide researchers with physiological information from the eyes of the user in the process of cognition of things, to obtain the test data based on the information. In recent years, the constantly developing eye-tracking technology has become one of the technical means of visual behavior and human behavior in many fields, such as psychology, neuromarketing, neurocognition, user experience, basic research, and market research (Ali et al., 2020; Belanche et al., 2020; Khaleel and Kem, 2020). However, eye-tracking technology is rarely used to evaluate dynamic simulations (Ferreira et al., 2020; Lindsay et al., 2020). Therefore, a participatory art video working scene for dynamic simulations is proposed. The static pages of three working scenes are evaluated by using the portable eye tracker, and the tracker is guided to various situations to obtain the trajectory structure of the heat map of the eye movement and the data at runtime in different situations for comparative study.

The sampling rate of the wearable eye tracker used in this experiment is 100 Hz-Tobii with two glasses. It allows researchers to easily, efficiently, and accurately obtain real eye movement data (Mikelic et al., 2020; Paulina et al., 2020). The experiment is carried out using the Tobii Pro Glasses 2 Controller to observe and mark the changes in the gaze trajectory of the tester. Then Tobii Pro Lab Analyzer is used for data analysis and statistics.

Experimental test sample 1 is the participatory art video platform, and sample 2 is Video Ant, which is a website for academic exchange. Due to the lack of interactive art video products, this experiment selects Video, on which users can upload video directly. Researchers inserted the same video content on both sites before the experiment to minimize the impact of video subjects and comments on the experimental results. The execution time of the work does not include the time for users entering the comment content. Two forms of the participatory video platform used in the experiment have been preconfigured with high-resolution displays of the same size. The subjects are between 22 and 32 years old with no difficulty in operating the computer. Their naked eye or corrected visual acuity is all above 1.2 without other eye diseases.

Figure 5 shows the specific operation process of the experiment after the preparation for the experiment.
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FIGURE 5. Operation process of participatory video eye movement control experiment.


After the testee enters the experimental site, the experimental personnel explain the purpose and principle of the test. Under the premise of ensuring the complete understanding of the testee, the experimental personnel guide and help the testee to wear the eye tracker and calibrate. After the calibration, the testee is tested on the participatory art video platform according to the operation process shown in Figure 5. Three groups of different functions are tested, and the experimental data are recorded. After 5 min of rest after the initial experiment, the control experiment is conducted according to the same process, and the test data are collected by experimental personnel.

After the experiment, the testee completes the questionnaire of test experience under the guidance of the personnel to evaluate the user experience (please refer to the Appendix) for details of the questionnaire). The evaluation content includes the degree of love for the two online platforms and the evaluation of the image annotation function. Participants in this experiment are volunteers recruited randomly from the Internet. Due to the constraints of experimental equipment, the test is conducted in different stages at different times in a fixed period. Consequently, the test results may be affected by the period, the quality of equipment, and the profession of volunteers.



ANALYSIS OF THE RESULTS OF THE CONTROL EXPERIMENT AND QUESTIONNAIRE SURVEY


Analysis of the Results of the Questionnaire Survey on Social Factors

IBM SPSS 25.0 software is used for data analysis, and the obtained reliability analysis results are shown in Table 1.


TABLE 1. Questionnaire reliability analysis of social factors.

[image: Table 1]
Reliability analysis using IBM SPSS software is commonly used to evaluate the reliability of a questionnaire with Cronbach’s α coefficient as the reference data. Generally, the Cronbach’s α coefficient >0.8 shows a strong reliability of the questionnaire, while the Cronbach’s α coefficient between 0.7 and 0.8 denotes a good reliability. If the Cronbach’s α coefficient is between 0.6 and 0.7, the reliability is general. The Cronbach’s α coefficient <0.6 indicates that the reliability is not enough, and the questionnaire is not reliable. The Cronbach’s α coefficient of this questionnaire is 0.812 (>0.8), showing high reliability.

The data of social needs are shown in Figure 6 based on the answers to the three questions about social situations.
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FIGURE 6. Data of social needs (B, C, and D represent Question B, Question C, and Question D, respectively. Question B: more likely to communicate using social software than face to face. Question C: online socializing is safer than real socializing. Question D: existing ways of social communication can meet social needs).


According to the data in Figure 6, approximately 60% of testees are more likely to use social software, while only approximately 13% of testees prefer face-to-face communication. In other words, the number of testees who prefer online platform communication is five times that of offline communication. Evidently, in terms of the demand for communication methods, most people have a great demand for communication with social software, accounting for 58.94%, and 26.74% of research objects are uncertain. In contrast, only a small minority of research objects prefer face-to-face communication, accounting for 14.4%. In Question C, testees who choose the option of YES or NO both occupy 30–40%, but the number of testees who think that offline social is more secure is slightly more. In Question D, there is basically the same proportion of testees choosing YES or NO. In the answer to the above three questions, the number of testees who choose the option of uncertainty is stable at approximately 30%. Therefore, according to the analysis results, it is preliminarily inferred that online artistic social interaction can attract more people to participate in activities than offline social interaction.



Result Analysis of the Participatory Video Eye Movement Control Experiment

The experimental data of the eye movement control experiment are possessed statistically for a comparison between the testing efficiency as shown in Figure 7.
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FIGURE 7. Comparison of testing efficiency (T: test group; C: control group). (A) The testing effect of adding video annotation. (B) The testing efficiency of modifying annotation. (C) The testing effect of commenting on annotation.


Among Figure 7, Figure 7A shows the testing effect of adding video annotation, Figure 7B shows the testing efficiency of modifying annotation, and Figure 7C shows the testing effect of commenting on annotation. According to the three groups of test results in Figure 7, the operation time of the online participatory art video platform is much shorter than that of the control group. It takes only about 15 s to complete the annotation operation, and the SD is low, indicating that the system performance is stable. The accuracy of the platform also reaches 100%, which is higher than that of the control group. In the second group of tests, the operation time of the online participatory art video platform is basically the same as that of the control group, but the SD is slightly higher. This is caused by the different understanding and modification speed of each test for art video annotation. But the test accuracy of both the control group and the test group reaches 100%. In the third group of tests, the operating time and SD of the online participatory art video platform are slightly better than those of the control group, and the test accuracy reaches 100%. In summary, the online participatory art video platform performs well in the stage of adding video annotations and is basically equal to the control group in the stage of modifying video annotations and commenting on annotations. Overall, its performance is better than that of the control group, especially when adding video annotations, which saves lots of time for the operator and improves the operation efficiency on the premise of ensuring accuracy.



Result Analysis of the Questionnaire Survey on User Experience

After the eye movement control experiment, according to the personal test experience of testees, a field investigation is carried out to investigate the customer experience of the online participatory art video platform. According to the scoring of the two art video interaction platforms of testees, a comparison diagram of the preference value of users is drawn as shown in Figure 8.
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FIGURE 8. Comparison of the preference value of users.


As shown in Figure 8, in the evaluation of the two art video interaction platforms, the average scoring rate of the online participatory art video platform reaches 75%, compared with 50% in the control group. This indicates that the online participatory art video platform provides a better user experience. From the evaluation of the preference of participants for video annotation styles, the two are basically the same.

According to the evaluation results of participants on the style and function of video annotation, the interactive function of video annotation is analyzed as shown in Figure 9.
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FIGURE 9. Survey results of the interactive function of video annotation.


From Figure 9, approximately 85% of the testees believe that the image annotation function is needed in the online participatory art video platform, and the rest 15% choose the option of Don’t mind, indicating that the practical image annotation function is expected and loved by the majority in the online participatory art video platform. For the evaluation of the like function, only 23% of the testees think that the online participatory art video platform needs to set the like function, nearly 35% of the testees think that it is not necessary, and the rest more than 40% testees take a neutral attitude. In conclusion, the image annotation function meets the needs of the users on the online participatory art video platform.

In summary, the online participatory art video platform provides a good user experience, meets the needs of users, saves interaction time, and improves interaction efficiency. However, there are still some shortcomings to be improved.



CONCLUSION

In this study, the creative combination of an AI algorithm and participatory video is applied to the field of artistic creation and communication. Based on the theory of psychology, a questionnaire is designed to analyze the communication needs of people on art social platforms. According to the results of the survey, the participatory art video HCI platform is constructed, and the preliminary offline test is conducted. Besides, the wearable eye tracker is employed to control experiments of participatory video eye movement from the perspectives of test efficiency and user preference. In this study, the experimental results demonstrate that the participatory art video online client reported provides a satisfactory user experience meeting the user needs, save interaction time, and enhance interaction efficiency. Compared with the past research limited to the traditional human-computer information separation, this study makes a contribution to the application of AI technology in the HCI interface of the participatory art video development platform. The research process can provide new methods and ideas for research in related fields. According to the above limitations of methods and experimental conditions, the results of the experiment may be affected. In this study, due to experimental conditions and financial reasons, the client of the participatory art video HCI platform designed only conducts offline experiments, and the full online operation needs further research in combination with the actual situation, which is not considered in this experiment. In the follow-up work, the HCI interface system will be improved to accelerate the implementation process of the system.
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APPENDIX


Social Factors Influencing Factors Questionnaire


1. Personal information

(1) Your gender A. male B. female

(2) Your age A. under 35 B. under 50 C. over 51

(3) Education background A. college degree or below B. bachelor degree C. master degree D. doctor degree

(4) How many years have you used social software? A. 1–10 years B. 11–20 years C. more than 20 years

2. Related issues

(1) Do you feel pressure to use social software? A. not at all B. a little stressed C. very stressed

(2) If social stress is one of your sources of stress, which of the following aspects will make you feel stressed? A. face to face conversation B. the unknown of social software C. no social pressure D. others

(3) What aspects of social software use do you feel pressure on? A. unknown B. lack of security C. no information guarantee from the other party

(4) Do you feel that you don’t get along well with friends you know on social software and there are various obstacles? A. often B. sometimes C. never

(5) Do you often feel bored? A. often B. sometimes C. never

(6) Do you talk to yourself? A. often B. sometimes C. never

(7) Have you ever thought about suicide because of pessimism in life? A. often B. sometimes C. never

(8) Have you ever been unable to sleep because of social problems? A. often B. sometimes C. never

(9) Are you worried about the stability of your social relationship? A. never worry B. occasionally worry C. often worry

(10) If possible, do you want to try new ways of socializing? A. I don’t want to. B. I want to

(11) What do you think of your real social environment? A. very satisfied B. satisfied C. unable to explain clearly D. not very satisfied E. very dissatisfied

(12) What do you think of your real friend relationship? A. very satisfied B. satisfied C. unable to explain clearly D. not very satisfied E. very dissatisfied

(13) What do you think of social software regulation? A. very strict B. relatively strict C. general D. relatively loose E. very loose

(14) What do you think of the use of social software? A. very satisfied B. satisfied C. unable to explain clearly D. not very satisfied E. very dissatisfied
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With the increasing attention to the cultivation of legal talents, a new teaching model has been explored through artificial intelligence (AI) technology under educational psychology, which focuses on improving learning initiative, teaching methods, and teaching quality of students. First, the application of AI and deep neural network (DNN) algorithms are reviewed in education, and the advantages and disadvantages of traditional learning material recommendation algorithms are summarized. Then, a personalized learning material recommendation algorithm is put forward based on DNN, together with an adaptive learning system based on DNN. Finally, the traditional user-based collaborative filtering (UserCF) model and lifelong topic modeling (LTM) algorithm are introduced as the control group to verify the performance of the proposed recommendation system. The results show that the best learning rate of model training is 0.0001, the best dropout value is 0.5, and the best batch size is 32. The proposed personalized learning resource recommendation method based on deep learning (DL) still has good stability under various training data scales. The personalized test questions of recommended students are moderately difficult. It is easier to recommend materials according to the acquisition of knowledge points and the practicability of the recommended test questions of students. Personalized learning material recommendation algorithm based on AI can timely feedback needs of students, thereby improving the effect of classroom teaching. Using the combination of AI and DL algorithms in teaching design, students can complete targeted personalized learning assignments, which is of great significance to cultivate high-level legal professionals.
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INTRODUCTION

Since the 19th National Congress of the Communist Party of China (CPC), the concept of governing a country by law is widely spread, and the demand for legal personnel is urgent. Legal personnel is urgently needed in both academic research and legal practice (Emery and Anderman, 2020). The state advocates the concept of “Internet + education” and points out the strategic direction and specific path for education reform in China. This is a new concept that is different from the traditional teaching concept. It is an innovative teaching model that integrates modern science and technology into education and is designed for large-scale personalized teaching. Artificial intelligence (AI) greatly changes the development mode of various industries. In particular, with the help of “AI +,” universities are exploring the application of AI to the cultivation of talents in mathematics, management, psychology, art, and other disciplines (Haryati, 2018; Hilpert and Marchand, 2018).

Deep learning (DL) is a new research direction of machine learning (ML), and it is considered to be one of the means to realize AI. In this study, the DL algorithm is applied to the field of law education to improve the learning efficiency of law majors. At present, the ability of college students to learn, analyze, and use resources varies greatly, and their desire for knowledge varies greatly. DL begins to be applied to explore the personalized consultation and an online learning platform with massive data. Therefore, the personalized learning resources are combined with DL to cultivate law majors. In addition, the learning experience and efficiency of students are improved based on the new teaching mode (Knox, 2020). At present, the “teacher-centered” teaching model is not suitable for law majors in colleges and universities, who should be proficient in legal skills and theories. Based on the changes in psychology and educational psychology of students, the “student-centered” educational concept is formed, and it innovates the traditional teaching mode, and helps cultivate legal talents with comprehensive quality (Nagao, 2019).

According to the abovementioned data, a personalized learning resource recommendation system based on the deep neural network (DNN) is proposed. The system can predict and recommend the required learning materials based on the learning history of students and their behavior to help them complete the learning tasks. Then, an experiment is designed to verify the performance of the system and analyze the application of AI and DNN. After the traditional learning resource recommendation algorithm is reviewed, a personalized learning resource recommendation system based on DNN is proposed. It aims to help students improve their learning effect through intelligent and targeted learning.



LITERATURE REVIEW


Research Status of Related Fields

Many scholars begin to explore AI + education patterns deeply with its continuous advancement, which is of great significance to the innovation of education patterns. Edwards and Cheok (2018) proposed that the shortage of teachers would affect the future of education, and solving the problem of role of teachers could effectively solve some educational problems. Thereby, they introduced AI into the field of education and completed the design of independent robots through teaching delivery. The robots could interact with students and explain relevant knowledge. The results showed that the teacher robot could alleviate the teacher shortage, and the future research direction was prospected (Edwards and Cheok, 2018). Hinojo-Lucena et al. (2019) pointed out the further development of AI in the field of higher education. They found that although there were many studies on AI and education, the research was still in its infancy, and its application in colleges had not been consolidated. Therefore, in future research, it was essential to expand the research scope to truly realize the integration of AI and education (Hinojo-Lucena et al., 2019). Shin (2021) analyzed the definition and attributes of AI thinking for AI-assisted education to facilitate educators to apply AI in education. Based on text mining crawling and co-word analysis, AI thinking was designed and defined using Python programming language. According to the results of co-word analysis, AI thinking adopted a comprehensive thinking process to solve decision-making problems through the process of discussion, provision, demonstration, and certification (Shin, 2021). Lee and Lee (2021) argued that AI was gradually affecting all aspects of daily life, including education. AI could provide special support for learners through academic sustainability or suspension prediction. Through the application of AI in physical education (PE), the applicational potential of AI was expanded, and the teaching method of PE was innovated with visualization function and repeatability. Then, based on the related concept of AI, the principle and application of AI in sports were explored, focusing on the AI applicable sports technology fields, i.e., customized PE courses, knowledge provision, learner evaluation, and learner consultation methods. The results emphasized the professional knowledge that future PE teachers needed in the application of AI. It highlighted the correlation between AI applications and sports technologies (Lee and Lee, 2021). Çağl et al. (2021) tested the confidence of college dental students in anesthesia teaching and research through AI, reflecting the auxiliary role of AI in education. Based on education, Thomas (2021) used AI technology to study the impact of education on poverty and emphasized the implicit effect of education. Hannah et al. (2021) studied the application of AI in pathology and highlighted the contribution of AI in advanced fields. Crystal and Sotiria (2021) studied the application of AI in Finnish teacher education. Moreover, there are many studies related to teaching design and classroom interaction.



Related Work Analysis

Based on the above analysis of the application of AI in the field of education, the following three important points can be summarized:

First, AI brings many new tools to the experts and scholars in the field of educational research. It is widely used in the design of classroom teaching, which has broad application prospects in this field. It is foreseeable that the development of AI can greatly promote education to informationization and educational reform.

Second, AI is applied in various fields of education due to its powerful function and adaptability, which can promote the innovation and intelligence of talent training in colleges and universities, for the students in majors, such as PE, esthetic education, and mental health education.

Third, legal education is rigorous, logical, and individualized. However, the application of AI to legal education is rare. Therefore, AI and DNN are applied to cultivate the law talents, which provides new ideas for the reform of law education based on human-computer interaction (HCI) technology and DL to improve the interest of students in law learning and their teaching effect.



METHODS AND EXPERIMENTS

This research involves the application of many DL algorithms and the related theories of educational psychology, which are introduced in this section.


Relevant Theories of Pedagogy

The adaptive learning system focuses on the differences of learners and provides adaptive learning resources, which can overcome the limitations of traditional education and achieve a good learning effect (Mavezera et al., 2019). The design and development of an excellent adaptive learning system should be guided by relevant educational theories and appropriate resource recommendation methods. Based on the above analysis, the relevant theories and recommendation algorithms involved in the adaptive learning system are introduced, the technology needed to implement the system is analyzed, and the personalized learning theory, the target classification theory, and the project response theory are displayed.

Personalized learning is an adaptive learning method according to the ability of students to achieve a clear goal and improve the performance of students efficiently. Although the concept of personalized learning attracts the attention of many countries and scholars, there is no unified and accurate conclusion on the specific definition of personalized learning. At present, the concept of personalized learning recognized in academia can be summarized as follows: (1) personalized learning can provide all students with comprehensive and diverse learning methods; (2) personalized learning is an adaptive arrangement of learning methods and progress based on the interest and experience of learners (Castilla et al., 2018); and (3) personalized learning is a learning method that respects individual learners and fully considers their needs, environments, and thinking. Due to various limitations, traditional personalized learning only relies on the guidance of teachers, and it has many disadvantages. For example, it is dependent on the personalized teaching of teachers, and the requirements for professionalism, experience, and ability of teachers are high (Liu et al., 2018). In addition, learning guidance based on experience cannot be explained scientifically, and it is difficult to spread widely. Under national conditions in China, a teacher often needs to guide students, and it is impossible to get complete fairness. In addition, the traditional teaching methods are difficult to achieve real personalized and efficient learning. With the development of big data and DL, some personalized learning models reveal the hidden relationship between data and the constructed model by analyzing learning data, which plays an important role in analyzing the learning environment of students and providing guidance for personalized learning (Zhang et al., 2019).

Learning goal classification is a framework of theoretical learning. It helps teachers to master the abilities of students, know about the cognitive abilities of students, and make their teaching activities, so it has an important value in the field of education. The project response theory overcomes the relativity in classical measurement theory. If the subject has potential traits, it will affect his/her performance in the test, and then, the permanent project parameters can be established by the project response theory. The research on the response theory is mainly divided into dynamic and static research (Al Mahdi et al., 2019; Liang, 2019). Specifically, the dynamic model of the project response theory is used to analyze the change process of potential characteristics of subjects, and the static model is used to analyze the potential characteristics of subjects at a certain time. However, theoretical research is shallow, and the commonly used model based on the project response theory is static because it starts late.



Introduction to Basic Recommended Algorithms

With the rapid development of computer technology and Internet technology, diversified and rich learning resources are emerging. Scientific and reasonable selection of these learning resources for students is a problem worth thinking about in the field of AI education. Based on adaptive learning theory, this study attempts to realize targeted learning resource recommendations through AI algorithms. However, first, it is necessary to analyze the traditional basic recommendation algorithms and summarize their advantages and disadvantages. Recommendation algorithm is common, which infers potential user-preference items from their use records using mathematical algorithms, thereby realizing information retrieval and information filtering, and it plays a particularly important role in the present information explosion. Common recommendation algorithms include the following (Ardito et al., 2019; Wang et al., 2020): (1) popularity-based recommendation algorithm, (2) collaborative filtering recommendation algorithm, (3) content-based recommendation algorithm, (4) model-based recommendation algorithm, and (5) hybrid recommendation algorithm.

Thus, five common recommendation algorithms are reviewed, and each has its advantages and disadvantages. The popularity-based recommendation algorithm is simple, without a cold start problem but cannot make personalized recommendations. The collaborative filtering recommendation algorithm is simple and has high recommendation accuracy. The content-based recommendation algorithm has no cold start problem but the recommended content is relatively single. The model-based recommendation algorithm has fast and accurate recommendations and high recommendation efficiency, but the model needs to be maintained frequently (Kai et al., 2019).



Recommendation Algorithm Based on Deep Learning

Deep learning technology is a new research direction in the field of ML, which has the ability of autonomous learning and screening information. In the process of learning, the ability of students to analyze and use resources is uneven. This section focuses on how to use the DL algorithm to recommend reliable and effective learning resources for unique situations of students. The artificial neural network (ANN) is an extension of a perceptual network, while DNN is an ANN with many hidden layers (Zhou et al., 2018). According to the location, the ANN layers in DNN can be divided into the input layer, hidden layer, and output layer. Generally, the first layer is the input layer, the last layer is the output layer, and the middle layers are the hidden layer, as shown in Figure 1.


[image: image]

FIGURE 1. The basic structure of the deep neural network (DNN).


The DNN is considered an ANN with multiple hidden layers, which can deeply excavate data. The basic structure of DNN includes the input layer, hidden layer, and output layer. Layers are fully connected (Qian et al., 2018; Zawacki-Richter et al., 2019), that is, any node of layer i is connected to any node of layer i + 1. The input and output layers form a linear relationship, as shown in Eq. (1).

[image: image]

where, z represents the output result, w is the linear relationship coefficient, x denotes the input variable, and b stands for the bias parameter. The expression of the Sigmoid activation function selected to complete the subsequent operation reads as follows:

[image: image]

where, δ(z) is the activation function. The parameters are calculated through backpropagation (BP) and gradient descent. Moreover, the weight in the network is adjusted for faster model performance, which is of great significance to improve the system performance and training speed.

In this study, a personalized learning material recommendation algorithm is proposed based on DNN. The algorithm flow is shown in Figure 2.


[image: image]

FIGURE 2. Personalized learning material recommendation algorithm.


Figure 2 depicts the main flow of the proposed recommendation method: (1) data set is analyzed and processed, the interactive records between students and learning materials are obtained, and the correlation matrix is constructed between test questions and knowledge points (Im et al., 2018; Chen, 2019). (2) Learning materials are recommended based on secondary collaborative filtering of knowledge points. First, knowledge points are recommended based on the student knowledge point matrix, and then learning materials containing recommended knowledge points are recommended. (3) Based on the item response theory, a prediction model is constructed to judge whether the steps of students using the knowledge point in the recommended learning materials are right. (4) The recommended test questions are predicted based on the scores of students. (5) The final recommended list of learning materials is determined, and the difficulty of learning materials is controlled within a reasonable range.

Based on the structural principles and early learning theory in Bruner’s structural education theory, the order of learning resources should be considered in learning courses and knowledge points of students. The current learning content is affected by historical learning behaviors, as well as the future learning objectives and learning paths. Therefore, it is recommended to select bi-directional long short-term memory (Bi-LSTM) neural network (NN) that is good at tackling sequence problems in the second test based on knowledge points (Wu and Song, 2019; Tschandl et al., 2020). The unit structure of LSTM is shown in Figure 3.


[image: image]

FIGURE 3. The cell structure of long short-term memory.


The long short-term memory unit is composed of unit structures as shown in Figure 3. The unit structure includes three important parts, namely, the forgetting gate, input gate, and output gate (Wu et al., 2019). Forgetting gate can judge which data to be transmitted downward and forget the information that is not to be transmitted downward. The input gate can decide what content is added to the network and send it downward. The output gate can determine the information output to the next cell structure.

Based on the above learning material recommendation algorithm, an adaptive learning system based on DNN is proposed. The basic architecture of the system is shown in Figure 4.
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FIGURE 4. The architecture of an adaptive learning system based on DNN.


As shown in Figure 4, the adaptive learning system is divided into the online learning subsystem, personalized examination subsystem, learning situation analysis subsystem, and resource management subsystem according to business functions. In the online learning subsystem, students subscribe and learn the course according to their needs. When they reach a certain stage of learning, they can sign up for the examination issued by the course teacher to consolidate the practice. In the personalized examination subsystem, the system provides personalized examination services according to learning records and question-making records of students for targeted improvement. The learning situation analysis subsystem uses the classification of educational objectives to diagnose and analyze the cognition of students (Hu et al., 2020). In the resource management subsystem, the teacher user manages the uploaded curriculum resources, and the educational administration user manages the curriculum, users, and announcements within the management scope.



Simulation and Experimental Design

The experimental design focuses on the processing and analysis of knowledge points. On the one hand, through the information extraction of each question record, the correct and wrong information of corresponding knowledge points and steps on specific questions of students can be obtained. Then, statistical analysis is conducted based on knowledge points to obtain mastery of knowledge points of students (i.e., accuracy). Finally, the last interaction record time between students and the knowledge point is used as the timestamp information, so that the information of students and test questions, knowledge points, cognition, and time matrix can be obtained. On the other hand, through the knowledge-based processing of the overall data set, the relevant information of the knowledge point is obtained. For example, the importance of the knowledge point is expressed by the number of occurrences of the knowledge point, and the difficulty of the knowledge point is expressed by the error rate of the student group on the knowledge point.

The experimental evaluation standard adopts the precision, recall, F value (F1), and average difficulty (AD) as the evaluation indexes, and the calculation equation reads as follows:
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In Eqs. (3)–(5), Hit represents the number of questions the user has practiced, R indicates the total number of recommended questions, T denotes the actual total number of questions, D means the difficulty of each question, and n is the number of questions.

The data set used in the experiment is the data set of the test results of law majors in some universities in China, as well as the interactive log between the intelligent teaching guidance system and students. In addition, the data set contains 18,000 records of more than 300 students, each of which is detailed information of the performance of students in the practice. The content of the personalized recommendation system is to understand cognition of language points, important and difficult points, and other related information of students. The data set is processed and analyzed according to language points according to the characteristics of the data set and the needs of the personalized recommendation algorithm based on DL. Through the information extraction of each project, the information of the language point on the specific questions in the test is obtained. After the language points are analyzed, mastery of the language points of students is obtained. Finally, the last interactive time between students and their mastery of the language point is seen as the time information, which can help to obtain the matrix of students and questions, language points, cognition, and time matrix. After the data set based on language points is processed, the information of the language points can be obtained. For example, the number of language points indicates the importance of the language point, and the error rate of mastery of the language points of students indicates the difficulty of the language point.



SYSTEM PERFORMANCE TEST RESULTS AND DISCUSSION


Model Parameter Adjustment Results

Before the recommendation system verification, the NN parameters should be adjusted to determine the model structure. The adjustment results of learning rate parameters of the Bi-LSTM NN are shown in Figure 5.
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FIGURE 5. Learning rate parameter selection results (A) represents the comparison results of recall under different learning rates, (B) indicates the comparison results of SPS values under different learning rates, (C) denotes the comparison results of item coverage under different learning rates, and (D) is the comparison results of item recommendation quality under different learning rates, represented by ncdg.


As shown in Figure 5, the most suitable learning rate is selected from 1, 0.1, 0.01, 0.001, and 0.0001 in turn for comparative experiments. In terms of the recall, Figure 5A suggests that when the learning rate is 0.0001, the recall of the training model has obvious advantages; with the increase of training iterations, the advantage of model recall becomes more obvious. In terms of the other three indicators, although the growth trend of each indicator is the same when the learning rate is 0.0001, the growth of each indicator is more advantageous when the learning rate is 0.0001. Therefore, it is determined that the best learning rate of model training is 0.0001.

The selection and comparison results of dropout parameters of the training model are shown in Figure 6.
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FIGURE 6. Dropout parameter selection results (A) represents the comparison results of recall under different dropouts, (B) denotes the comparison results of SPS values under different Dropouts, (C) indicates the comparison results of item coverage under different Dropouts, and (D) is the comparison results of item recommended quality under different dropouts, represented by ncdg.


As shown in Figure 6, with the progress of training, when Dropout is 0.4, 0.5, 0.6, 0.7, and 0.8, there is a similar changing trend in the recall, SPS value, item coverage, and item recommendation quality. However, the changing trend is unstable when Dropout is 0.7 and 0.8, while it is stable in the other three cases. Overall, the Dropout value is 0.5.

The comparison of the selection results of the batch size parameter of the training model is shown in Figure 7.
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FIGURE 7. Selection results of batch size parameters of the training model (A) represent the comparison results of recall rates under different batch sizes, (B) denotes the comparison results of SPS values under different batch sizes, (C) indicates the comparison results of item coverage under different batch sizes, and (D) is the comparison results of item recommendation quality under different batch sizes, represented by ncdg.


As shown in Figure 7, as the number of training iterations increases, when the batch size parameters are 16, 32, 64, 128, and 256, the changing trends of recall, SPS value, and project recommendation quality are similar. When the batch size is 256, the item coverage performs well at the beginning of training and then tends to be stable. When the batch size is 16 and 64, the performance of the four groups of indicators fluctuates. Based on the results of each parameter and its stability, the batch size is finally determined as 32.



Comparison Results of System Performance Verification

After the training, ANN parameters are determined, the model performance is verified, and the User-based Collaborative Filtering (UserCF) model and lifelong topic modeling (LTM) are selected as the control groups. The comparison results are shown in Figure 8. UserCF is one of the most classic and widely used recommendation algorithms, and its recommendation process is divided into two stages. First, the users with similar interests or usage experiences are searched out to form the user groups, and then, the items that the users never used are recommended. The LTM recommendation algorithm is an effective method to introduce the time element into the recommendation method. The word2vec algorithm is first used to include the elements used by users in the training set, and then, the optimal interpretable translation vector is estimated for the elements contained by each user. Finally, the prediction of the last translation vector of the user is obtained, and some suggestions are proposed.
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FIGURE 8. Performance verification and comparison results. (A) The accuracy comparison result; (B) the recall ratio (recall) comparison result; (C) the coverage ratio (Coverage) comparison result; (D) the average difficulty (AD) comparison result.


Figure 8 presents that with the increase of the training set, the accuracy of the traditional UserCF begins to decline significantly, while the accuracy of the LTM remains at a low level. The proposed method is more stable, and the model performance has been improved. In terms of the recall, the recall of the traditional UserCF method fluctuates obviously with the increase of the proportion of the training set. Although the recall of the UserCF method and LTM is low, the value has remained stable. The difficulty of the test question resources recommended by this method is relatively stable, and full consideration is given to whether the investigation on the recommended knowledge points on the recommended test questions is too difficult for the target students, which has good interpretability. However, the difficulty of recommended test questions by traditional methods is generally low and does not have a good practice. Based on the above analysis, the personalized learning resource recommendation method based on DL proposed still has good stability under the conditions of various training data scales. The recommended personalized test questions of students are moderately difficult. It is easier to interpret the recommendation according to the acquisition of knowledge points of students and whether the recommended test questions meet the practical objectives of students.

The above results show that the recommendation accuracy of the traditional UserCF and the LTM method is low, while that of the proposed method is stable and improved. The comparison results of recall show that the recall value of UserCF fluctuates significantly with the increase of the training set. Although the recall value of the proposed method and LTM is low, the value remains stable. The difficulty of the materials recommended by the method is stable, and it focuses on whether the investigation of the recommended learning materials is difficult for the target students. However, the difficulty of learning materials recommended by UserCF is not high and practical, and those recommended by LTM are not stable, either. Based on the above analysis, it is concluded that the personalized recommendation method of learning materials based on DL is stable no matter how big the size of the sample is. The difficulty of the exercises recommended by the personalized recommendation is moderate, and it forces on the mastery of the language points of students and whether the recommendation test can help students understand the language point.



CONCLUSION

This study first analyzes the relevant research of AI algorithms in the field of education and summarizes the advantages and disadvantages of the basic recommendation algorithms from the perspective of educational psychology, through the combined application of AI and DL algorithms in legal education. The related theories of pedagogy are introduced. Combined with the DL algorithm, a personalized learning material recommendation algorithm based on DNN is proposed, and a Bi-LSTM algorithm is introduced for optimization. Thereon, an adaptive learning system architecture based on DNN is proposed. The results show that the personalized learning resource recommendation method based on DL proposed still has good stability under various training data scales. The personalized test questions of recommended students are moderately difficult. According to the acquisition of knowledge points of students and whether the recommended test questions meet the practical objectives of students, the proposed method can easily interpret the recommendation, and meet the personalized needs of legal education. Although the research has achieved some results, there are still some limitations. First, due to the limited research funds and research level, the research and design field is not wide, which brings some errors to the results. Second, the research on DNN is still in the shallow layer. In future research, the above two points will be improved to make the research results more accurate and improve the persuasion of this study.
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This study explored the factors that affect the intention of users to continue using mobile learning (m-learning) applications (apps). The influence of habit on user behavior toward information systems has been extensively discussed in the literature, but its role in the continuance of users when it comes to their usage of apps, especially m-learning apps, has rarely been reported. To obtain a comprehensive understanding of behaviors regarding the use of m-learning apps, this study constructed a theoretical research framework based on expectation confirmation theory and flow theory by considering habit as a moderating variable. Online questionnaires were administered to users of m-learning apps in Taiwan and data were analyzed through a structural equation modeling approach. The results indicated that the intention of users to continue using m-learning apps was influenced by satisfaction, perceived usefulness, and flow experience. Expectation confirmation affected user satisfaction and perceived usefulness. Differences existed in the intention to continue usage between users with strong and weak habits. In addition, perceived usefulness, expectation confirmation, and flow experience had direct and positive effects on satisfaction. The implications of these findings were discussed.
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INTRODUCTION

The emergence of communication technology and mobile devices has contributed to rapid developments in mobile applications (apps). Advances in network communication and mobile technology have considerably changed the lives and learning methods of people (Nikou and Economides, 2017; Chao, 2019; Liu et al., 2021). Researchers (Chao, 2019; Alshurideh et al., 2020; Hoi, 2020) have indicated that online learning combined with mobile technology is becoming an essential educational practice for teachers and students. Because of the portability of mobile devices such as smartphones and tablets, their usage by learners has increased considerably. A growing number of mobile learning (m-learning) apps have been developed (Chao, 2019; Alshurideh et al., 2020). Unlike computer-aided learning, m-learning allows users to learn without time and space limitations, which increases their learning intention and learning effectiveness (Chao, 2019; Quesada-Pallares et al., 2019; Wang et al., 2019; Liu et al., 2021).

Research that has examined mobile technology usage behaviors from the perspective of expectation confirmation theory (ECT) (Hsu and Lin, 2015; Li and Fang, 2019; Alshurideh et al., 2020) has indicated that expectation confirmation positively affects the satisfaction of users with and perceived usefulness of mobile technology; thus, expectation confirmation facilitates the continuance usage of such technology. However, ECT emphasizes the exploration of intention to continue using information technology from a utility perspective (e.g., perceived usefulness) rather than a hedonic perspective (e.g., perceived pleasure) (Bhattacherjee, 2001; Dağhan and Akkoyunlu, 2016; Alshurideh et al., 2020). Some studies (Cheng and Yuen, 2018; Fang et al., 2019; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020) have suggested that both the usefulness of information systems and hedonic factors should be considered when information technology is applied in a learning context.

Most studies have explored the hedonic experiences of users based on flow theory (Kim and Hall, 2019; Lee et al., 2020; Yen and Lin, 2020), according to which flow is a pleasant experience of complete absorption in a task. The study of Alraimi et al. (2015) argued that the pleasant feelings of users help to strengthen their motivation to use and continue to use information technology for learning. Researchers (Stavrou et al., 2015; Huang et al., 2017; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020) have found that flow experience originates from a balance between challenge and the ability of an individual to overcome the challenge. Thus, flow occurs when an individual has confidence in their ability to overcome a challenge.

The influence of habit on the usage behavior of individuals toward information systems has been widely investigated (Lin et al., 2017; Nascimento et al., 2018; Bolen, 2020). Researchers have argued that users might be reluctant to use information systems simply because of their habits (Lin et al., 2017). Thus, the effect of habits on the behavioral intention of users toward information technology should not be ignored when examining the continuance usage of new technology.

Based on the above-mentioned studies, this study adopted the utility viewpoint and considered positive experiences to examine the adoption of users of information technology for learning. This study also investigated the effect of habit on the intention of learners to continue using such technology. Based on the literature, this study constructed an integrated research model by adopting the utility viewpoint from ECT, the hedonic viewpoint from flow theory, and habit to identify the factors that affect the continuance intention of users to use m-learning apps.



RESEARCH MODEL AND HYPOTHESES

Figure 1 displays the research framework for examining continuance intention to use m-learning apps. In this model, expectation confirmation factors (i.e., confirmation, perceived usefulness, and satisfaction), flow characteristics (i.e., perceived skill and perceived challenge), and habit were considered to influence the continuance intention of users to use m-learning apps. The definitions of the constructs used in this study and the research hypotheses were presented in the following text.
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FIGURE 1. Research model.



Expectation Confirmation Theory

The study of Oliver (1980) proposed ECT for the field of marketing by extending his satisfaction recognition model. The work of Bhattacherjee (2001) contended that whether a user continues to use an information system is a decision similar to the repurchase-related decision-making behavior of consumers. Therefore, he extended ECT to the information management domain and proposed the information systems continuance model. Research has indicated that user satisfaction and perceived usefulness in using an information system affect continuance usage intention. In addition, user confirmation and perceived usefulness positively affect user satisfaction. User confirmation also affects the perceived usefulness of users of a system.

Numerous studies (Bhattacherjee, 2001; Cheng and Yuen, 2018; Li and Fang, 2019; Alshurideh et al., 2020) had used ECT-based frameworks and concluded that confirmation, perceived usefulness, and user satisfaction were crucial factors affecting the usage behavior of individuals toward information systems. The study of Alshurideh et al. (2020) found that the degree of confirmation is a fundamental factor affecting the satisfaction of users with and behavioral intention toward m-learning systems. The work of Li and Fang (2019) suggested that the degree of confirmation positively affects satisfaction and perceived usefulness, that perceived usefulness significantly affects user satisfaction, and that user satisfaction strongly affects mobile technology usage intention. Therefore, this study argued that the perceptions of users when it comes to the confirmation in and perceived usefulness of using m-learning apps could affect their satisfaction and continuance usage intention. Consequently, the following hypotheses were proposed:


H1. User satisfaction positively affects continuance intention to use.




H2a. Perceived usefulness positively affects continuance intention to use.




H2b. Perceived usefulness positively affects user satisfaction.




H3a. The degree of the confirmation of users positively affects their satisfaction.




H3b. The degree of the confirmation of users positively affects perceived usefulness.




H3c. The degree of the confirmation of users positively affects flow experience.





Flow Theory

Flow theory was proposed by Csikszentmihalyi (1975) to explain why people feel happy. Flow is an enjoyable experience that occurs when people are completely immersed in activities and enjoy the goal-achievement process (Csikszentmihalyi, 1990). Having clear goals is a precondition for flow (Csikszentmihalyi, 1990; Lee et al., 2020). In learning, the acquisition of knowledge and skills is regarded as a fundamental goal. Several studies (Zhou, 2013; Stavrou et al., 2015; Huang et al., 2017; Lee et al., 2018; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020) have found that skills and challenges are critical antecedents in flow theory. Users become bored when their skills exceed the challenge of a task and become anxious when the challenge of a task exceeds their skills. Thus, a state of flow occurs only when the skills of users match the challenge of a task (Stavrou et al., 2015; Huang et al., 2017; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020). Consequently, flow experience arises from a balance between the challenges that individuals face and their ability to overcome these challenges. When such a balance exists, individuals have the confidence and ability to overcome the challenge (Csikszentmihalyi, 1990).

This study considered that a skill–challenge balance exists among users of m-learning apps. The study of Lee et al. (2018) noted that the higher the control and competency of users in meeting the challenge of a gaming system are, the more pleasant their experience would be. The work of Huang et al. (2017) claimed that perceived skill and perceived challenge influence flow experience. The use of information technology is often accompanied by a flow experience, which affects user satisfaction and usage behaviors (Lee et al., 2018; Kim and Hall, 2019). Therefore, this study assumed that if users achieve a skill–challenge balance when using an m-learning app, they could experience a feeling of total involvement which could increase their satisfaction level and continued usage behavior. Consequently, the following hypotheses were proposed:


H4a. Flow experience positively affects continuance intention to use.




H4b. Flow experience positively affects user satisfaction.




H5. Perceived skill positively affects flow experience.




H6. Perceived challenge positively affects flow experience.





Habit

Some studies (Lin et al., 2017; Nascimento et al., 2018; Bolen, 2020) have defined “habits” as automatic behavioral tendencies that individuals develop. Lin et al. (2017) stated that people perform certain behaviors unconsciously because of repeated learning. Thus, people usually engage in certain behaviors continually in a familiar manner without thinking about their behaviors. When used as a moderating variable for the use of information systems, habit limits the effects of other factors (e.g., values, satisfaction, and trust) on the behavioral intentions of users (Hsu et al., 2015; Lin et al., 2017; Nascimento et al., 2018). Thus, habit influences the usage of information systems. Users with stronger habits are less willing to consider the use of new systems (Lin et al., 2017; Nascimento et al., 2018) and thus continue using familiar systems. Based on different perspectives proposed by researchers, this study assumed that perceived usefulness, flow experience, and satisfaction could have varying effects on the continuance intention of learners to use m-learning apps because of the influence of habit. Therefore, the following hypotheses were proposed:


H7a. The relationship between perceived usefulness and continuance intention to use is moderated by habit.




H7b. The relationship between user satisfaction and continuance intention to use is moderated by habit.




H7c. The relationship between flow experience and continuance intention to use is moderated by habit.





METHOD


Instrument Development

The research model comprises seven variables. The items used in this study were slightly modified for the context of m-learning apps. The items to evaluate continuance intention to use were modified versions of the items of Wang et al. (2019), and the habit-related items were adopted from Hsu et al. (2015). Confirmation and user satisfaction were assessed using the scale proposed by Hsu and Lin (2015). The items measuring perceived usefulness and perceived skill were modified versions of the items of Lu et al. (2009) and Ooi et al. (2018). The items for the perceived challenge and flow experience were modified versions of the items of Lee et al. (2018). A 5-point Likert scale ranging from 1 for strongly disagree to 5 for strongly agree was used to evaluate the constructs. Because the questionnaire was in Chinese, back-translation was conducted. Two bilingual (English and Chinese) experts were invited to translate the original English items used in various studies into Chinese to maintain translation equivalence. To ensure item validity, four professors were asked to comment on the length of the instrument, the format of the instrument, and the wording of the scales. Based on their feedback, some items were modified to suit the research purpose. The results of a pretest indicated the validity of the scale items.



Data Collection and Sample

To examine the moderating role of habit in continuance usage of m-learning apps, an empirical study was conducted using an online questionnaire survey. The online questionnaires were administered to users of m-learning apps in Taiwan. Invitation messages were posted on popular m-learning forums over an 8-week period. All the respondents were entered into a raffle to win 1 of 25 $5 gift cards. To avoid multiple entries, the identities of the respondents were confirmed through their e-mails and IP addresses after the questionnaires were received. A total of 34 questionnaires, which were duplicates or contained incomplete responses, were eliminated, and 229 valid questionnaires were used for analysis. The response rate was 87.1%. Among the respondents, 52.8% were women, 87.3% were younger than 36 years old, and 66.8% had obtained an undergraduate degree. Most of the m-learning apps used by the respondents were language learning tools.



RESULTS


Measurement Model Testing

The measurement model was assessed in terms of the reliability and convergent validity of its constructs. Reliability was determined using Cronbach’s alpha and the composite reliability (CR) model to assess the internal consistency of the measurement model. The Cronbach’s alpha and CR values ranged from 0.86 to 0.93, which exceeded the recommended level of 0.7 (Nunnally, 1978; Fornell and Larcker, 1981). Three measures, namely indicator factor loadings, CR, and average variance extracted (AVE), were used to assess the convergent validity of the instrument (Bagozzi and Yi, 1988). The indicator factor loadings of all items must be higher than 0.5; the CR values should be above0.7; the AVE of each construct must be 0.5 or higher. The factor loading of each item in the research model exceeded0.7; all the CR values were above0.8; the AVE ranged from0.67 to 0.82. These results indicated that all the constructs in the measurement model had acceptable reliability and convergent validity.

Discriminant validity was evaluated using the criterion recommended by Fornell and Larcker (1981), according to which the square root of the AVE for a construct should exceed the correlation coefficients between this construct and all the other constructs in the model. Table 1 indicates that the square root of the AVE for each construct was greater than its correlation with the other constructs, which indicated satisfactory discriminant validity. Thus, the measurement model used in this study had satisfactory reliability, convergent validity, and discriminant validity.


TABLE 1. Correlations and average variance extracted (AVE).

[image: Table 1]


Structural Model Testing

This study used AMOS version 21 to analyze the structural model (Arbuckle, 2012). The structural model exhibited a satisfactory fit with the collected data (χ2/df = 1.45, goodness of fit index [GFI] = 0.9, adjusted GFI = 0.87, normed fit index = 0.93, comparative fit index = 0.98, root mean square error of approximation = 0.044). Figure 2 presents the standardized coefficients paths, path significance, and variance explained (R2) by each path. The results indicate that continuance intention to use m-learning apps was predominantly influenced by user satisfaction (β = 0.5, p < 0.001), perceived usefulness (β = 0.27, p < 0.001), and flow experience (β = 0.18, p < 0.01); thus, H1, H2a, and H4a were supported. Similarly, user satisfaction was positively influenced by perceived usefulness (β = 0.3, p < 0.001), confirmation (β = 0.22, p < 0.01), and flow experience (β = 0.32, p < 0.001); therefore, H2b, H3a, and H4b were fully supported. The results also indicated that perceived usefulness was significantly affected by confirmation (β = 0.32, p < 0.001); thus, H3b was supported. Finally, confirmation (β = 0.14, p < 0.05), perceived skill (β = 0.26, p < 0.001), and perceived challenge (β = 0.41, p < 0.001) significantly affected flow experience; thus, H3c, H5, and H6 were supported. As illustrated in Figure 2, all the paths were significant at the p < 0.05 level or above; thus, H1 to H6 were supported. The variances explained (R2) of continuance intention to use m-learning app was 57%, that of user satisfaction was 35%, that of perceived usefulness was 16%, and that of flow experience was 38%.
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FIGURE 2. Results of the full sample.




Moderating Effect of Habit

To investigate the moderating effect of habit on continuance intention to use, the k-means cluster analysis by Hair et al. (1998) was employed to divide the respondents into the high-habit (N = 127) and low-habit (N = 102) subgroups. The methods proposed by Yoo (2002) were then used in the AMOS program to examine the differences in path coefficients between these groups in different models. As expected, significant chi-square differences were found between the two groups for Model 1 (χ2 = 487.375), Model 2 (γhigh PU-CU = γlow PU-CU, Δχ2 = 10.123, Δdf = 1, p < 0.05), Model 3 (γhigh US-CU = γlow US-CU, Δχ2 = 4.092, Δdf = 1, p < 0.05), and Model 4(γhigh FE-CU = γlow FE-CU, Δχ2 = 4.286, Δdf = 1, p < 0.05), which indicated that habits significantly moderated the paths of perceived usefulness → continuance intention to use, user satisfaction → continuance intention to use, and flow experience → continuance intention to use; thus, H7a, H7b, and H7c were supported. As presented in Table 2, the path coefficients of the low-habit group were lower than those of the high-habit group for the paths of user satisfaction → continuance intention to use and flow experience → continuance intention to use. However, the path coefficient of the low-habit group was higher than that of the high-habit group for the path of perceived usefulness → continuance intention to use.


TABLE 2. Results of path coefficients for habit-subgroup.
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DISCUSSION

This study explored the intention to continue using m-learning apps by using an integrated research model based on ECT, flow theory, and habit. Figure 2 displays the research results of full samples. The findings obtained for intention to continue usage are consistent with those obtained in other studies (Cheng and Yuen, 2018; Li and Fang, 2019; Alshurideh et al., 2020) that indicate that user behavioral intention is positively affected by the satisfaction of users with information technology. In addition, the results of this study suggest that if users perceive that their learning efficiency has increased through the use of an m-learning app, the perceived usefulness of the app would increase, which would affect user behavior. The findings of this study also echoed those of studies that have suggested that flow experience plays a critical role in learning with information systems (Fang et al., 2019; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020). If developers improve the design of their m-learning apps to maximize enjoyability, the apps could generate positive feels for users, which may encourage them to continue using the apps.

The results of this study also revealed that the assessment of users of m-learning apps by directly comparing pre-use expectation and post-use performance affects perceived usefulness, which influences user satisfaction. In addition, the experience of the flow of users when using an m-learning app would positively affect their satisfaction. As reported in many studies, the use of information technology is usually accompanied by a flow experience, which affects user satisfaction and usage behavior (Lee et al., 2018; Kim and Hall, 2019). Thus, when users achieve a state of flow in an activity, they become satisfied because their hedonic needs are met.

A central issue in this study was the extent to which other variables influence flow experience. The results indicate that expectation confirmation, perceived skill, and perceived challenge positively affect flow experience, among which perceived skill and perceived challenge are the predominant factors inducing flow experience. Flow experience originates from a balance between challenges and capability. When individuals overcome challenges, their flow experience is positively affected (Zhou, 2013; Huang et al., 2017; Lee et al., 2018; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020). Accordingly, a feeling of flow emerges when users are sufficiently skilled and can fulfill the challenge of using teaching content during the learning process.

The results of this study also suggested that habit moderated the relationships of perceived usefulness, satisfaction, and flow experience with continuance intention to use m-learning apps. First, the influence of habit on perceived usefulness was higher for the low-habit users than for the high-habit users. This finding indicated that low-habit users are more aware of the usefulness of m-learning apps (e.g., convenience and learning efficiency) than high-habit ones. Therefore, continuance intention to use m-learning apps was stronger among the low-habit users than among the high-habit users. In addition, the influences of habit on user satisfaction and flow experience were stronger for the high-habit users than for the low-habit users. Compared with low-habit users, high-habit users were more concerned about whether systems could provide satisfaction and flow experience because of their strong habit of using the systems. Overall, the results of this study indicated that habit exerted a moderating effect on the continuance intention of users to use the m-learning apps.



IMPLICATIONS

The results of this study had several academic and practical implications related to the use of m-learning apps. First, studies have adopted ECT to investigate only the effect of m-learning systems on user behaviors (Lin and Wang, 2012; Dağhan and Akkoyunlu, 2016); however, researchers have recommended that in the context of using information systems for learning, it is necessary to examine the influence on continuance usage intention from the hedonic perspective apart from verifying whether the use of systems can bring about benefits (Cheng and Yuen, 2018; Fang et al., 2019; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020). Moreover, when used as a moderating variable for the use of information systems, habit influences user behavioral intention (Hsu et al., 2015; Lin et al., 2017). Therefore, this study considered flow experience and habit to accurately determine the continuance usage intention of users for m-learning systems.

Second, in the context of learning-related information systems, ECT factors (confirmation, perceived usefulness, and user satisfaction), flow factors (perceived skill and perceived challenge), and habit had critical effects on the intention of users to continue using m-learning apps. Moreover, the extent of confirmation and degree of perceived usefulness are both the main antecedents affecting user satisfaction with m-learning apps. These findings provided crucial information for mobile app service providers and indicate that in the context of learning-related information systems, users have high satisfaction when their use experience exceeds their expectations before use. Furthermore, user perceptions of the usefulness of m-learning apps are enhanced if they perceive that the apps are convenient, increase their learning efficiency, and enable them to acquire knowledge and learning opportunities. To retain users, developers of digital teaching materials should focus on the perceptions of users when it comes to the usefulness during the use of m-learning systems. The higher the perception of usefulness among users is, the higher their satisfaction is. High satisfaction may cause users to continue to use a system or service for learning, which would give service providers opportunities to earn a high profit.

Third, this study validated the perspective of Fang et al. (2019) that flow experience was a crucial factor affecting user satisfaction. App designers should consider the joy of learning when designing materials for m-learning apps so that users could experience happiness during the learning process. Such a feeling might enhance the intention of users to continue using m-learning apps.

Fourth, skills and challenges were two key factors in flow theory. Flow occurs only when the skills of users match the challenges they face (Stavrou et al., 2015; Rodríguez-Ardura and Meseguer-Artola, 2019; Yen and Lin, 2020). System designers should understand that users could achieve high learning efficiency when an online learning system has clear goals and can increase their learning motivation. The challenges in m-learning apps could be designed to intrigue learners and increase motivation (positive feelings), which in turn could drive their usage behaviors.

Finally, numerous researchers (Lin et al., 2017; Nascimento et al., 2018) have argued that habit has a moderating influence on the relationships between various factors and the use of information systems. The results of this study indicated that satisfaction has a crucial influence on the intention to continue using a system among low-habit and high-habit users. Moreover, perceived usefulness and flow experience positively affected the intention to continue using m-learning apps among low-habit and high-habit users, respectively. These results were crucial for m-learning system providers and suggested that different levels of habit could have different effects on the intention to use information systems for learning.



RESEARCH LIMITATIONS

This study has several limitations. First, the data were collected from users of m-learning apps in Taiwan. The respondents were Chinese-speaking learners of English. Future research should examine and compare users from different countries to test the generalizability of the findings of this study. Second, the cross-sectional investigation method adopted in this study could only be used to examine and explain the situations of participants at a certain time; thus, the investigation was limited to the conditions of a certain period. Consequently, researchers should conduct longitudinal investigations to identify possible changes in perception with experience. Third, this study adopted an online questionnaire and a quantitative statistical research model. The online survey was advertised on several popular websites. To prevent self-selection bias in online surveys, subsequent studies could use an experimental method to support research results. Third, this study adopted an online questionnaire and a quantitative statistical research model.
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In recent years, the learning efficacy of online to offline (O2O) teaching methods seems to outperform traditional teaching methods in the field of education. Students can use a small private online course (SPOC) teaching platform to preview class-related materials, learn basic knowledge, and enhance the practical experience of system development in offline courses. The research team applied an artificial intelligence (AI) precision education strategy to design a teaching experiment that evaluated whether this approach may lead to better learning outcomes. In addition to questionnaire surveys to ascertain students' attitudes toward and their satisfaction with learning, this study employed in-depth interviews to understand a potential influence on changes in teachers' curriculum design and teaching approaches when SPOCs was integrated into the traditional university classroom, as well as the impact of the AI precision education model. The results showed that the AI precision education model may facilitate students' learning experience and enhance student achievement.
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1. INTRODUCTION

The rapid growth of massive open online courses (MOOCs) has resulted in novel teaching and learning methods. However, the following issues inevitably arise as a result of this global trend: (1) high registration rate and low completion rate; (2) a considerable gap in the interaction between students and teachers compared with traditional physical courses; (3) effective prevention of course certification and online evaluation still needs to be resolved; and (4) the cost of platform maintenance.

In recent years, models have begun to migrate from MOOCs to small private online courses (SPOCs). In a review titled “Forget MOOCs,” Oremus (2013) stated that free online courses should not replace teachers and classrooms but improve them. Professor Fox from the University of California, Berkeley, proposed SPOCs in 2013 to address the low completion rate of MOOCs (Fox, 2013). Contrary to MOOCs, this model advocates the use of MOOCs to supplement rather than substitute classroom teaching. They can improve teachers' teaching and learning. This method is also called “hybrid” or “hybrid learning” (Oremus, 2013). SPOCs have a high-class completion rate and solve the integrity issue associated with MOOCs' online evaluation through physical classroom examinations. In addition, because of the norms of class restrictions, it is easy to focus on individual students. Teachers can tweak the difficulty level of the course at any time. Incorporating flipped teaching in the course can be quite helpful to students' learning effectiveness (Goral, 2013). However, SPOCs also have shortcomings. For example, class restrictions deprive students of the right to choose specific courses; flipped teaching is integrated into the course requiring the instructor to commit additional time and energy. In addition, unlike MOOCs, SPOCs place a greater emphasis on the experience of course learners.

With time, the focus on differences in learners' traits continues to expand, from differences in explicit responses and learning outcomes to differences in mental organization and representation, cognitive styles, motivations, as well as an increased emphasis on differences in brain structure and learning-related issues. The perception of learners' differences in traits has gradually shifted from defects or specialties to unique and diversity. This change represents respect for each learner's differences and highlights the importance of education to assist learners in discovering and displaying individual strengths and increasing their chances of success (Pham et al., 2012). While teachers are frequently confronted with students' individual differences in the classroom, they can accommodate these differences through effective planning and related measures (Rosenfeld* and Rosenfeld, 2004).

Adaptive teaching has been re-conceptualized as a result of the diversified development of society. The early differentiation (ability grouping, sub-track learning) has evolved into the modern emphasis on the flexibility and diversity of students' learning styles. It is crucial to approach students' individual differences with a more positive attitude and pay attention to learning opportunities. This is the core meaning of adaptive teaching (Westwood, 2018). In flipped classrooms, students are expected to take ownership of their learning. However, there are still many students who are accustomed to relying on teachers and teacher-centered methods and struggle to be accountable for their learning. Therefore, instructors should pay special attention to individual differences among students while implementing flipped classrooms (Hao, 2016).

This personalized user requirement demonstrates the importance of integrating technical resources with the curriculum and the learners' actual circumstances. In recent years, the concept of “precision” has been extensively promoted in a variety of disciplines, with massive funds invested in related research and policy formulation. This fast-developing precision trend has inspired this research, which seeks to explore whether artificial intelligence (AI) assisted learning systems that intervene in a hybrid learning model can more effectively improve teachers' teaching and students' learning.

This study aims to compare whether the students have significant differences in learning effectiveness when using the online teaching course of MOOCs in conjunction with an offline teaching experiment platform (offline course) to conduct teaching experiments and introduce the intervention model of AI precision education. In addition, the study aims to gain a deeper understanding of the effectiveness of developing emerging technologies for innovative teaching. This study intends to use quantitative and qualitative data and teach experimental courses on the ShareCourse platform. It discusses innovative teaching strategies to compare students' learning effectiveness in the information departments of two national universities in the east.

The goal is to create high-quality MOOCs online in an offline learning environment to compare MOOC learners' online learning behavior and learning effectiveness using the same core course of information network to be jointly studied on the ShareCourse MOOCs platform. Following the course design and production, promoting the innovation and research of deep learning entails the following: first, exploring the online learning platform of MOOCs and integrating the challenges and difficulties of MOOC curriculum teaching; second, developing and redesigning MOOCs and integrating SPOCs; third, integrating the auxiliary teaching model of AI precision education; and fourth, promoting and applying the results of the learning effectiveness of MOOC teaching. Finally, we plan to integrate and analyze the teaching mode, potential, and effectiveness of MOOCs' multiple innovations based on research feedback and improvement.

Section 2 provides a review of the literature. Section 3 introduces the research methodology. Section 4 presents the results. Section 5 concludes the study and presents a discussion.



2. LITERATURE REVIEW


2.1. MOOCs and SPOCs

MOOC is an open digital learning method that enables a large number of learners to participate in the course via the web. The format differs from MIT's “Open Course Ware” (OCW), which began in 2002. The OCW provides a long-term summary of physical teaching. The course content is extensive, and the learner's attention span is short. In addition, there is a lack of interaction between learners. Scholars' opinions on MOOC quality can be separated into two categories: evaluations based on user benefits (Ehlers, 2004; Conole, 2014; Gamage et al., 2015) and assessments of the course development process (Yousef et al., 2014; Gan, 2018). Conole (2015) argued that the quality of MOOC courses should be measured from the user's perspective and proposed a 7C learning design framework, including the convergence and execution of curriculum vision, curriculum activity design, and overall design. Jang (2008) compiled the opinions of related scholars on the development process to evaluate the quality of MOOCs. He identified five measurement indicators for the teaching team: teaching content, teaching effectiveness, teaching resources, and teaching technology. Williams et al. (2012) proposed standard practices of curriculum syllabus design, curriculum design (including teaching materials and production design, open educational resource application, evaluation design), curriculum provision (including technical infrastructure, virtual teaching environment), technical support, resource input, teacher incentives, and student support.

Learning analysis and evaluation are essential factors in the design of MOOCs. Learning analysis can assist in mastering the learning process by identifying learners' challenges and preferred learning methods. Evaluation enables learners to understand solutions from teaching videos or course content with explanations, learning effectiveness, and different evaluation methods (Yousef et al., 2014). MOOC instructional videos play an essential role in the curriculum. MOOCs require appropriate video content design and shooting methods. Concise videos must attract learners to continue learning (Shoufan, 2019). Additionally, the videos should be of high quality, including video and audio clarity, lighting and image synchronization, and should be relevant to the course content and teaching evaluation (Hibbert, 2014).

SPOCs are open-course formats derived from MOOCs. Small refers to a small number of students (the number is restricted to a few hundred), and private refers to the students enrolled in the course at the school where the course has started, or the number of students is limited according to the course's characteristics. The term “online students” refers to courses that are not open to everyone on a large scale, intending to enhance learning participation and the course completion rate (Laaser, 2015; Xu et al., 2019). The SPOCs are characterized by their ability to improve teaching effectiveness (Wang et al., 2016). The teaching mode of SPOCs is based on the high-quality video content of MOOCs, which students can utilize to gain a basic understanding of a specific topic before class. As a result, teachers can teach higher-level content, respond to students' questions, or provide other exercises and additional learning materials in physical classrooms to provide a more comprehensive learning experience. Therefore, SPOCs are taught using a combination of face-to-face classroom instructions and online self-study. This is in contrast to the online format of MOOCs. In other words, SPOCs are MOOCs combined with classroom instructions. They are flipped hybrid courses that effectively use MOOC resources in classroom teaching (Ak and Gülseçen, 2018). SPOCs differ from MOOCs, which are available to an unlimited number of students. Therefore, SPOC students can communicate with teachers, receive high-quality teaching, and participate in course-related activities. If MOOCs are compared to sports equipment, SPOCs are similar to personal sports coaches, providing learners with additional guidance (Kaplan, 2017; Ruiz-Palmero et al., 2020).



2.2. AI Precision Education

With the rapid advancements in AI, it is necessary to take the initiative to transform the “teacher-oriented” education model into a “student-oriented” intelligent education model, as well as to construct a parallel teaching technology system that is interactive between virtual and physical reality (Tuomi et al., 2018; Pedro et al., 2019). Students, being self-directed learners, have varying abilities for learning and knowledge acquisition. Therefore, their strengths and weaknesses in subjects vary; the time required for learning and concentration, and the adaptation to the learning rhythm also vary.

In the traditional education model, all students use the same learning materials and follow the same learning rhythm, thereby concealing students' individual differences and preventing them from achieving the highest level of learning effectiveness. Education should be individualized and differentiated (McTighe and Brown, 2005). In addition to general education, students must be taught to follow their aptitudes. Information education, in particular, makes use of rapidly developing and mature technology to automatically push one-to-one teaching. The realization of precise education tailored to the unique characteristics of different students will be a new model of education in the future (Duong et al., 2019; Luan and Tsai, 2021).

In recent years, the wave of AI has swept the world. AI, in particular, can make personalized and accurate predictions, creating a type of precision education. AI is a technological science concerned with studying and developing theories, methods, technologies, and application systems for simulating, extending, and expanding human intelligence. Precision education is an educational philosophy and behavior based on big data analysis (Makhluf, 2020; Tsai et al., 2020). The first essential aspect of precision education is identifying and acknowledging differences, as well as providing targeted education and training according to the characteristics of individual students so that they can develop their personalities and coordinate their development. Precision education is based on big data technology, which is classified according to the different characteristics of students during the learning process to provide targeted education, develop their strengths or compensate for their weaknesses, and improve students' acceptance of knowledge through effective teaching behavior (Ellis, 2019).




3. METHODOLOGY

This study conducted teaching experiments using the online course of National Tsinghua University's MOOCs online learning platform and an offline course of the SPOC small-scale flipped classrooms of National Taitung University and National Dong Hwa University. The core knowledge and teaching content of the courses at the two schools were nearly identical. This new teaching method aims to improve students' learning effectiveness and allows them to combine theory with practice in order to enhance the quality of teaching and close the gap between learning and application.

This study collected data using questionnaire surveys and systematically investigated and analyzed different research objects in the two schools. This study also used in-depth interviews to understand the two schools' different teaching modes and learning styles. These interviews also helped understand changes in teachers' curriculum design and teaching design as a result of the integration of MOOCs into the university classroom, as well as the impact of the AI precision education assisted learning teaching model shown in Figure 1, on students' attitudes, learning behaviors, and learning satisfaction.
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FIGURE 1. AI precision education assisted learning teaching model.



3.1. Research Objects

The research participants of this study were students from Taitung University and Dong Hwa University who participated in the SPOCs mixed learning course. The sample sizes for Taitung University and Dong Hwa University were 42 and 21, respectively. Students from Dong Hwa University served as the experimental group, whereas students from Taitung University served as the control group, implying that AI precision education was only conducted at Dong Hwa University. The method was then assessed to see whether it could effectively improve students' learning effectiveness.



3.2. Research Design and Process

In addition to conducting questionnaire surveys to understand the impact of different AI precision education teaching models on student learning effectiveness, in-depth interviews were used to understand the changes that different teaching models have brought to teachers and teaching assistants in curriculum and teaching design. To analyze data from the student login data of the course platform is to understand the impact of different students' participation enthusiasm on students' learning effectiveness and learning satisfaction.

Before the experiment, all participating students from the two schools took the “Internet Information Knowledge Basic Ability Test” to ascertain their baseline knowledge. Next, a t-test was performed to check whether there was a significant difference in the levels of students from the two schools. While the course is in progress, teachers can design and adjust their teaching activities to meet students' specific needs. The platform provides course videos, handouts, exercises, discussion spaces, teaching assistant responses, and learning analysis graphs to aid students' self-directed learning. This course is structured into four major stages: an introduction to the ShareCourse platform, basic capabilities of the Internet of Things, O2O hybrid teaching, and learning assessment.

The “Course Learning Experience Questionnaire” was distributed prior to the conclusion of the course. This questionnaire was used to understand students' attitudes and learning-related issues. In addition, in-depth interviews were conducted with course teachers and teaching assistants to learn more about their perspectives on the SPOC teaching mode and AI precision education intervention (experimental group). Finally, a learning achievement test was conducted to assist teachers and students in understanding the learning effectiveness. Furthermore, it was determined whether a substantial difference in students' performance between the two schools exists to understand whether the AI-assisted learning system can truly improve learning effectiveness.



3.3. Research Tools

The learners registered in courses on the ShareCourse learning platform were subjected to a field experiment in this study. The two schools collaborated on a ten-week MOOC online learning course and a blended learning course using MOOCs and SPOCs. At Dong Hwa University, AI precision education was introduced to explore precision education. Figure 2 depicts the structure of the course experiment and the effect of various teaching modes of intervention on students' learning effectiveness. The field experiment method involves manipulating one or more independent variables (experimental variables) in a real-world environment while maintaining as much control as possible. Due to the fact that field experiment is conducted in the field and manipulated in a real-world setting, items and irrelevant control variables can more accurately reflect the actual situation.


[image: Figure 2]
FIGURE 2. Course experiment structure.


Students' learning effectiveness was evaluated based on academic achievement tests and learning satisfaction (measured using the self-reporting scale). The former's measurement index is based on the learning goals planned by the curriculum, and relevant questions are included in online examinations to assess learners' learning achievements. The latter measure is based on the course learning experience questionnaire, with the following description: the questionnaire used SPSS statistical software to analyze the quantitative data. In addition to the quantitative research discussed above, the qualitative research method involving in-depth interviews was employed to understand better teachers' and teaching assistants' perspectives on this innovative teaching model. Additionally, innovative teaching methods and effectiveness evaluations of AI precision education have been introduced for offline courses.


3.3.1. Course Learning Experience Questionnaire

This course learning experience questionnaire was primarily designed to understand students' views on their learning experiences, as well as the impact of AI precision education intervention (experimental group) on learning. This questionnaire is divided into eight sections: learning satisfaction (including the teacher's role and teacher-student interaction as perceived by students), readiness for online learning, self-study evaluation, learner/teacher positivity, learning activities, comprehensive issues (such as the quality of teaching videos, the quality of online and offline interactions, and the suitability of SPOC teaching models), basic personal information, and other suggestions. The experimental group had one additional part: views on AI precision education intervention.



3.3.2. AI Precision Education

The AI precision education-assisted learning system collects the MOOC platform's relevant learning history data records. The data set contains all of the learner's learning history information (the number of course materials downloaded, the number of views on the video, the number of video downloads, and so on) and is used as a training data set to produce a set of precision-learning auxiliary modules. The AI precision education-assisted learning system typically uses four classification learning methods: decision tree, random forest, neural network, and support vector machine modules. Due to the sample size limitation, this study relied exclusively on the support vector machine (SVM) method to evaluate and classify learners' learning history data records and predict learners' online learning effectiveness. The training sample set for this study was the relevant learning data recorded during the mid-term exam, and the mid-term results were used to evaluate the student's learning effectiveness. The mid-term test comprised the relevant test questions listed separately according to the course's online learning units, which included basic concepts of learning, advanced tests, and extension tests. Following model training, the relevant model was used to predict whether students would achieve the learning effectiveness of each subsequent online learning.

Subsequently, teachers provide special guidance for students in need to improve learning effectiveness and achieve the final results of AI-assisted precision education.



3.3.3. In-depth Interview

In-depth interviews were conducted at this stage using semi-structured interviews. The study employed more open interview methods to gain insights into teachers' and teaching assistants' perspectives on the SPOC teaching mode and AI precision education intervention (experimental group). The interview process was recorded after the interviewee's consent was obtained to record the content of the interviewee's response. The outline of the interviews is as follows:

1. Use of MOOC platform and videos for teachers and teaching assistants.

2. Curriculum planning and design by teachers and teaching assistants.

3. Observation of changes in student learning (participation, motivation, effectiveness, and special events).

4. Attitudes toward AI precision education intervention (experimental group).

5. Future improvements.





4. RESULTS

This study aims to determine the impact of different teaching modes of AI precision education on students' learning effectiveness. The remainder of this section is divided into four parts. The first part uses questionnaire survey results to understand students' views on the learning experience, including classroom learning satisfaction and learning effectiveness. The second part evaluates the learning effectiveness of each student using the AI precision education-assisted learning system. The third part compiles the results of the in-depth interviews, and the last part presents the results of the statistical verification of the students' performance of the two schools before and after the experiment.


4.1. Curriculum Learning Experience Questionnaire Survey Results

The average of students' responses to questions about learning satisfaction, learner/teacher positivity, learning activities, and comprehensive problems from both schools was higher than 4 (Table 1), indicating that students generally agree with the effectiveness of O2O teaching methods. This is because students can preview the teaching content using the MOOC teaching platform before class. When faced with an issue, students seek assistance from a variety of sources, such as by asking the teacher or searching online for solutions. Simultaneously, students believe that offline experimental courses can impart essential knowledge and experience necessary for system development. Nevertheless, the average in the self-study evaluation part of Dong Hwa University was low, indicating that most students lacked learning confidence. This is because two-thirds of the students are majoring in the Information Management Department of the School of Management, not Information Engineering, and thus have lower learning confidence than students in the professional field. However, the majority of them agree that teachers can adjust the teaching content flexibly to accommodate individual differences among students, so it does not make much difference in the overall learning effect. The survey results from Taitung University show that online learning readiness and self-study evaluation averages are higher. One probable explanation for this is that all of Taitung University's elective students are from the Department of Information Engineering. Their mastery, familiarity, and interest in professional information courses are relatively high, which translates into a relatively high degree of agreement on these items.


Table 1. Average of curriculum learning experience questionnaire survey.

[image: Table 1]

An independent samples t-test was performed to understand whether there is a significant difference in the average of students between the two schools. There were no significant effects on learning satisfaction [t(61) = 1.329, p = 0.189], readiness for online learning [t(61) = −1.405, p = 0.165], self-study evaluation [t(61) = −1.584, p = 0.118], learner/teacher positivity [t(61) = 1.357, p = 0.180], learning activities [t(61) = 0.044, p = 0.965], or comprehensive issues [t(61) = 0.867, p = 0.389]. However, when the question was tested one by one, it was found that there were significant differences in item 2 [t(61) = 2.333, p = 0.023] and item 3 [t(61) = 2.039, p = 0.046] of learning satisfaction, as well as item 2 [t(61) = 2.196, p = 0.032] of learner/teacher positivity. This shows that the means of Dong Hwa University in these items are significantly higher than those of Taitung University. This demonstrates that the AI-assisted learning system's intervention affects students' perception of teacher-student interaction, teachers' appropriate and constructive responses to students, and teachers' active participation in the course.



4.2. Results of AI Precision Education

Regarding the AI precision education-assisted learning system, the study used MOOCs to teach students basic theoretical knowledge and for offline implementation of low-power long-distance wireless networks. Thus, determining whether a student's learning effect is good and whether additional guidance is needed to achieve a certain degree of learning effectiveness is critical. The study used SVM as the model to make judgments to identify the students' learning situation and consider ways to efficiently reduce errors when dealing with low data volume. To complete the training of the SVM model, it is necessary first to determine which features need to be imported into the SVM. Because MOOCs can fully record students' learning processes, including the number of times a video is watched, viewing time, practice time, and online test results, the indicators above are incorporated as characteristic values. Online test results were utilized to determine the learning outcomes. The number of times a video was viewed, viewing time, and exercises were integrated and set as learning parameters. The study defines ow as the number of times a video is viewed, ot as the viewing time, and op as the number of exercises, and assigns a weight to each parameter. Therefore, the following are the overall characteristic parameters:

[image: image]

Next, this study used basic ability test scores as an additional feature to assist the SVM in determining students' learning effectiveness. After successfully categorizing students' learning effectiveness, this approach provides personalized tutoring for students in need, enabling them to develop the confidence necessary to improve their learning effectiveness. Finally, this study evaluates the effectiveness of the AI precision education-assisted learning system using the learning achievement test as an indicator. The results of the model trained using SVM are shown in Figure 3. The use of an SVM can effectively classify students' learning status. Because this study required data collection in the classroom, the overall data volume is insufficient because of the number of students in the course. However, the accuracy of the trained model has surpassed 70%, indicating that it has a certain degree of reference. In addition, Figure 3 illustrates the effect of assigning different weights to the training results. This shows that the longer the viewing time and the greater the number of views, the more precisely the overall accuracy can be improved for learning effectiveness. In other words, because MOOCs enable students to learn before and after class, their understanding of basic theoretical knowledge improves, which has an impact on their overall academic performance.


[image: Figure 3]
FIGURE 3. The impact of different weights on AI precision education. (A) 0.18:0.4:0.42, (B) 0.19:0.13:0.68, and (C) 0.37:0.26:0.37.




4.3. In-depth Interview Results

The most important aspects of using the MOOC platform and videos are the course progress, course videos, after-school exercises, classroom tests, and course discussion areas. In addition, the on-campus learning platforms, namely Dong Hwa's e-Learning and Taitung University's eClass, are used simultaneously. The course planning and design part is mainly O2O. Online videos allow students to grasp the concepts clearly before moving on to the implementation, and the connection is seamless. In addition, because the course is required to produce thematic results at the conclusion of the semester, it is based on network programming and the concept of Long Range (LoRa). Related theories and practical content are planned according to the student's topic. For example, concepts employed in related topics such as automatic watering, temperature sensing, mobile phone recording, and transmission will be discussed, similar to the ideas of micro-credits and micro-courses.

Regarding the observation of student learning changes at Dong Hwa University, the learning materials on the platform are vital for students with non-professional backgrounds (Information Management Department) at the beginning of the course. They watched the video on the platform more seriously. Furthermore, due to their familiarity with the basic concepts of networking and the ability to develop programs, students with a professional background in information technology (Information Engineering) believed that they already understood all the conceptual explanation videos; hence, they watched less videos in comparison. The advantage of MOOCs is that they can assist in learning. Students who are motivated to learn can access a wealth of knowledge on the platform. At Taitung University, students watched the teaching videos on the platform before class, which resulted in increased discussion in the class, and they could understand the content explained by the teacher more quickly. On the whole, compared to physical courses, this learning platform collects and analyzes the learning materials of MOOC learners to ascertain their learning conditions, difficulties, and learning modes and adjusts the teaching content and methods accordingly. As a result, students' learning motivation and participation, as well as the learning effect, have significantly improved.

Both teachers and teaching assistants agreed with this approach regarding the attitude of AI precision education intervention. Special counseling can be provided for learners with poor learning conditions based on the students' learning history, through the AI system grouping, to identify problems early and further improve learning effectiveness, successfully achieving AI precision education-assisted learning, and teaching students according to their aptitude.



4.4. T-Test Result of Basic Ability Test and Learning Achievement Test

Independent samples t-tests were used to determine whether there was a significant difference in the scores of the students from the two schools on the basic ability test of information knowledge before the experiment. In Table 2, there was no significant difference in the scores of the students from the two schools before the experiment [t(61) = 0.868, p = 0.389]. However, there was a significant difference in the learning achievement tests of the two schools' students after the experiment [t(61) = 2.627, p = 0.011]. This demonstrates how the AI-assisted learning system can improve students' learning effectiveness.


Table 2. Summary of t-test results of the two school students' score before and after the experiment.

[image: Table 2]




5. DISCUSSION

Online teaching videos enable students to understand the basic concepts of the course before taking the physical course, and the connection can be smoother in the physical course. At the beginning of the course, the learning materials on the platform were vital for students with a non-professional background (Information Management Department). They watched the teaching videos on the platform more seriously. In fact, the advantage of MOOCs is that they are flexible, allowing students to learn at their own pace without being restricted by time and space, which assists learning, as Fellman et al. (2020) also indicate in their research. Students who are determined to learn can accomplish a great deal on the platform. Furthermore, because students watched the teaching videos before class, the discussion in the class and the interaction between teachers and students increased, allowing students to learn more and teachers to teach more content. This is an example of a virtuous circle. Because information courses emphasize students' hands-on operations, offline thematic practice enables students to apply the acquired knowledge to practical problem-solving.

Although the test results of the two schools' course learning experience questionnaire surveys were not significant, the achievement test scores of the two schools' students following the experiment revealed a significant difference. There was no difference in the initial basic ability test scores prior to the experiment. However, there was a significant difference in the achievement test scores after the experiment, indicating that the AI precision education-assisted learning system can effectively assist students in learning. As Dekker et al. (2020) concluded, AI intervention increases students' academic performance. The purpose of AI precision education-assisted learning can be successfully achieved by utilizing students' learning history data, the AI system grouping, special counseling for learners with poor learning conditions, early detection of problems, and intervention to further improve learning effectiveness. This is consistent with the study of Lu et al. (2018), which found that precision education aims to identify high-risk students as early as possible and intervene in a timely manner based on teaching experience. Similarly, Luan et al. (2020) stated that AI has the potential to realize individualized learning and precision education. This is because a smart education system powered by AI technology is capable of collecting precise and comprehensive personal data, which can then be analyzed to reveal students' learning patterns and determine their specific needs. Since teachers are aware of their students' specific needs, they can provide timely assistance to further improve students' learning effectiveness.

The research limitation was the smaller number of samples. This is because the sample size was restricted to students enrolled in the courses. Increased sample size can improve the accuracy of the model trained by AI and enhance the interpretation of the results. Future studies should consider large-scale research and see whether any other variables influence students' learning experiences. Additional AI training models, such as decision trees, random forests, and neural networks, can also supplement the research. In addition, experimenting with the same courses taught by the same teacher in different classes or the same course offered in different semesters may result in less interruption during the experiment process.
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In order to improve the level of education development in remote areas of China, help minority schools to better play the advantages of multimedia network teaching resources provided by the state, and further improve the level of multimedia network management, a multimedia network teaching management system is studied and developed. The teaching information and business process of the school is analyzed, the division of the structure of the film and television multimedia information management system is completed, and the overall structure, functional structure, and database of the system are designed; Tornado technology, NoSQL database technology, jQuery technology, and Ajax technology are used to complete the development of the system. The results show that the real system can provide a highly automated platform for the school multimedia network-teaching management. The system makes the teaching staff work more efficiently and accurately. The results show that the system studied has a significant effect on the multimedia teaching of minority films and television. Using the characteristics of the combination of pictures, text, sound, image, and shadow, the knowledge can be shown to students intuitively, which is helpful to relaxed and happy learning of students and stimulate their desire to learn. Multimedia teaching has become an important teaching assistant tool. This exploration can provide theoretical support for the design of the network teaching information management system based on artificial intelligence, decentralize the complex network environment, and carry out decentralized management.

Keywords: multimedia teaching, multimedia technology, information management system, module design, big data, information technology


INTRODUCTION

Ethnic minority areas are vast in territory, inconvenient in transportation, blocked in information, and poor in quality of teachers. Limited educational resources are lack of integration, scattered in strength, overlapping, and wasting seriously. Various forms of education and school-running types lack communication, high-quality resources are difficult to share, and the quality and efficiency of teacher training are difficult to guarantee (Ying, 2017). However, the big data technology can open up new space for minority teaching and maximize the sharing of teaching resources, and it has the characteristics of huge capacity, wide variety, extremely fast acquisition speed, strong variability, and relatively low degree of authenticity, so it is widely employed in teaching. Fully utilizing modern multimedia network education means and adopting flexible and diverse modes are conducive to breaking the space-time barrier. Utilizing and sharing high-quality resources in developed areas will play a very positive role in realizing the optimal allocation of resources and improving the overall level of development of ethnic education, especially in accelerating the development of basic education in ethnic areas (Visser et al., 2017). The application and the development of artificial intelligence (AI) technology have been widely used in various fields of society and promoted the comprehensive reform of quality education. Compared with the traditional education mode, the network education of AI technology has rich teaching resources and information. In teaching, the traditional teaching mode is not enough for students to deeply learn detailed knowledge. Therefore, the network teaching resource information-integrated management system needs to be designed to promote the network teaching mode.

A Nationality Teachers College is far from the central city, located in a town in Ganzi Tibetan District, where traffic and information are very blocked. It undertakes the historic task of “stabilizing Tibetan well-being” and training all kinds of talents for Tibetan area (Hwang and Park, 2016). In order to give full play to the advantages of multimedia network education in training talents and cultivate more innovative talents in Tibet, it is necessary to seize the commanding heights of network education. Since 2000, the school has invested tens of millions of yuan to build a 100-M campus computer network connecting each classroom, office, laboratory, student dormitory, and the family of a teacher, and set up various media network classrooms, interactive multimedia network language laboratories, and multimedia network teaching computer rooms (Mershad and Wakim, 2018). With the establishment of these hardware facilities, a completely new and modern multimedia network teaching environment will be constructed. The application of multimedia technology enriches the original single teaching mode of the school and greatly improves the quality of the education and teaching and teaching management level, but there are also many problems. The technology of film and television multimedia is studied, and the information management system of film and television multimedia network teaching is designed by referring to the development of similar systems. The construction of these hardware facilities will build a completely new modern multimedia network teaching environment, enrich the original single teaching mode, and greatly improve the quality of the education and teaching and teaching management level.

In recent years, colleges and universities have paid more and more attention to the utilization of information technology to manage multimedia teaching resources, which aims at making better use of the Internet technology, improving the level of information management, and emphasizing on solving the problems and difficulties caused by the diversity of ethnic minority students and the diversity of their learning levels. At present, in the field of the multimedia network teaching for minority films and television, certain deficiencies, such as the presence of appropriate information management system, have led to the difficulty in information management of multimedia network teaching. In addition, most of the multimedia network teaching has not been rationally regulated by using information technology. At present, there are still some shortcomings in the minority film and television multimedia network teaching system, such as the imperfection of information management system and the lack of close links between various links, which will lead to the multimedia network teaching restricted in information management. In addition, most multimedia network teaching still stays at the application level of classroom teaching, and there is no reasonable regulation and management through information technology. Therefore, further research is needed to break through these limitations. Multimedia network teaching information management system of minority film is an important part of practical teaching. It is not only an effective extension of professional skills teaching but also a necessary means of innovative quality teaching development. Multimedia teaching, as an information platform to promote the harmonious development of bodies and minds of students, plays an important role in improving employment ability, social experience, and team consciousness of students. To sum up, the problems existing in the current network teaching information management system are summarized through the investigation. Aiming at the above problems and corresponding needs, a network teaching information management system based on meta heuristic algorithm is innovatively designed and developed. The algorithm comparison proves the effectiveness of the designed system. The research results can provide practical value for the construction of teaching information management system.



LITERATURE REVIEW

With the rapid development and wide application of computer technology, computer network technology, multimedia, and communication technology, all kinds of schools at all levels have set up campus network and multimedia network classrooms, constructed multimedia network teaching environment, and carried out research and experiment of multimedia network teaching. Guo et al. (2020) proposed a digital rights management system based on blockchain. The system includes a new network architecture for sharing and managing online education multimedia resources based on public and private blockchain, and three specific smart contract schemes for recording multimedia digital rights, secure storage of digital certificates and non-intermediary verification. The software should be compiled into a system and run in a unified manner on various campus network platforms. Abdulrahaman et al. (2020) pointed out that, for the application of multimedia in teaching, in addition to text and image, the existing tools also include multimedia components, such as audio, video, and animation. The conclusion is that most multimedia solutions for teaching and learning are aimed at the user audience of teaching content and solutions on topics of interest, and the successful use of different multimedia tools on different target groups and topics can be attributed to the technologies and components embedded in their development. The software is managed and maintained by relevant functional departments, such as schools, teaching departments, finance departments, and network management centers. The same kind of data reported are inconsistent, the work efficiency is low, and the management level has not formed a joint force. How to integrate the software together to bring benefits into play or develop a set of multimedia network teaching system software has become a realistic choice for schools (Tezer and Çimşir, 2017). Wang (2021) believed that mixed media and organizational innovation have become very obvious visual technologies, and have been used to changing performance strategies and improving education quality. Real teaching practice is of great significance for schools and universities to cultivate extensive brain science progress in health, ability, and substitutes. Because of this, it is naturally very crucial to use interactive media and network innovation to improve the actual training scene. Therefore, it is necessary to make a careful demand analysis and develop a multimedia network teaching management software system accordingly. It not only creates teaching scenarios and strengthens the intuition and vividness of teaching but also breaks through important and difficult points. It organically integrates classroom teaching and greatly improves the efficiency of classroom teaching.

Zhang et al. (2021) believed that if the multimedia teaching management system is successfully developed, it can break through the limitations of students in the classroom, and learning of students will not be affected by time and space. Regarding the teaching mode and teaching design, Huang (2021) emphasized that the overall improvement of teaching and learning experience of teachers and students urges teachers and students to break away from traditional teaching concepts and modes and achieve two times the result with half the effort. The technical advantages of AI technology in using the virtual reality teaching method in digital media art creation were given. Based on the network, educational resources and information are transmitted. It mainly combines multimedia technology, adds multimedia functions to the system, disseminates various kinds of media information through the system, processes media information, and shares information to form an idealized set of multimedia network teaching environment. At the same time, Han and Yin (2021) started with the development of the multimedia teaching platform, analyzed performance of students before and after using the system, investigated satisfaction of students with the system, and obtained the impact of the system on English learning motivation of students. It can also provide a set of effective teaching management tools for teachers. Ding et al. (2020) proposed that teachers can choose teaching methods, including synchronous teaching and asynchronous teaching. When students and teachers are online simultaneously, they can carry out synchronous teaching. When only a student or a teacher is online, asynchronous teaching can be chosen. For the questions raised by students, after teachers logging on to the system, the corresponding prompt box will pop up in the system interface, prompting students to send messages. Li (2021) analyzed the feasibility of applying multimedia technology to school music education and the auxiliary function of music education, and proposed the intelligent learning characteristics of a deep learning algorithm to monitor the teaching process of music education and analyze the process quality. In the process of learning, if there are any questions, students can ask other students or teachers for answers, which can improve the efficiency of learning of students learning. According to the research of the current scholars, scholars have made in-depth research on multimedia tools, teaching methods, and other aspects. Through multimedia teaching, the structure of a teaching classroom, the teaching effect, and the quality of teaching have been effectively improved. However, there is still a lack of research on the development of the multimedia film and television network teaching system in remote and backward areas. Based on the needs of ethnic minorities, a multimedia network teaching information management system is developed.

Massive research and practice show that the success or failure of the application of management information system in China depends not only on the hard environment such as technology, capital, Internet system, application software, and software implementation but also on the soft environment such as enterprise management foundation and cultural heritage, which often play a more crucial role. Management information system is a man-machine management system. It can play a better role only in enterprises with smooth information flow and standardized management.



MATERIALS AND METHODS

There are various development tools used in the development of multimedia teaching management system of film and television.


Tornado Technology

The Tornado framework is an open-source Web server framework. People familiar with Python language and interested in server application development are well aware that the Tornado framework was originally developed for real-time information service based on FriendFeed, a social aggregation website, to serve social applications (Wu and Tai, 2016). At first, the Tornado framework is created for social applications: Tornado is an ideal lightweight web framework. It has a few modules; the most important module is the web module, and the other modules are tool based. According to the research by Dascalu et al. (2016), the bottom core module includes three parts: http connection, iostream, and ioloop. Basalyga et al. (2021) studied the wall time difference between the real-time data enhancement method and convolutional neural network training for tornado prediction using pre-enhanced data. Fried Feed and other Tornado master developers are mainly based on Nginx or Apache agents when using them.

Tornado’s HTTP service is incomplete now. Using Tornado can easily construct various types of web servers. Now, we start with the HTTP server to see its implementation, call user-defined processing methods, and write the response data to the client socket, which are the three core modules of the Tornado server.

Tornado significantly differs from mainstream Web server frameworks (including most Python frameworks). It is a non-blocking server and is quite fast. Thanks to its non-blocking method and the use of epoll, Tornado can process thousands of connections per second, so it is an ideal framework for real-time Web services.



NoSQL Database Technology

The relational database is based on the relational model. The relational model can express all kinds of relations between entities in the real world. The relational database stores data in different tables, which increases speed and improves flexibility. Schwabe et al. (2016) suggested that the standard framework of “LAMP” and “LNMP” in the industry development website M represents the MySQL database. Specifically, the relational database is not suitable for dealing with the following problems: first, writing large amounts of data; second, applying when fields are not fixed; third, responding quickly to simple queries; fourth, changing the structure of tables with data. The overall framework of NoSQL is divided into four layers from bottom to top, including data persistence, data distribution model, data logical model layer, and interface. The layers complement one another and coordinate work.

NoSQL generally refers to the non-relational database. It corresponds to the traditional relational database. Its appearance solves many problems that relational database cannot. The NoSQL database plays an important role in the development of the mobile Internet (Szumacher et al., 2016; Al-Ariki and Swamy, 2017; Pei et al., 2017). Although NoSQL database is only used in specific fields and it does not need to do the complicated calculation, NoSQL database well makes up for the shortcomings of the previous relational database. The strengths of NoSQL database include.


Easy Data Decentralization

Relational database is based on Join, so relational database must store data in the same server, which is not conducive to data decentralization. While NoSQL database does not support JOIN operation, data are designed independently, and it is easy to disperse data to multiple servers, thus reducing the amount of data on each server. It makes it relatively easy to read and write large amounts of data.



Flexible Data Model

According to Lech et al. (2016), the NoSQL database does not need to establish fields for each data to be stored, and does not need to formulate the attribute type, length, and other related information of each field, which can store a customized data format at any time. The data type corresponding to each field changes with the change of the storage data type, so the NoSQL database has a flexible data type.



High Availability

The NoSQL database has many advantages when it does not affect performance so that it can easily implement a high availability framework. The so-called high availability framework is that the database can be expanded horizontally or vertically with the increase of business, but it does not affect the performance of the system.

NoSQL does not refer to a specific data management system, which is only a concept. The NoSQL database can be divided into many types according to the storage model and characteristics of data. NoSQL data in the mainstream are timely as follows. First, column storage: including Hbase, Cassandra, and so on. The column storage database stores data by column. Column storage is characterized by convenient storage of structured and semi-structured data. Second, document storage: The document database is widely used in modern LBS (location-based service) system. A document database is usually used to store the business information in the APP. Third, key value storage: including Redis, Voldemort, and so on (Zhang et al., 2016). The key value database is usually used to store hot data in the system. That is to put the data frequently accessed by the system in memory to improve the response speed of the system. The database stored by the key value will use a hash table.




jQuery Technology

With the continuous development of front-end technology, many developers have fully applied the idea of software reuse in software engineering to the development of technology and encapsulated many rich functions, and jQuery is one of the representatives. jQuery is another excellent JavaScript library after prototype, jQuery2.0, and the subsequent versions no longer support IE6/7/8 browsers. The core idea of jQuery is to provide Ajax interaction for websites. The jQuery module can be divided into three parts: entry module, underlying support module, and functional module. In the construction of the jQuery object module, if a selector expression is passed in when the constructor jQuery() is called to create a jQuery object, the selector Sizzle (a CSS selector engine implemented in pure JavaScript to find the set of elements matching the selector expression) is called to traverse the document, find the DOM elements matching it, and create a jQuery object containing these DOM elements. The display of jQuery is not affected by JavaScript that is being disabled. There is a situation that if Flash cannot be loaded properly, then some pages cannot be displayed properly. Of course, this situation will not occur on jQuery. Using the MIT license agreement, jQuery loads faster. Many search engines regard page loading time as a factor of SEO (Search Engine Optimization). Zhanikeev (2020) noted the similarity between DOM elements and tuples in datasets in web applications, and suggested borrowing jQuery symbols for dataset processing. jQuery files are stored separately from Web pages, which allows developers to optimize code centrally. At present, the main functions of jQuery are as follows.


Response Event

By introducing jQuery, developers can ignore browser compatibility issues and handle events more easily, which obviously speeds up the development efficiency of programmers, concentrates on business logic, and saves unnecessary debugging browser compatibility issues.



Change the Content of the Page

By using the powerful API (Application Program Interface) library provided by jQuery, pages, including content, pictures, forms, etc., can be easily modified.



Asynchronous Interaction With the Server

The whole set of Ajax function library provided by jQuery facilitates developers to develop applications of asynchronous interaction, frees developers from the process of writing asynchronous algorithms, and concentrates more on business processing.



Add Animation to Pages

jQuery provides a library of related functions instead of JavaScript, which greatly simplifies the workload of adding animation to pages (Nie et al., 2016). Different animation effects can be provided by defining different parameters.



Access to the Part of the Page Framework

This is one of the main tasks of the jQuery model. jQuery function facilitates developers to obtain a node in the page, rather than the information of the whole page so that the information loaded first can be realized and the experience of the user improved.



Simplify Common JavaScript Operations

jQuery provides many additional features to simplification operations.

The core features of jQuery can be summarized as follows. It has a unique chain syntax and a short and clear multifunctional interface; it has an efficient and flexible CSS selector, and can expand the CSS selector; it has a convenient plug-in extension mechanism and rich plug-ins. jQuery is compatible with various mainstream browsers, such as IE 6.0+, FF 1.5+, Safari 2.0+, and Opera 9.0+.




Ajax Technology

Ajax (Asynchronous JavaScript and XML) refers to a web page development technology for creating interactive web applications. Ajax technology provides a new way of front-end and back-end data interaction. It does not need to refresh the page and does not block the page execution process. It asynchronously requests to obtain and interact data. Ajax reduces unnecessary requests and network load by exchanging a small amount of data between the server and the application server. Ajax enables asynchronous updates of web pages. Traditional web pages (which do not use Ajax) must reload the entire page if they need to update content. Initially, it just sends a request asynchronously through Ajax, and the data are a simple user name, so it just sends it directly according to the string. Later, more and more data needed to be sent by Ajax, such as a whole form, when a set of rules is needed to describe more complex data. Then, the JSON data description format is created based on JavaScript data type, which can describe complex data very simply. At the same time, it is independent of language, so it can be used in multiple languages. At present, Ajax technology is an indispensable skill for front-end developers, and, now, the mainstream front-end JS framework also integrates the excellent ideas of Ajax. Ajax applications need a built-in process that can improve the quality and performance of Ajax applications. Turc (2019) used Ajax technology supporting dynamic data loading to construct Web applications for Internet of things devices. Ajax has a very promising future since it can improve system performance and optimize user interface. Ajax-existing direct framework AjaxPro can introduce an AjaxPro.2.dll file and directly call the background page method in JavaScript in the front page. However, this framework conflicts with form validation. In addition, Microsoft has also introduced Ajax components. It is essential to add the AjaxControlToolkit.dll file to display relevant controls in the control list. In short, the difference between them is that Jquery is not a technology but a library encapsulated by JS. Ajax is a web development technology to create interactive web applications. The direct web remoting (DWR) framework and the JQuery (JQ) framework can implement Ajax.



Meta Heuristic Algorithm Optimization

Meta heuristic algorithm can deal with complex problems and find the optimal solution from multiple implementation paths. Genetic algorithm is adopted to design the system structure. Due to the single-point search of the algorithm, the number of transmitted individuals should be small. Adaptive design is adopted, and the specific equation is as follows:
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N represents the interval of the hierarchical function, A represents the fixed coefficient, max represents the maximum evolutionary generations, g represents the transfer number, and popsizeTS represents the population number. Particle swarm optimization (PSO) is used to collect and sort the data. First, the particles are coded. Before making a decision, the particles in the particle swarm are represented as the time and priority of each step. Then, the fitness value of the function is obtained, and the position of each particle is expressed as a decision. PSO algorithm is improved to optimize the inertia weight in the algorithm. The state equation is as follows:
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m represents the factor controlling the smoothness of w and t change curves, and its value is 3. In the whole process of the algorithm, the mutation mechanism is introduced to prevent the particles in the population from stagnating in the iterative process. If stagnation occurs before the algorithm terminates, the mutation processing is performed. The specific calculation is as follows:
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η represents the minimum value of fitness function in the whole population, m represents the maximum number of iterations allowed to stagnate, (xmax − xmin) represents the search range. The maximum number of iterations is set to 1,500; the algorithm runs 20 times and takes the average value as the final result.




SYSTEM DESIGN AND ENVIRONMENT SETUP


Design of Basic Information Management Module

The basic information management module is shown in Figure 1. In the basic information management module, the Service_action service class is designed. This class is the most basic information management functions in the class, and the various functions used in the module are stored in the class.


[image: image]

FIGURE 1. Basic information management module.


Users log on to the system, enter Main. JSP page, select operation function, select by the login_menu () method, and use the skip_page () method to adjust related pages. Then, users submit a request to get relevant information from the database by getting the data () method and forming an SQL query statement, which queries the corresponding information from the database, and then the system returns the query results (Chen and Chen, 2018). At last, the display_result () method is used to display the query results.



Design of Teaching Resource Management Module

Teaching resource management is the effective management of video resources in the system. It is mainly responsible for video upload, download, classification, and data statistics.

The video upload function timing chart is shown in Figure 2. Users log on to the system by user name and password, enter the res_main.jsp page of the system, select the corresponding functional modules and apply the skip_page() method to jump the res_main.jsp to the upload function page. The upload file is added by the adddata () method, the upload request is sent to the system server through res_action, and the corresponding SQL statement is formed (Huang et al., 2016). After inquiring about the relevant information, the information can be processed and returned to the customer page, and the upload file can be submitted. After the upload is completed, the upload result can be returned.
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FIGURE 2. Video upload function timing chart.




Design of Communication and Interaction Module

Figure 3 is exchange interaction timing diagram. User is the system user, and when the system user logs on to the system, the system will automatically determine whether there is a message or other messages, send the message request through the getInfo () method, form the corresponding SQL statement, query the related statements in the database, return the message list through a list (), and use the display () method to display the list to the user. When the user enters the online communication function, the system obtains speech information of other people from the database by the First_Enter () method, while the sendMessage () method is used to complete the sending of the input message of a user.
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FIGURE 3. Exchange interaction timing diagram.




Design of Online Test Module

The online test management module is used to detect a learning situation of students. Teachers judge a learning situation of students by examinations.

Figure 4 is result query function timing chart. User is the user of the system. After the user logs in to the system, he or she chooses the functional modules that he or she wants to operate. Then, the login_menu () method is used to submit user requests, and the skip_page () method is used to jump pages. After the user enters the query keyword, the information is sent to the system through the Inputdata () method, the query request is submitted through the GetData () method, and the corresponding SQL query statement is formed to obtain the data information from the system database (Nie, 2018; Pinho et al., 2018). Finally, the query results are displayed on the page by using display_result ().
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FIGURE 4. Result query function timing chart.




Database Design

In the process of designing the database, the multimedia network teaching management system of film and television only explains some entities and introduces the relationship among them because of the actual number of systems.


Student Information Table

Table 1 is student information table. Students are one of the main users of this system, and there are many of them. Among them, u_id is the primary key, and the number of students, names, colleges, majors, classes, ID cards, etc., cannot be empty, which must be filled in.


TABLE 1. Student information table.
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Test Paper Information Table

Table 2 is test paper information table. Test paper is used to assess students. The attributes of the entity of the paper include the number of the paper, the paper name, the subject, the topic maker, the time of the examination, the upload time, and the time of answering questions. Among them, p_id is the primary key of the enterprise information table, p_num is the foreign key, and the names of other attribute papers, subjects, question makers, examination time, answer time, upload time, and so on cannot be empty.


TABLE 2. Test paper information table.
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Achievement Information Table

Table 3 is achievement information table. The attributes of the achievement information entity include student ID, student name, course, examination question number, entity name, achievement, marker, entry time, notes, etc. Among them, l_id is the primary key of the test paper information table, and the number of students, names, subjects, test paper numbers, test paper names, and scores cannot be empty.


TABLE 3. Achievement information table.
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Message Record Table

Table 4 is message record table. Message record table is used to record the information of teachers and students in the process of communication and interaction to facilitate the future inquiry of these messages.


TABLE 4. Message record table.
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System Simulation Test

Software testing is divided from different angles, which can produce different test contents. From the perspective of system analysis, software testing is divided into module testing, function testing, subsystem testing, and overall testing. As for the division from this perspective, the test level increases step by step according to the order from part to whole. Black box testing is used here. The system response time simulation experiment is carried out to verify that the performance index of the system can meet the design requirements. Hardware configuration: central processing unit (CPU): Intel (R) core (TM) 2DuoCPUE8400@3.00 GHz; Memory: 2 GB DDR3 1066 MHz; Hard disk: 320 GB SATA; Graphics card: GeForce GTX 460; Quantity: three sets. Software environment: operating system: LINUX and Windows10; Browsers: Microsoft IE 8, Mozilla FireFox and Google Chrome. Load Runner 7.8 was used as the test tool in the experiment.




SYSTEM IMPLEMENTATION AND MODULES DISCUSSION


Overall Implementation of the System

System implementation is a process of realizing the system through program code according to the information acquired in the stage of requirement analysis and system design.

Figure 5 is the architecture of film and television multimedia network teaching management system. The display layer is mainly the interaction layer between users and the system. The business logic layer is the most important part of the whole system. Most of the business logic processing in the system is processed in this layer and embedded in a variety of components, such as SSL (Security Socket Layer) security transmission component, data security exchange component, and data encryption component. Moreover, the business logic layer connects with the business layer on the one hand and the data layer on the other. There are many data interaction protocols and standards in the data layer. In this system, Web server, data server, and backup database are separated. When one database fails, it will not affect other servers to minimize the loss of users.
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FIGURE 5. System architecture.




Realization of Login Function and Basic Information Module

The user account and the password of the system will be imported from the school management system. The username and the password of the system are the account and the password of the campus management system.

The basic information management module mainly manages some of the most basic information in the system, such as student information, teacher information, curriculum information, etc. The information constitutes the user information of the system. Through the management and maintenance of this information, the system can guarantee the normal service for users.

Users log on to the system, enter the basic information management module to select the student information management function, and the student information management interface will appear in the system page. the related information list of some students will be displayed on the page so that students can be inquired by inputting the names of the students, the name of the institute, and the major they have studied. If the user is not clear about the college where the student is located or major, then by inputting the names of the students, they can find out all the students who have the keyword in the school. Selecting the appropriate operation, they can complete the corresponding modification information modification.

Users log on to the system, enter the system homepage, select the student information management function, and carry out the corresponding operation. Choosing to add the student information function, the new page of student information will appear, and then input the student information that needs to be input, and save the information to the database. Selecting the modification function and clicking on the revised students, the system shows the information of the revised students, then makes the modification of the information, and finally saves the revised information.

In the course information management, the main aim is to use the teaching course of this system, which needs to be clearly marked. Only the teachers in this course can manage the course information. The basic information management functions of the multimedia information management system for film and television are shown in Figure 6.
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FIGURE 6. Basic information management of film and television multimedia information management system.




Implementation of Teaching Resource Management Module

Teaching resources are the main function of the system and the core of the system. Teachers can make visible and relevant teaching videos uploaded to the system through uploading function, while students can choose to query relevant teaching resources information according to their needs and download them. At the same time, the data statistics function is set up in this module, which can count the visits and downloads of various teaching resources.

Users log on to the system, enter the system homepage, select the video resource management function, and enter the video function management interface, which shows the video resources that can be managed under the authority of the user. Users can choose the video resources they need to manage. Users log on to the system, select the upload function of video resources, enter the upload page of video resources, input the number, name and course of uploaded video resources, click the browse button, pop up the local file selection interface, select the uploaded video files, click the upload button, and then complete the upload of video resources.

Teachers log on to the system, enter the system homepage, input the relevant information of teaching video, and select the corresponding local video file by browsing function. The system verifies the information input by users and the format and size of the video, and then uploads it to the system to save after verification. When other users log on to the system, they can view the video and download it.



Implementation of Communication and Interaction Module

The mode of communication and interaction provides an information exchange platform, which is mainly divided into two modes, synchronous communication, and asynchronous communication. At the same time, a discussion area is designed, which provides a great convenience for the learning and communication between teachers and students, and students can learn better.

Users log on to the system, enter the system homepage, select the online communication function, and enter the online communication page, which consists of the information input box, an information display module, and an online person module.

Users log on to the system, enter the system homepage, select the question discussion function, enter the question discussion function page, click the issue button, enter the question publishing interface, and input the relevant information of the discussion problem to complete the issue of discussion. The selected object, after logging on to the question discussion function, will receive the corresponding question discussion information and can release the advice of the issue.



Implementation of Online Test Management Module

Online test management realizes the detection of the learning situation of students. Teachers upload the test questions to the system. Then, teachers send test notifications to the students who take part in the test. Students log on to the system at a specified time to participate in the test. After completing the test, they submit the answer information.

Teachers log on to the system, enter the system homepage, and select the test notification function. Then, the page jumps to the test notification page, enters the subject and content of the notification, and selects the notification object. The notification object is classes, and, after clicking sending, all members of the class can receive the test notification information.

Student users log on to the system, enter the system homepage, select the performance query function, and enter the student number and test subjects. Then, the page will show all the tests carried out by the subject and select a test score record, and students can query the details of the results. Student users log on to the system, enter the homepage of the system, choose the online test function, choose the test questions, and then begin to answer them. The system displays the contents of the test papers and obtains the test time.

After using the minority films and television multimedia network teaching information management system, the implementation of teaching and learning in the process of multimedia network teaching is comprehensively managed and controlled, which provides a good platform for improving the management level and working efficiency of multimedia network teaching so as to achieve the goal of automation, information, and paperless.



System Performance Evaluation

The response time given by the system for the operation of the user is also a factor that directly indicates the performance of the system, so it is essential to determine the average response time of all users when using the system. The length of delay time directly affects the sense of experience of the user. After clicking the operation button in the system, if the delay time is short, the user will not even feel waiting for a response, that is, the response result will be obtained immediately after submitting the request. Figure 7 displays a partial result of the test:
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FIGURE 7. System response delay test results.


For the performance test of the system, different numbers of system concurrency are simulated with the help of 100 computers. In the process of different people accessing and operating the system, the average response time of the system meets the design expectation. Meanwhile, the response time of the system is also within the expected range when the system reaches the maximum number of concurrent users. It indicates that the performance test of the system is good, the system can be put into the network teaching information management, and the good experience of users when using the system can be ensured.

Figure 8 is a time curve drawn according to the time when the user obtains teaching resource information, which is obtained from the simulation experiment.


[image: image]

FIGURE 8. Time curve of users to obtain network teaching information.


The experimental results in Figure 8 show that the time for the conventional management system to obtain teaching resource information is slowly shortening, while the time for the comprehensive management system of English teaching resource information based on AI to obtain teaching resource information decreases rapidly, and the shortest time for obtaining information is 17.5 s. The average of 10 groups of experimental data is calculated. It can be concluded that, compared with the conventional teaching information management system, the time for users of the management system based on AI to obtain teaching resource information is shortened by 36.3 s, which is suitable for the sharing of teaching resource information. Figure 9 displays the performance comparison after improvement.


[image: image]

FIGURE 9. Performance comparison of different algorithms.


Figure 9 shows that the performance of the optimized meta heuristic algorithm is significantly better than the original algorithm. In addition, the system can find the optimal solution in a short time under the same number of iterations.



Student Information Management Function Test Case

The actual test results of student information management are shown in Table 5.


TABLE 5. Student information management test results.

[image: Table 5]
When the teacher manages the student information, the user logs in to the film and television multimedia network teaching management system to trigger the basic information management event, and the page jumps to the basic information management page; then, the user triggers the new event to enter the student information addition interface, inputs the student information, and triggers the save event; the system saves the student information to the database, and the system page returns to the basic information management interface.




CONCLUSION

Whether in schools in towns or remote areas, modern teaching methods have greatly alleviated the pressure of traditional teaching methods. The information management system designed for the minority college can make better use of the teaching resources of the college. Compared with other systems, the minority film and television multimedia network teaching information system is characterized by multi-language support. Multimedia network teaching system completes the transmission of educational resources and information through the network. It is based on the network system, combined with multimedia technology, which adds multimedia functions to the system, disseminates various media information through the system, processes media information, and shares information, thus forming an ideal multimedia network teaching environment. Multimedia network teaching system breaks through the limitation of time and space so that students in this school can learn not only in the classroom but also in any place where computers and networks exist. The system also has the function of communication, which can facilitate the communication between students and between students and teachers and provide an effective teaching management tool for teachers. To sum up, the development of the multimedia system plays a positive role in the development of regional education for ethnic minorities.

Based on the in-depth analysis of the similar multimedia network teaching management system of film and television, the development process and key points of the system are clarified. Then, go deep into colleges and universities; communicate with teachers, students, and teaching staff; and determine their needs in multimedia network teaching. Design and complete the system framework, and use the related system design technology to improve the overall architecture and functional architecture of the system. In order to make the function of the system as perfect as possible, the system is tested comprehensively and the omissions are corrected. The multimedia network teaching management system for film and television has the function of communication, which can realize the communication between students and between students and teachers, and also provides a set of teaching management tools for teachers.

In general, while designing a multimedia network teaching management system, Python is more suitable for the development of this system. It has excellent versatility and high efficiency. Python can provide necessary and effective processing tools in the whole process. Each step has a special tool library. Python contains multiple powerful statistical and mathematical tools, such as Pandas, Numpy, Matplotlib, SciPy, and scikit-learn. Besides, it also includes advanced deep learning tools, such as Tensorflow and PyBrain. Furthermore, Python is recognized as the basic language of AI and machine learning, and there is a close intersection between data science and AI. A system developed by Python can be transplanted to other platforms. In this study, by designing a multimedia network teaching management system, the needs of college students and teachers in network teaching are met. Especially, the classification of minority languages makes the learning of students no longer limited by time, space, and language, which is more convenient to obtain teaching resources to meet the learning needs. Multimedia network teaching management system has a wide range of points. The research significance is to change the data management means in the traditional teaching work, enhance the interaction of multimedia information, make the multimedia teaching resources really play its teaching value in the teaching process, and provide an open and shared learning interactive platform for teachers and students. At present, there are still many areas that need further improvement in the system. For example, the logic design of the application logic layer in the three-tier structure is not perfect enough and should be further refined. Data acquisition has not yet reached the level of full automation. In the future, it is necessary to continue to study the programming interface of the equipment to achieve full automation acquisition.
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The cloud intelligent classroom, supported by modern technologies, is the main trend of curriculum design in the future. The purpose of this study is to explore the promotion and integration between digital technology and the curriculum design of mental health education in colleges and universities and realize their real value. First, the overall idea and practical value of the study are clarified after the relevant literature is reviewed. Second, the setting, the teaching methods, and the ideas of the cloud classrooms based on digital technology are elaborated in detail. Then, the final effect of mental health education in cloud intelligent classrooms is demonstrated and summarized after the teaching practice, a questionnaire survey, and the expert assessment. Finally, the research conclusions are drawn and the suggestions for constructing the cloud intelligent classrooms of mental health education are proposed based on the practice and surveys. The research is based on the reality of mental health education in colleges and universities, rational thinking, and action. While updating the means and methods of the curriculum design of the mental health education in the high school, it expands the connotation of cloud intelligent classroom and pursues the unity of “form” and “content.” The cloud intelligent classroom helps to improve the teaching quality of mental health education for the music majors in colleges and universities in the short term. Cloud intelligent classrooms can also help to achieve the curriculum design and teaching objectives.

Keywords: deep learning, cloud intelligent classroom, college music majors, psychological education, course design


INTRODUCTION

At the beginning of 2005, the Ministry of Education and the WHO jointly formulate and promulgate the opinions on further strengthening and improving the mental health education of college students. It is proposed that the mental health education of college students should be effectively implemented and the important role of the mental health education of college students should be advocated. The Ministry of Education also promulgated the basic requirements for the teaching of mental health education for college students in 2011, which describes the detailed regulations on the curriculum design, teaching objectives, contents, and methods of mental health education in the colleges and universities. After more than 10 years of practice, the major colleges and universities pay more and more attention to the mental health education of the students and make new attempts to reform the curriculum design. However, the analysis of the survey results of relevant institutions reveals that the desire of students for the other relevant courses is rising. The curriculum design of mental health education is popular, which greatly affects the satisfaction of the students within the classroom and the curriculum design of the mental health education (Qian et al., 2018; Chen, 2019). The lack of the resources of curriculum construction, the backwardness of teaching materials, and the imperfect management mechanism hinders the development of mental health education. In addition, the original classroom courses are mainly based on the knowledge imparting, lacking practical application of knowledge due to the long-term neglect of the real needs of the students for the mental health education in the teaching practice. At the same time, there are also problems such as the single teaching methods and contents, which are all the key problems that need to be solved urgently in traditional mental health education (Wu and Wu, 2017).

At present, more attention is paid to the mental health education of the students majoring in music because the music majors have obvious differences in personality, emotion, temperament, and thinking. Therefore, the mental health education of the music majors should be carried out according to their mental states and the teaching modes of music majors, so that the mental health education can truly meet the characteristics and actual needs of music majors (Rogoza et al., 2018; Saha-Gupta and Song, 2019). As a new trend of curriculum construction and development at present, cloud intelligent classrooms have obvious advantages over the traditional classroom in the space and time constraints, which play an important role in promoting the development of mental health education for music majors. Therefore, this study is expected to explore the promotion of the curriculum construction of mental health education based on cloud intelligent classrooms, so that the practical value of the cloud intelligent classrooms can be fully embodied. According to the domestic and foreign literature, this study first clarifies the research ideas and their practical value (Wu and Song, 2019). Then, the ideas of cloud intelligent classrooms are put forward. Subsequently, the actual effect of cloud intelligent classrooms in mental health education is proved through practice, a questionnaire survey, and expert assessment. Finally, the research conclusions are drawn and the construction of cloud intelligent classrooms for mental health education is proposed. A total of 235 relevant pieces of literature is retrieved and 24 of them are referred according to the inclusion and exclusion criteria. The literature screening process mainly goes through four steps: document identification, preliminary screening, rescreening, and inclusion as shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of the literature screening.


Based on the summary of the domestic and foreign literature, previous studies on the mental health education curriculum mainly focus on the aspects of current situation investigation, concept analysis, function evaluation, and curriculum system construction. At present, the research on the school-based curriculum of mental health education in colleges and universities mostly focuses on the teaching design of a demonstration course, a hot topic, classroom records, after-school reflection, and so on (Wu et al., 2019; Kwet, 2020; Wu W. et al., 2020). At present, a comprehensive curriculum system covering the whole year has not been formed. At the same time, previous studies on cloud intelligent courses mainly focus on the new online teaching methods such as microcourses and massive open online courses (MOOCs). Under the framework of the university curriculum system, the cloud intelligent curriculum research focuses on improving the effect of classroom practice, more intuitive experimental demonstration, and more vivid presentation of the teaching materials (Aguilar and Holman, 2018; Yang et al., 2018; Zheng et al., 2018; Cebrian and Palau, 2020). The practice of the curriculum in the cloud intelligent room follows the basic curriculum design framework and technology only plays the role of “icing on the cake,” which fails to change the essence of the “giving and receiving” relationship between the teachers and students in the traditional classroom (Huang et al., 2019). After the domestic and foreign literature is reviewed, the research idea and its practical value are clarified. Then, the idea and measures of constructing the cloud intelligent classrooms are put forward according to the relevant theories of the cloud intelligent classrooms. Subsequently, the actual effect of cloud intelligent classrooms on mental health education is explored through practice, a questionnaire survey, and expert assessment. Finally, the research conclusions are drawn and the construction measures of the cloud intelligent classrooms for mental health education are proposed.



RELEVANT THEORIES


Related Theories of the Cloud Intelligent Classrooms


Architecture of the Teaching Model Based on the Cloud Intelligent Classrooms

Based on the cloud end, the traditional classroom is transferred to the network platform. At the same time, the roles of teachers and students change according to the intelligent teaching mode. The role of teachers is to provide learning resources and guide the students to learn the knowledge and skills. The role of students is “acting” mainly to complete autonomous learning, ask questions, and share results. Then, the teachers and students are evaluated in the cloud intelligent classrooms, fully highlighting the central position of students (Wu et al., 2019; Johnson et al., 2021; Yi et al., 2021). The teaching model based on cloud intelligent classrooms is shown in Figure 2.


[image: Figure 2]
FIGURE 2. Architecture of the cloud intelligent classrooms.




Teaching Ideas and Measures of the Cloud Intelligent Classrooms

(1) Teaching ideas. The concept of cloud intelligent classrooms refers to the talent training goal that adheres to the outcome-based education (OBE) concept with the students as the main body and the learning results as the goal and the teaching of this course is continuously innovated as follows: (1) Formulate the teaching outline of the integration of production and education, (2) Determine the teaching objectives by grading and positioning and the expected learning results of the students, (3) Make the teaching plans and experimental arrangements, (4) The teaching plan is designed, (5) Teaching practice is carried out, (6) The expected learning results are evaluated, and (7) The curriculum evaluation is completed (Archer-Kuhn et al., 2020; Yue, 2021).

(2) Teaching measures. According to the teaching ideas of this course, the specific measures are carried out from the following aspects: (1) The government, colleges and universities, and enterprises should join the requirements and expectations of stakeholders that are fully considered to formulate the syllabus of the course and the key and difficult points of the content should be standardized, (2) According to the cognitive classification of educational objectives by Bloom, the teaching objectives are graded and the fit between the learning results of the students and teaching objectives is estimated (Kaihua, 2020; Paudel et al., 2020; Chavess and Taylor, 2021), (3) Make the teaching plans according to the syllabus including the arrangement of teaching time, the setting of experiment content, and the progress arrangement of the curriculum, (4) Based on the method of reverse design, namely, starting from the teaching goal of “cultivating the professional ability of the students,” the curriculum design is carried out according to the steps of the top-level drive, problem decomposition, and emphasis on cohesion (Krishnaswamy et al., 2019; Wu Y. J. et al., 2020; Yuan and Wu, 2020), (5) A variety of teaching stages should be integrated including preclass, afterclass, and online and offline teaching processes, (6) Learning effect of the students is evaluated before the teaching process, in the teaching process, and after the teaching process, and (7) The results of the course are summarized after the course is completed. In short, the cloud intelligent classroom teaching mode promotes and improves the implementation of deep learning.





RESEARCH METHODS


Research Subjects and Tools


Research Ideas

Based on the theories and the current situation of the construction of the curriculum of mental health education, the cloud intelligent classroom of mental health education in the colleges and universities is constructed and the attitudes of the students toward the curriculum are explored through a questionnaire survey. Then, the experience of the students toward the course is tracked and investigated and experts are invited to observe and analyze the classroom records, evaluating the learning effect, and goal achievement. Finally, based on the practical experience and survey results, the research conclusion is drawn. The overall research process is shown in Figure 3. The subjects are divided into three groups, of which the experimental group takes the course in the cloud intelligent classrooms, while the other two control groups take the course in the traditional classrooms. The achievements are compared between the experimental groups and the control groups.


[image: Figure 3]
FIGURE 3. Research ideas and process.




Research Subjects

The sophomores of Z University and the freshmen of N University in a city are selected as the research subjects. Since N University only offers freshmen courses for mental health education, this practical research is only carried out among the freshmen.

Among the sophomore of Z University, classes 1, 2, 9, and 12 are the experimental group, while the classes 4, 7, 8, and 11 are the control group 1, ensuring the consistency of each group as far as possible.

The freshmen in N University are randomly selected as control group 2.



Research Tools

(1) School-based teaching materials of the mental health education in the cloud intelligent classroom are “navigation in the sea of hearts” (for the freshmen and the sophomores).

The teaching process of this textbook mainly focuses on the mental health of the students, interpersonal communication, emotional regulation, and career planning. There are 10 class hours for the freshmen and five class hours for the sophomores, with a total of 15 class hours. The textbook is designed to include rich digital resources. At the beginning of the design, it attaches great importance to the personalized needs of the students and autonomous learning, which have a very significant effect on arousing the interest of the college students in learning and improving their psychological states.

(2) Questionnaire on the curriculum of the mental health education (questionnaire of the students).

The design of the questionnaire is inspired by some previous studies on the cloud intelligent classrooms and combined with the personality characteristics of the music majors to effectively measure the attitudes of the students toward the curriculum design of mental health education (Lei, 2019; Li, 2019; Min, 2019). Finally, goal achievement, student participation, class willingness, evaluation tendency, and the satisfaction of the students are selected as the measurement standards for the implementation effect of the curriculum design. The questionnaire is revised and completed based on the results of the previous interviews and the joint efforts of the full-time mental health education teachers, students, and experts in the field, which provide a guarantee for its effectiveness and professionalism. The reliability of each dimension of the questionnaire is above 0.7, which proves its good reliability and validity and can be used as a reference. There are 24 questions in the questionnaire, among which questions numbered 1–7 are used to investigate the achievements of the students in mental health education, questions numbered 8–12 are used to investigate the participation of the students, questions numbered 13–16 are used to investigate the willingness of the students to attend class, questions numbered 17–19 are used to investigate the evaluation tendency of the students, and questions numbered 20–24 are used to investigate the satisfaction of the students within the cloud intelligent classroom. The higher the scores, the more positive their attitudes toward the cloud intelligent classroom.

After the course ends, the questionnaire survey is conducted. 400 questionnaires are issued by Z University and 350 valid questionnaires are recovered, with a recovery rate of 87.5%. In the same week, the questionnaire survey on the control group 2 in N University is completed, which is jointly conducted by the researchers and teachers of the University. 220 questionnaires are distributed in N university and 182 are valid questionnaires, with a recovery rate of 82.73%.




Educational Practice


Practical Mode

Posttests are carried out on control group 1, control group 2, and the experimental group (Table 1).


Table 1. Educational plan.

[image: Table 1]

The specific differences in the process of teaching practice are presented in Table 2:


Table 2. Educational practice program.

[image: Table 2]



Practical Process

The experiment is divided into four stages:

The first stage (2019.7–2019.12):

(1) Determine the research ideas and select the research tools; (2) Determine the teaching materials and write the syllabus of the mental health education in the traditional classroom and the cloud intelligent classroom and also prepare the hardware and software debugging for the terminal teaching in advance; (3) Write a specific teaching plan and report to the relevant leaders for review; and (4) Communicate with the teachers who work on the mental health education at N University, share the course resources and teaching plans, and unify the teaching theme in the preparation stage.

The second stage (2020.3–2020.6):

(1) The researcher setup the experimental group and the control group 1 in Z University for mental health education and the mental health education in N University is opened among the freshman and the students are the members of control group 2. The course focuses on the five topics: stress adjustment, heterosexual communication, interpersonal relationship, learning planning, and career development; (2) The experimental group and the control group only have differences in the teaching mode, while the teaching content and teaching time are the same as far as possible; and (3) A questionnaire survey is conducted on the experimental group, control group 1, and control group 2.

The third stage (2020.6-2020.8):

(1) The data are analyzed and the results of the questionnaire survey are obtained and (2) Interview the teachers who teach the mental health courses to know about the current situation of the mental health education in the colleges and universities in N University.

The fourth stage (2020.10-2021.5), also known as the practice feedback stage:

(1) The class and the students are followed-up to evaluate the teaching effect; (2) Invite the education experts to assess the classroom record and the teaching effect and invite the teachers to evaluate the course; and (3) Sort out the relevant data, so that the test process and results can be fully presented.




Scheme and Control of the Independent Variables


Intervention Program

The teaching content is the textbook “Xinhai navigation” compiled by the universities. The textbook is based on the template of mental health education and its content is adjusted and modified several times according to the actual situation of the regions and universities. The contents of the study are as follows in Table 3:


Table 3. Teaching the topics and overview of the digital school-based course of mental health education.

[image: Table 3]



Control of the Independent Variables

(1) The course themes and teaching plans of Z University and N University should be consistent as far as possible and the teaching time is from March to June 2020.

(2) Control the other irrelevant variables. In the teaching process, teachers will not tell the students about the purpose of research in advance, so that the students can keep in a natural state.





DATA ANALYSIS AND TEST RESULTS


Questionnaire Survey

(1) The questionnaire results are statistically analyzed and the positive distribution test is carried out by the SPSS22. The data are expressed in mean ± SD, namely [image: image], as shown in Table 4.

(2) The chi-squared test and t-test are used to test the results of the questionnaire.


Table 4. Overall situation of the questionnaire survey.

[image: Table 4]



The Chi-Squared Test on the Gender and Grade of Each Experimental Group

The above results show that the influence of gender and grade on the final results can be excluded (Figures 4, 5).


[image: Figure 4]
FIGURE 4. The chi-squared test of the gender among the experimental group, control group 1, and control group 2. χ2 = 0, p = 1.00 > 0.05. There is no significant difference in the gender among the groups.



[image: Figure 5]
FIGURE 5. The chi-squared test on the gender of the experimental group, control group 1, and control group 2. χ2 = 0.3, p = 0.233 > 0.05. There is no significant difference in the grade variables among the three groups.




Reliability of All the Dimensions of the Questionnaire

Figure 6 shows that the reliability of the questionnaire is good. In particular, the reliability coefficient α of the dimensions of goal achievement, teaching satisfaction, student engagement, and performance appraisal tendency is more than 0.9. The reliability coefficient of willingness to attend class is relatively low, but it also reaches 0.8. Overall, the results of this study are reliable.


[image: Figure 6]
FIGURE 6. Reliability of each dimension of the questionnaire.




Goal Achievement of the Mental Health Education Based on the Cloud Intelligent Classrooms

Figure 7 shows that the p-value is less than 0.05, which is significant. The test results of the experimental group and control group 1 indicate that the attitude of the students toward mental health education is relatively stable and is not affected by the changes in the form of courses after 3 months of mental health education is carried out in University Z. The cloud intelligent classroom is still in the development and exploration stage and both the teachers and students need a period to adapt and familiar with it. In addition, it is also related to the lack of attention to mental health education and the lack of corresponding examination-oriented assessment.


[image: Figure 7]
FIGURE 7. The t-test results of the independent samples of the experimental group and control group 1 (experimental group, n = 182, control group 1, nl = 168).


In terms of mean, the higher is the mean, the more is positive the attitude tendency of the students. The comparison shows that most students still prefer the traditional teaching mode of mental health education. In the dimension of performance appraisal tendency, students who receive mental health education in the cloud intelligent classroom have a higher degree of love for their teachers and they are more respected for the evaluation methods of learning. Due to the addition of human-computer interaction, the mental needs of college students are expanded (Brenda Happell et al., 2019). For the researchers, more attention should be given to the features and more care should be given to the students who are not paid attention to their study in the class instead of the top students in the traditional classroom, so that all the students can be treated equally (Danesh et al., 2019; Petchamé et al., 2021).

The recall of the course influences the learning effect of the course. Through the sampling survey of the experimental group and control group 1, the number of students who can recall the three or more subjects (a total of five courses) is called the effective number.

The Table 5 shows that the class that uses the cloud intelligent classroom to take the mental health education can acquire and memorize more knowledge. This is because the special classroom can leave more impression on the students compared to the traditional classroom. In addition, the teaching mode of human-computer interaction makes the engagement of students in the classroom effectively improved. In the traditional classroom, the students may distract from learning in the classroom and the traditional mode of speaking and feedback sharing is popular, so it is difficult to arouse the enthusiasm for study in the students.


Table 5. Percentage of the students correctly recalling the three or more subjects.

[image: Table 5]

In conclusion, based on the above practice and investigation, the curriculum construction of the cloud intelligent classrooms is more impressive and influential than the traditional education classroom on the music majors and the evaluation of the student toward the teaching quality of the course is also higher.



Assessment of Mental Health Education in Cloud Intelligent Classrooms by the Experts

Three teachers with senior professional titles or above are invited to review the classroom records (grade A 100–90, grade B 89–75, grade C 74–60, and grade D below 60).

According to the score of the record assessed by the experts (Figure 8), it is found that the mental health education in the cloud intelligent classroom meets the teaching requirements of the university, which can help the universities and teachers to achieve the expected teaching objectives and guide the students to insight into the deep knowledge. Experts believe that this is an innovative teaching mode and has a broad development space (Table 6).


[image: Figure 8]
FIGURE 8. Experts scoring the records in the cloud intelligent classrooms.



Table 6. Assessment of the experts of the classroom observation.

[image: Table 6]

Based on the results of the classroom observation, it is found that mental health education in the cloud intelligent classroom is student-centered and the students in the classroom can engage actively. This teaching mode based on digital technology is in line with the mental expectations of the students, helping teachers to achieve the teaching objectives. But at the same time, there are still shortcomings in the talent training in the cloud intelligent classroom, which distract the attention of the student from learning in certain situations. This requires that the teachers should adjust their teaching methods according to the characteristics of the cloud intelligent classrooms when designing the teaching plans (Happell et al., 2019; Hayas et al., 2019; Wise et al., 2019).



Interschool Differences in Mental Health Education in Colleges and Universities

Since the two control groups are taught in the traditional classrooms, there are significant differences in the learning effect (Figure 9). This may be because the different universities have significant differences in the above dimensions of mental health education, which has a great impact on the realization of the teaching objectives. The test results show that Z University is more positive in the evaluation of mental health education, while the students in N university are more willing to accept the evaluation of teachers, which are closely related to the pressure of the performance in Z University.


[image: Figure 9]
FIGURE 9. The t-test of the control group 1 and control group 2 (control group 1, n1 = 168, control group 2, n2 = 182).





DISCUSSION

The above investigation and practical research are closely related to the actual work of mental health education in colleges and universities. The educational action research method is adopted and the qualitative analysis and quantitative analysis are combined to conduct the practice research based on compiling the teaching materials. The results of the questionnaire survey and tracking survey show that cloud intelligence courses can achieve the teaching objectives of mental health education. Evaluation by the experts and teachers shows that this course is a bold attempt and achieves a good effect. It can optimize the process of mental health education. It expands the connotation of digital courses and pursues the unity of “form” and “content” while updating the means and methods of mental health education for college students. Based on the above investigations, the following conclusions are drawn:

(1) In the long term, mental health education in the cloud intelligent classroom can improve the teaching quality of the mental health education of the music majors in colleges and universities.

(2) Cloud intelligence courses of mental health education can help to achieve the teaching objectives.

(3) Mental health education in the cloud intelligent classroom is helpful to enhance the learning effect of mental health education.

(4) Based on the results of the mental health education in N University, it is proved that there are differences in the mental health education in the different regions and universities. Therefore, it is imperative to promote mental health education in the cloud intelligent classroom.

In comparison to the previous study, it is found that the research results confirm the practice results of the mental health education by Lattie EG based on the Claroline platform in high school. In the auxiliary teaching based on the digital platform, the students can be more concentrated in the teaching activities than the traditional mental health education and the diversified multimedia attracts more students. Feedback of the students after the class is more positive and they are willing to spend time on precipitation, digestion, and presentation (Lattie et al., 2019). This study also echoes the mental health education based on the Moodle platform developed by Pine. Digital courses make up for the one-dimensional nature of the traditional curriculum discussion and communication. They make use of open and interactive teaching techniques to facilitate communication and cooperation, resource sharing, innovative education management, and learning modes among students, improving the efficiency of the curriculum design (Pine, 2020).



CONCLUSION

Based on the combination of the quantitative and qualitative methods and deep learning, the research on the teaching mode and the ideas in the cloud intelligent classrooms are studied. Through the results of the questionnaire survey and expert assessment, it can be found that mental health education in the cloud intelligent classroom is an innovation for the traditional teaching mode and has a good learning effect, which promotes the realization of the teaching objectives.

In mental health education, the relevant personnel should pay special attention to the following aspects. In terms of the teaching operation, both the teachers and students should be familiar with the teaching environment of the cloud intelligent classrooms in advance. It is suggested that class hours should be setup so that the students can have a relatively clear understanding of the operation of the digital teaching software and terminal equipment before class. It can effectively distinguish the teaching instruction proposed by the lecturer and play a role in maintaining the classroom instructions. As for the feedback, the teachers should feedback timely to overcome the defects of the software system. For students, feedback can enhance the interaction between the teachers and students, timely discussing the problems encountered in the teaching process. Concerning curriculum evaluation, different evaluation methods and models should be studied and updated. The traditional curriculum evaluation mode is mainly teacher-oriented, while cloud intelligent classroom is student-oriented, reflecting the attitude of the students toward the course and homework after class. About information preservation, the cloud intelligent classroom of mental health education in colleges and universities should produce a lot of data in the teaching process. Teachers can screen and classify these data after class and establish the databases to ensure a quick search for useful information later.

In addition, as for the teaching tools, the current learning platforms and Apps mainly concentrate on how to facilitate the workload of the teachers, but the essence of education is to promote the development of the students. Therefore, how to deeply excavate the influence of the learning platforms and Apps on the students will be the focus of the follow-up study and it needs to be accumulated in the teaching practice.
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The purpose was to analyze the psychological changes of teaching staff in the academic management of local colleges, and briefly explore the role of teaching staff in the development of the social economy and colleges. In the environment of artificial intelligence and human–computer interaction (HCI), first, the relevant theories of teaching staffs’ psychological status and the characteristics of teaching staff in college academic management were analyzed and expounded. Next, the way of the questionnaire was selected to analyze the psychology of teaching staff in college academic management at different ages, professional titles, academic qualifications, disciplines, and teaching years. The results showed that the mental health level of college teachers was lower than the current national adult standard; the mental health level of female teachers in colleges was higher than that of male teachers; the p value of mental health of college teachers with different ages, professional titles, education, disciplines, and teaching years was greater than 0.05, indicating that there was no significant difference; the p-value of professional academic and mental health was less than 0.01, indicating that there was a significant correlation, that was, teachers’ professional academic exerted a significant impact on teachers’ mental health. In short, under the background of artificial intelligence and HCI’s rapid development, higher education was moving forward with high quality, and more attention should be paid to the psychological changes of college teaching staff.

Keywords: artificial intelligence, human–computer interaction, colleges, academic management, psychological changes


INTRODUCTION

College teacher, as a knowledge-intensive and academic profession, bears a crucial responsibility for training high-quality talents for the country. Li (2019) thought that now there were too many things facing college teachers, not only teaching, still they have the same responsibility with primary and middle school teachers to train builders and successors for the motherland although there are some differences between them. The work of college teachers is a kind of complex mental work that differs from that of primary and middle school teachers (Li, 2019; Kholbutaevna, 2021). Colleges must undertake complex and onerous teaching tasks, as well as more difficult and creative academic tasks (Mccaffrey and Spector, 2018; Park et al., 2021). At present, a series of reforms in the overall education system and management system has been conducted in China’s higher education system to meet the needs of modern development, the internationalization of higher education, the concept of information-based learning and foreign advanced educational technology (Qian et al., 2018; Rogoza et al., 2018). Fischer (2020) thought that the researches on teacher creativity had focused more on values and resources and the reform not only provided a broad space and opportunities for the development of college teachers, but also brought great challenges to teachers.

There is an increasingly closer relationship between machines and humans with the development of technology and the arrival of the era of artificial intelligence (AI). Wang and Cheng (2019) thought that the man-machine relationship has also undergone corresponding development and changes with the gradual social characterization of intelligent machines with feedback functions such as man-machine dialogue, action, and emotion. The machine has developed from a functional tool attribute to a social role attribute. Bian et al. (2019) pointed out that the impact of intelligent machines on people is not only reflected in the changes of man-machine relations, but also reflected in the impact on people’s needs. Martínez et al. (2021) pointed out that, in general, it dealt with the design and development of machines and computers that best serves the user needs, and the intervention of AI leads to deeper interaction and greater uncertainty in the process of human–computer interaction (HCI). Colleges have more and more requirements, and teachers’ work tasks become heavier and heavier. This is because teachers face greater academic challenges, which affect their psychological status (Brusco et al., 2021). Ji (2020) thought that as a higher education group, college teachers have higher requirements for themselves. With the continuous development of teaching skills and technology, teachers must update their knowledge system and improve their learning and teaching ability, which also brings academic challenges to teachers (Colmenares, 2021). Special attention must be paid to the impact of teachers’ psychological status, teachers’ mental health level must be analyzed, and adaptation strategies must be explored to improve anti stress ability and teachers’ psychological status (Limniou et al., 2019).

For the research on teachers’ psychological changes in academic management in colleges, different researchers put forward different coping strategies from different angles. Regarding the research on the current situation and countermeasures of teachers’ mental health, Deng and Chen (2021) pointed out strengthening mental health education, paying attention to teachers’ mental health, respecting teachers’ reasonable needs, and establishing harmonious interpersonal relationships; besides, teachers should learn to adjust themselves. Chen (2019) put forward the countermeasures to solve the psychological problems of college teachers from the three levels of society, school, and individual. Monea (2020) emphasized how to alleviate teachers’ professional pressure and improve teachers’ mental health. Travers and Cooper believed that schools should not only train teachers how to engage in teaching and teach interpersonal skills, but also mobilize teachers’ sense of responsibility and interest in work. For school management, Carroll and Dahlstrom (2021) pointed out that schools should not blindly quote the management methods of enterprises due to their particularity.

First, the research progress in relevant fields and the shortcomings of existing theoretical research are realized through the research background and the research of existing relevant achievements in the world. Then, the existing important concepts and research background related to the subject are analyzed. Finally, in the AI and HCI environment, the questionnaire is selected to analyze the psychological change indicators of teaching staff. The research innovation is to combine AI and HCI with the psychological changes of college staff, in order to provide reference coping strategies for college staff in academic management (Deng et al., 2021).

Based on AI and HCI environment, questionnaire method is selected to analyze teachers’ psychological changes, so as to provide coping strategies for academic management and teaching personnel in colleges and universities.

First, the theoretical basis of academic management and psychological characteristics of college teaching staff is expounded. Then, the corresponding questionnaire is designed. Based on this method, the psychological changes of teachers in academic management in colleges are analyzed from multiple angles, and finally the corresponding conclusions are drawn. These conclusions and viewpoints are brand-new, which can be used for reference for subsequent related research.



ANALYSIS OF ACADEMIC MANAGEMENT AND PSYCHOLOGICAL CHARACTERISTICS OF TEACHING STAFF


Artificial Intelligence and Human–Computer Interaction

Human–computer interaction and AI are two crucial research fields in the intelligent information age (Horgan et al., 2018). The relationship between them has changed with their development and typical applications based on their deep integration are also reflected in education (Schafer, 2019; Harré, 2021). HCI provides research ideas and application requirements for AI, while AI greatly promotes the transformation and development of HCI technology in the modern world (Vedapradha et al., 2019; Sharma, 2020). AI is a new technology and science for research and development to simulate, extend and expand human intelligence. It simulates human intelligence through machines, such as perception ability (visual perception, auditory perception, and tactile perception) and intelligent behavior (learning ability, memory and thinking ability, and reasoning and planning ability), so that machines can “think and act like people,” and finally machines can do the work that only talents could do in the past. The rapid development of AI has aroused heated discussion. Whether AI can replace people has become the focus of attention. As early as 1993, computer scientist Vernor Vinge put forward the concept of singularity, that is, AI driven computers or robots can design and improve themselves, or design more advanced AI than themselves. In the face of AI, people should not overestimate or underestimate it. It is essential to uphold a rational attitude toward the impact of AI on education. The main research fields of AI include intelligent control, natural language processing, pattern recognition, artificial neural network, machine learning, intelligent robot, and so on.

In the future, the two will maintain the current mutually promoting and driven relationship, and will further integrate and develop cooperation. Their integration has reached an unprecedented level (Villegas-Ch et al., 2021; Wang, 2021). The exploration of their integration method makes AI technology more persuasive and HCI technology more natural and practical (Wu et al., 2019; Wu and Song, 2019).

After two major delays in AI and HCI, people no longer imagine that computers are capable of surpassing human beings completely, which is impossible under current technical conditions. People turn to study the most practical and achievable issues, leading to the gradual division of AI into five relatively independent disciplines based on random probability model and calculation, namely, cognitive science, natural language understanding, computer vision, machine learning, and robotics (Zhang et al., 2021). AI and HCI are also reflected in the evaluation of psychological changes of college staff. Wu and Wu (2019) emphasized the application of computers in the study of psychological state.



Related Theories of the Psychological Status of Teaching Staff

Teachers are a professional group different from other professions. The interpretation of their psychological status should be professional enough to reflect the particularity of their profession (Abascal et al., 2017). Hence, the connotation of teachers’ psychological status should include the psychological status of the general population, and reflect the particularity of teachers’ profession (Babarinde et al., 2021; Baeriswyl et al., 2021). The relationship between the teaching profession and other professions needs to be evaluated to reflect the particularity of teaching profession (Feng and Chen, 2020; Martínez et al., 2021).

The most prominent feature of the teaching profession is its special object of work – students, which determines the diversity of teachers’ responsibilities. Teachers should not only choose correct education methods and impart knowledge to students, but also exert a positive impact on students and promote their physical and mental development (Ibrahim, 2021). Moreover, teachers must meet the needs of students at different levels or groups (Bentil et al., 2020). The work achievement of teachers lags behind and is difficult to measure due to the particularity of the work object. Teachers’ mental health problems come from their own and external factors. According to the research of relevant literature, there are four kinds of mental health problems in higher vocational teachers, which are emotional problems, interpersonal problems, negative behavior problems, and personality obstacles. Emotional problems involve a wide range, including all bad emotions, so they are also the most common mental health problems among higher vocational teachers. The problem of interpersonal relationship requires that teachers and students must establish a good interpersonal relationship. Only in this way can they have a good communication with students and effectively transmit knowledge and learning methods to students; for negative behavior problems, teachers with mental health problems will have deviation in behavior, such as negative behavior in work and life.

The rapid development of China’s higher education provides teachers with broad space and opportunities for development. However, the comprehensive reform of the education system and management system also brings great challenges to teachers. Society has high expectations and requirements for higher education and teachers, and unprecedented vocational academic problems have emerged in the reform of higher education, resulting in some psychological problems of college teachers. The professional academic and psychological status of college teachers have a great practical significance for alleviating their professional academic and improving their psychological status (Treadway et al., 2020).

To sum up, AI and HCI gradually run through the academic management of college teaching staff.



Characteristics of Teaching Staff in Academic Management of Colleges

College teacher is a highly educated group with an enterprising spirit and strong desire for creation. The academic pressure of higher education reform is unprecedented. Unbearable, excessive and long-term academic work will exert a certain negative impact on teachers’ physical and mental health, leading to an increase of the mental health problems of college teachers in recent years.

The media often report accidents that cause personal injury by extreme means such as suicide (Box, 2020; Gibbons et al., 2021). Thus, it is very urgent and crucial to focus on the professional academic and mental health of school teachers, analyze and study the origin of teachers’ mental health problems, and explore the adaptation strategies to maintain teachers’ physical health. The methods of mental health evaluation include self-evaluation, psychological test, pathological evaluation and classification, social adaptability standard, and so on. Common psychological problems are as follows: (1) Depression: it refers to a person’s long-term depression; (2) Paranoia: it often comes from unreasonable ideas about self and the outside world, or even delusions, such as the delusion of being loved, killed, jealous, and worshipped; and (3) Inferiority: people with inferiority tend to have a low evaluation of themselves, and may have other negative emotions or psychological problems, such as depression, excessive shyness, and so on; besides, anxiety, hypersensitivity, jealousy, and cruelty are also common psychological problems.

The psychological status of teaching staff is affected by multiple factors, including teachers’ personality, cognitive style, interpersonal relationship, coping strategies, and emotions. This exploration focuses on the application of AI in the academic management of teaching staff. The psychological changes of teaching staff with different ages, education backgrounds, professional titles, disciplines, and teaching years are evaluated. This exploration is based on AI and artificial interactive algorithm to analyze the psychological changes of teaching staff in academic management of colleges in many aspects. Compared with the studies cited, the data research degree of this exploration is deeper and wider, and some new conclusions are found, which has far-reaching significance for the research on the mental health problems of academic management staff in colleges.




QUESTIONNAIRE DESIGN AND MODEL SELECTION


Questionnaire Design

Stratified random sampling is adopted to select teachers from 15 faculties of a college. A total of 300 questionnaires are distributed, and 252 valid questionnaires are finally obtained. The questionnaire consists of teachers’ basic personal information, including gender, age, discipline category, culture category, and education level. This questionnaire is made and issued on Questionnaire Star to collect data. Invalid questionnaires are eliminated, and SPSS25.0 mathematical statistics software is employed to analyze the data of effective questionnaires. The questionnaire has been approved by the participants. It is an anonymous survey for scientific research, and does not involve ethical factors, so the relevant data obtained are strictly confidential.



Research Tool

SCL-90 is a mental health self-evaluation scale that has been widely used and accepted by Derogatis (1975). It includes 90 evaluation elements with a wider range of content, such as feeling, emotion, sleep, consciousness, and thought. Ten factors, namely somatization (A), compulsion (B), interpersonal sensitivity (C), depression (D), anxiety (E), hostility (F), terror (G), paranoia (H), psychosis (I) and other (J), are adopted to reflect the 10 aspects of psychological symptoms.

Starting with discriminant analysis, first, the total score of each element is calculated. Then, the data are rearranged from top to bottom according to the total score, and 25% of the subjects are divided into high group and low group, respectively. Then, the T-test of independent samples is used to test the difference of subjects’ scores on each question, which can compare whether the difference between the two averages is significant. Besides, some elements are deleted according to whether the element limit ratio reaches a meaningful judgment standard. Next, the higher the standard deviation is, the greater the difference between individuals is and the wider the data distribution is. On the contrary, the smaller the distribution range of individual scores is, the smaller the difference of individual response is. Finally, it is essential to determine the factor analysis, properly test the data and generate the final results. Shen et al. (2019) analyzed social behavior and proposed concept link mining method for analysis, which strongly confirmed AI’s research on psychological changes of university staff.



Questionnaire

Table 1 displays the basic demographic characteristics of the respondents.


TABLE 1. Statistics of demographic data of the investigated teaching staff.
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The feasibility of the scale is tested, and Table 2 displays the results. Fifty subjects are randomly tested. The data of the prediction scale are tested by discrimination test, standard deviation test, and exploratory factor analysis. Then, some invalid items are deleted to form a formal scale.


TABLE 2. Test of statistics and sphericity.

[image: Table 2]
In Table 2, the sphericity test of teacher academic scale is 9299.812, with a high value, and the corresponding probability is 0.000, which is very significant, indicating that there may be sharing factors among elements. Meanwhile, the test statistic value is 0.894, showing that the data is suitable for factor analysis. Exploratory factor analysis is conducted on the teacher academic scale. The scale is extracted by principal component analysis, and the results are rotated orthogonally to the maximum extent.

In exploratory factor analysis, the data are first tested for fitness to test whether they are suitable for factor analysis. Table 3 presents the test results.


TABLE 3. Reliability analysis.

[image: Table 3]
The scale is evaluated by the internal consistency reliability analysis of each factor. As shown in Table 3, the common factors and the Cronbach coefficients of the total table are 0.757, 0.754, 0.753, 0.766, 0.788, 0.765, 0.789, 0.765, 0.768, 0.754, and 0.757, respectively. The results show that the questionnaire has good reliability. The Cronbach coefficients of the three factors and the total table are all above 0.7, which are acceptable, indicating good credibility of the questionnaire.




DISCUSSION ON QUESTIONNAIRE TEST RESULTS


The Overall Reflection of Teachers’ Psychological Condition

Unlike the national adult standard (Figure 1), the scores of SCL-90 among 252 college teachers are higher. Besides, the scores of the factors sensitive to interpersonal relationships are significantly higher than the national standard, and the p-value is less than 0.001.
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FIGURE 1. Comparison of the survey results of college teachers with the national norm (∗p < 0.05, ∗∗∗p < 0.001).


One of the reasons is that the management system, which is formed by the internal fierce competition among the college teachers with very complex mental work, has been reformed. It makes the academic level of teachers’ profession in colleges higher than that in other industries, thus leading to the psychological academic level of teachers, and affecting the level of teachers’ mental health.

Then, the existing national adult standards were formulated in the late 1980s, when the social competition was much smaller than today. It is doubtful whether the normative norms still represent the present mental health level of adults in China, which is one of the reasons why the measurement results differ greatly from the national norms.



Comparison of the Psychological Status of Teachers With Different Genders

The results of SCL-90 (Figure 2) suggest that male teachers have higher factor scores than female teachers. There are significant differences in somatization, depression, hostility, fear, and other psychological problems between male and female teachers, with p-value less than 0.05. There are significant differences in mental symptoms, with p-value less than 0.01.
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FIGURE 2. Comparison of survey results of male and female college teachers (∗p < 0.05, ∗∗p < 0.01).


Figure 2 displays the comparison of male and female teachers’ psychological status in SCL-90 results. The psychological level of male teachers is lower than that of female teachers. Their level of somatization, depression, hostility, terror, and other aspects are obviously lower than that of female teachers. Especially, their level of psychiatric symptoms is very low.

The social needs of females are often lower than that of male teachers due to their different roles. Male teachers should not only take care of their children and the elderly, but also undertake complex tasks such as leadership, teaching, and academic research. Male teachers tend to take on more responsibilities at work than female teachers, and they are more eager to obtain a sense of achievement in their profession. This strong desire itself will undoubtedly bring psychological pressure to male teachers.



Comparison of the Psychological Status of Teachers of Different Ages

College teachers are categorized into three age groups: young group, middle-aged group, and old group. The results of the SCL-90 test (Figure 3) illustrate that the scores of hostile factors of middle-aged and old teachers are higher than those of young teachers. However, there is no significant difference in the scores of different groups of teachers, because the p-value is greater than 0.05.
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FIGURE 3. Comparison of survey results of teachers in different age groups.


The survey shows that there is no significant difference in the psychological status of teachers in different age groups, which may be due to the different academic situations faced by teachers of different ages. The experience of young teachers is less, and the practical problems in the management of old and middle-aged teachers are less; young teachers shoulder more psychological academic work in teaching and research; the difficulties they meet promote the academic title; the life of young teachers is the heaviest, and their burden is higher than that of old and middle-aged teachers, especially those facing serious housing problems.

Nowadays, the gap between housing price and wage income, as well as the reform of housing and medical policies, bring special academics to young teachers who have no economic basis to solve basic problems such as housing. Middle-aged teachers should shoulder academic research and teaching, and look after the old and the children in family life; with the strengthening of higher education reform, middle-aged and old college teachers in China focus more on the stability of employment. The knowledge structure and the old teachers’ education mode no longer meet the current higher education needs due to the advent of the information age and explosive growth of knowledge; the spirit of retired teachers and their best efforts is conducive to their mental state.



Comparison of the Psychological Status of Teachers With Different Educational Backgrounds

The qualifications of college teachers are classified into three groups of bachelor’s degree, master’s degree, and doctor’s degree. The results of SCL-90 (Table 4) show that the scores of most symptoms, such as depression, anxiety, and other factors of teachers with a doctoral degree, are higher than those of other teachers with a bachelor degree, while their scores of somatization factor, hostility, and paranoid degree are higher than those of teachers with bachelor’s degree of the same level. However, there is no significant difference in the scores of different disciplines.


TABLE 4. Comparison of survey results of teachers with different educational backgrounds.
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The reason for little difference in the psychological status of teachers with different education levels may be that teachers with different educational levels have different expectations. They have different academic skills in competition. For example, regarding the application of teachers in promoting vocational qualifications, colleges have different educational requirements for different vocational qualifications. Doctors have psychological problems because of the high expectation of academics.



Comparison of the Psychological Status of Teachers With Different Titles: Junior, Intermediate, Deputy Senior, and Senior

The results of SCL-90 (Table 5) reveal that besides somatization, senior teachers score higher than middle-level teachers in interpersonal sensitivity and other factors. The level of obsessive-compulsive symptoms, interpersonal sensitivity, depression, anxiety, and mental symptoms of deputy senior teachers is higher than that of other teachers. However, there is no significant difference in factor scores among teachers with different professional titles.


TABLE 5. Comparison of survey results of teachers with different professional titles.
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It is believed that there is no significant difference in the psychological status of teachers with different professional titles, which is closely related to the reform of the professional title evaluation system. Colleges with high standard professional title promotion require teachers with different professional titles to have a certain amount of documentation and writing related to education, teaching and scientific research promotion and other related professional courses. This undoubtedly brings certain pressure to teachers of different titles and ages.



Comparison of the Psychological Status of Teachers in Different Disciplines

Teachers are divided into two categories: teachers engaged in scientific and engineering education research and teachers engaged in liberal arts education research. The results of SCL-90 (Figure 4) prove that the scores of teachers engaged in teaching and scientific research and engineering are higher than those of liberal arts teachers engaged in teaching and research, while the difference is not significant.
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FIGURE 4. Comparison of survey results of teachers in different disciplines.


The reason for little difference in the psychological status of teachers between different disciplines may be the integration of modern disciplines, and fuzzy boundaries, showing a trend of cross integration. With the coming of the knowledge economy, science, engineering, and art teachers are required to have educational methods and contents suitable for the development of the times, so as to match and adapt to the new situation of the current higher education reform. Teachers engaged in science, engineering, and art should conduct teaching and carry out scientific research, which brings about great work pressure.



Comparison of the Psychological Status of Teachers of Different Teaching Ages

Teachers are divided into five groups according to the different teaching years: 1–5 years, 6–10 years, 11–15 years, 16–20 years, and above. The results of SCL-90 (Table 6) reveal that the factor scores of teachers teaching for 11–15 years are higher than those of other teachers, while the difference is not significant.


TABLE 6. Comparison of survey results of teachers with different teaching years.
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Table 6 reveals that there is no significant difference in the psychological level of teachers in different grades, because the continuous development of modern education technology requires teachers of different ages to change the traditional educational thought, educational concept, and method education, and establish the concept of lifelong learning. At present, the promotion of higher education reform requires teachers of different grades to improve their abilities constantly, making them invincible in competitive colleges.




DISCUSSION


The Implications for Academic Research

For a long time, the research of AI focused on the improvement of algorithms and models step by step, Carroll and Dahlstrom (2021) pointed out focusing on the technical content based on prediction ability, while the attention paid to interpretation ability was slightly insufficient. At present, most HCI studies in the world focus on the technical level, ignoring the social level and psychological factors of HCI. However, the success of technology does not mean the success of products and the harmony of the man-machine relationship. Only when the application of technology adapts to human nature and human development, can it be gradually accepted and developed by the world. Present HCI is far from reaching the ideal degree of natural interaction. More and more in-depth research is needed on people’s own mental model and people’s understanding of the HCI process itself. This psychological model includes not only people’s understanding of the operation mode of the system itself, but also people’s understanding of how the operation mode affects their cognition and emotion. In interaction design, it is essential to adhere to the human-centered design principle and understand the human information processing process and its operation mechanism, which is of great value for HCI. Compared with previous studies, this exploration obtains the other assistance system to improve the mental health level of college teachers, strengthen the mental health education of teachers, implement a reasonable and effective incentive mechanism, further improve the performance appraisal system of colleges, and further improve the teacher income distribution system. Monea (2020) suggested that the interaction between human and AI is gradually deepening, and HCI is being used in the occasion of multi task cooperation. Therefore, the interpretability of AI has become a necessary factor to achieve full human–computer cooperation.



The Implications for Industry and Practices

With the continuous improvement of the autonomy of machines, AI such as Intel’s adaptive robot has realized the ability of autonomous interaction and repair. How to make the machine take the initiative to educate, so that users can fully trust and understand AI and participate in interaction, puts forward higher requirements for the interpretability of the system. Moreover, the management of colleges should be people-oriented. Due to time constraints, the occupational mental health status of college teachers is only investigated for some time, and it fails to track the dynamic changes of occupational mental health status in real-time. Based on the analysis of the causes and the discussion of teachers’ psychological problems, measures are taken to improve their mental health education and mental health status, and empirical research is carried out. Studying the professional pressure and mental health problems of college teachers has crucial practical significance for alleviating the professional pressure of college teachers and improving their mental health level. However, due to the limited SCL-90 item scale, the analysis results of the changes in the mental health level of teaching staff need to be further verified. In the later research, the samples will continue to be expanded and analyzed, and more factors will be included in the discussion. Zhu (2019) discussed the educational reform being caused by AI technology, the reasons why educational reform needs technical support, and how to use technology to promote educational reform, suggesting that the main research field is how technology affects educational reform. This exploration is to take the teaching staff in academic management of colleges as the research object, and explore the evolution process of college teachers’ psychological change by studying from the perspectives of age, professional title, education background, discipline and teaching year. Therefore, relatively speaking, the research content of this exploration is more in-depth and comprehensive.




CONCLUSION

The theory of teaching staffs’ psychological status, and the characteristics of staff in academic management of colleges are analyzed under the background of AI and HCI. Then, the psychological changes of staff under different conditions are analyzed through the method of questionnaire and model test. The results show that the mental health level of college teachers is lower than that of the national adult norm; the mental health level of female teachers is higher than that of male teachers; there is no significant difference in the mental health status of college teachers with different ages, professional titles, education backgrounds, disciplines, and teaching years; there is a significant correlation between professional academic and mental health, indicating a significant impact of teachers’ professional academic on teachers’ mental health. The research still has limitations. The research is based on the evaluation practice of AI on interactive environment management, ignoring the evaluation of interpretation quality. Meantime, the design based on evaluation from the perspective of developers also has some limitations in index selection. In the future research, a multi-level and multi-angle evaluation system will be built from the perspectives of AI itself, developers, and users. In short, for local colleges and universities, the mental health problems of teaching staff cannot be ignored. A healthy and positive mental state is not only conducive to the improvement of teachers’ academic level and teaching ability, but also promote the high-quality development of the school.
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The purpose of the study was to solve the problem of the mismatching between the supply and demand of the talents that universities provide for society, whose major is communication design. The correlations between social post demand and university cultivation, as well as between social post demand and the demand indexes of enterprises for posts, are explored under the guidance of University-Industrial Research Collaboration. The backpropagation neural network (BPNN) is used, and the advantages of the Seasonal Autoregressive Integrated Moving Average model (SARIMA) model are combined to design the SARIMA-BPNN (SARIMA-BP) model after the relevant parameters are adjusted. Through the experimental analysis, it is found that the error of the root mean square of the designed SARIMA-BP model in post prediction is 7.523 and that of the BPNN model is 16.122. The effect of the prediction model that was designed based on deep learning is smaller than that of the previous model based on the neural network, and it can predict future posts more accurately for colleges and universities. Guided by the “University-Industrial Research Collaboration,” students will have more practice in the teaching process in response to social needs. “University-Industrial Research Collaboration” guides the teaching direction for communication design majors and can help to cultivate communication design talents who are competent for the post provided.
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INTRODUCTION

At present, the major of communication design is popular in higher education, and the demand for high-quality talents required by enterprises is relatively high. However, unsuitable teaching methods and teaching contents may not match the supply and demand in some situations. The actual employment rate is not particularly ideal, and the talent output cannot meet the real demand (Nashold and Krishnan, 2020). In this case, the concept of “University-Industrial Research Collaboration” brings new vitality to this phenomenon. The principle of this concept requires cooperation among various elements and interaction among the four sectors, namely, society, university, research, and practice. In the teaching stage, universities can use other environments such as social enterprises as the basis of the teaching environment and transform knowledge dissemination into a more direct teaching method, which greatly improves society-required skills and abilities. In this process, it is necessary to find an algorithm model that can analyze talent ability and provide a theoretical basis for this concept (Msosa, 2020).

Related institutions and some scholars have studied the matching degree of talent quality and enterprise demand using the traditional questionnaire and statistical analysis, and there are few relevant studies on it from the perspective of data mining. Scholars use logistic regression and decision tree algorithms to build a multidimensional occupation evaluation model, and the university can use it to analyze the professionalization and personalization of students and to predict their professional quality, improving the employment rate. Based on data mining and the data analysis algorithm, the logistic regression and decision tree algorithm of the multidimensional occupation evaluation model are proposed (Wagner-Muns et al., 2017), and they can predict the ability of college graduates and meet the common needs of the professionalization and personalization of students, improving the employment rate (Chattha et al., 2019). Scholars also used the network to obtain the employment information of past graduates and to use the support vector machine regression model to predict the unemployment rate and overcome the shortcomings of previous data statistics. Later, they used the clustering dimension reduction and the classification of urban-related demand and adopted the relevant model to predict the talent demand in the region in a certain period. Also, based on the perspectives of industrial discipline and industrial structure, some people used a large number of data as the sample support to design the relevant prediction model through the partial least squares regression method. Based on this, the big data crawler technology is used to obtain information on employment recommendations, and then, the mixed recommendation platform is constructed, and its prediction rate for employment is more accurate. Its shortcomings are as follows: (1) the research methods of modeling and quantifying the employment data are few; (2) the time, the accuracy of matching, and the utilization rate are not high; and (3) the relevant models have much room for improvement.

Based on the Seasonal Autoregressive Integrated Moving Average model (SARIMA), a new SARIMA-backpropagation neural network (SARIMA-BP) prediction model is constructed by combining deep learning with the backpropagation neural network (BPNN), and its excellent mining time sequence non-linear law is used to optimize the model. The overall structure is as follows: First, the realization of “University-Industrial Research Collaboration” and its post prediction ability are discussed, and several traditional prediction methods are expounded. Second, the time sequence prediction method and the neural network prediction method are selected, and the advantages of these two methods are integrated, laying the foundation for the model designed in this study. After the prediction model is designed, its prediction results are compared with those of the neural network prediction model. The results show that the accuracy of the prediction model designed is more accurate, and it has an excellent performance in predicting future posts. It provides technical support for the realization of “University-Industrial Research Collaboration.” It enables enterprises, universities, students, practice, and research to connect in the teaching concept of “University-Industrial Research Collaboration.” In the cultivation of communication design talents, the teaching content that meets the needs of enterprises is obtained, so that students can have the ability required by social development and improve their competitiveness, which has great significance in the reform and development of communication design teaching.



LITERATURE SURVEY

Luo et al. (2018) argued that different industries have different demands for talents in the industry while different industries need to update themselves to meet the requirements of the times. Under the era of “big data,” the requirements for colleges and universities in talent training are high. As an educational institute, how to adapt to the trend of the era of “big data” and to provide more competitive talents for the society needs to be explored. Also, the integration of colleges and enterprises is the problem that colleges and universities need to face. As the main training institution of talents, colleges should make full use of relevant resources and change the teaching methods according to social needs and major characteristics. This proves that colleges in many countries have conducted relevant research on major settings to match the post requirements. Arrafii (2021) conducted a survey on the career evaluation of college graduates by taking the product of evaluation results of different dimensions and the weight of the evaluation dimension as the score of students, and the score reflects the matching degree between the ability of students and their posts. Mahmut and Suna (2021) conducted a questionnaire survey on the matching of the majors of students in colleges and the first posts of college graduates by an experiment on the matching of the posts of students in recent years under multiple dimensions. They concluded that the matching degree of the posts of students and their majors in colleges is low, and there is a negative correlation between the two. Also, frequent job changes can reduce the work efficiency of and increase the working pressure of students.

In terms of the optimization of the methods, scholars in related fields have their own different methods. Awujoola et al. (2021) used data mining and data analysis algorithms to design a multidimensional career evaluation model based on the logistic regression and decision tree algorithm. College graduates can be provided with professional quality evaluation combined with personal information using this evaluation model to improve the employment quality of college graduates. The effect of the improved time prediction model is more accurate than that of the single model. Livieris et al. (2019) established a prediction model for graduate employment by improving the semi-supervised classification method. After a lot of iterative training, it is found that the improved algorithm is superior to the traditional algorithm. Pramanik et al. (2021) predicted that the number of educational institutions is carried out based on the traditional autoregressive integrated moving average (ARIMA) model and the neural network, which provides a method model for analyzing industry development. Scholars use the previous talent demand sequence for clustering dimension reduction based on the fitting prediction of the abovementioned ARIMA model, and the demand for the professional market is obtained.

Based on the post demand theory and prediction model, the direction for the cultivation of talents in colleges and universities is provided. The research has certain practical significance.



RESEARCH MODEL


Forecast Method of Professional Employment Demand

In professional talent education, the ideal “University-Industrial Research Collaboration” is difficult, and its ideal curriculum needs to be designed by connecting universities and enterprises, as shown in Figure 1.


[image: image]

FIGURE 1. Design of the ideal curriculum.


Since it emphasizes the relevance of the university, enterprise, and practice, it is a key to improve the matching degree of talent ability and enterprise demand. Because it has a close relationship with the enterprise post demand, in other words, the enterprise post demand should be the basis of its curriculum. In the design of the curriculum, there may have many problems. Also, a good prediction of enterprise post demand is needed. In terms of professional demand forecast, the research group changes from the government to scholars, and the forecast methods they use are continuously developed and improved through exploration, practice, and innovation. Through its research methods, the previous professional demand forecast methods are shown in Figure 2.


[image: image]

FIGURE 2. Talent demand forecasting model.



(1)Delphi method. It can also be called the expert investigation method, which shows that authoritative scholars analyze and forecast the talent ability required by the talent market of enterprises. The essence of forecast means is to clarify private opinions in real time. Through a certain forecast process, the method of non-interference is adopted, and the private opinions of scholars on the demand for enterprise talents are predicted.

In general, the use of the Delphi method needs to clarify the members of the expert group, which requires the team members to have a certain professional ability. Then, they need to work with investigators. The size of the group should be more than 10, and the investigation question needs to be simple, clear, and convenient to answer before the investigation. The knowledge that the scholars need to use should be prepared, and the relevant information should be distributed to each person in the group in the first forecast. It is unnecessary to pay more attention to the requirements for answering the questions and the recovery time, or it has a bad impact on the recovery rate. After the repeated implementation of the abovementioned process is conducted, the second round starts. After all the scholars complete the task, the subjective views adjust until the differences in their views are the smallest. Finally, the conclusions are drawn according to the statistics and analysis (Khan and Gupta, 2020).

(2)Time sequence prediction method. Time sequence generally refers to the numerical group in which the values and actual values of relevant variables are arranged in chronological order with a certain interval in the economic activities of the first pass. The forecast method is to analyze the law of the object in a certain period by arranging the previous state and time of the research object. According to the law, the demand for social talents is predicted. In other words, if the predicted object is compared to a time function, the time feature is also measured, and the relationship between the related object and time is analyzed, completing the prediction, collecting the time axis information of the function, establishing and absorbing the relevant function, and carrying out the relevant forecast analysis. All kinds of changes in time have a certain impact on the results. Most of the previous time sequence prediction methods are based on the relevant parameters after the relevant models are implemented. With the continuous development of time sequence forecast methods, deep learning and dynamic parameter forecast models also have good results (Wang Y. et al., 2018). For example, the complexity of the calculation is determined by the number of support vectors rather than the dimension of the sample space, thus avoiding the “curse of dimensionality.” The Bayesian network (BN) has advantages in processing small datasets. This is because Bayesian learning is an integrated learning method. It has a good effect on small samples and does not cause overfitting. Matrix factorization (MF) can map the high-dimensional matrix into the product of two low-dimensional matrices, which provides a way to solve the problem of data sparsity. It is easy to implement and has high prediction accuracy. The Gaussian process (GP) is excellent in dealing with complex regression problems such as high dimension, small samples, and non-linearity and has good generalization ability.

(3)Correlation analysis. It generally refers to the analysis of the talent market and its related environments related to the detailed indexes, the use of indexes of the previous data to seek the basic parameters required for the establishment of the model and the successful construction of the model, and then, the prediction is conducted (Jha et al., 2021). In this regard, the regression model is used in the prediction. The mathematical principle of the regression model is the square method, and the mathematical function is used to speculate the prediction results in reality. The regression analysis is based on determining the dependent variable, looking for the variables that have a relationship with it before and after, and establishing the correlation function equation. At a certain time, the law of independent variables is used to predict the specific changes of future dependent variables. During the analysis, the number of independent variables is the key to divide the regression model. If there is only one independent variable in the relationship with the dependent variable, the regression prediction model is the one-variable regression prediction model. If the independent variable is not unique, it is the multiple regression prediction model (Alhnaity and Abbod, 2020).

(4)Gray system prediction method. The mathematical model is composed of a gray system called gray models (GMs), and the one-dimensional first-order gray prediction model is used more widely. The means of GM operation is to accumulate and generate the incomplete and lack of change in law-related information, slowly making the research object has a certain growth. On this basis, the differential equation model is established to achieve the purpose of prediction. The advantages of the gray system prediction method are as follows: there are not many initial data needed, and whether the data change or not has less effect on the prediction accuracy. The gray system prediction method is simple in structure and adjustment, and it is suitable for the short-term prediction. It can predict the change of objects. However, its disadvantage is that its prediction accuracy will decrease with the increase of unknown information in the system (Davis et al., 2019).

(5)BPNN prediction method. Based on the previous deep learning neural network model, a multilayer feedforward network model is implemented through the error backpropagation (BP) algorithm (Wang C. H. et al., 2018), which has three layers, namely, the input layer, the hidden layer, and the output layer. The details are shown in Figure 3.


[image: image]

FIGURE 3. Structure of neurons.




The most critical steps in the modeling process are training and performance testing (Yang and Chen, 2019). The training should clarify the neural units of the input layer and the output layer and the operating parameters of the model. The flowchart of the BPNN algorithm is shown in Figure 4.
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FIGURE 4. Flowchart of the BPNN algorithm.


Logically speaking, the whole process of the BPNN is the complete propagation of information from entry to exit, and relevant optimization algorithms are used. The small adjustment of parameters can improve the accuracy of the model (Karasu et al., 2020). The BPNN prediction method has its unique features. It can make a good solution to the relevant non-linear phenomena or adjust the structure of the model in a certain sense. In other words, it can change the number of hidden layers and the number of neural units according to their own needs. In addition, the difference between the models will also change the performance, so that the model can be configured in different fields (Gates et al., 2017).



Time Sequence Model

The time sequence is widely used in real life. It is used in the prediction of the changes of temperature, price, and the birth rate of the population, as well as the data source following certain rules (Song et al., 2020). The laws, trends, and the general situations of the changes can be found by using time sequence. Three points need to pay attention to in using time sequence, and they can be summarized as follows:


(1)The relevant data in the time sequence are inseparable from time, and the existence of time requires the existence of data. There is no strict requirement on whether there is a correlation function (Jiang et al., 2017).

(2)There may be some uncertainties in the data sequence. Although certain objective laws can be found from previous data, the law is artificially formulated, resulting in a certain deviation in the prediction. Nevertheless, it still provides a reference because this kind of uncertainty may also reflect certain laws (Tealab, 2018).

(3)There will be a correlation before and after a certain period. The summary of this correlation system is also the regularity of the sequence data. The time sequence model, whose mean and variance are not particularly large in a certain period, is called the stationary time sequence model, which does not have periodicity. The multiple linear regression models generally cover simple stationary time sequence autoregressive (AR), moving average (MA) model, ARIMA, and non-stationary time sequence ARIMA model.



In the process of practical application, the time sequence generally obtained is not the stationary time sequence in the above because it is difficult to analyze the data law. Some scholars put forward the ARIMA model to solve the conflict between practice and theories (Yao et al., 2020). It is also called the differential ARMA model. It is used in a single-variable environment, such as in the economic and meteorological prediction of the country, and has a strong ability. Although it has been developed in the field of education, the differential ARMA model has not made some achievements (Lu et al., 2018).

The Seasonal ARIMA model is the so-called SARIMA model, which is a special differential moving AR model. It adds seasonal elements to the conventional ARIMA model. The periodic parameter “s,” the periodic AR, the differential (I), and MA are used to reduce the prediction error of seasonal trends for ARIMA in the period. The Seasonal ARIMA model is written as SARIMA (p, d, q) (P, D, Q) s. P, D, and Q refer to the parameter values of seasonal changes, p, d, and q slow the seasonal parameter values, and “s” has a certain impact on P, D, and Q, representing the annual seasonal cycle. The month of the seasonal cycle model is 12. When the time sequence Yt, t = 1, 2… has the trend and periodicity, the stationary sequence of the first-order and the second-order seasonal difference sequence can be obtained after the D-th quarter difference, and the form of the model can be written as follows:
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In the above equation,
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[image: image]

ϕ(B) is the AR characteristic polynomial of time sequence, Θ(B) is the seasonal MA characteristic polynomial, εt is the residual, B is the delay operator, and P is the seasonal regression order. This model is generally expressed as follows:

[image: image]

In Equation 4, the correlation of the seasonal period in the sequence is mapped by θ(B) and ΘQ, and the quantitative relationship between the periods is mapped by φ(B) and ϕ(B). When (P, D, Q) is 0, the sequence has no seasonal characteristics. At this time, it cannot be called the SARIMA model but the ARIMA model (Yoon et al., 2019).

The SARIMA model is widely used in real life, and it can be used in transportation, hospitals, and many other important fields. The cultivation of communication design majors needs to know about social recruitment prediction methods. Some scholars use the ARIMA model to make predictions and find that the recruitment data contain the characteristics of the trend and seasonal fluctuations. Obviously, this does not have a very direct relationship with the research topic because the prediction does not apply the SARIMA model to specific jobs, which does not directly promote the direction of talent training and practice. This model has good stability and performance and overcomes the shortcoming of the ARIMA model by adding seasonal elements to the specific post prediction.



Implementation of the SARIMA-BPNN Model

In the complex environment of society, the specific post demand sequence is impossible to be interfered with only by a single factor. The related factors not only have linear laws but also have non-linear laws. The predicted objects of the time sequence prediction model can be regarded as linear functions related to variables. The SARIMA model alone may cause different errors. The neural network model can better mine the non-linear law in the time sequence, and scholars apply it to the post prediction in the future. Because a three-layer BPNN approximates a random rational function and the post prediction data are regular, the three-layer BPNN is used to establish the SARIMA-BPNN model to reduce errors (Liao et al., 2019). The learning and training of the three-layer BPNN model are shown in Figure 5.
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FIGURE 5. Learning and training of the three-layer BPNN model.


Specifically, the learning and training of the three-layer BPNN model are explained as follows:


(1)Operation initialization. Sample X and the expected value Y are the inputs. The input sequence and the expected output sequence of the sample are denoted as (X, Y), and the endpoints of the network input layer and the output layer are denoted as n and m. When i = 1,2,3,4,…n, j = 1,2,3,4…,l, k = j = 1,2,3,4…,m, the number of the nodes of hidden layer l can be written as follows:

[image: image]

(2)Connection of the weights and thresholds of each layer. The hidden layer is calculated through the input signal of the input layer, the hidden layer is denoted as Hj, and the output layer is denoted as Ok.

(3)According to the output layer Ok and the expected output Y, the error ek is calculated, and the error value is used to define the initial weight at the threshold. The calculation equation ek is expressed as follows:

[image: image]

(4)Operation forward propagation and error inverse propagation. The global error E is obtained based on operation forward propagation and error inverse propagation to determine whether the learning is over. The calculation equation of E is expressed as follows:

[image: image]



Python is used to construct the neural network module. The network structure is adjusted to 4-8-1, the 1–4 order of the difference data of the residual sequence is used as the input variable, the residual sequence is used as the output variable, the hidden node is defined as 8, and the output node is 1 after the cost of infrastructure, multiple tests, and the error are considered. The final reason why the neural network can approximate all functions is that it adds a non-linear function as the incentive function. Therefore, the BPNN model is very important for the choice of incentive function. For the general incentive function, the complexity of the choice is relatively simple. Sigmoid, which is frequently used in this field, is used as an incentive function in this model. In general, the occurrence of gradient disappearance and convergence is also satisfactory. It is very suitable for the SARIMA-BPNN model to predict specific post data. The prediction steps of the SARIMA-BPNN model are shown in Figure 6.
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FIGURE 6. Prediction steps of the SARIMA-BPNN model.


The root mean square error (RMSE) is introduced as the evaluation index of post prediction to make the evaluation more rational and objective in evaluating whether the model is good or not. This index is very sensitive in calculating the error of a set of measured values and can well map the error between the data and the actual situation and the predicted value of the model. Its principle is that the square sum of the error between the fitting value and the real value negatively correlates with the square root ratio of the number of observations n and the accuracy. The equation is expressed as follows:

[image: image]

In Equation 8, Xobs,i is the original value, Xmodel,i is the predicted value, and n is the length of the data.




EXPERIMENTAL DESIGN AND PERFORMANCE EVALUATION


Experimental Environment

Based on Python, the post information in the 2020 popular recruitment website is crawled to make a clearer and objective evaluation by the SARIMA-BPNN model, and the specific demand posts of enterprises near the universities in the relevant regions are analyzed. The demand posts are predicted by the model, and the two sets of data are statistically summarized. The real situation of job demand is compared with the situation predicted by the model to understand the performance of the model in the specific environment. In placing the relevant data in the specified coordinates, it is more intuitive to know whether the gap between them is large and whether the model is reliable.



Dataset Collection and Preprocessing

The new data available after the crawler are not complete and have some problems. The reason may be that the attribute loss makes the data unable to be directly obtained. There is also a certain probability that the data are lost in the acquisition process, and there is also a certain probability that the object-related attributes cannot be used, and the cost of obtaining relevant data is expensive. Therefore, it is important to preprocess the original data.

Usually, data preprocessing can be conducted in the following ways, such as (1) the analysis of missing values and outliers, (2) data cleaning, (3) attribute specification, and (4) data transformation. The post demand obtained from the crawler website is regular, and there is no strong correlation between the data. Thus, it just needs to simply sort out the original data, such as the deletion of the missing value and the elimination of the same data. They are the cleaning of the data, and then, the data are misplaced.

In the process of data cleaning, it is necessary to delete the missing value in the missing row. Then, the data are deduplicated. There are two cases in this operation. One is that the eigenvalues of the data with the relevant records are completely consistent, and the other is that some eigenvalues of the data with the records are not the same. With the crawler, enterprises release the same post in different periods, and it needs to delete the repeated items. In this case, data deduplication is needed. Due to the weak correlation between the internal data, it is necessary to check the displacement and deal with the phenomenon of backward data due to after the completion of data cleaning. If the data for posts are complete, they do not need to be processed, or it needs to consider the data column. If the abovementioned process is performed, the data preprocessing is completed. In the selection of datasets, Kaggle is selected, and it is a platform proposed by Kaggle. It has a total of more than 350 datasets and 200 feature datasets. It is selected as the dataset because it can provide the needed dataset and new knowledge, as well as the applicable materials.



Hyperparameters Setting

A neural network module is built with Python. Due to the cost of time of network training, the cost of network hardware, and others, the network structure is defined as 4-8-1 through multiple tests and related evaluation of errors. In other words, the first- to fourth-order difference data of the residual sequence are used as the input variables, and the residual sequence is used as the output variable. It is stipulated that there are eight hidden nodes and one output node. Since the learning rate of the neural network has a certain effect on the change of weights, and the extreme value of the learning rate has a bad effect on the stability of the network, the number of training is set to 1,000 times, the error target value is set to 0.000001, and other related parameters are at default state to make the network stable.

The neural network can be infinitely close to any function. The reason is that the non-linear function is added as the excitation function. After the excitation function is processed, it is transmitted to the next layer of the neural network. That is to say, the establishment of the BPNN should have an appropriate excitation function. Sigmoid in the prediction function is not easy to produce the phenomenon of gradient disappearance, and the convergence speed is relatively good. It is suitable for the post prediction of the SARIMA-BPNN and can be used as an excitation function.



Experimental Results and Discussion


Comparison of Job Predictive Value and Real Value

The monthly demand data and prediction data of relevant posts of enterprises near a university in 2020 are summarized in Table 1.


TABLE 1. Comparison of the predictive and real posts.

[image: Table 1]
The data in Table 1 show that the RMSE calculated by the SARIMA-BP model is 7.523 by inputting the number of posts and the predicted value presented by the big data of enterprises in society into the RMSE. Also, the errors produced by the model are few, indicating that the prediction effect of the model is better and the expected value. Compared with the model based on the BPNN, the SARIMA-BP model is more excellent.



Trend Forecast of Post Demand

Based on the data in Table 1, the SARIMA-BP model and the model based on the BPNN are used to simulate and predict the number of posts in the next 12 months of 2021. The comparison is shown in Figure 7.


[image: image]

FIGURE 7. Prediction trend of job demand in 2021.


Figure 7 shows that the prediction made by the SARIMA-BP model can meet the demand for post prediction better than the model based on the BPNN, and the fitting of the model is also better. In short, colleges and governments can use the model based on the SARIMA-BPNN to analyze the matching degree of the majors opened by colleges and the posts provided by enterprises, and the talent training should be targeted for the demand of the posts provided. The “University-Industrial Research Collaboration” is proposed to help colleges and universities have a more scientific talent training strategy and cultivate more talents needed by society. In this process, prediction algorithms are used to analyze the real needs of society and provide more reliable data for colleges and universities when they formulate talent training strategies.



Application of Optimization Prediction Algorithm

Figure 8 shows the strategy of using the SARIMA-BP algorithm for talent training under “University-Industrial Research Collaboration.”
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FIGURE 8. The use of the SARIMA-BP algorithm for talent training under “University-Industrial Research Collaboration”.


With the rapid development of society, the communication design majors in colleges and universities must be cultivated to match the needs of social enterprises. The SARIMA-BP algorithm is used for talent training under “University-Industrial Research Collaboration.” The concept of “University-Industrial Research Collaboration” is implemented. In this process, the SARIMA-BP algorithm is used to predict and analyze the real needs of enterprises, so that the direction of the talent training is figured out, and a talent cultivating strategy is developed.





CONCLUSION

The major, i.e., communication design, is popular nowadays. However, the talents cultivate by colleges universities mismatch the post demand by society. Under the “University-Industrial Research Collaboration,” new ideas and requirements are put forward for changing the teaching mode for talent training. Under the background of “University-Industrial Research Collaboration,” the correlation between post demand and talent training is constructed. Based on the BPNN in deep learning and the advantages of the SARIMA model, the SARIMA-BPNN model is designed after relevant parameters are adjusted to solve the problem that the error should be eliminated, and the talent demand in specific posts in social enterprises can be predicted more accurately. Through the analysis of simulation experiments, the errors produced by the designed model in the actual prediction and future prediction are reduced, which can be used in the training of communication design majors. Through this model, the posts required by society are recognized. Educational practice can provide students with better practical teaching so that the “use” of “University-Industrial Research Collaboration” can play its full role, and the enterprises, universities, research, and practice can interact with each other better. The “University-Industrial Research Collaboration” plays a great role in the cultivation of communication design talents. The shortcoming of the study is that the size of the samples is small in the discussion part, which may have a certain impact on the conclusion. In the follow-up research, more experimental data should be collected. For the training of communication design majors, the development direction suitable for society should be figured out to promote the integration of colleges and enterprises.
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Science, technology, engineering and mathematics (STEM) education is a globalized trend of equipping students to facilitate technological and scientific developments. Among STEM education, technology education (TE) plays a significant role in teaching applied knowledge and skills to create and add value to systems and products. In higher education, the learning effectiveness of the TE assisted by the immersive technologies is an active research area to enhance the teaching quality and learning performance. In this study, a taught subject of radio frequency identification (RFID) assisted by using mixed reality technologies in a higher education institution was examined, while the soft systems methodology (SSM) was incorporated to evaluate the changes in learning performance. Under the framework of SSM, stakeholders’ perceptions toward immersive learning and RFID education are structured. Thus, a rich picture for teaching activities is established for subject control, monitoring, and evaluation. Subsequently, the design of TE does not only satisfy the students’ needs but also requirements from teachers, industries, and market trends. Finally, it is found that SSM is an effective approach in designing courses regarding hands-on technologies, and the use of immersive technologies improves the learning performance for acquiring fundamental knowledge and application know-how.
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INTRODUCTION

Technology education (TE) aims to promote technological literacy to meet societal needs arising from technological developments such as radio frequency identification (RFID), the internet of things (IoT), and cyber-physical systems (CPS) (Mammes et al., 2016). As TE includes a broad spectrum of technologies as educational topics, it relies on other STEM (which stands for science, technology, engineering and mathematics) disciplines to communicate a complete picture of technologies’ implementation and applications. In higher education, TE is essential because it equips students with professional knowledge to meet the needs of the coming digital era. Given the practical importance of technology and its increasing popularity in various industries, the demand for technical skills and technology implementation professionals continues to increase. Therefore a well-planned TE model is essential to train such professionals. Effective technological teaching and training are active research topics despite the steadily increasing popularity of technological applications in commercial practice and the demand for technological professionals. Nkhoma et al. (2017) presented a case method for enriching students’ learning experience and drawing considerable attention for teaching purposes. Knezek and Christensen (2016) extended the “will, skill, tool” (WST) model to be a novel pedagogy for technology-intensive professional development. Teachers’ wills and skills were incorporated into state-of-the-art technology tools. For example, Usmeldi et al. (2017) adopted a “define, design, develop and disseminate” (4D) model of science subjects to facilitate students’ critical thinking as an open-ended learning approach. Consequently, the foundation of adaptive learning is established to cultivate the enhancement and intelligence in the learning sequence, learning content, and assessment.

Although many innovative learning designs are proposed, most educational institutions cannot get rid of lectures in the course design due to their effectiveness in disseminating subject content to students. Admittedly, traditional lecturing is not a promising teaching approach to put students in a passive learning position, in which students’ attention is easily distracted (BajakMay et al., 2014; Akram et al., 2021). Consequently, immersive learning is recently advocated in higher education to enable learning activities in a simulated and artificial environment (Pagano, 2013). It revamps the teaching and learning practices pedagogically from content engagement to cognitive engagement. Currently, more and more research studies investigated the effectiveness of immersive learning and its influence on students’ performance (Makransky and Lilleholt, 2018; Tang et al., 2020). The immersive technologies can simulate complicated engineering and science concepts to increase specific knowledge and skills absorption and retention. Subsequently, learners engaged in simulated objects can be equipped with solid experience to specific domain knowledge through simulation, game-based learning, reality technologies, and 360-degree videos (Maas and Hughes, 2020; Shadiev et al., 2021).

Furthermore, the learning behavioral data can be effectively collected in the immersive environment to enhance the quality of teaching and learning. However, there is a lack of a systematic methodology to structure the immersive learning design pedagogically in the context of the TE research. Moreover, an all-rounded TE model is rarely discussed. Although several studies revealed the power of immersive technologies in teaching and learning activities, their application for the RFID education is limited. Therefore, the implementation of immersive technologies in engineering subjects should be further enriched. In addition to immersive technologies, a comprehensive strategy to manage teaching resources and tools for the group of stakeholders is needed to satisfy the stakeholders’ requirements and concerns.

This paper proposes an immersive learning-based TE model by considering soft systems methodology (SSM) to consolidate various stakeholders’ perceptions for improving teaching quality and students’ learning performance. A subject about teaching RFID with the aid of mixed reality (MR) technologies was investigated to assess the proposed methodology, where the deployment of RFID systems and different tag orientations were simulated in an artificial environment. Subsequently, SSM was used to evaluate and improve RFID education in higher education, first capturing the perceptions of students and teachers and then making systematic pedagogical changes. Among various emerging technologies, RFID has been implemented widely in numerous industries, including logistics, supply chain management, healthcare, and manufacturing (Rahman et al., 2017; Wang et al., 2018; Motroni et al., 2021). It is thus considered a key technology for global industry and commerce, which has drawn industrial practitioners’ and researchers’ attention (Ramanathan et al., 2014). Consequently, the RFID education, which is essential and fundamental for the research on IoT and CPS, is selected for the investigation in this study. On the other hand, SSM is an action research method that helps stakeholders understand different aspects of real-world problems tackled through learning. In educational research, SSM was utilized to the course timetabling problem for the faculty of management in universities (Mehregan et al., 2012). It has also been applied to modify a teaching module to understand students’ perceptions and satisfy their needs (Warwick, 2008). Also, SSM has contributed to educational policy reformation (Soemartono, 2014). Nevertheless, the adoption of SSM in the STEM learning design with the aid of immersive technologies is limited, without which the immersive TE is not properly structured. Considering the growing demand for TE in higher education, this study aims to systematically structure the perceptions of TE stakeholders to improve the learning experience and quality. Therefore, an RFID course taught in a university in Hong Kong is examined to revamp the course design pedagogically with the aid of mixed reality (MR) technologies using SSM. Subsequently, descriptive and inferential statistics are summarized to evaluate the learning performance of using immersive technologies in RFID education. Overall speaking, the proposed work in this study incorporates MR technology into engineering education. At the same time, the entire implementation roadmap and learning eco-system are structured by using the soft system methodology. An immersive learning pedagogy is thus formulated and examined to customize the learning experience to students, particularly theoretical and practical knowledge. The entire learning process can be adaptive to the environment with emerging immersive technologies.

The remainder of this paper is organized as follows. Section “Literature Review” reviews the literature concerning TE in RFID, immersive technologies, and SSM with applications. Subsequently, the field’s research gaps and questions are summarized. Section “Mixed Reality Learning Environment for the Technology Education” presents the MR learning environment for technology education. Section “Soft Systems Methodology for the Immersive Learning Pedagogical Model” describes the research methodology for immersive TE development. Finally, the results and implications of the proposed model are discussed in Section “Statistical Evaluations and Discussion.” Finally, Section “Conclusion” presents the conclusion.



LITERATURE REVIEW

This section firstly states the motivation and values of the RFID education, which is selected for the investigation by immersive technologies and SSM. Also, immersive learning for technology education is reviewed. SSM and its applications are then introduced to establish the research methodology in this study. Finally, the research gaps and questions are summarized in this section.


Technology Education in Radio Frequency Identification

Although RFID has been widely applied in the education industry as an educational technology (Kurniali and Mayliana, 2014; Motoyoshi et al., 2016), research conducted on TE in RFID is relatively limited. Only a few RFID teaching and learning models can be implemented and benchmarked for institutions and companies. According to a previous study (Buyurgan and Mendoza, 2008), most current RFID training is designed for industrial applications or organized by industrial practitioners rather than academic institutions. Moreover, Cheng and Prabhu (2013) proposed a training approach that integrated RFID with an organization’s enterprise information system. Although businesses in some industries provide training courses, these are mainly designed for specific commercial applications of limited scope. In general, TE lacks well-established RFID teaching and learning performance measurement standards, resulting in low learning effectiveness and decreasing students’ attention (Wieman, 2018; Li and Jiang, 2021). Tiernan (2010) found that, rather than lectures, engineering students are interested in acquiring hands-on experience with practical applications to apply emerging technologies after graduation. Other researchers have suggested that engineering courses in higher education should integrate different learning methods to transfer theoretical and practical knowledge thoroughly. Furthermore, applying practical teaching and learning methods improves students’ perceived learning quality. Other researchers have also addressed the relationship between educational methods and students’ learning performance. Thus, the teaching and learning methods for RFID technology are important for arousing students’ interest and improving their learning performance. The studies reviewed above reveal a gap between industry best practices and theoretical academic work in RFID education.



Immersive Learning for the Technology Education

There are four typical categories of immersive learning technologies: simulation, game-based learning, reality technologies, and 360-degree videos (Maas and Hughes, 2020). Among the above, reality technologies, including virtual reality (VR), augmented reality (AR), and mixed reality (MR), are promising to let learners immerse themselves in the simulated environment and experience the interaction between physical and virtual objects (Brigham, 2017; Markowitz et al., 2018). VR creates an entirely virtual world while allowing users to experience a highly realistic environment, which is a kind of illusion with the effect of visual, auditory, interactive and other sensory-stimulating elements. Its primary characteristic is that users only interact in the virtual world without light sources or real-world interactions. AR is an enhanced technology that is originated from VR, which is to augment virtual objects to the real environment. Users are expected to perceive the digital content generated by the computing devices, which acts as a communication medium to interact with the physical world. Furthermore, MR is a combination of VR and AR as a whole, where the digital content enables the capability to evaluate the surrounding environment in a 3D manner. Subsequently, digital objects generated by MR technologies can be realized in the physical world. Recently, it has been found that there is a huge potential to explore the value of reality technologies in education, for example, fashion design and physical education (Ding et al., 2020; Elfeky and Elbyaly, 2021). It shows that AR technologies can effectively assist the teaching process on complicated theories and concepts through object visualization. However, the AR technologies cannot analyze the 3D environment for realizing digital objects, and thus the MR technologies should be further exploited for technology education.



Soft Systems Methodology and Its Applications

In contemporary educational research, several studies unlocked the power of data analytics and mining approaches, for example, cluster analysis and decision tree, to discover the hidden values of the educational data during teaching and learning activities (Al Mazidi and Abusham, 2018; Križanić, 2020). Further, the growth of social media and e-learning platforms creates more opportunities in the data collection related to teaching and learning activities. Thus intelligent pedagogies for engineering education can be established (Gañán et al., 2015; Su and Lai, 2021; Su and Wu, 2021). Consequently, engineering education is now transformed to incorporate multiple resources and tools to enhance learning quality. Apart from applying state-of-the-art analytics methods, a systematic approach to organizing teaching resources and methods for satisfying requirements of the stakeholders, such as students, teachers, and companies, is needed to enhance the practicality of new pedagogies. Soft systems methodology (SSM) is a systematic approach to organizational process modeling for problem-solving and the management of change (Wilson and Van Haperen, 2015; Hanafizadeh et al., 2021). SSM is capable of finding improvements from complex problems and situations (Checkland and Poulter, 2020). SSM was originally treated as a modeling tool in the business sector, but it was further developed as a learning and training development tool to explore “messy” situations (Holland and Garfield, 2016). It can capture diverse stakeholders’ perspectives which can be addressed in both “hard” and “soft” aspects of a problem. In short, it allows stakeholders to investigate better, describe and understand the complexity of human activities and interactions on specific problems. Generally speaking, there are seven independent stages in the SSM to formulate an iterative process (Checkland and Poulter, 2020). In stage 1, the scope of the problem and key players interested in the organization’s function and objectives are identified. In stage 2, problems are illustrated by a “rich picture” to present the structures, processes, relationships and issues relevant to the problematic situation. In stage 3, the nature of the chosen system is articulated, including a rigorous description of the “what,” “when,” and “who” of the chosen system. Typically, the chosen system is described by six major elements, namely (i) customers, (ii) actors, (iii) transformation process, (iv) Weltanschauung (German for “comprehensive worldview”), (v) owner, and (vi) environmental constraints, which are generally abbreviated as “CATWOE.” Table 1 shows the customized CATWOE for the educational research to assist the pedagogical development. In stage 4, a conceptual model of the defined system is developed, while the comparison and debate of the conceptual model among stakeholders are conducted in stage 5. Desirable, feasible and possible changes are outlined in stage 6. Finally, the changes are implemented in stage 7.


TABLE 1. Elements of CATWOE for engineering education.
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In the field of education research, the values of the SSM can be further extended to refine the courses and learning design pedagogically in academic institutions. Hindle (2011) applied SSM to present a module blueprint to both students with pre- and post-experience in case scenarios, which demonstrates that SSM is an all-purpose approach to outline the module. Specifically, with the aid of the SSM, the design and evolution of teaching modules can be facilitated to address both “hard” and “soft” aspects of the learning experience. SSM can capture stakeholders’ perspectives while addressing the “hard” and “soft” aspects of the learning experience can facilitate the design and evolution of teaching modules in academic institutions. Yadin (2013) applied SSM to design an information systems course, while it was proved that students’ perception and understanding were successfully enhanced. Most existing studies focus on the technological deployment for the typical immersive technology-based teaching, regardless of the management of change. From traditional teaching activities to immersive technology-based teaching, the effective transition of the teaching resources and tools should be considered to enhance the teaching quality and students’ learning performance. Therefore, the SSM is the theoretical ground to facilitate the effective transition to the immersive learning environment. Therefore, it is believed that SSM can contribute to pedagogy in technology education, particularly in MR-based RFID education.



Research Gap and Questions

Due to the rapid growth of state-of-the-art technologies, RFID technology is regarded as one of the key technologies to be implemented in various industries, such as logistics and supply chain management, to enhance the effectiveness and efficiency of their daily operations. Engineering education for RFID technology is essential to satisfy the increasing need for RFID implementation and maintenance. At the same time, most industrial practitioners and institutions are eager to design and develop an all-rounded course for training RFID experts. The power of immersive technologies can be fully revealed to develop effective teaching and learning methods for RFID technology in higher education. Thus learners can effectively immerse in the artificial environment for the RFID deployment. Beyond deploying immersive technologies in teaching and learning activities, unstructured and hidden problems from stakeholders’ perspectives should be considered to manage teaching resources and tools effectively. To fill this gap, the SSM is customized for the educational research in this study. Under the SSM framework, the effectiveness of using immersive technologies in teaching theoretical and practical knowledge should be evaluated. Overall, two research questions (RQ) in this study are summarized as follows:


RQ1: In terms of fundamental technological knowledge, what effect does the learning performance have on the MR-based teaching and learning method?

RQ2: In terms of practical knowledge of technical applications, what effect does the learning performance have on the MR-based teaching and learning method?






MIXED REALITY LEARNING ENVIRONMENT FOR THE TECHNOLOGY EDUCATION

In this section, the MR learning environment for technology education is illustrated such that students can be immersed in the simulated environment for experiencing the system deployment and application.


Architecture for Mixed Reality-Based Education

Mixed reality applications are designed and developed to establish the MR-based learning environment, where the generic architecture of MR-based education is shown in Figure 1.


[image: image]

FIGURE 1. Architecture of mixed reality (MR)-based Technology Education.


For deploying the designated applications on MR devices (e.g., Microsoft HoloLens), MR content modeling and rendering are two essential parts connecting to existing cloud services. In the MR content modeling, some 3D modeling engines, such as AutoDesk REVIT and Unity, can be adopted to build 3D objects according to application requirements. Also, user context and environment data are included to simulate virtual objects and content in reality effectively. For example, through the use of cloud services, such as content management, repository, image processing, and web services, the pre-requisites and toolkits of the MR applications are effectively managed to build the applications for 3D rendering. For rendering the 3D content, web and app development tools, such as Visual Studio, can compile the software package to MR devices and emulators for implementation. For placing holograms in the surrounding environment, the elements of lighting, landmarks, user movement, and Internet connection should be stabilized to maximize the hologram quality. Finally, based on the above architecture, the MR applications for technology education can be constructed to simulate 3D objects, such as hardware installation and system deployment.



Immersive Environment for the Radio Frequency Identification Education

In the RFID education, fundamental knowledge on RFID is discussed and disseminated at the beginning, where several RFID applications are illustrated to stand out the value of the technology. MR technologies can visualize the fundamental knowledge of RFID, such as various types of tags and antennas (Figures 2A,B). To achieve the MR implementation in RFID education, the MR headset, HoloLens, is adopted in this study to visualize the tag and antenna information in the virtual environment. By wearing the headset, the students can read the details, such as tag type, dimension, and memory size, for the particular tags, where the HoloLens can identify the tags based on the tag shapes. By using MR technologies, students can effectively understand the details of various tags and antenna shapes. Apart from the theories and abstract knowledge, interrogation zone analysis (IZA) and tag placement analysis (TPA) are two essential components for the deployment of RFID (Jankowski-Mihułowicz and Wêglarski, 2017; Hashmi and Sharma, 2020). For the former analysis, students must set up the RFID tags and gateway to examine the tag response rates and signal coverage region based on setting different antennas, as shown in Figure 2C. For the latter analysis, the tag orientation and placement are critical to the RFID system performance. Thus, the optimal location and orientation to place tags should be obtained, as shown in Figure 2D.
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FIGURE 2. Deployment of mixed reality in radio frequency identification (RFID) education; (A) wearing HoloLens for RFID education; (B) displaying tag and antenna information in a virtual environment; (C) interrogation zone analysis (IZA); (D) tag placement analysis (TPA).


Compared with the traditional laboratories for the above experiments in a limited time, a team of assistants is required to set up the hardware to achieve the analyses so that students cannot comprehensively experience the RFID deployment and installation in a real-life environment. With the aid of MR, the 3D illustration of the experimental setup and procedures can be visualized to deepen students’ understanding of the analyses. In addition, students can handle the experiments mainly by themselves to effectively understand the motivations and process of the analyses. Although the use of MR is promising in technology education, the differences in learning performance before and after the use of MR technologies should be investigated, while the pedagogical model for the RFID education should be formulated.




SOFT SYSTEMS METHODOLOGY FOR THE IMMERSIVE LEARNING PEDAGOGICAL MODEL

This study applied SSM as the core methodology for reviewing and improving the existing pedagogical model for RFID education. To demonstrate the application of SSM, the RFID course with the use of MR technology in the Faculty of Engineering of the Hong Kong Polytechnic University in Hong Kong was selected as the case study. In addition, a hypothetical model is proposed to evaluate the learning performance of immersive learning, as shown in Figure 3. In the immersive learning pedagogical model, MR-based teaching and MR-based integrated learning are evaluated by measuring their theoretical and practical knowledge acquired after the teaching and learning activities.
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FIGURE 3. Hypothetical model of the immersive learning pedagogy.



Step 1: Data Collection

To develop a rich picture that gathers information about a complex situation (Berg and Pooley, 2013), quantitative and qualitative data from students, lecturers and the university were collected. The data include a teaching plan and syllabus, which describe the requirements of the course design, internal discussions between lecturers, and assessment criteria to evaluate the students’ learning effectiveness with/without using MR technologies in learning. Thirty-five students who took the RFID course in Semester 2 of the academic year 2018/2019 and did not have prior RFID knowledge were selected as subjects in this study. The students were randomly assigned to five mutually exclusive groups and received RFID education for 13 weeks using different learning methods, including lectures, tutorials, seminars, laboratories and revision exercises. In addition, each student was asked to complete two different RFID assessment questionnaires containing thirty multiple-choice questions before the first teaching session (baseline measurement) and after the last class (post-test measurement), respectively. The objective of the module was to equip students with fundamental RFID knowledge and practical RFID know-how for being RFID professionals. Therefore, half of the assessment questions are related to fundamental knowledge, while another half is related to practical know-how.

Regarding the collection of the data collection (Liu, 2019), content management tools for e-learning, such as Moodle and Backboard, are used to set up the prior and post-assessments for students. Beyond the class performance, various control variables, such as attendance, nationality, and gender, can be considered to support the data analysis to generate meaningful insights for education research. The effectiveness of the adoption of MR technology was evaluated by the change in students’ performance in the RFID assessment questionnaire after the 13 weeks of teaching. The baseline measurement results are summarized in Table 2, while the group-based baseline measurement is summarized in Table 3.


TABLE 2. Baseline measurements for learning performance.
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TABLE 3. Group-based baseline measurements for learning performance.

[image: Table 3]
The baseline measurement results (Table 2) show that the students generally had insufficient RFID-related knowledge during course enrolment, with an average score of 2.91 out of 15 for fundamental RFID knowledge and 2.80 out of 15 for practical knowledge. Table 3 reflects the 35 students’ random assignment to the five mutually exclusive groups. The students’ baseline performance was relatively consistent among the groups (Table 3). In this investigation, the most appropriate learning model for RFID education in higher education is determined by adopting MR technologies and SSM. The summary of post-test measurements for fundamental RFID knowledge and practical knowledge are summarized in Table 4, while the group-based measurements are summarized in Table 5. In brief, it is found that students receiving lectures, seminars and revision exercises with the aid of MR technology generally performed better after the course with mean scores of 8.4 and 5.91 for fundamental RFID knowledge and practical knowledge, respectively. In addition, the students improved to a greater extent after the 13 weeks of teaching, in which the measurements in fundamental RFID knowledge and practical knowledge were improved by 5.49 and 3.11, respectively. For learning the fundamental RFID knowledge, lecturing, seminars, and revision exercises were the most effective measures; for learning practical knowledge, tutorials and laboratories generated the most positive impact.


TABLE 4. Post-test measurements for learning performance.
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TABLE 5. Group-based post-test measurements for learning performance.
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In addition to the descriptive statistics, inferential statistical analysis was applied to test the following hypotheses:


Hypothesis 1 (H1): The five MR-based teaching methods are equally effective for fundamental RFID knowledge.

Hypothesis 2 (H2): The five MR-based teaching methods are equally effective for practical knowledge.



For examining the above hypotheses, a non-parametric Kruskal–Wallis one-way ANOVA is used to test the established hypotheses, designed to compare the means of k (k > 3) populations when the populations are not normally distributed with unequal variances. Thus, the learning performance is investigated using the above method at the 0.05 significance level in the SPSS environment. Table 6A summarizes the statistical analyses for fundamental RFID knowledge (H1) and practical knowledge (H2), respectively. Significant differences are observed between the students’ improvement (i.e., the effectiveness of the five MR-based learning methods) among the five teaching and learning methods, with p-Values < 0.001 for fundamental and practical knowledge. By using the ANOVA, post hoc comparisons (10 pairwise comparisons) were conducted. As shown in Tables 6B, C, we found significant differences between six pairwise comparisons (laboratory vs seminar, laboratory vs revision exercise, laboratory vs lecture, tutorial vs seminar, tutorial vs revision exercise and tutorial vs lecture) for both fundamental and practical knowledge, with p-Values < 0.05. The above results imply that the six pairs contribute to the differences observed in the students’ improvement (i.e., effectiveness of the five teaching and learning methods) among the five teaching and learning methods. Finally, as the five MR-based learning methods can contribute to effective fundamental and practical knowledge transfer, the most suitable MR-based learning method for RFID technology should integrate lecturing (i.e., lecture, seminar and revision exercise) and hands-on experience (i.e., laboratory and tutorial).


TABLE 6A. Kruskal–Wallis one-way ANOVA test for Hypothesis 1.

[image: Table 6A]

TABLE 6B. Post hoc pairwise comparisons for Hypothesis 1.
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TABLE 6C. Post hoc pairwise comparisons for Hypothesis 2.
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Step 2: Formulation of a Rich Picture

Based on the above statistical analysis, a rich picture can be constructed to describe the complex problem in designing an effective MR-based learning model, as shown in Figure 4. The rich picture highlights some emerging issues and questions that are particularly relevant to this research:


[image: image]

FIGURE 4. A rich picture of RFID education.



•Choices of RFID education and training available in academic institutions and the market for cultivating RFID professionals are limited. RFID knowledge is delivered through on-job training, and academic institutions organize only a few. So how can academic institutions, particularly higher education institutions in Hong Kong, prepare themselves to offer courses related to RFID technology?

•By their admission, some teachers are not aware of the effectiveness of teaching and learning method(s) for RFID technology, while lecturing is adopted as the main method. For example, how can teachers provide alternative teaching and learning methods for their students?

•Although existing research studies suggest integrating diverse teaching and learning methods for engineering education in higher education and emphasize the laboratory component as the most important aspect of RFID education. The most appropriate combination of teaching and learning methods has been under-researched. How can learning performance be improved effectively?



These issues and their solutions are interrelated. For instance, adequately addressing the third issue would provide teachers insights into designing a new syllabus to incorporate alternative teaching and learning methods (second issue). Furthermore, when the most suitable combination of teaching and learning methods can be identified, and its effectiveness examined (second issue), higher education institutions can benchmark teaching and learning methods and collaboratively establish standards for methods in RFID education (first issue). Finally, to illustrate the use of SSM in redesigning the case study RFID course, the third issue is focused on in this study.



Step 3: Development of the Root Definition

To describe the nature of the problem on RFID education, the CATWOE (which stands for customers, actors, transformation, Weltanschauung, owners and environmental constraints) is adopted to identify the significant elements of the root definition shown in Tables 7A, B. The root definition describes the system of interests using the SSM terminologies. The elements of the CATWOE method are explained in response to the problems observed in RFID education.


TABLE 7A. Post hoc The root definition of the radio frequency identification education model.
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TABLE 7B. Revised teaching plan for the radio frequency identification education.
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Step 4: Construction of the Education Models

After defining the root definition of the chosen system, we developed a conceptual model of RFID education to describe the activities that contribute to its transformation. Figure 5 shows the conceptual model of the TE learning design process, demonstrating the connection between the internal education system and external monitoring. The conceptual model reflects the activities and their sequences. The large ellipse represents the complex system. The various activities to be performed are connected by arrows that indicate their sequence of occurrence. Furthermore, SSM includes activities that monitor and control the system to take corrective actions when the expected results are not achieved. In addition, monitoring and control activities maintained the system effectively to be designed correctly to achieve its purpose in implementing transformation. Moreover, the activities described in the conceptual model can be explored more deeply when considered as sub-systems.


[image: image]

FIGURE 5. Graphical illustration for the learning design process.


To adapt to the demand of RFID professionals in the market, an RFID education model derived from the basic TE model is developed, focusing on teaching and learning for RFID technology (Figure 6). Changes in teaching and learning methods to the course structure are introduced to provide fundamental and practical knowledge for students in higher education institutions. Effective MR-based learning methods, including lectures, seminars, revision exercises, tutorials and laboratories, should be integrated as a whole. Specifically, it is recommended that students first attend lectures to acquire fundamental knowledge and immediately participate in tutorials to consolidate the knowledge acquisition process. Also, students are suggested to participate in laboratory sessions to apply the fundamental knowledge they had learned, acquire additional practical skills, and obtain hands-on experience. In addition, guest speakers would be invited to deliver seminars to transfer real-life knowledge and case studies to students. Revision exercises were designed to provide students to evaluate their understanding of specific knowledge and theories. Finally, lectures, laboratories, and seminars were designed to be iterative to promote continual learning and consolidation in the subject syllabus. Students’ fundamental and practical RFID knowledge is assessed with different assessment tasks to regularly review learning performance and identify areas of improvement in RFID education.
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FIGURE 6. Graphical illustration of the RFID education model.




Step 5: Debate and Discussion With Stakeholders

The proposed RFID education model was compared with the existing practice and requirements, and debates among stakeholders were arranged to capture their perspectives concerning RFID education. It aims to revamp the course structure and content in a practical and commonly agreed manner. This stage also provides a chance for the stakeholders to express their ideas and comments on the education model in terms of teaching materials, assessment methods, and hands-on experience sufficiency. Consequently, feasible and desirable improvements on the RFID education based on stakeholders’ perspectives can be outlined.



Step 6: Proposal of Changes in the Teaching Plan

The original teaching plan provides only a formal series of lectures followed by assessment, while sessions for transferring practical knowledge are not included. The development of the aforementioned education model entails reviewing and revising the course’s teaching and learning methods. The updated teaching plan integrates an MR-based learning experience that allows students to acquire fundamental and practical knowledge in a simulated and artificial environment. Opportunities to experience RFID system deployment and RFID analyses at the first-person vision are now given. The revamped course structure also provides opportunities for students to gain practical skills and accumulate hands-on experience related to RFID technology. Therefore, students can be equipped with specific theoretical and practical knowledge to adapt to the emerging technological trends on RFID, IoT, CPS, etc. Learning performance and teaching effectiveness are then evaluated by assessment questionnaires tentatively scheduled to be held at the end of the course. The assessments are designed to provide feedback on students’ performance and suggestions for further refinements to the course structure.



Step 7: Implementation of the Revised Radio Frequency Identification Education

In the final stage of SSM, the changes identified in Step 6 are implemented for improving the quality of the RFID education. Therefore, the transformation of the RFID course is performed over the summer break in the academic year 2019/20 and implemented for the first time in Semester 1, having been formally approved by the subject coordinator and program leader of the university. Consequently, the revised teaching plan for RFID education, as depicted in Table 8, are proposed and implemented.


TABLE 8. Summary of comparative analysis of the learning performance.
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STATISTICAL EVALUATIONS AND DISCUSSION

In the past, the RFID course was dominated by lectures without particular emphasis on practical knowledge or hands-on experience about RFID technology. With enabling MR technologies in the revised RFID education model, the comparative analysis of students’ learning performance can be investigated to validate the effectiveness of MR-based learning. Also, the contributions and theoretical insights from this study are described in this section.


Comparative Analysis of Mixed Reality-Based Radio Frequency Identification Education

The course structure changes were implemented and evaluated by considering the differences of students’ learning performance. Thirty-six students with no prior RFID knowledge and education enrolled in the RFID course in Semester 1 of the academic year 2019/20. These students were randomly assigned to two mutually exclusive groups that received RFID teaching using two different teaching and learning methods, namely (i) MR-based lectures only and (ii) MR-based integrated learning, for 13 weeks. The primary topics, teachers and students’ study efforts in terms of contact hours per week were the same. For the MR-based integrated learning, students are expected to receive the RFID knowledge from a mix of lectures, tutorials, laboratories, seminars and revision exercises, as illustrated in Table 8. Similar to the data collection in Step 1 of the SSM stated in Section “Soft Systems Methodology for the Immersive Learning Pedagogical Model,” the same set of RFID assessment questionnaires were distributed to students before the first class of teaching (baseline measurement) and after the last class (post-test measurement). Again, the effectiveness of the two sets of teaching and learning methods was evaluated by the change in students’ performance in the RFID assessment questionnaire after the 13 weeks of teaching. As shown in Table 9, the results of the comparative analysis are presented, including the baseline measurement, post-test measurement, and overall improvement. It is found that the hybrid use of MR technologies and integrated learning approach provides a significant improvement on learning for both theoretical and practical knowledge. It implies that the MR technologies are helpful to visualize 3D objects for assisting the lecturing process and beneficial to enhance the quality of tutorials, seminars, and laboratories. The students are more effective than before to acquire comprehensive theoretical and practical knowledge on RFID.


TABLE 9. Non-parametric test for improvement difference evaluation.
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Moreover, inferential statistical analysis was applied to determine a statistical difference between the two independent groups of students in RFID learning performance. As the sample included only 36 subjects, a non-parametric test is thus selected. According to Richardson (2010), the Mann–Whitney U test is a non-parametric statistical test that compares two independent or unrelated samples. Thus, we conducted a Mann–Whitney U test at the 0.05 significance level in the SPSS environment. As shown in Table 9, it is found that no significant difference in the learning performance for theoretical knowledge is observed between the two groups, with a p-Value = 0.673 (>0.05). However, a significant difference in practical knowledge learning performance between the two groups is observed, with a p-Value < 0.01. Generally speaking, the group receiving MR-based integrated learning performed significantly better than another group. Particular for learning practical knowledge, the use of MR-based integrated learning (mean improvement of 5.17 points) is better than another group that receives MR-based lectures only (mean improvement of 2.44 points). These results demonstrate the positive effect of the changes to the course structure proposed by the MR-based RFID education model. Finally, it implies that the MR-based integrated learning approach can improve current RFID education and training in higher education institutions to cultivate RFID professionals for the market effectively.



Contributions and Theoretical Insights in Technology Education

This study explored effective technology education (TE) methods using SSM and MR technologies for an RFID course. Existing TE frameworks and models focus on conducting surveys, experiments and statistical analysis for various learning and teaching theories (Buckley et al., 2019; Priemer et al., 2020). They propose tailor-made structures and frameworks to construct new education theories and models to improve TE. However, such approaches are ill-suited to generalize a systematic structure to identify, construct, evaluate and provide feedback on TE content. In contrast, this study proposes the integration of SSM and MR and applies this combined approach to an RFID course.

On the one hand, this study can solve the problems of training new RFID professionals by providing an effective method for developing course structures and syllabi. The study establishes that rich pictures and education models are beneficial for industries and academic institutions. On the other hand, the study represents a novel implementation of SSM for creating MR-based TE models and theories in RFID courses. With the integration of SSM, complex organizational situations and problems in TE can be structured to consider the roles of various stakeholders in an organized and systematic manner. Thus, TE’s “soft” problems, including human activities, managerial changes and organizational issues, can be solved effectively by incorporating critical systems thinking in the solutions. Such an approach promotes the structured and systematic evolution of TE. Since not all problems can be solved by “hard” engineering techniques such as operations research, particularly in education, SSM has advantages for addressing problems in complex and ever-changing organizational and managerial situations. Such approaches can improve the design of education models and frameworks to meet the challenges of the learning and teaching process. Also, the effectiveness of the proposed education models can be established by incorporating evaluations and statistical analysis. According to the statistical findings in this study, it is revealed that the use of MR technologies can positively enhance the students’ learning performance in both theoretical and practical knowledge related to the RFID technology. Therefore, it is effective for students to understand the complicated concepts of the RFID technology, such as antenna design and tag orientation, using the MR devices, where the learning activities can be conducted in an immersive environment.

Furthermore, MR-based integrated learning under the soft system methodology is relatively effective in delivering practical knowledge to the students, compared with MR-based lecturing. In other words, students can effectively acquire practical skills on the RFID technology utilizing the MR-based integrated learning approach. The method proposed in this study can be extended to other areas of education and TE to construct models and theories with structured frameworks and systematic analysis for effective STEM education. Finally, the entire development and eco-system of technology and design education in both academic institutions and industries can be beneficial to advocate STEM education.




CONCLUSION

This study addresses the academic and practical importance of the systematic organization of technology education (TE) by combining soft systems methodology (SSM) and mixed reality (MR) with statistical analysis to derive a novel pedagogical learning design. The research findings offer teachers and higher education institutions a conceptual model for technology education for future benchmarking. More importantly, this study provides a systematic approach for higher education institutions to review their current pedagogical practices and address any hidden problems in a commonly agreed manner. The SSM-based study can improve the quality of TE for better cultivating technological professionals in the market. The methodology and results of this study can be further extended to redesign other courses related to STEM education. The study’s primary limitation reflects the nature of SSM, in which the findings are only relevant to the places (or cases) being investigated, namely technology education for the RFID technology. This study establishes the usefulness of the SSM methodology for redesigning technology courses to disseminate theoretical and practical knowledge to students effectively. In addition, the materials and technology to be taught should be visualized by the MR technology, for example, the antenna design and experiment setup. Otherwise, the values of using MR technology in the teaching activities cannot be fully revealed. For future work, the proposed TE model should be further applied by more lecturers and institutions related to STEM subjects, particularly for some visualizable concepts and knowledge. Last, by not least, the research of the MR-based teaching and learning environment can be further explored and investigated to establish a comprehensive eco-system for learning in this digital era.
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The objective of the study is to explore an effective way for providing students with the appropriate learning resources in the remote education scenario. Artificial intelligence (AI) technology and educational psychology theory are applied for designing a personalized online learning resource recommendation scheme to improve students' learning outcomes. First, according to educational psychology, students' learning ability can be obtained by analyzing their learning behaviors. Their identities can be classified into three main groups. Then, features of learning resources such as difficulty degree are extracted, and a LinUCB-based learning resource recommendation algorithm is proposed. In this algorithm, a personalized exploration coefficient is carefully constructed according to student's ability and attention scores. It can adaptively adjust the ratio of exploration and exploitation during recommendation. Finally, experiments are conducted for evaluating the superior performance of the proposed scheme. The experimental results show that the proposed recommendation scheme can find appropriate learning resources which will match the student's ability and satisfy the student's personalized demands. Meanwhile, by comparing with existing state-of-the-art recommendation schemes, the proposed scheme can achieve accurate recommendations, so as to provide students with the most suitable online learning resources and reduce the risk brought by exploration. Therefore, the proposed scheme can not only control the difficulty degree of learning resources within the student's ability but also encourage their potential by providing suitable learning resources.

Keywords: online learning, educational psychology, artificial intelligence, student's learning ability, learning resource recommendation, LinUCB


1. INTRODUCTION

Remote education is a new type of education mode in comparison with conventional face-to-face education. It enables the teachers to teach courses and the students to learn resources at remote sites. Therefore, online learning has become an important way in remote education, which especially plays an indispensable role during the 2020 COVID-19 pandemic (Wu, 2021). Compared with learning in the classroom, online learning allows students to come into contact with knowledge anytime and anywhere (George and Lal, 2019). Recently, a large number of online learning platforms that can provide students with a wide range of learning resources have emerged, such as MOOC and Coursera (Zhang et al., 2019; Jin et al., 2021). However, facing such massive learning resources, students usually cannot conveniently and effectively find the content suitable for them, resulting in inattention and low learning efficiency. Therefore, it is important to precisely locate appropriate learning resources and push them to the specific students according to their interests and personal characteristics (Wu et al., 2020b).

In fact, recommendation schemes have been used in the education field and can provide students with various forms of resources, such as articles, websites, and video courses. In Hsu et al. (2013), the authors design a reading recommendation scheme to provide articles for students that meet their reading preferences. Lichtnow et al. (2011) establishes a student-knowledge model for recommending students to some desired websites or paper links. Moreover, personalized course recommendation schemes have been concerned (Zhang et al., 2017; Pang et al., 2018; Gan et al., 2021). In general, the majority of the existing online learning resource recommendation methods are designed based on collaborative filtering algorithm. They first construct a user-item matrix and then recommend learning resources according to the similarity of users or items (Shi et al., 2014). The motivation of them is to transfer the recommended schemes in scenarios such as entertainment program watching, purchase in E-commerce into online learning. However, students are the main part of online learning. When conducting resource recommendations in online learning scenarios, two challenges are prone to happen and should be carefully concerned: (1) How to design a recommendation scheme from the perspective of a student's own learning ability or characteristics? (2) How to provide students with innovative online learning resources to tap their potential?

To deal with the first issue, several works have studied the learning behaviors of students from the perspective of educational psychology and explored the learning status of students. The goal of educational psychology is to leverage the best science in teaching-learning scenarios to better understand the psychology and practice of education. It can be used to reflect a student's psychological learning status so as to lay a foundation to explore a student's learning characteristics. For example, Bloom's model (Testa et al., 2018) can be used to explore the rules of student's acquiring knowledge. The cognitive diagnosis model derived from psychometrics (Ren et al., 2021) can classify student's mastery levels according to the composition of knowledge. The zone of proximal development (ZPD) focuses on developing a student's potential. It advises that the learning ability of students will be improved by providing more in-depth educational content (Chaiklin, 2017). Therefore, educational psychology can help us deduce hidden pedagogical laws, so as to measure student's learning status and design personalized recommendation strategies for different students.

For handling the second issue, it needs to explore new but suitable online learning resources for students from the perspective of artificial intelligence (AI). As a representative type of AI technique, recommendation approaches can effectively realize information retrieval and filtering. Specifically, in the existing recommendation scenarios, a context-based bandit algorithm, LinUCB, can achieve a balance between exploration and exploitation (Li et al., 2010). In other words, LinUCB can carefully concern users' known interests and explore users' unknown interests in the scenario of news recommendation. However, when applied to video recommendation in the online learning scenario, LinUCB still has limitations. Specifically, it does not consider student's personalized characteristics such as student's learning ability. This limitation inevitably brings a risk to the exploration process, as the recommended new resources may be much difficult for the student. It may further lead to the performance deterioration of the recommendation scheme and the increase of student's cognitive load.

To overcome the above limitations, in this article, we put forward a personalized online learning resource recommendation based on AI and educational psychology. First, from the perspective of educational psychology, we use the fraction of students participating in learning educational videos, the degree of completion, and the correct ratio of answering quizzes to estimate their ability. It can reflect their personalized learning status. Based on the ability, students can be divided into three main types by the clustering method. Second, we use the learning behavior records of all students to extract the features of the educational videos such as difficulty degrees. With the help of AI, a LinUCB-based recommendation algorithm for providing students with suitable educational videos is proposed. In this algorithm, student's ability is integrated into a personalized exploration strategy so that it can provide students with educational videos of appropriate difficulty degree. It can effectively adapt to student's learning ability and reduce the risk of exploration. It is noted that educational psychology, through which a student's distinctive ability is calculated and then integrated into a recommendation, first provides the strong possibility for a personalized recommendation. Furthermore, through the introduction of educational psychology into online learning resource recommendation, the proposed scheme in this article has higher supportability and reliability since it starts from the fundamental learning behaviors of students instead of blindly pursuing the accuracy improvement of the recommendation model. It is an effective application of research on educational psychology to online learning settings.

In summary, the contributions of this article are as follows:

(1) Based on students' personal learning behavior records, we try to mine their learning ability and divide the students into groups under the guidance of educational psychology.

(2) We propose a recommendation algorithm with personalized exploration under the assistance of AI. It can provide students with suitable educational videos matched with their ability, inspiring their learning potential.

(3) We conduct experiments to evaluate the proposed recommendation scheme in three terms: recommendation accuracy, matching degree between student's ability and difficulty of educational video, and personalized degree of the recommendation list.

In section 2, we discuss the related works on educational psychology and recommendation systems in online learning. In section 3, we propose the personalized online learning resource recommendation scheme. In section 4, experimental results are exhibited and analyzed on the basis of educational psychology. The conclusion is provided in section 5.



2. RELATED WORK


2.1. Educational Psychology

Educational psychology refers to the science of studying various psychological and behavioral laws in educational practice in a broad sense. It can reveal the nature of learning results, explain the process of learning, and clarify the conditions and laws of effective learning.

Zone of proximal development is an important concept in educational psychology, which refers to the gap between the two levels. One is the level of problem solving when a student conducts self-regulated learning. The other denotes the potential development level after teaching and learning. In the field of perusing cognizance, ZPD obliges that teachers ought to support students to further understand what they cannot manage without assistance (Chaiklin, 2017). Moreover, ZPD is also considered as the foundation of personalized education. In ZPD, it is imperative to provide students with learning resources that are neither too easy nor too difficult but are slightly beyond their current ability. A personalized educational scheme based on the ZPD rule is designed to maximize the cumulative gains of students (Wang et al., 2020). Meanwhile, cognitive load theory (Sweller, 1994) also indicates that the difficulty degree of learning resources should be consistent with the student's ability. Students can not remember learning resources that are too difficult in long term due to their limited working memory (Sweller, 2016). They tend to get the best learning effect when grasping learning resources slightly beyond their ability.

In addition, an important role of educational psychology is to track student's mastery of knowledge. Bloom's model describes the process of students mastering knowledge in detail with six levels, including three low levels (knowledge, comprehension, and application) and three high levels (analysis, synthesis, and evaluation). Teachers need to focus on incorporating the higher-order cognitive process into teaching and learning assessment, thereby ensuring that students are equipped with the necessary problem-solving and critical-thinking skills (Swart, 2009). The higher students have cognitive level, the higher completion the learning resources exert. Moreover, there are some other educational psychology theories to measure the learning level of students. For example, the learning curve can reflect students' learning effects. It often shows that learning counts will influence learner's mastery of knowledge. The prediction of the learning curve is the potential to present reasonable practices for personalized tutoring (Liu and Zhang, 2019). Classical test theory shows that scores can reflect the true value of students in the measured characteristics (Tatsuoka et al., 1968). In general, all the above concepts and theories provide a basis for student's learning status tracking, and ability estimation.



2.2. Recommendation Algorithms in Online Learning

The task of recommendations in online learning is to provide relevant learning materials to students and help them in decision making (Aguilar et al., 2017). Most existing works of recommendation algorithms in online learning can be divided into three types: user-based recommendation, item-based recommendation, and hybrid recommendation.

User-based recommendation algorithms focus on the student's characteristics. The personalized curriculum resource recommendation system in Gan et al. (2021) belongs to a learning diagnosis recommendation method combing with user interest. It can dynamically analyze user's interest preferences and find the most suitable courses for users in line with their own learning direction. Chen et al. (2019) presents an enhanced adaptive recommendation based on students' online learning style, which implements learning resource adaptation by mining students' behavioral patterns and extracting their preferences. Christudas et al. (2018) developed a way to deliver e-learning content. They integrate a compatible genetic algorithm over the learning objects and take the learning style, knowledge level, and interactivity level of the students into account. Benhamdi et al. (2017) developed a new multi-personalized recommender system for e-learning, which considers student's preferences, levels of study, and memory capacity. For user-based recommendation, most of the characteristics of students are mined according to their behavior records. Due to the uncontrollability of the behavior, only considering the characteristics of students has poor effect. It may lead to the situation that the recommended information cannot reflect their real intention.

Item-based recommendation algorithms aim at exploring the internal correlation among learning resources. Wu et al. (2020a) propose a semantic recommendation framework of learning resources based on semantic web and pedagogics. A set of reasoning rules are made from the synthesis of the type of knowledge and the internal structure of knowledge. Students are given different learning materials according to the different knowledge structures. The first literature recommendation system for datasets focuses on the connections between the literature and related datasets (Patra et al., 2020). The recommended literature may provide a detailed description and scientific finding based on that dataset, or even some prior work about the dataset's topic, which aims to increase the productivity of researchers. Kushwaha et al. (2020) use text mining tool for the enrichment of the E-textbook. They develop a phrase graph based framework to extract the mathematical concepts from the E-textbook and recommend the E-contents to the enrichment of the E-textbook. Since item-based recommendation does not need to refer to other student portraits, the system needs to have a deep understanding of the learning resource characteristics, which brings difficulties to researchers.

The hybrid recommendation algorithms combine the above two kinds of methods, considering the characteristics of students and the specific items of learning resources at the same time. Zhou et al. (2021) research the personalized learning recommendation model of student-learning resource matching, which calculates the matching degree between learners and learning resources based on the student demand model and the quality information of the learning resources. Zhang et al. (2017) propose a personalized recommendation system based on deep belief networks in the MOOC scenario. Deep belief networks can be used to extract the feature of student's attributes, behavior, and course attributes, so as to excavate the interest preference. Wan et al. (2020) construct a personalized learning resource recommendation service framework, where the data analysis layer can derive the characteristics of students, such as learning preferences and learning level. They also classify learning resources in to five categories to help students learn autonomously and efficiently. Meng et al. (2021) propose a personalized learning path generating method named learning diagnosis-learning path (LD-LP). It takes knowledge relation and student's ability into account. Obviously, the hybrid recommendation is more reliable than the other two kinds of algorithms. By considering the features of students and learning resources at the same time, it is equivalent to providing a double guarantee for the recommendation accuracy.

Compared with the user-based and item-based recommendation that only considers one side, the improved LinUCB in this article tries to take the features of students and learning resources into account at the same time, which belongs to the hybrid recommendation. As we know, LinUCB was first raised for personalized news recommendation, and it has been widely used in various research topics in recent years, such as music recommendation (Zhou et al., 2020), web services (Pilani et al., 2021), product sales (Hsu et al., 2020), and so on. However, it is rarely used in the field of education. Therefore, when it turns to the scenario of online learning, we think of designing a flexible scheme with LinUCB that can recommend learning resources suitable for students. We make full use of students' behavior information and extract the attributes of educational videos to recommend learning resources to different students according to their ability, which can control the difficulty of exploring new content to prevent them from being too far from students' ability.




3. PERSONALIZED ONLINE LEARNING RESOURCE RECOMMENDATION SCHEME

The framework of the proposed personalized online learning resource recommendation scheme is shown in Figure 1. First, the online learning platform collects students' learning behavior logs. Then, students' learning behavior information is adopted to estimate their ability under the guidance of educational psychology. After obtaining the ability, students can be further classified into groups with different identities. Subsequently, features of educational videos, such as difficulty degree can be extracted. Finally, a LinUCB-based educational video resource recommendation algorithm is designed. Compared with existing recommendation algorithms, it uses students' ability to construct personalized exploration coefficients, providing them with suitable learning resources.


[image: Figure 1]
FIGURE 1. The framework of the proposed personalized online learning resource recommendation scheme.



3.1. Dataset Collection and Preprocessing

The dataset, derived from Brinton and Chiang (2015), is collected on Coursera. Coursera is an online learning platform that provides a large number of educational video resources. There are 93 educational videos in the dataset. Each video is followed by an in-video quiz to keep abreast of the students' understanding of the video content. In other words, each student has to complete a quiz after watching each video.

Besides the quiz results, this dataset also records students' video-watching behavior logs. Specifically, it records the interaction information between students and educational videos, with a total of 29,304 student-video pairs. For each student-video pair, there are 10 pieces of learning behavior information. The fields related to the fractions for students watching the videos include: the fraction of time the student spent watching the video, the fraction of the video the student watched, and the fraction of time the student spent paused on the video. Additional fields related to interactions with the video include the number of times the student paused the video, the average playback rate that the student used while watching the video, the number of times the student skipped backward in the video, and the number of times the student skipped forward in the video. The detailed descriptions of these logs are shown in Table 1.


Table 1. The details of the behavior logs in the dataset.

[image: Table 1]

In this article, we select several required fields from Table 1. First, compared with the quantity of fracSpent and fracPlayed, fracComp only represents the degree of completion of the video content learning excluding the repetition and pausing. Therefore, fracComp is more suitable to measure the time that the student spends on a video. Second, the pausing behaviors represented by numPaused and fracPaused may be caused by unexpected circumstances, such as the student leaving for something temporarily or the network is stuck. Therefore, we do not use the pausing behavior in this article. Third, in the subsequent calculation of educational video's difficulty degree, we choose numRWs instead of numFFs as the measuring factor. If rewinding behavior exists, it reflects that the video is of some difficulty, needing to be watched repeatedly to strengthen understanding. Based on the above analysis, we focus on the three main fields: fracComp, numRWs, and success in the follow-up study.

After collecting the original dataset, the next step is to perform data cleaning. Specifically, we first delete 549 log records with empty entries in all student-video pairs. Moreover, we remove 1,821 data with error time records. For example, data with too long pause time, data with too many times of fast-forwarding or rewind, fracComp > 1. In the end, 26,934 student-video pairs and a total of 2,219 students can be retained. With the preprocessed dataset, the important task is how to extract the characteristics of students and educational videos from the learning behavior information in student-video pairs, and recommend the most suitable educational videos for different students according to their learning characteristics.



3.2. Student's Ability Calculation and Identity Classification

Student's ability is an important element influencing or even determining resource recommendation effect in online learning scenarios. In order to describe student's ability, we first analyze the factors affecting ability from the perspective of educational psychology and then calculate ability from the dataset depicted in section 3.1. In addition, based on obtained ability, students can be further divided into three main groups, active students, potential students, and inactive students, which is good for the subsequent processing. The whole process of students' ability calculation and identity classification is shown in Figure 2.


[image: Figure 2]
FIGURE 2. The process of student's ability calculation and identity classification.



3.2.1. Student's Ability Calculation

The student's ability can be measured from two aspects: learning process and learning result. The learning process can be described by student's behaviors during video watching. Learning result refers to whether they finally pass the in-video quizzes. Ballera et al. (2014) mention that when it comes to answering questions related to specific knowledge, the students who answer correctly are more competent than those who answer incorrectly. The students who interact more with learning resources tend to have a better understanding of learning activities and stronger learning ability. Furthermore, educational psychology provides the theoretical basis for estimating student's ability. Bloom's model puts forward that the completion of educational content is positively correlated with student's cognitive ability (Testa et al., 2018). Classical test theory shows that scores can reflect students' mastery of knowledge and measure student's ability (Liu and Bian, 2021). Based on these theories, we calculate the student's overall ability as follows:
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where abilityi represents the overall ability of the student Si. N indicates the number of educational videos Si has learned. Its ratio to the total number of educational videos totalnum can be used to represent the participation degree of Si. The last two terms in Equation (1) can be used to, respectively, represent student's average completion of video content and the average correct answer rate of in-video quizzes. k, l are the weight values that control the importance of these three terms.



3.2.2. Student's Identity Classification

In an online learning platform, the number of students is large and learning ability values among them are greatly different. If a student's identity can be known or classified, it can reflect student's learning status. The subsequent recommendation algorithm can also provide the targeted educational videos according to the identity. In this article, K-means clustering (Li et al., 2019) is used for performing a student's identity classification according to two indicators, student's ability and the number of educational videos a student has watched.

In this article, we divide students into three groups. The clustering result is shown in Figure 3. The blue line represents the probability density distribution of the number of videos watched by the students in each group. The orange line indicates the probability density distribution of the student's ability in each group. First, there are 194 students in Group I. As can be seen from Figure 3A, the number of videos watched by students in this group ranges from 29 to 92 (mean = 52.88, SD = 20.002), concentrates in 30~60; The ability value ranges from 0.31 to 0.88 (mean = 0.65, SD = 0.100), concentrates in 0.53~0.76. Second, there are 1,265 students in Group II. It can be observed from Figure 3B that the number of videos studied by students in this group is between 1 and 30 (mean = 5.70, SD = 6.052), concentrates in 1~8. The ability value is between 0.40 and 0.74 (mean = 0.60, SD = 0.089), concentrates in 0.58~0.72. Third, a total of 760 students belong to Group III. From Figure 3C, the number of videos watched by this group of students ranges from 1 to 28 (mean = 3.44, SD = 3.556), while most of them are from 0 to 4. The ability value ranges from 0.01 to 0.47 (mean = 0.26, SD = 0.118), while most of them are between 0.13 and 0.44.


[image: Figure 3]
FIGURE 3. The result of student's identity clustering: (A) active students (Group I); (B) potential students (Group II); (C) inactive students (Group III).


Through the above result and analysis, we can determine the students' identities of the three groups:

• The students in Group I tend to watch more educational videos than the other two groups and their learning ability values are always at a high level. We define students in this group as active students. In general, they not only have a high degree of participation but also have the strong ability.

• The number of educational videos watched by students in Group II is obviously decreased compared to that in Group I. However, the student's ability in Group II is still high, which is almost the same as that of Group I. We denote students in this group as potential students. Though they have only learned a small number of educational videos, their ability is high, and they have great potential to be tapped.

• The students belonging to Group III watch the least educational videos and have a relatively low ability value. Compared with the other two groups, they are not active and perform poorly throughout the learning process. We consider students in this group as inactive students. They seldom participate in learning educational videos, and their own ability is quite weak. Therefore, it is hard to dig out their learning patterns from their learning behaviors.




3.3. Educational Video Recommendation With Personalized Exploration

After obtaining student's ability and grouping student's identity, the key procedure is to realize online learning resource recommendations. Specifically, it can be further divided into two steps, as shown in Figure 4. Specifically, features are selected or calculated first. Then, a recommendation algorithm is proposed, which is based on the LinUCB model and considers personalized exploration according to student's ability.


[image: Figure 4]
FIGURE 4. The process of educational video recommendation with personalized exploitation.



3.3.1. Feature Extraction

In the online learning scenarios, information that involves the student's privacy, such as gender, age, educational background, usually cannot be obtained. Considering this, feature extraction is conducted by using student's historical learning behavior records in the preprocessed dataset. In other words, based on the fields of all the students' learning behaviors, five representative and important attributes about the educational videos can be extracted, which will be taken as the input of the LinUCB-based recommendation model.

• Learning rate (fracStudy): It indicates the fraction of students that have learning behavior records with the specified educational video;

• Average completion degree (avgfracComp): It indicates the average completion ratio of all the students that have watched the video;

• Fraction of rewind times (fracnumRWs): It represents the fraction of the total rewind times of all students watching the video to the threshold of rewind times;

• Correct rate (fracCorrect): It indicates the fraction of students who have correctly answered the in-video quiz relative to the number of students watching the video.

These four attributes can be calculated as follows:
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where the subscript j represents the jth educational video, and M represents the number of students that participate in the video vj. total_num_std is the total number of students. fracCompij represents the completion of vj for Si. numRWsij refers to the rewind times when Si watches vj. numRWsmax is the threshold of rewind times and the maximum value is 60. successij indicates whether Si completes the in-video quiz correctly after learning vj.

Finally, the difficulty degree of each educational video is also an important attribute. In a traditional face-to-face learning scenario within the classroom, the difficulty degree of learning resources is usually determined by teachers according to their teaching experience. However, this manner is not suitable and feasible for online learning. In order to ensure the adaptability of educational video in an online learning scenario, in this article, the difficulty degree of the educational video is determined by students' learning behavior records. The calculation of this attribute is shown as:
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where difj represents the difficulty of vj and the value range is 0 ~ 1. p, q are the weight values.

Thus, once a student generates an educational video watching record, the five attributes of the video are taken as the features of the student. Finally, each student forms a feature matrix.



3.3.2. Recommendation Algorithm

In the online learning scenario, when a student makes a request to the educational website, the recommendation engine within it will retrieve that student's historical learning behavior records, analyze student's ability, and determine the appropriate educational videos. In this article, we assume that student's learning content and interest will not change in a short term, so time issue is not considered. Compared with the existing LinUCB, there have been two improvements in the proposed algorithm. First, we use a parallel matrix computation to replace the multiple serial vector computations of traditional LinUCB to improve the speed of computation and the utilization of computer resources. By using this improvement, the LinUCB can transfer the multiple serial vector computation into one parallel matrix computation for all the students. In other words, by using this improvement, all the students can get recommendation lists more efficiently when they send recommendation requests. Second, we replace the fixed parameter of traditional LinUCB with the personalized exploration coefficient, which considers the student's ability and attention scores. This consideration can help the recommendation algorithm provide educational videos with appropriate difficulty degrees according to student's ability and status. It can make the recommendation model to adapt better to exploration strategies and reduce the risk brought by exploration. The relationship between these two improvements is that they, respectively, concern recommendation issues from common and individual perspectives.

Next, we introduce the improved LinUCB-based recommendation algorithm in detail.

Improvement I (Parallel Computing): To improve the computation speed and reduce the utilization cost, we combine multiple serial vector computations of the traditional LinUCB into one parallel matrix computation. In the LinUCB, it assumes that the expected value of each r is the linear function of its feature vector x for each user. In the online learning scenarios, the arms in the LinUCB refer to all educational videos provided by the online learning platform, and the user refers to the student involved in the learning of educational videos. In this article, student s represents the target recommendation object in the following description. Thus, the expected payoffs of all arms in the improved LinUCB are computed as follows:
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where [image: image]. [image: image] is the payoff about student s and jth educational video in online learning resource set C. n denotes the number of educational videos, which can be flexibly added or reduced. [image: image] is an n × d matrix, where [image: image] is the feature vector of the jth video in C, xj = [fracStudyj, avgfracCompj, fracnumRWsj, fracCorrectj, difj]. d refers to the number of video features, here d = 5. It is noted that X is the same for all students because it is only related to the fixed attributes of educational videos. [image: image] is a d × 1 coefficient vector to be learned, which aims to obtain feature-reward of each video. Its row element [image: image] refers to the parameter of the kth feature. The estimated [image: image] can be calculated as:

[image: image]

[image: image]

where [image: image] is the feature matrix composed of ms row vector [image: image]. Its dimension is ms × d. [image: image] represents the feature vector of the ith video in set Ms. Ms is composed of the educational videos in the learning behavior records of student s, and its number is ms. Let [image: image], and its row element ri represents the payoff of the ith video in Ms. In particular, the payoff ri is defined as the completion of educational videos for students s, that is, the value of fracComp. As is a d × d diagonal matrix. bs is a d × 1 vector, and the row element in bs denotes the cumulative payoff of each video feature.

Subsequently, according to the LinUCB, we obtain the total estimated rewards of educational videos for the student s:
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where ps is an n × 1 vector whose row elements represent the total estimated rewards of each video in C. αs is also an n × 1 vector that can control whether the decision is inclined to exploitation or exploration. The smaller αs is, the larger the probability of selecting recommended videos from the watched videos becomes. On the contrary, the larger αs is the more likely to recommend new videos that student s has not watched. [image: image] is an n × 1 vector whose row elements are diagonal elements of [image: image]. This vector indicates the predicted variance of the expected payoffs [image: image]. The Hadamard product of αs and [image: image] can be explained as the uncertainty of [image: image]. Therefore, in Equation (10), the former item represents the exploitation of what students have watched, and the latter item realizes the guaranteed exploration of new educational videos.

Improvement II (Personalized Exploration Strategy): In order to adapt to the ability of different students and perceive their acceptance of educational videos with different difficulty degrees, we use the attention mechanism to calculate the parameter αs that control the ratio of exploration and exploitation. Specifically, αs denoted as personalized exploration coefficient is related to the student's ability and attention and can reflect the personalized needs of different students. It is defined as:
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where abilitys represents the ability of the student s, which can be estimated by Equation (1). It can reflect the student's acceptance of videos with different difficulty degrees and determine whether the student can actually master the content in the videos with unknown difficulty degrees. The student's need for exploration increases with the ability. Ss is an n × 1 vector that refers to student's attention degrees for each video and a reflection of the student's thirst for unknown knowledge. By using the attention mechanism, Ss can be calculated as follows:
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where Dn×ms is an n×ms dissimilarity matrix and each row vector of Dn×ms refers to the vector of dissimilarity values between each video in C and Ms. The element in the lth row and mth column of Dn×ms represents the Euclidean distance between the difficulty of the lth video in C and the mth video in Ms. The calculation of Dn×ms is as follows:
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where Dn×ms sets the difficulty dissimilarity value between the videos that students have watched and the videos in C. cs performs a weighted summation of the row elements in Dn×ms to obtain the student's attention degree for each educational video. Therefore, Ss reduces the attention degrees of the videos that the student s has watched and increases the attention weights of the videos that have not been watched. The greater the dissimilarity in difficulty degree between the videos have and have not been watched, the easier it is to attract student's attention, and the higher the desire of the student to explore the unknown knowledge.

For each student, abilitys and Ss are different. Therefore, for one thing, the personalized coefficient we designed can make full use of a student's learning state to adjust the ratio of exploration adaptively according to the student's ability and attention. For another, the personalized αs can ensure that the difficulty degree of the explored educational videos is within the range of the student's ability so as to reduce the risk of exploration.

Finally, we choose top-N videos with the highest values in ps to form a recommendation list,
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where ps,a denotes the elements in vector ps. Algorithm 1 outlines the whole recommendation algorithm.


Algorithm 1. Educational video recommendation algorithm with personalized exploration.
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4. EXPERIMENT AND DISCUSSION


4.1. Evaluation Index

The evaluation index selected in this article can be divided into two categories. Precision, recall, F1, and hit_ratio are commonly used as accuracy-related evaluation indicators in recommendation systems. They aim to measure whether the recommended videos correctly hit the learning characteristics of students. Adaptivity and personalization focus on measuring the characteristics of the recommendation results. Furthermore, adaptivity belongs to the individual level non-accuracy-related index since it can reflect whether the recommendation results are well-adapted to the individual student. Personalization belongs to the system level non-accuracy-related index because it represents the overall diversity of the recommendation algorithm. The specific meanings of these evaluation indexes are as follows.

• precision@N: It refers to the ratio of successfully recommended educational videos among R(s). In general, it takes the recommendation list as the reference standard, which refers to the proportion of educational videos recommended to students that belong to their actual video-watching set. The successful recommendation here not only means that the student watches the video but also correctly completes the in-video quiz corresponding to the video.

[image: image]

where T(s) denotes the set of educational videos watched by the student s and the corresponding in-video quiz correctly answered. N = |R(s)|, is a constant and represents the length of the recommendation list.

• recall@N: It is based on the students' actual video-watching set, which refers to the ratio of successfully recommended educational videos among T(s).
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• F1@N: It comprehensively evaluates the precision and recall, which is the harmonic mean of precision@N and recall@N.
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• hit_ratio@N: It refers to the ratio of success times in the total times of recommendations. For the student s, when R(s) overlaps with T(s), this recommendation is considered a success.

• adaptivity@N: It refers to the difference between the average difficulty degree of the educational videos in the recommendation list D(Rs) and that of the videos the student has watched D(Ns). This evaluation index is used to measure whether the recommended educational videos are in line with the level of student's the ability, reflecting the adaptivity of the recommendation results for an individual student. According to the fit between the recommended content and student's learning ability, adaptivity may also determine whether students are willing to follow the recommendation system. Good adaptivity is conducive to strengthening student's trust in the recommendation system.
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• personalization@N: It describes the average differences among the obtained recommendation lists of different students. It represents the overall diversity of the recommendation scheme. The higher this value is, the more personalized characteristic the recommendation scheme has. A high personalization means that the recommendation can provide a personalized experience for each unique student.
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where s1, s2 are two different students, s1, s2 ∈ S. R(s1) and R(s2) are the recommendation lists provided by Algorithm 1 for student s1 and student s2, respectively.



4.2. Performance Analysis

The dataset used in the experiment has been introduced in section 3.1. In this article, we respectively, analyze the evaluation index for the active students, potential students, and inactive students classified in section 3.2.2. In particular, we delete 2,582 logs with almost zero participation from the 26,934 available learning behavior logs. Finally, the number of active students, potential students, and inactive students in this experiment are 194, 890, and 517, respectively. The corresponding number of logs about these three groups of students are 10,258, 10,932, and 3,162.


4.2.1. Performance Analysis of Basic Functions

Figure 5 exhibits the performance of active students, potential students, and inactive students in precision@N, recall@N, and F1@N. There are two main goals of the experiment in this article. The one is to measure the accuracy of our recommendation scheme. The other is to compare the differences of these indicators in different student groups and explore the reasons for these differences. As can be seen from Figure 5A, precision@N decreases with the increase of N. The precision@N of active students is always the highest, followed by potential students and inactive students. Since active students provide relatively fruitful learning behaviors, the proposed recommendation algorithm in section 3.3.2 can describe their learning status more precisely. In addition, from Figure 5B, the recall@N of the active students is generally low, while that of inactive students is high. This is consistent with the characteristics of the three student groups analyzed in section 3.3.2. Active students have watched the majority of videos, while potential students and inactive students have watched a much smaller number of videos than active students. Especially for inactive students, most of them only learn 0~4 videos. As a result, when calculating recall@N, if T(s) in the denominator of Equation (16) is small, the value of recall@N is large. Although for active students, the number of successfully recommended videos is more than that of the other two kinds of students, this value is still smaller compared with the dozens of videos they have watched. That is the reason for low recall@N for active students.
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FIGURE 5. Precision@N, recall@N, and F1@N of three groups by the proposed recommendation algorithm, (A) precision@N, (B) recall@N, (C) F1@N.


The results in Figure 5C show that the potential students have the highest F1@N. We mainly make a horizontal comparison of F1@N in combination with the characteristics of three groups. (1) The F1@N of active students keeps increasing. The larger the value of N becomes, the better performance can be obtained, as more videos have been watched by the students. (2) Both F1@8 and F1@10 of potential students are relatively high since the majority of potential students have watched 1~10 educational videos. As the number of recommended videos is too much for them (e.g., N ≥ 10), F1@10 has begun to decline slightly. (3) F1@N for inactive students is always falling because they watch a small number of videos (0 ~ 4) and have the relatively weak ability. Based on the above analysis, when the length of the recommendation list is set, precision@N can evaluate the accuracy of the recommendation algorithm more objectively and reasonably. It refers to the ratio of successfully recommended educational videos in the recommendation list, which is not affected by the student's identity.

Table 2 exhibits the hit_ratio@N of three different groups, which is used to reflect the probability of a successful experiment. The horizontal comparison reflects that the hit_ratio increases with the increase of N since it is a cumulative value. Otherwise, it can be observed that the hit_ratio@N of both active students and potential students are very high, where potential students are 0.84, 2.66, and 1.23% higher than active students in hit ratio@5, hit ratio@8, and hit ratio@10, respectively. The reason is that they provide enough behavior logs for us to mine their learning rules so as to greatly improve the possibility of successful recommendations. On contrary, the hit_ratio@N of inactive students is much lower than those of the other two groups due to their low participation and weak ability. It is difficult to sum up learning patterns from them and precisely recommend educational videos for them.


Table 2. Hit_ratio@N of three groups by the proposed recommendation algorithm.
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In a word, the results of accuracy-related indexes are all telling a fact that active students who have high participation and strong ability perform better in the learning process and can achieve more accurate recommendations. This proves that a student's learning status evaluated by educational psychology plays a part in the recommendation algorithm. Besides, the cluster results originated from educational psychology can help analyze the different recommendation performances among different student groups.



4.2.2. Performance Analysis of Personalized Exploration Improvement

Next, we evaluate the performance of the improved personalized exploration strategy in these three groups. The results of adaptivity@N are shown in Table 3. According to ZPD theory (Chaiklin, 2017), the content to be learned in the next stage needs to have some challenges for the students, which can inspire their enthusiasm, encourage their potential, and achieve a higher level of cognition. The experiment part of adaptivity aims to check whether the recommended content matches the students' ability and complies with ZPD theory. Combined with the view of ZPD, we specifically analyze the adaptivity of the proposed personalized exploration improvement to three types of student groups:

(1) For the active students, the average difficulty degree of the educational videos recommended to them is about 0.08 ~ 0.14 higher than the average difficulty of the videos the students have watched. This result is reasonable for active students with strong ability. In other words, the proposed personalized exploration improvement provides content with a bit more difficulty degree to encourage the potential of these students, exploring the highest points of their ZPD.

(2) For the potential students, due to their strong ability, the difficulty degree of the recommended videos is also slightly higher than that of videos they have watched. However, the gap is smaller than that of active students, in the range of 0.06 ~ 0.09. The reason is that the potential students watch less educational videos so that slight difficulty enhancement can effectively inspire their enthusiasm and encourage them to participate more in learning. In general, it is beneficial to motivate their potential by slowly increasing the difficulty degree of online learning resources.

(3) For the inactive students, some recommended educational videos have slightly higher degrees of difficulty, while the others still have difficulty degrees within the scope of their ability. Overall, the value ranges from -0.01 to 0.02, which is consistent with their own weak ability. In other words, the difficulty degree of the online learning resources should not be too far away from their ability, otherwise, it may cause their cognitive load.


Table 3. Adaptivity@N of three groups after performing personalized exploration.

[image: Table 3]

Therefore, the personalized exploration improvement makes our proposed scheme equipped with good adaptivity. The results for different types of student groups are highly consistent with ZPD theory in educational psychology, which aims to motivate student's potential but not increase their cognitive burden.

Finally, in order to verify whether the designed personalization coefficient αs can improve the personalization degree of recommendation algorithm, we select the active students with the highest precision@N from the three groups and further analyze the influence of different αs on personalized@N. The experiment for personalization evaluation is designed to validate that our recommendation scheme can make targeted recommendations for students with different abilities. In this article, we set three different exploration coefficients. The first one has no specific value, α = 1, in which case the degree of exploration and exploitation is the same without adjustment. The second one is a fixed value, α = 0.5, which means the ratio of exploration to exploitation is 0.5 for each student, regardless of the characteristics of the students. The third one is αs proposed in section 3.3.2. The result is shown in Table 4. It can be observed that, compared with α = 1, when α = 0.5, personalization@5, personalization@8, and personalization@10 have improved by 6.55, 3.05, and 2.22%, respectively. This proves that the exploration coefficient can improve the personalization@N of recommendation results. Furthermore, compared with the fixed exploration coefficient of 0.5, the personalized parameter proposed in section 3.3.2 has 10.53, 13.92, and 13.51% improvements in personalization@5, personalization@8, and personalization@10, respectively. This proves that integrating student's ability into the exploration coefficient can enhance the personalization ability of the recommendation algorithm. In the same sense, the student's ability calculated according to educational psychology plays a big role in the personalized exploration strategy.


Table 4. Personalization@N of the proposed recommendation algorithm under different exploration coefficients.
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4.3. Performance Comparison With the Other Recommendation Schemes

In order to verify the effectiveness of the proposed recommendation scheme, we still choose the active students as the target to compare with some competing recommendation schemes. The schemes are as follows:

Popular: It is the most common recommendation scheme, which is to recommend some of the most-watched educational videos to students. This is similar to traditional offline teaching to a certain extent, in which teachers count the learning status of all students and teach the most demanding courses according to the needs of most students.

User-based CF: It provides recommendations according to the videos watched by some students similar to the target student. The similarity is calculated by analyzing students' learning behavior log records.

Item-based CF: Its principle is that the target student may prefer some videos similar to ones that the target student has watched. The similarity between videos should be calculated by analyzing the student's learning behavior log records.

We select precision@N, recall@N, F1@N, and hit_ratio@N as evaluation indexes. As shown in Table 5, our scheme has shown better performance in many ways. For the popular recommendation scheme, it does not consider any characteristics of students, thus, it has the poorest performance. Especially in precision, the proposed scheme has great improvements of 43.3 and 42.32% in precision@8 and precision@10, respectively. For the item-based CF, the result is also relatively poor to the proposed scheme. For example, the proposed scheme has the smallest performance improvement of 1.88% in recall@10 and the largest improvement of 37.1% in precision@10. This proves that similar items may not arouse students' interests, but new or challenging ones have a positive effect on the recommendation accuracy. Among the three competing schemes, the user-based CF has the best performance. Compared with it, the proposed scheme has 16.06, 1.08, 0.23, and 24.89% improvements in precision@8, recall@8, F1@8, and hit_ratio@8, respectively. There are also 19.22, 0.48, 2.75, and 16.37% improvements in precision@10, recall@10, F1@10, and hit_ratio@10, respectively. This just proves that user similarity cannot achieve accurate recommendations, and it is also necessary to deeply explore students' learning characteristics as the most important factor. The three comparison recommendation schemes don't consider the personalized characteristics of students, which results in the underutilization of students' information. On contrary, our proposed scheme focuses on digging the learning status of students, which emphasizes the advantages of introducing educational psychology. In a word, the comparison results and analysis show that the proposed recommendation scheme in this article can provide students with the most suitable online learning resources, and the risk brought by exploration can also be reduced.


Table 5. Precision@N, recall@N, F1@N, hit_ratio@N of different recommendation schemes.
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4.4. Discussion

To sum up, through the above experimental evaluation, the results show that the proposed personalized online learning resource recommendation scheme has high precision, adaptivity, and personalization. Specifically, the experimental results on basic functions show that our recommendation scheme can accurately find suitable learning resources, in which the highest precision has arrived at nearly 70% (for active students). Combined with the educational psychology and characteristics analysis of three groups, we find active students with higher participation and stronger ability tend to get more precise recommendation results than potential students and inactive students. The experimental results on personalized exploration improvement show that the difficulty degree of learning resources provided by the proposed scheme have been controlled within the scope of student's ability, which validates its adaptivity and complies with ZPD theory in educational psychology. Meanwhile, the personalization ability of our scheme is also improved by the personalized exploration strategy, which has enhanced more than 10% compared with the originally fixed coefficient. By comparing with existing state-of-the-art recommendation schemes, our proposed scheme performs better and can achieve more accurate recommendations. Therefore, the proposed scheme in this article can provide students with suitable learning resources to motivate their potential and reduce their cognitive load under the guidance of educational psychology and AI.

It is particularly worth mentioning that educational psychology has made a significant contribution to the superior performance of our proposed scheme. Tracing back to educational psychology, it is important that the proposed scheme not only pays much attention to student's learning status but also considers the features of online learning resources. Specifically, from the student's perspective, we use information about learning procedures to analyze students' characteristics and estimate their abilities. As we know, Bloom's model claims that if students have high completion about the learning resources, they will also obtain high cognitive level (Testa et al., 2018). Classical test theory shows that scores can reflect a student's mastery of knowledge to a certain extent and can be used to estimate a student's ability (Tatsuoka et al., 1968). Therefore, the scheme we proposed can track student's learning status and use their personal information to make a timely cognitive diagnosis. More importantly, learning resources should be tailored to the student's ability. They can have a certain degree challenging to make the student's cognitive level high but not detach from their ability. According to the adaptivity analysis in section 4.2.2, for all the groups, the proposed scheme is highly adaptable. It can provide students with resources meeting their learning needs. At the same time, the personalization of the recommendation algorithm also reflects the attention to the characteristics of students. Students with different abilities can get different recommendation lists. From the perspective of learning resources, we extract various features of the educational videos for performing recommendations. It is noted that the difficulty degree of the learning resources is derived from learning behavior records of all the students, not obtained by teacher's experience. This is a more reliable and objective way. The derived difficulty degree conversely represents the overall learning status of students for the resources. According to the cognitive load theory, the difficulty degree of learning resources should be consistent with student's ability (Christudas et al., 2018). Consistent with this theory, the educational videos provided by the proposed recommendation algorithm can match well with the student's ability, not causing their cognitive load during online learning.




5. CONCLUSION

In this article, we put forward a personalized online learning resource recommendation based on AI and educational psychology. The key insight is that the difficulty degree of recommended learning resources should be matched with the student's ability according to theories in educational psychology. Under this guidance, students' ability is found and their identity can be divided according to their learning behavior records. Then, the recommendation algorithm with personalized exploration improvement has been designed by considering both student's ability and the features of online learning resources. Experimental results show that the proposed scheme is of good precision, adaptivity, and personalization. It can provide the students with suitable educational videos to motivate their potential and reduce their cognitive load.

Also, the present article leaves several open and interesting questions. First, we assume that the student's learning ability and interest do not change in a short term. As we know, these factors are varying over a long time, which should be deeply considered. Second, besides students' ability and learning status, their learning experience is also an important indicator influencing the final outcome. Therefore, online learning resource recommendations based on students' learning experience should also be paid much attention. Third, we try to solve the precise online learning recommendation issue here with the help of educational psychology theory and AI techniques. There still exist other problems that can be handled in this way, such as student's learning effect evaluation, and interactive teaching method design. We will carefully study them in our ongoing works.
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The study aims to explore the roles of Massive Open Online Courses (MOOCs) based on deep learning in college students’ English grammar teaching. The data are collected using a survey. After the experimental data are analyzed, it is found that students have a low sense of happiness and satisfaction and are unwilling to practice oral English and learn language points in English learning. They think that college English learning only meets the needs of CET-4 and CET-6 and does not take it as the ultimate learning goal. After the necessity and problems in English grammar teaching are discussed, the advantages of flipped classrooms of MOOCs are discussed in English grammar teaching. A teaching platform is constructed to study the foreign language teaching mode under MOOCs, and classroom teaching is combined with the advantages of MOOCs following the principle of “teaching students according to their personalities” to improve the listening, speaking, reading, writing, and translation skills of foreign language majors. The results show that high-quality online teaching resources and the deep learning-based teaching environment can provide a variety of interactive tools, by which students can communicate with their peers and teachers online. Sharing open online communication, classroom discussion, and situational simulation can enhance teachers’ deep learning ability, like the ability to communication and transfer thoughts. Constructivism with interaction as the core can help students grasp new knowledge easily. Extensive communication and interaction are important ways for learning and thinking. The new model provides students with profound learning experience, expands the teaching resources of MOOCs around the world, and maximizes the interaction between online and offline teachers and students, making knowledge widely rooted in the campus and realizing the combination of online resources and campus classroom teaching. Students can learn the knowledge through autonomous learning and discussion before class, which greatly broadens the learning time and space. In the classroom and after class, the internalization and sublimation of knowledge are completed through group cooperation, inquiry learning, scenario simulation, display, and evaluation, promoting students to know about new knowledge and highlighting the dominant position of students.

Keywords: MOOC, grammar teaching methods for English majors, deep learning, teaching application, self-reflection and self-criticism


INTRODUCTION

Recently, the rise of Massive Open Online Courses (MOOCs) in China attracts the attention of the domestic educational circles. Some domestic colleges and universities cooperate with Netease and Aike, the two major online education companies, to develop new online courses, and others start to follow suit (Baudewyns et al., 2016). With the help of the Internet, the roles of MOOCs are summarized as follows: their learning resources are extremely rich; the videos are simple and intuitive; the machine evaluation system can score useful information fast and respond timely (Hampton et al., 2017). Therefore, it can be said that the arrival of MOOCs brings many new opportunities and ideas to learners, and lays the foundation for online education (Chen, 2019). Grammar is very important and is the foundation of a language. As China is not an English-speaking country, learning English here becomes relatively difficult (Goussakova, 2016). Although classroom English teaching seems to be improved in recent years, students’ understanding ability and transformation efficiency are still not satisfactory (Hudson et al., 2018). The most important reason is that ordinary classrooms cannot provide English learning resources for students, and the key language points are not systematic (Sunar et al., 2017). MOOCs come into being to solve the problem encountered in English teaching, and their teaching modes are different from those of traditional teaching modes, and their knowledge systems are complete and logical so that students can understand and English grammar more clearly and help them build the corresponding grammar structure in their knowledge reserves, making English learning more efficient and improving students’ confidence in English learning and communication (Kellogg et al., 2013). In addition, MOOCs subdivide English knowledge and combine it with a video to explain the language point. A 10-min video can make the student understand the language point more efficiently and profoundly (Kastrati et al., 2019). The online teaching method combined with the traditional teaching method is more scientific so that students are more likely to grasp knowledge (Sarah, 2019).

The current teaching philosophy of MOOCs is to put learners at the center and vigorously stimulate their interest and willingness to learn. MOOCs are open on an online platform and provide students with rich learning resources and materials. Peers who have common interests can make learning plans and personalized programs together, which promotes their knowledge learning and interest development (Teeple et al., 2020). This open platform also displays students’ performance so that teachers can change their teaching plans according to students’ performance. MOOCs break the routine of the traditional teaching mode, stimulate students’ enthusiasm for learning English grammar, and develop their divergent thinking to learn by themselves. Their ideas and questions are uploaded on the network platform and answered immediately, improving their learning efficiency (Lan et al., 2019). The platform focuses on the application of information technology to English grammar teaching. Teachers should change their teaching concepts and teaching modes, so that the teaching process is optimized and the teaching quality is improved.

Based on the deep learning theory of MOOCs, the corresponding MOOCs’ teaching platform is constructed to study the foreign language teaching mode under MOOCs, and classroom teaching is combined with the advantages of MOOCs strictly following the principle of “teaching students according to their ability” to improve foreign language students’ listening, speaking, reading, writing, and translation skills. Through the online and offline foreign language teaching mode, students’ desire for foreign language learning is fully stimulated, the classroom completion rate and academic performance are improved, and the problems in learning foreign language under single MOOCs mode and the 3P classroom teaching mode are solved. The research results show that the high-quality online teaching resources and teaching environment based on deep learning can provide a variety of interactive tools, by which students can communicate with peers and teachers online, realize the deep combination of online resources and campus classroom teaching, and maximize the interaction between online and offline teachers and students.



INTRODUCTION OF MASSIVE OPEN ONLINE COURSES IN ENGLISH GRAMMAR TEACHING


Change of the Teaching Mode of English Grammar Based on Massive Open Online Courses

Massive Open Online Courses about English grammar teaching are divided into three modes, which are the online and offline auxiliary mode, the online and offline mixed teaching mode, and the online and offline integration mode (Lin et al., 2017). The online and offline integration teaching mode is that teachers obtain the desired teaching resources from MOOCs and select the appropriate content for offline teaching after the resources are sorted out. MOOCs include a lot of high-quality teaching courses and courseware (Li and Xing, 2021). This shows that MOOCs and English grammar teaching are well integrated (LEI, 2016). Nowadays, grammar courses are carried out by using many advanced teaching ideas and scientific teaching methods from MOOCs, and some great breakthroughs have been made (Mubarak et al., 2020).

The online–offline hybrid mode requires the teacher to focus on the traditional offline teaching concepts and methods, to divide the content of MOOCs into fragments, and to insert them into the corresponding teaching procedures, making the curriculum more diversified. However, grammar teaching should not be disconnected from the tradition (Qian et al., 2018) because it is not enough to use only the knowledge fragments in MOOCs and the traditional teaching method should also be used to transfer each language point to English grammar class (Rogoza et al., 2018). In addition, some senior teachers have their own teaching modes. Teachers can integrate other modes on the MOOC platform with the advantages of different methods to enrich their experience and evoke the enthusiasm of students in the classroom learning (Sun et al., 2018).

The online and offline auxiliary mode is a teaching method with a high degree of freedom (Wu and Song, 2019). Teachers find useful learning resources in MOOCs and recommend them to students, and students can choose the more understandable methods according to their learning progress and willingness, avoiding the phenomenon of passive learning. The essence of this method has nothing to do with traditional offline teaching (Wu et al., 2019). It is only used to arouse students’ interests in learning English, so that the transmission of knowledge is not limited to the classroom (Wu et al., 2020). Students can acquire the knowledge that they are interested in MOOCs to enrich their knowledge and broaden their horizons. MOOCs can also evaluate students’ performance, for example, some special tests are used to help students better understand their learning states and test their learning outcomes.

The abovementioned three modes are all the teaching modes in MOOCs. The auxiliary mode and the hybrid mode are based on English teaching (Wu and Wu, 2017). The integration of MOOCs and offline courses mainly depends on the development speed and integrity of MOOCs. MOOCs can overcome the disadvantages of traditional courses, and are very popular on the platform (Weng, 2018). The size of online education in China is also growing, as shown in Table 1.


TABLE 1. Size of online education in China from 2012 to 2020.
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Integration of Massive Open Online Courses and English Grammar Teaching

Frequent communication between students and teachers is a key to the integration of MOOCs and offline courses. Only when students accept MOOCs, can teachers’ teaching be meaningful (Yuan and Wu, 2020). MOOCs are powerful in classroom teaching and knowledge acquisition, and can broaden the breadth and depth of classroom teaching, effectively improving the teaching quality and learning efficiency. MOOCs change the traditional teaching concept and make students feel the new teaching method, which makes the traditional classroom less boring. The teaching mode in flip classrooms is a new form of MOOCs, and it inputs new power to classroom teaching. In this case, teachers should provide students with a foreign language atmosphere (Yang and Wu, 2019). This kind of reversal idea and mode is popular in foreign countries for a long time. Most foreign countries use MOOCs as teaching materials and achieve good results. MOOCs have become the mainstream teaching method. In China, many excellent educational institutions and colleges have built the MOOC platform and establish a wealth of knowledge resources’ networks, such as the C2 Alliance led by East China Normal University and the “1+1” platform established by the People’s Congress. Students can give full play to their expertise on this platform and show their advantages, which shows a feature of the flipped classroom (Zheng et al., 2018). In this way, students’ desire for autonomous learning is motivated. Direct communication and frequent interaction brought by MOOCs provide great conveniences for teachers and students. MOOCs can meet any students’ needs according to their aptitude and improves their learning efficiency, as shown in Figure 1.
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FIGURE 1. Practice of the flipped classroom.




Collaborative Development of Massive Open Online Courses and English Grammar Teaching

In the teaching practice, the interlaced teaching method can benefit more. MOOCs have a wide range of knowledge, strong pertinence, and a high degree of freedom. Teachers can form their teaching style in MOOCs according to teaching experience and methods, as well as the specific teaching content, to arouse students’ interest, and encourage them to learn actively and independently. In the teaching process, teachers give students freedom in learning, so that everyone can express their ideas and give full play to the advantages of MOOCs in the communication between teachers and students. Under the heavy teaching tasks, teachers can learn from the micro-videos in MOOCs to let students understand the course content and outline the key points in advance (Zhang et al., 2018). This can help students learn from the traditional acceptance learning method to understand learning and happy learning. The integration of MOOCs and classroom teaching can make the learning process more interesting, improve the enthusiasm and happiness of learning, and overcome some learning barriers. For example, English syntax has finite and non-finite attributive clauses. Students often confuse the two clauses. MOOCs can give targeted explanations for the differences between the two clauses, and then match the content that can be practiced at any time, so that students can understand and master the differences as soon as possible, and overcome the fear of most students in the face of such grammatical points. In classroom teaching, some students do not take the initiative to ask questions. This phenomenon shows the limitations of traditional teaching methods. Some of the targeted courses of MOOCs are displayed in the form of micro-videos, and the difficulties and key points in the class are subdivided, like the difference between attributive clauses. After class, students can review them again, which can objectively improve students’ enthusiasm and learning effect.

If they want to be proficient in using English grammar, students usually have to master the basic knowledge through many exercises, making the knowledge output correctly, as shown in Figure 2.
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FIGURE 2. Basic knowledge acquisition of English grammar in a non-native language environment.




Combination of Massive Open Online Course and English Grammar Teaching

Massive Open Online Courses about grammar learning extend the classroom teaching modes in traditional English grammar classrooms. They can deliver knowledge to students because they are the sources and backgrounds of the knowledge, which helps students fully understand the knowledge, arouse students’ curiosity, promote students’ learning motivation, develop their thinking, and master the knowledge. The long-term traditional classroom teaching is fixed and boring, and every student is learning for the college entrance examination, making students tired of study. MOOCs can relieve students’ mental health problems and make the learning process an active acceptance. Through extracurricular MOOCs, some APPs can make the learning process so relaxing that most of the students can learn knowledge happily. This teaching method integrating into life is also another great advantage that MOOCs bring. The integration of ordinary life and grammatical points makes the learning process interesting. Therefore, the efficiency of students’ language learning becomes better through short after-school micro-videos. For example, in the learning process of subject clauses and predicative clauses, some students cannot understand the differences between them. If the student still do not know about the differences between them from the videos, it requires students to communicate more with teachers on the MOOC platform and ask questions so that the questions can be understood correctly.




MASSIVE OPEN ONLINE COURSE AND DEEP LEARNING

Deep learning, as its name implies, deepens the understanding of learning content and critical thinking and have a profound impression on the knowledge. It can be skilfully applied to flexible movements in reality to solve complex problems. Opposite to deep learning, it is shallow learning, which only focuses on how to memorize input knowledge and its shallow understanding. Benjamin Bloom, an American educator, put forward his view in 1956. He argued that the goal of education is to complete the processes of cognition, emotion, and skill learning. In 2001, his student, WLorin Anderson, added his view to his teachers, suggesting that human cognition can be divided into creation, evaluation, analysis, application, understanding, and memory. Although Bloom’s view does not seem to have much to do with deep learning, the content and form of this theory are all consistent with the basic concept of deep learning as shown in Figure 3.
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FIGURE 3. Bloom’s cognitive hierarchy.


In 1976, Roger Saljo and Ference Marton jointly published the research on Qualitative Differences in Learning: Outcome and Process, in which deep learning and shallow learning are officially proposed for the first time. Thirty years later, American Association for Educational Communication and Technology (AECT) believes that deep learning can serve as a powerful boost to educational development. In China, Li Gahou also began to study deep learning after it is introduced in the United States. In 2008, Li Kedong mentioned the content of deep learning for the first time, which caused a sensation in the academic circles, and the related theoretical analysis appears from time to time. Connotation, theory, occurrence, teaching modes, and methods are the main contents in the study of deep learning in China.

First, the teaching mode of English grammar based on deep learning is a student-centered learning model. In this learning mode, students no longer passively memorize and recite language points summarized by teachers, but participate in discovering, mining, comparing, analyzing, summarizing, and applying the relevant knowledge themselves, making students have a thorough understanding of the language points and improve their ability to learn English grammar.

Second, the teaching mode of English grammar based on deep learning is a learning model that focuses on students’ thinking. In such a teaching mode, teachers should pay more attention to cultivate students’ thinking ability, including the analytical thinking ability, discriminative thinking ability, comparative thinking ability, and summative thinking ability. When students draw relevant conclusions through these thinking methods, teachers ask students to share their thinking within the group, and explain to peers their specific thinking process in the analysis, comparison, and synthesis, improving students’ thinking ability and communication ability.


Deep Learning Platform Built by Massive Open Online Course for Students

Massive Open Online Courses open a way of knowledge acquisition and maximize the public benefits of different classes, realize the knowledge transmission and information replication, and provide infant education (Litjens et al., 2017). No matter you have the relevant knowledge or not, you can make use of your spare time to study in MOOCs at any time, so that time and space are no longer resistance to learn knowledge. MOOCs have certain requirements for scholars, and they must have some cultural literacy. MOOC has a higher requirement for students, and it asks students to interact with teachers more effectively, especially in a class with fewer students. Teachers should be responsible and give more energy to teach students according to their aptitude so that each student can receive the most suitable learning method and take fewer detours of learning. Interaction directly improves students’ enthusiasm for study, and they are more willing to communicate with teachers. Effective interaction between students and teachers is a favorable condition for deep learning. In the MOOC classroom, students can learn the content in advance according to the micro-video before class, and realize the low-level learning methods such as memorizing and understanding learning methods by Bloom. Before class, the teacher should answer some of the questions raised, which can promote the smooth progress of the course and eliminate the doubts in advance. In classroom teaching, students can discuss and show their views with the help of teachers, making their cognitive abilities developed, such as application, judgment, and innovation. After the class, teachers can assign more difficult tasks and test students’ cooperative ability, improving their thinking and judgment skills. Students’ autonomous learning before the class and teachers’ targeted teaching after the class make learners’ satisfaction improved, as shown in Figure 4.
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FIGURE 4. Knowledge acquired.


The deep learning teaching mode based on Small Private Online Course (SPOC) is the integration and innovation of MOOCs and the classroom learning mode, rather than the simple superposition of the two. The advantages are summarized in Table 2.


TABLE 2. Comparison of learning types between Massive Open Online Course (MOOC) and Small Private Online Course (SPOC).
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Cultivating Students’ Ability to Apply, Evaluate, and Innovate New Knowledge by Massive Open Online Courses

First, the teachers’ identities should be transformed. The teacher is not only a knowledge importer but also a supervisor who monitors students’ autonomous learning based on deep learning. The general teaching cycle of MOOCs is about 1 month. Under this mode, the teacher needs to constantly guide and help students. This is the teaching content in the classroom, and the teaching design should be improved at any time after the class, and the students’ learning achievements should be paid more attention to. Supervision and answering questions should be what the teacher does before class. Through the examination questions and feedback questions on the micro-video, the teacher summarizes and selects meaningful questions and answers them in the classroom. In addition to solving the problem, teachers can also know about students’ attitudes and enthusiasm to study through MOOCs and have a certain understanding of the learning states of different students. In the face of difficult problems, the class can be organized to discuss them, and after-school tests can help students master knowledge better. Therefore, the combination of MOOCs and the traditional teaching mode truly realizes the student-centered and teacher-led teaching mode.

Due to the guidance of MOOCs, teachers’ teaching methods change a lot. Compared with the traditional teaching system, MOOCs often take only 1 to 2 months to complete a teaching task and save a lot of time. The rich knowledge base and the convenient platform provide a way to learn language points quickly. Small-scale MOOCs pay more attention to the personalized learning method. Before class, the teacher makes the personalized teaching courseware according to the requirements of each student, including key points and special points, and strives to take care of each student. Each student’s actual situation is not the same, and the easy question to the student may be difficult to others. Therefore, different students have different problems in learning a course, and a large number of problems increase the teachers’ challenge in the teaching process. That is, MOOCs bring many new challenges to teachers, and teachers should check students’ mastery of basic knowledge before class. In class, teachers should solve students’ common problems and focus on training the key points and difficulties. After class, teachers should have higher requirements for students and give them more difficult tasks. This undoubtedly increases the pressure on teachers, and they have to do more preparation.



Deep Learning Mode of College English Teaching Based on Massive Open Online Courses

The new deep learning is blended by online MOOCs and offline traditional courses. There are three teaching modes: online teaching before class, online teaching in class, and feedback after class, as shown in Figure 5.
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FIGURE 5. Deep learning mode of college English teaching based on Massive Open Online Courses (MOOCs).


The current situation of deep learning is constantly influencing traditional teaching methods and making them change greatly. The previous unilateral courses is a curriculum model, which involves frequent interaction, diligent cooperation, and research. High-quality online teaching resources help teachers make courseware and help students preview before the class, so that the learning process can be interesting, complete, and understandable. Online and offline teaching can make the knowledge digested better, solving the problems caused by online courses. At the same time, differentiated courses can meet different students, so that they have the ability of self-criticism and self-creation. Small tests after class can help students know about their problems and solve them in time. At present, English grammar courses in senior high schools is complex, the learning task is heavy, and its practicability is poor. In this case, the roll inspection is needed to help students learn English grammar well in healthy physical and mental states. And the fragmentation management of MOOCs provides a shortcut for students to learn and consolidate the knowledge in this way.




DATA RESULTS ANALYSIS


Test Data

The test takes learners who participate in MOOCs as the subject to understand the effect of MOOCs based on deep learning. This test experiment has high requirements for information technology equipment, so Shaanxi Normal University and Bohai University with good digital teaching level and equipment are selected to carry out the teaching experiment. At present, all colleges and universities have a Gigabit optical fiber backbone network, and 200 Mbps export broadband is set to realize the wireless LAN coverage of the whole university. In addition, a multimedia information application development studio is established, and the world university town space is purchased and distributed for teachers and students freely.

English teacher Wang and Japanese teacher Li from Shaanxi Normal University and English teacher Tian and Japanese teacher Pan from Bohai University are selected to give lectures. These four teachers have rich teaching experience and are good at operating modern educational technology, meeting the relevant standards of the experiment. English majors and Japanese majors with similar situations are selected. Around 80% of English majors and 20% of Japanese majors are arranged in each class because these students have certain theoretical knowledge but lack practice. The number of experimental students in Shaanxi Normal University is 720 (640 in English and 80 in Japanese), and that of experimental students in Bohai College is 660 (600 in English and 60 in Japanese). In addition, as the students who participated in the experiment have similar learning interest, academic performance, and intelligent development, which met the research conditions, both universities have the basic conditions for conducting the experiment.



Current Situation and Characteristics of College Students’ Cognition and Ability of Foreign Language Learning

Table 3 shows that the final scores of students who take MOOCs are much better than those who take regular courses. Because the students had learned the relevant knowledge before class, the discussion in class makes the difficult problems solved the fastest, and after class, they are tested. Deep learning significantly improves the teaching quality, and the average score of the students who take MOOCs based on deep is 89.6. The more striking thing is that the rate of students who score more than 85 increased from 15 to 75%. In the past 5 years, the average score of this rhetoric is about 65–70.


TABLE 3. Comparison of test scores between the traditional teaching mode and MOOC.
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Figure 6 suggests that the MOOC platform is mainly used to assist students in classroom learning and developing their autonomous ability. However, fewer students choose to download learning materials and discuss with peers, which shows that students have no awareness of online learning and their enthusiasm for online interaction is low.
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FIGURE 6. Main functions of the learning platform of MOOCs [(1) assistance in classroom learning; (2) the download of learning materials; (3) discussion and communication with peers; (4) autonomous learning; and (5) submitting homework and examination].


Figure 7 reveals that the students are generally satisfied with the learning effect of the hybrid learning of MOOCs. The students think that the hybrid learning of MOOCs is the most helpful to their practical operation skills, which shows that most students have mastered the methods and skills of micro class design through hybrid learning. Students generally believe that this learning expands their knowledge, improves their autonomous learning ability and problem-solving ability, and helps them to master a new way of MOOCs.
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FIGURE 7. Achievements of the hybrid learning of MOOCs [(1) deepening the feelings with teachers and classmates; (2) improving autonomous learning ability; (3) expanding the knowledge; (4) improving the ability to solve problems; and (5) mastering the new way of MOOCs].


In Figure 8, (1) is the help of peer discussion in learning; (2) is the help of mind map in learning; (3) is teachers’ help to students; and (4) is the help from assignments.
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FIGURE 8. Satisfaction with the learning strategies of MOOCs.


Figure 8 shows that students are satisfied with the mixed teaching strategy of MOOCs, and teachers play an extremely important role in the course. Teachers not only need to guide students to carry out autonomous learning of MOOCs, but also need to play the role of assistants online and offline, so that the whole learning becomes an online and offline interaction between teachers and students, as well as the communication between students.

College students are not familiar with the concept of deep learning, and they lack the awareness of English learning based on deep learning. Also, the results show that students’ sense of pleasure and satisfaction is low in English learning. They are unwilling to practice oral English and have no interest in grammar learning and practice. They think that college English learning is just for passing CET-4 and CET-6 instead of a useful tool for communication.

In the deep learning strategy, fewer students attend class or autonomously learn with questions, and most of them can ask the teacher their questions actively. For confused questions, most students spend their free time studying them, and only fewer students give up halfway.



Construction of College Oral English and Speech Deep Teaching Model

The classic SPOC mode is the combination of MOOCs + the traditional classroom mode. It includes three stages such as before class, in class, and after class. The before class stage is mainly for teachers to design and develop teaching resources, and students independently practice phonetics, tones, stress, and reading on the online platform, previewing knowledge in advance, preparing questions, and conducting online communication and practice. The activities of in-class stage are that teachers communicate with students, conduct classroom discussion, evaluate learning effect, correct students’ pronunciation and intonation errors, answer questions, eliminate doubts, and internalize knowledge. After class, teachers and students conduct online practice according to their learning needs or choose offline communication and practice. The main content is language use practice. Students jointly complete group tasks through online group cooperation, realizing knowledge sublimation and completing the deep learning.

Figure 9 reflects that many students believe that time and Internet access also affect hybrid learning of English. Few students can access to online learning and their learning enthusiasm is lowered. Some students also complain that teachers assign too many tasks, which reduce their interest in learning. It required the continuous guidance of instructors, providing students with convenient Internet access conditions as much as possible and helping learners integrate into the learning environment to stimulate their learning motivation.
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FIGURE 9. Factors affecting hybrid learning [(1) a weak correlation between network resources and courses; (2) unavailable to online learning; (3) insufficient time; (4) heavy tasks assigned by teachers; and (5) inconvenient to use the Internet].




Learning Effectiveness Evaluation

The comparison of the test data indicates that the scores of students in the classic teaching mode are higher than those in the online mode, and the number of students in the classic teaching mode scoring 80–90 points is higher than that in the online mode.

In the first stage, the experimental results are shown in Table 4. In the second stage, the following information is obtained through interviews. The fully online mode saves a lot of time and has great time flexibility. However, the advantages of the classic mode are also obvious. First, face-to-face classroom teaching is adopted in the classic mode, so students feel that the supervision mechanism is stronger than machine statistics. Although students in the fully online mode can communicate with teachers online, many students’ online performance is poor. This indicates that the supervision mechanism is weak, and students’ initiative and self-control ability should be improved. Second, due to the particularity of oral courses, the face-to-face teaching mode can more clearly show the pronunciation and mouth shape of students and teachers, which is more conducive to the practice of oral pronunciation. Third, due to the instability of the network and equipment, the interaction efficiency is low between online teachers and students, resulting in a waste of time in class. In addition, this course also needs speech competitions, and offline face-to-face guidance has a greater advantage, which alleviates teachers’ guidance on students and their expressions. Therefore, face-to-face practice is closer to the competition scene and better than online guidance. In the third stage, although students can leave messages and ask questions to teachers on social software or the network platform, the answers to these questions will be delayed or ignored. Therefore, offline face-to-face question–answering is timely and efficiently for students. In short, students can use their fragmented time to carry out MOOCs based on deep learning. In the process of online learning, teachers and students can effectively interact and realize the teaching objectives. The mixture of the online and offline teaching modes is a successful practice, which should be widely recognized.


TABLE 4. Experimental results of two modes.
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CONCLUSION

The application of MOOCs based on deep learning to college students’ English grammar teaching is studied. Through data investigation, it is found that the multimedia resources of the teaching mode based on deep learning present rich knowledge in the forms of texts, animations, sounds, or films and TVs, which are embedded with problems, tasks, and tests, promoting students’ active knowledge construction and in-depth understanding of new knowledge. Students can watch the teaching resources on the MOOC platform anytime and anywhere to review them autonomously. The students who are left behind can get timely guidance from teachers in the early stage of new knowledge teaching so that they do not be left behind in the later period. High-quality online teaching resources and the teaching environment based on deep learning can provide a variety of interactive tools, by which students can communicate with their peers and teachers online, and discuss questions and acquire knowledge. Sharing open online communication, classroom discussion, and situational simulation can enhance students’ deep learning abilities such as their abilities of language communication and transfer application. Constructivism with interaction as its core achieves a grasp of new knowledge. Extensive communication and interaction are important ways for deep learning, thinking, and criticism. The new model emphasizes giving students a deep learning experience and developing the teaching resources of MOOCs that are popular all over the world, making the knowledge rooted on the campus, realizing the combination of online resources and campus classroom teaching, and maximizing the interaction between online and offline teachers and students. Students can acquire knowledge through autonomous learning and discussion between teachers and students before class, which is helpful to ensure deep learning. For in class and after class, the internalization and sublimation of knowledge are completed by means of group collaboration, inquiry learning, situational simulation, and evaluation, which drives students to construct new knowledge actively, highlighting the dominant position of students.

In practice, the deep learning model does not promote students’ deep learning to a large extent, which attributes to the improper use of the method, especially teachers’ insufficient awareness and knowledge reserves. For example, the 3rd-year English majors of Northwest A&F University have no enough time for autonomous learning before class, and they have to take classes from Monday to Friday. Also, the heavy academic burden makes students reluctant to ask questions and participate in forum exchanges actively if teachers still require students to complete pre-class preview. The impact of MOOCs on physical courses in colleges and universities is still an urgent problem to be solved. Teachers need to completely change their concepts, integrate various online resources before class, and maintain teaching enthusiasm and vitality in class. This puts new demands on teachers to master modern technology and professional knowledge. In summary, the transformation of teachers’ ideas and concepts is a basis for deep learning. Also, MOOCs require teachers to regard teaching as a lifelong process, make a reasonable teaching plan, and explore an efficient teaching method and strategy.

The research shows that MOOCs based on deep teaching can evoke college students’ enthusiasm and participation in English learning. This has a positive effect on students’ mastery of basic knowledge, acquisition of practical skills, and teamwork ability. With the continuous development of information technology, the Internet and personal mobile devices are becoming more and more popular, and the learning at the fragmented moment is advocated. MOOCs based on deep learning should be explored further, and the next research work should be carried out from the following aspects:


(1)Research on MOOCs for different subjects. In the study of MOOCs based on deep learning, only some chapters of the book “English Grammar and Curriculum Integration” are selected, and the conclusions may not apply to other types of courses. It needs to be discussed whether there are differences in the implementation of MOOCs in different types of courses. Therefore, MOOCs based on deep learning should be practiced in different types of courses, and the research scope should be expanded.

(2)Big data learning analysis based on the MOOC platform. The results show that students’ online learning enthusiasm is not high without monitoring, and teachers cannot record, understand, and analyze students’ learning behavior through big data on the MOOC platform. The big data analysis on the MOOC platform is to track and record students’ learning behavior comprehensively and systematically. Teachers can know about and analyze their learning preferences, curriculum completion rate, participation and interaction, and course selection to carry out individualized teaching for different students. In future, big data learning analysis on the MOOC platform should be emphasized, and personalized learning programs should be made according to students’ learning behaviors.

(3)Construction of the localized MOOC resources. In the application research of MOOCs based on deep learning to college students’ English grammar, it is found that there are many high-quality and rich MOOC resources on the Internet. It is easy to ignore the particularity of students and courses in the university by simply relying on the introduction of famous teachers. In the construction of MOOC resources, colleges and universities should fully consider the characteristics of local network courses, by which high-quality MOOC resources should be reorganized. This will be one of the main tasks of subsequent research.
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This research aims to analyze the influencing factors of migrant children’s education integration based on the convolutional neural network (CNN) algorithm. The attention mechanism, LSTM, and GRU are introduced based on the CNN algorithm, to establish an ALGCNN model for text classification. Film and television review data set (MR), Stanford sentiment data set (SST), and news opinion data set (MPQA) are used to analyze the classification accuracy, loss value, Hamming loss (HL), precision (Pre), recall (Re), and micro-F1 (F1) of the ALGCNN model. Then, on the big data platform, data in the Comprehensive Management System of Floating Population and Rental Housing, Student Status Information Management System, and Student Information Management System of Beijing city are taken as samples. The ALGCNN model is used to classify and compare related data. It is found that in the MR, STT, and MPQA data sets, the classification accuracy and loss value of the ALGCNN model are better than other algorithms. HL is the lowest (15.2 ± 1.38%), the Pre is second only to the BERT algorithm, and the Re and F1 are both higher than other algorithms. From 2015 to 2019, the number of migrant children in different grades of elementary school shows a gradual increase. Among migrant children, the number of migrant children from other counties in this province is evidently higher than the number of migrant children from other provinces. Among children of migrant workers, the number of immigrants from other counties in this province is also notably higher than the number of immigrants from other provinces. With the gradual increase in the years, the proportion of township-level expenses shows a gradual decrease, whereas the proportion of district and county-level expenses shows a gradual increase. Moreover, the accuracy of the ALGCNN model in migrant children and local children data classification is 98.6 and 98.9%, respectively. The proportion of migrant children in the first and second grades of a primary school in Beijing city is obviously higher than that of local children (p < 0.05). The average final score of local children was greatly higher than that of migrant children (p < 0.05), whereas the scores of migrant children’s listening methods, learning skills, and learning environment adaptability are lower, which shows that an effective text classification model (ALGCNN) is established based on the CNN algorithm. In short, the children’s education costs, listening methods, learning skills, and learning environment adaptability are the main factors affecting migrant children’s educational integration, and this work provides a reference for the analysis of migrant children’s educational integration.
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INTRODUCTION

Since the reform and opening-up, the scale floating population in China has shown a trend of increasing year by year (Wang et al., 2019). After 1990, “family” migration had developed in China’s migrant population, so that many school-age children followed their parents into cities, and the number increased dramatically (Ajay et al., 2018). Childhood is an important period of education and physical and mental development, and children’s education relates to the harmony and stability of the entire society. To guarantee the education of migrant children, most national and local governments have successively promulgated relevant policies to give more support to migrant children during the compulsory education stage (Hu et al., 2018; Liang et al., 2019). The children migrating to the city have undergone a transformation of their living space to a certain extent. It should focus on whether the school’s learning environment can provide these migrant children with a comfortable and suitable education and living environment (Vogel, 2018), thereby eliminating or reducing the negative impacts on migrant children when they attend a school in the city with disadvantages in their families, schools, and society, and an unequal educational starting point. The level of education of migrant children and their integration with the cities where they flowed into not only have an important impact on China’s social stability and social development, but are also closely related to industrialization, urbanization, and the progression of the future labor market (Flensner et al., 2021). The direction of national education policy formulation changes with the change of social development. As a provider of public education services, the government has introduced various educational policies in the process of overall planning for the education of school-age migrant children, which will inevitably have a certain impact on the social integration of migrant children (Vargas-Valle and Aguilar-Zepeda, 2020). Scholars have been paying attention to the issue of migrant children’s social integration for a long time, but most of them start from the family environment or community level participation of migrant children (Kyereko and Faas, 2021). When it comes to the educational integration of migrant children, most studies are conducted from the perspective of school adaptation and the implementation of educational policies (Wang, 2020; Jørgensen et al., 2021), where those who adopt educational policy as an influencing factor to analyze the educational integration of migrant children are relatively rare.

Using big data to analyze the current situation of migrant children’s education is of great significance for us to correctly understand the current education status and future trends. When faced with big data, choosing an algorithm that can quickly and automatically extract text information is of great significance for improving the mining of effective information in the data. The vectorization result of the text directly determines the performance of the final classification of the text to a large extent (Lima et al., 2020). Text classification methods based on machine learning, such as support vector machine (SVM), decision tree (DT), and naive Bayes (NB), are proved to be suitable for effective classification of text information (Liang and Yi, 2021). Logistic regression and Softmax in the deep learning algorithm can also be applied to the feature extraction and classification of text information, and the classification effect is greatly superior to that of the machine learning algorithm (Griffiths and Boehm, 2019). However, these models face more complex problems due to factors such as human interference and training abnormalities, which leads to their classification results to be further optimized. Convolutional neural network (CNN) obtains local features through the movement of the window and shows the highest usage rate in the form of maximum pooling and average pooling (Barberá et al., 2021). The long–short-term memory (LSTM) model overcomes the gradient disappearance through gate control. Some researchers proposed the gated recurrent unit (GRU) model, which can adaptively capture the dependence of different time scales through the recurrent block, and the attention mechanism is introduced to ensure the different effects of input data on output data (Dashtipour et al., 2020). Basiri et al. (2021) established an ABCNN model based on the CNN and attention mechanism, which improved the effective classification of text. However, different text classification models still have the influence of noise such as human factors during feature selection, which needs to be further optimized.

To sum up, studies adopting educational policy as an influencing factor to analyze the educational integration of migrant children are relatively rare. Therefore, attention mechanism, LSTM, and GRU are introduced based on the CNN algorithm, and an ALGCNN model for text classification is innovatively established. ALGCNN model classification performance is evaluated based on known public data sets, to analyze the big data of migrant children in China and the current situation of migrant children’s education in a primary school in Beijing city. The data in the Comprehensive Management System of Floating Population and Rental Housing, Student Status Information Management System, and Student Information Management System of Beijing city are taken as samples. The ALGCNN model is used to classify and analyze the samples to explore the relevant factors affecting education integration, to provide help for migrant children to establish better education integration, and to provide a basis for improving the education environment and policies of migrant children. This work also aims to provide research reference of relevant issues for the future legislative work, to ensure that the migrant students can get legal and effective guarantee mechanism as protection. It also provides more in-depth and more direct legal provisions for different students to receive fair education after indicating the direction and content.



METHODOLOGY


Definitions of Related Concepts

Migrant children: “children” refers to people in the childhood stage, and “migrant children” is a relatively special part of the “children” (Stadelmannsteffen, 2018). With the deepening of China’s urbanization process, more and more rural people choose to work in cities. As they migrate between cities and rural areas, a special group of “migrant children” is evolved (Schrier et al., 2019). Based on the Education Policies for Migrant Children (Provisional) promulgated by the State Education Commission of the People’s Republic of China (PRC) and the Ministry of Public Security of PRC in 1998, “migrant children” are defined as children who can learn in 6–14 years old (or 7–15 years old) and live with parents or other guardians in the inflow place temporarily for more than 6 months. Based on this concept, 6–14 years of age (7–15 years of age) is defined as the selection range of childhood, and the children who migrate to this city with parents or other guardians are included, whereas children who do not migrant with their parents or guardians (i.e., left-behind children) are excluded.

Social integration: social integration is based on pluralism. When the culture of the place of migration is relatively inclusive, new immigrants are more inclined to maintain the original cultural value, and their identities and values are reshaped in the new settlement place, which help the formation of a diversified social and economic order, so that all members of society can enjoy fair and equal rights (Carolin et al., 2018; Moksony and Hegedus, 2018). Social integration covers cultural, economic, social, and psychological integration, and integration emphasizes the suitable construction of different groups with new cultural meanings (Noyens et al., 2018). Based on this, social integration is defined to build a good and harmonious education environment under the cooperation and support of society, school, and family, to promote the education development of migrant children. In addition, social integration is not to assimilate children into urban children but to build an educational environment suitable for migrant children. Therefore, the social integration of migrant children is defined as the action and process for good education and life of migrant children in the school through the mutual influences among education system, teaching curriculum, teachers, parents, students, and migrant children.



Construction of the Text Classification Model Base on Improved Conventional Neural Network

The CNN model can capture local features such as keywords and phrases in sentences, but the most imperative step in the CNN model is how to determine the size of the convolution kernel (Chen and Jahanshahi, 2018). Recurrent neural network (RNN), LSTM, and GRU models can better grasp the features in the text and find the optimal feature (Iso et al., 2018; Jujie and Yaning, 2018). The data of the input model do not affect the output result because of the introduction of attention into the neural network model, and thus, it can optimize the text feature vector and improve the classification effect. Therefore, the LSTM model and the GRU model are combined in parallel based on the attention mechanism in the CNN model, and a new classification model ALGCNN is proposed, whose basic structure is shown in Figure 1.


[image: image]

FIGURE 1. Basic structure of ALGCNN model.


The input layer of the ALGCNN model is composed of different words, and the dimension of each word is 286, so each sentence is expressed as a feature map of d*l (l is the length of the sentence).

The LSTM in the network layer of LSTM and GRU is a variant of the RNN model and is mainly used to overcome gradient disappearance in the model. GRU model performs the simplification of LSTM. The basic structures of LSTM and GRU are illustrated in Figure 2 below.
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FIGURE 2. Basic structures of LSTM (A) and GRU (B).


Figure 2A shows that LSTM includes an input gate, a forget gate, an output gate, and a storage unit. Different gate structures control the input, storage, and output of the data stream. In LSTM, if the matrix xt at time t is given, the mathematical expression calculated by the forget gate can be written as below equation:
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In the above equation, σ refers to the Sigmoid function, ωf is the weight matrix of the forget gate, yt–1 represents the output value at the previous moment, ⊕ is the splicing of different matrices, and bf represents the deviation value of the forget gate.

The input gate is mainly responsible for the input of current position of the sequence, and the calculation process through the input gate is expressed as Equation (2) below.
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In the above equation, ut is the first step of the calculation (it must consider how much of the current input information needs to be stored in the storage unit), vt is the second step of the calculation (how much new information in the control input needs to be stored), δ refers to the Tanh activation function, ct is the update of the neuron, and b is the deviation value.

The output value obtained by the output gate can be transmitted to the next moment, and the calculation process of the output gate is given as below:

[image: image]

Figure 2B suggests that the GRU model does not contain a storage unit compared with the LSTM model. The calculation process of the GRU model is given in Equation (4).
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In the above equation, Rt is the control unit of reset gate, Tt represents the control unit of update gate, and ⊗ is the multiplication of corresponding elements among the matrices.

Both the LSTM and GRU models in the constructed ALGCNN model are utilized to process the original text information, so the number of hidden neurons in the LSTM and GRU models is set to be the same.

Figure 1 shows that the constructed ALGCNN model contains the attention mechanism layer (Connie et al., 2018). After all elements are compared using the attention matrix A, the model will be overfitting due to too many parameters. Thus, values of all neurons in the model are summed in this article. If the output value of the LSTM and GRU model is Qmodel ∈ ℜn⋅s, then the model is ∈(LSTM, GRU). n in the equation refers to the number of hidden neurons in the LSTM and GRU model, and the matrix A can be calculated with below equation:
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In the above Equation (5), Euclidean () refers to the Euclidean distance, and it can be calculated with Equation (6).
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The matrix A can be calculated with Equation (5) above, and then, the attention weight value az,j = ΣA[j,:] of the jth neuron in the LSTM output and the attention weight value a1,j = ΣA[:,j] of the jth neuron in the GRU output can be generated.

After the attention mechanism layer, the ALGCNN model can realize convolution and pooling operations. If n new features cn are calculated from the convolution operation window on text feature xn:n+w–1, the calculation equation can be written as below:
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In the Equation (7) above, bc refers to the deviation value, f() is a non-linear function, and the word window of the convolution kernel can generate a feature map c = c1⊕c2⊕,⋯,⊕cs−w + 1.

The constructed ALGCNN model can equalize the pooling operation based on the attention mechanism. The calculation equation of the pooling operation is given as below.
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In the above equation, [image: image], and i refers to LSTM or GRU model.

The last fully connected layer in the ALGCNN model is obtained by combining the results of LSTM and GRU pooling operations, and the fully connected layer is connected to the Softmax classifier with below equation.
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In the equation given above, N is the combined value of pooling results of LSTM and GRU, and y∼ is the possible label value through the Softmax classifier.

Loss function of the model is the crossentropy loss function, which can be calculated with below equation:
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In the equation above, K is the text category, yk is the true category label, yk∼ is the label estimated by Softmax, and λ is the regularized hyperparameter of L2.

Finally, the model is optimized with the batch gradient descent (Wu et al., 2019) and Adam algorithm (Caltagirone and Frincke, 2005).



Model Evaluation Indicators

In this study, the model is evaluated regarding the Hamming loss (HL), precision (Pre), recall (Re), and micro-F1 (F1). HL is often used as an evaluation indicator for multilabel classification, which indicates the number of misclassifications and misclassifications of a label. The smaller it is, the better the performance of the model. The calculation method was given as follows:
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In the equation above, N is the number of samples, L refers to the total number of labels, Yi,j is the j-th label in the true label set of the i-th sample, Pi,j represents the j-th label in the predicted label set of the i-th sample, and XOR is an exclusive OR operation.

Pre represents the proportion of correct predictions in samples with positive predictions, and it reflects the precision of the model, which is calculated with below equation:
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The Re indicates the proportion of the positive samples in the sample that are correctly predicted. It reflects the recall rate of the model, whose calculation method is expressed as follows. The greater the Pre and Re, the better the effect of the model.
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In Equations (12) and (13), TP represents the original number of positive samples predicted to be positive, FP represents the original number of positive samples predicted to be negative, and FN represents the original number of negative samples predicted to be positive.

Micro-F1 is the weighted average of micro-precision and micro-recall. The larger the F1, the better the performance of the model. The calculation method is as follows:

[image: image]



Development of Education Information Management System of Migrant Children

To fully grasp the number of migrant children and education-related information, a migrant children management module is developed based on Shenyang children information management client and big data platform. The data in the Integrated Management System of Migrant Population and Rental Housing of the community grid office, the Student Status Information Management System of the education department, and the Student Information Management System of the primary schools in Shenyang city are integrated for comparison and analysis to develop the Education Information Management System of Migrant Children.

The system includes four functional modules: data comparison, classification management, data statistics, and data export. The data comparison module uses the large integrated management data of the community grid office and the student information of the education department to obtain the data for the children of primary school. After such data are imported into the system, a code is generated automatically; and the automatic matching of information is completed by selecting one or more information personal items (including name, gender, date of birth, father’s name, and mother’s name) and one or more position information items (this region, city, and province). The data information is classified into “migrant children” and “local children” with the ALGCNN model constructed in section “Definitions of Related Concepts” after the data comparison is completed. Data statistics refers to collect the children’s age, regional division, school status, school results, and class teacher evaluations. Finally, children’s information, academic performance tables, and learning assessment without query results are exported in the form of Excel.



Statistical Processing and Analysis

SPSS22.0 software is utilized for data entry and analysis, mainly for descriptive statistical analysis of collected data, independent sample t-test, F-test, and correlation analysis. When p < 0.05, the difference is considered statistically significant.




RESULTS AND DISCUSSION


Simulation Verification of ALGCNN Model

Simulation of ALGCNN model is verified using deep learning framework Tensorflow under Google open source, which integrates CNN, RNN, LSTM, and GRU models (Perez, 2019). The operating system for ALGCNN model simulation is Ubuntu 14.05, the development language is Python 3.6, and the framework used is Tensorflow 1.4.0. First, classification of the model is verified with MR, SST, and MPQA data sets. For MR data set, the text category is 2, the average sentence length is 20, the training set contains 9,595 words, and the testing set contains 1,050 words. For the SST data set, the text category is 5, the average sentence length is 18, the training set contains 9,845 words, and the testing set contains 2,010 words. For the MPOA data set, the text category is 2, the average sentence length is 3, the training set contains 9,500 words, and the testing set contains 1,105 words. The classification effects of LSTM (Chen et al., 2020), Bi-LSTM (Ye et al., 2019), Text CNN (Xie et al., 2020), Text RCNN (Huang et al., 2021), attention-based LSTM (ALSTM) (Liu et al., 2018), and attention-based Bi-LSTM (ABi-LSTM) (Song et al., 2018) are compared. The number of hidden layer neurons in the LSTM, Bi-LSTM, GRU, and RCNN model is set to 128, the text batch size is set to 100, the convolution kernel size in the CNN model is set to 3*3, and the number of convolution kernels is set to 128. The dimension of the attention layer is set to 128, the initial learning rate is set to 0.001, and the number of circuit training is 50. The differences in accuracy and loss values of different data sets are compared and analyzed in the text classification by each model, and the results are shown in Figures 3–5, respectively.


[image: image]

FIGURE 3. Comparison of classification performance of different models on the MR data set. (A) Is the comparison on classification accuracy; (B) is the comparison of classification loss value.
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FIGURE 4. Comparison of classification performance of different models on the SST data set. (A) Is the comparison on classification accuracy; (B) is the comparison of classification loss value.
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FIGURE 5. Comparison of classification performance of different models on the MPQA data set. (A) Is the comparison on classification accuracy; (B) is the comparison of classification loss value.


Figures 3A,B illustrate that the ALGCNN model shows the highest classification accuracy and the lowest loss value on the MR data set. There is no great difference in the classification accuracy and loss value between the ALSTM model and the ALGCNN model. The LSTM and Bi-LSTM models show the lowest classification accuracy and the largest loss values. The differences in the classification accuracy and the loss value of TextCNN, TextRCNN, and ABi-LSTM models are not obvious. At the same time, the constructed ALGCNN model has the fastest convergence speed.

Figures 4A,B suggest that the constructed ALGCNN model has the highest classification accuracy and the lowest loss value on the SST data set, followed by the ALSTM model, and the third is the TextRCNN model. The classification accuracy is the lowest and the loss is the largest for both LSTM model and Bi-LSTM model. In addition, the ALGCNN model shows the fastest convergence speed and lower probability of overfitting.

In Figures 5A,B, the constructed ALGCNN model shows the highest classification accuracy and the lowest loss value on the MPQA data set, followed by the ALSTM model, and the classification effects of the LSTM model and the ALGCNN model are not different so much. The LSTM and Bi-LSTM models show the lowest classification accuracy and the largest loss. At the same time, the ALGCNN model and the ALSTM model show the fastest convergence speed, and the ALGCNN model reduces the possibility of overfitting.

The difference in classification accuracy of different models on different data sets is quantitatively analyzed, and the results are shown in Table 1. Compared with the LSTM, Bi-LSTM, TextCNN, TextRCNN, ALSTM, and ABi-LSTM models, the classification accuracy of the ALGCNN model constructed on the MR data set is improved by 26.5, 32.3, 6.6, 3.9, 9.0, and 3.5%, respectively; the classification accuracy on the SST data set of the ALGCNN model constructed has increased by 25.0, 29.8, 2.0, 0.0, 14.2, and 8.0%, respectively; and the classification accuracy rate on the MPQA data set has increased by 20.6, 17.3, 6.0, 2.1, 9.2, and 2.9%, respectively.


TABLE 1. Text classification accuracy of different models on different data sets.

[image: Table 1]
It is found that the classification accuracy of the ALSTM and ABi-LSTM models after the attention mechanism is added is significantly improved, which shows that the adding of the attention mechanism can improve the ability of the network model to extract features and then enhance the model’s ability to classify text. The classification performance of the TextCNN model is not good, which may be caused by the fact that the English TextCNN model does not consider the correlation between text word vectors (Banerjee et al., 2019). The ALGCNN model shows the best text classification effect, because the model first adopts LSTM and GRU models for feature screening, then applies the attention mechanism to increase the model’s ability to extract features, and finally obtains the final classification results through merging. Thus, it can improve the accuracy of text classification.

Furthermore, the ALGCNN, ABi-LSTM, TextCNN, TextRCNN, ALSTM, and BERT model are compared regarding the average HL, Pre, Re, and F1s on different data set classifications (Figure 6). In different algorithms, ALGCNN shows the lowest HL (15.2 ± 1.38%), which is 1.1% lower than the BERT model. The Pre and F1 of the ALGCNN model are second only to the BERT model, and those of the Pre and F1 are 0.74 and 0.92% lower than the BERT model. The Re value of the ALGCNN model is higher than the highest among all models. The running time of the ALGCNN model is the shortest, which is 5.02 min shorter than that of the BERT model. Therefore, although the BERT model text classification accuracy rate and micro-F1 are better than the ALGCNN model, the training time of the ALGCNN model I is significantly shorter than that of the BERT model.


[image: image]

FIGURE 6. Comparison of evaluation index values of different models. (A) Showed the comparison of the HL value; (B) showed the comparison on Pre; (C) illustrated the comparison on the Re value; (D) was the comparison on F1; and (E) showed the comparison on training time.




Big Data Analysis of Migrant Children in Primary School of China

The data analysis results of children of migrant workers and children of migrant workers in primary school released by the Ministry of Education from 2015 to 2019 are shown in Figure 7. Figure 7A illustrates that the number of migrant children in different grades of primary school has shown a gradual increase from 2015 to 2019. In 2019, the number of migrant children in grade 1, 2, 3, 4, 5, and 6 increased by 0.76 × 105, 1.95 × 105, 0.83 × 105, 1.65 × 105, 2.52 × 105, and 2.72 × 105, respectively, compared with 2015. This may be because the younger generation of migrants is more inclined to keep their children around, so that the number of migrant children has shown an increasing trend year by year, which also points out that the number of left-behind children in rural areas is also gradually decreasing (Charania et al., 2019). Figure 7B reveals that the numbers of children of migrant workers in grades 5 and 6 have been increasing year by year, whereas the increase in the number of other grades has not changed much. The number of children of migrant workers in grades 1, 2, 3, 4, 5, and 6 in 2019 had increased by −0.50 × 105, 0.36 × 105, −0.31 × 105, 0.46 × 105, 1.21 × 105, and 1.63 × 105 people, respectively, compared with 2015.


[image: image]

FIGURE 7. Changes in number of migrant children in primary school in 2015–2019. (A) Shows the changes in number of migrant children; and (B) shows the changes in number of children of migrant workers.


Then, the changes in the number of migrant children with different sources in 2019 are compared. Figure 8A suggests that the number of migrant children from other counties in the province is significantly higher than the number of children from other provinces. With the increase of children’s learning grade, the numbers of children from different sources have shown gradual decrease, and the number of migrant children in grade 6 is significantly lower than that of other grades. Figure 8B indicated that among the children of migrant workers, the number of migrants from other counties in the province is also significantly higher than the number of migrants from other provinces. At the same time, with the increase of children’s learning grade, the number of children from different sources of immigration also discloses a gradual decrease. The number of migrant children in the grade 6 is significantly lower than other grades.
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FIGURE 8. Changes in number of migrant children in primary school with different sources in 2019. (A) Shows the changes in number of migrant children; and (B) shows the changes in number of children of migrant workers.


The educational expenditure data published by the China Financial Yearbook are applied to compare the differences and change trends in the proportion of education expenditures undertaken by governments at all levels in China from 2015 to 2019. Figure 9 indicates that the district- and county-level government undertakes the largest proportion in different years. The central government assumes the smallest proportion. With the gradual increase in years, the proportion undertaken by the township-level government has shown a gradual decrease, whereas the proportion of county-level government has shown a gradual increase. Therefore, it is speculated that the education issue of migrant children is also a fiscal issue. At present, compulsory education still suffers from many problems such as lack of national education funds, low proportion of central fiscal expenditures, uneven distribution of central fiscal transfer payments, unfulfilled “provincial overall planning” policy of compulsory education funds, and insufficient public finance investment in private education.
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FIGURE 9. The proportion of government education expenditures at all levels in 2015–2019.




Classification and Analysis on Information of Migrant Children

The school state and information of a total of 1,579 children in primary school are matched and classified from September 2018 to March 2019 in Shenyang city in the next semester, and the classification results of migrant workers’ children and local children are shown in Table 2. The accuracy of the constructed model is higher than 98% in both the classification of migrant children and local children.


TABLE 2. Classification results based on ALGCNN model.
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First, the differences between migrant children and local children in different grades and gender distribution are compared and analyzed in Table 3. There is no significant difference in distribution of migrant children and local children in grades 3, 4, 5, and 6, and it is the same case in gender (p > 0.05). However, the proportion of migrant children in grades 1 and 2 is significantly higher than that of local children (p < 0.05). The high proportions of migrant children in the grades 1 and 2 may be because the children are so young that the parents want to take them and care them themselves (Hu and Wu, 2020).


TABLE 3. Comparison on distribution of migrant children.

[image: Table 3]
Then, the differences in the final examination scores and average scores of migrant children and local children are analyzed and compared, and the distributions are shown in Figure 10. Figure 10A reveals that the final average scores of migrant children are mainly distributed between 40 and 60 points, which may be because that it takes time for children to adapt to the learning environment in new schools. This may be the main reason for the poor performance of migrant children. Figure 10B that the final average scores of local children are mainly distributed between 40 and 90 points, which is in line with the actual situation of children’s score distribution.
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FIGURE 10. Descriptive statistics on final examination scores of children. (A) Illustrates the score distribution of migrant children; and (B) illustrates the score distribution of local children.


Third, the difference in the average final examination scores of migrant children and local children is illustrated in Figure 11. The average final examination score of local children is significantly higher than that of migrant children (p < 0.05).
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FIGURE 11. Comparison on average final examination score of children. ∗ Indicates that the difference between two groups is obvious (p < 0.05).


The learning adaptability scores of migrant children and local children are analyzed. Figures 12A,B show that both migrant children and local children have lower scores in listening methods, learning skills, and adaptability to learning and teaching environment, whereas both have higher scores in terms of learning attitude and independent learning ability. After comparison, it is found that the differences are not obvious in each dimension score and total score between migrant children and local children (p > 0.05). Migrant children have a weak ability to adapt to the teacher’s teaching methods and the teaching schedule, which indicates that migrant children need to improve their listening methods during the learning process.
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FIGURE 12. Comparison in children’s learning adaptability scores. (A) The scores of migrant children; (B) the score of local children; A refers to learning attitude; B refers to listening method; C refers to learning skills; D indicates the adaptability to the school teaching environment; and E represents the independent learning ability.





CONCLUSION

This research aims to explore the impact of China’s existing education policies on the educational integration of migrant children. First, ALGCNN model is constructed for text classification of children’s education information. After analysis of its performance, it is applied to text classification of migrant children and local children, and the influencing factors of migrant children’s education integration are discussed. The results show that ALGCNN model has a high text classification accuracy, and children’s education cost, way of attending classes, learning skills, and adaptability to learning environment are the main influencing factors for educational integration of migrant children. However, there are still some shortcomings in this study. This study only collects big data to conduct a comparative analysis on the education status of migrant children, but does not conduct a correlation regression analysis on the influencing factors of different dimensions of migrant children’s education integration and education policies. In the follow-up, based on the results and many field investigations, further regression analysis will be made on influencing factors of different dimensions of children’s educational integration and education policies, and reasonable suggestions will be given based on existing problems.

In terms of practical issues, it is also necessary to provide provisions and protection in the legislative field, especially for large immigrant provinces such as Hainan, Guangdong, Zhejiang, and so on. It is necessary to share information in the source provinces of local immigrants, establish and perfect local legislative guarantee mechanism, and provide legal support for improving education and fill in legislative vacancies.

In short, the results of this article can provide a theoretical basis for solving the education problems of migrant children and improving the education policies of migrant children.
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Application of artificial intelligence is accelerating the digital transformation of enterprises, and digital content optimization is crucial to take the users' attention in social media usage. The purpose of this work is to demonstrate how social media content reaches and impresses more users. Using a sample of 345 articles released by Chinese small and medium-sized enterprises (SMEs) on their official WeChat accounts, we employ the self-determination theory to analyze the effects of content optimization strategies on social media visibility. It is found that articles with enterprise-related information optimized for content related to users' psychological needs (heart-based content optimization, mind-based content optimization, and knowledge-based content optimization) achieved higher visibility than that of sheer enterprise-related information, whereas the enterprise-related information embedded with material incentive (benefits-based content optimization) brings lower visibility. The results confirm the positive effect of psychological needs on the diffusion of enterprise-related information, and provide guidance for SMEs to apply artificial intelligence technology to social media practice.

Keywords: content optimization strategy, psychological need, social media visibility, self-determination theory, SMEs


INTRODUCTION

The emergence of artificial intelligence, blockchain, and big data is bringing infinite possibilities for future changes in business logic, such as information distribution, marketing, customer relationship management, etc. More importantly, artificial intelligence can be superimposed on any other new technology, and its converging use with social media is accelerating the digital transformation of business. A large number of small and medium-sized enterprises (SMEs) are gradually applying artificial intelligence technology for business analysis to spread information and attract the attention of social media users. Especially, social media has been adopted by more and more SMEs for its low cost, ease of use, its capability to reach users, and establish connections with customers. Our work focuses on the content optimization strategy of SMEs by using social media to publish enterprise-related information to explore which type of content is more visible to users, thereby providing some enlightenment for deepening the application of artificial intelligence in social media.

As a new communication option between enterprises and potential or current customers, social media can help SMEs in understanding and responding to customer needs proactively and efficiently (Tajudeen et al., 2018). There is no doubt that the growth of social media users has encouraged SMEs to realize their ambitions by marketing their products, brands, or services more easily and widely (Eggers et al., 2017; Crammond et al., 2018). As a result, social media is considered as a popular and useful tool for SMEs, which can help managers to overcome resource limitations and create competitive advantage (Brink, 2017; Mujahid and Mubarik, 2021).

Although social media applications create competitive advantages for SMEs (Brink, 2017), the lack of knowledge in using social media has been a rough spot (Kraus et al., 2019). Most SMEs cannot make good use of it, and the unattractive content is quite common. In fact, SMEs frequently use social media ignoring the application of content optimization strategy. Enterprises need to stay visible, but how can they catch public attention?

Although a variety of content strategies have been explored, there is few research on content optimization related to users' psychological needs. Existing research related to content strategies includes: social interaction (Gan and Li, 2018), passing time (Malik et al., 2016), information seeking (Gan and Li, 2018; Pant and Pant, 2018), entertainment (Khan, 2017), information usefulness (Rauniar et al., 2014), and so on. However, people's choices are rooted in inner needs, in which psychological needs are seen as essential parts of living entities (Deci, 1975; Deci and Ryan, 1985). Self-determination theory (SDT) provides a theoretical basis for this, including autonomy, relatedness, and competence (Deci, 1975; Deci and Ryan, 1985). It has been widely applied in several fields such as at work (Rathi and Lee, 2017), education (Prestridge, 2019), and sports (Shim et al., 2017). Several studies have contributed to what SDT means in the context of social media, confirming the effects of psychological activities on marketing (Zhang et al., 2014) and content consumption (Kanuri et al., 2018). This implies that the psychological needs may play an important role in drawing more users' attention on social media.

We employ SDT to illustrate the effects of content optimization related with psychological needs (autonomy, relatedness, and competence) on the visibility of SMEs' articles on official WeChat accounts. WeChat is a well-known application in China, and the number of WeChat monthly live users reached 1.15 billion in 2019 (Tencent., 2019). Leveraging on this, WeChat account has become a must-have Internet tool for most enterprises in China. An analytical framework of content optimization strategy related to both psychological needs and material incentives is established, and the visibility of each WeChat article is measured quantitatively with analytic hierarchy process (AHP). The results of regression analysis show us that content optimization based on psychological needs (heart-based content optimization, mind-based content optimization, and knowledge-based content optimization) can significantly increase users' attention, whereas material incentives (benefits-based content optimization) cannot significantly improve visibility. Considering the lack of research on users' psychological need, our work is of significance to the existing literature. This study can help SMEs optimize content strategy and make better use of social media.

This work is structured as follows. In Section Theoretical framework, we describe the theoretical background, where the concept of social media visibility is explained. In Section Hypothesis development, hypotheses are proposed with the intent of figuring out the effects of content optimization strategies. In Section Research method, the research methodology and data sets are presented. Section Results contains the empirical results. Section Discussion discusses the effects of content optimization. Finally, we summarize the main conclusions of the study in Section Conclusion.



THEORETICAL FRAMEWORK


Social Media Visibility

With the rapid development of Internet, the competition for online visibility is getting increasingly fierce (Drèze and Zufryden, 2004). Existing research emphasized the significance of visibility (Dutot and Bergeron, 2016; Osch and Steinfield, 2018), such as the effects of visibility on web traffic (Drèze and Zufryden, 2004), advertising efficiency and equity value (Fang, 2014). Moreover, social media visibility has been developed for multiple objects, including website visibility (Pant and Pant, 2018), blog visibility (Dennis et al., 2016), and the online visibility from internal employees (Leonardi, 2014; He et al., 2020; Zhou and Mou, 2021). A few preliminary definitions of visibility are given based on specific scenarios. In Drèze and Zufryden (2004), visibility is “the extent to which a user is likely to come across a reference to a company's website in his or her online or of?ine environment.” In Li et al. (2019), the term “social visibility” refers to the visibility of the product's consumption or usage to one's interpersonal networks online or offline. In Yang and Kent (2014), “Visibility refers to the public presence of an individual or organization in the media, and has an influence on organizational perceptions in times of crisis, buying preferences, and trust.” In Shmargad and Watts (2016), the visibility is that one's actions are visible to other users in the media. In Osch and Steinfield (2018), visibility is defined as the relative ease with which, a user could locate relevant information and individuals within the organization.

Focusing on the competition for users' attention, this work defines “social media visibility,” that is, the extent to which the enterprise-related information reaches and impresses users on social media. The term “reach” denotes that what enterprises want to convey are known by users, and “impress” means that contents users received will power them sufficient motivation to respond (i.e., read, share, and comment). In the context of social media, enterprises would like to achieve the dissemination of enterprise-related information in order to gain users' attention and improve their competitiveness and performance. Enterprise-related information includes: (1) products and service; (2) events and participation requirements; (3) core values and culture of enterprises, etc.



Content Optimization Strategy

Content should be tailored to users' tastes (Dennis et al., 2016) as well as users' needs. Individuals tend to search for information before purchase (Klein, 1998), and so high-value information perform well on social media (Stieglitz and Dang-Xuan, 2013). Available enterprise-related information help users to resolve problems about products and services. Some individuals even take the initiative to follow enterprises' social media accounts to gain the accessibility of enterprise-related information (Muntinga et al., 2011; Rokonuzzaman et al., 2020). It means that enterprise-related information possesses the ability to reach users (Pant and Pant, 2018). Beyond information seeking, users have other motivations for consuming and disseminating content. Kanuri et al. (2018) found that content eliciting high-arousal emotions is more likely to be consumed than other contents. Swani et al. (2017) illustrated the outcome of social media messages based on psychological motivation theory. Hence satisfying users' multidimensional needs may be more effective in the dissemination of enterprise-related information.

Self-determination theory is an appropriate theory to explain the motivational process underlying the relationship between content optimization and social media visibility. Psychological needs are essential parts of living entities in SDT, including autonomy, relatedness, and competence (Deci, 1975; Deci and Ryan, 1985). Autonomy refers to the innate need for self-mastery and self-direction. People's choices of social media content are primarily voluntary (Rauniar et al., 2014), and so their decision must be rooted in underlying intentions. When a user perceives something is aligned with his own thoughts or ideas, there is a mental resonance. The user will think that his opinions are expressed and his autonomy is thus achieved. Therefore, we use mind-based enterprise-related information combined with other content (EIO) to capture users' need for autonomy. Relatedness comprises the need to be related with others and maintain relationships. Individuals perceive the need to share their emotions and support each other. Heart-based EIO can fulfill users' social affective needs. That is, users' inner demand is satisfied when they actively share and can be observed by others, thereby achieving relatedness. Competence denotes the need of one's actions to be effective and masterful. Knowledge-based EIO can improve users' ability and competitiveness. When users read knowledge-based EIO, they tend to identify themselves as capable of action, which is one of “competence.”

These needs give rise to a variety of users' engagement in social media usage (Weiger et al., 2019). After the psychological needs are satisfied, individuals are in a state of enough internal motivation to act (Ryan and Deci, 2000; Swani et al., 2014), such as self-presentation and self-expression. The actions are performed as reading, sharing, and commenting on content released by enterprises. In turn, the enterprise-related information of articles will spread to or impress more users, thereby increasing the visibility of the enterprise.

We propose the theoretical model of content optimization strategy, as shown in Figure 1. Firstly, Hypothesis 1 is developed to test the visibility of sheer enterprise-related information (SEI) without content optimization. Then, according to SDT, hypotheses 2, 3, and 4 in the combinations of enterprise-related information with heart-based, mind-based, and knowledge-based are proposed, respectively. Lastly, considering that enterprises may also use material incentives to optimize content, hypothesis 5 is developed to explore the effect of material incentives strategy on social media visibility.


[image: Figure 1]
FIGURE 1. The analytical framework.





HYPOTHESIS DEVELOPMENT

Tapping into account people's desire for information consumption on social media, SMEs try to improve visibility and spread enterprise-related information. However, the visibility of enterprise-related information needs to be enhanced by other content rather than just SEI. The reason is that individuals have other needs besides the information of products and services. The innate needs for relatedness, autonomy, and competence are ubiquitous and critical based on SDT, and so the content related to these is expected to bring a wider range of attention to SMEs. Researchers have agreed that meeting psychological needs can connect with users (Rese, 2006) and retain them (Payne and Frow, 2017). Meanwhile, it has been found that people are willing to seek enterprise-related information for interests, such as lower prices in promotions (Rokonuzzaman et al., 2020). While SEI provides single satisfaction of information acquisition, the enterprise-related information combined with other content (EIO) provides multiple satisfaction of individual needs. We infer that SEI will be weaker than EIO at reaching and impressing users on social media. Hypothesis 1 is as follows.

H1. The visibility achieved by SEI is lower than that achieved by EIO.

Heart-based EIO refers to the content that exerts influence on users' emotions (See Table 1 for specific categorization standards). Previous research has found that relatedness is one of the humans' fundamental psychological needs (Sheldon et al., 2001). According to SDT, individuals have the inclination to relate with others using social media where people exchange with the external world. By commenting and sharing articles on social media, users can express feelings and emotions (Chen et al., 2020). Therefore, enterprises must produce content and express feelings in the users' shoes. For instance, SMEs can post users' normal worries in life and care for them. Such content satisfies users' psychological needs of relatedness (Ryan and Deci, 2000), and so will easily arouse a sense of empathy and being cared among users. Feelings and emotions are motivations for people to transmit content (Swani et al., 2017). Mobilizing users' emotions is an effective way for enterprises to stand out of information distribution and network competition (Rese, 2006). One example is the resonance of novel Coronavirus-related coverage in 2020. It is considered to shock through people's heart, which thus inspires their echo. This can lead to more retweets and stronger impression than posting SEI does. As argued above, we infer that EIO based on heart will promote more visibility than SEI. The following hypothesis is developed.


Table 1. The classification criteria of content.
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H2. The visibility achieved by heart-based EIO is larger than that achieved by SEI

Mind-based EIO refers to the content exerting influence on users' thoughts (Table 1 for specific categorization standards). Official WeChat accounts provide large amounts of rational content for users, such as critical view and logical thoughts. Users regard this type of content as material to think and exercise their own way of thinking, and they can select freely what they prefer. It makes users feel free and volitional (Rathi and Lee, 2017) and satisfies their demand for autonomy of thinking. It has been found that users on Facebook are more likely to comment and share the messages with logical information, for which commenting and sharing are cognitively triggered behaviors (Kim and Yang, 2017). This demonstrates that people are inclined to think independently and consume logical content. It is reasonable to believe that WeChat is as the same. In a word, it can be expected that EIO based on the mind has a greater impact on visibility than SEI does. We propose the hypothesis below.

H3. The visibility achieved by mind-based EIO is larger than that achieved by SEI.

Knowledge-based EIO refers to the content exerting influence on users by the attraction of knowledge (Table 1 for specific categorization standards). Individuals have the pursuit of self-actualization and development (Cao et al., 2013). Knowledge could be a resource for self-development. Abundant knowledge meets users' need to learn and deal with the complex and changing world, assisting in the satisfaction for competence (Ryan and Deci, 2000). The gratification of knowledge exists on Facebook (Manasijevi et al., 2016). Likewise, knowledge is desired on WeChat. The content of enterprise-related information combined with knowledge is apt to attract knowledge seekers. Knowledge-based EIO involves fragmented, but useful knowledge for users, often presented directly in SMEs' WeChat articles. Another kind of knowledge-based EIO exists in such a way that users have to share articles to help transmit enterprise-related information in order to exchange for learning resources. With the proliferation of online resources and an increase in accessibility (Prestridge, 2019), the number of users who seek knowledge and resources on WeChat is on the increase. All of this would make knowledge-based EIO more likely to reach and impress users than SEI. The following hypothesis is proposed.

H4. The visibility achieved by knowledge-based EIO is larger than that achieved by SEI.

Benefits-based EIO refers to the content exerting influence on users by the attraction of potential material incentives (Table 1 for specific categorization standards). In addition to psychological needs, potential material incentives can also induce individuals to take action (Ryan and Deci, 2000). Striving for self-interests is human instinct (Muntinga et al., 2011; Cao et al., 2013). As for enterprises, a series of online sales promotion such as discounts, exactly take advantage of people's desire for self-interest (Sheehan et al., 2019). The possibility of earning rewards is an important motivation for internet users (Muntinga et al., 2011), and so content embedded with material incentives presumably fascinates more followers. This kind of content usually incorporates cash or coupon rewards. Some are attached with purchase links to WeChat shopping mall with a promise of discounts. Considering people's benefits-seeking instinct, we think that WeChat users are more likely to read, share, and comment on articles that provide rewards than SEI. The following hypothesis is developed.

H5. The visibility achieved by benefits-based EIO is larger than that achieved by SEI.



RESEARCH METHOD


Sample and Data Collection

To test the five hypotheses, we collected the official WeChat account data of 115 SMEs. These SMEs are obtained by random sampling and cover a wide range of industries. Specifically, a list of 300 enterprises registered in Beijing is randomly picked up from TianYanCha (“天眼查”). Then, SMEs are retained according to the classification criteria for large, medium, small, and microenterprises in China. Finally, the 115 SMEs marked with official WeChat accounts are taken as the sample. Three latest articles published from each official WeChat account before September 1, 2019 are tracked for a month, and a total of 345 samples are obtained as the sample. The reason for tracking for a month is that the dissemination of WeChat articles approaches the end after a month. Statistics show that WeChat articles have a life cycle of about 10 days, and after 10 days, the growth rate of daily reading of an article is less than 0.01% (Jing and Wei, 2016). Therefore, it is reasonable to assume that the number of reading, sharing, and commenting of WeChat articles tend to stabilize after a month.



Measurement of Visibility

We developed a measurement model of social media visibility based on users' subjective perception. In accordance with the definition of “social media visibility” in this work, the model consists of three metrics: reading, sharing, and commenting. Reading can be regarded as the extent to which the content reaches users (Dolan et al., 2016). Sharing shows that an article is shared to one's circle of friends and probably attracts more traffic (Malthouse et al., 2013). Commenting can be viewed as the extent to which the content impresses users, for which users have motivations to express themselves (Shahbaznezhad et al., 2021). These three metrics will be used to measure a comprehensive visibility index that represents the extent to which the content of enterprises released reaches and impresses users on social media.

In this work, AHP is used to measure individuals' perception of reading, sharing, and commenting. It is a method used to estimate the weights of the three subindicators in the visibility measurement model by pairwise comparison. The normalized weights of reading, sharing, and commenting adds up to 1. According to the self-perception theory, people infer their own minds by observing their own behaviors (Dico, 2018). For example, those who observe that more efforts have been paid for commenting than reading will be more impressed from commenting and so will give it a higher rating. Since people are able to clearly perceive the importance represented by each indicator, an AHP-based questionnaire is used to review the efforts people are willing to pay while clicking to read, share, and comment on a WeChat article. This indirectly measures the extent to which enterprise-related information reaches or impresses users.

Before the formal release of our questionnaire, some college students were invited to fill out the questionnaire of the original version and give suggestions to improve its comprehensibility. Then the original version is revised according to participants' feedback and formal questionnaires are conducted among WeChat users. The final questionnaire is available in Appendix A (Appendix Table 1 in Supplementary Material). Using the AHP, we measured the relative weight of reading, sharing, and commenting by 1/9 to 9. Users are invited to rank the importance of reading, sharing, and commenting. For example, a user compared the perceived importance of sharing and reading, that is, the effort it takes for him to click read or share. If sharing is five times as important as reading for him, then the weight of sharing is 5. He also has to give his answer about the perception of the importance of reading as opposed to sharing. If the second answer is logically consistent with the first, such as 1/5, it would be retained. If the second answer contradicts the previous one, such as 3, the answer is eliminated. A total of 237 responses are collected and scrutinized. A valid sample of 196 responses were finally obtained. The demographic information of respondents is consistent with the data set in Gan and Li (2018) and the report released by Tencent. (2016). It can be reckoned as a reliable data set.

Using the data obtained from the questionnaire, a judgment matrix comparing the three indicators is obtained. The eigenvectors are calculated from asymptotic normalization coefficient, namely the relative weights of “Read, Share and Comment” in Table 2.


Table 2. Judgement matrix and paired comparisons.
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It turns out that commenting requires the most efforts (wComment = 0.55), sharing needs the second (wShare = 0.29), and reading needs the least (wRead = 0.16). There are several reasons for this result. Firstly, sharing is useful in reaching a larger scope, and it implies the sender's approval for the WeChat article. Thus, “Share” is weighted higher than “Read.” Second, the weight of commenting represents a higher level of mental activity than that of sharing. Sharing does not require content output, and people often repost quickly without comments, so WeChat users generally consider it easier to do. In contrast, commenting requires more effort from users. The time cost, writing cost, and mental thinking all reflect the user's deeper perception of the content. Furthermore, sharing tends to be more frequent than commenting on WeChat. In a word, WeChat users are justified in believing that the perceptual weight of “Comment” is higher than that of “Share” (wComment > wShare). Finally, the visibility scores of 345 articles selected in this work were obtained according to equation (1).

[image: image]
 

Independent Variables

All WeChat articles in this work were first classified into two sorts, namely SEI and EIO. SEI article contains sheer enterprise-related information. “Sheer_EI” is a dummy variable, equaling 1 when the article only has enterprise-related information without other content. EIO article contains enterprise-related information combined with other contents. “EIO” is also a dummy variable, equaling 1 when the article has both enterprise-related information and other contents. All EIO articles are divided into four categories: heart-based EIO, mind-based EIO, knowledge-based EIO, and benefits-based EIO. The content classification criteria of WeChat articles is shown in Table 1.

To ensure the consistency and credibility of classification, two assistants have several training sessions. Each assistant classifies 345 articles independently. Dennis et al. (2016) focused on the most salient characteristic even though content involves a variety of dimensions. Likewise, we allow one type of content to be classified for each article to catch its most important feature. The interrater reliability is tested with Scott's Pi, which is considered acceptable (Scott's Pi = 0.8994 > 0.80).



Control Variables

Several control variables related to the propagation of WeChat articles are included to our model. “Modality” is a categorical variable, ranging from 1 to 4, produced to represent the number of media modalities. There are four patterns in WeChat articles: text, audio, picture, and video. Human's perceptual systems combine sensory features from different modalities to yield more reliable stimulus. The effect of multiple modes is thus more profound than that of a single sensory modality. We infer that the more media modalities, the more impressed the users will be.

“Position” is an indicator variable which is equal to 1 if the article is at the first place of several articles. Ghose and Yang (2009) find that conversion rates in search engine result pages are highest at the top and decreased with the page down. Peng et al. (2016) found that publishing position has a positive impact on the amount of reading. Users' attention or memory to the first one is assumed to be greater.

“Time” is an indicator variable equal to 1 if an article is posted during active periods. There are peaks and valleys in social media usage. Kanuri et al. (2018) argue that it is highest in the morning, moderate in the evening, and lowest in the afternoon. Peng et al. (2016) regard 8:00–14:00 and 18:00–20:00 during a day as two active periods for WeChat users and find that posting time significantly affects the number of readings. If the posting time is in these two periods, it is regarded as “publishing” during active periods.

“Followers” are divided into a nine-point scale based on the number of fans, ranging from 1 (less fans) to 9 (more fans). Specifically, “Followers” equal to 1 if the number of fans is less than 10,000. “Followers” equal to 9 if the number of fans is more than 4,800,000. Then we evenly divided the other parts. The more the followers, the stronger the information diffusion force of WeChat articles is. Assuming that the click rate of followers is the same, the account with more followers will achieve higher visibility. Therefore, it is indispensable to control the number of followers.




RESULTS

Table 3 reports the descriptive statistics of variables in this study. The mean of “ln(Visibility)” is 7.1773, the maximum is 10.0388, and the minimum is 1.1631. The “Sheer_EI” is 21.45% of the total, “Heart” accounts for 31.89%, “Mind” accounts for 19.42%, “Knowledge” accounts for 13.04%, and “Benefit” accounts for 14.20%, respectively. “Modality” conforms to normal distribution, and its mean is close to the median of 2. It indicates that two modalities are commonly used in WeChat articles. “Position” shows that 58.55% of articles come from the first position, and “Time” shows that 47.54% of articles are published at active periods.


Table 3. Descriptive statistics for all regression variables in this study.
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Analysis of intergroup differences in visibility between SEI and EIO is done by Mann–Whitney U-test. The results are shown in Table 4. The mean of “ln(Visibility)” achieved by SEI is significantly lower than that of EIO (p = 0.000 < 0.01). The average score of “Read, Share and Comment” of SEI is also significantly lower than that of EIO at the level of 1%, respectively. It indicates that SEI is less than EIO at reaching and impressing users. The result is consistent with Hypothesis 1.


Table 4. Means of the visibility metrics in both Sheer_EI and EIO.
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The results of the regression analysis of model (1) are shown in Table 5. As expected, under the control of other factors, the coefficient of “Sheer_EI” is found to be significantly negative on “ln(visibility)” (β1 = - 0.574, p = 0.000). Hypothesis 1 is supported. “Position” (λ6 = 1.318, p = 0.000) and “Followers” (λ8 = 0.812, p = 0.000) are found to exert significant impacts on visibility. “Time” shows that it is insignificant whether articles are published in active time periods, namely 8:00–14:00 and 18:00–20:00 (λ7 = 0.124, p = 0.324), perhaps readers on WeChat are not time-sensitive.


Table 5. Results of the regression analysis of model (1).
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Figure 2 illustrates the effect of different content optimization strategies on visibility. In Figure 2A, the visibility of psychology-based EIO (mean = 7.68) is significantly higher than that of SEI (mean = 6.36, p-value = 0.000), but the visibility of benefits-based EIO (mean = 6.15, p-value = 0.302) is lower than that of SEI. In Figure 2B, the visibility of psychology-based EIO is significantly higher than that of benefits-based EIO (p-value = 0.000). Specifically, heart-based EIO, mind-based EIO, and knowledge-based EIO all have higher visibility than benefits-based EIO. The results are consistent with H1, H2, H3, and H4, and H5 is rejected.


[image: Figure 2]
FIGURE 2. The effect of content optimization strategies on social media visibility. (A) The effect of EIO and SEI on social media visibility. (B) The effect of psychology-based EIO and benefits-based EIO on social media visibility.


The regression analysis results of model (2)–(5) are shown in Table 6. “Heart × EIO” (λ1 = 0.876, p = 0.000), “Mind × EIO” (λ2 = 0.634, p = 0.004), and “Knowledge × EIO” (λ3 = 0.627, p = 0.008) are major contributors to SMEs' social media visibility. Hypothesis 2, 3, and 4 are supported. The coefficient of “Benefit × EIO” has a significant negative impact on visibility (λ4 = −0.752, p = 0.000). This is contrary to Hypothesis 5. All variance inflation factors are far less than 2.


Table 6. Regression results of content optimization strategies.
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DISCUSSION


Primary Findings

In this study, the first finding is that the visibility achieved by SEI is significantly less than that of EIO (see Tables 4, 5). This means that if a firm disseminates enterprise-related information without content optimization, its visibility can be reduced. To be more precise, EIO related to psychological needs (heart-based EIO, mind-based EIO, and knowledge-based EIO) perform better than SEI in reaching and impressing users (see Figure 2; Table 6). The second finding is that EIO related to material incentives (benefits-based EIO) has a negative effect on visibility. These results are discussed below, respectively.

Heart-based EIO is found to be the dominant contributor to visibility of SMEs. It means that heart-based content optimization is an appropriate choice to impress and reach more users. Relatedness involves the feeling of being connected and cared for (Men and Robinson, 2018). A variety of positive emotions can spur the satisfaction of relatedness, such as joy (Baumeister and Leary, 1995), love, and enjoyment (Sternberg, 1986). The desire for interpersonal attachments can be a fundamental human motivation (Baumeister and Leary, 1995), and so it's extremely common to spontaneously share and comment on heart-based content so as to connect with other users. It is the basic strategy for SMEs to release heart-based content optimization to draw users' attention and maintain close relationships with them.

Mind-based EIO is found to be of significance on social media visibility. This implies that for SMEs, mind-based content optimization can be suitable to establish connections with users and capture their attention. Autonomy is one of the three psychological needs (Ryan and Deci, 2000). In pursuit of the autonomy of thought, individuals use social media to seek content with in-depth thinking that provides resources for making decisions. In this process, people's intuitive and rational thinking can be satisfied. In China, the population of higher education has reached 38.33 million (Ministry of Education of the People's Republic of China., 2019). A variety of people get used to autonomous thinking. Thus, it is easy for mind-based content optimization to capture the public's attention among piles of articles on WeChat.

The knowledge-based content optimization in catching users' attention is also demonstrated. WeChat not only renders people more convenient channels to access learning materials, but also offers enterprises an opportunity to show their expertise in front of the public. SMEs in various industries are capable of providing knowledge and professional skills in specific fields, such as pedagogy, psychology, medicine, nutrition, and environmental science. To gain more attention, SMEs should output clear and specific knowledge. In a word, it is crucial for SMEs to make good use of the knowledge content to establish connections with the target users and spread enterprise-related information.

Benefits-based EIO does not improve social media visibility. It is consistent with Ryan and Deci (2000), who argue that extrinsic rewards undermine intrinsic motivation on social media. Based on Organismic Integration Theory, the degree of self-determination related to external motivation is divided into four types: integration, identification, introjection, and external regulation. These four types of external motivation fall along continuum anchored (Deci and Ryan, 2000). While the internalization degree of “integration” is the highest, the “external regulation” undermines intrinsic motivation (Deci and Ryan, 2000). The reward of WeChat articles is one of such a form of “external regulation.” WeChat posts often give users trivial benefits, which are no longer necessities for people nowadays. Furthermore, users need to perform multiple complex steps, and even input personal information. The cumbersome procedures and trivial rewards often lead to user aversion, which may be the cause of low visibility. People are more likely to be driven by psychological needs than material incentives (Deci and Ryan, 1985; Ryan and Deci, 2000). Users usually consume high-value content (Stieglitz and Dang-Xuan, 2013) instead of rewarding content similar to commercial advertisement, which is not attractive to users.



Theoretical Contributions

This study contributes to the existing literature in several ways. Firstly, this study extends SDT to social media context. It is of significance to literature on the social media content optimization. Previous research mainly focused on user's gratifications such as entertainment, enjoyment, and utilitarian needs (Rauniar et al., 2014; Malik et al., 2016; Khan, 2017; Gan and Li, 2018). Content optimization on users' psychological needs has been paid little attention to. In this regard, this work explores the role of psychological needs (i.e., autonomy, relatedness, and competence) in the diffusion of enterprise-related information.

Secondly, it is conducive to social media visibility research. Visibility on social networks has been discussed largely in literature, but is mostly qualitative research (Yang and Kent, 2014; Osch and Steinfield, 2018). For this, we extracted the basic elements for conceptualization. A precise definition and a set of quantitative index system for social media visibility are given in this study. The score of visibility is calculated with the weights of reading, sharing, and commenting on WeChat by AHP. It not only provides a visibility index system for WeChat articles, but also can be extended to other social media.

Thirdly, the novelty of this work is rooted in the challenges of SMEs. The existing research mainly focused on knowledge management (Scuotto et al., 2017), marketing strategy (Kraus et al., 2019), and internal communication (Zilber et al., 2019), which are usually extended from research on large companies. This study originates from the current challenges of SMEs, rather than following the research on large enterprises.



Practical Implications

From our findings, it is crucial that enterprises take the initiative to learn content optimization strategies to satisfy users' psychological needs so as to get more attention. SMEs should make content that meet users' psychological needs to enhance visibility of enterprise-related information. Since emotion is one of the most powerful contributors to human behaviors (Sailunaz and Alhajj, 2019), it would be easy to make people click to read, share, and comment when managers adopt above content optimization strategies to care about users' psychological needs, such as releasing more heart-based EIO in official WeChat accounts. Furthermore, SMEs should avoid relying on material incentives to grab users' attention. The reason is that WeChat articles containing both incentives and business-related content are similar to advertisements, which may turn users off. These content optimization strategies also offer lessons for large companies. Most of them do not have a mature strategy for social media activities (Zembik, 2018), even with adequate resources (Kraus et al., 2019).



Future Research

Although the content optimization strategy we extracted in this study provides some key factors for this issue, content strategies are complex and difficult to measure in practice. Therefore, some deep learning algorithms, such as SGD, RMSProp, Adam and so on, can develop more complex estimation models and improve prediction accuracy through big data training. It will be able to provide more concrete suggestions to SMEs on content optimization strategy.




CONCLUSION

Nearly all contemporary people's behavior is on mobile terminals, which makes social media content optimization crucial. Previous research mainly focused on users' gratifications, and they do not pay enough attention to the information dissemination related to users' inner needs. This work highlights the importance of psychological needs based on SDT and draws the following two conclusions. Firstly, this study confirms to us how content optimization related to users' psychological needs (heart-based content optimization, mind-based content optimization, and knowledge-based content optimization) attracts users to read, share, and comment. Secondly, content optimization based on material incentives fails to improve social media visibility. The reason is that many people have an emotional aversion to the tedious procedures and trivial benefits. These conclusions provide a new starting point for content research, which can be further deepened and expanded in the future.
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Flipped learning could improve the learning effectiveness of students. However, some studies have pointed out the limitations related to flipped classrooms because the content of the flipped course does not vary according to the needs of the students. On the other hand, adaptive teaching, which customizes the learning mode according to the individual needs of students, can make up for some of the shortcomings of flipped teaching. This study combines adaptive teaching with flipped teaching and applies it to face-to-face classroom activities. The purpose of this research is to explore whether the implementation of flipping and adaptive learning in a computer programming course can improve the learning effectiveness of students. The experimental subjects of this study are the sophomore students in the Department of Information Management. The flipped classroom with adaptive instruction has been realized in the limited course time. This study uses questionnaires to collect pre- and post-test data on the “learning motivation” of students. The learning effectiveness was evaluated based on the students' previous programming course (C language) and the semester scores of this course. Research results show that the post-test “learning motivation” has improved overall compared with the pre-test, and the learning effect is significant. The results of this research not only prove the effectiveness of modern teaching theories in programming courses but also lay the foundation for future teaching design.
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INTRODUCTION

For a world where technology is omnipresent, more education systems recognize the importance of computer science. Computer science education is expanding around the globe. For example, improving the coding and programming ability of students is an important goal of countries (Mechaber, 2014). Different from popular technology education and basic knowledge of programming teaching, the goal of programming courses in information technology departments of colleges and universities is to train professional programming talents. Programming is an important basic skill for computer science students. It is one of the most difficult subjects to learn because it involves skills, such as deducing algorithms, understanding syntax and semantics, and coding programs (Daly, 1999; Jenkins, 2002). There are certain learning thresholds for learning programming languages. Some students often encounter bottlenecks in the learning process and lose interest in learning (Kadar et al., 2021). Rahma et al. (2012) explored the major problems affecting the performance of students in basic programming. In addition to the characteristics of the programming discipline itself, it also includes the factors of students and teachers. The learning style of students varies from student to student and is one of the factors that affect learning. Learning interest and motivation are also key factors, which are related to the way the teachers conduct the class. Sarpong et al. (2013) found that the most effective teaching methods for teaching programming courses are as follows: laboratory practice, projects, lectures, seminars, and tutorials, and problem-based teaching. The most suitable strategies for teaching programming courses are problem-based teaching and pair/group programming. To improve the learning outcomes of computer programming courses, Sarpong et al. (2013) recommended that teachers use more than one teaching method or strategy in the class.

How to improve the learning effectiveness of students and reduce the frustration of learning programming has always been a goal that teachers have achieved. In recent years, there are many approaches to improve the learning outcome of the student through active learning methods. One of the methods is the flipped classroom method. In addition, there are many studies indicating that flipped classrooms provide many positive educational results (Tune et al., 2013; O'Flaherty and Philips, 2015; Seery, 2015). Zhang et al. (2016) demonstrated that most students agree that flipped learning is a useful teaching method, where it was considered to be particularly useful for hands-on learning (such as programming). However, some studies have pointed out the challenges and difficulties related to flipped classrooms (Lo et al., 2018; Cheng et al., 2019). Mainly because there are differences among students in a class. The content of the flipped course does not emphasize to vary according to the needs of the students.

Based on the above discussion, it is known that programming courses are suitable for flipped learning, and a mixed teaching method is a good choice. In many teaching strategies, adaptive teaching emphasizes that teaching methods and skills should meet the needs of different students, which can make up for some of the shortcomings of flipped teaching. Because it can customize the learning mode according to the individual needs of students, the value of adaptive learning is generally affirmed in higher education. Although neither the flipped classroom nor the adaptive teaching is a new teaching theory, there are few related studies combining the two in the literature. A search was conducted on Web of Science (WoS) for English papers from 1988 to July 2021 by the search term of “TS = (flip * AND (learn * OR classroom)) AND (adaptive AND (learn * OR instruction))”. There are 48 search results. Only 17 left after removing the completely irrelevant results. Six of these papers mainly study flipped learning (Louhab et al., 2018; Rodriguez et al., 2018; Lamia et al., 2019; van Leeuwen, 2019; Janson et al., 2020; Ranellucci et al., 2021), and one is about adaptive learning (Alwadei et al., 2020). Among the 10 papers on these two topics (flipped and adaptive), three are reviews or discourse analysis papers (Chi et al., 2018; Narang et al., 2018; Smale-Jacobse et al., 2019), and seven focus on the topic of flipped teaching combined with adaptive e-learning platforms (Fang et al., 2019; Kaw et al., 2019; Clark and Kaw, 2020; Louhab et al., 2020; Mojtahedi et al., 2020; Hsieh et al., 2021; Liu et al., 2021). There is almost no research in the literature on the combination of flipped learning and adaptive teaching in the classroom.

The motivation of this research is to explore whether the implementation of hybrid methods in computer programming courses, that is, flipped learning and adaptive teaching, can improve the learning efficiency of students. The main objectives of this research are as follows:

(1) Discuss the impact of combining flipped learning and adaptive teaching on the academic performance of students.

(2) Discuss the influence of combining flipped learning and adaptive teaching on the learning motivation of students.

(3) Explore perceptions of students about the class in terms of content, communication, performances, and interests.

The experimental subjects of this study are the sophomore students in the Department of Information Management. Students preview the teaching materials provided by teachers before class. In the classroom, the teacher taught the main points of the lectures. Then, conducting problem-solving or higher-level critical thinking activities individually or in groups. Before the midterm, students mainly conduct problem-solving training. After the midterm, students were divided into two groups based on the midterm results. Flip teaching was still ongoing, and the class frees up class time for adaptive teaching activities. Students with a score lower than or equal to 70 in the midterm exam are in the first group, and students with a score higher than 70 are in the second group. The teaching focuses for the first group were on strengthening the training of basic programming skills. The second group is to solve more complex problems in groups. This research uses the questionnaire survey method to collect students' pre- and post-test data of “learning motivation” and post-test data of perceptions of students about the classroom. The learning performance was evaluated based on the students' previous programming course (C language) and the semester scores of this course. Research results show that the post-test “learning motivation” has improved overall compared with the pre-test. Students are highly satisfied with this course and the learning effect is also significant.

The main contribution of this study can be summarized as follows:

(1) This research proposes a hybrid teaching method to improve the shortcomings of flipped learning that lacks consideration of individual differences through adaptive instruction.

(2) As far as we know, no research work has considered a hybrid method of flipped learning and adaptive instruction applied to the face-to-face classroom activities in computer programming courses. This case is supposed to be the first flipped classroom that realizes adaptive teaching in a limited course time.

(3) The results of this research confirm that the hybrid teaching method helped to improve the learning motivation and academic performance of students. In addition, students are highly satisfied with the way the course was conducted.

(4) The results of this research have proved the effectiveness of modern teaching theories in programming courses. The research results will be used to improve the curriculum to ensure the realization of the curriculum effect and improve students' academic performance and motivation to learn programming.



LITERATURE REVIEW


Flipped Learning

The flipped classroom is a learning model which reversed or flipped classroom activities and homework (Jensen et al., 2018). In traditional teaching, instructors teach knowledge in the classroom, and students do their homework after class. In the flipped model, instructors have students learning or doing homework first, followed by discussing during class time and putting some ideas into practice (Kong, 2014; Sever, 2014; Çevikba, and Argün, 2017; Yavuz and Ozdemir, 2019). The flipped classroom provides some advantages. Class time management has become more effective, saving learners time in participating and collaborative activities (Baker, 2000; Cole and Kritzer, 2009; Fulton, 2012; Milman, 2012; Halili and Zainuddin, 2015). The interaction between learners and teachers has improved (Lage et al., 2000; Bergmann and Sams, 2012; Roehl et al., 2013; Arnold-Garza, 2014). Moreover, it helps teachers to immediately monitor learner performance and tutor learners with difficulties (Lage et al., 2000; Fulton, 2012; Millard, 2012).

Zhang et al. (2016) believe that flipped learning is particularly useful for programming courses. Many works proved their effectiveness. Mok's study (Mok, 2014) evaluated the effects of flipped classrooms in programming courses based on the perspectives of students. The study concluded that this method is effective for learning programming, the participation rate of students in the learning process is higher with higher satisfaction of students. Souza and Rodrigues (2015) compared the experimental research of flipped teaching and traditional teaching in C programming courses. According to the research results, compared with traditional teaching methods, the flipped classroom significantly improves the programming self-efficacy and academic success rate of students. Chiang (2017) analyzed the impact of flipped learning on the problem-solving ability of students in Java programming learning. The experiment concluded that the problem-solving strategies of students are more effective than their previous problem-solving attitudes. Özyurt and Özyurt (2018) proposed an Adapted flipped classroom approach (AFCA), which analyzes the effects of the use of AFCA on the programming success, attitudes, and self-efficacy of the students in learning programming. The study results show that employing AFCA to teach programming yields positive effects in terms of the programming success and self-efficacy of students. There was no significant change in their attitude scores following the implementation.

Although flipped classrooms have brought some positive effects on learning, some studies have raised some challenges. For example, Milman (2012) mentioned that if learners play computer games while watching instructional videos, learners will be distracted by them and the learning process will be hindered. In addition, Moffett and Mill (2014) believed that if learners are unwilling to experience online learning, the learning effect will not improve. Moore and Chung (2015) mentioned that every learner has a different learning style, and flipped learning may not be able to respond to the needs and preferences of learners. Jawawi et al. (2015) pointed out that learners may have limited access to the tools or resources needed for online learning, which hinders flipped learning (Kissi et al., 2017).

To ensure that flipped learning or flipped classrooms can achieve better results, some studies have begun to adopt hybrid flipped teaching methods. For example, Miras et al. (2021) designed a hybrid teaching method of flipped classroom and peer instruction in an introductory course of programming. Comparing with those obtained in the previous offerings using traditional teaching, the results showed that the new methodology was used, the dropout rate and fail share decreased significantly and the academic results have improved. This study adopted a hybrid strategy. To solve the inadequate consideration of individual differences in flipped learning, adaptive teaching was combined in the classroom to reinforce it.



Adaptive Instruction

Adaptive instruction means creating a learning environment and finding instructional approaches and techniques that conform to meet individual needs of students (Inan and Grant, 2008). It can be adaptive teaching or adaptive learning (Matei and Gogu, 2017). In the teaching process, in accordance with the abilities, status, interests, and needs of learners, appropriate responses and adjustments are made to improve the learning effect and achieve the expected teaching goals. Parsons et al. (2018) identified that early literature focused on the decision-making of teachers. Between 1995 and 2004, literature often referred to scaffolding and teacher reflection. Until 2008, adaptive teaching started being mentioned in literature. There are some major issues usually discussed in terms of adaptive teaching, such as how to evaluate adaptive teaching, how to judge the degree of success of adaptive teaching for individual students, what are the relations between adaptive teaching and professional competence of teachers, and which methodological approaches are useful for investigating outcomes of adaptive teaching (Hardy et al., 2019). In addition, smart devices and intelligent technologies were applied to effectively promote the development of personalized learning and adaptive learning. Peng et al. (2019) introduced a teaching method enabled by a smart learning environment and deeply analyzed personalized learning and adaptive learning. Four aspects, which are learner profiles, competency-based progression, personal learning, and flexible learning environments, constructed personalized adaptive learning. Peng et al. explored a form of learning profiles model and a generative path recommendation pattern of personal learning.

There is almost no literature discussing the implementation of adaptive teaching in the classroom of programming teaching. It may be because it is difficult to implement adaptive teaching alone in a limited time class. When discussing “adaptive” and “computer programming learning” in the literature, most of them talk about an adaptive web-based system or an adaptive e-learning platform for learning programming (Chatzopoulou and Economides, 2010; Troussas et al., 2021). Although we can find relevant papers by searching with “flipped learning” and “adaptability” as keywords, they also talk about the use of adaptive platforms to assist students in studying off class (Fang et al., 2019; Kaw et al., 2019; Clark and Kaw, 2020; Louhab et al., 2020; Mojtahedi et al., 2020; Hsieh et al., 2021; Liu et al., 2021).



Learning Effectiveness

Learning effectiveness is an index used to judge the learning achievement of learners. After learners participate in learning, their learning status can be measured by evaluating changes or differences in the performance of these indicators. Based on the results of indicators, learners could improve learning methods and teachers could improve teaching methods (Guay et al., 2008). Kirkpatrick and Kirkpatrick (2006) proposed a four-level training evaluations model, which includes four items: reaction, learning, behavior, and results. The reaction aspect refers to the degree to which learners like the course. The learning aspect refers to whether learners gain knowledge accumulation or mental growth. The behavior aspect refers to whether learners have learned to change their behavior. Result aspect refers to the degree to which learners can apply the content of learning. The learning effects discussed in this research include the perceptions of students about the class (reaction aspect), academic performance (learning aspect), and learning motivation (learning aspect).

Students' perception of the course is related to their satisfaction with the course. Student satisfaction can be defined as the attitude of students on the course learning experience, teacher's teaching quality, and teaching materials (Gao et al., 2021). Many pieces of literature use the opinions of students as the basis for measuring the effectiveness of the course implementation (Mok, 2014; Choe et al., 2019; Gao et al., 2021). Academic performance is the most direct result of what students learn. Additionally, it is one of the most used indicators to measure learning outcomes (Hwang et al., 2013; Cheng et al., 2019; Choe et al., 2019; Miras et al., 2021). The success of learning depends on the enthusiasm of the learner and motivation drives learners to achieve learning goals. Therefore, the learning motivation of learners is probably the important key to affecting learning effectiveness (Filgona et al., 2020). Hadre et al. (2007) believe that motivation is one of the most powerful factors that determine the success or failure of students in school. Stimulating the enthusiasm of students for learning in school and motivating students to succeed in school is an important issue, and it is also one of the biggest challenges facing education (Filgona et al., 2020). There are many studies in the literature on how to enhance the learning motivation of students (Jensen et al., 2018; Awidi and Paynter, 2019; Fang et al., 2019; Hardy et al., 2019; Ling et al., 2021; Miras et al., 2021), which shows the degree of importance it is paid to.




METHODOLOGY


Background Circumstances for the Classroom Design

Our flipped classroom study involved 52 sophomores of the Information Management Department in a Java programming course. Participating students have taken a programming course (C language) in the freshman year, so they have the basic concepts of programming. To understand the impact of the design of this experimental course on the learning performance of students, the grades of the previous programming course were used as the pre-test data and the semester grades of this experimental course were used as the post-test data of “learning performance.”

The first step of the teaching process was drawing up the topics and goals of the weekly courses. The online teaching material would be uploaded for students to study in advance. The beginning of the 3-h classes is a simple test for the preview result of students. The main purpose is to urge students to read the teaching material before the classes. After the test, the teacher will reinforce the important content. Some classroom activities will be arranged afterward, which were different before and after the midterm exam. Before the midterm exams, students mainly strengthen their programming foundation and problem-solving skills. Therefore, the activities were mainly homework exercises or small competitions. After the midterm exam, the students were divided into two groups based on their midterm exam results. Students with a score of 70 or more are classified into the “Achievement challenge group,” and the others are classified into the “ability improvement group.” The learning content before the midterm exam focuses on understanding Java and rarely involves more complicated logic problems. Based on previous teaching experience, students with mid-term grades above 70 will be able to deal with complex problems. Students with a mid-term score of 70 or less still need to strengthen their basic programming skills to pass the exam at the end of the term. Therefore, 70 points are used as the grouping limit. Then, the course adopted the concept of adaptive teaching and performed different classroom activities. Students in the “Achievement challenge group” challenged more difficult learning tasks in groups. At the same time, students in the “Ability improvement group” practiced more basic topics and were guided by teachers. Before the end of the course, the “Achievement challenge group” shared the results of the challenge and the difficulties encountered in the process. After discussing with the students, the teacher made a review and summary of this week's course and previewed the course of next week.



Research Tools

The research tools in this study included a pair of pre- and post-grades, a pair of pre- and post-test questionnaires for measuring the learning motivation of students, and a post-test questionnaire for perceptions of students on the course.

The data of pre-test of learning performance of students were collected from the semester grade of programming course (C language) they had taken in the freshman year. The semester grade of this experimental course was the post-test data of learning performance. As the two control variables (course time, teaching materials, measuring methods, and teachers) were not the same, in addition to the original grade for verification, the pre- and post-test grades were normalized by the Min-Max. Min-max normalization is one of the most common ways to normalize data. The minimum value and the maximum value of grades get transformed into a 0 and a 1, respectively. Therefore, every grade would be transformed into a decimal between 0 and 1. To make it easier to compare with the original grade, the normalized value was multiplied by 100. The formula is (x − min)/(max − min) * 100. Then, a paired t-test was performed to detect the impact of this course on the academic performance of students.

The questionnaire of learning motivation was from the paper published by Hwang et al. (2013), which was modified according to the measurement method developed by Hwang and Chang (2011). There was a total of seven questions with a six-point rating scheme (6 = “strongly agree” and 1 = “strongly disagree”). The items in the questionnaire are listed below. The content of this questionnaire contains values (e.g., item 1, 3, and 7), expectations (e.g., item 2 and, 6), and emotions (e.g., item 4 and 5) (Eccles, 1983) to evaluate the mental thinking of students about learning Java. Cronbach's alpha value was 0.79. At the beginning of the course, the students took the pre-test of learning motivation questionnaire. At the end of the course, the students took the post-test of the learning motivation questionnaire. Compare the differences to understand the impact of curriculum activities on the learning motivation of students.

1. I think learning Java programming is interesting and valuable.

2. I would like to learn more and observe more in the Java programming course.

3. It is worth learning those things about Java programming.

4. It is important for me to learn the Java programming course well.

5. It is important to know the Java programming knowledge related to our living environment.

6. I will actively search for more information and learn about Java programming.

7. It is important for everyone to take the Java programming course.

To understand the views of students on the design of this course, students took a questionnaire at the end of the course. We used the “questionnaire of students' perceptions of the online community-based flipped classroom” introduced by Lin and Hwang (2018). The questionnaire evaluates the students' perceptions of flipped learning by a five-point rating scheme (5 = “strongly agree” and 1 = “strongly disagree”) with 14 items. To be consistent with the rating scheme of the learning motivation questionnaire, a six-point rating scheme was used during the actual test. These 14 items were divided into four dimensions. Items 1–5 are for content dimension, which test whether the student thinks the content of the course is helpful. Items 6–8 are for communication dimension, which test whether the student thinks that the curriculum design is helpful for communication with teachers and peers. Items 9–11 are for performance dimension, which measure whether the student thinks that the course contributes to their personal performance. Items 12–14 are for interest dimension, which measure whether the student thinks the class is enjoyable. Cronbach's α values of the individual dimensions were 0.85, 0.79, 0.78, and 0.87, respectively, showing acceptable reliability in internal consistency. The items of each dimension are as follows:


Content

1. The designed classroom offers me the opportunity to review the lectures as many times as I need.

2. The designed classroom offers me access to the online course tools and materials.

3. The designed classroom helps me to use various e-learning resources.

4. The designed classroom helps me to enrich my learning experience.

5. The designed classroom helps me to connect theory with practice in real life.



Communication

6. The designed classroom helps me to effectively cooperate with my classmates and colleagues.

7. The designed classroom facilitates more communication between me and my teacher.

8. The designed classroom helps me to effectively participate in the learning activities.



Performances

9. The designed classroom enables me to manage my own learning activities.

10. The designed classroom helps me to develop my problem-solving skills.

11. The designed classroom facilitates more communication between me and my classmates.



Interests

12. The designed classroom is a very enjoyable approach.

13. I prefer the designed classroom over the traditional lectures.

14. The designed classroom facilitates my personalized learning.





RESULTS


Analysis of Learning Performance

In this study, the semester grade of the previous programming course taken by the students was the pre-test value of the “learning performance,” the semester grade of the experimental course was the post-test value. The original grades were normalized by the Min–Max. Both grades performed the paired sample t-test.

As shown in Table 1, the mean values and SDs of the original grades were 72.60 and 10.22 for the pre-test, and 77.93 and 13.93 for the post-test. The t-test result (t = 3.68, p < 0.05) shows that there was a significant difference between the two tests. The result t-test of normalized grade (t = 4.53, p < 0.05) yielded the same result. The average score increased from 50.27 to 64.69, and the SD decreased from 29.19 to 26.48, indicating that students generally performed better after the course, and the distribution of grades was more concentrated.


Table 1. Paired t-test result of the grades.
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After the midterm exam, the participating students were divided into two groups according to their grades in the midterm exam. There are 30 students in the “Achievement challenge” group with the grade higher than or equal to 70. There are 22 students in the “Abilities Improvement” group with the grade lower than 70. After the midterm exam, adaptive instruction was performed. To better understand the two groups of the learning performances of students, the two groups, respectively, performed t-tests of their semester grades. The results are shown in Table 1.

In the “Achievement challenge” group, the means and SDs of the original grade were 77.17 and 9.71 for the pre-test, and 87.68 and 7.56 for the post-test. The means and SDs of the normalized grade were 63.66 and 27.74 for the pre-test, and 83.24 and 14.38 for the post-test. Both t-test results of before standardization (t = 5.83, p < 0.05) or after standardization (t = 4.17, p < 0.05) showed that students have made significant progress in academic performance after the course. In the “Ability improvement” group, the means and SDs of the original grade were 66.36 and 27.74 for the pre-test, and 64.62 and 8.40 for the post-test. Although the average grade of the original has dropped, it has not reached a significant level (t = −1.29, p > 0.05). However, the t-test result of normalized grade (t = 2.13, p < 0.05) showed significantly better learning performance after the course.

The above analysis shows that the design of this course in terms of adaptive teaching has a considerable degree of help for students with different levels. It has a significant improvement of the “achievement challenge” group. However, for the “capacity improvement” group, there was a relatively limited degree of improvement.



Analysis of Learning Motivation

Table 2 shows the t-test results of the pre- and post-test ratings of the learning motivation questionnaire for all students and the two groups. The means of the questionnaire ratings have increased regardless of whether statistics were conducted in all or groups, which show that the learning motivation of students has improved. The t-test results showed significant difference between pre- and post-test ratings for all students and both groups, where t = 3.75 (p < 0.05) and t = 3.70 (p < 0.05), and t = 1.74 (p < 0.05), respectively. The results showed that the introduction of flipped learning and adaptive teaching in the course has a positive and significant effect on the improvement of the learning motivation of students.


Table 2. Paired t-test result of the learning motivation.
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Analysis of Students' Perceptions

As it was a new experience for the students to learn under the flipped learning combined with the adaptive instruction, it is interesting to know the views of the students about the class. There are 14 items in the questionnaire of perceptions of students about the course, which are divided into four dimensions: content, communication, performances, and interest. This study adopted the six-point rating scheme. The questionnaire was administered at the end of the course. The average rating of four dimensions of perceptions of students about the course is shown in Figure 1. Overall, students' perception of curriculum design is positive. Among the four dimensions, the average scores are 4.75, 4.78, 4.72, and 4.93, respectively. Students were most satisfied with the “interest” aspects of the course. The average ratings for each aspect of the achievement challenge group are all greater than the ability improvement group. The dimension with the least difference is content, and the dimension with the greatest difference is performance. This result is reasonable because the teaching materials provided in the course were the same. Meanwhile, the achievement challenge group has more discussion and problem-solving training.


[image: Figure 1]
FIGURE 1. Histogram of the average scores of four dimensions of students' perceptions. All means all students. AC means the achievement of the challenge group. AI means the ability of improvement group. The gap means the difference of AC to AI.





DISCUSSION AND CONCLUSION

The flipped classroom method has become a popular teaching method in many educational institutions around the world. Comparing learning outcomes with traditional teaching, most previous reviews indicate that the flipped classroom approach can improve student performance. However, flipped learning is not effective for all students (Gundlach et al., 2015). The review paper by Lo and Hew (2017) suggested that the necessary help and guidance should be given based on the abilities of students. To improve the effect of flipped learning, this study designed a teaching method that incorporates adaptive teaching into flipped classrooms. Students with better programming skills (achievement challenge group) have a better understanding of the content of the course increasing the pair/group programming and problem-solving challenges. Students with weaker programming skills will strengthen their logic and skills of solving problems, increasing the amount of practice and opportunities for interaction with the teacher. The research questions of this study are to explore whether the hybrid teaching method can improve the performance and learning motivation of students and collect students' perceptions of the curriculum design.

In terms of learning performance, according to the data analysis results of this research, the hybrid teaching method of flipped learning and adaptive instruction was effective for improving the academic performance of students. Not only effective for the achievement challenge group but also effective for the ability improvement group. In terms of grouping, the performance improvement of the achievement challenge group is greater than that of the ability improvement group. It means that the teaching method of this study has a higher impact on students with better programming ability than students with weaker programming ability.

According to the previous studies, Hsieh et al. (2021), Awidi and Paynter (2019), and Lamia et al. (2019) have indicated that the flipped classroom enhances the learning motivation of learners. In our flipped classroom, students participate in different classroom activities according to their abilities. The overall learning motivation has been significantly improved, whether it is analyzed by all students or by grouping. However, we found that the improvement of learning motivation in the ability improvement group was lower than that of the achievement challenge group. The difference may be due to adaptive teaching adopting different activities for the two groups, or it may be because it is relatively difficult to improve the motivation of students with weaker programming abilities to learn programming.

In terms of students' cognition of the classroom, students generally agree with classroom teaching in terms of content, communication, performance, and interest. Past studies have also shown that the satisfaction of students with flipped classrooms is high (Özyurt and Özyurt, 2018). The questionnaire used in this study comes from Lin and Hwang (2018), which showed the ranking of average satisfaction from high to low in interest, content, communication, and performance. In this study, for all students, the average satisfaction ranking by descending is interest, communication, content, and performance. Both studies show that students have the highest satisfaction in terms of interest. Due to the implementation of adaptive teaching in this study, the two groups of students have different degrees of satisfaction in each dimension. Excluding the interest dimension, the achievement challenge group was more satisfied with the implementation and communication than the content. On the other hand, the ability improvement group was more satisfied with the content and communication than the implementation. The difference is mainly caused by adaptive teaching that involves different groups of students in different activities.

In summary, this study adopted a mixed teaching method of flipping and adaptability, which significantly improves the academic performance and learning motivation of students. In addition, students are highly satisfied with the course. Our research successfully provided an effective case study of the hybrid teaching method. There are some limitations to this study. First, it is a pre-test-post-test set of experimental case study. Therefore, it cannot be compared with the effect of traditional teaching courses. Multi-group analysis will be a topic worth discussing in the future. Second, it only contains quantitative data analysis. In the future, it is possible to design mixed studies that use both qualitative and quantitative methods. Third, the small number of samples in the study and the implementation of the experiment only in a Java course is another limitation. In the future, it will be interesting to collect the learning status of more students and get more general analysis results.
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This study aims to explore the current situation and strategy formulation of sports psychology teaching in colleges and universities following adaptive learning and deep learning under information education. The informatization in physical education, teaching methods, and teaching processes make psychological education more scientific and efficient. First, the relevant theories of adaptive learning and deep learning are introduced, and an adaptive learning analysis model is implemented. Second, based on the deep learning automatic encoder, college students’ sports psychology is investigated and the test results are predicted. Finally, the current situation and development strategy of physical education in colleges and universities are analyzed. The results show that when the learning rate is 1, 0.1, and 0.01, there is no significant change in the analysis factors of recall, ndcg, item_coverage, and sps. When the learning rate is 1, their analysis factors change obviously, and it is calculated that the optimal learning rate of the model is 1. And the difficulty of the recommended test questions by using the sports psychology teaching method based on adaptive learning and deep learning is relatively stable. The test questions include various language points of sports psychology. Compared with others methods, adaptive learning and deep learning can provide comprehensive test questions for sports psychology teaching. This study provides technical support for the reform of sports psychology teaching in colleges and universities and contributes to optimizing the information-based teaching mode.
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INTRODUCTION

Education is the basic element to promote social development and the most direct way to improve personal quality. Therefore, school education is becoming more and more important with the progress of society. With the development of science and technology, school education is constantly changing and updating. Among them, the most important one is the transformation of the teaching mode. Information education appears in the current school education driven by the development of science and technology. Although information education is not popularized completely, many relevant studies have provided sufficient technical support for its development.

Education is important in promoting the prosperity and development of a country. For individuals, it can improve their cultural qualities and help them become the talents needed (Mujeeb et al., 2021). For the nation, it can enhance creativity and promote the rejuvenation of the nation. It also can improve the qualities of citizens and realize the inheritance of civilization (Zhuo et al., 2020). The United States Department of education points out that adaptive learning is the process of adaptively arranging learning content and learning progress according to students’ interests, abilities, and experience. It is not a simple method of scoring students’ performance, but a method of evaluating students’ cognition and behavior in the learning process (Tu et al., 2021). Deep learning is a way of learning. American psychologist Bloom divides the cognitive goal into six levels: memorization, understanding, application, analysis, evaluation, and creation. He believes that memorization and understanding belong to shallow learning, and application, analysis, evaluation, and creation are included in deep learning. Deep learning is a kind of active learning on the basis of understanding and it focuses on high-order thinking and then reaches the upper levels of analysis, evaluation, and creation (Jin et al., 2020). Since the 1990s, the research contents of international sports psychology are mainly about students’ psychological skill training, sports social psychology, the relations between exercise and mental health, sports anxiety, sports skill training, and sports motivation (Maehr, 2019). Shen and Ho (2020) uttered that Technology Enhanced Learning (TEL) and communication technology can improve the teaching effect of sports psychology education. A hybrid bibliometric method combined with citation network analysis and text analysis is proposed to test the relevant research articles retrieved from the scientific network database (Shen and Ho, 2020). Fekri et al. (2021) proposed an online adaptive recurrent neural network (RNN), which can continuously learn from newly arrived data and adapt to new models. RNN is used to capture the correlation with time, and its weight is updated online according to new data (Fekri et al., 2021).

In summary, under the concept of information education, the current situation of sports psychology teaching in colleges and universities based on adaptive learning and deep learning is analyzed, and relevant strategies are formulated. First, the theories of information education, adaptability, and deep learning are introduced, and the current situation of physical and psychological education in colleges and universities in China is analyzed. Second, adaptive learning and deep learning are employed to analyze the model. Finally, the data are analyzed. The purpose is to use information technology to optimize the traditional teaching mode and improve the quality of physical education. The innovation is to implement the model based on adaptive learning, use the automatic encoder based on deep learning to reveal college students’ sports psychology and predict the test results. This study provides technical support for improving the teaching mode of sports psychology education and promoting the transformation of higher education.



THEORETICAL ANALYSIS


Concept of Information Education

Generally speaking, educational informatization is a process of “educational modernization” and a stage of educational development (Tran and Hoang, 2019). Construction is the most important task in educational informatization, including agricultural engineering and the links of universities, families, and society (Qian et al., 2018). Information education is in its infancy and needs to be gradually improved (Chen, 2019). Early education, preschool education, junior middle school education, higher education, or adult education must accept and adapt themselves to the changes (Rogoza et al., 2018). And some educational institutions have obtained huge profits accordingly, including New Oriental, TAL Education Group, iFLYTEK, XueDa education, and Anbo education, which are the first to realize education informatization (Wu and Song, 2019). Education informatization requires that the education system needs to be updated constantly and that teachers should continue to change their teaching methods and use more teaching tools (Wu et al., 2019). However, the imperfection of information-based teaching methods leads to huge problems in the transformation of teaching methods (Wu Y. J. et al., 2020). The interactive mode of the traditional teaching method based on textbooks and teacher-centered cannot meet the requirements of modern education. In this case, information technology can be used to improve the informatization level and save a lot of manpower and time (Yuan and Wu, 2020).

School informatization construction has made remarkable achievements nowadays. Some schools have had a campus network platform, implemented class engineering, and had an information database (Wu W. et al., 2020). Music, video, pictures, and on-site classroom teaching videos are suitable for teachers to carry out discussions in classroom teaching. With the continuous maturity of science and technology, the teaching technology and equipment in the teaching process also become advanced (Wu and Wu, 2017). Informatization refers to the use of multimedia and network technology in classroom teaching to improve teaching quality and make it meet the new requirements of information education. Teaching informatization can make teaching means informatization and teaching methods modernization (Zheng et al., 2018). Through the guidance of teachers and the active participation of students, the teaching tasks can be accomplished efficiently and the all-around development of the students can be realized (Guzel et al., 2020).



Current Situation of Sports Psychology Education

Under educational reform, higher education has entered a new stage. Most colleges and universities begin to attach great importance to the innovation of the teaching mode of physical education (Liu, 2019). Dong et al. (2019) argued that colleges and universities should closely follow the requirements of the new national curriculum standards, pay attention to the cultivation of students’ comprehensive quality, and strengthen the innovation of the teaching mode of physical education. Mohamed et al. (2019) pointed out that the concept of physical education in colleges and universities lacks innovation. Alguliyev et al. (2019) mentioned that it is very important to constantly innovate teaching ideas. Guang (2019) held the idea that the teaching philosophy of colleges and universities should change with the requirements of “moral education and talent training” issued at the 19th National Congress of the Communist Party of China. Yang D. et al. (2020) pointed out that there were still many problems in physical education in some colleges and universities, and the teaching mode needs to be reformed in time. Bossens et al. (2019) mentioned that the poor teaching effect and weak exercise awareness are caused by the phenomenon that the cultivation of students’ comprehensive quality has not attracted enough attention. Tao (2019) pointed out that the teaching mode of physical education in colleges and universities lacks innovation, which greatly affects the teaching quality. Louati et al. (2020) said that the teaching methods of physical education in some colleges and universities are still backward. Huang (2021) pointed out that physical education and psychological education in colleges and universities are theory-oriented, which makes the course boring, and students are easy to lose their interest in learning it. Therefore, in the process of reform, modern science and technology should be employed to change the traditional teaching mode, increase the interaction between teachers and students, arouse students’ interest in the study, and improve their autonomous learning ability. Information education can provide diverse teaching and learning forms in many aspects and improve the teaching quality of physical education and psychological education (Huang, 2021). Montero-Carretero et al. (2019) pointed out that information education in colleges and universities mainly lies in improving students’ autonomous learning, and more research needs to be done on students’ psychological prediction. In short, physical education and psychological education in Colleges and universities are not perfect at present. The recommended test questions are provided to students for improving their autonomous learning based on adaptive learning and deep learning, and a learning and teaching model is implemented by analyzing students’ psychological states.



Adaptive Learning and Deep Learning

An adaptive learning system can automatically change the learning resources according to the states of learners. Students with different performances can be given different tasks in learning the related knowledge and overcome the problem of low learning efficiency due to the lack of interaction in distance education (Li et al., 2019; Yan, 2019). The adaptive learning system is divided into a macro adaptive learning system and a micro adaptive learning system. The former is adaptive based on predetermined criteria, that is, after the required adaptation is determined, the adaptive learning system is mainly composed of five parts: the domain model (displaying the content that students need to learn), the learning model (presenting the content) and learning strategy, the evaluation model (evaluating students’ basic knowledge), the teaching model (encouraging students’ to learn something more), and the adaptation model (determining what students need to learn next) (Yang S. et al., 2020). Figure 1 shows the structure of adaptive learning.
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FIGURE 1. Structure of adaptive learning.


Figure 1 shows that adaptive learning is divided into two parts: student learning and school teaching. Student learning includes students’ learning behavior, their learning strategies, adaptation mode, and domain mode. In general, it refers to students’ learning motivation and their learning content. School teaching includes the school teaching model and evaluation model.

Recurrent neural network in adaptive learning is used to realize the required calculation results step by step. It falls into the input layer, output layer, and hidden layer. The information of one layer in the hidden layer depends on the input layer or the previously hidden information. Through RNN calculation, the parameters can be calculated many times to obtain precise results, and the error can be obtained through reverse multiple calculations (Li et al., 2020). Here, RNN in adaptive learning is used to calculate the values of recall, ndcg, item_coverage, and sps, and the results are accurate. Figure 2 shows the application of neural networks in adaptive learning.


[image: image]

FIGURE 2. Structure of neural network system.


Figure 2 shows that the neural network is composed of neurons and neural layers. the neurons in each layer are connected, but the neurons in the same level are different from each other. the nervous system falls into the input layer, output layer, and hidden layer. the hidden layer is the deepest level, which is mainly used to extract the eigenvalues of data. and the analysis accuracy of the data based on adaptive learning and neural networks is improved.




AN ANALYSIS MODEL OF ADAPTIVE LEARNING


A: Model Theory

In the college sports psychology test, the test content contains psychological knowledge. The difficulty degree of the same knowledge is different in different types of tests. Under this circumstance, targeted practice is needed (Hossain, 2020). First, college students’ pre-judgment ability should be cultivated, and it helps them have high ability in sports psychology tests (Nabipour et al., 2020; Wang P. et al., 2020). The item response theory is used to test students’ sports psychology and helps them acquire relevant knowledge. The model established by the item response theory can test students’ mastery of knowledge and their ability to complete the exam, and predict the completion rate of answering the questions. The following factors should be considered in implementing the model following the item response theory, including the difficulty of sports psychology, the difficulty of test questions, the degree of college students’ mastery of sports psychology knowledge, and the accuracy of predicting college students’ completion of test questions (Wang X. et al., 2020).

When Adaboost is used to practice the model, weight should be given to the sample data involved, and the weight of the sample data is combined to form the D vector. First, each weight value is the same when the weight of the sample data is initialized. A weak classifier is extracted when the model is used to practice, and then the error rate of the classifier is calculated. The calculation method of the specific error rate is as follows:

[image: image]

The data weight in the classifier is calculated by the error rate. The sample weight of classification error is increased and the sample weight of classification correct is decreased. Specific weight calculation equation is:

[image: image]

The calculation equation after adjustment is:

[image: image]

In Eq. 3, parameter t represents the classifier, and parameter i represents the i-th data sample. A new classifier is obtained by adjusting the weight of the data sample, and the above operations are repeated until the accuracy of the classifier reaches 100% or the given iteration times are reached (An, 2020). Finally, the classification results in relatively weak classifiers are weighted, obtaining the final results. Eq. 4 is used to calculate the weight of classifiers.

[image: image]

Through the well-practiced model, the precision rate of college students in completing the sports psychology test and the mastery of the knowledge and the completion of the test are obtained.



B: Score Prediction Under Deep Learning

When students complete the test of sports psychology, they should master the key steps in completing the test, and predict the content when students complete the test (Kato, 2020). However, it is necessary to adjust the difficulty of the sports psychology test in a reasonable range. The content should be rich to evoke the enthusiasm of college students and ensure that most students can complete the test. And the automatic encoder of deep learning is used to extract the high-order data and predict the precision of students’ test questions (Pu, 2021). One of the detection criteria for students’ test questions is to predict scores through the automatic coding of deep learning.

The format of the dataset recording students and sports psychology test questions is “student_id::problem_id::rating::timetamp.” The rating in the above format represents the precision of college students in completing the sports psychology test. The scoring prediction method is to divide the obtained interactive record dataset into two parts: M questions and U students form a matrix. Each row i in the matrix represents the student, and parameter j in each column represents the sports psychology test. When the rating result is 0, the student does not complete the test (Mccann et al., 2019). In the process of practice, an input data sample is set to be represented by parameter X, and the data in the forward transmission process are encoded and decoded sequentially. Finally, the output results are compared with the original student data. The input student data are displayed accurately by adjusting the weight of each layer after the automatic encoder of deep learning is processed. The model after practice can predict the score of college students’ sports psychology test.



C: Data Collection and Processing

The KDD-Cup2010 dataset is used to collect various types of data. KDD-CUP dataset is first applied to top international competitions. Especially during the 2010 competition, the dataset is used to predict students’ math scores. The dataset used in the competition mainly includes 187543 mathematical questions made by 3426 college students, each of which is an accurate record of the specific steps of students in the test (Wang and Jiang, 2021).

According to the characteristics of KDD-CUP dataset and the needs of personalized test questions resources designed by deep learning, the analysis and collation of sports psychology knowledge are realized through KDD-CUP dataset, which shows each question and the procedure completed by the students and obtains the correct and false information of the corresponding knowledge. Then these knowledge points are to calculate the prediction of college student’s mastery of the knowledge of sports psychology. Finally, the last interaction between college students and sports psychology knowledge is conducted to obtain the relevant information for the establishment of the matrix. Through the KDD-CUP dataset based on sports psychology knowledge, the relevant information in sports psychology knowledge is extracted.



D: Detection Standard

The following parameters are set to know about college students’ mastery of the knowledge of sports psychology education: AD represents the average difficulty of the test questions, recall represents the recall rate of the test questions, and F stands for the value of F1.


(1) Precision


Precision is one of the indicators for teachers to test the teaching quality of sports psychology education. It is applied to the personalized learning test recommendation, which means that the proportion of recommendation questions between the total number of hits and the total test R of college psychological test questions practiced by students in the test set as shown in Eq. 5:

[image: image]


(2) Recall



The recall is one of the indicators for teachers to test the teaching quality of sports psychology education, and it is applied to the personalized test recommendation, which means that the proportion of recommendation questions between the total number of hits and the total test T of college psychological test questions practiced by students in the test set, as shown in Eq. 6:

[image: image]


(3) Item_coverage is used to measure the ability of a recommendation system to explore the potential of a project. An excellent recommendation should improve the user experience, and predict the possibility of users completing the goal by using the project, making every project in the system have the opportunity to be recommended as much as possible. Item_coverage is numerically equal to the total number of different items recommended.

(4) Average difficulty of the test questions



The initial purpose of the test questions is to test students’ actual mastery of the knowledge of physical education and psychology education. The test questions should maintain a reasonable difficulty degree, not too difficult nor too simple. It is not very comprehensive to evaluate the experimental results only by using the traditional evaluation parameters (accuracy, recall, F1) recommended based on TOP-N or rating prediction. Therefore, the average difficulty AD of the recommended test questions is proposed as an evaluation parameter of the recommended test results, as shown in Eq. 7:
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Parameter D in Eq. 7 represents the difficulty of the students’ sports psychology test. Parameter n represents the total number of questions. Parameter AD represents the average difficulty of sports psychology test questions. When the value of parameter AD is small, it means that the test question is relatively simple, and it cannot reflect students’ mastery of the knowledge. When it is great, it means that the test questions are difficult, and the overall precision of college students’ answers is low. Therefore, the value of parameter AD should be maintained in a reasonable range as far as possible.


Dataset Source and Analysis

The public dataset is used for verification. The dataset comes from the minority data, and the other three have a large range. The features of the data are extracted and analyzed by neural networks. The dataset is shown in Table 1.


TABLE 1. Dataset and its parameters.

[image: Table 1]
Table 1 shows that the datasets and their detailed information. The validation of datasets can better reflect the practicability and accuracy of adaptive learning and deep learning.





DATA ACQUISITION AND COMPREHENSIVE ANALYSIS OF THE ADAPTIVE LEARNING MODEL


Analysis of the Learning Rate

Figure 3 shows the result of the model data for learning rates.
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FIGURE 3. Model data of learning rates (A: Recall rate; B: Predict the next question; C: Test coverage; D: Quality of test questions. n = Learning rate).


The data in Figure 3 show that the model shows obvious advantages in recall and sps when the learning rate is 0.0001. At the same time, recall is increasing with the increase of exercise. When the exercise exceeds 2600, the number of the data with the learning rate of 0.0001 in sps begins to decline. When the learning rate is kept at 0.001 and 0.0001, the values of ndcg and item_coverage increase first and then remain stable. When the learning rates are 0.1 and 0.01, the values of recall, ndcg and sps remain unchanged. When the learning rate is 0.01, the value of item_coverage changes irregularly. When the learning rate is 0.1, the values of the parameters increase continuously. When the learning rate is 1, the values of the other three parameters keep increasing except that of recall. The value of recall remains stable in the early stage and finally increases. Therefore, the learning rate of 1 is selected as the optimal learning rate of the model.



Analysis on the Adjustment of Dropout Parameter

Figure 4 shows the statistics of the Dropout experiment.
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FIGURE 4. Dropout experiment (A: Recall rate; B: Predict the next test question; C: Test coverage; D: Quality of test questions; i: Dropout value).


According to the data shown in Figure 4, recall, ndcg, item_coverage, and sps in different periods show similar trends and the overall volatility is relatively large, so the best reasonable parameters cannot be determined by the stability of the data. In addition, the trend is changed greatly when the dropout values are 0.4, 0.5, 0.6, and 0.7, and finally, the values of the four parameters decrease differently. When the value of the parameter is 0.8, the trend is also changed greatly and the values of the parameters increase. Therefore, 0.8 is selected as the initial value of dropout, because the values of recall, ndcg, item_coverage, and sps remain an upward trend at last.



Analysis of the Results Compared With Traditional Teaching Methods

Figure 5 shows the statistics of the comparison results between the sports psychology teaching mode and traditional modes.
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FIGURE 5. Statistics of experimental data (A: UserCF method; B: LTM method; C: MarkovChain method; D: Adaptive learning and deep learning mode of sports psychology teaching method).


The data in Figure 5A show that the precision of the students who are taught by the traditional mode in physical and psychological education decrease significantly. And the accuracy rates of UserCF, LTM, and MarkovChain are always maintained at a low level. Only the method designed based on adaptive learning and deep learning in physical and psychological education show a downward trend. Figure 5B shows that the values of recall by using the UserCF method and LTM method in the exercise set of the model are still at a low level and have no great changes. The value of recall by using the MarkovChain method is large but shows a downward trend. The value of recall by using the method based on adaptive learning and deep learning changes greatly, and it is high and shows an upward trend. Figure 5C shows that the value of item_coverage in the exercise set of the model by using the method based on adaptive learning and deep learning declines, and the change of MarkovChain is stable. Figure 5D shows that the test questions recommended by the adaptive learning and deep learning mode of sports psychology teaching method are relatively stable in the difficulty, and the content of the test questions includes various kinds of knowledge related to sports psychology. However, the precision of students’ answers under the UserCF teaching method is not high, and the test questions under the teaching method are easy to answer, which cannot accurately reflect the students’ mastery of the knowledge. After the test under the MarkovChain teaching method, it is found that the difficulty of the test questions is not stable, and cannot make an accurate prediction of students’ achievements. Based on the above data, it can be concluded that the values of all the parameters of the method based on adaptive learning and deep learning in physical and psychological education are relatively stable, and the method has the advantage to distribute values compared with other methods. The analysis shows that the personalized learning resource recommendation method based on deep learning is stable under different data volumes, and the difficulty of the student personalized recommendation test is moderate. And the following optimization strategies should be developed: (1) Students’ participation is the key to optimizing immersion. Teachers can provide students with more knowledge, carry out relevant classroom activities through classroom teachings, such as thematic research, exchange of ideas, group training, and thematic discussion. (2) In the course of preparing lessons, teachers should put forward some effective problems, stimulate students’ thinking ability and broaden their horizons. They can only guide students to think independently. (3) Grasp the key points. With the implementation of the new curriculum reform, classroom teaching under this concept shows a dynamic effect. In a dynamic classroom, how to master knowledge is a problem to be solved. In the classroom practice and perception, students’ creative thinking should be promoted, so that students can gradually learn by themselves.




DISCUSSION

The current situation and teaching strategies of physical and psychological education in colleges and universities are explored under the concept of information education. The research results that the teaching concept based on adaptive learning and deep learning has great advantages in all aspects. First, in terms of the learning rate, the learning effect is the best when the learning rate is 1. Second, when the output value is 0.8, the learning parameters change and show an upward trend. Finally, compared with the traditional teaching mode of physical and psychological education, the teaching mode based on adaptive learning and deep learning is better than other teaching modes. Beth et al. (2019) conducted a study on students’ learning mode and teachers’ teaching mode and found that the school’s teaching quality is improved and students’ autonomous learning ability is improved; the personalized recommendation system provides students with appropriate test questions and learning methods for students. The research provides technical support for the improvement of teaching work to improve students’ overall learning ability. Compared with the teaching method proposed by Gong (2019), the teaching mode proposed tends to be information-based, provides technical support for the development of physical education, and improves the teaching quality of physical education. And the designed psychological test questions are comprehensive, which can let students master all kinds of psychological knowledge and improve their learning ability.



CONCLUSION

Under information education, the current situation and strategy formulation of physical education and psychological education in colleges and universities is explored through adaptive learning and deep learning. After the relevant theories of adaptive learning and deep learning are introduced, an adaptive learning analysis model is implemented to reveal college students’ sports psychology by using the automatic encoder of deep learning. Through the model test, it is found that when the learning rate is 0.1, 0.01, and 0.0001, the values of recall, ndcg, item_coverage, and sps change a little. Therefore, the learning rate of 1 is selected as the optimal learning rate of the model. In the final comparison results, it is found that adaptive learning and deep learning models are more targeted to students’ learning in terms of test difficulty and accuracy than other methods. Therefore, using the recommended test questions based on adaptive learning and deep learning, the current situation of the teaching mode of physical and psychological education is analyzed, and a more competitive teaching method is proposed. Although the teaching mode is relatively perfect, it has defects in practical application, and not all students are suitable for the model. Therefore, in future research work, the model based on adaptive learning and deep learning should be improved according to the characteristics of students.
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The quality of Innovation and Entrepreneurship Education (IEE) in higher institutions is closely related to the degree to which the undergraduates (UGs) absorb relevant innovation and entrepreneurship knowledge and their entrepreneurial motivation. Thus, an effective Evaluation of Educational Quality (EEQ) is essential. In particular, fault tree analysis (FTA), a common EEQ approach, has some disadvantages, such as fault data reliance and insufficient uncertainties handleability. Thereupon, this article first puts forward a theoretical model based on the deep learning (DL) method to analyze the factors of IEE quality; consequently, based on the traditional FTA, fuzzy fault tree analysis (FFTA) is proposed to evaluate the reliability of IEE classroom teaching for college teachers and students. Finally, based on the top event of entrepreneurial teaching failure, the hyper-ellipsoid model is implemented to restrict the interval probability of basic events and describe the deviation of uncertain events. Furthermore, the model accuracy is verified by a questionnaire survey (QS), based upon which the factors of IEE quality are analyzed. The results show that the designed QS has good reliability, validity, and fitness; the path coefficients of cooperative ability to critical thinking and innovative thinking are 0.9 and 0.66, respectively, indicating that the students’ cooperative ability plays a vital role in the classroom teaching. By calculation, the probability of “teaching failure” in entrepreneurial classroom teaching is 0.395, 3, 0.462, and 5. To sum up, the proposed method can effectively and quantitatively evaluate the quality of IEE in higher institutions, thus providing a certain basis for formulating relevant improvement strategies. The purpose is to provide important technical support for improving the IEE quality.
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INTRODUCTION

With the expanding recruitment of Chinese higher institutions, the undergraduate (UG) number increases year by year, and the pressure of job competition is increasing. In this case, entrepreneurship becomes one of the solutions to the problem for college graduates. Some data show that college graduates in China from about 5 million in 2010 to nearly 9 million in 2019, but the employment rate of college graduates is only about 70%, and less than 5% of college graduates choose to start their own businesses (Wei et al., 2019; Jena, 2020). Therefore, under the trend of “mass entrepreneurship and innovation,” perfecting the curriculum system related to entrepreneurship in higher institutions and improving the quality of UGs’ entrepreneurship become the focuses of scholars in relevant fields. Classroom teaching is a teaching method formed by integrating many related factors, such as educational objectives, teaching methods, teaching contents, and evaluation (Lee et al., 2018). The improvement of Innovation and Entrepreneurship Education (IEE) quality in higher institutions can promote UGs’ innovation and entrepreneurship ability and strengthen their entrepreneurial motivation. Therefore, it is necessary to evaluate the IEE quality in higher institutions to unveil the existing problems of the current teaching modes, based upon which targeted improvement strategies can be put forward to improve the employment rate of UGs (Li et al., 2020).

Literature review suggests that, at present, the checklist of the multi-index comprehensive evaluation method is often used to evaluate the reliability of IEE classrooms for college teachers and students. The advantage of this method is simplicity, easy operability, and satisfactory evaluation results (Adem et al., 2017; Chen, 2019). So far, scholars have evaluated the reliability of classroom teaching, mainly from the cultivation of learners’ learning interests and the stimulation of spontaneous learning awareness, which, however, belong to qualitative research and lack quantitative research. Today, the Evaluation of Educational Quality (EEQ) based on fault tree analysis (FTA) theory has become a hot research topic to improve the quality of classroom education and teaching in higher institutions. Relevant literature has focused on relatively simple methods, such as correlation analysis and descriptive statistics to evaluate the reliability of classroom teaching, which is a superficial analysis in terms of the factors of teaching quality and cannot understand its internal specific structure (Kermany et al., 2018; Rajkomar et al., 2018). The FTA method is proposed in the middle of the 20th century, which has a clear logic when evaluating the reliability of things, and intuitiveness, and high accuracy.

However, FTA relies heavily on relevant data to accurately determine the probability of the bottom event (Ravi et al., 2017; Yuge and Yanagi, 2017). In practical applications, fault data are often difficult to obtain; moreover, the system fault mechanism and the relationship between events are uncertain under fault tree with multiple bottom events; the failure probability (FP) ranges immensely after the top event analysis (Sang et al., 2019). Thereupon, this paper first puts forward a theoretical model based on the deep learning (DL) method to study the factors of IEE quality; then, based on the traditional FTA, fuzzy FTA (FFTA) is proposed to evaluate the reliability of IEE classroom teaching for college teachers and students. Finally, based on the top event of IEE failure, the hyper-ellipsoid model is used to restrict the interval probability of basic events and describe the deviation of uncertain events. Furthermore, the model accuracy is verified by a questionnaire survey (QS), and the factors of IEE quality are analyzed. The purpose is to provide important technical support for improving the IEE quality.



RELEVANT THEORETICAL ANALYSIS AND MODEL IMPLEMENTATION


Deep Learning

Deep learning is a concept put forward by American scholars in the second half of the 20th century. Initially, DL aims to explore learners’ learning investment and mastery of knowledge. In the process of learning, learners will adopt different strategies to master knowledge. Learning methods can be simply divided into in-depth learning and superficial learning. Deep learners will think, understand, and put forward questions in the process of learning, whereas superficial learners do not pay attention to the understanding of knowledge but acquire knowledge through passive memory. Obviously, DL is superior to superficial learning (Vaurio, 2017). Furthermore, a comparison is made between in-depth learning and superficial learning, as shown in Figure 1 (Chen et al., 2017a,b).


[image: image]

FIGURE 1. Comparison of deep learning (DL) and superficial learning.


At present, there is no unified definition of DL, but based on relevant literature, scholars define DL mainly from the following four aspects, as shown in Figure 2 (Kim et al., 2017; Stillman et al., 2018; Chipamaunga and Prozesky, 2019; Ichsan et al., 2019).


[image: image]

FIGURE 2. Definition of deep learning (DL) from different perspectives.




Implementation of Hypothesis Model in the Process of Deep Learning

Based on the relationship between factors of DL, a theoretical model is implemented, and the QS method is used to test the model in higher institutions to improve the teaching quality of IEE classrooms. The proposed DL hypothesis model is shown in Figure 3.


[image: image]

FIGURE 3. Hypothetical model of UGs’ DL process. DL, deep learning; UG, undergraduate.



Learning Motivation

Learning motivation refers to the internal motivation of learners to carry out learning activities or maintain the existing learning state. The strength of learning motivation can be seen through learners’ learning initiative. The stronger learners’ learning initiative is, the stronger their learning motivation is. Moreover, learning motivation plays an important role in promoting learning. For example, in life and schools, when learned are rewarded every time they successfully remember some knowledge points, their learning process will be greatly promoted (Darwish et al., 2017; Yan and Jackson, 2017). Thereupon, the following hypothesis is put forward:


H1:Strong learning motivation improves learners’ memorization.





Superficial Learning

Superficial learning refers to the passive new knowledge learning to fulfill a task or avoid punishment, which mainly relies on memorization, comprehension, and understanding. Memorization, in particular, is the minimum requirement for learners in the cognitive process, which mainly refers to the ability to recall the mastered knowledge, methods, and theories. By contrast, comprehension and understanding are the in-depth perceptions of knowledge based on memorization, and the integration of old and new knowledge into applications (Liu et al., 2019; Yan et al., 2019). Hence, memorization can promote learners’ further mastery of knowledge. Accordingly, the following hypothesis is put forward:


H2:Strong memorization further promotes the perception of knowledge.





Deep Learning

When transferring knowledge, learners should have a deep understanding of knowledge (based on which hypothesis H3 is put forward). The ability to transfer knowledge is conducive to improving learners’ problem-solving ability (based on which hypothesis H4 is put forward). In Bloom’s cognitive structure, transferability and problem-solving ability, the ability to evaluate and solve problems, and critical thinking and innovative thinking belong to the stages of application analysis, evaluation, and synthesis (Wu and Song, 2019; Wu et al., 2020), and accordingly to which hypotheses H5, H6, and H7 are put forward, respectively.


H3:A deep understanding of knowledge is favorable to the transfer and application of knowledge.

H4:Strong knowledge transferability is favorable for learners to solve practical problems.

H5:Strong knowledge transferability is favorable to learners’ reflection on their learning process.

H6:The improvement of learners’ evaluation and reflection ability is favorable to the development of critical thinking.

H7:The improvement of learners’ evaluation and reflection ability is favorable to the development of innovative thinking.



In the process of learning, students can improve their abilities from all aspects through cooperative learning. For example, through cooperation, group members’ enthusiasm will be affected by each other, thereby improving their learning motivation (Hortiguela-Alcala et al., 2019; Namaziandost et al., 2019); based on this, hypothesis H8 is proposed. On the other hand, learners can also benefit from reviewing others’ views and memories, hence deepening their understanding and analyzing each other’s views; in this process, learners’ faculty of memory is enhanced (Amini, 2019), along with understanding (Sumarni et al., 2018), knowledge transference, and application (Indrayati, 2019), and problem-solving (Jalinus et al., 2019) skills; based on this, hypotheses H9, H10, H11, and H12 are put forward. Additionally, everyone has their unique ways of understanding and tackling problems, through the comparison of which, their ability to evaluate problems and reflect can be substantially boosted (Erdogan, 2019), and critical thinking (Huang et al., 2017; Sanchez-Hernandez et al., 2018) and innovative thinking (Hasan et al., 2019) capabilities; based on this, hypotheses H13, H14, and H15 are proposed. Therefore, the ability of cooperative learning is indispensable in the learning process. Thereupon, the following hypotheses are put forward:


H8:Cooperative learning improves learning motivation.

H9:Cooperative learning improves learners’ memorization.

H10:Cooperative learning improves learners’ ability to understand and comprehend knowledge.

H11:Cooperative learning improves learners’ knowledge transferability and application.

H12:Cooperative learning improves learners’ problem-solving ability.

H13:Cooperative learning improves learners’ evaluation and reflection ability.

H14:Cooperative learning improves learners’ critical thinking.

H15:Cooperative learning improves learners’ innovative thinking.






Fuzzy Fault Tree Analysis

Under the traditional FTA, it is necessary to clarify the possibility of failure of each component, which is difficult under the current technologies. The commonly used logic gates in the traditional FTA to analyze the relationship between events are the AND gate and OR gate, but in practice, the relationship between events has great uncertainty (Deng et al., 2021; Liu and Chen, 2021). Therefore, the FFTA is introduced to make up for the shortcomings of the traditional FTA.

Given the complexity and diversity of the relationship between actual events, a T–S fuzzy fault tree is constructed based on the traditional fuzzy number, which uses the T–S gate instead of the AND gate and OR gate. However, the specific algorithm for the importance of the T–S fuzzy fault tree is not yet available, and the importance of the algorithm for the traditional fault tree is extended in the relevant literature. Accordingly, the corresponding calculation of the T–S fuzzy fault tree is obtained (Wu et al., 2020; Liu et al., 2021). The model structure of the T–S fuzzy fault tree is shown in Figure 4:


[image: image]

FIGURE 4. T–S fuzzy fault tree model.


In Figure 4, X1, X2, and X3 represent bottom events. The working principle of the fault tree model: the fault data of top events can be calculated through the T–S gate according to the upper fault data.

(1) Fuzzy number: When historical fault data are insufficient, or the system operating environment is unstable, the probability of component failure is uncertain. Therefore, this article adopts the concept of fuzzy numbers to describe these uncertain events, which can use the interval number in [0–1] to describe the fault degree of components, as shown in Figure 5.


[image: image]

FIGURE 5. Fuzzy numbers and event description.


(2) Model and algorithms: As a relatively fuzzy reasoning model, the T–S model uses few IF-THEN rules when constructing complex non-linear functions. Here, [image: image], [image: image], and (b1,b2,… bkn) present the fault degree of bottom event a and the top event b, respectively. Then, Equations (1) and (2) are obtained:

[image: image]

[image: image]

When rule l(l = 1,2,…,n) is given, if the fault degree of a1 is [image: image], and [image: image], then the probability of the fault of the top event with the degree of b1 and b2 is Pl(b1) and Pl(bkn), respectively, where i1 = 1,2,…,k1,…,in = 1,2,…,kn, the total number of l can be obtained, m = k1k2…kn.

The fuzzy possibility of failure of the bottom event is denoted as [image: image]. Then, the calculation of the fuzzy possibility of rule l reads:

[image: image]

Based on this, the calculation of the fuzzy possibility of top events reads:

[image: image]

When the fault degree of the bottom event is known, the fuzzy possibility of the top event can be obtained according to the T–S model, as shown in Equation (5):

[image: image]

where

[image: image]

If the fuzzy possibility of bottom events is known, the fuzzy possibility of top events can be calculated according to the relevant rules of T–S and the fuzzy possibility of top events can be deduced according to the fault degree of bottom events.



Hyper-Ellipsoid Model Theory

When describing the probability uncertainty of bottom events, the ellipsoid domain of the hyper-ellipsoid model can be used, and its size can describe the deviation degree of uncertain events. The set of ellipsoidal domains is composed of the probabilities of all underlying events in the fault tree, which can be described as in Equation (7):

[image: image]

where ai is the nominal value, and bi is the deviation; xi is the probability of occurrence of each bottom event. The calculations of ai and bi are shown in Equations (8) and (9):
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The AND-gate interval operator and logic gate symbol based on the hyper-ellipsoid model are shown in Equations (10)–(13):

[image: image]
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which satisfies Equation (13):

[image: image]

The interval operator and logic gate symbol of the OR gate is shown in Equations (14)–(17):

[image: image]
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which satisfies Equation (17):

[image: image]



Questionnaire Survey Design and Implementation Method


Research Subject

This section surveys teachers and students from Yunnan S University, a comprehensive university with both Liberal Arts and Science and Engineering majors. Specifically, the Literature, History, Philosophy, Economics, Management, Law, Education, and Art are classified as Liberal Arts majors, whereas Science, Engineering, Agriculture, and Medicine are classified as Science and Engineering majors. Overall, 300 Liberal Arts and Science and Engineering students, covering freshmen to seniors, are selected together with 20 teachers.



Preparation of Questionnaire Survey

The purpose is to evaluate the IEE quality in higher institutions. Under the background of DL, the QS on the IEE classroom teaching process of college teachers and students is devised based on the QS of DL subscale. The QS includes two parts, as shown in Figure 6.


[image: image]

FIGURE 6. QS design of IEE classroom teaching process for college teachers and students. QS, questionnaire survey; IEE, Innovation and Entrepreneurship Education.


Figure 6 displays that the QS consists of two parts: basic information of teachers and students and teaching satisfaction, totaling 42 questions: 3 and 39 in the first and second parts, respectively, and the second part involves nine dimensions. Likert’s 5-point scale is employed for the QS scoring, and the numbers 1–5 are used to represent “completely inconsistent” to “fully consistent,” respectively (Liu et al., 2021). The specific QS is illustrated in the Supplementary Appendix.



Formal Distribution and Recovery of Questionnaire Survey

Totally, 320 QSs are distributed, 310 ones are recovered, and the eight invalids are excluded, including 302 valid QSs, with an effective recovery rate of 94.38%. Then, IBM SPSS 22.0 (IBM SPSS, Armonk, NY, United States) is used to process and analyze the data. The main statistical methods include descriptive analysis, independent sample t-test, ANOVA, correlation analysis, and regression analysis. The basic feature distribution of samples is presented in Table 1.


TABLE 1. Basic features of QS samples.

[image: Table 1]


Reliability and Validity

Reliability and validity test of the QS: SPSS is employed for reliability analysis and factor analysis of the QS. After calculation, the Kaiser Meyer Olkin (KMO) value is 0.973, close to 1, and sig (0.000) is significant.

Cronbach’s α coefficient is used to test the reliability of the nine dimensions in the second part of the QS. The specific calculation reads as follows:

[image: image]

where K is the number of topics; [image: image] is the variance of the total score; [image: image] is the variance of the score of question i.

Furthermore, IBM SPSS 25.0 and AMOS 21.0 software (IBM SPSS, Armonk, NY, United States) are used to analyze the collected QS data, and the structural equation model is used to test the hypothetical model. The structural equation model integrates the two statistical methods of path analysis and factor analysis. The main process is shown in Figure 7.


[image: image]

FIGURE 7. The basic process of structural equation model statistics.


Chi-square degree of freedom (DOF) ratio, square root of the mean square sum of progressive residuals (RESEA), fitting index (FI), and comparative fitting index (CFI) are commonly used in structural equation models, which are specifically selected here to test the fitting degree of the model used in this study.

Chi-square DOF ratio (χ2/df): Chi-square χ2 indicates the fitting degree between the variables in the constructed model and the obtained data. When χ2 = 0, the fitting effect is the best, and then, the matching degree between the variables in the model and the observed data is the highest. The specific calculation equations read:

[image: image]
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where S is the matrix sequence constructed by the obtained data; Σ is the matrix constructed by the hypothesis model; Σ(0) is the sum of the elements on the diagonal in the matrix. The number of variables and data samples will affect the value of χ. Therefore, this paper uses χ2/df to judge the fitting degree of the model.

RESEA: the specific calculation of RESEA reads:

[image: image]

where F0 is the value of the difference function; df is the degree of freedom. The smaller RESEA is, the better the fitting effect between the representative data is.

Fitting indexes (GFI/AGFI): GFI refers to goodness-of-fit index; adjusted GFI (AGFI) adjusts the fitting index to eliminate the influence of DOF in GFI. The calculation of GFI and AGFI reads as follows:

[image: image]

[image: image]

where S is the matrix sequence constructed with actual data; Σ is the matrix sequence constructed according to the hypothesis model; Σ(0) is the independent matrix; df is the degree of freedom. Generally, when GFI and AGFI are greater than 0.9, the model has a good fitting effect.

CFI: the calculation of CFI reads:

[image: image]

where [image: image]–χ2 between the hypothesis model and the actual data; dfT and dfN are the degrees of freedom between the hypothesis model and actual data. Generally, when CFI > 0.9, the fitting effect of the data is good, and the fitting effect is the worst at CFI = 0.8.





RELIABILITY EVALUATION AND ANALYSIS OF INNOVATION AND ENTREPRENEURSHIP EDUCATION CLASSROOM TEACHING


Questionnaire Survey Result and Hypothesis Model Test


Statistical Results

IBM SPSS 25.0 (IBM Corp., Armonk, NY, United States) is used to analyze the nine dimensions in the QS, and the Cronbach’s α coefficient is obtained, as shown in Figure 8.


[image: image]

FIGURE 8. Cronbach’s α coefficient of each dimension in the questionnaire survey (QS).


Factor analysis of the QS shows that the validity of the QS is 75.18%. Thus, the QS on the IEE classroom teaching of college teachers and students has good reliability and validity and can effectively evaluate the reliability of IEE classroom teaching.



Measurement Model Fitting Test Results

The hypothesis testing mainly tests the chi-square DOF ratio, RESEA, GFI, and CFI of the hypothetical model. AMOS 21.0 is used to analyze 302 QSs collected. The evaluation criteria and fitting results of the model fitting degree are shown in Figures 9, 10 (Abebe, 2019; Atitsogbe et al., 2019; Abulela and Davenport, 2020; Liu, 2021).


[image: image]

FIGURE 9. Evaluation criteria of model fitting degree.



[image: image]

FIGURE 10. Hypothesis model fitting value.


RESEA,-square root of the mean square sum of progressive residuals; GFI, the goodness of fit index; AGFI, adjusted GFI; CFI, comparative fitting index.

Figure 10 displays that the value of χ2/df is 4.819, which is between 1 and 5, indicating a good degree of fitness; the value of RMSEA is 0.046, which is less than the critical value of 0.05; the values of CFI, AGFI, and CFI are 0.896, 0.882, and 0.917, respectively, which are greater than 0.8. The above data show that the theoretical model based on the DL process has a good fitting effect with the data from the actual investigation.



Structural Model Test

According to the fitting results of the hypothesis model in Figure 10, the path in the hypothesis model is tested, and the parameter significance and rationality test are taken as the test criteria. The results are shown in Figure 11.


[image: image]

FIGURE 11. Parameter test value of the structural model. (A) Test value of S.E. (B) Test value of C.R. (C) Test value of β).


Figure 11 illustrates that all 15 hypotheses paths meet the significance test, but the C.R. values of paths H6 and H7 are − 2.514 and − 2.244, respectively, and the β values are − 0.18 and − 0.14, respectively, which are negative, indicating that the influence of independent variables on dependent variables is negative; That is, “The enhancement of learners’ evaluation and reflection ability will not promote the development of critical thinking and innovative Thinking,” which is contrary to the original hypothesis, so the hypotheses paths H6 and H7 are not tenable.

Since the hypotheses paths H6 and H7 are not tenable, these two paths are deleted, and the hypothetical model is revaluated. The fitting value of the modified structural model is shown in Figure 12.


[image: image]

FIGURE 12. Fitting value of the modified structural model.


The parameter values of each path of the modified structural model are shown in Figure 13.


[image: image]

FIGURE 13. Parameter test value of the modified structural model. (A) Test value of S.E. (B) Test value of C.R. (C) Test value of β).


Figure 13 shows that the significance test and rationality test of each path of the modified structural model meet the critical value, and the test result is valid.



Research Results

In summary, there is a specific correlation between the nine factors of the DL process. Through analysis, the following two ways can be concluded to promote UGs’ DL and improve the efficiency of IEE classroom teaching in higher institutions, as shown in Figure 14:


[image: image]

FIGURE 14. Two paths for UGs’ DL. DL, deep learning; UG, undergraduate.


Figure 14 reveals that in the process of IEE classroom teaching in higher institutions, learners’ problem-solving ability and evaluation and reflection ability will be significantly affected by learning motivation, but the above two learning paths have not developed learners’ critical and innovative thinking. Learning motivation plays a crucial role in learners’ learning process and is a prerequisite for superficial learning and DL. Before learners reach DL, they must go through superficial learning. After calculation, the path coefficients of cooperative ability to critical and innovative thinking are 0.9 and 0.66, respectively, indicating that learners’ cooperative ability promotes critical and innovative thinking.

To sum up, in the IEE classroom teaching, UGs generally lack critical and innovative thinking. At the same time, learners’ learning motivation and cooperation ability are the keys promoting the development of learners’ critical and innovative thinking.




Reliability Analysis of Innovation and Entrepreneurship Education Classroom for College Teachers and Students Based on Fuzzy Fault Tree


Construction of Fuzzy Fault Tree of Innovation and Entrepreneurship Education Classroom System

Furthermore, relevant literature is reviewed, based on which the fault tree model structure is constructed, as shown in Figures 15, 16.


[image: image]

FIGURE 15. Fuzzy fault tree of classroom teaching effect.



[image: image]

FIGURE 16. Fuzzy fault tree bottom events.


Figures 15, 16 show that the top event is “classroom teaching effectiveness.” The causes of classroom teaching failure can be analyzed from three points: teachers, students, and environment, which are regarded as the intermediate events of the fault tree (Zheng and Ke, 2020; Zheng and Liu, 2020). Then, the factors affecting teachers, students, and environment are found to determine the bottom event of the fault tree, including ten aspects: students’ learning attitude, motivation, and methods; teachers’ teaching level, teaching methods, and personal charm, and also teaching content; the establishment of experimental class, exercise class, and classroom management (Zheng et al., 2015).

The logical relationship between events can be described by logic gates. Since the completion of the top event requires the joint action of intermediate events, such as teachers, students, and the environment, any problem in any intermediate link may affect the normal progress of the top event, and the lower-layer events also jointly affect their upper-layer events. AND-gate structure is used to connect the relationship between intermediate events and bottom events. After the basic events are simplified, the lower-layer bottom events are obtained. The bottom events are composed of questions that students can easily answer. Because these questions are mutually exclusive, the OR-gate structure is selected to connect the lower-level bottom events. The probability interval of the bottom events is determined according to the above-established model and ellipsoid model theory, as shown in Figure 17.


[image: image]

FIGURE 17. Probability of each bottom event of IEE classroom teaching effectiveness in higher institutions. IEE, Innovation and Entrepreneurship Education.




Probability Analysis of Classroom Teaching Effectiveness of Entrepreneurship in Higher Institutions Based on Ellipsoid Model

Here, the double-layer Monte Carlo sampling simulation method is selected to calculate the probability of “classroom teaching failure” for the top events. The Monte Carlo sampling simulation estimates and describes the statistics of the function after sampling or simulation test of random variables and then obtains the approximate solution of engineering technical problems (Yuan and Wu, 2020; Xue and Deng, 2021). The main difference between the hyper-ellipsoid model and the interval model lies in outer sampling. When an interval model is used to sample the FP interval for bottom events, samples do not need to be screened, and they are regarded as effective samples. Under the hyper-ellipsoid model, samples are evaluated through the hyper-ellipsoid convex region equation. If the conditions are not met, it is necessary to resample. The FP estimation process based on the hyper-ellipsoid model is shown in Figure 18.


[image: image]

FIGURE 18. Monte Carlo sampling flowchart under the hyper-ellipsoid model.


According to the Monte Carlo sampling flowchart under the hyper-ellipsoid model, the reliability of IEE classrooms for college teachers and students is analyzed. According to the structure of the constructed fuzzy fault tree, after the probability of occurrence of the bottom event is determined, the probability of occurrence of the corresponding top event can be calculated according to the fault tree under the hyper-ellipsoid model. The specific calculation results are shown in Figure 19.


[image: image]

FIGURE 19. Event probability diagram of each layer.






DISCUSSION

As a carrier of implementing IEE, the IEE curriculum has been given much concern. The main content of IEE only involves the connotation and significance of entrepreneurship, entrepreneurship spirit, and entrepreneurship laws and policies. Through the organic integration of innovative and entrepreneurial courses and professional curriculum systems, innovative and entrepreneurial practice is effectively linked to teaching practice (Almahry et al., 2018; Fiore et al., 2019). A theoretical model is designed by using DL, and an ellipsoid model is established based on FFTA. Through reliability analysis, it is found that UGs generally lack critical and innovative thinking, and students’ motivation for study and their cooperation ability are the key to promote the development of their critical and innovative thinking. Therefore, teachers should pay attention to the cultivation of students’ critical thinking and the enhancement of student’s learning motivation and cooperation ability, and appeal to parents and relevant social departments to join in the entrepreneurial education and provide a real entrepreneurial environment for students.

It is necessary to establish a diversified teaching system that combines IEE with professional education, and student’s ability to innovate, discover entrepreneurial opportunities, and carry out entrepreneurial practice should be improved. The basic courses of IEE should be wider, more targeted, and practical (Boldureanu et al., 2020). Through investigation and analysis, the theoretical model designed can be applied to practice, and the ellipsoid model can be used to analyze the reliability of entrepreneurial classroom teaching. The results show that the path coefficients of cooperative ability to critical thinking and innovative thinking are 0.9 and 0.66, respectively, indicating that students’ cooperative ability plays a vital role in classroom teaching. After calculation, the probability of “teaching failure” in entrepreneurial classroom teaching is (0.3953, 0.4625). Therefore, the use of DL and FFTA can accurately evaluate the reliability of IEE classroom teaching in higher institutions, which is helpful to improve the quality of IEE classroom teaching.



CONCLUSION

To improve the quality of IEE classroom teaching for college teachers and students, this study uses the QS method and software engineering method to evaluate the reliability of IEE classrooms for college teachers and students based on DL and FFTA, respectively; then, the model accuracy is verified by QS, and the factors of IEE quality are analyzed. The results show that: (1) the designed QS has good reliability, validity, and fitness; (2) the evaluation outcome suggests that the path coefficients of cooperative ability to critical thinking and innovative thinking are 0.9 and 0.66, respectively, indicating that students’ cooperative ability plays a vital role in classroom teaching; and (3) after calculation, the probability of “teaching failure” in the IEE classroom is (0.3953, 0.4625). Through comprehensive analysis, the conclusions are summarized below:


(1)After the theoretical model of DL is established and tested, factors from nine dimensions affect the quality of IEE classroom teaching, and there is a specific correlation between these nine factors in structure and quantity. In classroom teaching, learners’ learning motivation and cooperative ability play a crucial role in their DL.

(2)The teaching process is analyzed based on the fuzzy fault tree and calculated by the Monte Carlo simulation method. The probability interval of the top event of IEE classroom teaching failure of college teachers and students is (0.3953, 0.4625), thereby quantitatively evaluating classroom teaching reliability.



Some shortcomings might need further exploration and adjustment: (1) only teachers and students of S University in Yunnan Province are selected for experimental research, so under the limited data scale, the research results lack representative; and (2) the model variables in FFTA are not explicitly analyzed. In the follow-up, it is expected to expand the sample size to verify and improve the theoretical model to obtain more objective and accurate evaluation; meanwhile, the appropriate fuzzy variables will be selected along with membership functions according to the actual situation, which is of great significance to improve the reliability of IEE classroom teaching. The purpose is to provide important technical support for improving the IEE quality.
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The rapid improvement of technologies such as artificial intelligence in recent years has resulted in the development of smart technologies (ST) that can influence learning performance in different fields. The purpose of study is to explore the link between smart technology and learning performance. Using the S-O-R model as a framework, the researchers argue that smart technology (Stimuli) will increase corporate trust, self-efficacy, and well-being (Organism), resulting in improved learning performance (Response). The current model regards corporate trust and self-efficacy as relationship factors and investigates their direct influence on employee well-being and learning performance and the mediating role played by these variables. Additionally, the function of employee well-being in moderating the relationship between corporate trust, self-efficacy, and employee learning performance is also explored. The respondents (n = 516) in the present study are made up of employees from 10 logistics companies located in China. The data analysis is conducted using the AMOS software. The results show that that smart technologies can affect learning performance through corporate trust, self-efficacy, and employee well-being. The implementation of smart technology initiatives by corporations may provide positive workplace outcomes for employees (increased well-being), corporations (more engagement in workplace learning performance), and the relationship between employees and the companies that employ them (corporate trust and self-efficacy).

Keywords: smart technology, learning performance, well-being, self-efficacy, corporate trust


INTRODUCTION

The rapid improvement of technologies such as artificial intelligence in recent years has resulted in the development of smart technologies (ST). Such technologies not only enable significant efficiency gains in the industry but are also becoming an increasingly important competitive factor (Kuhn and Lucke, 2021). Meanwhile, smart technologies, such as artificial intelligence, act as integrative mechanisms and affect learning performance in different fields (Rane et al., 2020). Moreover, the COVID-19 pandemic has brought about significant changes in employee training, as seen in the logistics industry. More specifically, it has substantially compromised the training activities that can be provided, thus leading to a slowdown in learning performance (Prentice and Nguyen, 2020). To facilitate continuity of logistics training during such circumstances, it became necessary to implement alternative training methods using smart technologies. In practice, smart technologies such as artificial intelligence (AI) are upending corporate models and transforming how people operate around the world. For example, AI can instantaneously respond to learners' questions and provide customized replies, which boosts learning performance. At the same time, these smart technologies have a significant impact on jobs and tasks in addition to generating potential improvements in organizational efficiency (Braganza et al., 2021). In light of recent technological advancements, such as the ability to use AI technologies to improve learning performance in training provided by logistics companies, there is a clear need to fully investigate how smart technology can benefit employees in light of corporate requirements (Kaleel Ahmed et al., 2018). Meanwhile, the ubiquitous adoption of smart technologies such as AI in the workplace is likely to affect the learning performance of employees. However, very little research has been carried out in this area (Marmier et al., 2021; Arias-Pérez and Vélez-Jaramillo, 2022). This article will develop and test a model to describe how essential elements affect employees' perceptions of learning using smart technology to suit corporate needs and present the results.

The organizational literature highlights employee workplace well-being as a critical Research Topic (Erdil and Ertosun, 2011; Sadick and Kamardeen, 2020; Liu-Lastres and Wen, 2021). Some experts argue that smart technology might help us to better comprehend employee well-being (Hänsel, 2016; Papagiannidis and Marikyan, 2020; Sequeiros et al., 2021). However, at present, there is a lack of research into the influence of smart technology on employee well-being in the context of logistics training. This is somewhat puzzling as many logistics personnel have direct contact with customers, and employee well-being is associated with various outcomes that can positively influence employee attitudes toward customers and learning performance. As previously stated, a deeper knowledge of the factors that impact employees' well-being has proven to be particularly essential for this business. On this basis, there is an urgent need to resolve the issue of whether increased smart technology usage improves learning performance for employees in terms of well-being, trust and self-efficacy. Currently, few pieces of research have been carried out investigating this field, and as such, the present paper looks to address this gap.

As Erdil and Ertosun (2011) explain that when people engage with a stimulus (S), their internal state (O) is nourished, which in turn induces reactions (R) (Erdil and Ertosun, 2011; Perumal et al., 2021). In the researchers' original S-O-R model, many components of the physical environment serve as external stimuli, to which individuals can respond. They argue that the organism in the model consists of an internal structure and the process between any final reactions and external inputs, as opposed to just the final reactions themselves. Lee et al. (2011) build on this construction, posting that stimuli (such as object stimuli and social psychological stimuli) induce people's cognitive and emotional states, which in turn drive behavioral responses such as approach or avoidance (Lee et al., 2011; Lee and Min, 2021).

This study aims to look at the link between smart technology and learning performance. Using the S-O-R model as a framework, the researchers argue that smart technology (Stimuli) will cultivate corporate trust, self-efficacy, and well-being (Organism), resulting in improved learning performance (Response) (Lee et al., 2011). The current model characterizes corporate trust and self-efficacy as relationship factors and investigates their direct influence on employee well-being and learning performance, in addition to the mediating role these variables play. Additionally, the function of employee well-being in moderating the relationship between corporate trust, self-efficacy, and employee learning performance is also explored.

Taken collectively, the present research's contributions for academics and practitioners are 4 fold: Firstly, it considers previous academics' proposals to further investigate social consequences linked with smart technology activities. The study explores employee well-being and learning performance as potential social consequences of smart technology utilization and evaluates how they are related. Secondly, this study puts corporate trust and employee self-efficacy forward as key relationship variables that might serve as mediators in the context of logistics training. Thirdly, it investigates the moderating role played of employee well-being with regard to the relationship between corporate trust and employee learning performance. The theoretical contribution of this research primarily adopts the utilization of the S-O-R model as an overarching framework that improves research development.

The remainder of the paper is arranged in the following manner to understand further the effect of smart technologies on the employees' learning performance. The relevant literature is presented in section Literature Review and Hypothesis. Section Methods and Materials discusses the data as well as the empirical technique used in the study for testing the hypothesis. The findings are presented and discussed in section Empirical Analysis. Section Discussion and Conclusion provides concluding observations, while section Future Development and Limitations provide further development and limitation.



LITERATURE REVIEW AND HYPOTHESIS


Smart Technology

The term “smart technology” refers to entities in which physical devices or processes are complemented with the smart properties of digital technology (Nasiri et al., 2020). In recent years, the significance of virtual reality (VR), artificial intelligence (AI), blockchain and other technologies have been widely recognized and incorporated into both operations and operational research (Choi, 2019). For example, the application of big data and AI analysis can be beneficial for companies by reducing channel costs, improving supply chain efficiency, and increasing economic value by meeting customers' changing needs. Businesses are being radically shaken up by smart technologies, which are transforming the way people all around the world are working. It has an impact on jobs and tasks whilst also having the potential to increase organizational efficiency. Furthermore, Grabowski et al. (2021) found that employees who had been trained using VR were more accurate in the completion of their corporate work and created fewer timeouts than employees instructed using non-smart approaches (Grabowski et al., 2021). Smart technology is already being used in the corporate world in various forms, such as machine learning and chatbots, amongst others. In addition, based on the systematic review of intelligent technology literature by Marikyan et al. (2019), the presence of smart technology is increasing, and it is accounting for an increasing proportion of daily life and work as Figure 1 shown (Marikyan et al., 2019).


[image: Figure 1]
FIGURE 1. Smart technology usage (Marikyan et al., 2019).




Corporate Trust

Throughout history, trust has helped to forge links between entities, and at the same time, it has been crucial for the maintenance of those connections (Han et al., 2021). Chen et al. (2021) view trust as consisting of two essential characteristics: (1) Belief in the other party's capabilities and (2) The willingness or inclination to depend on another party's abilities (Chen et al., 2021). According to this definition, corporate trust manifests as “individuals' expectations regarding networks of corporate relationships and behaviors.” In other words, trust is premised on the belief that future actions will be advantageous to the trusting party's situation. Notably, those employees with high levels of company trust are more likely to engage in a wide variety of work and are less likely to leave their jobs (Chauhan et al., 2021). Moreover, other academics have noted that further research into business confidence in applying smart technology is required. They insist that the entire business process will be more transparent following the integration of intelligent technologies such as smart contracts. In this way, the trust between the company and its employees will increase. In summary, according to the findings of several scholars, smart technologies influence confidence in an organization (Jayashankar et al., 2018; De Filippi et al., 2020). The following hypothesis is developed based on these previous findings:

H1a. Smart technology positively affects logistics employees' level of corporate trust.



Self-Efficacy

Self-efficacy is defined as an individual's belief in their ability to complete a given activity successfully. According to Bandura's social cognition theory (1986), individuals cultivate belief in their own talents as a result of the difficulties with which they are confronted (Bandura, 1986). In this study, success is understood as the significant ability to complete a goal in a company (Gregory et al., 2021). Self-efficacy influences both direct and indirect individual performance and behavioral outcomes through its influence on tenacity, motivation, resilience, and one's capability to cope (Tramontano et al., 2021). A number of studies have reported that self-efficacy profoundly impacts academic performance in the field of educational psychology (Capron Puozzo and Audrin, 2021; Tramontano et al., 2021; Yeh et al., 2021). The ability to foresee favorable outcomes, engage in demanding tasks and maintain the dedication to learning are characteristics of self-efficacious learners, which often result in positive academic outcomes (Feldon et al., 2019).

Evolutionary psychology can provide an alternative (or additional) explanation for the potential variations in interest sparked by human learning partners and AI. Cognitive load scholars researching this field have suggested that primary psychological involvement results in lower unnecessary cognitive burdens than physiologically secondary types of interaction (Gregory et al., 2021). Meanwhile, lowering unnecessary cognitive burdens during the learning process can improve learning results. In addition to having an impact on learning results, cognitive load can also affect where an individual draws their motivation from to continue their education (e.g., self-efficacy) (Namaziandost and Çakmak, 2020).

Bandura (1986) believes that self-efficacy tends to undergo Sökmen (2020) [changes during the learning task and in different learning environments (Bandura, 1986).] investigated middle people's behavioral, emotional, cognitive, and academic engagement in science in relation to self-efficacy in Turkey, finding that self-efficacy was a positive predictor for all aspects of employee engagement (Sökmen, 2020). In this study, relative to the learning context, forms of smart learning, such as the VR technique, can be regarded as a novel learning environment (Namaziandost and Çakmak, 2020). However, to the best of our knowledge, few studies adopt the perspective of smart techniques to examine the effect of self-efficacy on employee engagement (corporate performance) in logistics training. On this basis, the following hypothesis is put forward:

H1b. Smart technology affects logistics employees' level of self-efficacy.



Employee Well-Being

Based on the viewpoints put forward by Djourova et al. (2020), employee well-being includes both physical and mental elements (Djourova et al., 2020). Employee fear, tiredness, sadness, and self-esteem are all examples of mental elements, whilst headaches, lightheadedness, and gastrointestinal problems are examples of physical symptoms. As a measure of overall life satisfaction, well-being is an issue that goes far beyond simply affecting corporate members. Studies have shown that employee well-being is essential to the success of the company. For example, Singh et al. (2019) confirmed that a diminished feeling of well-being negatively affects employees' psychologically and physically, leading to higher healthcare expenditure and decreased productivity (Singh et al., 2019; Liu-Lastres and Wen, 2021). In addition, well-being also influences employees' behaviors and attitudes, such that it is necessary for companies to understand how their initiatives impact the well-being of their employees.

Bravi et al. (2018) demonstrated that digital technology could enhance the quality of employees' work-life (Bravi et al., 2018). As a result, the present article adopts the view that smart technology efforts may help to cultivate a positive work environment, leading to increased employee well-being. According to Havrda and Rakova (2020), this link to employee well-being may be especially significant when the use of smart technology aligns with workers' psychological concerns (Havrda and Rakova, 2020). The authors of this paper are unaware of any previous study examining the influence of intelligent technology on employee well-being in the logistics industry. The following hypothesis is put forward:

H1c. Smart technology positively affects logistics employees' well-being.



Learning Performance

Smart technologies also provide a prime opportunity for employees to learn, which will help them become familiar with ongoing technology and software development in the market and stay up to date (Chung, 2021). It will automatically understand and provide employees with appropriate training through the analysis of documents and tests (Lee et al., 2015). According to their job descriptions, relevant skill information will be allocated to employees to better promote development. At the same time, new employees will receive training in the use of artificial intelligence and other technologies to help them quickly integrate into the new working environment. In addition, employees in non-technical roles can also use artificial intelligence training to enhance learning and improve work efficiency (Marinova et al., 2017). Based on the information, artificial intelligence in smart technology can analyze data and inform the team of the areas that employees require training in. This wise strategy will improve the efficiency of employees and provide them with faster, better quality training. In addition, smart technologies can teach specific procedures use certain teaching abilities to allow employees to self-learn and execute according to the company's needs (Tong et al., 2021). Thus, the researchers put forward the following hypothesis:

H1d. Smart technology positively affects logistics employees' learning performance.

Following the view of Coyle-Shapiro and Shore (2007), further study is required to determine how the employee-organization connection affects areas such as staff stress and mental well-being (Coyle-Shapiro and Shore, 2007). Meanwhile, according to Chughtai et al. (2015), employee psychological requirements are met when employees believe that their employer will fairly treat them and compensate them for their work, resulting in increased employee well-being (Chughtai et al., 2015). Trust instills confidence in a company amongst staff members and boost employees' feelings of self-efficacy. Contrastingly, low trust in a company is related to the employee's perception that they will not be treated fairly for their efforts (Jena et al., 2018). Employee well-being suffers where there is a lack of trust, which exacerbates stress and lowers job engagement levels and increases emotional weariness. Mozumder (2018) discovered that increased trust at any company level is positively connected with employee well-being (Mozumder, 2018). Based on these past results, the following hypothesis is put forward:

H2a. Corporate trust positively affects logistics employees' well-being.

The likelihood of employees participating in positive self-initiated discretionary acts outside the bounds of their employment contract increases when they believe their organizations are trustworthy in their judgement (Yoon et al., 2016). According to research, corporate trust is positively associated with constructive social activities, particularly organizational citizenship behaviors (Hendriks et al., 2020). Corporate trust acts to motivate employees. Employees are motivated by corporate trust (Chiang and Hsieh, 2012). According to social exchange theory, employees will invest more effort into an organization if they trust it. They will be more likely to participate in good learning performance in particular. Yoon et al. (2016) discovered a link between company trust and employee behavior in the context of logistics. (Yoon et al., 2016). Researchers have not identified any previous research investigating the direct relationship between logistics employee learning performance and corporate trust. Hence, the hypothesis can be designed as follows:

H2b. Corporate trust positively affect logistics employee learning performance.

Employee well-being is often investigated as part of organizational stress research, emphasizing the effects of workplace factors such as technology on employee learning (Djourova et al., 2020). Theoretical and empirical evidence point to the importance of self-efficacy for employee well-being. When it comes to employee well-being, emotional weariness and work satisfaction are regarded to be important markers, according to organizational literature (Sabri et al., 2020). Emotional exhaustion is a term that refers to the state of mental and physical tiredness that occurs as a result of the progressive depletion of an individual's energetic resources at work. It is regarded to be a fundamental element of burnout (Huang et al., 2019). Generally speaking, work satisfaction is related to employees' emotional assessments of their jobs, and it is seen as a predictor of employees' subjective well-being (Liu et al., 2010). Employee withdrawal from work is influenced by various factors, including emotional fatigue and job satisfaction (Singh et al., 2019). Based on prior research, the researchers hypothesized that self-efficacy might be a significant predictor of employee well-being. Employees who are more confident in their ability to perform in the future reported less emotional tiredness and higher levels of job satisfaction than employees who are less confident in their future effectiveness. As a result, the following theory is put forth:

H3a. Self-efficacy positively affects employee well-being.

There has been little research done to explain the direct relationship between self-efficacy and learning performance conceptually. Existing research supports the notion that self-efficacy impacts the degree to which individuals strive for learning success. Some scholars have identified that boosting self-efficacy is beneficial to improving learning performance, especially in using smart devices (Parschau et al., 2013; Kostagiolas et al., 2019; Sun and Hsu, 2019). Consequently, the researcher suggests that various interpretations of the process and its impact on work performance may arise due to this inadequacy (Chen, 2017). For instance, Tims et al. (2014) suggested that individuals with a strong sense of self-efficacy in a particular field are more likely to stay on the job for a more extended period and to be more self-regulated to deal with the challenges of the job, which, in turn, contributes to better overall job performance (Tims et al., 2014).

Much empirical research primarily supports the positive link between self-efficacy and work performance, despite a lack of solid theoretical explanations for the relationship and the subsequent controversy over these explanations in the literature (Chen, 2017). Tims et al. (2014) observed that workers who felt more self-efficacious were more likely than their disengaged peers to attain improved job performance (Tims et al., 2014). It should be noted that the empirical data shown above is mostly linked to a more generic sense of self-efficacy, as opposed to task/job-specific self-efficacy. Furthermore, existing research suggests that task/job-specific self-efficacy has a significantly more significant association with work performance when compared to more broad self-efficacy (e.g., Quiñ, 1997; Stajkovic and Luthans, 1998; Chen, 2017). Therefore, the researcher will predict that task-specific (e.g., logistics) self-efficacy will positively connect with work performance (learning performance in our case).

H3b. Self-efficacy positively affects employee learning performance.

The well-being and motivation of two components of life can be easily connected. Imagine how many employees seek Internet inspiration. Workers who cannot find any drive might be comfortable. What's the connection between the two? Think about things that are motivating. For many, the profession learns something new or sophisticated. Continuous personnel training is a huge motivator and helps wellness (Khoreva and Wechtler, 2018). Better education has to do in a few ways with well-being. It maintains the intellect sharp first. Learning new things helps battle memory issues and illnesses such as Alzheimer's, even late in life (Wu et al., 2020). New knowledge can connect directly to the well-being of employees. For example, employees may be provided with job stress or anxiety management (Kaminitz, 2020). The time to attend such a course all day long may be stimulating and beneficial to the well-being of employees. Other forms of motivation may occur in team-building exercises. A range of activities from sports to trivia night adds a totally new level of well-being to the social component, but there are still opportunities that promote well-being. Communication and social contact may often help improve workers' morale and skills (Yen and Lin, 2020). In addition, staff in the logistic company may discover that working together is considerably easier by familiarizing themselves with staff other than their typical departmental obligations. Further seamless work with a good bureau culture. This not only increases the degree of motivation across the board but also dramatically reduces stress levels. Discourage negative remarks and make work happier to observe actual changes in the performance of the employees in the logistic industry (Lin and Sironi, 2020). This not only improves the stress level of the office but may also increase human well-being in general. Authors claim in this study that employee well-being is how the employee learns. The welfare of workers affects the productivity and success of their companies. The improvement of well-being enhances the performance of employees in logistics and lowers non-certified claims for sick leave, damages and compensation. Thus, the authors hypothesize:

H4. Employees well-being positively affects learning performance.

Following the hypotheses, the conceptual model (Figure 2) can represent the network of relationships among smart technologies and learning performance, corporate trust, employee well-being, and self-efficacy.
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FIGURE 2. Conceptual framework.





METHODS AND MATERIALS


Measures

All items in the research questionnaire were used from existing studies. A seven-point Likert scale was used to evaluate each question, with the lowest value indicating “strongly disagree” (1), and the highest value indicating “strongly agree” (7). Six academic native English speakers assessed the back-translation for conceptual equivalence and how the newest version replicated the original text (Debets et al., 2020). Subsequently, the procedure can be repeated with 10 Chinese logistics management academics who had not been engaged in the initial creation of the questionnaire. After forward translation, they offered feedback on the questionnaire's design and the phrasing of scale elements. Ultimately, an acceptable questionnaire version was reached by two rounds of back-translations based on the comments received.



Pretest of the Measures

The researcher invited 60 logistics workers who had worked in logistics companies with relevant logistics training to participate in a pretest for ensuring that all items were easily comprehended by the target demographic of interest. The researcher can optimize the questionnaire based on their suggestions by format, length, wording, and sequence. These workers did not take part in the survey's final administration. Pretest responders agreed to answer all survey questions and report any difficulties or concerns during a debriefing. Each item had a standard factor loading of more than 0.500 (p < 0.001), and all scales had a Cronbach's Alpha better than 0.80.



Collecting Data

The study has used a purposive sample approach for conducting empirical research. Despite the restrictions associated with generalization problems, purposive sampling is a practical and appropriate method when the researcher should concern respondents with specific characteristics and experience to better assist with related surveys, as in the case of a questionnaire survey on a specific topic (Etikan, 2016). The influence of smart technology on employees' learning performance could not be approved without referencing particular logistics companies and asking for employees in the assessment survey for assessing the employees (Elsbach and Bhattacharya, 2001). Therefore, a particular corporate was referenced on the evaluation survey for assessing the logistics employees. The corporation was selected after conducting an in-depth evaluation of a prominent China-based logistics corporates with a large number of employees and is also a well-known brand in the logistics sector.

Over 10 weeks, the Analysis was performed at ten famous logistics companies such as Shun Feng Group Co., Ltd., Deepon Logistics Co., Ltd. and tec., which are excellent Chinese logistics companies with one-stop integrated logistics solutions. The questionnaires were delivered to staff by the researchers in collaboration with the managers at each company. The potential respondents were not asked for any identifying information, and they were given a blank envelop in which to return their finished questionnaire. The sealed envelope was then placed in a safe box, which was gathered several days after the data collection procedure began at participating companies by one of the researchers. According to Frohlich (2002), researchers have contacted respondents by phone or email before and after the questionnaire was issued to improve the recovery rate (Frohlich, 2002). The poll was kept anonymous to prevent supervisors from learning how an individual staff member answered. Five hundred and thirty-fiveof the 600 issued surveys were returned, 516 of which contained finished questionnaires. All respondents worked in existing positions for more than 2 years, accounting for 98.6 and 87%. Therefore, the authenticity and validity of the questionnaires' data can be guaranteed.



Data Analysis

Structural equation modeling (SEM) was used to assess measurement and structural models in this research. The SEM technique shines out when analyzing a complicated research model with small samples and nonnormalized data (Gefen and Straub, 2005). In particular, it can support the research model testing, including second-order reflective constructs as well as formative constructs. In this study, technology readiness is characterized as a second-order formative construct. According to the above explanation, the study uses this technique to validate measurement models and research hypotheses. A structural model should be developed once the measurement model has been thoroughly analyzed (Hoc et al., 2014). Measurement models are used to verify the discriminant and convergent validity of items and constructs, whilst the structural models confirm that the hypothesized links in the research model are correct (Hoc et al., 2014; Hair et al., 2019; Chang and Chen, 2021).




EMPIRICAL ANALYSIS

The empirical survey was conducted in Shun Feng Group, and researchers cooperated with Group to collect data from employees. According to the demographic data shown in Figure 3, 375 of participants in the survey were predominantly male (72.67%), 216 were between 26 and 35 years old (41.86%), 361 had university degrees (69.96%), and 162 had monthly incomes between RMB 6,001 and 7,500 (31.40%).
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FIGURE 3. Demographic.



Multivariate Normality Test

Researchers checked the data for multivariate normality before evaluating the measurement model to ensure that the SEM assumptions could be met. Current results show the absolute values of univariate skewness and kurtosis, which were <2.0 and <3.0, respectively. Hence, results were not varied much from the normal distribution.



Common Method Variance Test

Self-assessment questionnaires are prone to common method deviation problems, and common method deviation tests need to be carried out. There are many methods, each with its own advantages and disadvantages. The advantage of Harman's single factor test is that it is simple and easy to be used in this research. An exploratory factor analysis was performed using the SPSS software to incorporate all of the measuring items. The solution discovered a total of five variables. The total amount of variance that could be explained was 77.13%. According to the eigenvalue of the component with the greatest eigenvalue, it explained 37.16 % of the total variance, which was less than predicted.



Measurement Model

According to calculation, all constructs' Cronbach's alpha has exceeded 0.700. The composite reliabilities (CR) varied between 0.889 and 0.937. All factor loadings were more than 0.500 and statistically significant (p = 0.001). The square of the root of AVE values (0.694–0.835) exceeds correlation values (0.240–0.637), reflecting the satisfactory discriminant validity, as Table 1 shows.


Table 1. The correlation.
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Structural Model With Testing

The structural path model's fitting indices demonstrate an acceptable overall fit to the data. Table 2 shows that smart technology significantly affects corporate trust, self-efficacy, employee well-being, and learning performance. The Hypothesis 1 subtypes are all supported. Company trust in the logistics company shows a direct and statistically significant link with employee well-being as well as learning performance, giving support for both H2a and H2b. Employee well-being and learning performance are both positively influenced by their self-efficacy with the business. H3a and H3b are upheld in their entirety. Findings from the study suggest that employee well-being has a favorable impact on learning performance, which supports Hypothesis 4.


Table 2. Measurement outcomes.
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Effects

Table 3 offers information on the relationships between the constructs and their impacts (direct, indirect, and total). Self-efficacy has the greatest direct influence on employee well-being out of the three antecedents studied. In addition, it was shown that self-efficacy had the largest direct impact on learning performance. This study discovered that smart technology had a significant indirect influence on employee well-being and workplace learning performance. Self-efficacy had the largest overall influence on learning performance (directly and indirectly through employee well-being).


Table 3. Hypothesis outcomes.
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DISCUSSION AND CONCLUSION

Previous research on the impacts of smart technologies on employees has chiefly focused on the psychological effects of the technology. To provide only a few examples: work satisfaction (Oh et al., 2017). The authors' findings contribute to the knowledge of the crucial role that the employee-company connection plays in explaining the influence of smart technology on two critical employee social outcomes. Crucially, the findings of the current study have consequences for managerial practice.

The current study's findings have implications for managerial practice. Firstly, one approach to encouraging workers to participate in behaviors that promote employee learning efforts is to ensure that the company's smart technology usage policies are clearly stated to all employees and managers. Staff members should be aware of the company's efforts to foster learning and hold employees accountable for their use of smart technology, stressing the importance of taking an active role in those efforts. It is necessary to utilize a range of smart technologies to guide the company's action, as some authors have pointed out in their articles (Foroudi et al., 2018; Lebioda et al., 2019; Langley et al., 2021). To be informed about the diversity, value, and success of smart technology usage in the business, they must have access to readily available information. As our data indicate, providing employees with access to smart technology in the workplace will significantly increase their sense of trust and self-efficacy.

The emergence of smart technologies has prompted an important transformation in the logistics industry. Researchers have made the case that the activities undertaken in establishing trust and self-efficacy with the employing business through learning performance centered on smart technology use are critical. To their credit, many companies are now dedicating significant resources to improving learning performance and establishing a variety of social welfare projects. Researchers believe that how a company and its employees employ smart technologies is essential for both the organization and its personnel. To better leverage the development of employee relationships and the subsequent positive results linked with smart technology, organizations should support initiatives that foster a sense of belonging to the organization amongst employees.

Finally, research has found that that employee well-being might directly impact the performance of employees in terms of their learning. In addition to the correlations investigated in the present study, logistics managers may deploy various techniques to promote employee well-being in their organizations. For example, investments in psychology should be made by establishing a workplace environment that encourages the use of smart technologies to increase interpersonal and technical abilities and staff productivity. An organization may create settings that support workers to enhance their skill sets while also supporting their sense of security, acceptability, and well-being through the use of smart technologies to accomplish these objectives.



FUTURE DEVELOPMENT AND LIMITATIONS

The present research's findings contribute to the existing literature on smart technologies and learning. It also raises additional questions for future research to address. Firstly, smart technology is a multi-dimensional construct that is composed of various technologies and can be used in the logistics industry. Smart technology was assessed and examined as a single construct, despite each of these aspects being represented in the current study. There is space to investigate the function played by each dimension in the model and explore the possible implications of each smart technology dimension on the subsequent variables, especially with regard to the mediator effect. In recent years, researchers have increasingly been adopting more robust ways to statistically test the mediation effect. However, they still require a robust approach to generating mediation hypotheses and interpreting research results (Rasoolimanesh et al., 2021). Therefore, future research can consider studying the intermediary variables of this model. This study assessed the relationship between self-efficacy and corporate trust to illustrate the learning performance across different logistics companies and their respective workers. On the basis of the findings detailed here, we urge further investigation into the influence of smart technologies on the preservation of learning outcomes in the logistics context. It should be noted that the current study's findings, which polled logistics employees in central China, may not be applicable in other contexts as the sample size was small. Future studies may wish to test the supplied model in a different country to further evaluate the generalisability of the findings presented here.
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High vocation education is an important foundation for China to cultivate high teaching quality and technical and skilled talents. In the new era, the acceleration of the development of modern vocational education is put in a more prominent position. It is proposed that we should adhere to moral education, closely combine this with the needs of technological change and industrial upgrading, constantly improve the quality of high vocational education teaching, and cultivate more technical and skilled talents with both political integrity and ability for modernization construction. Under the background of social informatization, using artificial intelligent technology to solve these problems can play an important role for improving the teaching quality of high vocational education. This paper proposed a data mining approach in promoting student satisfaction with the teaching quality of high vocational education. We design a questionnaire for Students’ satisfaction with the teaching quality of basic entrepreneurship curriculum. We take the survey data of vocation education as an example and use mining technology analysis software to understand the current status of the teaching quality of basic entrepreneurship curriculum. The results determine the main factors affecting Students’ satisfaction with teaching quality. The results of this paper can be used in student management, education strategy, student education satisfaction, and teaching quality in high vocation college education, and to improve the teaching quality of fundamentals of entrepreneurship curriculum in high vocation education.
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INTRODUCTION

Vocational education is an important part of the national education system and human resource development. The motion of higher vocational colleges should seize opportunities, adhere to moral education, deepen the reform and innovation of teaching methods, improve teaching quality, and cultivate more high-quality, technically skilled talents. In the era of social information, the application of data mining technology to the evaluation of teaching quality in higher vocational colleges has gradually become an important way for higher vocational colleges to improve the quality of teaching and talent training (Liu, 2019; Dai, 2020).

With the rapid development of computer and network technology, new media tools such as Weibo, WeChat, QQ, Douyin, etc. emerge endlessly and iteratively. To a certain extent, the Internet has replaced traditional media such as newspapers and television and has become indispensable in people’s daily lives as a source of information. However, while the Internet has brought infinite convenience to people’s access to information, it has also brought some problems, the most important of which is the lack of supervision and filtering, coupled with the high degree of disorder of information resources on the Internet, and the existence of large amounts of duplication and uselessness. Information has brought difficulties to people using the Internet, that is, people cannot effectively select and use the information resources they need in the complex network world. Humans urgently need to find a way to quickly and accurately discover what they need from the massive information resources on the Internet, and a way to extract effective information. In order to solve this problem, data mining technology is used (Song, 2018; Ye, 2020).

The first section of this paper mainly introduces the relevant research background, data mining technology, and the idea of conducting research on the basic course of entrepreneurship for vocational students; section “Relative Work” analyzes the survey data using data mining methods; section “Research Method and Data Analysis” summarizes the influence on the teaching of basic entrepreneurship for vocational students; the main factor of satisfaction. Section “Results and Analysis” elaborates on the conclusion and suggestions to improve the basic course of entrepreneurship for vocational students.



RELATIVE WORK


Data Mining

Data mining (DM), also known as knowledge discovery in database (KDD), refers to the comprehensive use of association analysis, cluster analysis, deviation analysis, classification, prediction, and time series based on database technology. Models and other methods are the process of revealing hidden, unknown, and potentially valuable information and knowledge from a large amount of incomplete, noisy, fuzzy, and random actual data. Data mining is a decision support process, which is mainly based on artificial intelligence, machine learning, pattern recognition, statistics, databases, visualization technology, etc., which can analyze data with a high degree of automation, make inductive reasoning, extract effective data from it (Wang, 2020; Wang and Guo, 2020), and shorten the time for people to browse repeated information, so that people can find and effectively use network information resources in a timely manner, help people adjust strategies, reduce risks, and make correct decisions (Li, 2017; Xin, 2021). The roadmap of data mining technology is shown in Figure 1.
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FIGURE 1. Roadmap of data mining technology.


The entrepreneurship basic course is an entrepreneurial enlightenment education course offered by higher vocational colleges. The purpose of the course is not to train many successful graduates, but to cultivate Students’ innovative thinking and workplace quality, and to encourage students to actively learn professional knowledge and skills to achieve the goal of enhancing Students’ competitiveness in the workplace and the quality of employment. Student satisfaction with teaching is an important indicator to measure the teaching quality of entrepreneurship basic courses (Wei and Zhang, 2019; Ke and Chen, 2021). The author took this as a starting point to carry out a questionnaire survey of satisfaction with the teaching quality of entrepreneurship basic courses in higher vocational colleges, then analyzed this information by using data mining methods, and summarized the basic courses of entrepreneurship. The status of teaching quality, to find out the main factors affecting teaching quality, was used as a reference basis for improving teaching suggestions and countermeasures (Hou and Vijayalakshmi, 2020; Zhu, 2021).



Student Satisfaction Method

The different applications used in universities could directly interfere with both academic performance and student satisfaction. The effectiveness and satisfaction was more in control with technology, and they used a combined dataset in effective measure by self-evaluation assessment (Tawafak et al., 2018a; Ma, 2020). There are multiple innovative performances that have been developed to connect students with MOOC in science education, and the development gives students the necessary skills and knowledge to assist faculty members (Humphreys and Gaston, 2016; Tawafak et al., 2018b). Between the faculty and learners, this difference of emerging e-learning systems can be adapted for managing online courses like the MOOC system (Zhang and Wu, 2018; Long, 2019). These types of system can help methodology improvement through different types of analysis of student actions, and students at risk to assess achievements of learning goals (Guo, 2021).

There are two main options for assessment and satisfaction; one is called automated machine grading, which is suitable for grading quizzes and calculations if the outcome is well defined by use of course content and teacher knowledge. The second option is peer grading using an interactivity factor where MOOC participants evaluate several achievements of other students and provide feedback on their quality and correctness. There are many key elements of these technologies, such as providing all content, assessment on the same platform, auto-graded assessment for immediate feedback, and discussion forums for questions and answers. Finally, these studies still work individually based on their factors but not in combination with a technology acceptance model and learning processing requirements.

The computations were based on the interactivity and effectiveness of comprehensive factors for students and academic performance that has been adopted as new technologies. This study is to establish functions that have affected teaching assessment and academic performance. In addition, the network incorporates three keys of self-learning namely interactivity, technology integration, and personal factors. The method uses a questionnaire built on three factors of self-management, desire to learn, and self-control by use of a newly proposed multiple-indicator-multiple-cause model. A survey with different users on the MOOC platform was used to determine the intention of using the model. The result was significantly influenced by perceived usefulness, perceived ease of use, and user satisfaction based on academic performance (Cui and Ma, 2020; Nowakowska et al., 2020).




RESEARCH METHOD AND DATA ANALYSIS


Research Method

The author uses SPSS statistical software for data mining and analysis, and summarizes the teaching status and quality of entrepreneurship basic courses in higher vocational colleges. The author uses the Likert five-point scale method to investigate the overall satisfaction of students in the basic courses of entrepreneurship in higher vocational colleges, and divides the overall satisfaction evaluation of students into course objectives, number of courses, course content, teaching resources, teacher attitudes, and teaching methods; 10 evaluation indicators, such as teaching effect, are selected from 5 levels of inspection: “very non-conforming” (1 point), “relatively inconsistent,” (2 points), “general” (3 points), “relatively consistent” (4 points), and “very consistent” (5 points). Gender is used as a grouping variable to conduct an independent sample T-test on the data of student satisfaction in the basic course of entrepreneurship in higher vocational colleges.



Data Analysis

The author conducted a student satisfaction survey on entrepreneurship basic courses in vocational colleges, the content structure of the questionnaire is shown in Table 1. A total of 3,231 questionnaires were issued and 2,819 were recovered (recovery rate of 87.24%). There are 2,702 valid questionnaires (effective rate 95.85%). The overall Cronbach coefficient of the valid questionnaire is 0.983, and the Cronbach coefficient of each dimension is above 0.8. The reliability of the questionnaire is good. The effective sample composition is shown in Table 2.


TABLE 1. The content structure of the questionnaire of student satisfaction survey on the basic course of entrepreneurship in higher vocational college.
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TABLE 2. The composition of valid samples of the questionnaire on student satisfaction in the basic course of entrepreneurship in higher vocational colleges.
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Analysis of Data Mining Methods


The Overall Satisfaction of Students in the Basic Course of Entrepreneurship Is Positively Low

The author uses the Likert five-point scale method to investigate the overall satisfaction of students in the basic courses of entrepreneurship in higher vocational colleges, and divides the overall satisfaction evaluation of students into course objectives, number of courses, course content, teaching resources, teacher attitudes, and teaching methods; 10 evaluation indicators, such as teaching effect, are selected from 5 levels of inspection: “very non-conforming” (1 point), “relatively inconsistent,” (2 points), “general” (3 points), “relatively consistent” (4 points), and “very consistent” (5 points). In addition, the questionnaire also carried out an additional survey on the overall satisfaction of students in professional courses (Huang et al., 2019; Chen et al., 2020).

It can be seen from Figure 2 that the surveyed Students’ satisfaction with basic entrepreneurship courses and professional courses are both positively satisfied. The satisfaction of Xiang is low (average score: 3.29 points, full score of 5), and the satisfaction of professional courses is significantly higher than that of entrepreneurial basic courses. But in terms of “teacher attitude,” the basic course of entrepreneurship (4.01 points) is slightly higher than the professional course (3.97 points). Among the 10 indicators specifically examined in the basic course of entrepreneurship, the highest student satisfaction is “teacher attitude,” the lowest indicator is “number of courses offered,” followed by “class schedule” and “teaching methods,” and overall satisfaction with the remaining indicators is similar (Huang et al., 2017; Chen et al., 2019).
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FIGURE 2. Comparative analysis of student satisfaction between entrepreneurship basic courses and specialized courses.




Gender and Grade Have No Significant Influence on the Satisfaction of Students in Basic Entrepreneurship Courses

Using gender as a grouping variable to conduct an independent sample T-test on the data of student satisfaction in the basic course of entrepreneurship in higher vocational colleges, it can be found that from the mean result, the overall satisfaction of girls (3.43 points) is slightly higher than that of boys (3.15 points). However, under the condition of homogeneity of variance, the significance of the mean test is greater than 0.05. Therefore, the gender variable has no significant impact on the overall satisfaction of students in the basic course of entrepreneurship (Guo, 2020). At the same time, the satisfaction P-values of students of different genders in the structural variables of basic entrepreneurship courses are also greater than 0.05, indicating that in the current satisfaction evaluation of basic entrepreneurship courses in higher vocational colleges, gender is not the main influencing factor, and students of different genders are satisfied with basic entrepreneurship courses (Chen et al., 2015; Huang et al., 2015). The independent sample test results of degree are shown in Table 3.


TABLE 3. Independent sample test of satisfaction of students of different genders with basic entrepreneurial courses.

[image: Table 3]
A one-way analysis of variance was carried out on the satisfaction of students in the basic course of entrepreneurship with grade as a factor. The results showed that the P-value of Students’ satisfaction with each structural index of the course was greater than 0.05, and the variance was homogeneous, and one-way analysis of variance could be carried out. In the follow-up one-way analysis of variance results, the satisfaction P-value of only the “teaching method” is 0.044, which is less than the significance level of 0.05, indicating that the grade has a significant impact on the Student’s satisfaction with the teaching methods of entrepreneurship basic courses (Liu et al., 2014; Lin et al., 2020). However, in the subsequent multiple comparative analysis, the significance of the comparison of satisfaction with the basic course of entrepreneurship among students of different grades is greater than 0.05, and the difference is not significant. Therefore, the comprehensive judgment of the grade has no significant effect on the satisfaction of students in the basic course of entrepreneurship. The multiple analysis of Students’ satisfaction with teachers’ teaching in different grades is shown in Table 4.


TABLE 4. Multiple analysis of Students’ satisfaction with teachers in different grades.
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Different Majors Have a Significant Impact on the Satisfaction of Students in Basic Entrepreneurship Courses, and Engineering Students Have the Highest Satisfaction

A one-way analysis of variance was carried out on the student satisfaction of the basic course of entrepreneurship with the major as a factor. The results showed that the P-values of student satisfaction in each structural index of the course were all greater than 0.05. The variance was homogeneous, and the one-way analysis of variance could be carried out. In the follow-up one-way analysis of variance results, the P-values of Students’ satisfaction with teaching methods and teaching attitudes were 0.006 and 0.041, respectively, which were less than the significant level of 0.05, indicating that majors had a significant impact on student satisfaction with teaching methods and teaching attitudes. According to the subsequent multiple comparative analysis, there is a significant difference in the satisfaction of engineering majors and science majors in teachers’ classroom teaching and teaching management. Combined with the mean statistical analysis, it can be found that engineering students are highly satisfied with teachers’ teaching methods and teaching attitudes. The multiple analysis of Students’ satisfaction with the teaching of basic entrepreneurship courses in different majors is shown in Table 5.


TABLE 5. Multiple analysis of satisfaction with the teaching of entrepreneurship basic courses by students of different majors.
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Internal Teaching Factors That Affect the Satisfaction of Students in the Basic Course of Entrepreneurship

With reference to the previous literature research results, the author selected 20 variables in the three dimensions of curriculum, teachers, and students in the section of “Basic Entrepreneurship Course Offering Value and Teaching Quality” as hypothetical variables for the internal influencing factors of student satisfaction in basic entrepreneurship courses. A multiple regression analysis centered on “satisfaction with specific entrepreneurial basic courses” found that the first to enter the regression model were six variables: teaching method, teacher attitude, course difficulty, course assessment method, learning interest, and learning input. The T-test probability values of the remaining variables are all greater than 0.05, so the “linear regression model” cannot be introduced, so they are eliminated. In the model summary table shown in Table 6, model 6 including these six factors has the largest adjustment R2 and the best fit, so this model is selected as the main object of subsequent analysis.


TABLE 6. Summary of multiple regression analysis models for internal influencing factors of student satisfaction in entrepreneurship basic course.
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According to the results of the ANOVA analysis of variance shown in Table 7, the “regression sum of squares” of the model consisting of six variables: teaching method, teacher attitude, course difficulty, course assessment method, learning interest, and learning input is 12686.160, and the “total sum of squares” is 15660.987, so this linear regression model explains 81% of the total sum of squares. At the same time, with the introduction of various factors, the significance probability value of the “F” statistic behind each model in the ANOVA analysis results is always 0, less than 0.01, so the null hypothesis that the overall regression coefficient is 0 can be rejected. So far, it can be concluded that there is a linear relationship between student satisfaction of a single basic course of entrepreneurship and teaching methods, teacher attitudes, course difficulty, course assessment methods, learning interest, and learning input.


TABLE 7. Multiple regression analysis of internal influencing factors of student satisfaction in the basic course of entrepreneurship ANOVA analysis of variance.
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In the coefficient table of the selected model (Table 8), the tolerance of the collinearity statistics of each factor is greater than 0.1, and the VIF is less than 5, and there is no characteristic value that can explain all of them at the same time in the subsequent collinearity diagnosis. So there is no collinearity among the above six variables. In addition, since the Sig value of the constant item in the coefficient table is 0.115, which is greater than 0.1, which is not significant, the standardized regression equation can be derived from the standard coefficients in the table: Satisfaction of a single entrepreneurial foundation course = 0.225* teaching method + 0.211* teaching Attitude + 0.136*course difficulty + 0.124*assessment method + 0.111*learning interest + 0.058*learning input. It can be seen that there is a linear relationship between the six variables of student satisfaction and teaching methods, teacher attitude, course difficulty, course assessment method, learning interest, and learning input in a single basic course of entrepreneurship, and the degree of influence decreases successively.


TABLE 8. Multivariate regression analysis model coefficients of internal influencing factors of student satisfaction in the basic course of entrepreneurship.
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RESULTS AND ANALYSIS


The Student Satisfaction of the Basic Courses of Entrepreneurship in Higher Vocational Colleges Is Generally Positively Low

According to the data mining and analysis of the questionnaire, students in higher vocational colleges are at a low level of positive satisfaction with the structural variables and overall satisfaction of the entrepreneurial foundation course. Among them, the overall evaluation of the number of courses is the lowest, followed by the class schedule and teaching methods. The overall evaluation of entrepreneurship is relatively low, and the three together constitute the bottom of the evaluation of basic entrepreneurship courses. Compared with professional courses, the overall satisfaction of basic entrepreneurship courses is lower.



The Origin of Students and Majors Have a Significant Impact on the Satisfaction of Students in the Basic Courses of Entrepreneurship

From the perspective of Students’ personal characteristics, the factors that have a significant impact on the satisfaction of basic entrepreneurship courses are the origin of students and their major. In terms of student origin, students from cities and towns are more satisfied with the content of basic entrepreneurship courses than students from rural areas, which may be related to the higher learning expectations of rural students for basic entrepreneurship courses. As far as majors are concerned, engineering Students’ satisfaction with course teaching methods and teaching attitudes is significantly higher than that of science majors and liberal arts majors. This may be because the research sample selected by the author has a certain degree of engineering bias in the subject setting, which has a certain indirectly impact on student satisfaction.



The Teaching Methods and Teaching Attitudes of Teachers Are the Most Significant Factors That Affect the Satisfaction of Students in the Basic Course of Entrepreneurship

The teaching methods adopted by the teachers and their own teachers’ attitudes are the two variables that have the greatest impact on student satisfaction in the basic course of entrepreneurship. As an important factor in curriculum practice, the teaching methods designed and used by teachers not only affect Students’ learning enthusiasm and learning input, but also affect the transmission of knowledge and values carried by the curriculum content. Teachers’ teaching attitudes also have an important impact on student satisfaction. Teachers’ good teaching attitudes can be perceived by students during the teaching process, and then form their own teaching style and teaching charm, which affects Students’ satisfaction with the course.



Students’ Learning Interest and Learning Investment Have a Significant Impact on the Satisfaction of Basic Entrepreneurship Courses

As far as learning interest is concerned, regardless of whether the Students’ learning interest stems from their own interest in the content of the basic entrepreneurship course, or they are inspired by the teacher’s teaching during the course of learning the basic entrepreneurship course, their interest in learning has a considerable impact on the satisfaction of students in the basic entrepreneurship course. The latter is also closely related to the teacher factor in a previous article. At the same time, learning investment also has a significant impact on Students’ satisfaction with the basic courses of entrepreneurship. Learning investment is not only related to Students’ learning interests, but also closely related to factors such as curriculum content, curriculum assessment, curriculum value, teaching mode, teaching attitude, and teacher charm.




CONCLUSION AND SUGGESTIONS


Conclusion

This paper’s contributions and suggestions include:


(1).Increase the number of basic entrepreneurship courses and establish a sound course classification system. Restricted by factors such as the orientation of school development goals, the distribution of disciplines, the level of teachers, and the total number of class hours, the number of courses in basic entrepreneurship courses in higher vocational colleges is generally relatively small, which directly leads to relatively insufficient teaching resources for innovation and entrepreneurship education. In addition, most of the current basic courses of entrepreneurship in higher vocational colleges are usually classified as public courses, and the school-wide unified “course-selection-course” approach is adopted, which results in a lack of necessary professional adaptability. One of the ways to solve this problem is to establish and improve the curriculum classification system. Schools can combine the learning needs of different majors and different grades, centering on “problem-oriented learning,” and scientifically classify the basic courses of entrepreneurship in the form of curriculum modules. And use grading to meet the development needs of students of different majors.

(2).Strengthen the construction of the faculty of basic entrepreneurship courses, and establish and improve related systems. The teaching quality of the basic course of entrepreneurship is directly related to the teaching quality of the course. Teachers in the course should consciously improve their innovation and entrepreneurship through reflection, research, communication, and learning. First of all, in view of the current situation of the lack of teachers for innovation and entrepreneurship courses in higher vocational colleges, the school should select teachers with academic influence, personal charm, and high-level teaching ability to take the lead in forming a teaching team and focus on creating quality courses. Secondly, in view of the current situation of an insufficient reserve of teachers for innovation and entrepreneurship courses in higher vocational colleges, it is necessary to increase efforts to cultivate young teachers and establish a teacher training mechanism to fully tap into the potential advantages of reserve forces. Thirdly, in view of the current situation of imperfect external communication mechanism for teachers of innovation and entrepreneurship courses in higher vocational colleges, it is necessary to explore the establishment of an inter-school mutual assistance exchange platform to realize the “resource sharing” and “external introduction and internal support” of high-quality curriculum teachers. Famous experts and scholars from various schools and research institutions can serve as the main lecturers of the courses, participate in the construction of the course teaching system, and enhance the teaching effect.

(3).Optimize course teaching methods and enrich teaching models. The teacher’s teaching method is the most important factor that affects the satisfaction of students in the basic course of entrepreneurship. Investigation and research found that most of the basic courses of entrepreneurship in higher vocational colleges adopt a teaching model that combines PPT-based teacher teaching and classroom questioning, while most of the teaching models that make students respond positively and impressively include teachers’ ability to adopt humorous language pairs. The knowledge is explained in a simple way, and teachers can apply and practice the curriculum knowledge. It can be seen that the effective interaction between teaching and learning can effectively improve the satisfaction of students in the basic courses of entrepreneurship. Therefore, teachers need to consciously strengthen the situation design, create conditions, set tasks, and collectively operate with team members during curriculum design, such as manual entrepreneurship sandbox practice, electronic entrepreneurship sandbox practice, etc., and multimedia case analysis can be used in specific links. Participatory group discussions and other methods enable active interaction between teachers and students, and between students and students, and create innovative and entrepreneurial thinking.
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In children’s learning subjects, English courses has its relative particularity compared with Chinese courses and the mathematics. Children’s English teaching is often inefficient because of the lack of students’ timely consolidation after class. Given this, the present work starts with the analysis of the current situation of children’s learning, and introduces the film-assisted English teaching. In the specific teaching links, English teaching is carried out in a three-dimensional teaching mode. Before that, topics of the films are selected for the English teaching, and the films are edited and processed. Initially, the present work expounds the English children’s films and their educational functions. Then, children can obtain teaching effect from the films. An English questionnaire is designed to analyze the application effect of English films in children’s English teaching. The results show that the film teaching mode improves children’s learning interest and motivation, and English film teaching can stimulate students’ learning interest. Students are also more active to participate in teaching activities, thus improving their language skills. Under the teaching in the scenes of films, students can perceive the functions of language in certain contexts. Comprehensible language input promotes students’ English listening ability and oral expression ability. The films can intuitively show the humanistic style, historical geography, cultures, and customs of English countries, and then cultivate students’ western cultural literacy. Practice has proved that the method proposed here can achieve good teaching effect, and it provides certain references for children’s English education.
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INTRODUCTION

In China’s education reform program, it is emphasized that the application of information technology and its combination with education must be vigorously promoted for China’s basic education. Modern information technologies provide people with better video resources to reform education methods, update teaching content, and make up for the shortcomings of previous classroom teaching (Wu Y. J. et al., 2020; Yuan and Wu, 2020; Wang Y. et al., 2021). English teaching in primary school helps to improve the basic English ability of children, and stimulate students’ positive attitude toward English learning under the consideration of the current situation and characteristics of the student development in basic education stage (Wu and Wu, 2017; Wu W. et al., 2020). In this way, students will feel easy and confident in learning English. Thereby, education should make students active and positive in learning and thus cultivating their learning initiative. English plays a very crucial role in every stage of learning of Chinese students. Primary school is the key period to lay the foundation of English for a student. The interest and time of English learning in primary school will always affect the students’ English learning in middle school and even college. English is an international language, and every English teacher should try to help students develop interest in English and help them master relevant knowledge and skills. English teaching in primary school should focus on students’ listening, speaking, reading and writing (Zheng et al., 2018; Kliziene et al., 2021). The quality of teaching strategies determines students’ interest in English learning.

The learning and life of the new generation of children are changing with the rapid development of network technology and film production and the rapid emergence of various films. The plots and pictures of children’s films can be used to attract students to learn English. When the film is played, English vocabularies automatically enter the ears of students. Cartoon is one of the kinds of films, which has animated characters with rich colors, fast rhythm and bright colors. Cartoon can arouse students’ enthusiasm and help them learn English (Qian et al., 2018; Kyriakidis et al., 2021). Cartoon can make abstract knowledge easy to understand. Teachers should let students explore and study actively, and more importantly, let students acquire knowledge in happiness (Hayashi et al., 2016; Alharbi, 2021). These unique characteristics of film are in line with the needs and development of students. Film can maximize the effect of teaching to stimulate students’ interest and motivation, and also can make students study actively in a relaxing atmosphere, so that children make themselves as the master of the class, which realizes the auxiliary role of cartoons in English teaching (Rogoza et al., 2018; Chen, 2019). The plots, contents and pictures of the cartoon attract students to learn English. Besides, children will automatically be familiar with English vocabularies when they watch cartoons (Wu et al., 2019; Wu and Song, 2019). English teaching with films can fully use the characteristics of films to stimulate students’ interest and enthusiasm in learning, and also enable students to actively learn and explore in a pleasant atmosphere (Wang S. et al., 2021; Yulia and Amirudin, 2021). The reason is that the vivid pictures, dynamic music and vivid characters relieve children from the boreness and tediousness of learning, which improves their effect of English teaching. In this way, children can spontaneously achieve the learning goal in the classroom, which also realizes the role of films in assisting English teaching (Takahashi and Sato, 2020; Breda et al., 2021).

The study is conducted on the application of English children’s movies in their language education. By investigating the relationship between children’s learning style and learning retention rate, it is found that children can better memorize the information obtained through visual, acoustical, and other channels. Besides, when vision is combined with hearing, there will be higher rate that children receive massages. Therefore, English teaching should make the best of audio-visual resources and other materials to improve children’s learning and memory ability. The above research results lay the foundation for the follow-up study in present work. Present work then designs the teaching mode of children’s animation, selects “Snow White,” “Croyz,” “Lion King” and “Witch with Black and White Hair” four films as teaching materials, and combines the course to study the teaching of students. A questionnaire survey is conducted on students after teaching. Some survey results show that with the continuous growth of film teaching time, students’ mastery of knowledge is better. Most students like film teaching. They think film teaching helps to understand western culture and makes them more interested in English.

The purpose of present work is to change the current situation of children’s English learning and solve the problem of low efficiency caused by the lack of timely consolidation after English teaching. The proposed solution is to construct a comprehensive English teaching mode of “seeing, listening, speaking, reading and writing” through the introduction of English movies, to achieve good teaching results. The limitation of the method is that it is difficult to completely collect relevant movies or movie clips that match each knowledgement unit of the textbook, so the film teaching method is carried out only in some them effectively. Through the study, it is expected to enable children to learn more English vocabulary and sentences and cultivate their interest in English through the proposed method. The beneficiaries of present work are preschool children. Based on this, with primary school students as the research object, the questionnaire survey is carried out to analyze and summarize the function of the film in teaching activities. The innovation is to apply film teaching in English teaching of primary school based on the rapid development of modern internet technology support. This exploration provides some reference value for the implementation of English films in children’s English teaching.



LITERATURE REVIEW

In terms of children’s English teaching, what is illustrated are the educational quality of Swedish primary school, and views on the prospective system of children’s personalized development of reading skills in English classroom. The project aims to develop children’s personalized reading and learning skills. Analyzation is made on the semi-structured interviews with 11 primary school teachers to solve the actual problems. The analysis shows that Swedish teachers have great differences in cultivating the children’s English ability with Chinese teachers. The former believes that personalized learning skill is a promising method to alleviate the differences of the children’s learning ability (Bunting et al., 2020). Theoretical and empirical analyses are conducted on the problems existing in primary school English teaching. Teachers should form a positive method to demonstrate students’ knowledge and ability. Thinking in a foreign way is set as the goal of children’s learning and the indicator of the proficiency of a foreign language. Attemption is made to evaluate the heuristic and developmental resources of metacognitive strategies in the logic of projective recursion for English teaching in primary school. A research result is proposed on primary school students’ dominant thinking type as an indicative construct of metacognitive development. Research shows that most of the junior students have the characteristics of symbol and the ability of symbolic thinking, which confirms the possibility of using metacognitive programs in English teaching for children (Tokareva and Tsehelska, 2020). In terms of children’s teaching and multiculturalism, it is pointed out that multicultural curricula poses several challenges to educators. What is introduced are the basic principles of using relationship teaching method to teach multicultural courses, including three classroom activity culture theories based on relationship teaching method and relationship teaching method. By using the relational approaches, teachers can encourage students to focus more attention in learning inclusiveness, competence and cultural awareness consultation practice, and make them more self-motivated and more willing to put forward questions (Cort et al., 2020). Discussion is made on the implementation of multi-disciplinary and multi-cultural student team cooperation, case-based learning and problem-based learning as a prospect of sustainable teaching practice. Based on the mixed method, including direct observation (physical and virtual), questionnaire and learning focuses group, research shows that this method can mostly promote but also can lightly hinder the sustainable learning (Doukanari et al., 2021).



AN ANALYSIS OF ENGLISH CHILDREN’S FILMS AND THEIR EDUCATIONAL FUNCTIONS


The Relationship Between Deep Learning and Children’s Education

The application of artificial intelligence (AI) in the field of education is triggering a new revolution. From automatic teaching to the development of automatic response evaluation system, from the decision-making based on single-mode data to the multi-mode supporting data, the inherent power of AI is gradually infiltrating into classroom teaching. In the whole process of education, the ability-based teaching method is the requirement of educational fair value. The deep integration of AI and education has resulted in a fundamental change in the form of education, and revised the relationship between teachers and students, which can help learners adapt and learn individualizedly, and provide a new way to achieve educational equity (Stadlinger et al., 2021; Zhou et al., 2021). Deep learning (DL) is an important technical means to achieve AI, which is considered to be one of the key technologies to promote the explosive growth of AI research and application. At present, AI products based on DL have been widely used in smart home, intelligent logistics management, intelligent control and other fields. In the field of education, DL plays an irreplaceable role in exploring learners’ learning situations, obtaining learners’ real needs, and diagnosing learners’ weak learning connections. DL is a method of learning data-based representation in automatic learning. Analytic learning is carried out through neural network simulating human brain. Figure 1 displays the three-layer model of DL. In addition to the input layer and output layer, DL also has a powerful hidden layer, which can combine the characteristics of hidden layer to analyze data layer by layer.
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FIGURE 1. Three-layer model of DL.




Positive Psychology and Film Teaching Theory

Over the past 5,000 years, Chinese civilization has been developing continuously, and the unity and pluralism of the Chinese nation is the result of historical development. National identity and the history of national culture have been widely studied. The cultural exchanges among people of all countries have gradually produced different characteristics between nationalities and cultures after the founding of the people’s Republic of China (Stogianni et al., 2021; Virgona and Kashima, 2021). The main culture of ethnic groups lies in that different minorities care for each other, interact and infiltrate each other, leading to the coexistence of multi-ethnic cultures in a multi-ethnic country, and representing a multi-ethnic, multi-cultural and multi-community country, thus forming a set of cultural “diversity” (Mekli et al., 2016; White et al., 2016). The uniqueness and variety of the Chinese nation is an inevitable fact of historical development, which makes pluralistic and integrated education an inevitable trend of ethnic education in the future. Therefore, multicultural education is a crucial basis to study the teaching effectiveness of teachers in ethnic education.

Positive psychology is a subject concerned with human well-being and health. As a supplement to psychology, positive psychology focuses less on people’s positivity. It excavates people’s positive potential and returns to people’s rationality. Psychology traditionally focuses on the status quo of negative psychology and pathological psychology, while positive psychology embodies the spirit of the times and makes people complete themselves and truly happy (Smith et al., 2019; Zhao and Yang, 2021). The application of positive psychology theory in subject teaching is not very extensive, but there are some attempts about the application of its basic theory in subject teaching. A breakthrough about the basic theory of positive psychology is made, and the teaching design and learning effect are enhanced, which can make children grow more robust and healthy.

TV series, movies, film, and variety shows all belong to the combination of film industry and sound products. Film is the general name of film works. The mentioned film teaching is mainly based on English film to achieve the purpose of teaching, and the teaching mode focuses on the students’ comprehensive training. Film teaching can also be called audio-visual teaching. Liu held the opinion that “Audio-visual teaching is a teaching method that combines images and recordings in certain situations.” Film teaching provides an audio-visual feast for students, and also has gratifying significance (Cherrie et al., 2021; Yth et al., 2021). Film teaching has attracted many scholars with its unique charm. From a certain perspective, English film teaching is conducive to the mastery and learning of English knowledge, as well as the improvement of English expressing and listening ability of students. Wu et al. (2018) analyzed education and proposed to use information technology for analysis and research, which strongly confirmed that science and technology are very feasible in education (Wu et al., 2018).

From the perspective of memory, different teaching modes have different retention rates of the learned knowledge, as shown in Figure 2.
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FIGURE 2. Comparison of learning style and memory retention ratio (data comes from accenture: https://www.accenture.com/cn-zh).


Figure 2 signifies that information can be better remembered if it is acquired through multiple channels, such as vision, hearing and kinesthetics. Second language teaching should make full use of materials such as audio-visual resources to improve learning and memory ability of children.

Psychology implies that there are different degrees of acceptance and different times of obtaining information when people use different sensory organs to understand and obtain things, as shown in Figure 3.
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FIGURE 3. The information acceptance degree of different senses (data comes from accenture: https://www.accenture.com/cn-zh).


Figure 3 reveals that people receive 82, 1, 12, 1.5, and 3.5 pieces of information through vision, taste, hearing, touch and smell, respectively. The information reception rate will be significantly improved when vision and hearing are combined.



Analysis of Learners’ Characteristics

Compared with the lower grade students, the selection of students about 11 years old are more efficient, since they have a certain ability of expression, and are willing to express their personal views, explore new knowledge, and actively participate in activities. However, primary school students’ attention is easily interfered by the outside world, and they are unable to concentrate on long-term stable learning. The students of this level have not developed their logical thinking ability, so they are more inclined to memorize images and things that have practical significance and may be of interest. They are not capable to think the more logical content of abstract things. Thereby, creating a suitable real learning environment is of great significance to improve students’ memory. Zheng et al. (2020) emphasized that a certain environment is needed for children education. Regarding learning style, students have low cognitive level, less knowledge reserve and poor logical thinking ability (Zheng et al., 2020). Regarded learning motivation, compared with other age groups, students of this level have little pressure to enter higher education; their main motivation for learning comes from the encouragement of teachers and parents or through the competition among their classmates. The lack of these external factors will exert a great impact on students at this level (Wang S. et al., 2021). Hence, students must be guided to be interested in English subjects spontaneously. The communication with student reveals that students do not like teachers’ simple guidance and recitation, so the classroom atmosphere is not active and students’ overall motivation is not strong.



The Role and Significance of English Films and Deep Learning in Children’s English Teaching


Children Are More Attracted by the Visual Impacts

At present, most schools are equipped with multimedia equipment, which can be used to play cartoons directly and can save time. Before playing an films, it’s best for the teachers to give a brief introduction of the storyline in the film, and by the way, ask some simple questions, using them to attract children ‘s attention and letting them find the answers to these questions from the film. In fact, when watching an films, children generally do not understand the language of them, but they can understand the story plot, know what they are talking about, which is the most important. After playing the cartoon, teachers can ask children to tell what the cartoon tells first, and then explain the questions raised before. Children will actively express their views, so that the purpose of visual impacts can be achieved.



Rehearsal Skill of Children Can Be Improved by Listening

In the process of watching films, the specific images of the pictures bring a strong visual impact to children. Besides, lively and interesting language will also leave a deep impression on students’ listening. As mentioned above, children cannot fully understand the language of an film played only once, and teachers need to play it again. In the next process, some children can retell some English conversations in relevant situations. Although they have not been able to accurately translate English into Chinese, children will also remember these English sentences without the need for teachers to punctuate on them. When the teacher plays the films again, children can follow the cartoon to read the sentences under teacher’s instructions. This time, teachers must encourage children and allow some children to read in public, affirming their progress while pointing out some of the small problems. It is important to note that although English cartoons are aimed at children, there are also many English idioms and Westerners’ ways of thinking in English cartoons. Some dialogues are difficult to understand and need to be understood by students through Chinese and English subtitles. When children begin to study, they can understand English with the help of Chinese thinking mode, while thinking and reciting. After a period of time, they should consider directly using English thinking mode to understand the film.



English Vocabularies of Children Should Be Expanded

Some schools with good conditions have begun to invite foreign teachers to teach oral English. It is very useful for students with certain English vocabulary accumulation and basic language knowledge to learn from foreign teachers, because they can learn the most authentic English and quickly improve their oral communication ability in English. But if children’s vocabulary is still less than three or four hundred and with a majority of nouns, foreign teachers cannot play a good role in English teaching. Because the scope of conversation between them and students is too small and the efficiency is too low. However, the advantages of the films is reflected under this scenario. Films provides a combination of voice and image for the expansion of children’s vocabulary, especially those complex and abstract new words. Films tend to express the meaning of these words through specific situations, which is beneficial to children’s understanding and memory of vocabulary, and its effect is often better than the traditional education method of language interpretation. Films will appear with the development of the plot and the change of the situation, which has a positive effect on children’s correct understanding of new words. Children will automatically and consciously carry out delayed imitation to learn of these words, so that these words can be added to their English vocabularies. Having learned new words from films, students can make a choice between the words they learned from textbooks, and some commonly used words in daily life they learned from films.

Compared with other modern technologies, the essence of the application of AI is embodied in the “intelligent,” which is also the fundamental foothold in the field of education and teaching. English teaching activities are a complex process, which also contains many uncertain factors, such as those from language teaching software and hardware environment, English teachers’ professional level, students’ interest state, cognitive style, teaching and learning style. The biggest feature of the AI is to simulate human thinking mode and reproduce the process of thinking and reasoning. Therefore, the complexity of the English teaching process needs to play its unique solution strategy to help specify dynamic teaching strategies suitable for each student. The dilemma of poor teaching quality and effect of children’s English requires the reform of science and technology. The advanced intelligent devices in the field of language learning can complement many shortcomings in children’s English teaching, not only conform to the curriculum standards of children’s English, but also change the teaching mode of children’s English class and improve children’s learning style. Besides, the lack of practical application and communication ability of traditional English teaching has always plagued English teaching in China. The application and popularization of AI English teaching system in children’s English teaching will be a breakthrough in the reform of foreign language teaching and the improvement of foreign language teaching quality by modern information technology. It is the peak of improving computer language assisted teaching by intelligent methods by now. Children English teachers should pay attention to personalized learning, pay attention to cultivating students’ oral ability, and begin to stimulate each child’s interest in language learning. These are exactly the essence of AI English teaching system in children’s English teaching, and also a valuable exploration of the integration of modern information technology with language teaching. The most important, the application field needs to be expanded and practiced in children’s English teaching, because education is the base of social progress, and the application field should be expanded to the field of education and teaching. Language is the intelligence that human beings are most proud of. Whether the research of Turin test, natural language processing, machine translation, speech recognition technology, or other application in the field of language are closely related to language learning. How to make computers understand human language and realize human-computer dialogue has always been the most popular research field of scientists. It is possible to realize the application of AI in English teaching.

With the continuous advancement of economic globalization, the cultural life of Chinese is increasingly showing the trend of multicultural coexistence. A distinctive feature of multicultural coexistence is the diversification of language use. The further deepening of reform and opening up causes that China has made great strides to be converged into the world. Different people in the world and information of different culture are appearing in Chinese society. People need to communicate in multiple languages, especially in a globally common language such as English. Therefore, Chinese need to constantly improve their ability of using English. However, at present, people’s ability of using English is not very well. The phenomenon of “English mute” is serious, the living world lacks the environment of English communication for people, the problem that most adults cannot correctly use English is prominent, and children are also deeply affected by the environment. Based on this grim reality, it is believed that English education must start with children. Therefore, attention should be focused on the correct orientation of preschool children’s English education under the multicultural background to guide children’s English learning. Therefore, the correct positioning of preschool children’s English education should be considered under the multicultural background, and children’s English teaching and Chinese teaching should be guided to promote each other, which is the core to carry out early childhood English education, cultivate English sense and guide perceptual culture. “People’s phonological perception is formed in the pre-school stage, and second language phonological perception is also easier to obtain in this period.” Professor Zhou Jing pointed out. In real scenarios of children’s English teaching, the core goal is to cultivate children’s English language sensitivity. The main task is to let children learn in the English atmosphere, contact with English, perceive English, and obtain good language sense, to establish language sensitivity in English earlier.

Positive psychology emphasizes exploring and studying students’ various explicit and potential positive qualities, and expanding and cultivating the positive qualities found in educational practice. In children’s English teaching, the application of positive psychology can help children cultivate positive emotions and explore their own potential. Simultaneously, it can also promote the establishment of a good teacher-student relationship and improve the effect of classroom, teaching. Positive teaching evaluation for students cultivates students’ positive learning experience. Positive mentality is the training goal of positive psychology, including cognitive quality, emotional quality, will quality, and personality quality. Integrating the concept of positive psychology into children’s English teaching is helpful to develop students’ positive psychological quality, including attention, self-confidence, endurance, adaptability, emotion regulation ability and self-management ability, which requires teachers to pay attention to students’ feelings and experiences in English learning while paying attention to teaching and achievements. Educational psychologists believe that emotion and cognition are two inseparable parts of human spiritual world. Students can achieve better cognitive effect with positive emotional participation, and the improvement of cognitive effect can make students have positive emotional experience. In the process of children’s English teaching, teachers should change the concept of evaluation, infect students with positive emotions, understand students with a positive attitude, find out the characteristics and advantages of each student, put forward the goal to adapt to the ability of students with different foundation, and achieve the goal in stages, affirming every progress of each student, so that students get positive incentives in the evaluation system, and they get positive emotional experience in the process of progress, improve self-confidence, get initiative stimulated, and the goal can be realized of the coordinated development of students’ emotion and cognition.




The Implementation of Deep Learning in Teaching

In the process of campus construction, relevant enterprises have applied learning monitoring, intelligent tutoring and product examination through DL, and these applications are based on the educational application scenarios of DL. The construction of scenario based smart campus ecosystem can obtain continuous support through DL, and realize the personalized change of regional intelligent education cloud, intelligent campus and intelligent teaching place. Taking intelligent classroom as an example, DL will support the whole process of education and teaching in five application scenarios: intelligent lesson preparation, intelligent teaching and research, intelligent learning assistance, intelligent evaluation and intelligent comprehensive evaluation. Figure 4 illustrates the specific situation of the DL application, which provides students with more intelligent and personalized learning experience.
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FIGURE 4. The application of DL in teaching.


DL is a learning method which can improve learning ability, practical ability, and innovative ability of students. Students can establish contact with the existing knowledge based on understanding and applying it flexibly to solve practical problems. DL is not passive learning, but active and autonomous learning. It emphasizes that the old and new knowledge are organically linked rather than isolated knowledge fragments; it focuses on meaning of learning, rather than mechanical learning; besides, it also emphasizes the learning method of self-exploration rather than blind acceptance of knowledge. Thereby, DL can mobilize students’ English learning. In order to cultivate learners’ ability of self-exploration and life-long learning, knowledge application ability and innovation ability can be adapted to the training needs of innovative talents in today’s knowledge age. DL is integrated into the specific teaching process. Initially, pre-evaluation, including pre-evaluation of courses and students, is conducted; then, a good learning atmosphere is created to make students keep the best learning state; next, the students’ previous knowledge is stimulated to realize the combination of new and old knowledge; afterward, the teacher guides the students to process the original information to make it their own knowledge and solve problems; finally, students’ learning is evaluated to timely feedback problems, modify learning methods, and promote students’ further learning.




QUESTIONNAIRE DESIGN FOR TEACHING


Experimental Methods and Hypothesis

The experimental purpose is to use movies as supplementary materials for teaching materials, to create real teaching situations for students through multimedia equipment assisted teaching, to stimulate students’ enthusiasm for English learning, to improve students’ English ability in listening, speaking, and reading, and to cultivate students’ English cultural literacy through the use of movies and the design of teaching activities around movies. This experiment adopts the action research method, observation method, questionnaire survey method, and so on. The action research method refers to: first, the investigation and study of the application of English films in children’s English teaching by personally participating in the English film teaching; second, the investigation of the English film teaching for the experimental group students; third, the analysis of the effect of the application of English film teaching. It is adopted to understand the problems in English film teaching. The observation method means analyzing the advantages and disadvantages of English movies in teaching, by observing students’ learning status in the teaching process.

The present work conducts and the following hypotheses and studies on them. They are specifically: (1) The use of film teaching mode in the classroom is appropriate. (2) After the application of film teaching, students have a good grasp of knowledge. (3) Students like film teaching. (4) There are sufficient teaching resources in video teaching. (5) English video appreciation class can improve students’ English level. (6) Students like cartoon-style movies. (7) Students want English classes based on listening.



Teaching Content Design

Before class, the English teacher can tell students the name of the film to be used. And teacher plans the text and related knowledge points according to the content to be taught. In this case, it is easy to attract children’s attention and stimulate their interest in watching films before class. Although students do not know what to learn, this process can make students effectively pre-understand part of the teaching content in autonomous learning. The memory theory involved in the second part suggests that the content of students’ memory combined with listening and vision will last longer. The audio-visual teaching theory reveals that if students can activate more organs to immerse themselves in learning, their brains can quickly respond and strengthen memory by stimulating “image and sound.” The teaching content should be combined with the actual life of students, so that students can learn and use English vividly without breaking away from the reality, and their interest of learning English can be stimulated.



Design of Teaching Mode

DL is integrated into the whole teaching process, which fully embodies the creating scene. It is essential to research and analyze the data, explore the dependences lying in factors, and summarize and improve the key links. Primarily, the films are prepared. Four films are selected as the teaching material (“Snow White,” “The Croods,” “The Lion King,” and “Black and white haired witch”), and combined with the course content to be learned, which mainly focus on the present continuous tense. Teaching contents are problem-oriented, and students learn to solve problems through films. Then, teachers, as guides, introduce students randomly into the learning content by presenting pictures, films, audio-visual materials or by other methods. Finally, on the premise of learning and understanding the basic knowledge, students’ thinking ability is cultivated, so that they can obtain their own understanding freely through dialogue, melody and other forms. In the whole learning process, students need to participate in teaching activities, and carry out communication and cooperation between peers and groups, to complete the tasks of situational dialogue, role play and mutual evaluation. Thereby, cooperative learning strategy is also very crucial. In the application of film teaching, teachers design related problems according to the film content in the preparation stage of knowledge teaching, in order to attract students and stimulate students’ interest. Then, the teacher implements the course through the pre class introduction, knowledge transfer, and comprehensive application stage.



Questionnaire Design

The film teaching mode is designed for primary school students. There are 300 students selected from four normal classes in the same primary school as the research object. Figure 5 presents the basic information of the experimenters.


[image: image]

FIGURE 5. Basic information of the experimenters (A, ratio of genders; B, ratio of classes).


The survey lasted for 3 months from October to November in 2020. The questionnaires were pre-investigated, recovered and optimized. In December of 2020, a large-scale analysis and research were carried out. A total of 300 questionnaires were distributed and 272 were recovered, with a recovery rate of 90.66% and 272 valid questionnaires. To verify the reliability, stability and index system of the questionnaire data, the quality of the questionnaire are tested and verified by software on the α reliability coefficient. The design, distribution and data collection of the questionnaires do not infringe any personal privacy. The questionnaires are conducted with the consent of the participants. The questionnaires are approved by the school leaders and relevant departments. The anonymous system is implemented in the questionaires, and the data obtained is only used for academic research. The questionnaires do not involve students’ personal privacy and are approved by the students of the school. The questions included in the questionnaire are described in Table 1.


TABLE 1. Key question setting of the questionnaire.
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Reliability and Validity Analysis of the Questionnaire

The reliability of the QS is analyzed through SPSS 25.0, and the obtained Cronbach’s alpha is 0.804, which is larger than 0.7 and has good reliability. The results of reliability statistics are presented in Table 2.


TABLE 2. Reliability statistics.
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The KMO and Barlett’s Spherical tests are conducted using SPSS25.0 on the QS, and factor analysis is carried out on the QS, thus obtaining the validity of the QS. The KMO is 0.657, greater than 0.6, so each question in the QS is suitable for factor analysis and has good constructive validity. The tests of KMO and Bartlett are shown in Table 3.


TABLE 3. KMO and Bartlett’s Spherical tests.

[image: Table 3]
The above data shows that the questionnaire designed here has good reliability and validity, strong internal consistency and stability, high reliability, reasonable and effective, and can be used as a research tool.



Analysis of the Results of Student Questionnaire Survey


Analysis of Students’ Adaptability

Figure 6A shows students’ difficulties in adapting the film teaching after the films are played in class for about 2 h. Figure 6B shows students’ difficulties in adapting the film teaching after the films are played in class for about 4 h. Figure 6C shows students’ difficulties in adapting the film teaching after the films are played in class for about 6 h. Figure 6D shows students’ difficulties in adapting the film teaching after the films are played in class for about 8 h.
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FIGURE 6. The difficulty of film clips in film teaching (A, 2 h; B, 4 h; C, 6 h; D, 8 h).


Figure 6 indicates that around 2 h after the beginning of the experiment, about 159 children thought that the video was appropriately difficult, and 68 students thought that some film resources were more than difficult or less than difficult. The reason should be that the film teaching model has just begun to implement, and students are not adaptive for this model. Around 4 h after the beginning of the experiment, about 168 children thought that video was appropriately difficult, and 53 students thought that some film resources were more than difficult or less than difficult. Around 6 h after the beginning of the experiment, about 192 children thought that video was appropriately, and 38 students thought that some film resources were more than difficult or less than difficult. Around 8 h after the beginning of the experiment, about 198 children thought that video was appropriately difficult, and 32 students thought that some film resources were more than difficult or less than difficult. With the continuous growth of the implementation time of film video mode, students gradually adapted to this teaching mode, and the number of students who thought that video was appropriately difficult was increasing. As Figure 6 displays, children’s difficulty in applying movies to the classroom has obvious differences in different test stages. In the test stage with a duration of 2 h, the number of people who think it is more difficult is significantly higher than that in the test stage with a duration of 4 h (p > 0.05) and the test stage with a duration of 6 h (p > 0.05). There is no significant difference between the 6-h test stage and the 8-h test stage (p > 0.05). Figure 7A illustrates students’ mastery of knowledge after around 2 h. Figure 7B indicates students’ mastery of knowledge after around 4 h. Figure 7C signifies students’ mastery of knowledge after around 6 h. Figure 7D refers to students’ mastery of knowledge after around 8 h. After around 2 h of the beginning of the experiment, about 187 students thought that they had a good command of knowledge with the application of film teaching mode, and about 68 students thought that they mastered knowledge appropriately and 17 students thought that knowledge was not well mastered. After around 4 h of the beginning of the experiment, about 197 students thought that they had a good command of knowledge with the application of film teaching mode, and about 58 students thought that they mastered knowledge appropriately and 15 students thought that knowledge was not well mastered. After around 6 h of the beginning of the experiment, about 205 students thought that they had a good command of knowledge with the application of film teaching mode, and about 55 students thought that they mastered knowledge appropriately and 10 students thought that knowledge was not well mastered. After around 8 h of the beginning of the experiment, about 208 students thought that they had a good command of knowledge with the application of film teaching mode, and about 52 students thought that they mastered knowledge appropriately and 12 students thought that knowledge was not well mastered. According to the statistical results, the samples were tested by t-test. There was no significant difference among different test duration groups, which are 2-h test group, 4-h test group, 6-h test group and 8-h test group. The children’s knowledge level was basically the same (p > 0.05). The possible reason was that the children were young and their knowledge reserve was limited, and the inertial thinking of knowledge has not been formed.
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FIGURE 7. Students’ mastery (A, 2 h; B, 4 h; C, 6 h; D, 8 h).


The survey of primary school students’ attitude toward using film teaching in English class mainly focuses on two aspects: students like films and students like the application of film teaching in English class. Figure 8 displays the specific situation.
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FIGURE 8. Students’ attitude survey.


Figure 8 implies that more than half of the students like cinema teaching, and only a few students do not like cinema teaching.

Figure 9 presents the result of questionnaire analysis.
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FIGURE 9. Comparison of students’ attitudes before and after the application of film teaching.


Figure 9 reveals that 126 students have a neutral attitude toward English, and they do not like it or hate it before the application of film teaching. In the evaluation of the English curriculum, more than half of the students are still interested in the English curriculum. Moreover, about half of the students are not interested in the current English course. The application of the teaching film reflects that 130 students are interested in and support the film teaching, and very few of them do not like it.




Evaluation of Learning Resources

English learning is not only a process of cultural contact, but also a process of language learning. The content of the film video is very different, and the plot shows the characteristics of knowledge, culture, customs and so on. This kind of knowledge is diversified, which makes students acquire multi-dimensional knowledge in the process of watching films and TV, cultivate cross-cultural communication awareness, and promote future communication and practical application. English is an applied tool. English must be used in practice to be better understood, because it contains rich cultural connotations, representing the western nation. If a student does not understand English culture and history at all, that will inevitably lead to a misunderstanding for the student. There are many similar examples, such as signing a letter in the case of this document. Hence, it is possible to expand students’ view of the world by developing a preliminary understanding of different national cultures, as shown in Figure 10.
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FIGURE 10. Teacher’s emphasis on western culture.


Data analysis in Figure 10 illustrates that 172 students think that teachers do not focus on cultural interpretation, and students are more than half likely to encounter cultural barriers in English class. If teachers focus more on cultural interpretation, students will be interested in different national cultures.

Figure 11 displays the students’ understanding of western culture through film teaching.
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FIGURE 11. Situation of students before and after using film teaching.


As Figure 11 suggests, most students think that film teaching is conducive to the understanding of western culture, so they are more interested in English.



Analysis of Student Interview Results

Table 4 reveals the student interview record.


TABLE 4. Questions related to student interviews.

[image: Table 4]
Students are randomly selected and interviewed to express their opinions as accurately as possible. During the whole interview, the questions are random. The analysis of the interview results shows that a considerable number of students are willing to participate in the teaching and hold a positive attitude toward the application of film and video teaching in classroom English teaching. The classroom atmosphere is very good, the enthusiasm degree is relatively high, and the knowledge memory is very deep, which can show their team and cooperative game situation, thus increasing the communication between students and teachers, determining the correct values of the story of the film, and publicizing the western elements.

However, the implementation of film teaching also brings some problems to some students. The speed of the film is too fast to understand, and the students are unwilling to speak out. There are some difficult factors in the learning process, such as the attitude toward the film video teaching mode. Of course, these results are just a random interview results, while students’ specific views and attitudes on the application of teaching mode in English class on film and TV cannot be sure. They are only explored through the questionnaire.



Analysis of Teachers’ Feedback

Table 5 is the interview record from teacher.


TABLE 5. Questions asked to teacher in the interview.
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Interviews on teacher have been studied. Teachers’ views on the application of film teaching in primary school English teaching are analyzed. The implementation of the film and video teaching in English teaching of primary school can provide a broader platform for students. Traditional education includes oral and audio-visual resources, film and video sound, image and text. Most students are willing to actively participate in these activities. The cooperation with many specific activities can improve students’ communication ability and cooperation consciousness, so that students can make full use of what they have learned and cultivate their interest in learning multicultural knowledge. However, things are usually two-way, and film teaching also have shortcomings. Teachers say that if every lesson is presented in this way, the workload of teachers will increase at the beginning of teaching. In addition to a certain demand for teachers’ information technology skills, teachers also need massive film resources to choose the appropriate part to combine the teaching content. In the classroom environment, teachers should design appropriate teaching activities, and correctly and timely guide and explain doubts to students, which will lead to classroom confusion and make classroom discipline difficult to control. Most homework after class needs multi-link evaluation, and students’ presentation content also needs to be evaluated from multiple perspectives, which is different from the traditional single evaluation and also increases the content of the teacher’s work.

Compared with other methods, the advantage of the method proposed here is to focus on the unique teaching form of English films clips that can attract primary school attention, and make full use of its advantages in classroom atmosphere and language teaching. What is studied and discussed is the positive role of English films clips in primary school English classroom teaching. Compared with other schemes proposed by other people, the scheme proposed here introduces deep learning and multicultural learning to attract students’ interest in learning.

Table 6 summarizes the research achievements and findings.


TABLE 6. Summarization of the research achievements and findings.
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DISCUSSION AND COMPARISON

By comparing the methods proposed here with those proposed by Gajdo and Korpa (2019), they focussed on how to teach grammar by using scripts and fragments of the legendary movie “Revenger Alliance“. And, comparing the methods proposed here with those proposed by Bunting et al. (2020), they focussed on the prospective system of children’s personalized reading skills development in English classes, who believed that personalized learning technology was a promising method to alleviate differences in children’s reading abilities. Different from the former, advantages of the methods proposed here lies in starting from the anasis on the current situation of children’s English learning, introducing movies to aid English teaching, which are selected, edited and elaborated according to the teaching contents, and implementing teaching work, which integrates “watching, listening. speaking, reading and writing” and achieves great teaching effect. Nowadays, parents pay gradually more attention to children’s bilingual education, which has become a trend today. It is beneficial for children developing their language ability in the future to have access to English during the developing stage of their language ability so that children can express themselves in both Chinese and English.



CONCLUSION

Primary school English teaching should be student-centered, and teaches should not only impart knowledge, but also guide students to think more. Results show that the form of children’s English teaching is single, and English movies can attract children’s attention, whose advantages are fully used. And it is adopted in primary school English teaching class. The experimental results show that the teaching strategy of films segment can not only solve some problems in current English teaching, but also improve the quality of classroom English teaching and lay the foundation for the sustainable development of students. Multiculture is an important foundation for the study of teachers’ teaching efficiency in colleges and universities. Some references are provided for the implementation of English movies in children’s English teaching.

There are also some aspects to be improved. First of all, there is certain limitation of the number of the surveyed school, which is due to the limitation of time and energy. The same question also exists in the selection of the research samples. Second, study is only conducted on the close relationship between learning theories under the Constructivism and English movies, which does not integrate information technology into English film teaching or deeply explore the construction of English film resource library and English learning center. The research on English film teaching is in the preliminary stage, with much research space and great practical value. It is hoped that more researchers will conduct deeper research and continuous reflection.
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With the emergence of the COVID-19 pandemic, virtual simulation games have provided an effective teaching method for online entrepreneurship education. By exploring the mechanisms that influence student engagement and learning outcomes from different perspectives, such as game design, team and individual perspectives, numerous scholars have demonstrated that such a teaching method can effectively improve students’ engagement and learning performance. However, the existing studies are relatively scattered, and there is a scarcity of studies in which the effects of said factors are considered. Based on the learning process 3P model (presage-process-product) proposed by Biggs (1993), students’ perceived experience of game design, teamwork and self-efficacy were taken as variables in the early learning stage in the present study, and the influence mechanism of virtual simulation game learning experience on students’ engagement and entrepreneurial skill development was explored, so as to close the gap in existing research. In the present study, 177 college students from Chinese universities were surveyed and the data were surveyed using AMOS 23.0 software. Although the empirical results show that students’ “goal and feedback” and “alternative” experience of game design did not have a significant positive impact on students’ engagement, there was a direct and significant effect the development of entrepreneurial skills. Students’ experience of teamwork and general self-efficacy could not only directly and significantly affect the development of entrepreneurial skills, but also indirectly affect the development of entrepreneurial skills through learning engagement. The research results are practically significant for teachers in the selection and development of virtual simulation games, can be effectively applied in teaching process management, and can improve students’ engagement and learning performance.
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INTRODUCTION

In recent years, determining how to improve college students’ learning experience of entrepreneurship education and achieve better results of entrepreneurship learning has become a trending topic in the field of entrepreneurship education (Fayolle, 2013; Yang et al., 2021). Academics have introduced a variety of notable teaching methods and tools into the curriculum, with simulation games being one of the most common. Through a 10-year follow-up survey of German students who participated in a start-up simulation competition, Kriz and Auchter (2016) confirmed that start-up simulation games can significantly improve students’ business management knowledge and business plan preparation skills. Charrouf and Janan (2019) adopted a game to simulate real business operation in entrepreneurship courses, which improved students’ engagement and achieved good teaching effects. Results of a survey of 180 teachers in Europe showed that simulation games can improve students’ participation in the classroom, enhance students’ communication and cooperation in the classroom, and improve their knowledge and abilities (Mirjana et al., 2020). Isabelle (2020) also adopted gamified teaching methods for 269 college students in the course of entrepreneurship, which improved students’ experience level, engagement and entrepreneurial efficacy. As confirmed by the latest study by Zulfiqar et al. (2021), business simulation games can significantly increase students’ investment and acceptance of entrepreneurship courses, thereby significantly improving entrepreneurial intention and learning performance. An observation can be made that the effectiveness of the teaching method of simulation games for students’ entrepreneurial learning has been confirmed by the majority of scholars. To determine the process of implementing such a teaching method, the that factors will affect students’ participation and learning effect, and the mechanisms of influence, scholars mainly conducted research from the following three directions:

The focus of the first direction has been on simulation games themselves. Almeida and Buzády (2019) adopted serious games in an entrepreneurship course and found, through focus group interviews, that students were particularly concerned about the authenticity, interactivity and feedback of the system. Based on Flow theory, through empirical research, Yen and Lin (2020) found that challenge-skill balance and playability of simulation games significantly positively affected players’ Flow experience. However, goals, feedback and control had no significant positive impact on flow experience, and flow experience had a significant positive impact on perceived learning performance of players, which in turn affected entrepreneurial self-efficacy. Predicated on the technology acceptance model (TAM), through empirical research, Zulfiqar et al. (2021) found that perceived usefulness and perceived ease of use affected students’ adoption of the simulation game system, and then significantly positively affected entrepreneurial intention and learning performance. Capelo et al. (2021) believed that exposing the model in the “black box” of business simulation game to students would help students to understand the dynamic relationship between variables and improve the performance level of students’ simulation.

The focus of the second direction has been on teamwork between students participating in the game. In simulation game courses, team members need to trust each other and communicate openly, which can expand their knowledge, and improve decision-making accuracy (Thanasi-Boçe, 2020). As confirmed by existing studies, students’ satisfaction with team member relationships will affect their learning engagement, and then affect perceived learning gain and skill development (Buil et al., 2020). Team cooperation will also directly and significantly positively affect the results and satisfaction of business simulation learning (Lohmann et al., 2018). In the simulated decision-making process, although opinions among team members may not always be consistent, even team conflict has been demonstrated to significantly improve students’ entrepreneurial attitude, and students’ ability has also been trained in the process of managing team conflict (Arias-Aranda and Bustinza-Sánchez, 2009).

The focus of the third direction has been on the idiosyncratic aspects of playing games. The empirical research results of Buil et al. (2020) revealed that students’ satisfaction with competence, independent choice, membership and self-efficacy will affect their engagement in business simulation games, and then affect students’ skill development and knowledge acquisition. Hernández-Lara et al. (2019) confirmed that generic skills such as teamwork, decision-making ability and information processing ability of students participating in simulation games had a significant positive impact on learning outcomes. However, special management skills (such as strategic management ability, financial data processing and analysis ability, risk management ability, project management ability, and others.) had no significant impact on learning results, in addition to students’ previous course scores (Alstete and Beutell, 2019), whether they usually play video games (Charrouf and Janan, 2019), and critical thinking (Eggers et al., 2017).

Reviewing the existing literature, an observation can be made that the effectiveness of business simulation games in entrepreneurship education has been confirmed by a large number of studies (Kriz and Auchter, 2016; Charrouf and Janan, 2019; Isabelle, 2020; Mirjana et al., 2020; Zulfiqar et al., 2021); however, there are still a number of significant deficiencies in existing research on how to improve students’ participation and learning effect in the process of implementing such teaching method.

First, studies on antecedents affecting students’ learning engagement are scattered. Some studies have focused on the impact of games themselves on learning outcomes (Almeida and Buzády, 2019; Yen and Lin, 2020; Capelo et al., 2021; Zulfiqar et al., 2021), some have focused on teamwork (Arias-Aranda and Bustinza-Sánchez, 2009; Lohmann et al., 2018; Buil et al., 2020; Thanasi-Boçe, 2020), and others have focused on students’ personal traits (Eggers et al., 2017; Alstete and Beutell, 2019; Charrouf and Janan, 2019; Hernández-Lara et al., 2019; Buil et al., 2020). No study has taken into account the characteristics of games, teams and individuals.

Second, there are limitations in the selection of theoretical framework. Most existing studies have been based on the planned behavior theory (Newbery et al., 2016; Zulfiqar et al., 2018, 2021), the technology acceptance model (Zulfiqar et al., 2018, 2021), and Flow theory (Choi and Kim, 2004; Yen and Lin, 2020). Through such frameworks, there is a tendency to limit the perspective to the game system itself, and there is a failure to fully present the complete chain of “input-process-result” and its mechanism of entrepreneurial simulation learning.

Third, there is a scarcity of studies on the learning effect of entrepreneurial simulation games from the perspective of student engagement. Despite students being the main body in the process of entrepreneurial learning, most existing studies have confirmed the effectiveness of the simulation game teaching method, and few have considered the factors that will affect students’ engagement from the perspective of students.

In the present study, based on Biggs (1993) ’s presage-process-product (3P) model, games, teams, and individuals were considered as pre-learning variables, student engagement was taken as the learning process variable and entrepreneurial skill development was taken as the learning outcome variable. The formation mechanism of student engagement and learning outcome was explored. In theory, of the present study can close the gap in existing research. The research results can also provide significant inspiration for teachers and simulation game developers who conduct entrepreneurial simulation experiment courses, and have considerable practical significance.



THEORETICAL REVIEW AND RESEARCH HYPOTHESIS


Virtual Simulation Games

In 1957, Professor Schreiber of University of Washington developed a simulation game named “Top Management Decision Game,” which was introduced into the curriculum (Watson, 1981). Since then, the teaching method has been extensively adopted in business majors, especially after the 1980s. Amongst the background of computer popularization, computer simulation games have been rapidly popularized and applied in management courses, and a large number of scholars have conducted relevant studies. Over 1200 related papers were published between 1960 and 2019 alone (Hallinger and Wang, 2020). Virtual simulation games have been based on the experiential learning theory (Kolb, 1983), combined with the organization theory and the game theory, to design rules and algorithms (Sterman, 1994; Geurts et al., 2007), which is widely used in business education (Keys and Wolfe, 1990; Wolfe, 1993; Anderson and Lawton, 2009; Faria et al., 2009). The teaching method of virtual simulation game has also been recently applied in entrepreneurship education in many colleges and universities, and has been demonstrated to effectively improve the investment and learning performance of college students in entrepreneurship learning (Kriz and Auchter, 2016; Charrouf and Janan, 2019; Isabelle, 2020; Zulfiqar et al., 2021).

In the present study, a virtual simulation game was used in the course of entrepreneurship education. Students participated in the course in teams of 3–5 people. Each team needed to register and set up a company, study the market demand, clarify the priority market segments for the team to enter, position the style and characteristics of the product, and decide the research and development costs. Each virtual company needed to decide whether to build its own factory and the size of the factory, as well as the financing method. The required funds could be obtained through bank loans, issuing bonds and selling shares. On a quarterly basis, each company needed to make financial budgets and decisions on 62 projects, covering research and development, marketing, production, logistics, human resources and other aspects of business operations. Sixteen companies were allowed to compete in each industry, and at the end of each quarter, the system’s mainframe ran calculations based on the decisions submitted by each company and reported the results of the game back to each company. At least eight quarters of simulation were conducted in each round.



Learning Process 3P Model

Biggs (1993) proposed the presage-process-product (3P) model of college learning. In said model, the early variables include students’ individual characteristics and learning experience, the process variables mainly refer to students’ learning methods, and the outcome variables refer to students’ performance and gains. Prophase variables determine how students deal with a certain task, which further affects their learning results. That is, learning style is a mediating factor between learning experiences and learning results. Simultaneously, learning experiences directly predict learning outcomes (Trigwell et al., 2013). The interaction between prophase variables, process variables and outcome variables forms a dynamic system (Biggs et al., 2001).

The learning result of college students is a key indicator in evaluating the quality of university education (Douglass et al., 2012). According to existing studies, factors affecting the learning result can be essentially classified into two categories: student engagement (Fredricks et al., 2004) and learning experience (Richardson, 2005). Numerous studies have confirmed that student engagement of college students is a significant predictor of learning outcomes. Academic achievement and satisfaction will be higher with the investment of more time, energy and emotion from students (Wang and Eccles, 2013; Zepke, 2014; Zusho, 2017). College students’ learning experience refers to their perception, opinion and understanding of the learning environment (Entwistle, 1991). A large number of studies have shown that college students’ perception of the learning environment can affect their learning behavior and learning results (Diseth, 2007; Trigwell et al., 2013; Guo et al., 2017). However, there is a scarcity of existing studies in which the relationship between learning experience, learning engagement and learning outcomes is explored (Yin and Ke, 2017), especially in the field of entrepreneurship education. As such, in the present study, the 3P model proposed by Biggs (1993) was taken as the research framework, students’ learning experience in virtual simulation game courses was taken as the independent variable, students’ engagement was taken as the intermediary variable, and entrepreneurial intention was taken as the dependent variable to construct the research model.



Virtual Simulation Game Course Learning Experience

Learning experience is the main factor affecting student engagement (Astin, 1984; Biggs, 1993; Coates and McCormick, 2014), in order to improve the level of students’ learning experience, the teaching content needs to be designed and the teaching process needs to be managed with students as the center of the concept (Gibb, 2002; Murah and Abdullah, 2012; Robinson et al., 2016).

Virtual simulation games are first and foremost games, so the experience of the game itself is a significant factor that constitutes students’ course experience. Choi and Kim (2004) divided the influencing factors of the online game player experience into human-computer interaction factors and social interaction factors. Human-computer interaction includes goals, feedback and operability, while social interaction includes interaction place and interaction way. Such factors have been confirmed to have a significant positive impact on player experience. Yen and Lin (2020) introduced a retail simulation game into a marketing course to build a research model based on Flow theory. The antecedents of flow experience were divided into challenge-skill balance, playability, goals, feedback and control, and the influence of such variables on flow experience and learning performance was investigated.

In the course of virtual simulation games, students usually participate in a competition in the form of a team. As such, the communication, trust and cooperation between team members will certainly affect students’ investment and learning performance. Thanasi-Boçe (2020) adopted a marketing simulation system in a course. Sixteen students were divided into four teams to conduct a simulated competition. Through qualitative investigation and research, students gave feedback that team cooperation was crucial, and the interaction and even conflict among team members was found to have improved their ability to manage the team. Lohmann et al. (2018) conducted a survey of 365 students in Australia and Hong Kong and confirmed that teamwork can directly and significantly positively affect students’ results and satisfaction with business simulation learning.

Obviously, the personal characteristics of participants in virtual simulation games are also significant factors that can affect learning engagement and performance. Buil et al. (2020) constructed the self-system model of motivational development (Skinner et al., 2008). Based on the survey results of 360 students, the satisfaction degree of competency, independent choice, membership and self-efficacy was found to affect their cognitive, affective and behavioral engagement in business simulation games, and the cognitive and affective engagement would significantly positively affect students’ skill development and knowledge acquisition. Hernández-Lara et al. (2019) surveyed 115 undergraduate and master’s students and found that, in business simulation game courses, students’ generic skills (such as teamwork, decision-making ability, information processing ability, entrepreneurial ability, and new technology application ability) could have a significant positive impact on learning outcomes.

To summarize, the following hypothesis is proposed in the present study:


H1:Learning experience in virtual simulation game courses includes game experience, team experience and self-efficacy.





Learning Experience and Student Engagement and Entrepreneurial Skills Development in Virtual Simulation Game Courses

Student engagement is a multidimensional concept, including students’ time, energy and investment in cognition, emotion and behavior. Cognitive investment refers to the use of deep learning methods and strategies, with intrinsic learning motivation, emotional investment refers to the interest and satisfaction of learning and the relationship with teachers and peers, and behavioral investment refers to the participation in in-class and out-of-class learning activities related to behavior (Fredricks et al., 2004). In general, learning results include increases in knowledge, improvements in ability and changes in attitude (Anderson and Lawton, 2009). Since the focus of the virtual simulation game adopted in the present study was on the application of knowledge and improvement of analytical and decision-making ability, entrepreneurial skill development was measured as an indicator of learning results.

First, good education game design has clear education objectives and performance evaluation standards, and gives feedback and rewards according to students’ performance in the game. Students will strive to achieve performance objectives or gain an advantageous position in the competition. The sense of achievement of breaking through customs and the sense of honor of winning the competition urge students to be willing to invest a lot of time and energy in independent learning. Students will carefully analyze the competitive situation, evaluate the decisions of competitors, seek differentiated products and marketing innovation, reduce operating costs, and ensure sound financial operation. Second, all decisions are made by the student team. Therefore, students’ ability to innovate, analyze and solve problems, and make decisions can be trained and improved. In the course of virtual simulation games, team members trust each other and cooperate closely, which can make participants feel comfortable. Team members enhance each other’s knowledge in interaction. Division of labor and cooperation can improve the efficiency and accuracy of decision-making. Therefore, a good team atmosphere can make students more willing to participate in simulation games, and their ability can be better developed. Third, students’ sense of self-efficacy is also considerably important. Students who are more confident in virtual simulation games are more willing to invest time, energy and emotion to study the rules of the game and competitors, and can gain more. A study by Charrouf and Janan (2019) confirmed that, compared with students who have no experience playing video games, students who like to play video games at ordinary times would find start-up simulation games easier to operate, and would be more willing to devote themselves to learning, with stronger entrepreneurial intention.

As confirmed by a large number of studies, simulated game experience can effectively improve students’ participation and learning outcomes (Anderson and Lawton, 2009; Beltrão and Barçante, 2015; Kriz and Auchter, 2016; Liberona and Rojas, 2017; Charrouf and Janan, 2019; Isabelle, 2020; Mirjana et al., 2020; Kauppinen and Choudhary, 2021; Zulfiqar et al., 2021). Thus, the following hypotheses are proposed in the present study:


H2a:In the virtual simulation game course, game experience has a significant positive impact on student engagement;

H2b:In the virtual simulation game course, team experience has a significant positive impact on student engagement;

H2c:In the virtual simulation game course, self-efficacy significantly positively affects students’ engagement;

H3a:In the virtual simulation game course, game experience has a significant positive impact on the development of students’ entrepreneurial skills;

H3b:In the virtual simulation game course, team experience has a significant positive impact on the development of students’ entrepreneurial skills; and

H3c:In the virtual simulation game course, self-efficacy significantly positively affects the development of students’ entrepreneurial skills.





Engagement and Entrepreneurial Skills Development of Students in Virtual Simulation Game Courses

In the field of university learning, Astin (1984) paid early attention to the relationship between student engagement and learning results, proposing that students’ learning gains and development are directly related to the quantity and quality of students’ learning input. Numerous subsequent studies have confirmed that student engagement is a significant predictor of learning outcomes, and the more students engage in learning, the better their academic performance will be (Wang and Eccles, 2013; Zepke, 2014; Zusho, 2017). In the field of entrepreneurship education, there is a scarcity of research on the relationship between entrepreneurial learning input and learning outcomes. Several scholars have confirmed that entrepreneurial learning input can improve entrepreneurial self-efficacy (Minniti and Bygrave, 2001; Isabelle, 2020) and entrepreneurial confidence (Rae and Carswell, 2001), thereby influencing entrepreneurial intention. In a recent study, Zulfiqar et al. (2021) introduced business simulation into entrepreneurship courses and confirmed that such teaching method significantly increased student engagement, which in turn significantly improved entrepreneurial intentions and learning performance. As such, the following hypotheses are proposed in the present study:


H4:In the virtual simulation game course, student engagement has a significant positive impact on the development of entrepreneurial skills.






RESEARCH DESIGN


Data Sources

In the present study, students from the University of Electronic Science and Technology of China, Zhongshan Institute, were taken as the survey object. Students used virtual simulation games in the course, and students formed teams of 3–5 people. The startup teams had to create a new company within the system, develop new products to market, and compete with other teams. After the entrepreneurship course, the research team conducted an electronic questionnaire survey among 192 students who participated in the course. From business major students, 177 valid samples were obtained, including 44% male students and 56% female students.



Measuring Tools

For the course learning experience, system design, team experience and self-efficacy were comprehensively considered, and the research results of Choi and Kim (2004), Lohmann et al. (2018), and Buil et al. (2020) were comprehensively drawn on to design 13 questions. See Supplementary Appendix QUESTIONNAIRE Q1–Q13 for details. Four questions were designed for student engagement based on the measurement scale of Fredricks et al. (2004) and Buil et al. (2020). See questionnaire Q14–Q17 in the Supplementary Appendix. The research results of Isabelle (2020) was used to form an entrepreneurial skills development scale and four questions were designed. See Supplementary Appendix Q18–Q21 for details. All question types were measured by the 7-level Likert scale, with 1 meaning strongly disagree and 7 meaning strongly agree.




RESULTS


Exploratory Factor Analysis of Virtual Simulation Game Course Learning Experience Scale

Exploratory factor analysis was conducted on the learning experience scale using SPSS 23.0 software. The KMO value was 0.861, and the significance level of Bartlett’s sphericity test was lower than 0.001. The number of factors was not limited, and the component matrix after rotation is shown in Table 1. Factor 1 was “goal and feedback” (GF), Factor 4 was “selectivity” (SL), Factor 2 was “teamwork” (TW), and Factor 3 was “general self-efficacy” (GSE). The loads of all items were between 0.628 and 0.904, and the cumulative variance interpretation of all factors reached 79.725%. The overall variance interpretation rate of the first factor was 48.244%, less than 50%. Therefore, the present study was seemingly not affected by the common method deviation. GF and SL were game experiences, TW was team experience and GSE was personal efficacy, and thus, H1 was verified.


TABLE 1. Component matrix of learning experience scale after rotation.

[image: Table 1]


Scale Reliability and Validity

On the basis of 177 pieces of valid sample data, the reliability of the scale was tested by SPSS 23.0 software. The Cronbach’s α coefficient of the overall scale was 0.95, and the Cronbach’s α coefficient of each subscale ranged from 0.849 to 0.913. The results are shown in Table 2. All values exceeded the standard of 0.7 (Nunnally and Bernstein, 1994), indicating good reliability of the scale.


TABLE 2. Reliability analysis results (N = 177).
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The design of the scale was based on the mature scale of existing studies, which has good content validity. AMOS 23.0 was used for confirmatory factor analysis, and the goodness of fit index of the six-factor model was good (χ2/df = 2.085, CFI = 0.936, GFI = 0.838, IFI = 0.937, TLI = 0.922, and RMSEA = 0.079) (Arbuckle, 2003). The CR values of all variables were greater than 0.7, and the AVE values were greater than 0.5, indicating that the scale had good convergence validity (Fornell and Larcker, 1981). The square root of AVE of each variable was greater than the correlation coefficient between this variable and all other variables, indicating that the scale had good discriminative validity (Fornell and Larcker, 1981).



Descriptive Statistics and Correlation Analysis

The mean value, standard deviation and correlation coefficients of all variables are shown in Table 3. The overall level of the virtual simulation game course learning experience was higher. The average values of system goal and feedback, selectivity and team cooperation experience exceeded 6 points. The general self-efficacy level was relatively low at only 5.375. The average value was the lowest of all variables, and the standard deviation was the largest of all variables, indicating that students perceived the game as challenging. The perception difference between students was also large. In the course, students’ overall investment was high, and the students also agreed with the effectiveness of the course in improving entrepreneurial skills. As shown in Table 3, all variables were significantly correlated (P < 0.001). The largest correlation coefficient with entrepreneurial skill development was students’ experience of “goals and feedback” in the game, followed by students’ general self-efficacy.


TABLE 3. Descriptive statistics and correlation coefficients of each variable (N = 177).
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The independent sample T-test for gender shows that there were no significant differences between boys and girls in the level of learning experience, learning engagement and perceived entrepreneurial skill development.



Hypothesis Testing

AMOS 23.0 was used to test the hypotheses, and the results are shown in Figure 1 and Table 4. The model fitting index was good (χ2/df = 2.085, CFI = 0.936, GFI = 0.838, IFI = 0.937, TLI = 0.922, and RMSEA = 0.079) (Arbuckle, 2003). As shown in Table 4, GF had no significant effect on SE (β = 0.118, P > 0.05) and SL on SE (β = 0.072, P < 0.01), and H2a was not supported. TW had a significant positive effect on SE (β = 0.223, P < 0.001), and H2b was verified. GSE had a significant positive effect on SE (β = 0.510, P < 0.001), and H2c was verified. GF had a significant positive effect on ESD (β = 0.294, P < 0.001) and SL had a significant positive effect on ESD (β = 0.175, P < 0.05), and H3a was verified. TW had a significant positive effect on ESD (β = 0.146, P < 0.05), H3b was verified. GSE had a significant positive effect on ESD (β = 0.260, P < 0.001), and H3c was verified. SE had a significant positive effect on ESD (β = 0.199, P < 0.05), and H4 was verified.


[image: image]

FIGURE 1. Path analysis results.



TABLE 4. Path analysis and hypothesis testing results.
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DISCUSSION


Research Conclusion

Based on the 3P learning process theoretical model of Biggs (1993), for the virtual simulation game in entrepreneurship education, college students’ learning experience was taken as the pre learning variable, students’ engagement (SE) was taken as the learning process variable and entrepreneurial skill development (ESD) was taken as the learning outcome variable to explore the action mechanism of entrepreneurial learning experience on college students’ entrepreneurial skill development. The following conclusions were drawn:


(1)In the virtual simulation game course, students’ learning experience includes four dimensions of “goal and Feedback (GF),” “selectivity (SL),” “teamwork (TW),” and “general self-efficacy (GSE)” experience, among which GF and SL refer to the experience of game design itself. The student experience of virtual simulation games is a comprehensive experience, covering at least the game design itself, the team, and self-efficacy.

(2)GF (β = 0.118, P > 0.05) and SL (β = 0.072, P < 0.01) had no significant effect on SE, TW (β = 0.223, P < 0.001) and GSE (β = 0.510, P < 0.001) had significant positive effect on SE. An observation can be made that “objectives and feedback” and “selectivity” of game design do not have a direct impact on students’ engagement, but students’ self-efficacy in games is the most significant indicator of students’ engagement, and their experience of team cooperation atmosphere is also a significant indicator of students’ engagement.

(3)GF had significant positive effects on ESD (β = 0.294, P < 0.001), SL on ESD (β = 0.175, P < 0.05), TW on ESD (β = 0.146, P < 0.05), and GSE on ESD (β = 0.260, P < 0.001). Thus, “goals and feedback” and “selectiveness” of game design have a direct and significant positive impact on students’ entrepreneurial skill development, while teamwork experience and general self-efficacy not only have a direct and significant positive impact on students’ entrepreneurial skill development, but also indirectly affect the entrepreneurial skill development through students’ engagement degree.

(4)SE has a significant positive effect on ESD (β = 0.199, P < 0.05), indicating that the more time, energy and emotion students invest in virtual simulation game courses, the more they perceive their entrepreneurial skills, such as decision-making ability, problem-solving ability, innovation ability and teamwork ability, to be improved.

(5)There is no significant difference between students of different genders in learning experience, learning engagement and perceived improvement of entrepreneurial skills in virtual simulation game courses.





Theoretical Significance

Firstly, focusing on the student experience in virtual simulation game courses, multiple dimensions were comprehensively considered in the present study, such as game design, team cooperation and student self-efficacy, and a structural equation model was constructed to test their relationship with student engagement and entrepreneurial skill development, which is a significant innovation. Several existing studies have only focused on games themselves (Almeida and Buzády, 2019; Yen and Lin, 2020; Capelo et al., 2021; Zulfiqar et al., 2021), teamwork (Arias-Aranda and Bustinza-Sánchez, 2009; Lohmann et al., 2018; Buil et al., 2020; Thanasi-Boçe, 2020), and students’ personal traits (Eggers et al., 2017; Alstete and Beutell, 2019; Charrouf and Janan, 2019; Hernández-Lara et al., 2019; Buil et al., 2020), lacking a comprehensive study design.

Secondly, based on the theoretical framework of learning process, the influencing factors of college students’ entrepreneurial skills development was investigated in the present study, which is innovative. Existing studies on the effect of virtual simulation game courses on college students’ entrepreneurial learning results have generally been based on the planned behavior theory (Newbery et al., 2016; Zulfiqar et al., 2018, 2021), the technology acceptance model (Zulfiqar et al., 2018, 2021) and Flow theory (Choi and Kim, 2004; Yen and Lin, 2020), which tend to limit the perspective to the game system itself. As such, there is a failure to fully present the complete chain of “input-process-result” and its mechanism of entrepreneurial simulation learning. In the present study, Biggs (1993) 3P learning process theoretical model was applied to the field of entrepreneurship education, the relationship between entrepreneurial learning experience, student engagement and entrepreneurial skill development was explored, and the path mechanism of entrepreneurship education influencing the outcome of entrepreneurial learning was deepened and expanded from the perspective of student learning. Such factors are crucial for advocating student-centered entrepreneurship education (Robinson et al., 2016).

Thirdly, the present study has considerable theoretical significance for clarifying the mechanism through which game design influences learning outcomes. Previous studies on game design has mostly focused on Flow theory (Csikszentmihalyi, 1990), and most of the results support that game design goals, feedback, and selectivity can significantly positively influence students’ flow experience (Choi and Kim, 2004). Notably, there are also unsupported results (Yen and Lin, 2020). However, existing studies have not further explored the direct impact of game design experience on learning results. Empirical research in the present study confirms that although students’ game design experience does not significantly affect their learning engagement, there is a direct and significant positive impact on learning results.



Practical Significance

In the context of the global COVID-19 pandemic, the present study has considerable practical significance for entrepreneurship education. By introducing online virtual simulation games into entrepreneurship classes, students can learn entrepreneurship through the Internet and develop their entrepreneurial skills. The results of the present study have significant practical implications for teachers in terms of how to better conduct virtual simulation game courses.

First, when introducing virtual simulation games into entrepreneurship courses, teachers should pay attention to whether the design of the game itself meets the teaching objectives, whether the game establishes clear performance evaluation standards, provides rich and clear learning materials, and whether it can provide clear and clear feedback to students after each decision-making operation. Attention should also be paid to whether the game provides different levels of difficulty and different environmental parameters for teachers to adjust settings, so as to provide students with an “optional” competition environment. Such factors can directly affect students’ sense of learning.

Secondly, teachers should pay special attention to the atmosphere of students’ team in the teaching of virtual simulation games. Because students’ experience of the team atmosphere will not only affect students’ engagement, but also directly affect the learning result. Teachers can establish an assessment mechanism and take team participation as an indicator of students’ individual assessment to avoid free-riding. At the same time, for teams with conflicts, teachers need to actively intervene, adjust and encourage the CEO to create a harmonious, democratic and mutual trust team atmosphere.

Thirdly, teachers should pay attention to improving students’ general self-efficacy in the course of virtual simulation games. The results of the present study show that students’ general self-efficacy has the greatest impact on students’ engagement, and is also a significant factor affecting the development of entrepreneurial skills. Teachers need to review relevant professional knowledge before the game, explain the game rules in detail, and test to understand students’ mastery of relevant knowledge and rules. After 1–2 rounds of competition, teachers can also allow students to choose the difficulty level of the competition independently, so as to enhance students’ sense of self-efficacy, and then improve students’ investment and ability, which is consistent with the research conclusions of Alstete and Beutell (2019).



Research Limitations and Prospects

There were several limitations in the present study. First, the focus was on the three factors of game, team and individual in the course of virtual simulation games, but the factor of teacher may be ignored, which needs to be supplemented in future research. Second, entrepreneurial skill development is used as an evaluation index of learning results in the present study, and future research can be further extended to entrepreneurial intention, entrepreneurial behavior and other indicators. Third, the method of questionnaire survey was adopted to collect cross-sectional data. In the future, qualitative research and experimental research can be used comprehensively to ensure more rigorous research results.
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Deep learning (DL) and artificial intelligence (AI) are jointly applied to concrete piano teaching for children to comprehensively promote modern piano teaching and improve the overall teaching quality. First, the teaching environment and the functions of the intelligent piano are expounded. Then, a piano note onset detection method is proposed based on the convolution neural network (CNN). The network can analyze the time-frequency of the input piano music signal by transforming the original time-domain waveform of the piano music signal into the frequency distribution varying with time. Besides, it can detect the note onset at a stable state after 8 × 104 iterations. Moreover, an intelligent piano teaching method is designed to teach Jingle Bells for 40 preschool children aged 4–6 years. Finally, a questionnaire survey is performed to investigate the teaching situation, including the learning interest and learning effect of children and learning feedback from parents. The results show that 80% of children like smart music scores, 82% of children like intelligent piano lessons with games, and 84% of children can learn actively in the intelligent piano class. Besides, 85% of parents believe that their children are more interested in learning piano. In general, the intelligent piano teaching method effectively combines DL with AI to realize the overall optimization of piano performance. It is widely favored by preschool children and their parents and plays an important role in improving the interest of preschool children in piano learning.

Keywords: intelligent piano, functional characteristics, preschool children, enlightenment teaching, smart piano


INTRODUCTION

With the high-speed economic development and the continuous improvement of living standards of residents in China, parents pay increasingly more attention to the comprehensive development of preschool children. Mounting preschool children are choosing to learn intelligent piano, especially in developed cities (Wahl et al., 2021). The intelligent piano can be connected to intelligent devices through the Internet to teach learners online, gradually realizing the intellectualization of the piano (Williams et al., 2017). Since the intelligent piano “The One” came out in 2015 and has been used in piano teaching, there is a proliferation of intelligent piano training classes nationwide. The mechanical principle of the traditional piano can be combined with Internet information technology (IT), automatic control technology, and artificial intelligence (AI) technology to form the intelligent piano. With the development of science and technology, the intelligent piano comes with its teaching software. Users can connect the intelligent piano to an add-on program (on mobile phone or iPad) using the Internet, and they can easily learn piano with advanced games. The main enrollment object of intelligent piano teaching is preschool children. Piano teaching for preschool children belongs to the stage of piano enlightenment education (Androsova, 2017). How can intelligent piano promote preschool children? How to let preschool children learn playing piano? These are the problems that need to be considered in the teaching of intelligent piano for preschool children.

The current school music curriculum can fully apply the means of science and technology. According to the change in the communication mode between teachers and students in the music class, the fit between their music classroom situation and different social cultures is also undergoing subtle changes. On the one hand, big data analysis can enable school managers to find loopholes in the existing teaching system and further optimize the teaching structure. On the other hand, smart education has brought novel teaching methods for teachers and students, such as intelligent piano, and diverse music learning software has changed the habits of music learners. Moreover, deep learning (DL) can be applied to intelligent piano teaching. For example, the automatic music transcription method based on DL can compare played music with the standard score to automatically and objectively justify the correctness of performance, to help learners find their errors in time, and to improve learning efficiency. This technology can be applied to computer-aided piano teaching and piano grade examinations.

In this study, the first section sorts the research relevant to intelligent music teaching. The second section expatiates the function and characteristics of intelligent piano, combining with the physical and mental development of preschool children. Based on this, a convolution neural network (CNN) is employed to design a piano note onset detection method. In addition, a questionnaire survey is conducted on preschool children and their parents to investigate the popularization and teaching effect feedback of intelligent piano, which can provide a practical basis for the education and promotion of intelligent piano. The fourth section discusses the performance of the CNN model and the survey results. The final section summarizes the findings, reflects on inadequacies, and proposes prospects of the research work.



RELATED WORKS

In the field of intelligent music teaching, automatic music transcription mainly focuses on the transcription of audio into symbolic music notation. However, traditional audio-only transcription methods are often affected by complex tuners and background noise. Sigtia et al. (2016) proposed an end-to-end DL framework, which could learn to automatically predict the initial event of notes under the given piano player video. Besides, this framework could transcribe and play music in the form of Musical Instrument Digital Interface (MIDI) data. Through experiments, the authors proved that this audio-combined video data transcription method could improve the quality of music transcribed from each mode alone. Li (2020) took piano composition as a sample to explore computer automatic composition and analyzed the application of DL and blockchain to the generation of digital music works. They reported that DL had great application potential in computer automatic composition of digital music, and the integration of blockchain and DL had played a role in promoting the expansion and popularization of the digital music market.

In the network era, piano teaching is facing unprecedented challenges and opportunities. Specifically, the piano teaching reform needs to innovate the curriculum system and improve teaching content via the network. Shuo and Xiao (2019) constructed a piano note recognition algorithm to calculate the corresponding annotation file by establishing the training and testing waveform data according to the MIDI file and the corresponding piano audio file. The authors utilized this algorithm to recompile the multi-voice model to construct a multi-voice recognition system, which offered inspiration for the system model of intelligent network piano teaching. Liu and Huang (2021) proposed an intelligent piano teaching system based on a neural network. The system realized the overall function of piano playing, including MIDI signal extraction, neural network model construction, playing interface, five-line animation, and evaluation interface. Moreover, aiming at the difficulties in computer piano teaching, they designed a piano performance evaluation system based on the artificial neural network model.

In summary, scholars have put forward some intelligent schemes for piano performance and teaching. However, there lacks a thorough investigation of the piano note onset detection based on DL technology. Therefore, combined with the current needs of piano teaching and the theoretical basis of DL and AI, the automatic scoring algorithm of piano music is put forward to provide reference and support for computer-aided piano teaching.



MATERIALS AND METHODS


Features and Functions of Intelligent Piano

Intelligent piano teaching regards students as the absolute center, and the teaching content exactly serves students. Students are allowed to participate indirectly in the teaching design. Integration is realized in stages such as before class, in class, and after class. In the teaching design before class, teachers can analyze the interests and learning pace of students through big data and fine-tune the sections in teaching according to the analysis report made by the machine. In music teaching, if robots can really understand the language, emotions, feelings, and even thinking of teachers, the music played and understood by machines even surpass the breadth and depth of human thinking. The AI technology can present a continuous analysis of learning results to teachers and students, including valuable reports on achievements, learning status of students, and learning attitude of teachers, as well as any errors in the learning process and biased understanding of learning contents of students.

The advantage of the intelligent piano is that it can complete the accompanying practice without the presence of teachers, implement communication on a 4K display screen, demonstrate music, and teach playing skills with animation. It realizes the synchronous development of teaching, practice, game, and sharing. Intelligent pianos have the following functions.

The first function is the smart music score module. The intelligent piano has an enormous music library, and all music is stored in a tablet computer, through which players can retrieve any musical composition they want. The smart music score module is connected with an intelligent piano, and it can turn pages automatically during playing, which is convenient for the playing of children. Music scores are presented on an ultra-high-definition display, and the large size screen can protect the eyesight of children. Moreover, four pages of music scores can be displayed on the screen at the same time to reduce the trouble of children turning pages of music scores. The music score can be slowly scrolled or presented in the form of a waterfall to attract the interest of children in learning piano.

The second function is the automatic performance module. In an intelligent piano, the automatic performance module can be connected to the Internet for interactive transmission, remote control, and recording performance (Sinclair, 2018). Users can play music through video. The intelligent piano will automatically play along with the performance of the children so that children can learn intuitively.

The third function is the AI training module. Speech recognition technology can assist children to use the standard language in the system for personal repeated practice until they can be proficient in smart interactive teaching (Ahn and Lee, 2016). The function of AI training includes two modes, namely, class and practice. In the class mode, children choose a particular piano composition and learn through voice prompts. The system will prompt the segments that need to be practiced based on the performance of children. The practice mode supports user-defined exercises, and the system can generate the evaluation report smartly assessing and correcting the practice performance of children. In this way, children and their parents can master the situation of piano practice at any time.

The fourth function is the smart conversion of piano sound and silent mode. The silent mode of intelligent pianos will not affect the normal rest of others during piano playing. In the process of practicing the piano, children can wear earphones, so that only they can hear the sound of the piano. At this time, the sound of the piano can be converted into the sound of the electronic piano (Zabardasti et al., 2016). Some intelligent pianos can convert both the electroacoustic piano and the timbre of more than 120 different instruments so that children can feel the different timbres of musical instruments at home. The silence and voice conversion characteristics of the intelligent piano can provide a great convenience for piano learners and can improve their interest, making intelligent piano favored by most piano learners.

The fifth function is the entertainment interaction module. In the era of IT, to stimulate the interest of children in learning piano to the greatest extent, researchers of intelligent piano software have added the section of a breakthrough game into the system. This game section enables most children to learn piano in a relaxed and pleasant learning environment, such as the “waterfall flow” game, as shown in Figure 1.


[image: image]

FIGURE 1. Waterfall flow music score. Free source image, available from https://www.shutterstock.com/.


The sixth function is children can play any composition in the game. For most children, through the piano game mode, light emitting diode (LED) indicators can remind children to start practicing piano. Children can learn music in a relaxed and happy atmosphere, which can enhance their sensitivity to music, raise their interest in learning, and make piano learning no longer boring as in the traditional form. With the development of piano teaching applications, the intelligent piano can be connected to the teaching application software through smart devices to realize the interaction between people and the piano. For example, Dust Buster (a tool software) can adapt music scores into games to improve the interest of practice and enable children to have entertaining learning in their spare time. Furthermore, the network can help beginners practice the position of notes. The GarageBand application software can make music creation without using professional MIDI equipment but only using the intelligent piano connection, providing music lovers with as many conditions as possible.

The seventh function is the network piano classroom. There are two kinds of online piano classrooms via intelligent pianos. One is a piano classroom composed of multiple intelligent pianos, which requires teachers and students to complete piano teaching activities such as listening, playing, creating, and rehearsing, such as “The One—intelligent piano classroom,” “Find—intelligent piano classroom,” and “Pr—piano art studio.” The other is the network piano classroom, which can carry out intelligent piano distance education. Users can choose recorded or live video teaching courses according to their needs in the built-in system of intelligent pianos or the teaching program of the network piano classrooms. Moreover, teachers and students can interact with each other through network audio and videos. Teachers and students can not only communicate with each other through language and pictures but also use demonstration and other communication skills. Teachers can guide students according to their performance, which has the same effect as the field teaching mode. The teaching function of network piano classrooms can make the teaching method of an intelligent piano more flexible and intelligent.

The eighth function is smart evaluation. The evaluation function of intelligent pianos refers to the smart scoring according to the tune, rhythm, and strength of the performance of the students. Each student can understand their learning situation and shortcomings in each class. Smart evaluation for students is divided into three stages. First, for students who use the intelligent piano for the first time, it is necessary to assess their piano learning level, interest, and future expectations. The students without a piano foundation should learn the piano from the initial basic part, while the students with a piano foundation can choose a certain degree of difficulty to complete the test in intelligent piano. Second, it is necessary to score the tune, rhythm, and strength of the repertoire they can perform. Third, a learning plan suitable for their current stage is provided according to the scores of the students. The smart evaluation of the piano level of the students can help teachers teach students in accordance with their aptitude in a targeted way. The one-to-many group teaching mode is appropriate for elementary learners, while the one-on-one teaching mode is beneficial to high-level learners. In each stage of learning of the students, it is necessary to carry out smart evaluations of the learning situation of the students, which can motivate the learning enthusiasm of the students through group competition. Moreover, the smart evaluation module can send the music played by students and their achievements in each class to parents through the network, so that parents can know the learning situation of the students in time. Moreover, students can score their learning satisfaction by the self-evaluation method and complete the evaluation according to the opinions of the teacher. Teachers can master the cognition of the students of their learning and also make corresponding improvements and innovations in the teaching process according to the opinions of the students.

The ninth function is online and offline teaching modes. Offline teaching means that teachers and students complete face-to-face piano teaching in an intelligent piano classroom. Online teaching is complementary to offline teaching using intelligent piano micro-lecture videos, distance education, and smart partner training tools. Figure 2 reveals the primary teaching framework of intelligent piano constituted by online teaching and offline teaching.
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FIGURE 2. Basic teaching framework of the intelligent piano.


Intelligent piano offline teaching refers to face-to-face teaching between the teachers and students in an intelligent piano classroom. Its teaching methods include piano performance, the teaching of music reading, solfeggio, music appreciation, and music composition. Preschool children must have a comprehensive study of piano enlightenment. Table 1 lists the features of intelligent piano offline teaching.


TABLE 1. Intelligent piano offline teaching.

[image: Table 1]
Intelligent piano online teaching means that teachers use the Internet to teach piano, and learners can use smart functions in the learning process. The efficient use of intelligent piano micro-lecture videos, distance education, and smart partner training can supplement the shortcomings of offline teaching and promote the preview of children of new lessons and after-school practice, to enhance the learning efficiency of children. Table 2 illustrates the components of intelligent piano online teaching.


TABLE 2. The components of intelligent piano online teaching.

[image: Table 2]


Design of Piano Note Onset Detection Based on Deep Learning

From the perspective of music, the note onset is the starting point of a note in the piano score. From the perspective of the signal, the music signal is a continuous fluctuating wave. Besides, the note onset is the moment when the waveform envelope begins to change. Note onset detection is a fundamental topic in the field of content-based music information retrieval and the application of intelligent piano to piano teaching. Figure 3 displays the process of the piano music onset detection method based on DL reported here.
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FIGURE 3. Piano music onset detection based on deep learning (DL).


In the beginning, the time-frequency of the input piano music signal is analyzed, and the original time-domain waveform of the piano music signal is transformed into the frequency distribution varying with time. Here, short-time Fourier transform (STFT) is used to perform the time-frequency analysis (Khodja et al., 2019). The first step of this method is to read the audio file and reduce the value of signal sampling data to [−1, 1]. In the second step, if the audio is of multichannel type, the mean value of each channel data is taken to convert the sampled data into mono channel data. In the third step, “0” of half the frame length is filled in the beginning and end of the sampled data to eliminate sound before and after the recording. In the fourth step, the signal is truncated and divided into frames; then, the operation of windowing, fast Fourier transform, and amplitude spectrum calculation is performed, respectively. According to the pertinence of discrete Fourier transformation, the first half of the STFT amplitude spectrum of 88 piano notes is intercepted. Besides, the spectrum length is reduced from 2,049 dimensions to 512 dimensions to prevent the overfitting of the model.

Moreover, a CNN (Yao et al., 2020) model is designed for note onset detection. There is an input layer that is a continuous 9-frame Constant Q Transform (CQT) time-frequency representation, 4 convolution layers, 3 maximum pooling layers, and 2 fully connected layers, as presented in Figure 4.
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FIGURE 4. Convolution neural network (CNN) network structure.


Then, the convolution results of each convolution layer are batched standardly to speed up the training of the model and provide the regularization effect. Regarding the first fully connected layer, dropout is used with a probability of 0.5 to improve the generalization ability of the model. In addition, each output layer adopts the Rectified Linear Unit (ReLU) activation function. When the input is STFT time-frequency representation, the layer quantity and types of the CNN model remain unchanged, whereas the output dimensions and the parameters quantity of each layer change in accordance with the change in input dimension. Table 3 shows the parameter settings of the CNN model.


TABLE 3. Convolution neural network (CNN) network parameter setting.

[image: Table 3]
The training dataset of the CNN model is the MIDI Aligned Piano Sounds (MAPS), which is commonly used to evaluate the automatic recording task of piano music. Seven kinds of synthetic audios in the training set include complete piano music, as well as other synthetic audio, such as single notes and chords.

Finally, the onset of the note output by the CNN model is smoothed with the convolution of the 5 frames Hamming window. The corresponding time of the local maximum value higher than the given threshold is regarded as the onset of the note. Meanwhile, the onsets of several notes with time intervals less than 2 frames are regarded as one, and the average value is taken as the detection result.



Application of Intelligent Piano to Piano Teaching for Children

The intelligent piano teaching system reported here works based on the Internet + teaching system (Ren et al., 2021), composed of the teacher teaching system, student learning system, and background management system, as illustrated in Figure 5.
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FIGURE 5. Intelligent piano teaching system.


Here, the piano music of Jingle Bells is used as a teaching example for intelligent piano teaching for preschool children. Teachers carry out intelligent piano teaching to help preschool children (aged 4–6 years) master music knowledge and the performance skills of the chord.

First, the psychological characteristics of preschool children aged 4–6 are expounded as follows. They have rich musical imagination and image memory, lively thinking, relatively distracted attention, and short concentration-time (Hua et al., 2015; Messerli-Bürgy et al., 2017). It requires teachers to develop appropriate teaching methods according to the rich imagination, curiosity, and creativity of preschool children, which can attract the attention of children to carry out complex teaching activities.

Second, the teacher uses the teaching function in the system to play the imported animation of piano lessons on the screen of the intelligent piano classroom. Then, the teacher uses multimedia to display the music, and children can mark the chord on the smart music score. The teacher explains the playing skills of a chord and demonstrates the correct performance. At the same time, the video of a standard performance is input into the system so that children can watch it repeatedly after class. Teachers also need to demonstrate the animation video of the fingering and explain the knowledge points according to the animation. In the process of playing, the teacher checks whether the hand shape and chord of each child are accurate and prompts fingering.

Finally, the children try to play Jingle Bells. In the one-to-many teaching mode, the teacher can ask the children to play in groups. In the process, the teacher checks the playing performance of each child and gives correct guidance.



Feedback on the Intelligent Piano Teaching

The participants in the intelligent piano class are 40 preschool children aged 4–6 years. To ensure the authenticity of teaching feedback, a questionnaire survey is conducted for these preschool children and their parents.




RESULTS AND DISCUSSION


Convolution Neural Network Model Performance

Figure 6 presents the loss during training of the CNN model using the training set, and Figure 7 provides the results of piano note onset detection of the model.
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FIGURE 6. Loss curve of note onset detection in the network training process.
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FIGURE 7. The result of onset detection is based on convolution neural network (CNN) network.


Figure 7 shows that as the training continues, the number of iterations gradually increases, and the loss value of the model in the training set gradually decreases. After 80,000 iterations, the loss value of the model finally tends to be stable, and the CNN model can realize the detection of the onset of the output note.



Interest of Preschool Children in Learning Intelligent Piano

According to the results of the questionnaire survey, the interest degree of 40 preschool children in the intelligent piano is shown in Figure 8.
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FIGURE 8. Interest of preschool children in learning the intelligent piano (“[image: image]” represents the same dimensions; 1, children like intelligent music scores; 2, children like paper music scores; 3, children like piano lessons with games; 4, children do not like piano lessons with games; 5, children like reading music score; 6, children like playing the piano; 7, children like music appreciation; 8, children like music rhythm; 9, others).


Figure 8 shows that 80% of the children surveyed like an intelligent music score and 82% of them like an intelligent piano class with games. Moreover, piano playing is the most popular music activity for preschool children, followed by music rhythm, music score reading, and music appreciation.

The results indicate that preschool children have shown a strong interest in intelligent piano, which is consistent with the research results of Ying (2016). The interest of children in learning represents that preschool child treats learning with a positive attitude in the process of learning (Mills et al., 2017; Pappert et al., 2017). Intelligent piano teaching can stimulate the interest of preschool children and improve the efficiency of piano learning through its special teaching function and mode, which is worth popularizing.



Intelligent Piano Learning Effect

Figure 9 illustrates the learning effect of 40 preschool children on intelligent piano.
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FIGURE 9. Learning effect of intelligent piano for preschool children (“[image: image]” represents the same dimensions; 1, children play new music actively; 2, children do not play new music actively; 3, intelligent piano has partner training function; 4, the intelligent piano can be used to teach remotely; 5, the intelligent piano has smart scores; 6, the intelligent piano has entertainment function).


Figure 9 shows that 84% of preschool children can take the initiative to learn in the process of intelligent piano teaching but 16% of children cannot. The partner training function of intelligent pianos can greatly help children to learn to play the piano. The other features with promotion function rank in order are smart music score, distance education, and entertainment function. In the field of piano performance, intelligent interaction primarily depends on the recording and analysis using electronic equipment. Therefore, the teaching concept of intelligent piano complements rational thinking in the teaching process and makes up for the limitations in the traditional piano teaching methods. The rapid interaction between students and teachers in teaching can be realized through the recording and feedback of digital equipment. This interaction avoids ineffective communication often caused by insufficient perception or comprehension of the music of students in the traditional teaching process.

Therefore, intelligent piano teaching can improve the enthusiasm of preschool children for practicing piano and develop their autonomous learning ability. In the intelligent piano class, preschool children can log in to their private accounts in the intelligent piano program according to the prompts of their parents and carry out the personal practice. Teachers can choose the partner training software mode (or the smart mode, independent practice mode, and original whole track speed competition) according to the situation of children (Bugos, 2018). The program can give a certain non-physical reward according to the proficiency of children in the repertoire, which plays a vital role in improving the self-confidence of children and reducing their fear of difficulties. Parents can let children practice by themselves, which can promote the development of independent habits of children and reduce the pressure of guidance of parents, and achieve win-win results. Intelligent piano teaching stimulates interest and efficiency of preschool children in learning piano through information management mode, situational teaching methods, game-based teaching process, and interactive teaching environment and makes children change from passive acceptance to active approaching to learning.



Feedback of Parents on Intelligent Piano Courses

According to the questionnaire results, the feedback of parents of 40 preschool children on the intelligent piano is displayed in Figure 10.


[image: image]

FIGURE 10. Feedback of parents on the intelligent piano course (1, the ability of children to read music; 2, the improvement of interest of children; 3, piano playing ability of children; 4, solfeggio ability of children).


Figure 10 displays that 84% of parents of preschool children participating in intelligent piano teaching believe that the interest of their children in learning piano has increased. It demonstrates that parents are satisfied with the current teaching effect of the intelligent piano. Preschool children can learn intelligent piano with high enthusiasm, and their playing ability, music reading ability, and solfeggio ability have been greatly improved.

Teachers reasonably use the intelligent piano teaching mode to complete the teaching content of this course. Students have a deeper understanding and perception of the connotation of music and virtually put forward higher learning goals and requirements for themselves. Additionally, children in music rehearsal contact with each other more closely, and consequently, their cooperation ability, feelings, and friendship have been improved. Parents are the promoters of the learning of preschool children (Nimbalkar et al., 2016; Zhang et al., 2019). In the process of piano teaching, teachers play a leading role. However, if parents can accompany their children to learn piano every day, they can promote preschool children to learn piano happily. Intelligent piano teaching not only teaches the playing skills of children but also focuses on cultivating music comprehensive literacy and music creativity of children, which is also conducive to guiding children to establish a good network awareness.




CONCLUSION

The AI technology and computer technology can assist piano teaching, through which learners can acquire music concepts and knowledge of western classical music, such as chromatic scale, transfer, interval, and chord. It can play a positive role in the teaching of the piano knowledge system. Based on the analysis of the functions and characteristics of intelligent piano, a method of detecting the onset of piano note is proposed based on CNN. Besides, intelligent piano teaching is introduced into a class of 40 preschool children aged 4–6 years to teach the piano lesson Jingle Bells. Finally, the learning interest and learning effect of learning feedback of the children and their parents are investigated through a questionnaire survey. The results show that CNN has good performance and can detect the onset of piano notes. Moreover, in the questionnaire survey, 80% of preschool children like smart music scores, 82% of preschool children like intelligent piano lessons with games, and 84% of preschool children have great enthusiasm for piano learning. Besides, 85% of parents think that the interest of their children in learning piano has increased. The findings prove that intelligent piano is loved by preschool children and their parents, which lays a good foundation for the smart development of enlightenment teaching of preschool children.

Due to limited personal ability and time, there are certain deficiencies. Although an automatic music transcription algorithm based on DL is constructed in this study, the accuracy of the algorithm needs to be further improved. In subsequent studies, the music language model will be used to learn common note combinations and note sequences. Based on these rules, the output of the acoustic model will be adjusted to solve the problem of fundamental frequency ambiguity. Moreover, the number of research objects and regional selection is insufficient. In a follow-up study, it is necessary to investigate cities of different consumption levels for an extensive sample size to improve the persuasiveness of the research results.
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Students often face challenges while learning computer programming because programming languages’ logic and visual presentations differ from human thought processes. If the course content does not closely match learners’ skill level, the learner cannot follow the learning process, resulting in frustration, low learning motivation, or abandonment. This research proposes a web programming learning recommendation system to provide students with personalized guidance and step-by-step learning planning. The system contains front-end and back-end web development instructions. It can create personalized learning paths to help learners achieve a sense of accomplishment. The system can help learners build self-confidence and improve learning effectiveness. In study 1, the recommendation system was developed based on the personal data and feedback of 41 professional web design engineers. The system uses C4.5 decision tree methods to develop a programming learning recommendation model to provide appropriate learning recommendations and establish personalized learning paths. The test group included 13 beginner programmers. After 4 weeks’ programming instructions in front-end and back-end web development, the learners were interviewed to understand their preferences and learning effectiveness. The results show that the effectiveness of the recommendation system is acceptable. In study 2, online real-time feedback and adaptive instruction platform is developed, which is different from the past adaptive curriculums mainly using the Internet platform and only the submitted assignments to determine the newly recommended learning process for students. The study found that the students’ learning performance in the adaptive instruction group is better than those in the fixed instruction group.

Keywords: computer programming, personality traits, personalization, learning motivation, decision tree


INTRODUCTION

Computer programming courses are popular and attracting much attention in recent years. Many schools begin to teach the students in different age computer language. However, programming logic, visualizations, and language expressions are difficult to understand. The mismatch between programming conventions and human thought processes results in students frequently becoming frustrated and losing self-confidence in the study of computer programming. In addition, the mismatch between course difficulty and learner ability will cause the learner to fall behind, giving rise to considerable anxiety and frustration, which can also result in learner attrition. To effectively solve learner frustration and anxiety, students should ideally be provided with courses of instruction with carefully graduated levels of complexity, allowing students to achieve a sense of accomplishment which, in turn, will drive increased learning motivation.

In order to enhance students’ learning motivation and decrease their frustration in the learning process, many companies are developing customized learning systems. Although the learning effects after using the customized learning systems have been widely discussed, few studies examined the learning effects in personalized web programming learning-oriented recommendation systems. Hence, in study 1, this research proposed designing a personalized and learning-oriented web programming recommendation system to recommend suitable programming instruction. Personalized instruction can reduce frustration for novice learners and help them maintain positive learning motivation. In study 2, an experimental design is used to test the effect of an adaptive instruction platform on the learning outcome of HTML/CSS programming. The system in study 1 can help students understand which learning path is the most suitable for them, while study 2 will verify students’ learning performance on the adaptive instruction platform. The results and findings can provide helpful insights for web programming course design.



LITERATURE REVIEW


Adaptive Instruction

Adaptive instruction can be defined as adjusting instructional plans provided by instructors in their instructional process according to students’ learning differences. In other words, adaptive instruction can provide a personalized learning process according to students’ needs (Wang et al., 2020). When using adaptive instruction, instructors have to design and revise their instructional plans according to students’ differences and learning progress and modify their instructional modes to cope with the diverse needs of individual students. More specifically, adaptive instruction is also known as differentiated instruction, during which students would learn better when instructors proactively address their differences and learning gaps (Smit and Humpert, 2012).

Adaptive instruction can be used in personalized learning platforms. Past research adopted adaptive instruction in computer programming courses in an online environment and evaluated students’ learning performance (Si et al., 2014). The results found that the students’ learning performance in the adaptive instruction group is better than those in the fixed instruction group. Recent studies also show that adaptive teaching competency significantly affects students’ achievement (Brühwiler and Vogt, 2020). Hence, adaptive instruction/teaching has been demonstrated to be a helpful teaching method (Ankrum et al., 2020; Iterbeke et al., 2021).



Learning Motivation and Learning Outcome

Programming language is a subject that emphasizes logic and practice, where many studies have shown that the assessment of learning outcomes in a programming language cannot be based solely on logic tests. The assessment via implementing practical programs also must be considered in assessing students’ abilities (Lau and Yuen, 2011; Yang et al., 2015). As a result, in this study, the learning outcome assessment of programming is realized in terms of both the practice-based assessment and grading by teaching assistants (TAs) (Wang et al., 2012; Yang et al., 2015). Past studies show that students’ motivation will influence learning outcomes (Law et al., 2019; Ling et al., 2020; Chen and Hsu, 2022). Adaptive instruction can attract students’ attention and enhance their learning motivation and outcome. Hence, personalized learning platforms can increase students’ learning performance in computer programming courses.




STUDY 1


Research Method

A questionnaire was distributed to professional web programmers working in the information engineering industry to collect a training data set. Then, we used the data and a decision tree method to construct a learning path recommendation model to provide programming students with recommendations for learning content (front-end and back-end web programming) suitable to their learning level, along with related course content and learning units. Feedback from test subjects at the end of the research is then used to improve recommendation model performance incrementally.


Research Tools


Questionnaire

The data collected by the questionnaire was used to develop recommendations for appropriate learning paths based on learner personality traits, logical thinking skills, and degree of dispositional resilience. Learning outcomes are related to personality traits (O’Connor and Paunonen, 2007), and personality traits also help determine learner aptitude for different subjects (Zhang and Ziegler, 2016). The present study used Saucier (1994) concept of “Mini-Marker” to compile the questionnaire to measure five major personality traits (see Supplementary Appendix A). Following Bosley (2013), the Logical Competence section posed questions designed to assess the subject’s logical reasoning skills, with each of 20 questions worth 5 points, for a maximum score of 100 points. The Dispositional Resilience section was designed using Bartone (1995) Dispositional Resilience Scale-15 (DRS-15).



Course Design

The learning path design includes a step-by-step learning unit progression, checkpoints, and teacher assessment. Each learning unit uses corresponding exercises as checkpoints to evaluate learning effectiveness.




Decision Tree

Decision Trees are a classification method that can create a model to predict results by decision rules. Decision Trees in this study use the C4.5 classification algorithm to generate decision rules. The rules in this study include students’ personality traits, gender, stress resilience, and logical thinking ability.



Construction of a Learning Path Recommendation Model


Data Collection

The questionnaire presented in Table 1 was used to collect data over 1 month. A total of 41 valid responses were received, including 31 males and ten females, with an age range of 22–40 years old. All respondents worked as professional programming engineers in eight different information engineering companies, working on front-end or back-end web applications.


TABLE 1. Learning path recommendation evaluation.

[image: Table 1]


Decision Tree Model Building

Following the data collection results, gender, personality characteristics, logical thinking capacity, and stress resilience are taken as independent variables, with front-end and back-end web programming learning performance used as the dependent variables. The C4.5 decision tree algorithm was applied to the training data set to construct a learning path recommendation model. Preliminary analysis results suggest that more open personality traits and males with moderate to high-stress resilience are better suited to back-end programming. In contrast, front-end programming is better suited to those with more complex personality traits and stronger logical reasoning capability.





Results and Discussion

In order to evaluate the effectiveness of the learning path recommendation model, this study convened a testing group of 13 Asset Management majors from a university in Taiwan, including eight males and five females. All test subjects were novice programmers. At the beginning of the course, we collected data on personality traits, stress resilience, and logical thinking capabilities through the questionnaire. The results were then used to provide recommendations for suitable learning concepts and paths for a subsequent 4-week learning program on front-end and back-end web programming design. Learning checkpoints and expert evaluation during and after this study were used to evaluate the learning effectiveness of the program, followed by interviews to assess subject perceptions of their recommended learning path and its compatibility with their learning interests. We thus attempted to verify the accuracy of the inference model for the decision tree-constructed learning path recommendation program.

Actual results matched the recommended results for 9 of the 13 test subjects, for a recommendation accuracy rate of 69.23%, indicating that the proposed system can provide accurate programming learning paths for some learners. However, the model requires considerable refinements using large volumes of learner data. The establishment of the model and prototype system achieves the goals of providing personalized and adaptive programming learning recommendations. Post-completion interviews with test subjects provided the following findings:


(1)Model recommendation accuracy was 69.23%, and interview results point to key factors for inaccurate recommendations, particularly individual learning status in terms of lack of learning motivation and inability to focus on the learning process. Aside from sub-optimal learning guidance results, subjects reported that the learning path recommendation and content design did not make a strong impression.

(2)Test subjects were found to be broadly diverse in terms of personality traits, stress resilience, logical reasoning capability, self-confidence, a propensity to frustration, diligence, and engagement.

(3)Learning performance results suggest that recommendation of an appropriate learning path does not guarantee good learning performance because test subjects differ in terms of self-expectations and diligence. Learning performance will impact learning motivation in that a sense of accomplishment will impact the learner’s subjective effect. For example, the subject performing well on front-end programming may translate the resulting sense of achievement into a preference for front-end programming, resulting in incorrect path recommendations.






STUDY 2


Adaptive Learning Platform and Instruction Content Design

In this study, an Online Real-time Feedback Adaptive Instruction Platform is constructed with the features of learning path design, adaptive recommendation, checkpoint mechanism, and timely feedback and assistance. The program design learning units are arranged according to the level of difficulty of program design, on which learning can be realized progressively step by step through the design of interactive guided learning.


1.Learning Path Design:

In this study, three learning units with different levels of difficulty for front-end program design together with corresponding implementation examples as an assessment mechanism to form the three learning paths with different levels of difficulty, each of which will have 17 checkpoints of level and be presented on the platform allowing students to learn through the platform.

2.Adaptive Recommendation:

In this study, adaptive recommendation of learning paths based on students’ personality traits, program design ability, logic capability, and stress resistance is made. The personality trait questionnaire and learning interest will be used as the assessment tool. Regarding program design ability, the naming of essential variables and the fundamentals such as data types are the basic knowledge. In the aspect of logic capability, the logical reasoning website1 has ten questions in total (one point for each question with correct answer, and ten points in total) as the assessment tool to evaluate the testees’ capability of logical reasoning. In the aspect of stress resistance, the learning pressure questionnaire is used as the assessment tool.

3.Checkpoint Mechanism:

Each learning unit is designed with practice implementation assessment questions with 17 levels to serve as checkpoints. In addition to the learner’s score for completing the practice questions, the learner will be graded by a teaching assistant (TA) based on his/her logic and structure written for the program. The practice implementation exercises involve 50% of the entire score grading, and the remaining 50% comes from the score grading given by TAs. Meanwhile, a threshold will be set to determine whether the student has truly learned the core concepts of the learning unit. Only those who pass the checkpoints can move on to the next level of learning, thereby learning step by step for the subsequent learning levels. Only those who have passed the comprehensive score threshold will pass the level’s checkpoints to ensure that their learning outcomes are met before moving on to the next level. Observing the levels of checkpoints and learning duration helps instructors keep track of their students’ learning situations.

4.Timely Feedback and Assistance:

Four TAs are assigned to the curriculum design of each learning path. If any student stays at a particular level of a learning unit for too long or his/her TA finds that the student’s idea is in confusion upon reviewing his/her program logic, the TA will ask about the student’s learning situation and give him/her assistance to reduce the chance of the student’s giving up due to frustration.





Research Subjects

The target subjects of this study are information management majors of a university of science and technology night division, who agree to join this study by filling in the consent forms before the experimental study proceeds. The students are divided into two groups. The experimental and control groups were first given program design instruction in the computer lab. The experimental group students then used the Online Adaptive Instruction Platform to practice program design exercises. At the same time, the control group students used the computers in the computer lab for program design practice exercises instead. After collecting their learning outcome using questionnaires, an independent sample t-test was used to compare the experimental and control groups’ post-test scores.



Experimental Design: Adaptive Instruction

Prior to the experiment, the testees are required to undergo a pre-test assessment and a logic test assessment in order to understand the students’ previous programming learning experience. The testees are further divided into an experimental group and a control group depending on whether adaptive instruction together with the “Online Real-time Feedback Adaptive Instruction Platform” is given or not. During the 16-week course, the instructor would instruct the course by following the course content schedule as it has been arranged, and at the end of each week’s class, a class assignment is designed that includes a number of concept designs delivered in the class. Students in both groups are required to practice at home and hand in assignments to determine their learning outcomes.


Experimental Flow

The experiment process was divided into three stages, and the total duration was 16 weeks, as shown in Figure 1. A pre-test was first given in the first stage to ensure no significant difference in the programming ability between two groups of testees before giving the experiment.


[image: image]

FIGURE 1. Experimental procedure flow chart.


In the second stage, both the experimental group and the control group were given the computer hands-on HTML + CSS program design course at the computer lab. The students in the experimental group used the Online Adaptive Instruction Platform for conducting practice implementation exercises. The students in the control group used the off-line computer practice exercise method, typically found in traditional program design instruction. After each week’s class, students were required to submit weekly program assignments to record the learning progress of the two groups of students. The adaptive learning content is thereby adjusted, and the TA-assisted instruction is timely given according to the grading status of each submitted assignment.

During the second stage, a midterm project was given to students for assessment in the ninth week, and students were also required to fill in the learning motivation questionnaires to assess their midterm learning outcomes and motivation.

A post-test was conducted in the third stage by giving students a final term project to assess their learning outcomes. The students were also required to fill in the learning motivation questionnaires to assess their final term learning outcomes and motivation.




Learning Outcome Assessment

Both groups of testees were given the curriculum with the same instruction syllabus. For the experimental group students, the course content was mainly adjusted according to their individual learning situations such that the final learning progress of each student turned out to be different. Consequently, their learning outcomes were not assessed by their final assignments submitted, but the exercises are given at each class session as the basis of assessment. The way of learning outcome assessment method is divided into two parts:


Completion of Practice Implementation Assignments Given

The assignments should be completed to the specified level; for each assignment, there are10–15 specific requirements to be completed, and students have to fulfill the requirements to get the grade points; the completion of practice implementation assignment takes up 50% of the entire grading score.



Program Structure

The learning of HTML and CSS does not need strong program logic but needs the ability of design and aesthetics. The scoring of this part is performed by TAs, which accounts for 50% of the entire grading score.




Experimental Results

In the experiment, the mean grading scores of their take-home practice implementation assignments after each class session were plotted as a trend graph. The 5 weeks of learning outcome as shown in Figure 2. Figure 2 shows that the learning outcome of the experimental group stays at a certain level; on the contrary, the learning outcome of the control group decreases as the course progresses. The experimental group testees were able to ensure that they had learned the prior knowledge before proceeding to advanced learning. In contrast, the control group testees were forced to move on to the next stage after understanding only a portion of the program design concepts. They, therefore, could not maintain the same learning outcome as that of the experimental group.


[image: image]

FIGURE 2. Learning outcome comparison chart (5 weeks).





CONCLUSION

This research used professional web programmers’ gender, personality traits, stress resilience, and logical reasoning capabilities in the decision tree C4.5 algorithm to develop a personalized web programming learning-oriented recommendation platform to generate personalized learning paths optimally suited for individual learners. The platform can enhance learning motivation and effectiveness for novice learners. Past research results suggest that, in addition to the above characteristics, learning outcomes would be influenced by other factors such as learning attitude, self-confidence, and frustration.

Experimental results show that the developed system fulfills basic requirements, and some subjects felt the recommendation system helped match them with an appropriate learning program. Improvements to the training sample can increase system accuracy and performance. The present study is limited by the small sample size, making it difficult to quantify each variable’s impact effectively. Future work will focus on improving recommendation accuracy by increasing the sample size and improving the feedback mechanism. Moreover, in this study, only two types of computer programming languages are tested. If the learning recommendation systems can recommend more different learning content, the learning outcome and the accuracy will be better.

In this project, based on the educational theory of adaptive instruction as the philosophy, an online learning platform and adaptive course content with corresponding assessment mechanisms (checkpoints) are developed to form a learning path through the progressive step-by-step design of learning units. In addition, an online learning feedback platform together with TAs’ timely assistance to help resolve the difficulties encountered by students while learning program design with the instructor, providing a solution to the problems in program design learning and instruction. The study results found that adaptive instruction can better control students’ learning situations, identify students’ problems early and provide timely and appropriate assistance to help improve students’ diverse levels and qualities. Moreover, the study results also indicate that assistance was given by TAs and online teaching platforms allow more resources to fulfill adaptive instruction’s ideas.

The limitations of this study should be mentioned. First, the sample size is relatively small. The effectiveness of the system may be different in different student groups. Second, the target subjects in this study were the students in central Taiwan. The generalizability of the findings needs further verification. Third, the course in this study is short. More analyses are needed in longer courses.
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To cultivate children’s imagination, observation, thinking ability, and aesthetic consciousness, the questionnaire survey is adopted to analyze the design strategies and principles of children’s picture books based on augmented reality (AR). Primarily, the related concepts and theories are expounded for the research content. Children in preschool aged 4–5 years are invited as primary participants in this work, and the psychological characteristics of the invited children are analyzed in depth. Then, a study is carried out on the existing AR children’s picture books. The problems existing in the design of AR children’s picture books are found, and then, related solutions are put forward based on the results of the questionnaire survey. Besides, a design is made on the strategies and interactive design principles of AR children’s picture books on mobile terminals that are more in line with the needs of children. The results show that 41.07% of parents do not understand AR technology, and 37.5% of preschool children indicate that they do not operate mobile devices independently. However, they need the assistance of parents to use this kind of picture book. A total of 44.64% of parents believe that the main problem of AR picture books in the current market is the lack of interesting interaction. Given the above problems, five principles are proposed for the design of AR children’s picture books based on mobile terminals, namely, easy operation principle, interesting principle, guiding principle, timely feedback principle, and safety principle. A set of universally applicable design methods are proposed for AR children’s picture books based on mobile terminals, which provides certain theoretical guidance for the development of related types of products.
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INTRODUCTION

The development of visual culture has caused a great change in people’s reading styles. Children are in a critical period of physical and psychological development. Picture books have gradually developed into an essential tool, playing an important role in children’s cognition development (Patterson, 2019; Fears and Lockman, 2020). During the reading process, picture books can help children to establish the correct three outlooks. As a type of literary carrier, picture books have brought a new era of text expression and image portrayal, which helps to enhance children’s interest in reading. The picture book is a special educational way for children, which can satisfy children’s imagination and desire for exploration and play a significant role in children’s growth (Takacs and Bus, 2018; Yamaji et al., 2020). Precisely, picture books have become the primary choice for parents and schools to cultivate and educate their children because of these characteristics. In China, translations imported from other countries account for the majority of the market of picture books for children. In contrast, the market share of Chinese picture books for children is limited. According to the development law of children’s mental cognition, picture books should actively absorb high-quality resources worldwide and develop, following the actual situations.

Regarding the relationship between picture books for children and child psychology development, Sundmark (2018) described the development trajectory of early concept books as picture books for children. Based on the analysis of language and visual dimensions, the results revealed the importance of picture books in the cognitive development of children and adolescents (Sundmark, 2018). Candel et al. (2020) reckoned that picture books provided non-linguistic subjects, including art, numbers, and music, from where children could study knowledge, culture, and communication, and improve their ability of cognition. Scholars recommended using Cuadernia software to compile picture books and emphasized their importance in broadening students’ knowledge and enhancing students’ learning vitality and interest (Candel et al., 2020). To help children obtain beneficial information from emotional cognition and emotional preference, Wang (2017) used different artistic styles, emotional themes, and color elements to design picture books and explore children’s emotional states and emotional expressions. Aldrich and Brooks (2017) chose a picture book about frogs to study the relationship between children’s narrative evaluation and performance. At present, experts and scholars have researched the relationship between picture books and the cognitive development of children. Whether in China or other developing countries, products of children’s picture books with augmented reality (AR) are not very mature, basically in the stage of development and exploration. The product design is still relatively immature. There are many products put into the market, but due to the lack of targeted research literature, there is no corresponding reference in the research process, especially in the application design of AR children’s picture books in the mobile terminal. Related researches focus on the realization and improvement of AR technology and do not focus on the content of products. There is a lack of further research on how to use AR technology to provide more benefits to children’s picture books (Billinghurst et al., 2001).

Based on this, the research and design are mainly focused on the AR children’s picture book in mobile APP. Preschool children aged 4–5 years are invited as the participants of the research. Entertainment elements are added in AR children’s picture books concurrently with these picture books providing education and learning for children’s users, to promote children’s intellectual development, improve children’s aesthetic level, and make children and their parents get different reading experiences.



LITERACY REVIEW


Deep Study Into This Research

From the perspective of academic attention and academic communication, taking 2015 as the dividing line, this work divides the domestic research on deep learning into two stages: from about 2004 to 2015, deep learning entered the vision of educational researchers in China, which is the dormant period of deep learning; since 2015, deep learning has developed rapidly in China. Overall, the domestic research on deep learning has not yet formed systematic. Since 2004, deep learning has not caused a boom like other nouns in China. On the contrary, it is in a dormant state. Only a few researchers have introduced it at the theoretical level. It may be that the theory of deep learning itself remains to be improved, followed by deep learning. It is almost a reversal of traditional teaching, and the goal level is far from the general goal of school education and teaching. Finally, the conditions to promote and support deep learning are not mature or even lacking, such as the creation of real learning situations, and complex abstract content is difficult to visualize. With the application of emerging technologies in education and teaching gradually opening up, deep learning has entered a period of rapid development after a long dormant period. Since the beginning of 2015, both the number of papers published by deep learning and the degree of academic communication and attention have continued to rise. Specifically, from 2015 to the first half of 2016, deep learning has entered a peak period of development and has maintained a small growth since then. Researches are concentrated in the universities of the Chinese Academy of Sciences, Wuhan University and Tsinghua University, covering automation technology, computer software and computer applications, secondary education, and primary and higher education; the scope involved includes artificial intelligence, machine learning, and neural network. This section will focus on the research status of deep learning in education and teaching.

The researches on deep learning in developed countries dominated by the United States mainly focus on two major issues, namely, how to promote the occurrence of deep learning and how to evaluate deep learning, including the evaluation methods of deep learning effect and the evaluation methods of promoting the occurrence of deep learning. Litjens et al. (2017) reviewed the main concepts of deep learning related to image analysis, summarized more than 300 contributions to this field, investigated the application of deep learning in image classification, object detection, segmentation, registration, and other tasks, and provided a brief overview of research in each application field. Chen et al. (2017) introduced the concept of deep learning into hyperspectral data classification. The applicability of a stacked automatic encoder is verified according to the classical classification method based on spectral information, and a classification method based on spatial dominance information is proposed. Then, a new deep learning framework is proposed to fuse these two features, to obtain the highest classification accuracy. Oshea and Hoydis (2017) proposed and discussed several new applications of physical layer deep learning. By interpreting the communication system as an automatic encoder, a basic new method is developed to treat the communication system design as an end-to-end reconstruction task, aiming to jointly optimize the transmitter and receiver components in a single process.



Present Researches on Children Picture Books

As the origin of picture books, Europe and the United States have gradually matured after hundreds of years of growth and formed a relatively complete cultural industry. The increase in the incentive systems such as the International Andersen Awards and the Caddick Awards has made the institutional system of picture books more and more perfect, which to some extent represents the high level of the picture book market. As early as 1,744, Mr. Newbury’s Beautiful Book was published. It was the first book specially designed for children in the world, creating a precedent for foreign picture books and gaining the title of “father of children literature.” Foreign studies on the content of picture books are relatively more in-depth, such as Perry Norman’s Saying Pictures: Narrative Art of Children’s Picture Books mainly explored the important relationship between pictures and texts, using pedagogy, psychology, aesthetics, and other arguments to clarify the overall significance of children’s picture books.

Jennifer (2019) proposed an art project to strengthen the scientific content of ecology in children’s picture books. Ten students from different socioeconomic classes and different cultural and linguistic backgrounds from the United States and Spain participated in the event. Next-generation scientific standards have been identified and resolved in these art projects. Students’ understanding and participation are assessed through teacher’s observation, photographs, and student attitude surveys. Strouse and Ganea (2021) pointed out that story picture books with examples can be used to teach children the scientific concepts. Learners can abstract relational information by comparing examples in the book, to have a more abstract and transferable understanding of the concept. Breit-Smith et al. (2017) discussed that the effect of interactive book reading intervention is characterized by illustrated picture books. The group intervention was conducted by four practitioners three times a week for 8 weeks, targeting six preschool children identified as having language disorders. Interventions include the use of language facilitation strategies in interactive book reading and postreading extension activities to promote children’s understanding of sequential text structures, academic vocabulary, and plant-related scientific subject knowledge.




MATERIALS AND METHODS


Theoretical Basis


(1)Concepts and Features of the Deep Learning

The new era puts forward higher requirements for talent cultivation. Countries around the world are constantly exploring how to cultivate talents that can adapt to the needs of future social development. Based on this background, the term of core literacy required for future life comes into being, and the proposal of deep learning is an active response to talent cultivation in the new era. Deep learning is proposed based on the widespread phenomenon of learners’ non-participation, one-way transmission of knowledge, learners’ passive mechanical acceptance, and the adverse consequences of shallow learning. Based on the investigation of the current situation of children’s picture book teaching, it is not difficult to find that the current children’s picture book lacks scientific activities of application, and children are still in a passive and mechanical learning state. It is far from the training objectives of the curriculum. Therefore, deep learning has become a learning method that matches the training objectives of children’s teaching courses. Meanwhile, it has become one of the effective ways to change the participation status of learners and shallow learning.

Deep learning is a concept proposed by American scholars in the second half of the 20th century. Its initial purpose is to explore the degree of learners’ learning engagement and mastery of knowledge. In the learning process, different learners will adopt different strategies to achieve the purpose of mastering knowledge. Learning methods can be simply divided into deep learning and shallow learning. Deep learning refers to learners’ thinking, understanding, and raising their questions in the learning process; shallow learners do not pay attention to the understanding of knowledge, only through passive memory to obtain knowledge. Deep learning is superior to shallow learning. Further deep learning and shallow learning are compared, as shown in Figure 1.
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FIGURE 1. Comparison of deep learning and shallow learning.



In the process of continuous development, the concept of deep learning is also defined by educational researchers at home and abroad from different perspectives, as shown in Figure 2.
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FIGURE 2. Different definitions of deep learning.



Through the interpretation of the concept of deep learning from the above different perspectives, it is found that to promote the occurrence of deep learning, school teaching must fully understand its connotation and characteristics, design corresponding learning activities, and guide learners to conduct deep learning. This paper elaborates on the characteristics of deep learning from the perspective of learners.

Learners are the main participants in learning activities and the actual executor of learning tasks, especially in deep learning. The prevalence of shallow learning is closely related to learners’ passive, negative learning attitude, self-rule orientation, and vague learning objectives. Depth has the following characteristics: learners try to understand the learning content in-depth and have critical learning of the knowledge content presented by teachers; actively seek the connection between old and new knowledge, build a new cognitive structure; explore the reasons and laws behind the conclusion, logical reflection, whereas shallow learning is manifested as passive mechanical acceptance of knowledge information; not actively seeking the internal relationship between the old and new knowledge points; simple acceptance of the conclusions, lack of inquiry process, biased toward the conceptual facts of the mechanical memory; learning aims at coping with exams. Learners’ active participation is the key to deep learning, which is reflected in the comprehensive input of perception, thinking, emotion, will, and values; promoting the comprehensive development of specific people is the basic way to cultivate learners’ core literacy.

(2)Augmented Reality Technology

Augmented reality technology is not a new concept, belongs to the field of virtual reality research, and is an important direction of human–machine interface interaction technology development. In the early 1990s, Tom Caudell and his colleagues first proposed the term “AR” in the design of auxiliary wiring systems. They superimposed the wiring path drawn by simple lines and text prompt information in real time, to help the mechanic complete the whole disassembly process quickly and efficiently. Subsequently, AR applications have emerged in medical, military, entertainment, manufacturing, and maintenance fields. There are two widely accepted definitions of AR. The “reality-virtual continuum” was initially proposed by Milgram and Kishino. This definition classifies the environment presented by the combination of virtual objects and real scenes. It is considered that the real scene and the virtual environment are located at both ends. The part near the real environment is AR, and the part near the virtual environment is augmented virtuality (AV). The middle part is mixed reality (MR), as shown in Figure 3.
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FIGURE 3. The relationship between AR, MR, and AV.


The second definition was proposed by Ronald Azuma of the University of Bekaa in Azuma, arguing that AR technology has three basic characteristics, namely virtual–real combination, three-dimensional registration, and real-time interaction. The first definition shows that AR technology is more inclined to the real world, and the virtual object is constructed in the computer and superimposed into the real scene by graphic image technology. The three-dimensional registration feature is reflected in AR that the position information of the camera is tracked in real time to determine the accurate position of the virtual object in the real scene and realize the complete fusion of the virtual and real scene. The real-time interactive feature is that users can get feedback information in time. In summary, AR technology is the extension and development of virtual reality technology. This technology provides users with a virtual and real combination environment by simulating objects, which can see the generated virtual objects. More importantly, users can manipulate and control virtual model objects, such as rotation. AR intention realizes the superposition of computer-generated objects and real situations, that is, the effect of combining virtual and real. Using a variety of devices, such as eyes with imaging primitives, overlaying virtual objects into real scenes allows users to see virtual objects and real scenes at the same time and achieve interaction with virtual objects. AR research involves a wide range, including computer graphics and image processing, human–machine interface interaction, and psychology. Although it does not need to display the complete scene, it needs to analyze much positioning data and scene information, to ensure that the generated virtual objects can be accurately located in the real scene. Therefore, an AR system includes four basic steps: first, to obtain the relevant information of the real scene; second, the real scene and camera position information are comprehensively analyzed and then generate virtual scene; finally, it is displayed directly or combined with the real scene video. The complete AR system components include camera unit, storage unit, processor unit, display unit, and human–computer interaction interface unit, as shown in Figure 4.
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FIGURE 4. Systematic structure of AR technology.


The camera unit is used to shoot the real scene; the memory unit is divided into local storage and cloud storage; as the core unit of the whole system, the processor determines whether the whole system can operate efficiently. The display unit mainly presents virtual and real mixed scenes for users; the human–computer interaction connection supports real-time interaction between users and the whole system. In summary, AR system is constantly improving and optimizing with the rapid development of science and technology. In this study, the combination of virtual and real features and human–computer interaction features of AR technology is applied to children’s picture books to provide learners with rich and intuitive learning resources, promote learners” deep understanding of knowledge, and create realistic learning situations and scientific experiments to explore the environment, to promote the occurrence of learners” deep learning.



Psychological Features Analysis

The brain function of preschool children aged 4–5 years is not fully developed and immature, which lacks logical analysis ability. However, they are rich in imagination and good at fantasy and challenge, who have active creative thinking. Having strong imagination is the most important psychological characteristics of children at this stage, which comes from children’s feedback on environmental stimuli. But due to cognitive limitations, the image thinking ability of children is weak in this period, and their perception of the world is relatively simple. Thinking is mainly divided into abstract thinking and concrete thinking. Concrete thinking ability has been existing in a person from his or her childhood, and abstract logical thinking ability is formed in a person’s school age. Besides, at this stage, children obtain certain understanding abilities, but the ability is still relatively elementary. They can generate feedback from the external environment through the observation of the surrounding environment and things. They have preliminary reading comprehension ability and this period is the best period for them to receive an education. Hence, 4- to 5-year-old preschool children can grow through reading picture books, which are helpful to their learning habits and also thinking and cognitive ability (Okumu et al., 2017; Weissman et al., 2020).

Children’s psychological characteristics include four aspects as shown in Figure 5.
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FIGURE 5. Children’s psychological characteristics.



(1)Thinking Characteristics

Generally speaking, children begin to focus on concrete thinking when they are at the age of 4 years, whereas abstract logical thinking will only show up slowly after they get to 5 years old. The formation of abstract thinking is mainly manifested in the fact that children begin to have a specific concept of an object, have a correct judgment of right and wrong, and gradually form reasoning thinking. Mastering the simple classification of objects and the simple causal relationship has greatly improved the understanding ability of children compared with that of the before. The design and development of AR children’s picture books need to be paid attention to the cultivation of children’s abstract thinking (Meinawati et al., 2021).

(2)Memory Characteristics

There are two characteristics in the memory development of preschool children aged 4–5. First, unconscious memory is dominant, whereas conscious memory appears and develops continuously. The memory of these children is short, things are remembered quickly and forgotten quickly for them, and children’s memory is easy to be interfered with by external factors. Second, children’s memory is mainly based on image memory, and the logical memory of words of them is in the developing stage. In this stage of age, children’s memory lacks purpose, and they can only remember the things that they are interested in. When observing things, they can only remember the specific image of the object. At this stage, letting children read in a relaxed and happy environment can improve children’s memory ability and achieve the effect of moistening things silently (Norbury et al., 2017; Zahra et al., 2021).

(3)Attention Characteristics

The research shows that 4- to 5-year-old preschool children passively pay attention, and they are more interested in objects with bright colors and vivid appearance. Additionally, there are only 10 to 20 min of stable attention duration for their memory. Children’s attention is easily disturbed by the outside world. Therefore, parents are generally worried about children’s inattention. How to effectively attract children’s attention and enhance children’s interest in reading is an important problem to be solved in the design and development of AR children’s picture books (Farooqui, 2018).

(4)Emotional Characteristics

The mood of preschool children aged 4–5 years fluctuates quite frequently. Generally speaking, they have the following emotional characteristics: First, they often stimulate the outside world, and their mood fluctuates greatly, unlike adults, who can control their emotions. Second, children like to express their emotions with body language, which is easy to be expressed in explicit behavior. Third, children’s emotions are highly contagious (Mana et al., 2013).



With the analysis of the emotional characteristics of preschool children aged 4–5 years, their psychological characteristics can be summarized as follows: they are self-centered and have strong curiosity; their thinking can diverge quickly, their brains are active, and the development of their perception needs multisensory stimulation. Their behavior is easily affected by emotion, and their self-control ability is weak. They hope to be praised and affirmed. They are lively and actively considering the games as the main form of their activity. The design and development of AR children’s picture books based on the mobile terminal will further focus on children’s cognitive characteristics.



Applying Augmented Reality Technology


(1)Digital Content Enhances the Narrative Function of Picture Books

Traditional paper-based children’s picture books are mainly based on picture content, supplemented by a small number of words, which provide children with a linear and passive reading experience. In essence, AR children’s picture books refer to a new display and auxiliary method, and its characteristic of the combination of reality and real-time interaction makes picture books more suitable for AR display. Compared with traditional paper picture books, the advantage of AR children’s picture books lies in the fact that through technical treatment, the story content of picture books is presented more intuitively while retaining the book fragrance of paper picture books, which is the integration of technology and art.

With the support of AR technology, the linear story content in picture books can be presented in a three-dimensional and intuitive non-linear form. Self-participation in story construction is more conducive to children readers’ understanding of the contents of picture books. Digital contents such as 3D animation, video, and audio enhance the narrative function of picture books. After scanning picture books using smart devices, the static picture will become a multimedia display with sound and video as a whole, and the story seems to appear in the real environment. The characters and scenes in the picture book are integrated with the real space where the children readers are located so that children can have an immersive experience. This brings a strong sense of immersion and substitution to reading, which also meets children’s creative imagination needs (Altintug and Debreli, 2017; Huang and Jiang, 2019).

(2)Human–Computer Interaction Enriches the Sensory Experience of Picture Books

Traditional paper children’s picture books need children to read page by page. AR children’s picture books change the single reading to multiple interactions, and their human–computer interaction brings a game-oriented and emotional interactive form. Children interact with the role of picture books through interactive behaviors such as touching and finger clicking, thus becoming the subject of interaction. Using visual and auditory senses to perceive the contents of picture books, a brand-new reading experience that is different from the traditional reading mode of picture books can be obtained for the children readers. The real-world experience creates a virtual and real interactive sensory experience, which enriches children’s reading experience. The virtual reality scene and multisensory experience satisfy children’s sense of participation. Interaction of traditional paper books with AR changes the way of reading and story presentation (Quitadamo et al., 2017; Chakraborty et al., 2018).

In the AR environment where real objects and virtual images coexist, information is put into the system, and then, the system responds to users with its presentation, which constructs close coordination between things in the physical world and images in the virtual world, thus embedding the children pictures’ books with AR characteristic. There are many methods to pass the feeling directly to the users. In addition, the most important basic principle is to integrate “user experience in real environment” with the AR environment. With technology’s growing mature, there are various methods of realizing the interaction and diverse hardcore configuration to construct a system with an AR environment. So far, there are four main methods to realize interaction. Touch screen interaction – nowadays, capacitive screen is becoming very popular in mobile devices, which also provides the basis for AR interactive technology, and touch screen interaction has become the mainstream form of such devices. At present, the mature ways include double-click feedback, light touch, and multitouch. Multitouch technology can complete the interaction between the system and many contact points at the same time. Users can put both hands into operation and even can meet the needs of multiusers. Eye-tracking interaction – there are two major methods to realize eye-tracking interaction technology. One is to capture the user’s eye focus position. The other is to measure the trajectory of the eye with the head as a reference. Therefore, the core of eye movement is the configuration of user attention, focusing on specific content. This technology can collect and record the eye movement during the user’s using process and then sort out the user’s attention retention time and observe points facing different contents. This technology provides users with a picture of the integration of AR and the real world, which is more immersive. However, due to the complexity of this technology, it is not large-scale commercialized. Hand gesture recognition interaction – gesture recognition interaction controls the device by sensing the user’s gestures, which is highly acceptable to users. At present, two kinds of methods have been developed to realize hand gesture recognition. One of the methods is using special gloves to complete movement tracking and collection, but this also increases the complexity and costs of the technology; second, special algorithms are used to collect the user’s hand movements. The algorithms can identify the direction or action of fingertips and palms for interaction. Speech recognition interaction – the device receives the user’s speech in the form of the voice signal and processes it as the corresponding command or text output, which is a kind of speech recognition interactive technology. Three major characteristics need to be paid attention to: first is model training technology, second is the model matching criterion, and third is feature extraction technology.

(3)Multimedia Integration Improves the Information Transmission Efficiency of Picture Books

Traditional paper picture books mainly focus on static illustrations in content, with relatively simple forms of expression, and some too abstract contents are not conducive to children’s understanding. With the integration of AR technology, the picture book becomes a three-dimensional animation work combining sound and picture, the content and information of paper picture book increases, and the addition of multimedia makes the characters in the story three-dimensional. The presentation of the scene also has a sense of substitution. Multimedia integration has strengthened the expressive ability of picture book stories, effectively improved the transmission efficiency of picture book information, and made it easy for children readers to understand. This multimedia integrated reading form can make picture book reading that appears in various ways, give children various sensory stimuli, and stimulate children’s multidimensional perception. It can cultivate children’s imagination, perception, and creativity and contribute to children’s thinking ability in images (Oshi, 2018).





Interview and Questionnaire Design

To understand the present situation of children’s reading demand, parents’ cognition of AR children’s picture books, and their expectation of AR children’s picture books’ functional demand, a questionnaire survey is conducted on the parents of children from a kindergarten in Shaanxi Province, with a total of 120 parents whose children are aged 4–5 years. There is no significant difference in children’s learning ability and knowledge level, and the education level of parents is the same. A total of 120 questionnaires are distributed, and 112 valid questionnaires are finally recovered. The questionnaire is suitable for collecting survey data from most target groups (Chen et al., 2018; Yu et al., 2018). There are two forms of the questionnaire: paper questionnaire and online questionnaire. A professional questionnaire is used in this survey.




RESULTS AND DISCUSSION


Results of Questionnaire Survey

This survey collected 112 valid questionnaires. After sorting out the 112 valid questionnaires, the research results are as follows:


(1)Figure 6 displays the survey results of children’s preference for picture book reading and parents’ attitudes toward parent–child reading.
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FIGURE 6. A survey of children’s and parents’ attitudes toward reading. (A) Preschool children’s preference for reading picture books. (B) Parents’ attitude toward parent–child reading.



Figure 6 implies that more preschool children prefer picture book reading, and only a few do not like picture book reading. Parents are also willing to participate in parent–child reading, but the times may vary due to working hours, so the market prospect of picture books is good.

(2)Figure 7 denotes the survey results of parents’ cognition of AR technology.
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FIGURE 7. Parents’ understanding of AR technology.



Figure 7 signifies that some parents only have a general understanding of AR technology and have not been exposed to it so much, and even fewer parents have purchased AR picture books for their children. It shows that the market share of AR children’s picture books is not high, and other factors affect parents’ purchases.

(3)Figure 8 reveals children’s proficiency in using mobile devices independently.
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FIGURE 8. Preschool children’s proficiency in operating mobile devices independently.



Figure 8 illustrates that the number of people who know most of the operations is almost the same as those who cannot operate, which shows that in the design and development process of AR children’s picture book, both AR interactive content interaction and APP interaction need to pay attention to the operation ability of children users on mobile devices, which cannot be generalized.

(4)Figure 9 shows the factors that parents buy AR children’s picture books and the research results that parents think AR children’s picture books can bring to their children.
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FIGURE 9. Parents’ views on AR children’s picture books. (A) Problems which people think exist in AR picture books on the market at present. (B) AR children’s picture books bring to their children.



Figure 9 presents that many factors restrict parents from purchasing AR children’s picture books, such as lack of interesting interaction, lack of parent–child interaction, and rough production of virtual content. Besides, parents also believe that AR children’s picture books can bring benefits to children’s reading. However, there are still concerns about the influence of eyesight and addiction to playing mobile phones, which needs to be highly valued by design developers.

(5)Figure 10 displays what functions that parents expect AR children’s picture book products to have and what aspects of design and development should be paid attention to.
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FIGURE 10. Parents’ expectations of AR children’s picture books. (A) The functions that parents want AR children’s picture books to have. (B) Parents think that AR children’s picture books need to pay attention to the design and development direction.



Figure 10 reveals that parents generally expect AR children’s picture book products to have the function of developing children’s thinking ability and making children fond of the learning. Besides, aesthetic training functions are also the design priorities, whereas the expectation for the game function is generally low. Additionally, parent–child interaction is a design aspect that parents attach great importance to. These are the factors that need to be considered in the design and development of AR children’s picture books.



According to the questionnaire survey, results clearly show that parents and children have great demand for picture books. Most parents have a positive attitude toward AR children’s picture books based on mobile terminals and think that excellent AR children’s picture books can entertain children and bring novel experiences to children. It is the parents who make the final purchasing decision. At present, many factors restrict parents from purchasing AR children’s picture books. Hence, the products should make parents to buy and use with peace of mind based on making children interested. Nowadays, most parents are busy at work, who spend relatively limited time with their children, so they pay great attention to the parent–child interaction of AR children’s picture books. It is hoped that the product design will pay more attention to the development of children’s thinking, aesthetic function, and the cultivation of their learning ability.



Design Strategies and Principles

The design and development of AR children’s picture book based on mobile terminal involve interdisciplinary and multifield technologies. Only by reasonably combining AR technology with interactive technology on the mobile terminal, can the artistic features and educational significance of AR children’s picture book be brought into full play with high efficiency and high quality. As for the problems existing in the design of AR children’s picture books at this stage and combined with the design characteristics of excellent cases, this work puts forward the following design strategies and principles suitable for mobile AR children’ s picture books, as shown in Figure 11.
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FIGURE 11. Design method of AR picture book based on the mobile terminal. (A) Children’s picture book design strategy. (B) Interactive design principles of children’s picture books.


The design and development of AR children’s picture books based on mobile terminals involve interdisciplinary and multifield technologies. Only by combining AR technology with mobile terminal interaction technology, can AR children’s picture books play their artistic characteristics and educational significance efficiently and qualitatively. Given the problems existing in the design of AR children’s picture books at this stage and combined with the design characteristics of excellent cases, five suitable design strategies are put forward for AR children’s picture books on mobile terminals, which are explained in detail:


(1)Attention should be highly paid to the children users.

User research is an indispensable part of any product design process, so it is the design and development of mobile AR children’s picture books. From the initial design concept of the product to the functional architecture, to the completion and production, user research should be carried out through the entire development process. Because designers and developers are not children users, whose lifestyles and way of thinking are far from adult users. Hence, it is difficult to resonate with target users without in-depth research. According to Piaget’s theory of children’s cognitive development, children’s cognitive development stages can be divided into four parts according to their variety of ages. Children in different stages have great differences, and their psychological and physiological cognition are similar and different. If user research is not made properly and thoroughly, products likely designed will make children feel uncomfortable or difficult to attract their attention and stimulate their interest in reading and using. According to the cognitive development of children users, the corresponding design is particularly important. To better distinguish the needs of children users and provide them with high-quality picture books and age-appropriate APP products, it is necessary to master children’s reading psychology and their habits in operating APP in the early stages of product design development and customize differentiated products (Jeffri and Rambli, 2017; Yang and Wang, 2017; Waters et al., 2019).

(2)Content creation of AR children’s picture books should be strengthened.

The production of AR children’s picture books based on mobile terminals can not only use AR technology to show off skills but also ignore the creation of picture book content. It is necessary to combine high-quality picture book content with AR technology. Paper picture book is the carrier of AR virtual content presentation and superposition, and the interaction of virtual content needs to be realized by a paper picture book. Fun AR interactive forms need to be set off by the integration of pictures, text, and virtual content in paper books. In the creation of AR children’s picture books, attracting children’s interest is the starting point, and the content must be the core, and the educational function of picture books should be highlighted in content. The organic combination of the readability of picture book content and the interest in pictures is the key to improve the quality of original picture books. The design of picture book content should reserve space for the deduction of virtual content. In the early creation of picture books, we can consider in advance what plots can interact through AR (Sabrina, 2017).

(3)The interactive entertainment of virtual content should be promoted.

Through the recognition function of the camera embedded with mobile equipment, AR virtual content can be presented on the screen of the mobile device. Various forms of virtual content can improve children’s interest in learning, including different presentation dimensions, different presentation styles, and rich dynamic images such as video and audio. AR virtual content design focuses on the need to ensure that the paper picture book story content plot integrity under the premise of appropriate design and add for the virtual content interactive plot, to ensure its interest and perfect. Virtual content presented by AR is essentially an extension of paper picture book content. In the design and development of AR interactive function, the first thing to be considered is the correlation between virtual content and picture book content, and it is necessary to ensure that the AR display form and interactive effect are consistent with the paper picture book content. The second is how to use AR technology and multimedia forms to strengthen the visual effect of picture books to improve the interactivity and entertainment of paper picture books. Technology serves content. The presentation of virtual content should be reasonable and meet the personalized needs of children’s reading groups. The effective combination of static picture book content and AR interactive effect can attract the reading interest of children readers (Li and Zheng, 2020).

(4)Building multisensory interactive experience.

In the stage of children exploring the world and enlightening thinking, sensory experience is the most basic and direct way for children to feel the world. AR children’s picture book products can improve children’s reading experience by guiding children’s visual, auditory, and other senses. Through this reading form, children users can not only intuitively feel the story content of picture books, but also stimulate children’s interest in exploration and thirst for knowledge, and truly cultivate children’s creative thinking. Therefore, the design of AR children’s picture books focuses on the presentation of multisensory interactive expression. On the one hand, it is necessary to properly connect and transition paper content and virtual content; on the other hand, it emphasizes the design of artistic expression, interactive design, three-dimensional production, sound feedback, and so on, to realize the multisensory experience function of picture books and create a perfect reading experience. For preschool children, they need to use icon symbols that are easy to understand visually. In color matching, they can consider the use of colors with high purity and brightness. In the hearing, they can add sound interactive prompts and feedback and integrate them into real and natural sounds. In a tactile sense, they can try to complete the design of paper picture books with different materials, to stimulate children’s multiple sensory experiences.

In recent years, as parents pay increasingly more attention to the education model, the educational concept of edutainment is becoming gradually more popular. While paying attention to children’s physical and mental development, designers need to reposition the interaction in the AR environments according to their psychological and behavioral characteristics for children of different ages. How to create effective and interesting interaction and create a multisensory interactive experience will be the focus of AR children’s picture book design (Lubrica et al., 2017).

(5)The performance to realize the interaction between parents and children should be improved.

In parent–child reading communication, parents are the key to determine the reading effect. Therefore, the difference in reading behavior is determined by parents’ attitude to AR children’s picture books. Through the questionnaire survey on parents, it is found that parents generally hope to be able to add a parent–child interaction module in AR picture book application, through the use of APP can meet the needs of parent–child reading. Although some AR children’s picture books enhance children’s reading experience by simulating their parents’ voices, this kind of bypass effect cannot completely replace their parents’ reading status. Because in the traditional parent–child reading communication mode, parents will timely and appropriately expand stories in the picture books, comparing the story with life experience and the truth to cultivate children’s habits. Some interactive functions in AR children’s picture book application are less helpful to children’s oral expression ability. Therefore, when designing the virtual content of picture books, it is necessary to enrich the parent–child interaction form of application and increase some parent–child communication functions. If the real sound acquisition function is added, the picture book story is assigned by the child user or the parent user. The system scores the performance of the child and the parents according to the collected audio content, and the collected audio can be saved for children and parents to listen to repeatedly. Furthermore, the multiplayer game can be added into the design, where children and parents can play different roles in picture books, thus making interesting interaction in the form of role-play according to the picture book (Ginn et al., 2017; Kildare and Middlemiss, 2017).



The interactive design principles of AR children’s picture books based on mobile terminals mainly include five points, which will be analyzed in detail.


(1)Easy to operate the principle

Children have limited knowledge of the world, and the simpler things they operate in their thoughts, the easier it is to get their love. Children’s picture books should stand in the angle that children like and change the operation mode of the APP interface into the minimalist mode that the children like. Because of limited cognition, children usually do not like things that are too complicated or particularly rational. When adding interface functions and visual elements, it should be fully considered whether these meet the needs of children users, eliminate irrelevant functions and elements, and reduce the thinking burden of children users. Adding complicated functions for the sake of visual effects will distract children’s attention and affect the user experience. Consideration should be made from three aspects: icon design, gesture operation, and layer and architecture how to design AR children’s picture book APP to meet children’s needs interactively and how to operate it simply.

(2)Interest principle

Children’s self-restraint ability is weak, and children aged 4–5 can concentrate for only about 5–20 min. The older they are, the longer they can concentrate. The survey shows that most AR children’s picture book products, except paper picture books, are rarely used many times after being used once. Therefore, improving the interest in interface interaction and AR interaction is one of the keys to keep children users, which can make children pay more attention and prolong the use time of products. For preschool children aged 4–5, the interestingness of interface interaction can be reflected in some small details, such as interesting dynamic effects when clicking function icons and jumping to pages. The role-playing mode can be added to AR interaction, and role-playing is a kind of game-like interaction mode. Children can choose their favorite virtual characters in picture books, and in the virtual scene constructed according to the contents of picture books, they can participate in game checkpoints to promote the development of storylines, to complete the reading task.

(3)Guiding principle

For AR children’s picture book products, to enable children users to quickly use the matching APP and help them quickly enter the product experience, it is necessary to guide children who use the APP for the first time on the functional interface. Effective guidance can keep children users and increase their interest in using the APP. On the one hand, children’s attention time is short, and the success of guidance directly determines children’s interest in using




the APP. On the other hand, designers should also pay attention to guiding methods and learn to use simple methods to improve children’s interests. Children’s ability to recognize characters is limited, so it is required not to do too much character guidance when guiding, and proper integration of some animation or music effects can improve the guiding efficiency.

(4)Timely feedback

Feedback refers to an appropriate response of the APP interface to the user’s operation steps when the user performs human–computer interaction. The interface of APP needs to provide feedback for every operation step, which is a very important part of the user experience. The purpose of feedback is to let users know that their actions have produced results. Timely feedback can inform the children whether the operation is correct and guide them to the next step, to improve the fluency of using APP while avoiding excessive feedback.

(5)Safety principle

Preschool children’s self-control and judgment ability are weak. Long-term use of electronic products will lead to children’s users indulging in them, and there are potential safety hazards and addiction risks, which will affect their eyesight and physical and mental health. The safety of electronic products is particularly important. When designing an AR children’s picture book APP, designers should fully consider product safety. Inappropriate circumstances such as pornography and violence should not appear in the content. It is also necessary to control the time when children use products and set up the function of parents’ intervention. After the children use the product for more than the set time, the screen will be locked, and there will be prompts such as the need to rest and relax their eyes.






CONCLUSION

With the development of AR technology and its maturity in the use of mobile devices, combining AR technology with paper picture books, characters, scenes, and other contents in picture books can be presented in three-dimensional form and on the screen of mobile devices, and readers can interact with virtual contents in a real environment. The application of AR technology keeps the advantages of traditional picture books, but has the advantage of the reading process changing from static to dynamic, and making reading more interesting. However, due to the technical limitations and cost problems, the combination of AR technology and children’s picture books is mostly tested in the market at present, and few products are well received. Focusing on children is the key to the design and development of AR children’s picture books. AR children’s picture books make the picture book content, virtual content, APP visual design, and interactive design of AR children’s picture book based on mobile terminal meet the needs of target children users, and at the same time, it is more interesting, instead of just using technology as a marketing gimmick, which is worthy of in-depth exploration in the field of book publishing, design, and development. Primarily, the related concepts and theories are expounded for the research contents. The preschool children aged 4–5 are selected for exploration, and the psychological characteristics of the target children users are analyzed in depth. Then, the existing cases of AR children’s picture books are studied, and the existing problems in the design of AR children’s picture books are put forward based on the questionnaire survey results. According to the needs of children users, the design strategy and interaction design principle of AR children’s picture book on the mobile terminal are constructed, which is more in line with children’s audience positioning.
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Information education has been vigorously promoted in various countries, making the application of information technologies in language education popular. The combination of information technologies and Japanese learning can make information technologies a practical tool to promote the thinking and cognitive abilities of students in Japanese learning. Corpus teaching is a kind of information technologies integrated teaching method, which enables students to carry out meaningful Japanese learning and promotes learning performance and learning effect of students. Based on information education, the Japanese learning method under Internet corpus is constructed and applied to practical teaching. This study investigates learning performance and the learning effect of students through a questionnaire. Through the experimental design, Japanese teaching has been conducted on 322 students in a university in Shanghai for 18 weeks (3 h/week) under the experimental Internet corpus. Through the experiment, it is found that various factors affect the Internet corpus learning method, and the linear relationship between the influencing factors is divided. Through the comparison results, it is also found that the Internet corpus teaching method can have a positive impact on the learning performance of students and then promote their learning effect. The application of Internet corpus learning matches the development of text corpus and audio corpus and the support of picture databases. Audio and video corpora can effectively improve the learning performance and the learning effect of students by searching for learning content in the database. Suggestions are put forward that the government should optimize its policies to promote Japanese learning and informal education based on learning performance.

Keywords: internet corpus, corpus learning, learning motivation, learning outcome, Japanese learning


INTRODUCTION

Information technologies have become inevitable in modern people’s life. The use of information technologies in language education is getting popular. Governments in various countries are promoting information education greatly. The integration of information technologies into instruction can be referred to as a teaching strategy or teaching model, which combines computer technologies and the functions of the Internet with suitable topics, suitable timing, and distinct subject teaching. Due to the impact of the coronavirus, people have to study and work at home. With the emergence of online teaching and meetings, it is implied that the integration of information technologies and Japanese learning can make information technologies into a practical tool to promote the thinking and cognitive abilities of students in learning Japanese. Through this method, students can enhance their ability to use Japanese, further improve their learning effect of Japanese, and achieve their learning goal of the Japanese curriculum. Therefore, students and teachers in various social phenomena and education fields are in urgent need of the application of corpus in Japanese learning, which can effectively remove the limitation of space and time. Corpus teaching is a method of integrating information technologies into teaching. A Japanese learning corpus could provide Japanese learners with a large number of true language materials, which has become a handy search tool for teachers editing teaching materials or proceeding to teach, and students inquiring and acquiring rich language materials. Currently, it takes merely 1–2 lessons per week to carry out the Japanese curriculum in colleges. A lot of teachers stress Japanese vocabulary, rather than its flexible use, resulting in that students are not able to correctly use Japanese as a communication tool. As a communication tool, the Japanese should be taught with more attention on its flexible use in daily life. One-way learning mode, where teachers lecture and students take notes and memorize knowledge, would make the language lose its functional meaning. Teachers may use the Internet corpus to design teaching content for students. Students can be more quickly and accurately familiar with the usage of sentences, understand their correct meaning, and significantly improve their information exploration ability and performance. Internet corpus linguistics has been developed for a long period. However, there is not sufficient research on the application of corpora to Japanese learning internationally. The positive effect of corpus teaching on Japanese learning requires observation and positive attitude of students to the application of corpora. Besides, its instruction needs further studies. The benefits of information-based teaching mainly lie in the following aspects: student-centered learning can be achieved, and a harmonious and mutually supportive learning environment can be created. In information-based teaching, the dominant position of students has been strengthened, which is beneficial to the learning motivations, learning performance, and learning effect of students. In this teaching model, the knowledge of students is taught not only just by the teacher but also through the network, forums, multimedia resources, and computer software. With the help of teachers, students independently acquire information, analyze information, and process information, thus cultivating their independent learning ability. The modern teaching method is capable to break through the difficulties to inspire the wisdom of students to solve some very abstract problems. Under the demonstration, students can intuitively understand, master, and overcome the blank and fatigue of language expression in the past. Therefore, they can deeply understand the language. Intuitive image demonstration is more likely to stimulate the confidence of students in solving problems so that the key and difficult points in Japanese learning are solved one by one. The lively and interesting problem situation stimulates the desires of students for knowledge. The sound and vivid display can arouse attention of students, stimulate emotional participation of students, and mobilize their enthusiasm for learning, which lays a good foundation for teachers to teach new content. The practice has proved that the best teaching effects are achieved when students have a strong interest in learning content. Only when students form the most ideal learning state can the problems in Japanese learning be easily solved and the thinking ability of students be cultivated. Therefore, the focus is given on the impact of the Internet corpus learning method based on information education on the learning motivation and learning effect of Japanese learning. As a result, the issue discussed here is rather primary for the reference of Japanese teachers and would benefit the governmental policy promotion of Japanese education and the promotion of information education.

In the “Literature Review” section, the research results in relevant research fields are referred to discuss the research methods of this study. Then, description is implemented on the relevant knowledge of samples and measurement indicators. Later, the linear structural relationship model is used to analyze the fitting coefficient of the model established in this study. Finally, the results are obtained and the conclusion is drawn.



LITERATURE REVIEW


Internet Corpus Learning

Kurbonov and Istamova (2021) studied the application of information technologies in geometry teaching. Through the experiment, they found that compared with the use of blackboard, chalk, paper, pen, and other traditional teaching tools, information technologies could make the classroom livelier and more interesting. Wei (2018) discussed informational EFL teaching from the aspect of Chinese teaching under the era of information technologies and found that information-based teaching paid more attention to individual differences of students. Information-based teaching methods and diversified interactive platform construction can make up for individual differences of students in learning, which can cultivate their learning ability. Hsu (2014) considered corpora as the databank of text records, including text records or oral speech transcription of humans. Friginal and Hardy (2014) further interpreted that corpora stored language materials in a large database through a computer or an Internet server, and users could rapidly analyze the language materials in corpora with the accorded software. Since corpora can provide a large number of useful language materials in a few seconds, teachers, students, or researchers can find out the language using the model in a moment without making guesses. Al-Rubaye (2015) regarded corpora as a large electronic bank for collecting language texts or discourse fragments with random sampling, according to the principle of linguistics. Liu and Han (2015) explained corpora as the combination of a large number of language materials with searching and management software stored in a computer, which could store, classify, retrieve, and deduce common wordings and sentence patterns. Kotani et al. (2016) indicated that student-centered teaching allowed students to apply the language corpus to learn languages, understand the real use of languages better, and organize language models and structures. Redmond and Warren (2014) demonstrated that learners could use the corpus according to their personal demands and find the proper way to use a language, which further proved that teachers were no longer the provider of knowledge. Huang (2018) combined computer technology with the concept of the corpus, which provided a reference for teaching methods of teachers and showed that the use of professional corpus would be no longer limited to professional researchers or data developers. Poole (2021) explored the attitudes of novice teachers toward corpus-assisted language learning in a multilingual undergraduate writing course in a large public university in the United States. The survey results showed that people generally hold a positive attitude toward corpus research and revealed the tension between the use of ready-made corpus activities with the key availability of discovery, authenticity, and autonomy. These features are often transmitted to support corpus-based teaching. Helberg et al. (2018) outlined a corpus-based technology reinforcement learning tool to support the reflective practice of students in writing classes. Through the experiment, it is found that corpus-based tools can help students understand and adapt their rhetorical style more critically when they use new genre writing. Such a process emphasizing autonomous exploration and active construction of students conforms to the basic theory of constructivism. Naeem et al. (2020) designed an architecture to detect malware attacks on the industrial Internet of Things. A method based on color image visualization and deep convolution neural network (DCNN) was proposed to deeply analyze malware. The results of the proposed method are compared with previous malware detection methods. The experimental results show that the prediction time and detection accuracy of this method are higher than those of previous machine learning (ML) and deep learning (DL) methods.

According to Chen (2016), Internet corpus learning should cover the following dimensions.


(1)Authenticity: Learning is constructed in real activities or simulated situations.

(2)Active exploration: With learner-centered, teachers should provide learning activities connected with living situations for students to understand the meanings of principles through the actual operation.

(3)Interaction and sharing: Knowledge is learned through peer interaction or scaffolding of experts in the learning process.





Learning Motivations

Learning motivations refer to the inner process of attracting the learning attention of students, maintaining the learning interests, and guiding the learning approach to the learning aims set by teachers (Hyland and Jiang, 2017). Shi (2015) considered that learning motivations were the inner factor that led to personal learning aims and induced the learning performance of students for consistent efforts, fortifying the cognition process, and strengthening and improving the learning effect of students. Learning motivations were also considered as the psychological process of guiding the interest of students in learning and continuous learning activities to approach the learning aims by Anjomshoa and Zamanian (2014). Yang M. N. (2015) put forward that learning motivations were a psychological element that encouraged students to engage in learning activities, which was the internal motivations to directly promote learning performance of students, and rouse their learning effect. Gablasova (2014) also proposed that learning motivations were the process of inducing individual learning activities, maintaining induced activities, and having the activities move toward certain aims. It was generally considered that learning motivations could determine motivations of participation and learning attitude of learners, which presented primary status on the success of foreign language learning (Lockyer, 2014). As the value-expectancy model of Lei and Liu (2016) showed, ability, faith, expected success, and scores of exams were the most important learning motivations in the learning adjustment process of students. The ability means the perceived abilities of students in learning. Yip (2021) investigated the dynamic relationship among three interrelated variables (learning strategies, learning performance, and self-efficacy) in the learning process of students and tried to extend it to East Asian countries by using a mixed-method. It is concluded that there are important differences in learning strategies used by Japanese students with different academic performance levels. Self-efficacy shares the same significance with the learning strategies, which are used to evaluate the learning performance of students.

Lei and Liu (2016) reckoned that there were several aspects of the learning motivations of students, which are given as follows:


(1)Endogenous orientation: This concept indicates that students are interested in challengeable courses, regard learning as a favorite thing, think learning can expand their vision, can actively learn new courses, and regard learning as developing self-potential and fulfilling aims.

(2)Exogenous orientation: This concept means that students learn for receiving others’ affirmation, gain better performance, pass examinations or evaluation, display competition, gain appreciation and attention of the elder or the opposite sex, avoid punishment or scolding, avoid the shame of failure, and get into desired schools.





Learning Effect

In general, the learning effect refers to the evaluation of the learner after a period of learning activities and the achievement of learning activities to expected effects, i.e., changes in knowledge, skills, behaviors, and attitudes of learners after studying (Jettka and Stein, 2014). Baharudin and Ismail (2014) mentioned that the learning effect reflected the indicators such as teaching outcomes, teaching quality, and learning performance of learners. Yang T. Y. (2015) indicated the consistent idea of learning effect as academic achievement and learning performance, i.e., the academic outcome of students, or the persistent result through learning processes. Gablasova (2015) illustrated the indicator that evaluated learning performance of students was the main item of teaching quality evaluation; learning effect would be influenced by course design, teaching method, and learning behaviors; learning objectives of students referred to that students supervise their learning effect by themselves, as well as the learning performance and learning contents. Also, the learning effect was the most intuitive for learning performance. Matić (2014) regarded the learning effect as the knowledge, skills, and inferential abilities acquired through practice and learning for some time to alter behaviors or behavioral models for solving problems, improving working ability and life. Kodama and Shirahata (2021) tested the effectiveness of vocabulary learning methods and conducted a 15-week longitudinal experiment on some college Japanese language learners. The results showed that learning methods were effective. However, the development of vocabulary increase is different, and the use of multiple-choices words test is quite effective in testing their comprehended English vocabularies.

According to Gao (2016), the learning effect has two aspects.


(1)Academic effect: It includes test effect, schedule completion time, and term achievement.

(2)Academic achievement: It involves what students are satisfied with, what they achieved, and how preferred in learning.



As a result, academic effect and academic achievement are used for measuring teaching effectiveness.



Research Hypothesis

Mu et al. (2015) proposed that corpora contained rich and true language materials; with corpora search tools, students could have high cognition and interaction to make the best of inadequate contents, amount of data, and search functions in a traditional paper-based dictionary or electronic dictionary, which benefited active learning and exploration of students to effectively enhance their learning motivations. Chen et al. (2015) indicated that searching words in corpora through Internet search tools could help senior high school students in favor of learning a language that enhances their learning motivations, who were weak in vocabularies. Yeganeh et al. (2015) mentioned that the Internet corpora would become the optimal tool for language teaching. They further proposed in 2010 that the translation function of corpora could enhance learning motivations and present the translation mostly acceptable for the public. Aiming at grammar courses in colleges, Kao (2014) suggested that the application of corpora could enhance the learning motivations of students to form personal grammatical rules, but it was time-consuming, required the support of teachers, and required the introduction of corpora functions for the independent use of students. From the literature above, the following hypothesis is derived:

H1: Internet corpus learning shows significantly positive relations with learning motivations.

Yoon (2016) discussed motivation in learning a language of senior middle school students in Taiwan and found that motivations of students in learning language did not mean they prefer the subject but aimed at some practical aims, e.g., getting into great universities. Research also showed that students having active learning motivations could perform better in learning a language, could better enjoy learning, and could go on learning the language. Obviously, learning motivations could improve the learning effect. Chou (2014) discovered the good effect of the learning motivations of students on the learning effect. Surjono (2015) indicated that students with high learning motivation had clearer aims, a strong desire for learning content, greater expectation, and better self-efficacy. Students with higher learning motivations have better academic performance. Lai (2015) discovered that the motivation in learning the language of domestic college students was mainly influenced by curriculum and teachers, i.e., external motivations of students were usually greater than the internal motivations, and students with stronger internal motivations revealed greater learning intention and learning effect. Based on the studies above, the following hypothesis is derived:

H2: Learning motivations indicate notably positive relations with the learning effect.

With the empirical study on corpora, Zheng (2016) found out the misuse of “because,” the conjunction, of Chinese students and suggested that teachers should cultivate sensitivity of students to words and the grasp of words with corpora to effectively promote the learning effect. Hajiyeva (2015) discovered that corpora could help students make self-correction in learning words, especially the use of prepositions; the correction effect was the most obvious to effectively promote the learning effect of students. Noor and Abdullah (2015) indicated that students with language as the second language combined the use of corpora with language writing could enhance the learning effect. Lewis et al. (2015) resumed that learners could analyze their mistakes in learning with quantitative analysis by using corpora, summarize the disturbing factors in their learning and work, and improve learning performance.

H3: Internet corpus learning shows notably positive relations with learning effect.

When studying the influence of linear factors on a certain effect, it is necessary to use a model of linear structural relationships. Figure 1 illustrates the general linear structural model diagram.


[image: image]

FIGURE 1. Initial structure diagram of linear structure.


According to the results of the hypotheses, Figure 2 indicates the linear relationship of each factor that influences the effect of learning under Internet corpora.


[image: image]

FIGURE 2. Linear relationship of the factors influencing the learning effect under Internet corpora.





SAMPLE AND MEASURING INDICATOR


Research Sample and Object

With the experimental design, 322 students of a university in Shanghai participate in the 18-week (3 h/week) experimental Internet corpus Japanese learning.



Reliability and Validity Test

Validity is a measurement tool that can be used to truly measure the problem. It usually includes content validity, standard correlation validity, and structural validity. The questionnaire items of this research refer to international researchers. Predictions were made before the formal questionnaire is issued, which has certain content validity. A test is implemented on the dimensions of the Internet corpus learning, learning motivations, and learning effect. The whole structure containing causal relationships is established with a linear structural relations model. The data input is formed with the correlated coefficient matrix of the observed variables above. The results through analyzing the linear structural relationship model show that the integrated model fit achieves a reasonable range, showing good convergence validity and predictive validity. Figure 3 illustrates how a corpus forms.


[image: image]

FIGURE 3. Generation of a corpus.


There are five advantages of using the linear structure to construct the model.


(1)Multiple varieties can be processed concurrently.


Structural function analysis can simultaneously analyze and deal with multiple dependent variables. In regression analysis or path analysis, even if multiple dependent variables are shown in the chart of statistical results, eventually, when calculating the regression coefficient or path coefficient, each dependent variable is still calculated in order. Therefore, it seems to be that multiple dependent variables are considered in the chart concurrently. However, the existence and influence of other dependent variables are ignored, when a calculation is conducted on the influence or relationship on a dependent variable.






(2)There is an allowance for measurement errors in independent variables and dependent variables.


There are always errors in measuring variables such as attitude and behaviors, which can neither be fixed by using a single indicator. Structural function analysis allows certain errors in independent variables and dependent variables. Variables can also be measured by multiple indicators. The correlation coefficient between latent variables calculated by the traditional method may be quite different from that calculated by structural function analysis.






(3)The structure and relations between factors can be evaluated simultaneously.


It is assumed that to understand the correlation between latent variables, each latent variable is measured with an index or topic. A common practice is to use factor analysis to calculate the relationship between latent variables (i.e., factors) and topic (i.e., factor load) for each latent variable, then obtain the factor score as the observed value of the latent variable, and finally calculate the factor score as the correlation coefficient between latent variables. There are two independent steps. In the structural equation, these two steps are considered simultaneously, i.e., the relationship between factor and topic and the relation between factors and the factor load.






(4)It is a measurement model allowing greater elasticity.


Traditionally, each topic (index) is allowed to belong to a single factor, but the structural agenda analysis allows more complex models. For example, when the mathematical ability of students is measured by writing mathematical questions in the Japanese language, the test scores (indicators) are subordinate to both mathematical factors and factor load (because the scores also reflect Japanese learning ability). Traditional factor analysis is difficult to deal with a model with complex subordinate relationships, such as one index belonging to multiple factors or considering higher-order factors.






(5)The fitting degree of the whole model can be estimated.


In traditional path analysis, an estimation is only made on the strength of each path. In structural function analysis, in addition to the estimation of the above parameters, the overall fitting degree of different models to the same sample data is also calculated to determine which model is closer to the relationship presented by the data.

Therefore, in view of the above five advantages, the linear structure model is used for experiments.

The total correlated coefficient of items can be used to test the structural validity, that is, reliability analysis, and the total correlation coefficient of the items after calculation can be used to judge the content of the questionnaire. The total correlated coefficient of each dimension is bigger than 0.7, indicating that each dimension in this questionnaire has a measure of structural validity.





The content of the online corpus teaching questionnaire is shown in Table A1.

Reliability and validity are further analyzed. The higher Cronbach’s α reveals the better reliability. The formal questionnaire in this study is developed according to the standards, and the measured Cronbach’s α exists in 0.72–0.88, in line with the range of reliability. Table 1 presents the results of the validity test.


TABLE 1. Validity evaluation of questionnaire.

[image: Table 1]



EMPIRICAL RESULTS ANALYSIS


Linear Structural Relation Model Evaluation Indicators

The linear structural relation (LISREL) model analyzes factors and paths in traditional statistics and adds simultaneous equations to econometrics for the calculation of multifactor and multi-path. The evaluation of model fit can be performed with preliminary fit criteria, integrated model fit, and model internal structure fit. Table 2 lists the research data.


TABLE 2. Analysis for linear structural models.

[image: Table 2]
χ2 refers to the establishment of assumptions to determine the explicit level a and the freedom degree df. The negative domain threshold can be obtained according to the χ2 table. Using the chi-square test, χ2-value is calculated according to the sample data, and the calculated value of χ2 is compared with the critical value of χ2 (absolute values are taken instead of negative values). If the calculated value is greater than the critical value, then II0 is denied; on the contrary, II0 is admitted. The following equation accords to the calculation of the chi-square value:

[image: image]

where fo expresses the actual times, fc means the theoretical times, and Σ stands for the summing up. The chi-square test is widely used in the correlation tests between categorical and categorical variables, or between categorical and ordinal variables. GFI is the abbreviation of the goodness of fit index; AGFI refers to the adjusted goodness-of-fit index; the residual mean root is shortened as RMR. RMR is the sum of squares of the sample variance and covariance minus the corresponding estimated variance and covariance. Then, the square root of the average is obtained. It is assumed that the model is correct, and thus, the smaller the RMR, the better the fitting (Deng et al., 2021).

The survey results are organized into statistical charts. Figure 4 illustrates the preliminary fitting, Figure 5 demonstrates the internal fitting, and Figure 6 displays the overall fitting.


[image: image]

FIGURE 4. Preliminary fitting results. (A) Internet corpus learning, (B) learning motivations, and (C) learning effect.



[image: image]

FIGURE 5. Internal fitting results.



[image: image]

FIGURE 6. Overall fitting results.


In terms of preliminary fitting, the dimensions of the Internet corpus learning (authenticity, active exploration, interaction, and sharing) in Table 1 can well demonstrate the Internet corpus learning (t > 1.96, p < 1.96, p < 1.96, p < 0.05). Obviously, the integrated model shows good initial fitting. Therefore, Hypothesis 1 can be verified that there is a positive relationship between Internet corpora learning and learning motivations.

In terms of internal fitting, Internet corpus learning is significantly and positively correlated with learning motivations (0.845, p < 0.01), learning motivations are significantly positively correlated with learning effect (0.869, p < 0.01), and the Internet corpus learning is significantly correlated with learning motivations. The promotion of the learning effect (0.837, p < 0.01) is positive and significant, supporting H1, H2, and H3. Therefore, Hypothesis 2 can be verified that there is a positive relationship between learning results and learning motivations.

For the integrated model fitting, the integrated model fitting standard χ2/df equals 1.168, which is less than standard 3. RMR equals 0.007, showing the correct results of χ2/df and RMR. The Chi-square test is not suitable for direct judgment fitting, because it is sensitive to sample size. Nevertheless, the model fit has a standard GFI = 0.968 and AGFI = 0.904, which is larger than the standard 0.9 (if GFI and AGFI are close to 1, the model fit will be better), indicating that the model shows a better fit index. Therefore, Hypothesis 3 can be verified that there is a positive relationship between Internet corpora learning and learning results.




DISCUSSION

When we use network corpus resources for learning, teachers could make guidance or demonstration for students to operate corpora, where might appear positively unexpected learning effect. In contrast, it could cultivate the autonomous learning abilities of students, allowing students to learn to organize conclusions and points. From the research results, the application of Internet corpus learning could provide Japanese language learners with a large amount of true language learning materials and deduce wrong word spelling and sentence patterns. After keying in words, corpora, as a network search tool, would provide a rapid search function for students deducing and observing the regulations and further finding out the rules and making use of Japanese as well as provide effective search results for the usage of prepositions. Spring (2018) created a concise and comprehensive list of the verb phrase and their meanings, through theoretical knowledge and the concept of corpora. Laippala et al. (2021) modeled online registration in the largest available online register corpus, Corpus of Online Registers of English (CORE). Besides, the estimation is implemented on the stability of the model on corpus features, an analysis is conducted on the role of different language features in it, and the differences in individual registers are examined in these two aspects. The model can automatically identify and change the importance of different language features to them, providing basic information about online registration. In the experiment, the learners who adopt this kind of list have made larger progress than those who have used the traditional ones. The experiment verifies that this kind of list promotes the assumption ability of learners on these verb phrases, which conforms to the research results, proving the high adaptiveness of corpora in the teaching. It would make obvious progress on Japanese learning.



CONCLUSION

The experiment outcomes show that the application of Internet corpora, with the characteristics of a large amount of data, languages being truly used, and rapid search and analyses, could introduce the real use of the environment of a language into the language education so that students could find out the use of words or languages and generate knowledge from seeking solutions for problems. The application of Internet corpus learning matches with the development of written-language corpora and audio corpora and the support of picture databank. Audio-video databank could effectively enhance learning motivations and outcomes of students by searching learning contents in the databank. The current application of Internet corpus to learning is moving toward the refinement of the human-computer interface and text and sentence structure. The match with visual reality could promote Students’ Japanese learning as in real living situations. However, the research level of this study is primary, where only questionnaires are used to investigate students, but feedback of teachers on corpus teaching methods is not required. Therefore, in the follow-up study, teachers, including Students’ parents, will be investigated.



IMPLICATIONS FOR ACADEMIC AND PRACTICE

From the study outcomes, the following practical suggestions are given:


1.Teachers should apply Internet corpus learning, understand the use of Internet corpus, and even compile customized corpora suitable for students to largely reinforce Students’ Japanese learning achievement and enhance the Japanese learning motivations.

2.In addition to basic literacy and teaching competency, the initial training and cultivation of teachers should stress the use of Internet corpus, and teaching methods of teachers should match the public needs to establish Internet corpus-related courses and advance teachers’ use of the Internet corpus. In addition to encouraging participation in relevant seminars, the output of works of teachers should be emphasized to have teachers be familiar with Internet corpus teaching methods to enhance the application frequency of Internet corpus to Japanese learning.

3.With the application of Internet corpus to teaching, teachers should provide more practice time and positive encouragement and appreciation in the teaching process. Regardless of teaching methods and strategies, it is expected to promote the Japanese learning performance of students to make up for the differences and achieve win-win.
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The artificial neural network (ANN) is employed to study children’s psychological emotion recognition to fully reflect the psychological status of preschool children and promote the healthy growth of preschool children. Specifically, the ANN model is used to construct the human physiological signal measurement platform and emotion recognition platform to measure the human physiological signals in different psychological and emotional states. Finally, the parameter values are analyzed on the emotion recognition platform to identify the children’s psychological and emotional states accurately. The experimental results demonstrate that the recognition ability of children aged 4–6 to recognize the three basic emotions of happiness, calm, and fear increases with age. Besides, there are significant age differences in children’s recognition of happiness, calm, and fear. In addition, the effect of 4-year-old children on the theory of mind tasks is less than that of 5- to 6-year-old children, which may be related to more complex cognitive processes. Preschool children are experiencing a stage of rapid emotional development. If children cannot be guided to reasonably identify and deal with emotions at this stage, their education level and social ability development will be significantly affected. Therefore, this study has significant reference value for preschool children’s emotional recognition and guidance and can promote children’s emotional processing and mental health.
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INTRODUCTION

The preschooler stage is a critical period for the fast development of the emotion recognition ability of children. Attractive interaction and continuous and active peer interaction are primary development tasks of education in the preschooler stage, and emotion recognition ability is the paramount development task. The development of social acceptability of children depends on the development of recognition and understanding of other people’s emotions in the preschooler stage. Lu et al. (2019) believed that children’s emotion management refers to a skill that could transform or serve children’s social ability from emotion recognition, control, and improvement to the final purpose. They provided scientific suggestions for the cultivation and improvement of children’s emotion management ability through the investigation of different types of kindergartens (Lu et al., 2019). Bao (2021) mentioned in his research that the causes of children’s emotional problems were diverse, and children had many types of emotional symptoms and lack of typicality. On this basis, the author focused on the early identification of children’s emotional problems and corresponding countermeasures from the perspective of the importance and necessity of early identification of children’s emotional problems (Bao, 2021). Rapid and accurate recognition of other people’s emotions and positive response in social life are conducive to the better survival and development of individuals. In the preschool period, lacking the ability to accurately express or recognize emotions will seriously affect children’s academic growth and interpersonal relationship. Therefore, it is vitally important to study the development of the emotion recognition ability of preschool children. In emotion recognition, explicit facial expression information is the primary source of clues for individuals.

There are generally two emotion recognition methods categories: physiological signal recognition and non-physiological signal recognition. When people produce certain emotions or changes, their nervous systems will stimulate some organs and muscles of the human body to produce related physiological activities and change some physiological signals of the human body. The physiological signal recognition method of emotion indirectly reflects the corresponding emotional state by measuring the physiological signals of the human body, such as electro-cardio signal (ECG), electroencephalogram (EEG), galvanic skin response (GSR), and respiration (RSP). Multitudes of experiments and studies have confirmed the scientificity of emotion recognition using physiological signals. Scholars in related fields have successfully identified eight different emotion types, such as happiness, anger, sadness, and fear, by collecting and analyzing the changes of a series of physiological signals. Compared with the non-physiological signal recognition method, the physiological signal recognition method has better accuracy and objectivity, with no restrictions on the applicable population. Therefore, the emotion recognition method based on human physiological signals has high research and practical value.

In the present work, the psychological emotion recognition of preschool children based on artificial neural network (ANN) under the background of traditional education is deeply discussed, combined with the actual situation of preschool children. The emotion recognition platform based on the backpropagation neural network (BPNN) model is used to study the emotion recognition status of preschool children. Then, the characteristic parameters of physiological signals under different emotions of children aged 4–6 are analyzed and investigated. Finally, emotion recognition research is carried out on the test samples. The research content can provide theoretical and practical guidance for improving preschool children’s emotional recognition ability and mental health for better development. In the traditional education system, preschool children’s education is highly critical. Optimizing the children’s mental health education system can improve children’s comprehensive quality and meet the growing needs of modern children. In the practice of preschool education, it is essential to actively explore their psychological emotions, seek an effective route of mental health education, and guide children’s healthy growth. In developing children’s mental health education, it is necessary to select educational methods and paths by combining modern information equipment and the characteristics of mental health education. Besides, mental health education activities of young children are the top priority of preschool education. Attention to children’s mental health is also crucial in school health education.

Previous studies on preschool children’s psychological emotion recognition mainly focus on the external aspects such as the environment and teaching, achieving specific outcomes. However, there are few studies on the application of ANN to emotion recognition of preschool children in China. Therefore, the ANN-based emotion recognition is discussed here to provide strong support for the related research field, enrich the relevant research content, and afford reference for subsequent research.



LITERATURE SURVEY

At present, there have been many studies on psychological emotion recognition through human electrophysiological signals worldwide. The physiological signals used for research mainly include electrocardiography (ECG), EEG, GSR, RSP, blood volume pulse (BVP), electromyography (EMG), and skin temperature signal (STS). Pan et al. (2021) proposed an emotion recognition method based on multiple physiological signal fusion and FCA-Relief feature selection to solve the problems of many feature dimensions and low recognition rate in the current emotion recognition research. They fused the physiological signal features extracted from the two dimensions of the time domain and frequency domain as the classifier’s input for emotion classification (Pan et al., 2020). Chen et al. (2020) put forward an emotion recognition model to extract the features of physiological signals such as photoplethysmography, GSR, respiration amplitude, and STS. They also performed the Recursive Feature Elimination-Correlation Bias Reduction-Support Vector Machine to select features and support vector machines for classification (Chen et al., 2020). In addition, Donghua University and Jiangsu University have studied the emotional recognition of physiological signals similar to most studies, such as GSR, ECG, RSP, and SKS; they usually adopted traditional experimental statistical methods and achieved a final recognition rate of more than 70%, obtaining good practical results.

From the above research results, analyzing multiple physiological signals of the human body can more precisely recognize the emotional state. On the other hand, for the emotional recognition of physiological signals, under the same conditions, the more characteristic parameters extracted from physiological signals for emotional recognition, the better the emotional recognition effect. On the other hand, different research employs various algorithms to establish the emotion recognition model. Support Vector Machine algorithm, K-nearest neighbor algorithm, and wavelet analysis algorithm are commonly used. In the aspect of human electrophysiological signal acquisition, there are very mature and perfect acquisition equipment, which can help researchers accurately measure human physiological signals. New research on human physiological signal acquisition equipment is also emerging.



MATERIALS AND METHODS


Emotion Comprehension

Emotion is a significant component of individual psychological experience. Emotion has the function of establishing, maintaining, and changing relationships between individuals and the outside world. This emotion function is considered a kind of ability, namely emotional ability. Emotional comprehension in emotional capacity is an integral part of psychological theory. It refers to emotion processing (e.g., emotional state and regulation), conscious understanding, or understanding how emotion works. The research on emotional comprehension of children in the psychological theory mainly includes children’s recognition of simple emotional expressions and the situations that cause these emotions, understanding of the relationship between emotion and desire, knowing that desire is the cause of emotions, knowledge of the relationship between belief and emotion, knowing belief is the cause of emotions, and understanding of conflict emotion.

Therefore, the research on emotion comprehension of children in the psychological theory focuses on the development of emotion comprehension at different levels. These levels cover expression recognition, that is, children’s recognition of simple expressions and situations causing these emotions; desire emotion comprehension, namely understanding the relationship between emotion and desire, and knowing that desire is the leading cause of emotion; belief emotion comprehension, i.e., understanding the relationship between belief and emotion, and knowing that belief is the cause of emotions; understanding of conflict emotions. There are few studies on children’s emotion comprehension, and existing research methods are relatively single. Previous studies mainly adopt experimental approaches using pictures as materials and supplemented by corresponding objects to identify children’s emotional reactions.

Emotional development is vital to the social development of children. Parent–child communication and peer communication are children’s principal social situations during emotional development. Therefore, developing emotion comprehension is principally affected by parent–child and peer relationships. In short, parents, as supporters and guides in children’s emotional development, their influence changes with children’s age. As equal partners and negotiators, peers gradually form more mature emotion regulation strategies and form groups with specific emotional rules. These specific emotional rules have a unique binding force on children in the group and can change through consultation. Of course, with children’s growth and the influence of parents and peers, children’s emotional development will also be affected by various factors such as social environment, school atmosphere, and mass media.



Basic Emotion Classification Theory

Primary emotions are generally innate, and different people usually show similar psychological, physiological, and behavioral characteristics under the same basic emotions. Many scholars have put forward their theories on classifying basic emotions. Table 1 lists several famous sorts.


TABLE 1. Emotion classification theories.

[image: Table 1]


Artificial Neural Network

Artificial neural network is a digital simulation of biological neural networks. Like the nervous system of organisms, ANN is composed of numerous neurons that are basic functional units (Bahareh et al., 2018). Artificial neurons are the basic information processing unit of ANN and the foundation of ANN. Figure 1 illustrates the structure of the artificial neuron model.


[image: image]

FIGURE 1. Artificial neuron model.


The artificial neuron k can be expressed as Equations 1, 2.

[image: image]
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Among Equations 1, 2, wik represents the link weight between the kth neuron and the i-th input signal; uk stands for the weighted sum of the neuronal adder; bk denotes the bias; f (•) refers to the transmission function.

Artificial neural network has various connecting formats and topological structures. Usually, it can be divided into the hierarchical ANN and interconnected ANN. Hierarchical ANNs generally consist of the input, intermediate, and output layers, and each layer is connected sequentially. In addition, the intermediate layer does not directly participate in external input and output, so it is also called the hidden layer. The input layer is connected to the external equipment and sends the input data to the hidden layer. Figure 2 reveals the simple feedforward hierarchical ANN (Chen, 2019; Deepak et al., 2019).


[image: image]

FIGURE 2. Structure of the simple feedforward hierarchical ANN.


Any two neurons are connected through a particular path in the interconnected ANN. Regardless of the structure of ANN, a single artificial neuron cannot realize information processing. Hence, it is essential to connect substantial artificial neurons according to a particular topological structure and assign the connection weights of each neuron according to specific rules. In this way, a neural network with an information processing function can be constituted (Haytham et al., 2017; Batbaatar et al., 2019).

Backpropagation neural network is a multi-layer feedforward neural network proposed by American psychologists David Everett Rumelhart and James McClelland in 1985. Figure 3 signifies a neuron model of the BPNN (Chen et al., 2018; Shahin et al., 2019).


[image: image]

FIGURE 3. Neuron model of the BPNN.


The neuron model of the BPNN can be written as Equation 3.

[image: image]

In Equation 3, a is the output of BPNN, p represents the input of BPNN, and there are R input signals. Each input signal has a connection weight w connected to the adder. Besides, f (•) represents the transmission function of the neuron, which determines the output range of the neuron. Many BP neurons constitute the BPNN (Pawe et al., 2017; Neha et al., 2018).

Backpropagation neural network is generally composed of an input layer, one or more intermediate layers, and an output layer. Figure 4 indicates the typical structure of a BPNN model.


[image: image]

FIGURE 4. The typical structure of the BPNN model.


In Figure 4, the BPNN model has an input layer, an intermediate layer, and an output layer. There are R input signals denoted as p, s neurons in the middle layer, m output signals marked as o. Meanwhile, f1 means the transfer function of the intermediate layer, and f2 refers to the transfer function of the output layer.

The steepest descent backpropagation (SDBP) algorithm based on BPNN is used here to measure the accuracy, and the following example is taken as an illustration. Figure 5 reveals a double-layer BPNN, with two nodes in the input layer, four nodes in the middle layer, and three nodes in the output layer. The transfer function of the intermediate layer is the Sigmoid function named Tansig, and the transfer function of the output layer is the purely linear function.


[image: image]

FIGURE 5. Double-layer BPNN.


For such a typical BPNN, assuming that k is the number of iterations of training samples of BPNN in the SDBP algorithm, the adjustment and error correction of weights and thresholds in the middle and output layers of BPNN shall be carried out according to Equation 4.

[image: image]

In Equation 4, x(k) represents the weight vector or threshold vector of each middle layer or output layer of BPNN during the k-th training of samples, and g(k) is determined by Equation 5.

[image: image]

In Equation 5, g(k) refers to the gradient vector of the final error of BPNN to the weight vector or threshold vector of each middle and output layer during the k-th training of samples, and −g(k) denotes the opposite direction of the gradient vector, that is, the falling direction of the error. Besides, α represents the learning rate of BPNN, reflecting the speed of BPNN learning samples, E(k) signifies the final error function of BPNN during the k-th training of samples. In general, the last error function is the mean square error. For example, when the number of samples input by BPNN is 1, E(k) can be expressed as:

[image: image]

where:

[image: image]

that is:

[image: image]

then, when there are n samples input into BPNN, there is:

[image: image]

According to Equations 4–6, the gradient vector g(k) of the final error of BPNN to the weight vector or threshold vector of each middle layer and output layer during the k-th training is [image: image]. Then, g(k) is substituted into (x(k + 1) = x(k)−αg(k)), the weight and threshold of BPNN can be corrected again, and the output error converges in the decreasing direction. By analogy, continuous iteration can produce a BPNN that meets the requirements. The above method is the SDBP algorithm. The difference between this algorithm and the basic BPNN algorithm is that SDBP adopts the batch processing method, and its modification of the weight threshold of the neuron in the output layer of the intermediate layer is after the sample input and the output error of the neural network, which significantly accelerates the convergence.



Emotion Recognition Platform Designed Based on Backpropagation Neural Network

The emotion recognition platform takes the BPNN model as the core, analyzing and calculating the input physiological signals and recognizing emotional states. The inputs into the emotion recognition platform are [image: image] (mean pulse rate), PR-sd (standard deviation of pulse rate), [image: image] (mean pulse amplitude), PA-sd (standard deviation of pulse amplitude), [image: image] (mean skin conductance), SC-sd (standard deviation of skin conductance), [image: image] (mean respiratory rate), RR-sd (standard deviation of respiratory rate), [image: image] (mean respiratory rate), RA-sd (standard deviation of respiratory rate), [image: image] (mean skin temperature), and SKT-sd (standard deviation of skin temperature). The outputs of the emotion recognition platform involve three emotional states, namely calmness, happiness, and fear. The overall scheme of the platform is presented in Figure 6.


[image: image]

FIGURE 6. Overall scheme of the emotion recognition platform.


The physiological signal emotion recognition platform comprises the BPNN module, emotion recognition module, and data input/output module (Qian et al., 2018; Jiang et al., 2019). Establishing a suitable BPNN model before using the emotion recognition platform is necessary for physiological signal emotion recognition. A trained BPNN model can calculate the characteristic parameters of physiological signal inputs into the emotion recognition platform and finally output the emotion state result (Raviraj and Ashwinikumar, 2018; Rogoza et al., 2018).

In Figure 7, BPNN is the core of the emotion recognition platform to realize the emotion recognition function. Therefore, a suitable BPNN should be established before implementing emotion recognition. The model parameters of the BPNN used for the emotion recognition platform are as follows. There are 12 neurons in the input layer, 1 middle layer in the network, 14 in the middle layer, and 3 in the output layer. Besides, tansig is selected as the transfer function of the intermediate layer, logsig as the transfer function of the output layer, and traingd as the training function. Moreover, the input signal range in the input layer is [0, 1], and the weight learning algorithm and performance function use default values “learngdm” and “mse,” respectively. The BPNN model is established based on the above parameters.


[image: image]

FIGURE 7. Establishment process of the BPNN model.




Experimental Materials and Equipment

Referencing the International Affective Picture System (IAPS) and the domestic revised Chinese Affective Picture System (CAPS), this experiment collects 30 pictures of different contents, such as scenery, animals, food, characters, tools, disability, disaster, and violence, by different ways to induce calmness, happiness, and fear (Zhang et al., 2017; Wu W. et al., 2020). The investigation of emotion recognition reported here is only qualitative research without quantitative research. Therefore, the three-dimensional scoring criteria of IAPS or CAPS are not utilized when selecting the experimental pictures chosen according to the actual effect of emotion elicitation independently. The pictures come from multiple ways, partly from standard emotion recognition systems including CAPS and IAPS, and partly from other emotion-induced pictures used in emotion-induced research. Then, 10 subjects who did not participate in the final experiment are invited to analyze and test the meaning of these 30 pictures and the emotion elicitation. Finally, 15 pictures with sound effects and clear definition are selected as emotion-induced materials in this experiment, and every five emotion-induced pictures correspond to an emotional state (Wu and Wu, 2017; Wu and Song, 2019).

The experimental equipment used in this experiment includes an emotion recognition system (including software and hardware) based on human physiological signals independently designed here and a desktop computer equipped with a 23-inch display of resolution 1920 xten80 for displaying emotion-induced picture materials. The experimental environment is a soundproof room.



Experimental Subjects and Procedures

Twenty-two children aged 4–6 were selected for this experiment. There are five 4-year-old, eight 5-year-old children, and nine 6-year-old children. Some children quit during the investigation. Consequently, invalid data of a 4-year-old child and a 5-year-old child is excluded, and there remains valid data of 20 children. All children participate voluntarily, with fluent Mandarin, normal movement development, mental health, and regular communication ability with others. After the experiment, small gifts are given to these children for gratitude.

The experiment is carried out in a quiet soundproof room, and the subjects have obtained sufficient rest before the experiment. Before the investigation, the subjects were told about the experimental instructions, and the sensors used to measure physiological signals were worn for the subjects. The experiment is conducted after the subjects fully understand the testing process. The selected emotion-induced pictures are presented on the screen in the investigation, and each emotion state includes five images. Each image is shown for 15 s, and the time interval between two pictures is 2 s. The induction time of each emotion is about 1.5 min. Meanwhile, the emotion recognition platform is used to measure the characteristic parameters of 12 physiological signals of the participants in the emotion-induced process. On the one hand, the subjects have 5 min of rest time to calm their emotions after each emotional state induction to avoid the mutual effect of different emotional induction processes. On the other hand, the subjects are induced to generate feelings according to the following order: calmness → happiness → fear, to ensure the practical effect of emotional induction. The whole experiment lasts about 30 min, including oral instruction, registration of measured children, physiological signal acquisition equipment deployment for children, spirited pictures display, data measurement, and the end of recognition after the presentation.



Experimental Results and Analysis


Physiological Signal Characteristic Parameter Sample

Through the emotional induction experiment of three kinds of emotions on 20 subjects, 12 physiological signal characteristic parameters of the subjects in three types of emotional state are collected, including [image: image], PR-sd, [image: image], PA-sd, [image: image], SC-sd, [image: image], RR-sd, [image: image], RA-sd, [image: image], and SKT-sd. There are ultimately 720 valid sample sets of characteristic parameters of physiological signals. Figure 8 reveals 12 physiological signals’ characteristic parameters of a subject in this experiment.


[image: image]

FIGURE 8. Physiological signal characteristic parameters of a subject.


In this experiment, the data samples of 20 subjects, including 10 boys and 10 girls, are divided into two groups. Each group consists of five boys and five girls as the experiment’s training and test samples.



Results and Analysis of Emotion Recognition


Results of the Emotion Recognition System for the Test Sample Set

The BPNN model of the emotion recognition system is used to learn the training sample set obtained from the emotion induction experiment to make the BPNN model meet the expected goal. After training the BPNN model, the emotion recognition system recognizes the emotion of the test sample set. The emotional recognition system takes the 12 physiological signal characteristic parameters as the input and the three emotional states of children as output. Denote “1” and “0” as the presence or absence of the emotional state, respectively. Figures 9–11 are the results of children’s recognition under calm, happiness and fear.


[image: image]

FIGURE 9. Recognition results under the calm state.



[image: image]

FIGURE 10. Recognition results under the happy state.



[image: image]

FIGURE 11. Recognition results under the scared state.


In this experiment, the output results are defined as the following: 0.5 is the demarcation point. The output results not less than 0.5 are judged as “1,” indicating that the subject shows the specific emotion. The output result not more than 0.5 is considered “0,” proving that the subject does not offer a particular feeling. In addition, if there are two or more than two output results as “1” simultaneously, it is regarded as a recognition error. Finally, the emotion recognition result is obtained, as shown in the following three figures.



Analysis of Children’s Emotion Recognition Ability

From Table 2, regarding the average accuracy of emotion recognition, children aged four to six have particular recognition abilities. Even 4-year-old children can identify emotions to some extent. Intuitively, the emotion recognition ability of children aged 4–6 years old increases with age. The specific situation needs further statistical tests.


TABLE 2. Development of children’s emotion recognition (age/gender).

[image: Table 2]
In terms of physiological development, the brain weight of children between 4 and 6 years old increases with age, the synaptic density increases, and the myelination of nerve fibers is completed. Besides, the brain wave level of 6-year-old children accelerates with time (Wei et al., 2019; Wu et al., 2019). The continuous development of the brain also plays a physiological foundation for improving children’s emotion recognition. In terms of speech development, the verbal expression ability of children between 4 and 6 years old increases with age. Since children’s oral understanding is earlier than vocal application and expression, it is difficult to express what they can understand by appropriate words accurately. Furthermore, it is challenging to distinguish emotion recognition ability from verbal in the experimental study. Therefore, the differences in children’s emotion recognition ability are also affected by verbal expressions to some extent (Wu Y. et al., 2020; Yuan and Wu, 2020). As for attention development, 4-year-old children are often unable to focus on the experimental procedure. The performance of attention stability and attention persistence is significantly lower than 5-year-old and 6-year-old children. Besides, teachers or other children are occasionally in the experimental room, and new stimuli often attract children’s attention. Furthermore, compared with children between 5 and 6 years old, 4-year-old children’s attention is easy to disperse. It cannot be maintained in the experimental process, so some children may miss a picture, which affects the recognition results. On the whole, most 6-year-old children can maintain good attention stability and ensure the successful completion of the experiment (Li et al., 2019, 2021).

In summary, children’s emotion recognition ability increases with age. Moreover, their emotion recognition ability generally rapidly develops during 4–6 years old.



Analysis of Differences in the Emotion Recognition Ability of Children of Different Ages and Genders

Then, a 3 (ages: four, five, six) were used × 2 (gender: boy and girl) one-way analysis of variance (ANOVA) is used to investigate the age and gender differences in the development of children’s emotional recognition ability. Ages and genders are taken as independent variables, and the average recognition rate of children’s emotion recognition is taken as the dependent variable.

Through Table 3, age has a significant main effect on emotion recognition tasks, with F = 16.48 and p < 0.05. Meanwhile, the accuracy increases with age. On the contrary, gender does not significantly influence emotion recognition results, with F = 3.07 and p > 0.05. Furthermore, the interaction between age and gender is insignificant, with F = 0.24 and p > 0.05. Further analysis indicates that in the emotion recognition task, the emotion recognition ability of children aged 6 is significantly higher than that of children aged 4 (p < 0.01) and children aged 5 (p < 0.01). Additionally, the emotion recognition ability of children aged 5 is significantly higher than that of children aged 4 (p < 0.05).


TABLE 3. Test results of the main effect of age on children’s emotion recognition.

[image: Table 3]
The results show that there is no gender difference in recognition of children’s happiness and calm emotion. Still, there is only a marginal significance in the fear emotion, and girls’ recognition of fear is slightly higher than boys.

Through the research of Functional Magnetic Resonance Imaging, there is an interaction effect between the gender difference in recognition of positive and negative emotional content and neural mechanisms. When girls identify positive pictures, they have more activities in the right posterior cingulate gyrus, the left putamen, and the left cerebellum. When they see negative photos, they have more bilateral superior temporal gyrus and cerebellar vermis activities. This demonstrates that girls have more brain activation in emotion recognition and have more advantages. However, children in this experiment do not present significant gender differences. The reason may be that the individual’s brain is in a period of accelerated development in early childhood. Therefore, emotion recognition has not shown gender differences as basic emotional competence. The recognition results of girls are slightly better than those of boys, which may be due to the differences between boys and girls in parenting styles, and girls have better language expression ability, so they can better feel the negative emotions of others in daily life (Zheng et al., 2018; Yuan and Wu, 2020).



Analysis of Type Differences in Children’s Emotion Recognition Ability

According to Table 4, children between 4 and 6 years old have a specific ability to identify different types of emotions. The data analysis method of the paired sample t-test is used to examine the development order of children’s recognition of different emotions. The results prove that children show apparent advantages in recognizing happiness compared with the other two basic types of feelings. Besides, although the recognition accuracy of fear is lower than that of happiness, it is significantly higher than that of calm. Based on the above data, children’s recognition of happiness is superior to calmness and fear. In summary, children’s recognition ability of three basic emotions from strong to weak is happiness > calm > fear.


TABLE 4. Development of children’s emotion recognition (type).

[image: Table 4]
To sum up, the development of children’s ability to recognize different types of emotions is unbalanced. According to the development trend analysis, the ability to recognize happiness develops first, and even 4-year-old children can respond to happiness obviously, followed by the ability to acknowledge calmness. The ability to recognize fear develops last. The order of children’s recognition ability of three emotions is as follows: happiness → calm → fear.



Research and Analysis of the Theory of Mind in Early Childhood

The subjects are given a card game, followed by two theory of mind tasks in random order. After the game, the mind theory tasks contain the memory test question (Task 1): where did the card start? (Box 1, Box 2, Box 3) and the fact-checking question (Task 2): where is the card now? (Box 1, Box 2, Box 3). On the test questions, the age difference is very significant. Specifically, 5-year-old children are significantly better than 4-year-old children, and 6-year-old children are better than 5-year-old children, indicating that children’s cognitive abilities are getting better as they get older.

To sum up, 4-year-old children are less effective than 5- to 6-year-old children in the theory of mind tasks, which may be related to more complex cognitive processes, such as cognition of different expressions, or the inability to resist the influence of current representation caused by immature representation development of brain inhibition function. The profound reason is that 4-year-old children have limited computing resources, and the growth of children’s computing resources is based on a specific physiological maturity. With certain physiological maturity and the evolution of computing resources, children aged five or six (especially 6-year-old children) can realize that different perception and observation angles will make people have various explanations for the same object or event. Meanwhile, they can understand the relationship between perceptual acquisition of knowledge and knowledge causality, understand the relationship between knowledge, belief, and behavior, and form false opinions about situations.

The emotion recognition experiment is based on ANN, which can obtain more accurate results than traditional recognition experiments with facial images as recognition materials. Scholars Li and Li (2019) proposed a network model that automatically finds faces from pictures or videos and recognizes their expressions. Additionally, they trained the model in the dataset containing face images to automatically detect faces in images and identify their expressions according to faces. Finally, they verified the model’s performance on the tested dataset (Li and Li, 2019). Compared with their research, the present work makes a more detailed analysis of emotion recognition based on a neural network. Moreover, the current work focuses on children. It uses the multi physiological signal emotion recognition system based on ANN to measure children’s multi physiological signals more pertinently. They can show a high recognition rate for their psychological emotions.




Discussion on Children’s Emotion Comprehension and the Theory of Mind

The study of emotion has always been a complex and comprehensive field. Emotion recognition of physiological signals provides precious methods and means for studying emotion and has very high application prospect and research value.

The experimental paradigm used here is roughly the same as many classical research models of domestic and foreign scholars. The results show that age is an essential factor affecting the development of children’s theory of mind, and 4 years old is the critical period for developing children’s theory of mind. The experiment confirms that with the growth of age, children complete the task of psychological theory better and better, and their emotional recognition ability is even more robust. This result shows that children’s emotion comprehension is highly consistent with the development of psychological theory, and it is likely that the development of these abilities is interdependent. From the definition of psychological theory and emotion comprehension, it is consistent. Emotion comprehension is the understanding of oneself and others’ emotions. The psychological theory involves individuals’ knowledge of psychology, including visual perception, attention, desire, intention, belief, and related psychological representation and thinking. It is believed that psychological theory is the judgment of internal psychological state and activities, and emotion comprehension can also be understood as cognition. Here, emotion is the material or object of awareness. Individuals judge emotion and behavior caused by emotion combined with the situation and psychological clues. Both emotion comprehension and psychological theory involve individual cognitive ability, and both overlap in a sense in “psychological state” and “cognitive judgment.” Therefore, the correlation between the two is inevitable. This also indicates that the abilities measured by emotion comprehension and psychological theory tasks may promote and depend on each other; that is to say, it is feasible to classify emotion comprehension and psychological theory as two main aspects of social cognition. They jointly represent the development level of individual social understanding.





CONCLUSION

Research on emotion is complex and comprehensive. The emotion recognition system based on BPNN reported here provides a precious method and means for people to study emotion, with extensive application prospects and significant research value. The emotion recognition system based on the BPNN model is used to measure the physiological signals of the human body in different emotional states and obtain the required characteristic parameters, to recognize the emotional state of 20 subjects in the experiment. The conclusion is as follows.

(1) The emotion recognition ability of children between 4 and 6 years old increases with age. The order of recognition accuracy of the three emotions is: calmness → happiness → fear. Besides, there is no significant gender difference in facial expression recognition. (2) There are significant age differences in children’s recognition of happiness, calmness, and fear. Children can better identify happiness. Most children over 3 years old can accurately identify happiness, followed by calmness. More than half of children aged 3–4 years old can accurately identify calmness, followed by fear. Children aged 5 years old can identify fear better than calmness. The development trend of recognition of fear, calmness, and happiness is synchronous. Moreover, there is no significant difference in fear emotion recognition of children between 4 and 5 years old, while children aged 6 years old have significant progress.

The BPNN model used in emotion recognition has some limitations, such as the feasibility of network scale and the dependence on training samples. The structure of the BPNN can be designed freely according to users’ needs, and an extensive network scale is often required to solve complex problems. Besides, the physiological signal recognition of emotion is a relatively complex application example. Therefore, when there is an excess of physiological signal parameters and the types of emotional states to be recognized, there are often outstanding requirements for the BPNN model, which will increase the difficulty in the practical application of the BPNN. Correspondingly, future work will explore whether a more suitable ANN model can be applied to emotion recognition by physiological signals. Meanwhile, since preschool is the rapid development stage and key period of emotion recognition, the follow-up work will focus on children’s emotion recognition ability development.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of China West Normal University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work, and approved it for publication.



REFERENCES

Bahareh, N., Mohammad, N., and Andry, R. (2018). Long short-term memory hyperparameter optimization for a neural network based emotion recognition framework. IEEE Access 6, 49325–49338. doi: 10.1109/access.2018.2868361

Bao, Y. L. (2021). On early identification and Countermeasures of children’s emotional problems. Chin. Teach. 26, 81–82.

Batbaatar, E., Li, M., and Ryu, H. (2019). Semantic-Emotion Neural Network for Emotion Recognition from Text. IEEE Access 49, 839–847.

Chen, L. F., Zhou, M., Su, W. J., Wu, M., She, J., and Hirota, K. (2018). Softmax regression based deep sparse autoencoder network for facial emotion recognition in human-robot interaction. Inf. Sci. 428, 49–61. doi: 10.1016/j.ins.2017.10.044

Chen, M. (2019). The Impact of Expatriates’ Cross-Cultural Adjustment on Work Stress and Job Involvement in the High-Tech Industry. Front. Psychol. 10:2228. doi: 10.3389/fpsyg.2019.02228

Chen, S. L., Zhang, L. Y., Jiang, F., Chen, W., Miao, J., and Chen, H. (2020). Research on emotion recognition based on multiple physiological signals. Zhongguo Yi Liao Qi Xie Za Zhi 44, 283–287.

Deepak, K. J., Shamsolmoali, P., and Sehdev, P. (2019). Extended deep neural network for facial emotion recognition. Pattern Recognit. Lett. 120, 69–74. doi: 10.1016/j.patrec.2019.01.008

Haytham, M., Margaret, L., and Lawrence, C. (2017). Evaluating deep learning architectures for Speech Emotion Recognition. Neural Netw. 92, 60–68. doi: 10.1016/j.neunet.2017.02.013

Shahin, I., and Nassif, A. B. and Hamsa, S. (2019). Emotion recognition using hybrid Gaussian mixture model and deep neural network. IEEE Access 7, 26777–26787. doi: 10.1109/access.2019.2901352

Jiang, P. X., Fu, H. L., Tao, H., Lei, P., and Zhao, L. (2019). Parallelized convolutional recurrent neural network with spectral features for speech emotion recognition. IEEE Access 7, 90368–90377. doi: 10.1109/access.2019.2927384

Li, S. H., and Li, H. J. (2019). Automatic recognition and detection of facial expression based on deep convolution neural network. Microcomput. Inf. 17, 129–130. doi: 10.3390/s20092639

Li, Y., Zheng, W., Lei, W., Zong, Y., and Cui, Z. (2019). From regional to global brain: a novel hierarchical spatial-temporal neural network model for EEG emotion recognition. IEEE Trans. Affect. Comput. 99:1. doi: 10.1109/taffc.2019.2922912

Li, Y., Zheng, W., Zong, Y., Cui, Z., Zhang, T., and Zhou, X. (2021). A bi-hemisphere domain adversarial neural network model for EEG emotion recognition. IEEE Trans. Affect. Comput. 12, 494–504. doi: 10.1109/taffc.2018.2885474

Lu, M. S., Wang, X. S., Xu, Z. R., Wang, Q., and Kan, L. (2019). Investigation on emotional management of 1000 children in different types of kindergartens in Chengdu. Xuezhou weekly 31:3.

Neha, J., Shishir, K., Amit, K., Shamsolmoali, P., and Zareapoor, M. (2018). Hybrid deep neural networks for face emotion recognition. Pattern Recognit. Lett. 115, 101–106. doi: 10.1016/j.patrec.2018.04.010

Pan, L. Z., Yin, Z. M., Sheng, S. G., Yuan, Z. Z., and Zhao, L. (2020). Research on emotion recognition of fused physiological signals based on FCA Relief. Comput. Meas. Control 28:5.

Pawe, T., Marcin, K., and Andrzej, M. (2017). Emotion recognition using facial expressions. Procedia Comput. Sci. 108, 1175–1184.

Qian, J., Song, B., Jin, Z., Wang, B., and Chen, H. (2018). Linking Empowering Leadership to Task Performance, Taking Charge, and Voice: the Mediating Role of Feedback-Seeking. Front. Psychol. 9:2025. doi: 10.3389/fpsyg.2018.02025

Raviraj, V., and Ashwinikumar, P. (2018). Emotion recognition from Marathi speech database using adaptive artificial neural network. Biol. Inspired Cogn. Archit. 23, 35–42. doi: 10.1016/j.bica.2018.01.002

Rogoza, R., Żemojtel-Piotrowska, M., Kwiatkowska, M., and Kwiatkowska, K. (2018). The bright, the dark, and the blue face of narcissism: the Spectrum of Narcissism in its relations to the metatraits of personality, self-esteem, and the nomological network of shyness, loneliness, and empathy. Front. Psychol. 9:343. doi: 10.3389/fpsyg.2018.00343

Wei, J., Wang, Z., Jin, J. S., Han, X., and Li, C. (2019). Speech emotion recognition with heterogeneous feature unification of deep neural network. Emot. Recogn. 19:2730. doi: 10.3390/s19122730

Wu, W., Wang, H., and Wu, Y. (2020). Internal and External Networks, and Incubatees’ Performance in Dynamic Environments: entrepreneurial Learning’s Mediating Effect. J. Technol. Transf. 10:1007.

Wu, W., Wang, H., Zheng, C., and Wu, Y. J. (2019). Effect of Narcissism, Psychopathy, and Machiavellianism on Entrepreneurial Intention—The Mediating of Entrepreneurial Self-Efficacy. Front. Psychol. 10:360. doi: 10.3389/fpsyg.2019.00360

Wu, Y., Liu, J., and Yuan, C.-H. (2020). A mobile-based Barrier-free Service Transportation Platform for People with Disabilities. Comput. Hum. Behav. 107:105776. doi: 10.1016/j.chb.2018.11.005

Wu, Y., and Song, D. (2019). Gratifications for Social Media Use in Entrepreneurship Courses: learners’ Perspective. Front. Psychol. 10:1270. doi: 10.3389/fpsyg.2019.01270

Wu, Y., and Wu, T. (2017). A Decade of Entrepreneurship Education in the Asia Pacific for Future Directions in Theory and Practice. Manage. Decis. 55, 1333–1350. doi: 10.1108/md-05-2017-0518

Yuan, C., and Wu, Y. J. (2020). Mobile instant messaging or face-to-face? Group interactions in cooperative simulations. Comput. Hum. Behav. 113:106508.

Zhang, S. Q., Zhang, S. L., Huang, T. J., and Gao, W. (2017). Speech emotion recognition using deep convolutional neural network and discriminant temporal pyramid matching. IEEE Trans. Multimedia 20, 1576–1590. doi: 10.1109/tmm.2017.2766843

Zheng, W., Wu, Y., and Chen, L. (2018). Business intelligence for patient-centeredness: a systematic review. Telemat. Inform. 35, 665–676. doi: 10.1016/j.tele.2017.06.015


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Rao, Wu, Zhang and Tian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	 
	ORIGINAL RESEARCH
published: 08 February 2022
doi: 10.3389/fpsyg.2021.767363





[image: image]

Virtual Reality-Integrated Immersion-Based Teaching to English Language Learning Outcome

Yu Xie1, Yang Liu2, Fengrui Zhang3 and Ping Zhou4*

1School of Foreign Languages, Jiangnan University, Wuxi, China

2Institute of Education, University College London, London, United Kingdom

3Trinity College, University of Cambridge, Cambridge, United Kingdom

4School of Foreign Studies, Hunan University of Humanities, Science and Technology, Loudi, China

Edited by:
Chia-Chen Chen, National Chung Hsing University, Taiwan

Reviewed by:
Dayna Ford, Grayson College, United States
Jing-Wei Liu, National Taiwan University of Sport, Taiwan

*Correspondence: Ping Zhou, 1185898551@qq.com

Specialty section: This article was submitted to Educational Psychology, a section of the journal Frontiers in Psychology

Received: 30 August 2021
Accepted: 06 December 2021
Published: 08 February 2022

Citation: Xie Y, Liu Y, Zhang F and Zhou P (2022) Virtual Reality-Integrated Immersion-Based Teaching to English Language Learning Outcome. Front. Psychol. 12:767363. doi: 10.3389/fpsyg.2021.767363

Globalization and informatization are reshaping human life and social behaviors. The purpose is to explore the worldwide strategies to cultivate international talents with a global vision. As a global language with the largest population, English, and especially its learning effect, have always been the major concerns of scholars and educators. This work innovatively studies the combination of immersion-based English teaching with virtual reality (VR) technology. Then, based on the experimental design mode, 106 students from a Chinese school were selected for a quasi-experimental study for 16 weeks (3 h a week, and 48 h in total). The collected data were analyzed by computer statistical software, and hypotheses are verified. The results showed that there is a significantly positive correlation between VR and immersion-based language teaching (0.851, p < 0.01). There is a significantly positive correlation between immersion-based language teaching and academic achievement (0.824, p < 0.01), and VR is positively correlated with learning outcome (LO) (0.836, p < 0.01). Compared with other state-of-art research methods, this work modifies the students’ oral test through the analysis and comparison with the system database, and the students’ learning effect is greatly improved. Finally, some suggestions are put forward according to the research results to provide an experimental reference for English teachers and future linguistics teaching.
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INTRODUCTION

The era of globalization and informatization is witnessing a profound revolution in human civilization and the relationship of humans, nature, and various social groups. Under such backgrounds, education of international talents with global vision is the key to successful educational systems in every nation. Language proficiency level (LPL) is not just the symbol of personal identity and status, but also has become an important educational issue. Foreign language teaching (FLT) is promoted by favorable government policies and a successful learning and teaching model (LTM). According to the American foreign language learning (FLL) standards, FLL covers five objectives, such as communication, culture, connection, comparison, and community, known as 5C. FLT aims to make learners use foreign language (FL) for communication in the fields of listening, speaking, reading, and writing to express personal thoughts, emotions, and opinions; experience diverse cultures; and appreciate the history and culture of the target language (TL). For this reason, FL should not be regarded as a subject for repeatedly reciting new words and practicing grammar. Instead, FL can be used for reinforcing the learning of other subjects and comparing the characteristics of native language (NL) and TL, as well as distinct language culture. The learning should not be restricted to school environments but extended to the international society for cultivating lifelong learners.

The spirit of immersion-based teaching corresponds to the American 5C FLL standards and presents a global aspect and cross-culture FLL methods. The US government actively promotes immersion-based Chinese as a second language (CSL) teaching in 2001. According to native language acquisition, the course integrates language and cognition, allowing students to learn Chinese in the near authentic situation. Moreover, as artificial intelligence (AI) develops, AI is more widely applied in education, for example, in the selection and application of teaching media, the analysis of learners’ learning characteristics, the design of learners’ autonomous learning mode, and the improvement of teaching resources, AI can be used to complete the corresponding services to realize the intelligent development of education and personalized teaching of students. The traditional speech recognition (SR) technology can only recognize an individual’s voice from a close range and also has strict requirements on pronunciations and the ambient environments. The continuous maturation of AI helps to solve many problems in SR technology by enabling many fields to use audio files to output corresponding Chinese characters to complete more work. Under the global CSL learning fever, courses of the CSL, as well as the English as a second language (ESL), have been gradually established and matured. Canada and the US are the pioneers of immersion-based CSL teaching. In consideration of the external conditions of the global economy, China has become the top world economic power in the twenty-first century. Therefore, CSL teaching and learning have become an international trend, and more and more foreigners choose to settle down or start businesses in China. The number of foreigners in China is closely related to the CSL learning market. The increased learners’ needs and diverse backgrounds also indirectly help update the quality and pattern of CSL teaching. For example, Halabi (2020) strengthened engineering education and teaching with immersion-based virtual reality (VR) technology. The results showed that VR reduced the course development time and cost, while enhancing students’ enthusiasm and creativity. Compared with traditional methods, the VR method improved students’ communication and problem-solving abilities. McCleery et al. (2020) taught autistic adolescents by immersion-based VR intervention. The research results indicated that immersion-based VR might provide an intervention mechanism for the social skills of the autistics, but it was unclear whether the anxiety concerns or sensory symptoms would limit the feasibility of the intervention. Carbonell-Carrera et al. (2021) studied the user VR experience in the immersion-based three-dimensional (3D) visualization environment. The research found that in the nine subcategories analyzed (sense of presence, sense of participation, sense of immersion, flow, usability, emotion, judgment, experience consequences, and technology adoption), the perception of the 3D environment in the visualization process was very high.

Therefore, the combination of immersion-based FLT and VR can be used to study the effect of English learning. Moreover, the application of VR technology in AI to students’ oral training and homework correction provides a more convenient tool for English Majors’ oral practice. Then, based on the experimental design model, 106 English major students from a Chinese school were selected for a quasi-experimental study for 16 weeks (3 h a week, and a total of 48 h). Innovatively, this work presents the combination of immersion-based English teaching with VR technology. Then, the effectiveness of the proposal is verified by testing various hypotheses. The first section introduces the background of second language learning and the characteristics of immersion-based learning. The second section, Literature review, further expounds on the research status of VR and immersion-based FLT. Then, the third section carries out sample measurement and index evaluation; and after the reliability and validity test, the experimental simulation design is completed. The fourth section analyzes the empirical results and implements the linear structure model. Finally, the fifth chapter summarizes the experimental conclusions. The relevant suggestions of immersive FLT have practical reference value for English teachers and scholars to improve the effect of ESL teaching. Shadiev and Sun (2020) applied the combination of speech-to-text recognition technology in English as a foreign language lecture to promote students’ understanding of the lecture content.



LITERATURE REVIEW


Virtual Reality

Lin (2017) explained that VR, also called artificial environment, is generating a 3D virtual world with computer simulation and providing users with a sensory stimulation of sight, hearing, and touch which allows users to timely observe affairs and objects in the 3D space without restrictions. Richardson et al. (2017) pointed out that VR was the feeling of presence in a virtual environment, namely, the artificial environment. VR simulated a 3D scene for real-time response through human–computer interaction (HCI) so that people could feel the presence. Archer and Finger (2018) simply explained VR as creating a virtual world with computer graphics, allowing users to have authentic feelings. Herrera et al. (2018) mentioned that VR constructed the environment through computer equipment and integrated authentic or virtual pictures into simulated situations to present the authentic effect. The environment presented highly authentic interaction, allowing users to view various computer images or videos and operate or interact with the objects through HCI. Users could freely move in the space to appear senses of integration and participation to further feel the presence.

According to Wu and Chen (2018), VR covers 3 dimensions in this study.


1.Imagination: It allows people to connect with their experiences, after receiving the sensory stimulation, to generate the illusion between true and false.

2.Immersion: It allows people to experience the entire VR with senses to integrate into the virtual world and feel the presence.

3.Interactivity: It allows people to interact with virtual objects as in the real world. Apparently, VR integrates people into the 3D virtual environment simulated by computers. The real-time simulation and interaction through HCI offer users the feeling of presence.



There have been various works on the research of VR. For example, Lv et al. (2020) argued that VR technology could be used to design industrial security solutions. The constructed algorithm performed well in the attack response to the industrial control system in the VR simulation environment, which provided practical significance for the application of VR technology. Chang et al. (2020) proposed various indexes to accurately measure the disease level by reviewing the measurement of VR disease symptoms and causes. Emmelkamp and Meyerbröker (2021) used VR technology to diagnose and treat mental health diseases, and the research showed that the application of VR in phobia could be extended to the diagnosis and treatment of other mental health disorders.



Immersion-Based Foreign Language Teaching

Kao et al. (2016) indicated that immersion-based teaching promoted the idea of a language swimming pool, allowing students to cultivate their language sense in the environment with the pure TL. Students, either in class/after class or on/off-campus, would completely immerse themselves in the TL ocean, constantly receive the stimulation of distinct TL information, absorb TL knowledge, repeatedly practice TL skills, and continuously use TL for learning and living to eventually develop TL thinking pattern and expression ability naturally. Slater (2018) stated that interaction and communication were the major teaching forms, the classroom climate was relaxing and could fully induce students’ motivation for positive participation, and students could cultivate the habit of thinking with TL in the real immersive environment, break through their psychological barriers, and pick up some language skills. Bachen et al. (2016) explained the so-called immersion-based teaching that students, for about all or half of their time in schools, immersed in the English language environment, teachers taught language knowledge using English, and the English language was used for teaching non-language courses as well. In other words, the English language was the learning content as well as the learning tool. La Corte et al. (2019) regarded immersion-based teaching as a teaching method for learning English, which mainly used TL for general teaching activities. TL was the medium of teaching, rather than the major objective and object in classroom teaching. Hortensius et al. (2018) pointed out the core concept of immersion-based language teaching as using the function and objective of language for naturally learning language, as the initial function, and objective of language were for message communication. Immersion-based language teaching is expected to replace the NL with TL in thinking or language application environments; when learners were immersed in the language application environment for a long period, their sense of TL could be naturally cultivated through interaction with people using TL.

According to Lin et al. (2018), FLL should be content-based. Full exposure to the meaningful language input situation is the key to acquiring language. Language learning and teaching contain three dimensions.


1.General characteristics: It means to explore the association between pronunciation and word, regional and general accent, grammar, and vocabulary.

2.Teaching strategy: It means to develop active language skills through the application of individual prior knowledge to language and promote children’s LPL by discussing and analyzing distinct text contents.

3.Actual application: It allows children to acquire grammar under the structure of sense of language. The developed grammar does not simply focus on the general language but expects to deepen students’ sense of language and awareness of language in teaching activities or learning tasks.



To sum up, there are many studies on immersion-based language teaching. For example, Altun and Lee (2020) used meta-analysis to carry out immersion-based English language teaching. The research results showed that immersion-based learning technology had a positive impact on English language learning. Wang et al. (2021) employed immersive experience technology to improve the effect of undergraduate Chinese multilevel learning. The results suggested that students liked to explore experiential learning opportunities of English culture and language outside the classroom. Hayes et al. (2021) studied the immersion degree of interactive VL language learning and mapped the immersion level to the learning objectives related to language learning through replicable simulation and social interaction. Combined with the above research, the use of immersion-based teaching can effectively improve the effect of English teaching. Kim et al. (2019)’s research shows that robot programs allow direct interaction between human and computer.



Artificial Intelligence and Speech Recognition

Cerezo et al. (2019) described a mobile phone application, which helped Spanish children practice the pronunciation of basic English vocabulary, and the robot served as a virtual teacher and interacted with children by dividing them into the experimental group and the control group. According to the performance evaluation before and after the test, satisfaction survey, and children’s emotional analysis, the application significantly affected children’s English learning. Bin and Mandal (2019) pointed out that the application of computer technology (CT) and AI technology in the field of education would become a trend, even in the automatic scoring of English composition. Specifically, based on the integration of information technology and curriculum, the application of AI in middle school English teaching was explored by combining curriculum theory, literature analysis, and field investigation. Moreover, the implementation scheme of English assisted teaching system based on AI technology was proposed. The results also implied that AI technology could make the teaching system more humanized and further improve the quality and effect of English teaching. Park et al. (2020) studied the improved automatic SR system, and the recognition accuracy could be improved by 4% on noisy experimental test data sets. Ye et al. (2021) studied the dual-channel hybrid-level framework using SR; the system reduced the relative word error rate by 8–10%, showing that the proposed system might maintain the advantages of the hybrid system. In conclusion, the application of AI in SR has practical reference value for immersion-based English learning and teaching.



Learning Outcome

Hong et al. (2016) mentioned that teachers could understand the practice effect of teaching activity from students’ evaluation results and further inspect the teaching excellence for evaluating teaching. Teachers could understand students’ responses to different teaching methods by observing their learning responses and understanding their performance in the class or learning process. Isabelli-García and Lacorte (2016) regarded learning outcome (LO) as the practice of various types of evaluation or tests on learners for a period of time after learning activity to understand their LO on the learned content. Lull and Bushman (2016) pointed out LO as an indicator to evaluate students’ absorption of course content; and, teachers’ teaching effectiveness could be judged based on students’ test performance. Chrysikou and Thompson (2016) regarded LO as students’ change before and after receiving education. The real change was by deducting “entry behavior” before education from “terminal behavior” after education, which was the students’ “direct” LO. On the contrary, students’ “indirect” LO was the effect appearing a period after students had been educated. van Loon et al. (2018) stated that students’ LO was inspected through examinations to check whether students mastered the knowledge and skills preset in the teaching objectives and learned teaching activities or materials. The higher test performance revealed students’ better LO.

According to Tsai et al. (2018), the following factors in students’ LO are proposed in this study.


1.Teaching factors: They include peer relationships, student–teacher interaction, classroom equipment, learning environment, family background, and cultural value of community culture.

2.Environment factors: They include teaching approaches, teaching time, curriculum design, material content, and teachers’ organization and interpretation ability.



Meanwhile, concerning other factors affecting students’ academic performance, Liu et al. (2020) conducted a meta-analysis on the factors affecting students’ academic performance. The results corroborate that there was a medium relationship between socio-economic status and academic performance. Sadeqi et al. (2021) studied the impact of curriculum teaching on students’ learning effects. The research results revealed that teaching practical knowledge by comprehensive methods was of great help to students’ clinical experimental application.



Research Hypotheses

Aiming at abstract concept learning and specific operation learning, Wenga et al. (2018) conducted the clinical teaching for experimental comparison. The experiment proved that learning anxiety and frustration could be easily alleviated when pictures were applied to operational abstract concept learning. Besides, the logical thinking in programmed learning was not simple, and actual active operation learning could acquire sensory experience of seeing and touch and appear better message processing than learners with abstract ideas. DeSmet et al. (2016) applied the characteristics of virtual space and further used innovative immersive interaction media to prove that virtual operation through users’ intuitive allowed users to not only acquire information from picture-based abstract concept learning but also integrate the interactivity of immersion-based VR. Wu and Chen (2018) discovered that the application of VR could make up for the inadequacy of other teaching methods through the interactive virtual learning environment; it could enhance learners’ enthusiasm and provide interactive teaching, as well as apply the space of virtual environment to promote immersion-based teaching on the spatial structure. Chen et al. (2021) used interactive spherical video to study the writing of VR Chinese composition teaching. The results proved that it could improve students’ writing ability. Accordingly, the following hypothesis is inferred.

H1: VR presents positive relations with immersion-based language teaching.

Shin (2018) indicated that immersion-based teaching allowed learners to learn the course content through a TL environment, so it could eventually help learners become bilingual learners; for this reason, the use of TL between teachers and students was particularly emphasized. Madsen (2016) analyzed the effect of immersion-based listening and reading learning period on the learning effect of elementary pupils’ ESL learning. It was discovered that longer immersive courses for either English listening or reading appeared to produce a better performance on foreign language acquisition. Ferchaud and Sanders (2018) proposed that immersion-based English teaching could enhance elementary pupils’ learning attitudes and English test performance. It was, therefore, considered that immersion-based learning could assist in enhancing English learning effectiveness. Lin et al. (2018) discovered that pupils receiving entirely immersion-based English learning showed higher learning confidence, keener learning interests, and also stronger learning belief than those who did not. Chan et al. (2021) applied immersive VR to distance architectural history teaching. The research results signified that immersive visualization ability could be used as an essential distance teaching tool in educational institutions to improve students’ learning effects. In this case, the following hypothesis is inferred.

H2: Immersion-based language teaching shows positive relations with LO.

Zych et al. (2019) mentioned that VR stressed being on the scene, and the sensory stimulation of the taught was far more than picture and text message delivery on print media to deepen the topic memory and comprehension; it, therefore, could effectively promote LO. Pavone et al. (2016) indicated that a lifelike simulation situation could induce students’ learning motivation, implement the learning initiative, and control the interaction with the environment to achieve the skill learning and effectively enhance LO. Gorisse et al. (2017) stated that computer simulation technology offered learners with proper control; learners could control the learning sequence, content, and schedule and actively operate, explore, and recombine knowledge. It conformed to the spirit of constructive learning to promote LO. Tsai et al. (2018) indicated that a well-designed skill simulation system could simulate authentic operation situations, allowing learners to clearly learn important concepts through self-control, interaction, simulation, and observation, thereby effectively enhancing the LO. Han et al. (2021) conducted the inspection and research of nervous system teaching tools based on VR. The research results implied that VR technology could effectively improve students’ learning satisfaction. The following hypothesis is therefore inferred in this study.

H3: VR reveals positive relations with LO.

Knox (2020) pointed out that AI played a great role in educational institutions. New Oriental Group, tomorrow advancing life (TAL), and squirrel AI institutions have made good achievements in the use of AI. They also stated that educational institutions were influential participants in national and regional AI development strategies. Cope et al. (2020) pointed out that AI would never take over the role of teachers, but it could be used to improve the potential of education in a certain range and make education more humanized. Lin and Wang (2021) used VR technology in English language learning. The research found that VR technology could be effectively integrated into English classrooms to promote students’ creative self-efficacy and intrinsic motivation. Therefore, the following assumption is deduced:

H4: AI technology can improve students’ oral English.




SAMPLE AND MEASUREMENT INDICATORS


Research Sample and Object

With the experimental design model, a total of 106 English-major students in a Chinese school were selected as the research objects for the 16-week (3 h per week, with a total of 48 h) quasi-experimental teaching research. The retrieved data are analyzed with computer statistics software to test various hypotheses. Combined with the research results of Schieber et al. (2018), the sample form of the designed questionnaire survey (QS) is manifested in Table 1. After the students’ study, the QS is distributed for statistics, and the learning effect is analyzed after unified recovery and processing.


TABLE 1. A QS on the effectiveness of VR technology in English language learning.

[image: Table 1]


Reliability and Validity Test

Validity refers to a measurement tool to truly measure what a researcher intends to measure. Generally speaking, validity is divided into content validity, criterion-related validity, and construct validity. The QS design in this work has referred to domestic and international researchers’ research items that the QS shows certain content validity. Dimensions of VR, immersion-based language teaching, and LO in this work are tested through the overall structural causality with linear structural relation (LISREL). The data input is based on the correlation coefficient matrix of the above observatory variables. The analysis results with the LISREL model reveal that the overall model fit reaches the reasonable range that it presents favorable convergent validity and predictive validity. Item-to-total correlation coefficients are used for testing the construct validity of the QS content, i.e., reliability analysis. The calculated item-to-total correlation coefficients are used for judging the questionnaire content. The item-to-total correlation coefficients of dimensions in the designed QS are higher than 0.7, revealing a certain degree of the construct validity of the dimensions.

Reliability and validity analyses are conducted to further understand the reliability and validity of the QS. The higher Cronbach’s α shows the better reliability. The formal QS is developed according to the standard, and the measured Cronbach’s α appears in 0.75–0.90, apparently conforming to the reliability range.



Oral Test Correction

After the content data of the students’ oral test are collected, the data are transformed to extract the characteristic value of the speech content conveniently. Through identifying the features of vocabulary, sentence, and text structure, and then correcting the final learning results, the effectiveness of immersion-based language teaching is tested.

The high-frequency words expressed in oral English are input into the intelligent system. With a full score of 10 points, the contents are scored by the system according to their correlation degree. The scores are recorded in the system for the following score collection.



Experimental Environment

With VR equipment, the students can have immersive learning independently in a classroom, in which there are several small spaces for the experiment. Therefore, each student can log in to the account before using it and perform voice interaction in the independent space without being disturbed by the external environment. After the students log in, the teacher can check the students’ learning and training at any time by logging into the background system to assist the students in completing the follow-up study.

The students can also learn through the mobile APP. The contents of the mobile APP can be synchronized with those in the experimental classroom system so that the students can learn relevant content at any time. During classes, VR equipment is used for immersion-based learning to consolidate what the students have learned. The specific environmental conditions are manifested in Figure 1.


[image: image]

FIGURE 1. Specific environmental conditions (A: A single computer used in the student simulation experiment; B: Scene of the student simulation experiment).





EMPIRICAL RESULTS ANALYSIS


LISREL Model Evaluation Indicator

In the LISREL model, the factor analysis is combined with the path analysis in traditional statistics, and simultaneous equations are added in econometrics for simultaneously calculating multiple factors and multiple causal paths. The evaluation of model fit can be evaluated from the preliminary fit criteria, overall model fit, and fit of the model internal structure.

The data are organized as shown in Table 2, and the preliminary fit criteria, internal fit, and overall fit of the model are explained as follows.


TABLE 2. Overall LISREL model analysis result.

[image: Table 2]
Table 2 shows that three dimensions (imagination, immersion, and interactivity) can significantly explain VR (t > 1.96, p < 0.05). The three dimensions (general characteristics, teaching strategy, actual application) can remarkably explain immersion-based language teaching (t > 1.96, p < 0.05); and two dimensions (teaching factors and environment factors) of can notably explain the LO (t > 1.96, p < 0.05). Apparently, the overall model reveals favorable preliminary fit criteria.

Regarding internal fit, VR presents positive and significant correlations with immersion-based language teaching (0.851, p < 0.01); immersion-based language teaching shows positive and remarkable correlations with LO (0.824, p < 0.01); VR appears positive and notable correlations with LO (0.836, p < 0.01); thus, H1, H2, and H3 are supported.

Regarding the overall model fit, the overall model fit standards χ2/Df 1.626 indicates it is smaller than the standard value 3; RMR 0.004 reveals the proper χ2/DF and RMR results. Furthermore, the chi-square value is sensitive to sample size, and so it is not suitable for directly judging the fit. However, the overall model fit standards GFI 0.974 and AGFI 0.932 are above 0.9 (the closer GFI and AGFI are to 1, the better model fit is); thus, this model presents better fit indices. The results of hygiensis test are shown in Table 3.


TABLE 3. Hypothesis test.
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Students’ Oral Test Correction

In the process of correction, the SR technology is used to extract the relevant content in the audio content of the oral test, including the characteristics of vocabulary, sentence, and text structure. Through the analysis and comparison with the system database, the students’ oral test is corrected, and the corresponding results and suggestions are given.

Among the 106 oral test audios submitted, the corresponding oral test scores are shown in Figure 2.


[image: image]

FIGURE 2. Score distribution.


Figure 2 shows that most people scored 80–90, followed by 70–80. Moreover, there is a small score gap between the teacher’s correction and AI grading, which can prove that it is feasible and effective to use AI for correction.

Meanwhile, AI is used to make a correction, and the system also gives suggestions for revision, such as word pronunciation, sentence structure, and logic of the text. This requires students to focus on the pronunciation of words and the grammatical relationship of sentences when practicing oral English, thus further conveying the correct pronunciation to the other side while improving the expression ability and avoiding misunderstanding in the communication.

Simultaneously, with an extensive voice database, the AI system provides students with reading examples and rereading choices. Various functions, such as reading and accent correction, can also be realized. The research results indicate that a deep understanding of their deficiencies can be provided for the students of different English proficiency by the AI system within a short time. Meanwhile, after the students complete the corresponding learning tasks within a specified time, their learning results are recorded automatically and analyzed by the system. Then more targeted exams are arranged for them. Students can apply their knowledge through frequent tests of what they have learned. In this way, teaching and learning are completed. Besides, the system also provides students with analyses of focuses and difficulty. Through suggested answers to and remarks on important knowledge, the students can finish the training. Besides, homework search and problem analysis can be completed in the AI system’s homework management module so that the students can see their disadvantages clearly.




DISCUSSION

Experimental results imply that there is a positive and significant correlation between VR and immersion-based language teaching. Additionally, the use of SR technology for students’ oral tests and correction and the immersion-based VR teaching method can enable students to improve their oral English skills. AI technology is applied to oral English learning, training, and testing. By analyzing the oral test content and test results, students can apply their knowledge to life. Continuous learning and testing help to systematically and clearly understand students’ oral English skills.

Immersion-based English teaching can have a positive impact on ESL learning. For example, Altun and Lee (2020) researched immersion-based learning technology in ESL teaching. The research revealed that immersion-based learning technology could have a positive impact on ESL teaching. Abdullah and Mohamad (2020) researched the implementation of a highly immersive curriculum on primary school students’ language ability and argued that it encouraged students to learn English in an effective English environment. Meanwhile, the research found that students welcomed experiential learning opportunities to explore foreign cultures and languages outside the classroom. Through the formulation of a language learning plan, students’ oral ability had been effectively developed. Therefore, AI would be more widely used in oral English teaching in the future.



CONCLUSION

The research results show that the application of immersion-based VR English teaching can help students continuously improve their English LPL in listening, speaking, reading, and writing. This is because, during immersion-based teaching, teachers use English as much as possible to confer relevant knowledge, while students also use English to communicate and think the way English native speakers do to better understand the teaching content. In other words, when students learn English under meaningful situations, the teaching effect could be significantly enhanced. The application of VR to immersion-based English language teaching presents such an excellent effect on the quantity of students’ learning that they can learn more within the same learning time. It is also indicated that after VR is used for the preview of immersion-based English teaching, students can better understand the teaching content. In comparison with teachers preceding one-way teaching, actual operation and communication interaction can be directly conducted by reviewing the content before classes. Therefore, the proposed method can largely enhance students’ learning speed. There will also be a good performance by using AI-based SR technology to identify the oral test content, and the feedback can help students correct the wrong pronunciation in language expression and improve their oral ability.



IMPLICATIONS FOR ACADEMIC CONTRIBUTIONS AND PRACTICES

Based on the research results and findings, the following practical suggestions are proposed in this study.


1.Professional communities could be organized to help English language teachers improve their professional competency with the assistance of groups so that teachers can practice different teaching strategies with proper attitudes and competency. Moreover, mutual learning and encouragement in groups can improve teaching attitudes and transform teaching beliefs, so it is favorable for enhancing the passion for more active teaching.

2.The application of immersion-based teaching strategies by Chinese language teachers is helpful to enhance students’ Chinese language proficiency. For learners with different levels, the selection of proper immersion-based teaching strategies could better conform to individual learning needs and confer more cultural knowledge.

3.The application of VR to immersion-based language teaching for preview would benefit students’ LO. Ease of use is emphasized in technology, and the future design would become simpler. Teachers with good computer skills can devise well-matched digital materials with the teaching content to save resources and constantly offer new ideas to enrich learning.

4.The use of AI technology can help students improve their oral English proficiency. Moreover, more AI technologies can be employed to further improve the teaching methods, such as HCI and deep learning (DL). In this case, students can use advanced technology to complete the course content in a relaxed environment. Meantime, these technologies can also make students more active to learn and practice, thus truly realizing students’ autonomous learning, and positively affecting the development of the education industry.
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The advent of the intelligence age has injected new elements into the development of literature. The synergic modification of Anglo-American (AAL) traumatic narrative (TN) literature by artificial intelligence (AI) technology and interactive design (ID) psychology will produce new possibilities in literary creation. First, by studying natural language processing (NLP) technology, this study proposes a modification language model (LM) based on the double-layered recurrent neural network (RNN) algorithm and constructs an intelligent language modification system based on the improved LM model. The results show that the performance of the proposed model is excellent; only about 30% of the respondents like AAL literature; the lack of common cultural background, appreciation difficulties, and language barriers have become the main reasons for the decline of reading willingness of AAL literature. Finally, AI technology and ID psychology are used to modify a famous TN work respectively and synergically, and the modified work is appreciated by respondents to collect their comments. The results corroborate that 62% of the respondents like original articles, but their likability scores have decreased for individually modified work by AI or ID psychology. In comparison, under the synergic modification efforts of AI and ID psychology, the popularity of the modified work has increased slightly, with 65% of the respondents showing a likability to read. Therefore, it is concluded that literary modification by single ID psychology or AI technology will reduce the reading threshold by trading off the literary value of the original work. The core of literary creation depends on human intelligence, and AI might still not be able to generate high-standard literary works independently because human minds and thoughts cannot be controlled and predicted by machines. The research results provide new ideas and improvement directions for the field of AI-assisted writing.
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INTRODUCTION

Traumatic narrative (TN) originates from the Anglo-American (AAL) literary world in the 20th century which is shaped by many traumatic events, such as World Wars, military conflicts, revolutions, and genocides. These traumatic events not only have caused millions of fatalities among civilians and soldiers but also have brought physical, as well as psychological, pain to numerous families. At that time, some AAL writers who have witnessed the suffering of the people write down these historical tragedies through literary creation, which then gradually has evolved into AAL TN literature (Jill, 2019; Alpert et al., 2020). Linguistically, the term “trauma” is originally used to describe physical injury caused by external forces (Pathis and Place, 2018), while “trauma” in the context of war can narrate the psychological suffering behind physical pain. Freud (Maureen, 2018) is the first person to put forward the “trauma theory.” It is believed that the best way to alleviate or treat “trauma” is through conversation or transcription (Maxence, 2019; Ellison, 2021). Therefore, after a series of major trauma events, TN literature naturally comes into being to record the process of human development, remind them of the cruelty of war, and help them learn from history to choose the right path toward civilization (Liu, 2019). This article studies TN in the 21st century and provides some references for the development of this far-reaching type of literary works.

With the advent of the 21st century, artificial intelligence (AI) technology has been seeing broader applications in various fields, including the field of literary creation, thereby replacing heavy and repetitive manual labor (Smedslund, 2021). At present, AI-assisted writing is mainly used in news scripts with strong formality and regularity (Yu and Lin, 2020). Still, the inspiration and unique writing skill styles of writers are something AI cannot mimic, whereas they are the key to literature creation; thus, AI technology still cannot take the place of the complex human literary creation (Mullholland, 2020). Thereupon, through the analysis of AI technology, this study mainly discusses the auxiliary role of AI technology in AAL literary creation. Meanwhile, interactive design (ID) psychology is introduced to study the synergistic effect of ID psychology and AI on AAL literary creation. TN literature is one of the most influential literary types in the 20th century, as well as the most widely developed literary type in AAL literature (Newman, 2021).

It is of practical significance to study the AAL TN in the era of AI. First, this study introduces the theoretical basis of AI and ID psychology; second, combined with the Questionnaire Survey (QS) method, the influence of AI and IS psychology is studied on TN literature; finally, the results of the QS are analyzed. This study concludes that the synergic literary modification of AI technology and ID psychology can provide people with a new reading experience of AAL traumatic narrative writing. For example, it can reduce the reading threshold by simplifying the content and structure, but the improvement effect on the reading experience is not obvious. This shows that AI is more suitable for assisting writing than replacing human creation. The research content provides an improvement direction for the development of AI writing and the substitutability of human labor in some fields in the era of AI. Innovatively, this study combines AI technology with psychology for the first time and studies the TN of AAL literature under the combination of state-of-art technology and psychology. The research results can be applied to AI writing, which provides a reference for the combination of AI-assisted writing and psychological theory.


Related Work

This section is divided into two parts, namely, the current trend of digital reading and the research status of the synergy of AI technology in ID psychology.

With the development of Mobile Internet (MI) technology and the widespread intelligent terminals, digital reading has gradually become a popular reading style. Many researchers have studied the digital reading status of different groups. For example, Banni et al. (2019) analyzed the demand and usage of digital cultural resources of migrant workers based on QS and interviews, revealing their major digital readings as current political news, e-books, music, movies, entertainment, and sports (Banni et al., 2019). Nazari et al. (2021) investigated the current situation of digital reading of teenagers and uncovered that the overall extracurricular reading time of students was decreasing, and the time spent on digital reading was increasing remarkably; the most favorite online activities of students were entertainment; reading habits of students had been reshaped by the current MI technology. The reading methods of people had been gradually changed into digital reading, and word-by-word reading had been shifted into hypertext-based skimming (Nazari et al., 2021).

Norqulovna et al. (2021) studied the contents related to ID psychology, sociology, and technical science and explored human psychology and machine capability (Norqulovna et al., 2021). In terms of the research on AI, as early as the 1950s, some researchers have predicted that AI would gradually infiltrate human production and life in the next 50 years, resulting in different opinions and factions. The researchers have described these factions and expounded on the era of AI. Mu (2021) discussed the impact of the continuous development of Science and Technology (S&T) on human society; applied some AI algorithms to the real environment; studied AI from the perspectives of philosophy, sociology, psychology, and neurology; and put forward a new perspective on the trend of “singularity.” It also showed the impact of some AI-inspired S&T phenomena worldwide (Mu, 2021).

To sum up, according to the research status both in China and outside, there are various literary works on AI in informatics and philosophy, whereas little research has been conducted on the combination of AI and ID. It is believed that with the further maturity of S&T, AI will inevitably intervene in ID. This study attempts to make research and speculation within a limited scope because the technological revolution is a dynamic process and will not stay for long in the current thinking range of people.



Research Methods


Artificial Intelligence Technology

The world today has been intellectualized like never before. Especially, as a new intermediary, AI has penetrated all aspects of life and work, thereby improving employee feedback and work performance (Qian et al., 2018).

Explicitly, AI can be applied in literature creation and contribute to literary development. Literature evolution is a historical process, and literary works record and showcase history via an artistic form (Antonihgni et al., 2020), which, in turn, will be influenced by the historical backgrounds and technological development of their time. Originally, the TN literature is composed under the tragic war-wreckage backgrounds of the 20th century, while the modern TN literature creation has been flourished in the age of peace and has been much diversified by including various themes apart from war (Larysa, 2020).

Meanwhile, literature creation is vigorously shaped by the times and technological innovations (Aldo, 2020). In particular, literature creations and transcriptions have undergone several stages: from ancient word-of-mouth, traditional handwriting, and modern-times printed works to contemporary electronic network literature and the latest AI-assisted writing; AI, as the ultimate digital technology, will surely innovate literary creation styles. For example, intelligent literature has begun to take shapes, and AI robots such as Xiaobing and the Nine Songs provide a glimpse of the foreseeable new literature pattern despite their widely criticized literary values (Geoff et al., 2019).

Accordingly, this study makes an effort to modify a piece of AAL TN literature work by AI technology and collects the evaluations and opinions of readers on the AI-modified work through a QS design.



Interactive Design Psychology

The development of TN literature benefits from the deepening research on modern psychology, especially, trauma psychology. Particularly, ID psychology, as one of the emerging and most intensively discussed subfields of psychology (Larysa et al., 2018), can empower TN literature creation a new vision.

Metaphorically, trauma psychology is the internal engine of TN, and ID psychology is the wheel that carries TN onward. ID psychology can enhance interpersonal communication, facilitate the understanding and usage of users, and, most importantly, get them enchanted with the target. There are many theories of ID psychology, including the 7 ± 2 rule, Hick’s law, Von Restorf effect, and Occam’s razor principle (Deng L. T., 2021); according to these scientific bases, this study modifies a piece of AAL TN literature work, and the QS is used to collect post-reading evaluations and opinions of readers.


The 7 ± 2 Rule

The rule argues that the short-term memory of the human brain is approximately seven information objects, most, namely, between 5 and 9; yet, the law can explain some practical problems: the less the information is, the higher the memory clarity is, whereas the more the information is, the worse the memory clarity is (Huang et al., 2021). Figure 1 outlines the approximate relationship between memory volume and clarity.
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FIGURE 1. Schematic diagram of the relationship between memory clarity and memory volume.


Figure 1 displays that the memory clarity within three information objects is very high. Then, with the increase of the number of information objects, the clarity declines sharply until the memory volume equals four information objects. From then on, as the information objects continue to increment, the decline rate is less steep, but the clarity has fallen to less than 80%. Furthermore, when the memory volume reaches seven information objects, the memory clarity falls almost 50%, which is theoretically judged as easily distractable fuzzy memory rather than a clear memory.



Hick’s Law

Hick’s law is a psychophysical theorem of the relationship between the number of choices and the time cost, which is commonly described that the more choices there are, the longer time is to make a decision (Kvålseth, 2021). The approximate relationship between the time cost and the number of choices is presented in Figure 2.
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FIGURE 2. Schematic diagram of the relationship between the time cost and the number of choices.


Figure 2 suggests that the relationship between the time cost and the number of choices is a monotonous non-proportional one. Overall, fewer choices can ensure a reduced time cost and, thus, facilitate utilization.



The Von Restorff Effect

The Von Restorff effect, also known as the isolation effect, proclaims that compared with similar items, only special or unique items are more likely to be remembered. In other words, the more an item violates the convention, the easier it is to be remembered (Qian and Goh, 2018). Figure 3 exemplifies the Von Restorff effect.
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FIGURE 3. Example of the Von Restorf effect.


Obviously, the red circle can attract the attention of people more and, thus, can be remembered with more information, such as location and characteristics.



The Principle of Occam’s Razor

Literally, it is to shave off the excessiveness with a razor to achieve an optimized effect with as few choices as possible; that is, there is no need for entity multiplication unless necessary, namely, the simplest effective principle (Rehfeldt, 2019). The principle is shown in Figure 4.
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FIGURE 4. Schematic diagram of the principle of Occam’s razor.





Artificial Intelligence-Related Technologies

Deep learning (DL) has been proved to be a successful experimental machine learning (ML) technology and is mostly based on neural networks (NN). In contrast, natural language processing (NLP) helps machines process and understand such information as sound and written texts in human language through relevant programs and algorithms. Thanks to the continuous technological advancement, NLP is seeing more extensive applications, with some cross-form combinatorial scenarios. For example, NLP can be used for picture description tasks, auxiliary teaching, reading pictures, and writing articles. This section mainly studies some applications of NLP technologies.

TextRank is a graph-based text summarization (TS) algorithm or rather, the improvement of the PageRank technique. The basic idea is to divide the text into several words or sentence units, then create a graph ranking model, sort the important text components by the voting mechanism, and complete the keyphrase extraction (KE) only through the information of a document itself. The expression of TextRank reads:

[image: image]

where d is the damping coefficient, usually set to 0.8; Zi represents any vertex in the graph; In(Zi) denotes all vertices pointing to vertex Vi; Out(Zi) indicates the set of all vertices connected by vertex Zj; Wij stands for the connection weight of vertices Zi and Zj; WZ(Zi) means the final ranking weight of vertex Zi.

The automatic text generation (ATG) or generation of a long sentence, paragraph, or article using a keyword often employs the recurrent neural network (RNN) structure because of its excellent sequence-data solving ability to automatically fill text sequence data. Figure 5 outlines the RNN model structure.
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FIGURE 5. Recurrent neural network model.


In Figure 5, the RNN model is divided into initial state and expanded state according to time series; X(t) represents the input of the sample when the sequence number is at time t; h(t) is the hidden state of the sequence number at time t; o(t) denotes the output of the model at the time of sequence number t; L(t) signifies the loss function of the sequence number model at time t; y(t) is the actual output of the sample sequence of the sequence number at time t; U, W, and V mean matrices, which belong to linear relation functions in the model, are shared in the whole RNN, and realize the “cyclic feedback” of RNN model.

The ATG is to automatically generate a piece of text using the machine according to keywords. According to its input patterns, ATG includes text-to-text, image-to-text, and data-to-text generations. ML includes supervised learning, unsupervised learning, and reinforcement learning (RL). ML has the advantages of precision, automation, speed, customization, and scale. General ML steps cover data preparation, data preprocessing (DPP), feature extraction (FE), training model, evaluation model, and application training.

Deep learning is based on a network, which consists of many basic network structures. Overall, these network structures can be divided into three different network models: multilayer perceptron (MLP), convolutional neural networks (CNN), and RNN. As DL technology develops rapidly, various open-sourced DL frameworks have been proposed. The commonly used DL tools include TensorFlow, CNTK, Caffe, and Keras, of which TensorFlow is so far most prevailing. In particular, TensorFlow is an open-source DL framework launched by Google and contains almost all NN-related layers and auxiliary functions, which can greatly reduce the workload; in simple words, users do not even need to understand the optimization algorithm and distributed concept to complete the construction and training of deep neural network (DNN). Meanwhile, some issues have been raised from ML; for example, in the NN, a model with too many layers will cause gradient disappearance and gradient explosion.



Artificial Intelligence Technology and Psychology

Artificial intelligence-assisted writing originates in the United States. Western media has been using AI technology for news writing with a much higher technological maturity than their Chinese counterparts (Xu et al., 2020; Popović et al., 2021). American scholars have demonstrated in detail the technical support of AI-assisted writing and the impact of AI-assisted writing on media transformation and state that algorithms and computer programs are the two basic technical supports of AI-assisted writing. Concretely, computer programs can retrieve useful information from huge information islands, whereas algorithms can translate the coded information into the natural language (NL) format (Thameur et al., 2021). It has been argued that “AI writer” is programmed to convert data into texts based on algorithm technology (Deng Y., 2021). With the advent of the algorithm era, research on AI-assisted writing is proliferating. Some scholars believe that although AI-assisted writing has brought great convenience, it is imperative to supervise the algorithm process, specify the responsibility issues, and ensure its transparency (An, 2021). Some authorities contend that AI-assisted writing can liberate humans from heavy and mechanical writing tasks to spend more time on the literary conception that quests for peculiar human intelligence (Liu and Varatharajan, 2021). American scholars have found that AI-written news might be boring but can objectively present facts through comparative analysis with journalist–written news (Cai, 2020). AI-assisted writing has not seen its debut in China until 2015 when Tencent News applies AI technology to write news. Since then, the research on AI-assisted writing has seen a long-term and steady progress thanks to the mass Chinese media workers, as well as the Journalism and Communication majors in higher institutions (Wu et al., 2021). Currently, AI-assisted writing in China is mainly focused on news writing (Lu, 2019). To sum up, most of the existing international and domestic research on AI-assisted writing focuses on the influence and technical aspects of news writing. There is still less research on the application status, future development trend, and application of AI-assisted writing in other types of writing. This study explores the application of AI technology in AAL TN to fill the research gap.

Noticeably, AI shares commonness with art design (Yan et al., 2020). It is believed that exploring the application of AI to ID can provide more theoretical references for intelligent ID (Liang, 2019). Accordingly, this study combines cutting-edge AI technology and ID psychology to explore their possible combination patterns to make the most of the two techniques and achieve a stronger fusion effect.

Traditional AI-assisted writing research focuses on the theoretical level and news writing only. Under the background of interdisciplinary research, exploration of the combination of AI technology and psychology is still insufficient. Although there are sporadic psychology-oriented AI studies, few have probed into the combination of psychology and AI-assisted writing. Therefore, this study combines ID psychology and AI technology to study the role of their interaction in the creation of AAL TN literature. Besides, AI technology (Chen and Chen, 2021) can greatly facilitate the life and work experiences of people, while ID psychology can bring people a more comfortable and pleasant experience (Crum, 2020). Thus, the combination of the two might produce a more promising positive effect. For example, AI technology can be used to predict the purchase behavior of customers (Verdi et al., 2020); under the ID psychology-optimized commodity display scheme, the purchasing hesitation and uncertainties of customers can be ameliorated, hence helping customers save time while profiting business more. The combination of AI technology and ID psychology asks for the support of various algorithm technologies, such as natural language generation (NLG), automatic document summarization, KE in DL, and corpus development. In particular, this study takes the fragments in The Sun Also Rises as the main experimental object for KE. Specifically, the AI writing depends on huge amounts of data and information collection, establishes the AI learning database, inputs the relevant concepts of ID psychology into the database, and learns specific data using the DL algorithm. According to the set template, specific writing is carried out for different manuscript types. The writing process is represented in Figure 6.
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FIGURE 6. Artificial intelligence writing process based on ID psychology.


Figure 6 divides the ID psychology-based AI writing into six steps: data collection, data processing, automatic manuscript writing, editing, distribution, and feedback collection. First, concepts related to ID psychology are added to the collected data to study the TN of AAL literature (Pooja et al., 2018); then, the AI technology is combined with ID psychology (Harré, 2021); the combination technique is used to modify one piece of TN literature work; finally, a QS is specifically designed to collect post-reading evaluations and opinions of respondents on the AI-modified work.




Construction of Machine Writing Model

The RNN model has two serious defects in text processing: first, the conventional RNN generates more weight data during text processing, which is not conducive to the model to learn more data features; second, the conventional RNN cannot solve the problem of long-time dependence of sequences. To realize the intelligent writing of machines, it is desirable for the NN structure to have the function of long-time memory of input data to be learned by machines. Therefore, this study proposes to build a double-layered RNN machine writing language model (LM) to solve the problem of too much weight data in the NN structure. At the same time, the long-short-term memory (LSTM) model with long-term memory function is used to replace RNN to solve the long-term dependence of sequence generation, and the loss of the model during training is reduced by increasing the depth of LSTM.

The RNN algorithm model has a good ability to deal with sequence problems, so many NLP tasks can be completed by the RNN model. Especially, to solve the problem of long-time dependence of RNN, a variant of RNN, LSTM, is used in this study. LSTM is an improvement of RNN; it has an excellent performance in solving the problem of long-term dependence. LSTM is to replace ordinary neurons in RNN with LSTM units that can store a small amount of memory. Similar to RNN, these LSTM units are connected to remember the state of error in each time step; its implementation principle is that this internal state has a self-connection with a fixed weight of 1 and a linear activation function (AF). In the back-propagation stage of training, the constant weight of 1 can carry errors in many time steps without gradient disappearance. In practical application, in addition to a linear function, it also has a nonlinear AF sigmoid, and each LSTM contains two units called “Gates,” namely, input gate and output gate. One is responsible for learning to scale the incoming data, and the other is responsible for learning how to scale the value to be output. To make the LM have a better effect, this study uses double-layered RNN to construct the LM; the double-layered RNN has fewer weight data, which is conducive to the model to learn more features. Moreover, the implementation of the proposed model is based on LSTM, and it improves the effect of the model by increasing the depth of LSTM. The double-layered RNN model is expounded in Figure 7.
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FIGURE 7. Double-layered RNN model.


Figure 7 illustrates that when processing sequence data, the NN will store the output of the previous iteration, and its connection is expressed by the following equation:
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where A, x, and σ are the weight, the input, and AF, respectively; the execution of AF will return to the output layer y1.

If there are sequence inputs x1,x2,x3,…, the connection equation is modified to take the previous input into account, as shown in the following equation:
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where B is the weight.

The next input is obtained based on recursive iteration. The probability distribution output is obtained through the softmax function, as calculated by the following equation:
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where C is the weight; st is the output at time t; once, there are the outputs {s1,s2,s3,…} of all sequences, and all sequence output results are fed back to the model as sequences to generate multiple output results; then, the last output result is taken as the final prediction result.

The creation of the model is realized through the proposed improved RNN. The design process of the LM includes importing relevant programming libraries, creating calculation diagrams, and setting relevant parameters; defining model folders, selecting data sets, and cleaning data; creating vocabulary, converting vocabulary into data, defining LSTM model parameters, iterative training, and outputting results. Of these, LSTM is the core of the LM. The LSTM model is designed by increasing the depth of the proposed RNN, and the number of LSTM layers in the model is set to three.

This study optimizes the model from two aspects: learning rate (LR) and input data, thus improving the application effect of the LM. LR plays an important role in supervised learning and DL; it determines whether and when the objective function (OF) can converge to the local minimum. Meanwhile, the LR can be either fixed or dynamic, in which the fixed LR is not suitable for ML because the machine needs to improve the accuracy through continuous learning. Therefore, in the process of model training, the LR is generally changed dynamically according to the number of training rounds. Here, the designed machine writing model also adopts the dynamic LR; the appropriate LR can make the OF converge to the local minimum in a specific time, reduce the gap between the prediction results and the objective results, improve the accuracy, and also help to optimize the performance of the model. According to large numbers of experimental results and previous experiences, this study dynamically adjusts the LR of the machine by slowing down the index. The expression is exhibited in the following equation:
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where a is a constant, 0 < a < 1; epoch_num represents the number of cycles; α denotes the learning rate.



Intelligent Writing Modification System

The design and implementation of the overall intelligent modification model system are drawn in Figure 8.
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FIGURE 8. Design and implementation of intelligent modification system.


The overall process is shown in Figure 8, including the creation of the model, AAL TN literary corpus, data cleaning, model training, model calls, and output of modified text. This study uses the model training data set of 10,000 TN novels in AAL literature.

This study adopts the DL algorithm in AI technology; much often, DL algorithms are very time-consuming; thus, they have a higher requirement for hardware and software configurations. Accordingly, the experimental software environment is configured as follows: Python 3.6 is selected for development language, and the development tools include Terminal, Pycham 2019.2, and MobaXterm; the development framework adopts the DL Pytoch 0.4 framework; the Ubuntu 16.04 Linux system is selected with a system kernel version 4.15. The experimental hardware configuration is manifested in Table 1.


TABLE 1. Server resource configuration.

[image: Table 1]
This section defines a clean_cn class in the system to clean up the data and realize the scalability of the system in the later stage. For the implementation of data FE, it is necessary to add references to NumPy, collections, os, and sys in the program. Specifically, NumPy mainly supports some mathematical operations; the collections module implements some specific data types to replace the built-in data types, such as dict, list, set, and tuple in Python.


Iterative Training of Novel Corpus

The information of model iterative training is saved in the checkpoint file (checkpoint). A checkpoint is a file generated after iterative training of the model; it saves the information after iterative training of the model; it contains three partial files: meta, data, and index. In the model training of cyclic iteration, the values of all current trainable variables should be written into the checkpoint regularly, and the checkpoint should be saved, that is, the model file should be saved. After a short period, the model parameters should be overloaded to continue the cyclic training of the novel-writing model, that is, to restore the model file. Then, the Saver class provided by TensorFlow is used to save the checkpoint and write and restore the parameter information in the training model, so that the model can continue training.

Next, the proposed model is evaluated by the cross-entropy method. Here, the tf.nn.softmax_cross_entropy_with_logits() provided by TensorFlow is used to find its cross-entropy; the output of this function is not a number but the loss of each sample in a batch. The experimental process is based on the RNN LM, and the fragment in The Sun Also Rises is used as the main experimental object for KE and modification.




The Questionnaire Survey Design

Based on existing research and contents in previous sections (Chen and Deng, 2021; Chi and Zhang, 2021; Milne, 2021), this section formulates several hypotheses, as evidenced in Table 2.


TABLE 2. Hypothetical content.

[image: Table 2]
Table 2 demonstrates the proposed five hypotheses, which is confirmed as follows.

This section designs a QS by reviewing related works. To name of few, a survey report designed by Chen (2019), which is on cross-cultural competence and work adaptability, is referred to Chen (2019) and is more accurate and can give specific suggestions based on the results. In contrast, a survey report by Wu and Song (2019) has investigated the four major factors affecting the use and satisfaction of social media in entrepreneurship courses (Wu and Song, 2019), which is relatively rich and reliable because of the multi-attribute of the research. Additionally, the survey report on the impact of narcissism on human personality morphology is cited (Rogoza et al., 2018), together with another investigation on the impact of narcissism on entrepreneurship (Wu et al., 2019). The above survey reports have contributed partly to the QS design and the survey results in this study.


Questionnaire Survey Design

The survey report form is employed here, including the following three aspects: (A) Basic information of the respondents. (B) The current situation of AAL literature. (C) Reading impressions of the selected fragments.

Part A is set as the fill-in-the-blank questions for the respondents, which is convenient to classify the readers as per age and educational background. Part B is to fill in the blanks for selections, that is, apart from options setting, blanks are added and filled in by the respondents. The survey contents include reading types, reading time, reading approaches, and reading motivation. Part C is the primary part of the QS.

Later, a short TN work is selected from the original AAL literature and modified using individual AI technology and ID psychology, as well as the combination of the two, without changing the central idea and the context of the story. Meanwhile, different page formats and different story rhythms are designed, together with a QS to study the evaluations of readers of AAL TN literature from the modern perspective.

Being the first time to conduct such a survey, the QS design may not perfect. It is hoped that the QS can be improved in future research to be more scientific, reasonable, concise, and accurate.



Purpose of the Survey

The purpose is to facilitate the development of TN literature, so all age groups are surveyed to collect sample data comprehensively. The survey subjects are three generations of elderly, middle-aged, and young people, who have the habit of reading (hereafter referred to as active readers), with a ratio close to 1:4:5. The survey approach has mainly adopted the online distribution supplemented by an offline small sample survey.



Data Processing

Overall, 200 QSs are distributed, and 189 are recovered, with a recovery rate of 94.5%. Six invalid QSs are excluded, and finally, 183 valid QSs are obtained, with an effective rate of 91.5%. Thus, the QS is feasible. Subsequently, reliability analysis is conducted (Salomon et al., 2021). The calculated reliability coefficient is 0.816. Generally, a reliability coefficient less than 0.6 is considered unacceptable. The reliability coefficient between 0.7 and 0.8 is basically acceptable. The reliability coefficient between 0.8 and 0.9 is very credible. Here, the reliability analysis (Jairo et al., 2020) proves that the designed QS has high reliability. The statistical significance test is conducted later. The sample size exceeds 30, so the z test is selected. The calculation of the z test is shown in the following equation:
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where [image: image] and [image: image] represent the average of the experimental group and the control group, respectively; [image: image] and [image: image] denote the standard deviation; n1 and n2 stand for the capacity. If Z > 1.96, it is statistically significant. Statistical Product and Service Solutions (SPSS) 25.0 is used for data analysis.





RESULTS AND ANALYSIS


Model Performance Evaluation Results

Figure 9 plots the loss curve of the modification LM based on the RNN.
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FIGURE 9. Model loss.


Figure 9 reveals that the model loss of the proposed RNN-based modification LM converges to 1.5 after 10,000 iterations; the model loss is in excellent condition and can be used for subsequent modification experiments.



Status of the Respondent

The basic information of the respondents collected is mentioned in Table 3.


TABLE 3. Basic information of respondents.
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Table 3 demonstrates that under an even gender ratio, undergraduates account for the highest proportion of 48.9%, and readers with a monthly disposable income of 156.5–469.8 USD account for the most, 48.9% of overall active readers. Apparently, surveyed active readers are characterized by young and middle-aged groups, with a bachelor’s degree and a monthly salary of 156.5–469.8 USD. They mainly read AAL literature TN over the Internet.



The Questionnaire Survey

The QS on the current situation of AAL literature is divided into two parts. Part one is the current situation of the AAL literature reading, as reflected in Tables 4, 5, which represent the reading time and types, and the current reading situation.


TABLE 4. Statistics of literature reading time and types.
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TABLE 5. Current reading situation of AAL literature.
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Tables 4, 5 corroborate that as a reading habit, the literature reading is the mainstream; but the number of AAL literature readers is limited to just over 30% of the respondents, and much shorter reading time has been allocated on AAL literature than Chinese literature. The main purpose of reading AAL literature is to broaden their horizon, through which their interest and proficiency in reading are improved substantially. Yet, the motivation for reading AAL literature is low. However, AAL literature can have a positive impact on the psychology of readers, and nearly 85% of the respondents think that by reading AAL literature, they have experienced favorable changes more or less. Thus, hypothesis 1 holds. This is consistent with the research results of Augustinus (2021) that reading has a positive impact on the psychological wellbeing of people.

Next, the survey of the expectations and problems in reading AAL literature is depicted in Table 6.


TABLE 6. The expectations and problems in reading AAL literature.
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Table 6 implies that reading AAL literature can improve English reading proficiency; many readers lack an understanding of AAL literature itself and the cultural and historical knowledge behind it (Wei, 2021). Although most readers hope to understand the culture and history behind AAL literature and improve their comprehensive quality, due to the complex literary phenomenon and lack of cultural background and literary knowledge, they have chosen to give up. Hence, hypothesis 2 holds.



Reading Impressions

Before the formal QS, a pre-survey is conducted on the preference AAL literature forms of respondents, as illustrated in Figure 10.
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FIGURE 10. A statistical chart of the results of the pre-survey on the popularity of different forms of AAL literature.


Figure 10 indicates that novels are loved by more than 70% of the respondents, and poetry is preferred by more than 10%, while prose and drama are chosen by less than 10%. Apparently, AAL novels are the favorite of respondents in terms of literature form (Larissa et al., 2020).

Consequently, the highly appraised novel The Sun Also Rise by Hemingway, a representative of TN literature, is specifically chosen as the original experimental work. Later, three modification methods, namely, AI automatic repair, ID psychology layout, and synergic modification by AI and ID psychology, are carried out on the premise of retaining the original meaning of the article while modifying its layout and structure. Finally, the likability scores are collected, and the advantages and disadvantages of the three revisions are summarized. Figure 11 calculates the likability scores.
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FIGURE 11. Statistical chart of likability score survey after modification by different approaches.


Based on Eq. (1), the z in Table 7 is 2.16 > 1.96, so Figure 11 has a statistical significance. Figure 11 illustrates that the original version without modification gets 62% likability, which proves that the selected novel is indeed loved by most people. Comparatively, the AI-modified and ID psychology-modified versions get 47 and 53% likability, respectively, which are lower than that of the original, while the synergic-modification version reaches up to 65% likability, slightly higher than that of the original.


TABLE 7. Hypothesis test results.
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According to the QS results, most respondents think that the AI-modified version has moderated the overall plot and streamlined the details (Constantine, 2019). Although the reading threshold is lowered, the revision may appear imprecise. Meanwhile, the identical and mechanical text description fails to shape characters as vivid as the original, and the modification version seems like an unfinished work pieced up by the words of other literature. Worse still, there are even abrupt changes in the style of writing and unsmooth narration in some segments. Thus, hypothesis 3 is not tenable.

Interactive design psychology modifies mostly the page structure and the rhythm of the selected fragments. Compared with the original version, the revision looks briefer, tidier, and better overall impression, so the likability score has increased slightly compared with the AI-modified version (Yang et al., 2021). Nevertheless, the revision is a far cry from the original text. The feedbacks of respondents are summarized as follows: the ID psychology-based modification version is more concise and easier to read, and the main storyline is extremely clear so that readers are more likely to remember the main storyline; however, the details might have been over pruned, and no emotions as strong as the original text can be felt to produce associations, resonation, and aftertaste. Thus, hypothesis 4 is not tenable.

Finally, after the synergic modification of AI and ID psychology, the likability score is finally higher than that of the original slightly. Most readers think that after AI embellishment and ID psychology typesetting (Thomas, 2019), the focus of the mainline is more prominent, while the description of details is also improved. Compared with the original version, this revision may be improved but only less obviously. Hence, hypothesis 5 holds.

Based on the results and discussion, the verification results of the five hypotheses are given in Table 7.

Table 7 suggests that among the five proposed hypotheses, hypothesis 3 and hypothesis 4 are not tenable, while hypothesis 1, hypothesis 2, and hypothesis 5 are tenable. That is, reading AAL literature plays a positive role in the individual while improving their English proficiency concurrently; the literary modification based on single AI technology or ID psychology cannot improve the reading sense of AAL literature, but the literary modification based on the synergic efforts of the two techniques can slightly improve the reading sense of AAL literature. The research conclusion is consistent with that of Joseph (2020) and Justin et al. (2020): the reading of AAL TN literature can improve the English proficiency of people, and AI cannot completely replace humans in writing.




DISCUSSION

As a relatively new literary form, TN has good reasons and conditions for development; in present era of continuous S&T innovation, AI is making its way toward literary creation. The arrival of the era of intelligent literature (Wiafe et al., 2020) remains to be discussed. The study of AAL TN literature based on AI provides new ideas and influence for literary development.

Through the synergic modification of AI technology and ID psychology, this study explores the future development orientation of TN in AAL literature. The improved RNN structure is used to solve the long-time dependence of the model in the training process and the problem of too much weight data. The proposed LM employs the improved double-layered RNN structure to replace the original one-layer network structure and reduces the weight calculation of the model by increasing the depth of LSTM. Consequently, the proposed modification LM based on RNN has presented excellent performance. Thereupon, an intelligent modification system is designed and implemented.

Statistics show that in China, foreign literature, such as AAL TN literature, has a narrow audience. Surprisingly, most of them come from low-income social groups, including some undergraduates. Then, the results of the QS are summarized as follows.

The results show that reading TN novels in AAL literature has a positive impact on readers; most readers choose AAL TN literature to broaden the scope of reading and clarify the purpose of reading; few readers choose AAL literature out of their self-interests or to improve their reading skills. The main reason is the lack of literary knowledge and cultural background to appreciate the aesthetics of AAL TN literature, as well as the language barrier. For example, due to language barriers, nearly 30% of respondents plan to reduce or give up reading AAL literature.

Arguably, the most intuitive benefit of reading TN AAL literature is the improvement of English proficiency, which is not yet the main motivation. More and more people hope to gain a comprehensive and realistic understanding of the background and knowledge of AAL TN literature or improve their humanistic quality.

The main part of the QS is about the modification effect of AI and ID psychology on AAL TN literature. The results indicate that due to the limitations of current technology and ML algorithms, the literary works modified by AI cannot retain the original literary meaning: although the overall meaning of the work has not been changed by AI, many literary characters become more or less identical, thereby losing their humanistic value. In other words, the modification work is more like a copy of the same template, so it lacks much literary value.

In contrast, the overall impression of the modified version by the ID psychology is better, and the story context is clearer; however, the modified version is similar to a tree with a bare trunk, with most of its branches and leaves trimmed. At the same time, the ID psychology-modified version further highlights the mainline and enhances comprehensibility; yet, it sacrifices the core literary value rendered by some detailed description.

Finally, the synergic modification of AI technology and ID psychology has achieved satisfactory results; this combination helps to use AI technology to polish the article while typesetting based on ID psychology, and the final likability score is slightly higher than that of the original text. The final results partially confirm the five hypotheses: reading AAL TN works plays a positive role in improving the English proficiency of people; under the synergistic action of AI and ID psychology, the reading sense of AAL TN works has improved, but the reading sense under the separate action of AI technology and psychology has not improved.



CONCLUSION

Based on ID psychology, this article studies the TN in AAL literature modified by AI. Specifically, it uses the improved double-layered RNN structure to replace the original one-layer network structure, increases the depth of LSTM to reduce the weight calculation of the model, and obtains the intelligent modification LM. Thereupon, the novel modification experiment is conducted for TN in AAL literature. This article studies the feasibility and possibility of AI replacing human writers in the literary creation of AAL TN, provides a direction for the improvement of AI-assisted AAL TN literature creation, and thus, promotes the development of AI in the field of literature. The results show that the proposed modification LM has excellent performance. At the current S&T level, AI and ID psychology can indeed provide users with fresh reading experiences for AAL TN literature, such as reducing the reading threshold by simplifying the content and structure. However, the improvement effect is not obvious, which proves that AI is more suitable for assisting writing than replacing human creation. After all, the human mindset is the source of literary creation, and machines cannot control or predict literary creation. The innovation of this study is to combine AI technology with ID psychology and explore the synergy between them in the creation of AAL TN literature. However, there are some limitations. The constructed intelligent modification system lacks an effective evaluation mechanism, and the discussion on the organic combination of AI technology and ID psychology is not deep enough; there are few comparative studies on the development of AI technology and the latest technology in the current writing field. In the follow-up research, this article will study the automatic evaluation mechanism, deeply explore the field of AI writing, further analyze the combination of ID psychology and AI-assisted writing, supplement the comparative analysis of the latest research technology, and focus on the role of the integration of AI-assisted writing and related psychology in the AAL TN literature.
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Practical skill-based education requires exemplary face-to-face operational teaching, and VR can enhance online distance learning, facilitating an alternative form of “face-to-face” teaching, which results in better teacher–student communication and learner self-efficacy. It also constitutes as a useful substitute for in-person teaching, and it also has a positive impact on learning effectiveness. In this study, a mixed-method approach was used, which utilized the following methodologies: a combination of quantitative and qualitative measures, document collection, case and comparative analysis, and VR teaching that utilizes “You, Calligrapher” as a survey tool. Teachers and students of art were selected, who then used an educational VR-based calligraphy game application for teaching activities. We investigated the impact of virtual time, space, and technical availability on learners’ understanding, imagination, and interactivity in VR education, and then we evaluated the positive impact via learner feedback. Research tools that we utilized consist of comprehension, imagination, and how feedback motivation scales with effective learning; we have also used Chinese calligraphy performance tests. The SPSS statistical analysis software was used for related statistical processing, and α was set to 0.05. The results of this study indicated that Chinese calligraphy studies in VR time and space affect students’ understanding and imagination but not their operational abilities. According to our research, a fundamental difference between traditional and modern teaching methods is a shift toward the use of VR (and the internet) in education. Therefore, the focus of this study is on understanding the impact on practical skills during distance learning and investing the impacts in order to form an effective approach to the use of VR in education.
Keywords: VR time and space, artificial intelligence, education strategy, distance education, Chinese calligraphy
1 INTRODUCTION
With the development of digital media technology, educational contexts continue to push the boundaries of what “can” be done: what can be virtualized, monitored in real time, and simulated (Hu et al., 2021). The space for education and technical means of communication, and these interactions in operational skills education have been redefined. Given the influence of the current COVID-19 pandemic in particular, there is now an even greater demand for online distance education, whereby students and teachers can conduct educational learning without having to leave their homes. However, the limitations of online education have been a subject of criticism as practical courses cannot be taught in the usual way, and with distance learning, students may have to rely more on their imagination in certain aspects of the process. They cannot obtain in-person guidance from teachers, and teachers cannot obtain real-time feedback from students. The quality of knowledge transferred may also be limited by camera angles, screen size, and clarity. The conveying of information will be affected by abstract features of language and by feedback factors (which may not be timely), impinging on learners’ ability to obtain key knowledge and grasp key concepts. This therefore highlights the importance of VR education, which can help teachers and students to overcome time and space restrictions, and conduct remote “face-to-face” communication; teachers can borrow the artificial intelligence-based generative adversarial network (GAN) technology to translate semantics for real-time dynamic images, practical courses can be “hands-on,” and practical exercises can be conducted to obtain teacher guidance and feedback (Huang G et al., 2019; Huang Y. C et al., 2019).
Virtual reality (VR) technology consists of a fusion of multichannel forms of information, with the ability to create interactive, three-dimensional dynamic scenes and behavioral simulations, and it enables users to enjoy immersive experiences and benefit from other advantages, such as engaging at a higher cognitive level, experiencing the richness of a highly realistic simulation, and experiencing a diverse range of sensory stimuli (He et al., 2019). VR can simulate a real panoramic experimental environment and dynamic simulation of experimental teaching methods and conditions, and it can also facilitate behavior-based interactions, thus having great potential for enhancing learners’ cognitive and practical skills (Burdea et al., 2003).
Artificial intelligence (AI) technology has gradually matured in terms of image translation and dynamic image generation. It can also show important changes in voice visualization, which is self-evident for the role of education. 6DOF free-angle video collection technology can record dynamic 3-D stereo data in real time; as a result, it has great potential in operational skills training. Moreover, the lightweight, low cost, and versatility of motion-capture technology have extended the limits of people’s participation in the virtual world and have made it impressively realistic. Cloud computing and the popularization of 5G technology have enabled distance education to become more real time, and with the application of VR technology, realistic distance learning has become more and more of a reality.
Therefore, when the combination of VR technology, artificial intelligence, and other related technologies is compared with the traditional education method, it presents the unique characteristics of non-face-to-face physical space, non-linear time, 360-degree real-time interaction, and artificial intelligence-based personalized teaching, replacing traditional in-person teaching and focusing on teaching and learning. Typically, teachers pass on knowledge via language and the written word (Kyrlitsias et al., 2020). During the listening process, students process information through their auditory organs, developing their own understanding of what they have been taught based on their very own interpretation of the knowledge they were taught. When they encounter problems that they do not understand, students can engage in language interaction, communicating with one another until a better level of understanding is achieved, and completing the teaching and learning process at the same time and in the same space as the teacher. However, because of the subjective nature of language and writing, there is often a discrepancy between what students understand and the knowledge taught by teachers during the communication. Teachers are required to demonstrate key aspects of learning or to use visual aids to assist teaching so that students can understand and remember. This is especially the case with skill-based teaching, such as Chinese calligraphy. Students are generally required to demonstrate their proficiency and articulate their understanding face to face, and students need teachers’ guidance and constructive feedback when practicing. In traditional education, text, images, and videos can help students enhance their understanding of knowledge, but for operational teaching, intuitive teaching assistance cannot be obtained through abstract symbols (text, images, and videos).
The purpose of this study is to use the effectiveness of VR to teach Chinese books and paintings, analyze if VR is able to enable distance education, and explore the impacts of VR practical teaching. The advent of the VR era will change education further. It can enable students to communicate with teachers “face to face” in teaching scenarios in remote and unusual situations, and it can help students overcome learning obstacles via the Internet. It is also possible to reproduce abstract knowledge in real time in virtual contexts without being subjected to physical constraints or screen display limitations. VR can help teachers and apprentices practice skills, with 360-degree interactive observations and learning, and it can simulate the teaching methods of real-world technology majors (Chen and Deng, 2015).
This study started with the three characteristics of space–time (derived from immersion, focusing on the teachers and students in different spaces teaching in the same virtual environment), imagination, and interactive VR (Chen et al., 2019a; Lee et al., 2020). We investigated the effect of VR technology and artificial intelligence technology on VR-based skills distance learning and the effectiveness of learning, using the “You, Calligrapher” VR-based painting application as an experimental tool, utilizing a combination of quantitative and qualitative methods. The results of the study were then used to consider the implications for other applications in VR education.
The theoretical model of this study contains three characteristics of VR: immersion (virtual time and space) (TS), imagination (IM), and interactivity (IN). Impact on the learning effect (LE) of distance practical teaching; and the direct impact of the technical availability (TA) factor on the learning effect (LE) of distance practical teaching; then the technical availability has improved understanding of students (SC),-as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Theoretical model of VR education methods to improve learning effectiveness.
Time and space are the rules of the real world that differ from the virtual world. Therefore, the space–time factors of the virtual world will result in changes to human lifestyle and behavior, break through the constraints of time and space, and be more conducive to promoting the realism and enhancing the immersion of distance education (TS to LE). The teaching of the real world has undergone formal changes in the virtual world through language communication, supplemented by visualized images, text, and other symbolic forms (Setti and Csapo, 2021). The visual display of virtual spaces will not be restricted by physical screens. As a result, it is easier to spread information; realize the three-dimensional integration of information, symbolic imaging, and dynamic characteristics; and change the understanding of learners (IM to LE). Practical teaching in the real world relies more on physical operational teaching, emphasizing one-on-one or one-to-many same-physical space teaching. However, the virtual space can achieve long-range synchronized operation teaching without physical materialization so that learners can observe the operation process of the lecturer with multiple angles and perspectives without physical objects and conduct synchronous operation exercises to obtain real-time feedback from teachers’ guidance (IN to LE).
Technical availability is the decisive factor for the popularization of virtual reality. The continuous interactive update of technologies such as artificial intelligence, VR/AR, big data, 5G, cloud service, and marginal computing has prompted virtual reality distance education to become more simulated. As a result, human-to-human connectivity in the virtual world is more and more real time, diverse, and convenient, creating a seamless connection between the virtual world and the real world, and achieving more efficient teaching practices than that in the real world (TA to LE). Artificial intelligence teaching can also simultaneously translate teaching knowledge, transform voice information into visualized information in an instant, and then obtain the learner’s knowledge mastery data through big data, giving learners more modest learning information quantities and methods (TA to SC). Finally, judging the improvements of the learners’ learning effect, there is a positive impact on the learning efficiency, and it might also have a negative impact on the learners’ independent learning motivation; so this article will conduct research and exploration (SC to LE).
2 LITERATURE REVIEW
2.1 The Status of VR Technology Applied to Practical Teaching
Virtual activities can help students master practical skills and can promote the development of students’ cognitive skills through simulations of key knowledge and processes relevant to certain fields in the real world, or they can be substituted for real environments to a certain extent (Liu and Wang, 2011) (Liou et al., 2018). With the combination of VR technology, VR equipment, and three-dimensional interactive virtual digital resources, we can provide students with an integrated virtual learning environment to help them improve their academic achievement and learning motivation (Bogusevschi et al., 2020). It taught junior high-school students the concept of the water cycle and precipitation formation by combining VR technology and VR laboratories to enhance their interest in physical learning. As VR technology becomes ever more sophisticated, with the characteristics of virtual reality immersion, interactivity, and promotion of students’ powers of imagination, researchers will try to increase the effectiveness of students’ learning, ensuring safety and maximizing interest levels through game-based learning. However, few scholars have been able to effectively monitor the actual effectiveness of students’ learning in the case of current online teaching and students’ learning outcomes cannot be fed back; the time and space of teaching and learning are not uniform, and the interactive effect of online education is not ideal (Chiang, 2021). Although online education can incorporate the most advanced technology in the professional field, it is not intuitive enough to reach the caliber required for it to be as effective as education in the real world, nor can it participate in activities or propose a solution to ensure students’ complete satisfaction.
2.2 The Impact of VR Technology on Learning Effectiveness
The study of the impact of VR technology on learning effectiveness is divided into two categories. One particularly useful approach is that of Wang (2020), who has proposed a method for improving reading of educational publications in VR environment through dual construction of content systems and interactive situations. Gao Haibo (2019) believed that VR teaching applications can enable practitioners to break free from the narrow view of traditional teaching that only focuses on knowledge transfer and change passive learning into active exploration, thereby enhancing learners’ immersive experience and participation in learning (He. et al., 2019). They assert that gaming-based learning and the use of VR in education can enhance learners’ motivation. Experimental data confirm that game-based VR education can effectively enhance the learning experience and improve teaching quality (Liu et al., 2019). They argue that artificial intelligence, VR, and AR technology can achieve better personalized teaching, relying on Internet-based technology to change educational visualization from a flat world to one that is more three-dimensional and clearer. Sitterding (2019) added VR and artificial intelligence methods to the training of new nurses in American hospitals. In experiments comparing traditional training and VR training, it was found that VR training may be more effective than traditional teaching methods (Horváth et al., 2021, Hsiao et al., 2021).
On the other hand, it has been argued that the application of VR technology to education will bring a higher cognitive load and will not significantly promote the learning effect. For example, Parong et al. (2018) found that the cornerstone learning effect for learners using PowerPoint (PPT) was clearly better than that for learners using VR. The reason for this may be related to the immersive nature of the VR environment, which can produce greater external cognitive loads for learners, manifested in a low level of cognitive participation (reflected in learners’ brainwave electrocardiograms) and poor migration test results. Makransky et al. (2017) used EEG equipment to track the brainwave status of desktop VR and headset-wearing VR learners, and found that learners were overloaded for nearly half of the time during the learning process, which may suggest that VR technology cannot improve the learning effect. Few scholars have conducted analysis of experimental data of the impact of VR on students’ learning effectiveness from the perspective of the three characteristics of the VR technology described earlier, and then later used mature VR application software to analyze data relating to the experiences of users (Parong and Mayer, 2018; Paul and Jefferson, 2019).
2.3 The Impact of AI Technology Applications on Student Learning
An algorithm framework for AI GAN semantic translation generational learning technology was developed with the goal of facilitating unsupervised learning. This technology can be used for mutual conversion of texts and images in VR education, translation of voice images, image over-resolution, and dynamic image generation, and it can enable other machines to learn independently (Ninaus and Nebel, 2012). GAN is inspired by the two-person zero-sum game theory (Huang et al., 2012). Its unique adversarial training ideas can generate high-quality samples with more powerful learning and expression characteristics than traditional machine learning algorithms (Liang et al., 2013). The learning-generation process can help learners to select important information (images, text, sound, etc.) and organize this into new, continuous psychological representations in their working memory; finally, the new knowledge is integrated with existing knowledge and stored in long-term memory (Mayer, 2009). Few scholars have carried out relevant research on improving learners’ understanding in a virtual environment from the dynamic translation of artificial intelligence semantics.
2.4 Literature Summary
In general, previous studies have actively explored and studied VR technology and AI technology in practical educational contexts from multiple angles, and improvements in students’ learning and personalized education are particularly prominent. It has also been pointed out that current VR and AI technology are not yet mature, and there are many deficiencies.
Scholars often discuss the effectiveness of VR education from the perspectives of simulation safety of VR teaching and increased interest in games, from the three characteristics of VR: immersion (TS), imagination (IM), and interactivity (IN), as well as artificial intelligence. From a technical perspective, however, there are few scholars analyzing the effects of distance education and traditional online education, practical teaching in the VR environment, and the actual learning effect (LE) produced by the technical availability (TA) of artificial intelligence and VR technology on the understanding of students’ acceptance of knowledge (SC).
In summary, this study will look at the development of virtual reality practical teaching and explore the impact VR technology and AI technology have on teaching and learning. Can remote face-to-face communication in VR time and space be achieved, and can teachers obtain student feedback in real time? When students have the opportunity to view teachers’ demonstrations interactively in the VR environment, will it improve their learning effect on interactive operation exercises, and can dynamic knowledge translation be seen to occur?
3 RESEARCH METHODS
3.1 Research Assumptions and Framework
VR technology has the three characteristics of immersion, imagination, and interaction. A VR-based immersive learning experience provides learners with an environment in which problems can be solved and knowledge can be acquired, and it can enable teachers and students in remote and foreign places to enjoy the benefits of face-to-face interaction at the same time (of particular relevance in the context of the COVID-19 pandemic). Therefore, in VR education, it will have a positive impact on the learning effect of learners. The artificial intelligence presentation of VR education will make a greater contribution to the performance of technical availability. Virtual reality technology has the three characteristics: imagination (IM), interactivity (IN), and immersion (virtual time and space) (TS). VR education provides learners with an environment to solve problems and acquire knowledge through immersive learning experience. Imagination and interactivity have a positive effect on learning effect (LE). The direct impact of the technical availability (TA) factor was generated by artificial intelligence and VR technology on the learning effect (LE) of remote practical teaching. Virtual real-life artificial intelligence will help the content of the lecturer to be translated from language to text, image translation, and image generation, and three-dimensional dynamic information generation transformation will have a positive impact on students’ ability to understand (SC). Comprehension (SC) is the basic ability that affects the effectiveness of learning (LE), the basic ability of students to develop critical thinking and innovation skills, and an important ability that affects the long-term development of students (Chen et al., 2015).
It can be seen that space–time, technical availability, imagination, comprehension, and interactivity are crucial factors in students’ learning. Therefore, this study adopted a theoretical model to explain the structural approach, and this enabled us to investigate the effectiveness of skill-based teaching using VR spatiotemporal characteristics, as shown in Figure 2.
[image: Figure 2]FIGURE 2 | Diagram of hypothetical model used in the study.
In order to further explore the relationship between various influencing factors, nine possible relationships were hypothesized around these factors, and the nine assumptions in the theoretical model were as follows:
People can obtain more intuitive comprehension in VR time and space than in traditional imaging space (Feng 2006). Thus, hypothesis 1 (H1) is suggested: VR time and space have a positive impact on students’ understanding.
Learning without understanding is not real learning, and students’ level of understanding will be reflected in learning outcomes. Therefore, evaluations of learning effects are essentially judgments about students’ level of understanding (Chen et al., 2015). Hence, hypothesis 2 (H2) is proposed: Students’ understanding has a positive impact on learning effectiveness.
Teachers and students in VR time and space can access the same virtual teaching situation, with students receiving a valid and realistic (substitutive) learning experience (Wu, 2017). A well-designed VR program will integrate the teaching content and strategies into the application context. It is necessary to consider VR space–time characteristics and link teachers’ demonstration operations with learners’ practice. VR space–time energy stimulates the human brain’s ability to think imaginatively (Huang et al., 2010). Learners are more likely to learn abstract concepts in the VR space–time environment (He et al., 2019). As a result, hypothesis 3 (H3) is formed: VR time and space have a positive impact on students’ ability to use their imagination when learning.
Thinking power is the motor of intelligence. The power of thinking is weak. It directly affects the rationality and style of language, and language affects the intellectual development of learning and the geological formation of good ideas (Wei, 2017). Accordingly, hypothesis 4 (H4) is proposed: Students’ imagination has a positive effect on learning.
McLuhan believes that the extension of human consciousness is constantly designed by electrons as a holistic world environment (Chen et al., 2015). A well-designed VR application product integrates the teaching content and strategies into the application scene. It is necessary to consider the VR space–time characteristics and to link the demonstration operation of the lecturer with the practice of the learner. Subsequently, hypothesis 5 (H5) is proposed: VR time and space have a positive effect on interactivity.
VR technology can track learners’ physical movements, activate time in the virtual world, and give learners a sensory experience that is so vivid and realistic as to seem physically real, akin to real-world activities but in a VR environment (He et al., 2019). Thus, hypothesis 6 (H6) is formed: Technology availability has a positive impact on VR interactivity.
Using VR technology, behavioral data relating to lecturers and learners via peripheral equipment (such as handles, helmets, and motion captures), interactive sensory means (such as audiovisual devices), and through forms of informational interaction between learners and VR education can be obtained, in order to promote learning. Interactive feedback helps learners construct meaningful knowledge (Huang et al., 2010). Hence, hypothesis 7 (H7) is suggested: The interactivity of VR has a positive impact on learning.
Virtual reality AI can help lecturers’ language translation, image translation, image generation, and 3-D dynamic information generation, which will have a positive impact on students’ ability to understand abstract information, enabling them to transform this into knowledge while enhancing interest levels and learning effects (Li et al., 2017). As a result, hypothesis 8 (H8) is proposed: Technology availability has a positive impact on learners’ understanding.
With AI technology, voice or text can be converted into multiple languages, which can be displayed through images, 3-D static and dynamic scenes, or objects. With VR technology, learners can use external equipment such as helmets, handles, headphones, microphones, and Wi-Fi in different scenarios to interact, collaborate, and learn. VR technology can display things in multiple ways, helping learners to better understand virtual scenarios, boost their imagination, and reveal the essential characteristics of things (Li et al., 2017). Hence, hypothesis 9 (H9) is suggested: The availability of technology has a positive impact on learners’ imagination.
3.2 VR Application Design and Realization
In this study, Oculus Quest2 VR equipment was used, a Chinese calligraphy and painting teaching application, and a virtual calligraphy painting application was developed using Unity 3D. “You, Calligrapher” is an educational application that integrates teaching and practice within a virtual environment,-as shown in Figure 3. This application allows lecturers to demonstrate the teaching content in simulated ancient study rooms, emulating real-life teaching in the real world. Learners can experience an (simulated) in-person viewing process, like with traditional teaching (without being limited by position), observe the instructor’s demonstration from any angle, and repeat the viewing at any point in time. Learners can also use helmets to access the virtual environment and experience contexts with traditional Chinese cultural characteristics, such as ancient calligraphy and Zen rooms. Learners use a handle to simulate an ink brush during the writing and painting process.
[image: Figure 3]FIGURE 3 | “You, Calligrapher” VR application.
The “You, Calligrapher” software enables calligraphy learners to use distance learning methods and to practice in a virtual environment. There are two ways to watch video teaching materials, and users have a 360-degree view of the teaching content. Teaching demonstrations and activities are completed simultaneously, and the AI system scores learners’ performance. The simulation process has three components: teaching, practice, and application. Learners complete the process of practicing writing during the game session.
The goal of the application is to train students to learn and improve their skills in calligraphy and Chinese painting techniques, with technical modeling and learning interaction. Learners’ progress records are stored in real time in the database, and (via a manual intelligence algorithm evaluation) they receive instructional learning feedback, content frames, and feedback on the learning process.
The “You, Calligrapher” learning games include three components: teaching demonstrations, interactive practice, and breaking through the game level. Learners use voice and video teaching by “virtual teachers” in the game and do practice tasks, with a clear 360-degree view, enabling them to copy the teachers simultaneously. The second step involves learners using a game handle to simulate a brush, to obtain a realistic interactive writing experience and practice Chinese painting. They can also select relevant text or inscriptions from the database to copy. The third step is to complete the checkpoint task objectives (based on the present game) breaking through the game level. The AI algorithm evaluates feedback based on the learner’s writing results and completes the process.
3.3 Participants
The study participants were educated to a higher level and were selected from students at the College of Art of Jinan University. This college runs a degree course on Chinese calligraphy and painting appreciation, and has an excellent reputation throughout the country. The study sample comprises 160 teachers and students of this subject (not just limited to teachers and students of calligraphy). The participants used the VR equipment at various times to experience the “You, Calligrapher” software (at least 30 min of painting study). An electronic questionnaire was drawn up and distributed to the research subjects, for them to report on their experience of using the VR equipment/software, using real-time communication tools such as micro credit and the QQ social application. In total, 160 questionnaires were distributed, and 152 valid questionnaires were recovered (a response rate of 95%).
3.4 Measurement Tools
Learning effectiveness was assessed by the test questions, jointly prepared by the teacher and the researcher, including a “knowledge point understanding level” test and “technical ability” test. Participants took the tests as soon as they had finished using the application. In total, 152 effective test results were collected in this study. The “Education Questionnaire on the Effectiveness of Improving Practical Skills Teaching” included six dimensions: VR time and space, technical availability, interactivity, imagination, comprehension, and learning effects. Each dimension consisted of five questions (30 questions in total). The questionnaire was based on Huang et al.’s (2010) study. The original questionnaire used the Likert seven-point scale, which contains 16 topics. As this study was specifically focused on technical objectivity, a five-point Likert scale was used (1: “completely disagree,” 2: “uncertain,” 3: “not sure,” 4: “agree,” and 5: “fully agree”). Taking into account the particularity of distance learning practice technical courses, the content of three dimensions (VR time and space, technical availability, and comprehension) was replaced, -as shown in Table 1.
TABLE 1 | Participants’ sociodemographic features [sample demographics (N = 152)].
[image: Table 1]3.5 Experimental Steps
The first step entailed participants listening to an explanation and watching a demonstration (before the commencement of the experiment) to ensure that they understood the methods and precautions involved with the use of Oculus Quest2 and PICO NEO3, and that they understood the “You, Calligrapher” application. Participants could only proceed to the VR experience stage after the introduction by the research team. In the second step, the participants started the VR application, checked the position, adjusted the equipment to ensure that it was comfortable (e.g., the helmet and height of the virtual desktop), and started the experience.
With this application, the user needed to complete the teaching steps and freely write 16 Chinese characters. The game provided teaching feedback, and the same 16 Chinese characters could then be written again in three stages, with a completion time of 15–20 min. In the third step, the user was presented with the initial set of calligraphy results and the second set of results (after training and completing the VR experience), and then completed the questionnaire. In the fourth step, three professional teachers were asked to compare the calligraphy test results relating to the 16 Chinese characters, and a judgment was made as to the learning effect and the learning experience. The fifth step entailed data collection. IBM SPSS was used to describe participants’ opinions of the VR application experience/environment to perform descriptive statistical analysis and to analyze the impact of understanding, imagination, and interactivity on learning (through linear regression analysis). IBM SPSS was also used to verify the structural equations, and for factor analysis and path analysis.
4 RESULTS ANALYSIS
4.1 Credit Effectiveness Analysis
All participants completed the questionnaire online via the Internet, and 152 valid questionnaires were recovered. After revision, experts were invited to revise and conduct a letter-effectiveness analysis. In the letter-level analysis of the six variables, the Cronbach α coefficient value was found to be greater than 0.6, thus indicating that the quality of the letter analysis was acceptable (Table 2). The Keyser–Meyer–Olkin (KMO) value was greater than 0.7 (0.710), indicating that the effect was good, and the common value was greater than 0.4. The absolute value of the factor load coefficient of the variable corresponding to each factor was greater than 0.4, and the vast majority of these were greater than 0.6, indicating that the variable and the factor had a better correspondence (Table 3).
TABLE 2 | Cronbach credit analysis.
[image: Table 2]TABLE 3 | Results of effectiveness analysis.
[image: Table 3]4.2 Results Analysis
4.2.1 Descriptive Analysis of Variables Based on VR Time and Space in the Teaching Application
The descriptive statistics on learners’ attitudes toward the teaching application in terms of VR time and space were given in relation to six dimensions: VR time and space, technical visibility, imagination, understanding, interactivity, and the learning effect. The statistical results are listed in Table 4. Learners’ overall attitude toward the VR environment was high (mean = 4.08). From the perspective of the cognitive level of each dimension, from high to low, the order was found to be as follows: understanding, technical visibility, learning effect, VR time and space, interaction, and imagination.
TABLE 4 | Correspondence between variables and factors.
[image: Table 4]The average score for understanding was the highest (in the VR environment) and had a significant effect on understanding and skill improvement. The questionnaire item “You think VR education can help teachers and students to communicate face to face without space restrictions,” in relation to the VR time and space variables, was divided into an average of 4.6 points (total score = 5 points). The questionnaire item “You think VR6DOF teaching content is a more intuitive teaching experience than video format teaching” also scored 4.2 points (total possible score = 5 points). Testers used this function repeatedly during the learning experience. The function enabling learners to closely watch the teacher’s demonstration may fulfill an aspect of teaching that regular online teaching cannot achieve, and the virtual live experience is even higher than the actual live demonstration experience. This discovery validates the findings of previous studies, that is, that the VR space–time environment can provide an immersive teaching and learning experience, which helps improve learning effectiveness, as shown in Table 5.
TABLE 5 | Statistical table showing descriptions of learning effect variables.
[image: Table 5]4.2.2 Structural Equations for Factors Influencing Learning Motivation in the VR Environment
4.2.2.1 Establishment and Evaluation of Structural Equation Models
IBM SPSS was used for modeling and test fitting, and to produce a structural equation model for the theoretical model of teaching effectiveness in relation to VR spatiotemporal characteristics. The model’s proposed index was as follows: χ2 = 101.673, df = 80, IFI = 0.958, CFI = 0.956, TLI = 0.942, and p = 0.051 > 0.05. The overall model adaptation met the standard, and the proposed fit was good. It can be seen that VR time and space interactivity, technical availability and comprehension, interactivity, and learning effect coefficients are negative, and the path coefficients between other variables were positive values, as shown in Table 6.
TABLE 6 | Model fitting indicators.
[image: Table 6]Through statistical inspection and analysis of the structural equations, the standard path coefficient and distinctive results were obtained, as shown in Table 7. The p value of H1 and H4 reached a significant level of 0.01, indicating that VR time and space have a positive and significant impact on learners’ understanding, and imagination has a positive and significant impact on learning effects. The p values of H2, H6, and H9 reached a significant level of 0.05, indicating that learners’ understanding has a positive and significant impact on the learning effect, technical availability has a positive and significant impact on interactivity, and technical availability has a positive impact on learners’ imagination. The p value of H3 reached a significant level of 0.1, indicating that VR time and space have a positive and significant impact on learners’ imagination. The p values of H5, H7, and H8 did not reach a significant level, indicating that VR time and space do not have a positive and significant impact on interactivity. Interactivity has no positive and significant impact on learning effects, and technical availability has no positive and significant impact on understanding. Judging from the size of the standard path coefficient value, the variable effect of H3 was weak.
TABLE 7 | Standardized regression coefficient and its distinctiveness.
[image: Table 7]4.2.2.2 Path Analysis Model of Factors Influencing Learning in the VR Environment
The relationship model of factors influencing learning is shown in Figure 4 (based on the hypothesis test analysis of the model). This indicated that learners’ understanding and imagination can significantly positively affect learning. VR time and space and technical availability have a positive impact on learners’ understanding and imagination. It can be seen from the effect value between the paths in the figure that in the VR learning environment, the factor exerting the greatest impact on learning was imagination, and the direct effect value of this was found to be 0.274. The second factor was that of comprehension, and the direct effect value of this was 0.073. The effect value of both in terms of learning in the VR environment was 0.347. The impact of VR time and space on understanding was greater than the impact of VR time and space on imagination. The effect value of VR time and space in terms of learners’ understanding was 0.317, and the effect value of VR time and space for learners’ imagination was 0.065. The effect value of technical availability in terms of interactive effects was 0.363,-as shown in Figure 5.
[image: Figure 4]FIGURE 4 | “You, Calligrapher” operating interface.
[image: Figure 5]FIGURE 5 | Relationship model of VR time and space characteristics influencing skill-based learning.
5 DISCUSSION
Our results indicated that in terms of VR-based educational games, VR time and space and technical availability are the factors that have the greatest effect on learning, and they have a direct impact on the learners’ understanding, imagination, and interactivity. From the perspective of learning effects, learners’ understanding and imagination have a direct effect, but interactivity does not significantly impact it.
The results indicated that overall, our expectations were met. VR space–time variables have a significant effect on learners’ understanding and imagination, indicating that VR’s immersive and trans-time characteristics have a positive impact on teachers and students. The technical availability of VR technology and artificial intelligence also have a positive impact on learners’ imagination and the interactive experience, indicating that technology plays an important role in facilitating learners’ perceptions of the VR environment in a multidimensional way. The 6DOF interactive application can enable learners to engage with learning in a very lifelike way, as they would in the physical world, with VR creating a well-matched projection of real-time and space sensory feedback within a virtual world. Improvements in both learners’ understanding and imagination have a positive impact on learning, indicating that in information processing and in-depth learning, cognitive understanding and imaginative thinking promote the effectiveness of learning. Dizziness and the controller affected the user experience to a certain extent; consequently, the learning effect was impacted negatively.
5.1 Theoretical Implication
Immersive VR technology creates a learning environment that simulates the physical world, allowing learners to obtain sensory immersion (Hu et al., 2021). VR time and space blur the boundary between real-time and space and virtual time and space, creating a sense of presence that is not limited by such physical constraints, enabling teachers and students to communicate face to face and enhancing the possibility for teaching supervision and feedback. With the enhancement of the body’s perception function, multimode characteristics can enhance the level of stimulation, providing lifelike learning contexts that amplify users’ emotional response and sensory experience, making it easier for them to understand key information. Related EEG studies have further confirmed that in a VR environment, the human brain is more likely to present a neural pattern similar to that of the real thing (Petukhov et al., 2020). On a theoretical level, this provides strong evidence that VR’s space–time nature creates a sense of learning “in situ” and improves learners’ understanding. Such findings also indicate that the technical availability of VR and artificial intelligence has a positive effect on learners’ imagination and knowledge acquisition.
However, it has also been found that the interactivity of VR technology can pose major problems, and its high-dimensional characteristics can have a negative impact on the learning process. For example, a VR environment has been known to cause higher cognitive loads and physiological discomfort for learners (such as dizziness and unrealistic controller interaction). Therefore, we should be cautious about VR education and be alert to the impact of redundant information with multidimensional perception, which interferes with learners’ information acquisition.
5.2 Practical Implication
As of now, the world is still being affected by the COVID-19 pandemic, and social gatherings are severely restricted. Education has been significantly affected by lockdowns and restriction of in-person teaching, especially where practical skills are concerned. Although knowledge can be imparted via distance learning, it is almost impossible to know whether learners have actually acquired such knowledge. In the case of practical skills, students accessing online learning (e.g., in fields such as art, experimental disciplines, and vocational skills) must draw heavily on their imagination. Teachers can only use cameras to shoot the demonstration process, and learners watch teaching videos in order to learn how to carry out the practices in question for themselves.
Some believe that VR will revolutionize education. Teaching processes that can be completed by VR and AI technology for “teacher and apprentice” teaching (including those that require considerable teacher input, as with Chinese calligraphy) can be applied to distance learning using VR technology, and the addition of AI can effectively improve learners’ understanding and powers of imagination. But at the same time, we must also realize that VR and AI still have a long way to go before popularizing education in general. The technical barriers associated with VR equipment (e.g., VR equipment’s stunning, simulation of interactive handles, tactile simulation, and other technologies) are obstacles that practitioners need to overcome.
The author proposes the following as potential applications for improving the effectiveness of learning through the use of VR technology:
5.3 Improve the Role of VR Education
Given the particularity of distance education, different users clearly need to feel confident about the identity of the other party involved in the VR process. Traditional education has a clear identity authentication relationship in a fixed environment scenario, and it is easier for those involved to establish identity relationships with one another. The identity of the teaching and receiving parties is fixed. The relationship between the two is stable, with a guaranteed sense of trust and authority, and given these conditions, the teaching and learning process can progress and produce results.
5.4 Improve Interaction Through Use of VR Education
The function that Internet-based education cannot achieve for traditional skills teaching is the operability of students. Whether lesson materials are accessed via a computer or using mobile data, the process is limited by the user’s input method, that is, a mouse, keyboard, or touch screen, and these modes of operation cannot achieve the interactive functionality of VR technology, with its ability to simulate reality. However, VR can break this deadlock, combining operational interaction with teaching. This technology not only makes it possible for students and teachers to communicate face to face, with teachers modeling key operations in real time, but it also means that students can actually practice the skills involved and obtain feedback on their performance and progress in real time.
5.5 Improve Understanding of Teaching Content and Performance Using VR
In the age of artificial intelligence, the conversion power of language has greatly increased. Real-time translation of language can be achieved through AI, and real-time translation (or conversion) of language to text and text to language, along with real-time translation of language to images, text to images, and even translation of images themselves, can be achieved. Fully intelligent real-time interpretation will be the basic feature of the AI age. In the VR space, the screen is no longer limited by factors such as size and cost. An image of a teacher, real-time translation of language, and text and images can be displayed in the virtual space, which will greatly enhance students’ understanding. With the popularization of the 5G network (and with the help of cloud storage servers), lightweight VR equipment is on its way to becoming a feature of daily life, and it is likely to have a huge transformative effect on education.
5.6 Improve the Design of VR Education and Learning Initiatives
It can be difficult to know how to improve learning initiatives in any educational form, but VR in education is likely to become more prominent. Virtual environments make it impossible for students to stop listening and to disengage. This is very different from normal online programs, where there may be no supervision mechanism, making it possible for students with poor autonomy to lose interest and learn bad habits (especially in the case of younger students). This problem has become very prominent in the Internet age. During COVID-19 lockdowns, teachers have found it difficult to sustain students’ attention between screens, and the systems used may not have a feedback mechanism. Although video conferencing can effectively alleviate this problem with network technology, it is still impossible to achieve the same effect as classroom teaching in the case of distance learning. Teacher supervision and face-to-face contact with students may be almost zero, and a classroom learning atmosphere is difficult to be established. Therefore, in the era of VR education, there is a need to solve this problem in order to achieve true distance education and provide an alternative form of face-to-face teaching.
6 CONCLUSION
Through our experimental test with the Chinese “You, Calligrapher” VR software, it was found that VR education has a positive effect on learners and teachers in distance education, and this technology can help teachers and students establish an effective “face-to-face” teaching environment and solve the difficulties associated with supervision and providing teacher feedback. Practical skills education in particular can greatly benefit from this approach, meeting the needs of both teachers and learners. The results show that VR time and space can significantly enhance the learning of practical skills. VR space–time is the most important difference between online teaching and traditional education. Technical availability is key to content presentation and, in combination with AI, is a great way to improve the communicative efficiency of teachers and students. Interaction helps promote more intuitive teaching and learning, and synchronization of understanding and imagination is key to students’ knowledge formation. These are some of the core elements of education and have been shown to have a positive impact on learning effects.
6.1 Limitation and Future Work of Study
The research on VR education in this subject is not deep enough, and there is a lack of more diverse experimental samples of educational content. The scope of the experiments is not wide enough, and further observations and experiments are needed to obtain richer data. In the future, we hope to obtain more samples of VR education applications and expand the experimental data population, such as the elderly and school-age children, to obtain a larger amount of data to test the accuracy of research conclusions.
6.2 Academic Contribution
Research into educational psychology training mainly focuses on educators and future developments. Existing research belongs to the fields of pedagogy and computer science. According to previous studies, research has focused on the linearization of skill-based education, with artificial intelligence and virtual reality technology as variable factors, trying to improve the traditional education model, and the purpose is to improve the efficiency of distance operational skill teaching. We used software to test a contemporary Chinese age-group and obtained relevant data for analysis, to clarify the effectiveness of the method, and to make relevant recommendations (to the government and industry) based on the research results.
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The purpose is to provide researchers with reliable Scientific Research Data (SRD) from the massive amounts of research data to establish a sustainable Scientific Research (SR) environment. Specifically, the present work proposes establishing an Intelligent Recommendation System (IRS) based on Machine Learning (ML) algorithm and SRD. Firstly, the IRS is established over ML technology. Then, based on user Psychology and Collaborative Filtering (CF) recommendation algorithm, a hybrid algorithm [namely, Content-Based Recommendation-Collaborative Filtering (CBR-CF)] is established to improve the utilization efficiency of SRD and Sustainable Development (SD) of SR. Consequently, the present work designs literature and SRD-targeted IRS using the hybrid recommendation under the background of SD. The proposed system’s feasibility is analyzed through experiments. Additionally, the system performance is analyzed and verified from accuracy, diversity, coverage, novelty, and recommendation efficiency. The results show that the hybrid algorithm can make up for the shortcomings of a single algorithm and improve the recommendation efficiency. Experiments show that the accuracy of the proposed CBR-CF algorithm is the highest. In particular, the recommendation accuracy for the single-user system can reach 82–93%, and the recall of all recommended algorithms falls between 60 and 91%. The recall of the hybrid algorithm is higher than that of a single algorithm, and the highest recall is 91%. Meanwhile, the hybrid algorithm has comprehensive coverage, good applicability, and diversity. Therefore, SD-oriented SRD-targeted IRS is of great significance to improve the SRD utilization and the accuracy of IRS, and expand the achievement value of SR. The research content provides a reference for establishing a sustainable SR environment and improving SR efficiency.
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INTRODUCTION

With the continuous deepeninga of Scientific Research (SR), the Data Volumes (DV) accumulate over time, causing trouble for researchers to excavate adequate information from Scientific Research Data (SRD). On the other hand, ecologists’ research on the future development of the Natural Environment (NE) has given birth to the concept of Sustainable Development (SD). Specifically, SD refers to planned development to meet contemporary people’s living and production needs without impacting future generations’ wellbeing. Therefore, the concept of SD can be used to balance the relationship between economic development and natural resources and between human production and NE (Yin et al., 2014). Today, the concept of SD has seen wide applications in various fields. Experts from all social spheres also begin to define SD from the social attribute, economic attribute, Science and Technology (S&T) attribute, and so on. In other words, researchers try to establish a sustainable social ecology based on the coordination and joint development of society, economy, population, resources, and environment (Lélé, 1991).

Therefore, the research on SD needs to learn from the academic research achievements in multiple disciplines. The purpose is to solve the problems that, given huge DV, users cannot mine the required information from the massive amounts of SRD in time. The present work employs computer algorithms to improve the efficiency of researchers in finding relevant data, improve the efficiency of people’s Decision-Making (DM), and further promote the progress of SR (Zheng et al., 2018). Meanwhile, information dispersibility and heterogeneity of relevant research will be highly intertwined and integrated with further social development (Muhaisen et al., 2019).

Applying the SD idea to the scientific field can expand the information Utilization Rate (UR) and promote sustainable S&T development. To this end, the present work studies the Intelligent Recommendation System (IRS) based on SRD to help people retrieve the required information quickly and accurately (Chen, 2019). At present, personalized recommendation technology has become an effective method to deal with information overload, including Content-Based Recommendation (CBR), Collaborative Filtering (CF) recommendation, hybrid recommendation, knowledge-based recommendation, network structure-based recommendation, and social-tag based recommendation (Bruin and Florida, 2017). However, the rapidly developing Electric Commerce (e-commerce) puts higher requirements for user recommendation that cannot be achieved through a single recommendation technology. Accordingly, some scholars propose to mix various recommendation technologies to make up for the shortcomings of a single algorithm to improve the information recommendation quality. In particular, some attempt to combine CF technology with other technologies for user recommendation services (Chaudhary and Roy Chowdhury, 2019). Given the scholars’ user Psychology in pursuit of highly relevant SR information, the present work will design the SRD-targeted IRS through the optimization algorithm combined with the user’s psychological model to pursue personalized recommendation.

Therefore, to establish an SRD-targeted IRS under the background of SD, based on the existing research results, the present work designs the SRD-targeted IRS from the aspects of the principle, performance, architecture design, algorithm selection, and system module design. Then, Machine Learning (ML) technology is introduced to improve the IRS’s accuracy. Significantly, the present work combines ML technology with user Psychology to create a targeted user curiosity psychological model to effectively recommend personalized information for users. The designed IRS can improve the information mining efficiency for SRD and promote the SD of SR. Therefore, the present work constructs an SD-oriented IRS using SRD, improving the accuracy and efficiency of recommendation and providing analysis tools for various fields.

In actual applications, the designed IRS can provide users with corresponding SRD or literature according to the imported user’s Point Of Interest (POI) and reduce the data collection time. The innovation is to apply ML technology to the construction of SRD-targeted IRS and combines user Psychology to improve the recommendation accuracy. The research content has made a certain contribution to the construction of IRS for researchers’ SRD and improving the quality and efficiency of information recommendation under the background of SD.

The present work will be carried out in four parts. Firstly, it analyzes and explains the research status in related fields and leads to the methods to solve the existing problems. Secondly, it examines the research theories related to ML and puts forward the research methods. Then, combined with the appropriate research methods, the algorithm is designed, trained, and tested to verify the effectiveness of the designed algorithm. Finally, combined with the experimental results, the designed algorithm and IRS are analyzed and summarized to prove its effectiveness in addressing the related problems.



LITERATURE REVIEW

Under the research background of SD, how to effectively recommend SRD and establish efficient recommendation methods is very important in the current academia. Currently, although the information sharing efficiency is low, many scholars still share their SRD as much as possible to achieve more research works. Colavizza et al. (2020) reasoned that many journals encouraged authorized authors to provide descriptions of data availability in the literature. Then, according to the data of more than 500,000 journal articles published by PLOS and BMC, they established an automatic labeling system of Data Availability Statement (DAS) based on four categories. The regression analysis could analyze the citation advantages of different sentence categories. After the release of the mandatory policy, the DAS had become common. Then, more than 88% of the articles were published with DAS in 2018. These data showed promising results in the reference prediction model, providing data support for follow-up research. On the other hand, data play an essential role in qualitative analysis. For example, scholars in medical circles use historical data for comparative analysis. Roberts et al. (2019) argued that the preciseness of qualitative data analysis should be determined through detailed interpretation. For researchers and students to use the data of previous master’s and doctoral theses, qualitative and quantitative methods should be used for data connection analysis to ensure data reliability.

With the continuous development of Big Data Analytics (BDA) technology, IRS has also become the focus of many fields. Lin et al. (2019) suggested that the development of Information Technology (IT) had promoted the application of the intelligent classroom model. At the same time, it also improved the college students’ comprehensive quality and ability. Considering the complexity of teaching mode and students’ personalities, the intelligent classroom model based on adaptive learning resource recommendation helped improve students’ learning efficiency and provide a reference for the teaching quality of professional courses in higher institutions. Perumal et al. (2019) proposed a new recommendation system that refined the final frequent item patterns that evolved from Frequent Pattern Mining (FPM) technology. Then, fuzzy logic divided the final content into three levels to provide appropriate content. Compared with traditional methods, the proposed method had higher efficiency and accuracy. Shahbazi et al. (2020) studied an algorithm based on CF to process the users’ big data from symmetrical purchase orders and repeated purchase behaviors. The algorithm improved the accuracy of predicting the related products recommended to potential customers.

Content-based recommendation is a more effective recommendation method to date, so it sees wide applications in various research fields. Leśniak and Zima (2018) believed that more construction projects adopted the SD concept, which affected the cost of construction projects. Therefore, they proposed a method of estimating the construction cost of sports venues using case-based reasoning. The error of this method was 14%, which provided good results for the preliminary calculation. The results were of great significance to reduce the building’s construction cost. Wang et al. (2020) studied a hybrid recommendation algorithm integrating user and project content information and matrix decomposition. The algorithm could predict and evaluate the deviation of users or projects with the content information of users and projects. Cai et al. (2020) analyzed a multi-objective hybrid recommendation model based on the score to simultaneously optimize the accuracy, recall, diversity, novelty, and coverage of recommendation and improve the multi-objective evolutionary algorithm and the model performance based on the partition-based knowledge mining strategy.

To sum up, SRD often sees applications in the medical field or data feasibility analysis. Recommendation systems use open-source data, but SRD is rarely used to establish recommendation models. Moreover, scholars in various research fields have researched management methods for either SRD recommendation or user content recommendation separately. However, few studies are combining the two, and the recommended content also needs users’ further confirmation, which affects the efficiency of SR. The designed recommendation algorithm can help reduce the time for scholars to collect SRD and realize the recyclable data collection and output process.

Based on the above analysis, the present work mainly uses SRD to explore the construction of IRS under the background of SD to obtain a recommendation system with higher accuracy and efficiency. Specifically, there is a need to design and analyze the personalized recommendation for SRD under the background of SD. Accordingly, the SRD-oriented personalized recommendation is carried out based on ML technology and user Psychology, thereby reducing the time of information retrieving while improving the efficiency of information mining for SRD and promoting the SD of SR.



MATERIALS AND METHODS


Machine Learning-Based Intelligent Recommendation System

Personalized recommendation systems mainly involve User Behavior Analytics (BA), users’ POI excavation, and information recommendation. Standard personalized recommendation algorithms include the CF recommendation algorithm, CBR algorithm, Association Rules (AR) recommendation algorithm, and hybrid recommendation algorithms, such as Content-Based Recommendation-Collaborative Filtering (CBR-CF). The present work selects the ML algorithm to design IRS. Ml is an important research field of Artificial Intelligence (AI). In particular, ML algorithm can effectively simulate the human brain’s Neural Network (NN) for analysis and learning. It can also mimic the mechanism of the human brain to realize data interpretation. For example, the Deep Neural Network (DNN) can extract and express the data features.

In essence, ML is a learning process that simulates the way of thinking of the human brain, which features the development process from shallow understanding to deep understanding. Ml has an outstanding learning ability and can effectively mine the original data’s feature attributes or feature expression. ML model can achieve good results in large-scale training data, including Deep Belief Network (DBN), deep Boltzmann Machine (BM), Stacked Auto Encoder (SAE), and Convolutional Neural Network (CNN). A personalized learning resource recommendation system can effectively improve the learning effect, realize customized learning, and fully reflect the learner-centered philosophy.

The ML-based personalized learning resource recommendation system can accurately recommend learning resources according to users’ needs, hobbies, and POI to help learners learn accurately (Guo et al., 2017). A single recommendation algorithm also has unique advantages and disadvantages. To name a few, Case-based Reasoning (CBR) does not depend on the user’s score and can recommend related content according to users’ POI, which is not affected by the data sparsity. However, the CBR algorithm is limited by text format and cannot be recommended across types (Gavalas et al., 2014). CF algorithm can obtain implicit user POI, be used for complex text types, and have extensive promotion and novel recommendation information.

Yet, the CF algorithm is limited by the cold-start problem, data sparsity, and system scalability. Therefore, combining CBR and CF (the CBR-CF hybrid recommendation technology) can solve the problems of data sparsity and the cold start of a single recommendation system and expand the range of text types. According to relevant literature (Victor, 2009), any hybrid algorithm can significantly improve coverage and automation, improve timeliness and operation efficiency, and preliminarily realize the “intelligent” design of the system. Because users’ research directions and demands for SRD differ significantly, independent recommendation modules can be selected to combine design algorithm with ML technology and user Psychology. The independent recommendation module can provide different recommendation schemes for different situations, meet the diversified user needs, and improve the system processing efficiency. Figure 1 draws the basic framework of personalized IRS design.


[image: image]

FIGURE 1. Personalized IRS model.


As shown in Figure 1, the user is both the output point of the model data and the recipient of the design algorithm. The designed model can realize a positive feedback process by analyzing the user’s data and using the designed algorithm model to provide personalized recommendation services to users.

The designed hybrid recommendation system comprises the early stage and late stage. Of these, the early stage mainly collects the information of User Behavior (UB) characteristics and predicts them. Comparatively, data collection and prediction in the early stage take a long time. Later, the recommendation algorithm calculates the data and recommends the related content to users. The hybrid recommendation system divides users into historical users and new users.

Then, this section presents a targeted user recommendation model to realize personalized recommendation by combining users’ different psychology for SRD needs to provide users with their interested SRD and literature efficiently. The recommendation system recommends relatively basic POI information for new users and the CBR-CF hybrid recommendation algorithm for historical users. Figure 2 specifies the implementation process. The algorithm trains the model by collecting user information. It obtains different users’ label information and makes personalized recommendations to users combined with resources.
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FIGURE 2. Recommended flowchart of hybrid IRS.




Construction of Scientific Research Data-Targeted Intelligent Recommendation System


Requirement Analysis of Intelligent Recommendation System

System requirements are mainly divided into Functional Requirement (FR) and Performance Requirement (PR). From the perspective of the design concept, the IRS needs to have functions, such as user behavior recording, role management, and real-time update. Specifically, the user behavior recording function traces the user’s browsing records and personal information to provide accurate recommendations according to these records; the role management function classifies users into two types: historical users and new users. Therefore, the IRS offers permission-varied services for role-based users. Lastly, the real-time update function tracks and analyzes the user’s instantaneous login information, browsing history, and browsing time to analyze the user’s POI, update their recommended content in real-time, and make optimal recommendations (Yuan and Wu, 2020).

The system performance requirements entail scalability, timeliness, recommendation accuracy, and the dynamicity of user information tracking (Victor, 2009). Recommendation services should be provided for users and updated in real-time. Meanwhile, the user’s dynamic POI should be timely mastered. The recommended information is supposed to meet users’ immediate needs. In particular, recommendation accuracy is a vital indicator of the performance of the IRS. Further, it is necessary to provide accurate and continuous information recommendation services until users’ actual needs are met. Tracking dynamics: personalized information recommendations should be based on quick and accurate acquisition of the users’ personalized information. First, it is necessary to conduct a real-time dynamic tracking analysis of the user’s behavior information to achieve accurate recommendations of the IRS (Shukla et al., 2015). The framework of the proposed IRS is shown in Figure 3.
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FIGURE 3. Framework of the proposed IRS.


The user POI module and text representation module affect each other, as explained in Figure 3. Text similarity analysis can help understand user similarity; users with similar interests will probably generate highly similar text representation. Therefore, the subsequent analysis will utilize the users’ text information.



Architecture Design of Intelligent Recommendation System

The proposed hybrid IRS obtains the user’s POI implicitly. According to the design requirements, four parts must be designed in the information IRS: users’ POI module, text representation module, similarity calculation, and the clustering module. The four-layer data structure is used for system function design, including the interface display layer, the recommendation analysis layer, the data processing layer, and the original data layer that stores the user’s behavior record information (Mabrouk et al., 2017).

Collaborative filtering recommendation uses domain-based ideas; that is, CF recommendation predicts target users’ POI through UB based on similar or the same interests; then, the degree of interest is calculated and used to determine specific recommendations. Thus, CF is widely used among scholars.

The original data layer mainly stores the user’s behavior information data (instant data and historical behavior information), background data, and the user’s identity information. The data processing layer is the core functional layer of the IRS. It mainly completes data cleaning, Word Segmentation (WS), word weights calculation, text analysis, and user feature vectors generation, and then completes the text and user clustering process. The recommendation analysis layer is used to determine the system’s recommendation algorithm and then use the optimal algorithm to recommend information to users. CBR-CF is implemented in the recommendation analysis layer. The interface display layer mainly provides an interface for Human-Computer Interaction (HCI).

The CBR-CF hybrid method makes up for both single CF and CBR, namely, the lack of personalization of CF and the lack of diversity of CBR. Thus, the hybrid algorithm can be used to overcome their respective deficiencies and obtain more accurate results.




Process Design of System Module

The user, the user text input, similarity analysis, and clustering issues are the top priorities among the various IRS modules. The user POI and the input text representation strongly correlate; hence, the module designs are elaborated separately. Afterward, the user and text representation is completed for user similarity research. Here, the analysis is mainly based on the text representation input by the user, so the text-similarity is primarily analyzed in the subsequent analysis (Shen et al., 2019).


Design of User Curiosity Module Based on Psychology

Curiosity, a psychological term, is an essential factor that promotes the development of human cognition throughout their lifetime. Curiosity has always been considered the key motivation related to behaviors, such as exploration, investigation, and learning. Curiosity benefits an individual from both personal and social aspects. At the personal level, curiosity is related to personal growth, which is the individual’s passion for learning and knowledge, not diverted by benefits. Curiosity can strengthen interpersonal relationships by injecting energy and passion into social interaction at the social level. The close relationship between curiosity and human learning has inspired researchers to design curiosity computing models for ML systems to improve their learning ability to develop autonomous intelligent machines. Berlyne has conducted in-depth research based on curiosity-driven theory and put forward the curiosity arousal theory; that is, a user will only respond to stimuli that can arouse his curiosity. This theory is also called stimulus selection theory, which mainly discusses the mechanism of obvious stimulants introduction that humans will respond to. Berlyne argues that curiosity is the driving factor of curiosity arousal theory. Internally, curiosity drives people to choose specific stimulation. Externally, an individual’s stimulus-response can expose his curiosity.

Curiosity arousal theory holds that people’s curiosity characteristics can be predicted and estimated. In particular, the recommendation system can accurately understand users’ stimulation degree by simulating and predicting users’ curiosity and giving recommendations according to the stimulated curiosity degree. The user POI module is responsible for collecting user interest data and UB information and data-preprocessing, such as data cleaning, denoising, conversion, and filtering. This set of information should be updated timely. Meanwhile, the preprocessed data can be combined with relevant documents to remove the pause words. Then, the word weights are calculated, by which the words are sorted. This is a process of generating and sorting the feature vector of user POI, and data are updated by comparing the user’s log and the threshold. More precisely, the data are updated when the threshold is reached, and the data state is changed. Then, the feature vector is updated with a newly generated feature vector. Figure 4 draws the implementation flowchart of the user curiosity model based on Psychology. Apparently, the model explores the user’s curiosity by learning the user’s behavior data, judges the input behavior data, updates the data of the established curiosity model using the algorithm, and calculates the weight of the input vocabulary, thereby generating the feature vector of user POI.
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FIGURE 4. Flowchart of implementing user curiosity model based on Psychology.




Process Design of Text Representation Module

A timer is designed into the text representation module to detect and update the text set periodically. Documents are supposed to be preprocessed through WS and stop words elimination first, and then the weight of words is calculated. Afterward, feature words are screened according to the weight ordering and spatial dimension information, and the final text feature vector should be generated for storage (text vectorization). The working process of the text representation module is shown in Figure 5.
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FIGURE 5. The flowchart of the text representation module.




Process Design of Similarity Calculation Module

The primary function of the similarity calculation module is to pick out users’ POI contents. Users’ interest feature vector can be combined with information prediction to avoid behavioral differences for users with common interests.

Meanwhile, an optimized similarity calculation often consumes less time and distinguishes different articles. Moreover, SRD formats are diverse, so the system should be designed to calculate different text formats. Finally, the cosine function is chosen to calculate the user similarity (Ranjbar and Alizadeh, 2017).

Similarity calculation is divided into user similarity calculation and text similarity calculation. User similarity calculation reads: first, the user similarity between sub-modules is calculated in the entire module. The real-time detection technology can calculate the updated content in real-time so that the similarity between users’ POI can be calculated timely. Figure 6 manifests the working process of the user similarity calculation module.
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FIGURE 6. Working flowchart of the user similarity calculation module.


Text similarity calculation process reads: first, the similarity between two texts is calculated, and then the text representation module is detected regularly for new text information. Next, the similarity between every piece of new text information and the existing text information is calculated and stored. Figure 7 outlines the working process of the text-similarity calculation module.


[image: image]

FIGURE 7. Working flowchart of the text-similarity calculation module.




Process Design of Clustering Module

The clustering algorithm based on hierarchical division is used to complete the recommendation of the user’s personalized information, and the optimized Chameleon algorithm is used for data clustering analysis. The algorithm can meet the timeliness of sampling, and the input of data has a small impact on the clustering effect of the algorithm. Specifically, the method of agglomerative hierarchical clustering is employed: first, the elements are clustered, the corresponding module degree is calculated, and then the clustering results are improved through iterative relocation (Zhang et al., 2018). Figure 8 shows the working process of the clustering module.
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FIGURE 8. Working flowchart of clustering module.





Process Design of Content-Based Recommendation-Collaborative Filtering

The design concept of the IRS of intelligence hybrid mainly includes two key points: word matching and weight design. When the algorithm is used for calculation and processing, the text data information is first obtained, the text data is initialized, and the key fields of the text, such as title, abstract, keywords, are extracted and processed, respectively. First, the text data are segmented, the stop words are deleted, and the weights of the fields are calculated separately. It is matched with the text information to be compared, the corresponding key-value pair is obtained, and the relative degree of the two is calculated. The calculation process of similarity is shown in Figure 9.
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FIGURE 9. Calculation flowchart of similarity.




System Indicator Analysis

The system is analyzed using accuracy, precision, and recall indicators. Accuracy is the ratio of correctly classified samples to the total number of samples in a given dataset. The precision determines the proportion of true samples to all samples determined to be true (Wang et al., 2013). Recall describes the proportion of positive cases judged to be true in the classification. TP (True Positive) indicates that a positive sample is correctly judged as a positive sample. TN (True Negative) means that a negative sample is correctly judged as a negative sample. FP (False Positive) signifies that a negative sample is incorrectly judged as a positive sample; FN (False Negative) indicates that a positive sample is incorrectly judged as a negative sample. The calculation of the above indicators reads:

(1) Accuracy: the correct classification rate of the classifier.
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(2) Precision: The total percentage of positive samples correctly classified by the classifier.
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(3) Recall: the proportion of positive samples that are correctly predicted.
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The dataset mainly comes from existing SRD (Victor, 2009), 80% of which is used for algorithm model training, and 20% is used for algorithm model testing.



Experimental Data Set and Parameter Setting

This section collects 2,000 articles in 10 research directions from the HowNet and Google academic websites, including material science, safety engineering, social science, environmental science, and computer science. Then, it divides the collected data set into the training set and test set with a ratio of 5:1. Afterward, different algorithms are used for the experiment. Subsequently, the optimal parameters for the experiment are obtained by continuously adjusting the parameters and comparing the experimental output results with the relevant research data. Meanwhile, the parameter setting of the hybrid algorithm is obtained by adjusting some main parameters of single algorithms.




ANALYSIS AND RESULTS


Accuracy Analysis of Text Similarity Evaluation

Further, the recommendation performance of the proposed system is analyzed. First, the calculation accuracy of the text similarity is analyzed. All texts are divided into two parts: a training set and a test set, and the texts in the two sets are compared in pairs. Afterward, Figure 10 compares CBR-CF with CF, CBR, and FP algorithms, and the accuracy of the system similarity calculation method is obtained.
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FIGURE 10. Analysis of the accuracy of the text-similarity calculation of the hybrid system.


Figure 10 shows that the similarity calculation method of the hybrid system effectively reduces the dimension of discrete data and performs well on the weight calculation of fields, which improves the calculation accuracy and effectiveness and has high feasibility.

According to the similarity between adjacent data, data used in the corresponding literature are comprehensively considered; then, the two similarity data are merged to obtain the mixed data similarity finally. If the data are highly similar, the degree of data sparsity will be reduced effectively, thereby improving the system’s feasibility.



Accuracy and Recall of Hybrid Intelligent Recommendation System

This section analyzes the accuracy and recall of the hybrid IRS. The recommendation accuracy is obtained by the ratio of the browsing record of a single user to the recommended items, and the ratio also indicates the user’s interest in the recommended items. The recommended recall refers to the probability that the data the user wants to access is recommended. Figure 11 reveals the hybrid IRS’s recall and accuracy analysis results.
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FIGURE 11. Comparison and analysis of the accuracy and recall of different recommendation systems. (A) Comparison analysis of accuracy rate of different recommendation systems. (B) Comparison analysis of recall of different recommendation systems.


Figure 11 displays that under different recommendation methods, the accuracy of the proposed CBR-CF method is the highest. In particular, the accuracy of single-user system recommendations can reach 82–93%. The recall of all recommendation algorithms is 60–91%, while the recall of the CBR-CF algorithm is higher than that of a single algorithm, with the highest recall reaching 91%. The reason is that the CBR-CF algorithm combines ML technology and user Psychology, thereby improving the algorithm efficiency and accuracy. Therefore, the IRS based on the hybrid CBR-CF algorithm has better recommendation performance.



Performance Analysis of Scientific Research Data-Targeted Intelligent Recommendation System

This section compares the performance of the proposed CBR-CF-based recommendation system and a single recommendation algorithm-based system using the evaluation accuracy for user information retrieval from the perspective of diversity, coverage, efficiency, and novelty of recommendation, as depicted in Figure 12.
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FIGURE 12. Comparison and analysis of the performance of different recommendation systems. (A) Analysis chart of recommendation accuracy of different recommendation systems. (B) Comprehensive comparison and analysis chart of the performance of different recommendation systems.


Figure 12 conveys that under the same DV, the accuracy of the CBR-CF algorithm combined with ML technology and user Psychology is better than any single recommendation algorithm, and the accuracy of the CBR-Cf algorithm increases with DV. CBR-CF has higher recommendation accuracy and better recommendation effect and performance than a single recommendation algorithm. Figure 12A indicates that the highest accuracy of the designed CBR-CF algorithm is about 90%, while the highest accuracy of the CF algorithm is about 70%, the accuracy of the CBR algorithm is about 65%. The accuracy of the FP algorithm is about 60%. Thus, the CBR-CF algorithm has a better recommendation effect. Figure 12B suggests that CBR-CF performs best in efficiency, coverage, diversity, and novelty. Hence, CBR-CF has the excellent performance of a single recommendation algorithm and makes up for the shortcomings of a single recommendation algorithm, thereby improving the overall recommendation effect.

In other words, when analyzing user Psychology, the designed algorithm has higher recommendation accuracy than similar recommendation algorithms and can better deal with related problems. To sum up, the CBR-CF method can make a better recommendation, and the system’s accuracy and recall are different from the pure recommendation method. The accuracy of the proposed method has been improved by 8.3%. Therefore, this study provides a practical reference for developing SRD-targeted intelligent recommendation technology under the background of SD. In practical application, users can input their interested research content into the system, and the system will output the corresponding SRD, which can well meet user demands.




DISCUSSION

The CBR-CF algorithm combined with CBR and CF can solve the data sparsity and cold-start problem and expand the range of processable text types. At the same time, it improves the coverage of user recommendation information, increases the degree of automation, solves the system timeliness problem, and makes the system run more efficiently, which is consistent with the design concept of recommendation system in the literature (Zhao et al., 2017). Meanwhile, the CBR-CF algorithm is compared with the experimental results of similar algorithms. It is found that the designed algorithm has higher recommendation accuracy over similar algorithms and can better provide personalized recommendation services. Compared with the single recommendation method, the accuracy of the proposed method is only improved by 8.3%. The reason is that the recommendation by CF in the proposed hybrid method will be affected by specific data, which may affect the accuracy.

The research results can efficiently provide researchers in related fields with timely and relevant research materials. Overall, the actual recommendation performance of the proposed method is better than that of a single CF algorithm and CBR algorithm. Therefore, the hybrid algorithm has higher accuracy than the single algorithm, which is of great significance to the follow-up research of the recommendation system and provides more possibilities for SRD. In the future, researchers can use the SRD in the existing literature for system training and testing to give ideas for the design and implementation of IRS.



CONCLUSION

The present work establishes an SD-oriented SRD-targeted IRS. The shortcomings are summarized following the literature review and analysis of the traditional single recommendation algorithms. Then, combined with ML technology and user Psychology, the CBR-CF algorithm is introduced. Afterward, a hybrid IRS based on the CBR-CF algorithm is proposed to improve the effectiveness of the CF method. Experiments show that under different recommendation methods, the accuracy of the proposed CBR-CF algorithm is the highest, and the highest recall is 91%. Additionally, under the same DV, the accuracy of CBR-CF is better than a single recommendation algorithm, and with the continuous increase of DV, the accuracy of CBR-CF is also improved. Finally, compared with other algorithms in efficiency, coverage, diversity, and novelty, it is found that the proposed CBR-CF algorithm shows good data advantages. Therefore, CBR-CF inherits the excellent performance of a single recommendation algorithm and makes up for their shortcomings, thereby improving the overall recommendation effect. The research results can provide a personalized SRD for researchers to effectively offer users with corresponding SRD recommendation approaches.

Still, there are some limitations: the research scheme cannot thoroughly analyze all semantic data, resulting in incomplete research results. Besides, only a few data set is used in the experiment. Therefore, the follow-up study will consider the influence of these factors, and the number of data sets should be increased. It is hoped that the scheme can provide some references for relevant researchers.
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Mathematics is an important foundation for the development of science education. In the past, when instructors taught mathematical concepts of geometry shapes, they usually used traditional textbooks and aids to conduct teaching activities, which resulted in students not being able to understand the principles completely. Nowadays, it has become a trend to integrate emerging technologies into mathematics courses and to use digital instructional aids. Emerging technologies can effectively enhance students’ sensory experience while strengthening their impressions and understandings of subject concepts. In this paper, we apply virtual reality immersive technologies to develop a “virtual reality immersive learning mathematics geometry system,” which is used to teach mathematical geometry concepts. Teachers use the system to develop three basic mathematical geometry learning materials: “Triangular pyramid volume = 1/3 prism volume,” “Cone volume calculation,” and “Triangle center of gravity derivation.” In the experimental activity, the teacher uses virtual reality teaching aids to guide students to learn mathematical geometry concepts in a fun way so that they can achieve the effectiveness of immersive learning. This study explores the impact of using the virtual reality immersive learning mathematics geometry system on students’ technology acceptance, learning motivations, and learning performance. The experimental result showed that using the virtual reality immersive learning mathematics geometry system can improve the learning motivation and learning performance of students. The findings indicated that the experimental group had better learning outcomes after completing the learning tasks of three geometric units. The experimental group used the virtual reality immersive learning mathematics geometry system which can lead to better learning outcomes. According to the ARCS questionnaire, students in the experimental group were confident to understand new subjects. At the same time, the mode of completing the game can effectively give students a sense of accomplishment. The use of emerging technologies in the classroom can be an attractive learning mode for students.

Keywords: virtual reality technologies, mathematics learning aids, geometry education, immersive learning, emerging technologies


INTRODUCTION

Mathematics is a very important cornerstone of science education, and also a kind of regular logic science. If students are exposed to mathematics at the early age and are not excluded from the operation of mathematical concepts, it will help develop their logic. The current 12-year national education to college education in Taiwan is gradually changing and providing opportunities for students to learn and expose to mathematics practically (Merchant et al., 2014; Cai et al., 2017; Chou et al., 2020; Lai et al., 2021). However, in the past, most mathematics teachers used traditional mathematics textbooks to teach concepts of geometric shapes and conduct expository teaching activities, in which the concept of geometric shapes contains important logical concepts of space such as spatial perception, spatial visualization, mental rotation, spatial relationships, spatial orientation, etc., (Kaufmann et al., 2000; Potkonjak et al., 2016; Su and Wu, 2021). If students only accept the teaching contents in the classroom or learn the concept of geometry alone for a long time, they only learn the calculation and derivation of geometric formulas through book exercises, which lack of stimulation and variation, and thus cannot enhance the motivation of students to learn geometry actively (Karakis et al., 2016). Nowadays, Virtual Reality (VR) is an emerging technology that is gradually being used as a teaching aid for mathematics, it can make it easier for students to learn. Teachers can use VR technology to facilitate students’ learning of geometric mathematics and enhance students’ motivation to learn effectively (Wang et al., 2018).

In this study, the virtual reality immersive learning mathematics geometry system was used to complete three important geometric units learning tasks, such as “Triangular pyramid volume = 1/3 prism volume,” “Cone volume calculation,” and “Triangle center of gravity derivation.” Teachers can use these three mathematics learning aids to enhance students’ learning motivation in mathematics courses, making the abstract concept of geometric space more concrete, and at the same time, greatly enhance their conceptual thinking. We designed the pretest, posttest, and questionnaires to investigate the corresponding changes in students’ learning of mathematical geometry concepts by using virtual reality technology and the impact of using the virtual reality immersive learning mathematics geometry system on technology acceptance, learning motivation, and learning effectiveness. In this study, we propose three research questions:

•Is the experimental group having better learning outcomes after using the virtual reality immersive learning mathematics geometry system to learn and completing the three learning tasks of geometric units?

•What is the difference in the result of the ARCS questionnaire between the experimental group and the control group?

•What is the difference in the result of the TAM questionnaire between the experimental group and the control group?



LITERATURE REVIEW


Virtual Reality Immersive Technologies for Mathematics Education

The demonstration of virtual reality teaching can help students understand complex mathematical logical concepts and reduce students’ misunderstandings (Mikropoulos and Natsis, 2011). Virtual reality learning aids provide students with a stronger sense of immersion and presence. Immersion allows students to feel realistic through virtual simulations, while presence provides students with different levels of sensory experience. Students participate in a virtual reality classroom to learn geometric math, which provides a good immersive virtual learning environment (Hussein and Nätterdal, 2015). Virtual reality learning aids have important advantages over increasing students’ motivation to learn, exploring principles and visualizing abstract things, and the immersion mechanism can effectively stimulate students’ motivation to learn new knowledge (Wang et al., 2018). Guerrero et al. (2016) create a virtual reality learning environment where students can take on the role of virtual characters and change their position, size, and use the control interface to manipulate mathematical geometries learning basic mathematical concepts of geometry.

To summarize the above literature review, using virtual reality technology to assist students’ learning as a teaching aid is an innovative way to teach mathematical geometry. The diversity of virtual reality technology in any mathematical concepts education can be further promoted. Immersive technologies like augmented reality(AR), virtual reality(VR) and mixed reality(MR) in the curriculum provide many benefits in teaching. For example, it can provide a platform to increase students’ enjoyment, and give students a different learning experience (Osypova et al., 2020). Osypova et al. (2020) think that the immersive technologies in the curriculum can increase the effectiveness of learning, and enhance the motivation of students in class.



Virtual Reality Mathematics Geometry Teaching Platform

Virtual reality mathematics geometry teaching platforms such as “ClassVR,” “VRMath,” and “GeoGebra” can be found on the market today (ClassVR, 2017; VRMath, 2017; GeoGebra, 2019). The ClassVR platform provides an operating record system that allows teachers to understand how students are learning by using the platform (ClassVR, 2017). The VRMath platform provides geometric mathematical virtual objects, such as cylinders, cones, and trigonometric cones (VRMath, 2017). GeoGebra is a three-dimensional drawing platform that provides a three-dimensional learning space, including X, Y, and Z-axis virtual space, in which students can add points and lines in the virtual space to create a 3D virtual object. The GeoGebra platform is more complicated to operate for beginners (GeoGebra, 2019). ClassVR, VRMath, GeoGebra, and other virtual reality technologies have their advantages and disadvantages when integrated into geometric math teaching platforms. To meet the needs of experienced mathematics teachers, this study uses virtual reality technology to develop a virtual reality immersive learning mathematics geometry system, which specifically implements three geometric 3D virtual reality and mathematics app application teaching units such as triangular cone volume = 1/3 of the triangular column volume, cone calculation, and triangle center of gravity derivation.



ARCS Learning Motivations

The learning motivation is a major factor that affects learning. Learning is driven by motivation, with students who are highly motivated to learn showed higher learning outcomes. The teacher’s educational model of combining mathematics concepts through virtual reality emerging technologies provides teachers the opportunity to teach students with better motivation for learning, and also to understand students’ learning status. Learning Motivation allows students to become more involved in the learning situation, to feel the importance of the problem, and also be motivated to solve it (Jarmon et al., 2009; Chen, 2013; Karakis et al., 2016; Keller, 2016; Bacca et al., 2018). Wang et al. (2018) used the ARCS learning motivation model to conduct a questionnaire survey and found that using virtual reality technology for education can satisfy the ARCS learning motivation model, aroused students’ interest in learning mathematics and science and build their confidence in interactive learning, which can then be used to understand the effectiveness and satisfaction of students’ immersive learning.

This study used the ARCS learning motivation questionnaire to explore students’ motivation to learn geometry (Karakis et al., 2016; Wang et al., 2018). The ARCS learning motivation questionnaire was designed to promote student interaction and engagement in virtual reality mathematics materials. The learning motivation questionnaire is designed to address four dimensions: Attention, relevance, confidence, and satisfaction.



Technology Acceptance Model

Technology Acceptance Model (TAM) is a model for understanding user acceptance of new technologies, developed specifically to explain or predict user acceptance of emerging computer technologies (Davis, 1989). TAM is now used as the theoretical basis for many empirical studies of user acceptance of new technologies (Davis, 1989). The purpose of the questionnaire is to understand students’ perceived usefulness and perceived ease of use related to the integration of virtual reality technology into academic teaching materials. Faizah and Nurshamshida (2019) used the TAM to know the factors which could influence the students’ acceptance of virtual reality in class. They think that virtual reality could be an appropriate platform to integrate into the classroom.

In this paper, we try to investigate whether the virtual reality technology can effectively help students’ learning in mathematics at the level of perceived usefulness, and to understand whether the experimental system is easy to use at the level of perceived ease of use.




VIRTUAL REALITY IMMERSIVE LEARNING MATHEMATICS GEOMETRY SYSTEM

In this study, we use virtual reality immersive learning mathematics geometry system integrated into a geometric graphing mathematics course. There are two different roles: teacher side and student side in this virtual reality immersive learning mathematics geometry system, which is the most important feature. After entering the system, three mathematical units appear on the screen, such as “Triangular pyramid volume = 1/3 prism volume,” “Cone volume calculation,” and “Triangle center of gravity derivation.” Teachers can then compile test questions and content in these three modules, and can upload new content to the virtual reality immersive learning mathematics geometry system at any time, emphasizing that the content can be updated at any time. The generic architecture of the virtual reality immersive learning mathematics geometry system is as shown in Figure 1.

[image: Figure 1]

FIGURE 1. The architecture of the virtual reality immersive learning mathematics geometry system.


In the first learning unit “Triangular pyramid volume = 1/3 prism volume,” students learn that triangular cone volume is equal to 1/3 of the triangular column volume through the system step by step. In the second learning unit “Cone volume calculation,” the teacher uses the system to teach students how to calculate the volume of a cone. In the third learning unit “Triangle center of gravity derivation,” students use 3D helmets and controllers to create a 3D virtual triangle in the virtual reality learning space, and observe the center of gravity of the triangle. Three learning units in the system are shown in Figure 2.

[image: Figure 2]

FIGURE 2. Three learning units in the virtual reality immersive learning mathematics geometry system.


The novelty of the system is that it records students’ actions and responses, and then sends them to the virtual reality immersive learning mathematics geometry system, allowing teachers to know students’ learning status in real-time, focusing on the system function of immediate assessment.



METHODOLOGY

This study is based on teachers’ past experience in teaching basic mathematical geometry knowledge, and uses the virtual reality technology to develop a virtual reality immersive learning mathematics geometry system to enhance students’ sensory experiences about mathematical geometry concepts.


Participants

The experimental subjects were 40 students from two classes of the second grade in a high school in the northern city of Taiwan. The students were divided into two groups, one as the experimental group with 20 students, and the other as the control group with 20 students. The students in both classes were taught by the same teacher at different points in time. Students in the experimental group used the virtual reality immersive learning mathematics geometry system to learn basic mathematical geometry concepts, while teachers of the control group used traditional paper-based materials with a narrative mode of instruction to teach basic mathematical geometry concepts.



Learning Materials

In this study, students were introduced to the knowledge and concepts of mathematical geometry by collaborating with experienced mathematics teachers and following the suggestions of mathematics teachers to select three important mathematical topics in the concept of mathematical geometry such as “Triangular pyramid volume = 1/3 prism volume,” “Cone volume calculation,” and “Triangle center of gravity derivation.” The experimental group and control group students will complete the three learning tasks through the curriculum experimental activities with different learning modes and materials.



Procedure

The entire experimental process and procedure proceed for 5 weeks. Each week, students have to complete a designated experiential learning activity, each activity lasts for 100 min, as shown in Figure 3. In the first week, each student was given a pre-test to understand the differences in their prior knowledge of basic geometric concepts in mathematics. Both groups used the same teaching method, with students in the control group using traditional paper-based teaching tools with narrative instruction, and students in the experimental group using the virtual reality immersive learning mathematics geometry system to learn. In the next three weeks, students in the control group using traditional paper-based teaching tools with narrative instruction to study, and students in the experimental group using the virtual reality immersive learning mathematics geometry system to learn three important mathematical topics in the concept of mathematical geometry such as “Triangular pyramid volume = 1/3 prism volume,” “Cone volume calculation,” and “Triangle center of gravity derivation.” In the last week, each student was given the posttest, the learning motivation questionnaire, and the TAM questionnaire. The posttest was conducted to measure students’ learning achievements. The learning motivation questionnaire surveyed the students’ learning motivation. The TAM questionnaire was conducted to know students’ acceptance of using the virtual reality immersive learning mathematics geometry system.

[image: Figure 3]

FIGURE 3. Procedure.




Instruments

The experimental instruments used in the experimental activity of this study include the pretest and the posttest, the learning motivation questionnaire, and the TAM questionnaire.


Pretest and Posttest

The experimental materials for this study were obtained from the second grade mathematics textbook of Han Lin Publishing in Taiwan (Wu et al., 2019). The pretest and posttest were the same test assessment. The pretest is designed to understand students’ prior knowledge of the three learning units in the high school mathematics curriculum, such as “Triangular pyramid volume = 1/3 prism volume,” “Cone volume calculation,” and “Triangle center of gravity derivation,” while the post-test measures students’ learning effectiveness. The test consists of 20 multiple-choice questions (5 points each), totaling 100 points. The test was predicted by 40 students and analyzed by the IBM SPSS statistical tool to verify the discrimination and difficulty of the test. The degree of discrimination is 42%, and the degree of difficulty is 45%.



Learning Motivation Questionnaire

In this study, we refer to the ARCS learning motivation questionnaire from the previous studies and modified it into the learning motivation questionnaire in this paper (Karakis et al., 2016; Wang et al., 2018). There are 24 items on a 5-point Likert scale in this questionnaire. The motivation questionnaire of this experiment contains four dimensions of ARCS, such as Attention, Relevance, Confidence, and Satisfaction. There are six questions for each of these dimensions. The motivation questionnaire was pre-tested by 40 students and the reliability was assessed by using the IBM SPSS statistical tool. The Cronbach alpha coefficients were 0.73 for attention, 0.75 for relevance, 0.78 for confidence, and 0.80 for satisfaction. Four dimensions are found to be reliable.



Technology Acceptance Model

In this study, the technology acceptance model questionnaire was modified from the previous studies (Chang et al., 2011). The questionnaire has 16 questions using a 5-point Likert scale. This questionnaire was pre-tested by 40 students and the validity of the technology acceptance questionnaire was evaluated by using IBM SPSS statistical tool. The Cronbach alpha coefficient was 0.81, meaning that the questionnaire has internal consistency and reliable reliability.





RESULTS


Analysis of Prior Knowledge and Learning Effectiveness

According to Table 1, the analysis of the pretest, the mean of the experimental group was 33.750 with a standard deviation of 14.130, while the mean of the control group was 32.250 with a standard deviation of 15.684. From the low mean of both groups, it can be seen that most of the students were not familiar with the content of the mathematics subject before the course.



TABLE 1. Analysis of the independent sample t-test of the pretest of two groups.
[image: Table1]

The posttest was conducted after the two groups of students had completed the experimental activities of course learning. According to Table 2, the analysis of the post-test data, the mean of the experimental group was 58.250 with a standard deviation of 10.036, while the mean of the control group was 51.500 with a standard deviation of 12.258, and t-value is 1.905. This result showed that the experimental group students had significantly higher posttest scores than the control group students. In this experimental study, the mean score of the experimental group was higher than the control group (58.250 > 51.500) according to the post-test results, and the difference in standard deviation between the two groups was not significant.



TABLE 2. Analysis of the independent sample t-test of the posttest of two groups.
[image: Table2]



Analysis of the Learning Motivation

The learning motivation questionnaire was designed to investigate students’ motivation for learning mathematics concepts. According to Table 3, the mean of the experimental group was 3.875 with a standard deviation of 0.718. And the mean of the control group was 3.488 with a standard deviation of 0.711, the mean of the experimental group was higher than the mean of the control group, the result showed that the mean data of the experimental group was better than the control group (3.875 > 3.488). The effect size is used to detect the effect of the independent sample t-test (Nakagawa and Cuthill, 2007), where Cohen’s d value is most commonly used as a criterion for evaluation. Cohen’s d value evaluation criteria are small effects (≥0.2 and <0.5), medium effect (≥0.5 and <0.8), and large effect (≥0.8; Cohen, 1988). The results of this study showed that the experimental group had better learning motivation analysis results than the control group, where the Cohen’s value of the independent sample t-test fell in the medium effect range. Most of the students reported that the virtual reality immersive learning mathematics geometry system using headset 3D helmets to make the learning process fun for the experimental group, and it was easier for the experimental group to focus on their learning, which was also the key to catch students’ attention (Huang and Chen, 2019). In both two experiments, the experimental group had better learning motivation than the control group. The experimental group data showed that students were enthusiastic, curious, and novel about the virtual reality learning materials (Yen, 2017).



TABLE 3. Analysis of the learning motivation of two groups.
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Analysis of the Technology Acceptance Model

According to Table 4, from the analytical result of the technology acceptance model questionnaire, the mean value of the experimental group was 3.875 with a standard deviation of 0.7906 and the mean value of the control group was 3.750 with a standard deviation of 0.7425. The mean value of the experimental group study results was higher than the control group (3.875 > 3.750).



TABLE 4. Analysis of the technology acceptance model of two groups.
[image: Table4]

In terms of perceived usefulness, the use of the virtual reality immersive learning mathematics geometry system with hardware devices such as helmets and joysticks for educational purposes can help students understand abstract mathematical concepts and derivation processes more quickly. In terms of perceived ease of use, the experiment provided an additional instruction manual for the operation of the virtual reality immersive learning mathematics geometry system so that students could become familiar with the use of the virtual reality system as soon as possible. According to the analysis of the independent sample t-test, the results showed that the technology acceptance results of the experimental group were slightly better than those of the control group (t = 1.152). According to the results of previous studies, it was found that, perceived usefulness and perceived ease of use can have a significant impact on learners’ intentions to use the virtual reality immersive learning mathematics geometry system for education (Huang and Liaw, 2018).




CONCLUSION

In this paper, we integrate virtual reality technology into mathematics education content, using virtual reality technology to integrate mathematical geometry concepts into the content, and also allowing students to use the virtual reality immersive learning mathematics geometry system. Students can immerse themselves into the content learning process of the mathematics subject. It is expected that students will be motivated to take the initiative to learn mathematics, and also expected to inspire students to take the initiative to learn mathematics. The course experimental activities contain three important mathematical geometry learning units such as “Triangular cone volume = 1/3 of the angular column volume,” “Cone volume calculation,” “Triangle center of gravity derivation,” through the virtual reality of the 3D head-mounted display, App teaching application to complete the above three geometric basic concepts of learning. Students will be able to carry out learning tasks and acquire all important knowledge of basic mathematical geometry through the course activities. The primary goal is to provide students with a solid understanding of the core concepts of geometric graphs in the mathematics subject. According to the results, there are some findings we have found. The experimental group had better learning outcomes after completing the learning tasks of three geometric units. The experimental group used the virtual reality immersive learning mathematics geometry system to lead to better learning outcomes. According to the ARCS questionnaire, students in the experimental group were confident to understand new subjects. At the same time, the mode of completing the game can effectively give students a sense of accomplishment. The use of emerging technologies in the classroom can be an attractive learning mode for students.
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This study proposes a push notification system that combines digital real-time learning, roll-call, and feedback collection functions. With the gradually flourishing online real-time learning systems, this research further builds roll-call and feedback functions for students to enhance concentration and provide opinions. Additionally, the lecturers can do a roll call irregularly and randomly through the push notification function, avoiding students logging in but away from the keyboard. Lecturers can also send questions to a specific student or invite all students to answer; the replies can show students' learning performance. The system will store each notification in a database and analyse messages automatically to record roll calls. Moreover, the system can record the time and intervals of student feedback, enabling lecturers to check students' attention and learning conditions. Currently, most online digital systems depend on the lecturer to be responsible for the entire system; taking a roll call and asking questions will consume the lecturer's teaching time and strength. The system developed in this article can do roll calls and feedback by push notifications, reducing lecturers' workload. Furthermore, the roll-call and automatic record functions can save the time of paperwork after a course.

Keywords: e-learning, push notifications, real-time learning, problem-based learning, social network


1. INTRODUCTION

The severe impact of the epidemic has forced many in-person classes to transfer into online courses; however, without teaching assistants, lecturers have to be in charge of teaching materials, software and hardware, and roll calls, which causes heavy workloads. E-learning systems enable students to learn anytime and anywhere; teachers can also provide one-on-one instruction to enhance learning quality (Kekkonen-Moneta and Moneta, 2002; Ruiz et al., 2006). Nonetheless, online courses have increased rapidly during the COVID-19 pandemic, leading to worse learning quality (Agarwal et al., 2021), and many online teaching systems do not offer one-on-one instruction functions. Consequently, although students logged in to the e-learning platform, they might be doing other matters or taking rests; such a situation will reduce learning motivation and have poor performance. Additionally, most online courses have more than 13 students, which contradicts the best student-teacher ratio of 13:1 (Muñoz-Merino et al., 2021), generating worse learning quality and heavier teaching workloads. E-learning intends to provide students with learning environments anytime and anywhere and enable them to deliver teaching feedback to teachers through online tests and appropriate methods, making lecturers take care of students' learning conditions with one-on-one instruction. Currently, many free digital platforms can offer online teaching functions; yet, the simplified features fail to provide inter-actions (Wu et al., 2020); therefore, students may feel bored and have lower learning motivation. As a result, an inter-active system to deliver student feedback and opinions is essential.

Literature (Llamas-Nistal et al., 2011) has suggested that an e-learning platform with more inter-active functions will benefit learning; yet, teachers should familiarize themselves with the operation to ensure learning performance. In Literature (Almaiah and Alyoussef, 2019), the study has pointed out that a platform only offers a learning medium; teachers should design teaching materials and homework in advance. Unlike in-person courses, tutors should design online materials and prepare the teaching approaches before each class to achieve optimal online teaching. The research in Literature (Wang and Liu, 2008) conducts electronic experiment teaching through cameras, which requires equipment upgrade for students to see the entire experimental process. Literature (Dodero et al., 2014) further mentions that e-learning platforms should be modularized for users to choose suitable functions. Meanwhile, Literature (Maher et al., 2020) has mentioned the higher flexibility of e-learning than in-person courses; however, teachers will need to rearrange the course design and materials. Finally, Literature (Baehr, 2012) explains that an e-learning system needs to have feedback functions and one-on-one learning incentives to boost overall learning performance. The system in our research utilizes a free-of-charge e-learning platform but adds auxiliary tools to improve the learning rate. Moreover, apart from understanding the concentration condition of students, the push notification function can prevent students from logging in but staying away from the keyboard; the system can do roll calls irregularly, helping teachers to focus on teaching while maintaining the attendance rate. Although many synchronous learning platforms are free, the limited functions only allow the system to perform online teaching. To enhance teaching quality, the method proposed in this article can conduct digital roll calls to stop students from staying away from the keyboard or lowering their concentration. Additionally, this system helps teachers record attendance without using pen and paper.

Based on the above issue, this article proposes a digital real-time learning system with push notifications. During the pandemic, many tutors teach by online software such as Google Meet or Microsoft Teams; nevertheless, the software usually only provides simplified synchronous learning without any inter-active tools for lecturers to use. This approach designed in our study has a push notification function, enabling teachers to send questions to students regularly, and the system will record the details of the questions and replies in the database. Furthermore, the system can do roll calls according to the student information and detect the response time and the reply numbers to a message. Thus, the developed system can reduce lecturers' workloads by eliminating the additional effort to pay attention to students' conditions, allowing teachers to concentrate on the course; the system can also improve concentration and calculate the attendance and learning rate, which becomes an auxiliary tool for teaching to enrich learning quality. The key contributions of our study are: (1). Use the push notification function to implement random roll calls; (2). Send course questions and answers via the push notification function; (3). The system will record every information in the database and automatically analyze the roll call messages; and (4). The system can reduce teachers' paperwork. The primary contribution of this article is the capability to synchronize online software with its push notification system freely to enhance online teaching quality. With the limited functions of free online teaching platforms, teachers need to do a roll call by the conventional method, read aloud the names of the students one by one to check their attendance, which consumes the course time. The proposed system in this study can implement a roll call randomly and pick any student to answer questions. Moreover, different from other push notification systems on the market, the developed system can concatenate the roll call mechanism and set the function randomly and automatically through the push notification; yet, the push notification function on other systems can only send messages to interact.



2. RELATED WORKS

Literature (Chen et al., 2018) primarily proposes a new model to explore users' inter-actions and the willingness to continue the discovery in Massive Open Online Courses (MOOCs). Literature (Hsu et al., 2018) further surveys a comparison about users' willingness to learn between MOOCs and traditional digital learning platforms. The research in Literature (Chang et al., 2019) mentions that virtualized MOOCs tend to cause distraction; therefore, using electroencephalography analysis to find out that students' learning performance in MOOCs is significantly superior to that of traditional PowerPoint-material teaching. The research in Literature (Chen and Hsiao-FenTseng, 2012) points out that it requires considering teachers' teaching methods on the platform and the preparation of teaching materials in digital learning. While maintaining students' concentration is critical in digital learning, the study in Literature (Chen, 2012) introduces a system to capture students' facial expressions by the camera, judging whether they are still paying attention to the class. Additionally, Literature (Hwang et al., 2021) reveals that most research has compared the learning performance between traditional textbook teaching and the teaching using electronic book readers in the classroom. In that article, the study investigates the use of writable electronic book readers in the English class in an elementary school and examines the learning results and achievements of the sharing mechanism with in-class and out-of-classroom notes; the findings have shown that a sharing electronic book reader with notes can benefit students' learning results. Meanwhile, Literature (Hwang et al., 2021) also mentions that the article number regarding MOOC research has been increasing in recent years after it becomes a mainstream method since 2011, and most research focuses on resolving the issues in self-learning. Literature (Alzahrani and Meccawy, 2021) further explores why MOOCs becomes popular among adult learners. The study discovers that many professionals utilize MOOCs for their career development as there are plentiful inter-disciplinary courses. Literature (Wu and Li, 2020) points out that the Electronic Word of Mouth (eWOM) is an important information source for learners in MOOC; nonetheless, little research discussed this factor. The new problem of learning resource mention identification in MOOC forums is mentioned in An et al. (2019), i.e., identifying resource mentions in discussions and classifying them into predefined resource types. The study in Literature (Rohan et al., 2021) suggests and evaluates a theoretic model to identify the factors that influence learners to continue participating in MOOCs; it is an expectation-confirmation model with a gamified structure and additional motivation.

Literature (Ikhsan et al., 2019) offers an investigation model to understand students' online learning performance and satisfaction. Since online learning is considered a useful learning tool; to reinforce students' performance, Literature (Tzu-Chi, 2020) introduces many strategies to implement in online-learning environments and guide students. Particularly, these strategies are useful in participant observation and self-regulated learning. Literature (Murad et al., 2020) aims to confirm the preparation of the school, teachers, and students and their conditions during the learning process while maintaining the teaching quality, user satisfaction, and both teachers' and students' learning performance. Moreover, Literature (Wang et al., 2021) reveals that the advance of MOOCs has successfully generated another subversive learning method called blended learning. The existing research has shown that blended learning is not only accepted widely by university students but also well-liked. Compared to traditional teaching approaches, blended learning has transferred the relationship between teaching and learning; hence, the assessment criterion should be amended accordingly. Literature (Saliah-Hassane et al., 2019) defines the storage, retrieval, and access to online laboratory methods for intelligent inter-active students. The discussion in Literature (Tao et al., 2014) indicates that most of the existing research of adaptive online learning systems primarily focuses on exploring students' pre- and post-learning performance but ignores discussing the suitable teaching styles and the selected multi-media. Literature (Xing et al., 2021) also proposes a new predictive modeling approach to enhance the model portability for different classes in one course as time goes. Finally, Literature (Zel et al., 2021) states how facial recognition technology can create a fascinating learning experience for different online participants.



3. METHOD


3.1. System Model

When teachers utilize the free online teaching software on the market, the platforms usually only provide online teaching functions; thus, the teacher still needs to do roll calls and assign homework in person. In this article, we propose a system with a push notification function for regular roll calls so that students can respond through push notifications, and teachers can thus check if students are paying attention. Furthermore, teachers can ask questions via the push notification function, and the system will detect the student's answering time and check the correctness. Meanwhile, the system will also record the number of times each student answers. This developed system aims to promote online teaching quality and analyze students' learning performance and whether they are paying attention. In recent years, due to the severe epidemic of COVID-19, many teachers have changed to teach online; using the developed system can improve students' learning performance.

The system design of automatic analysis is demonstrated in Figure 1. Our system combines a push notification function and an Artificial Intelligence (AI) analysis module; when the teacher sends a push notification to ask a question, students can also answer via push notification. Apart from detecting the time intervals that a student responds, the system will also judge the correctness of the answer. Moreover, except for checking the correctness of the answers, if the teacher sets answers and defines questions scores in advance, the system will automatically mark scores and save the results in the database. Finally, the system will analyze students learning conditions and reveal students' overall scores to the teacher. To be more specific, the system calculates students' time intervals when they respond to a roll call or question, judging students' level of concentration and finding out if they logged in but stayed away from the keyboard; the automatic analysis mainly reports students' learning conditions.


[image: Figure 1]
FIGURE 1. System model.




3.2. The Proposed Scheme

The schematic diagram of our system is shown in Figure 2. The symbols in this article are listed in Table 1. Using Google Meet or Microsoft Teams as the e-learning platform, lecturers can ask questions by the push notification function. In this designed system, push notifications will send by the LINE freeware application, and students can answer the questions via the system's web page after receiving the message. Afterward, the system will analyze the response time automatically. When the response intervals are too long, it might mean that students have a lower concentration or are absent. The interval detection formula is as below:

[image: image]

Qi represents the question sent time, Ansi, j means the answering time of each student, and the Threshold is the threshold value of the interval. Formula (1) calculates the response time and how many students have exceeded the threshold value. As a result, the system will show the Count value to the teacher for exploring how many students have lowered their learning concentration, which helps the teacher judge to take a break or handle this situation by appropriate methods. Moreover, the system can do roll calls automatically to check the absent or late conditions. Tutors can set the absent rules in the system; for example, if the response time of a roll call is over twenty min, the system will mark the student as absent; if the response time of a roll call is over ten minutes but less than twenty min, the system will mark the student as late to the class.


[image: Figure 2]
FIGURE 2. System model.



Table 1. Summarizes of notations and symbols.

[image: Table 1]

Meanwhile, the system will automatically check the number of answering questions and show teachers the results to understand students' learning willingness toward the course. The statistical formula is as the following:

[image: image]

RCAi, j means the number of answering questions by each student. In the formula, if Ansi, j is Null, the figure will not be included. The formula (2) generates the number of answering questions; if Ansi, j is not Null, the calculation will eliminate the value with the answering interval and accumulate the value when it is smaller than the threshold.

The impact of the epidemic has caused many schools to transfer in-person teaching into online courses in several countries; nonetheless, it requires teachers to take care of students' learning conditions and opinions by employing more tools for obtaining learning feedback and performance. The developed system in this article utilizes the push notification function to ask questions and attain student feedback. The system can analyze the response intervals automatically. On the other hand, the roll-call function can reduce teachers' workloads. By sending questions irregularly through the system, the teaching can increase students' concentration. Furthermore, the suggested module is an additional system, which is compatible with various free online software.




4. RESULTS

This study uses an anonymous questionnaire to evaluate users' satisfaction with the system and the teaching quality. Before operating the system, our team conducted an orientation to five teachers, hoping to familiarize them with the system and avoid the dislike caused by a lack of information adaptability. Figure 3 illustrates the experimental flow. Firstly, the five teachers tested the systems in the control and experiment groups. Next, these five teachers would choose two courses for the experiment; one course used a traditional online teaching system while the other used the real-time online system with a push notification function. Finally, after teaching, the teachers would complete an anonymous questionnaire to evaluate the results. Consequently, the experiment result has proved that the suggested system we designed can benefit the quality of online teaching, prevent students from logging in but staying away afterward, and reduce the administrative workload for teachers.


[image: Figure 3]
FIGURE 3. Experimental analysis process.


Our study has established a push-notification system that combines web pages to send teaching questions and collect feedback. The push notifications are sent by the LINE freeware application, and students can answer the questions via the system web page. As shown in Figure 4, the system can send group notifications, and students can reply directly on the web page. Moreover, the system has equipped with a database for storing and analyzing relevant information automatically. Figure 5 demonstrates a picture of when students received a LINE push notification. With the high penetration of the LINE freeware application, students tend to be more familiar with using LINE; consequently, sending messages through LINE can reduce the challenges of information adaptability, helping students to be familiar with the system rapidly. Table 2 demonstrates the hardware and software equipment used in the system. The research has invited teachers to use the system anonymously, and the teachers have found the system indeed improved students' concentration and inter-active levels. The result has shown that the proposed system can improve the performance of simplified digital learning platforms and enhance the teaching quality. This article conducts an anonymous questionnaire regarding the system performance; as a result, five teachers in total had responded to the questionnaire, as shown in Table 3. The results in the table reveal that the overall system is beneficial to teachers in various parts, such as the roll call process and the attendance rate. The study proposes a system that can be combined with simplified online-teaching systems, enhancing students' learning quality and lowering the situations students log in but stay away from the keyboard. The system functions compared with Literature (Wang and Liu, 2008) and (Dodero et al., 2014) are shown in Table 4. From the experimental results, the proposed system equips full functions that can benefit online teaching quality.


[image: Figure 4]
FIGURE 4. Push notification.



[image: Figure 5]
FIGURE 5. LINE push notification.



Table 2. Development tools.
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Table 3. Effectiveness analysis.
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Table 4. Method comparison.
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5. DISCUSSION

As the current pandemic transferring the original teaching methods globally, many students have to attend online courses instead of in-person classes. With the huge change and higher course options, making sure students' learning effectiveness and prevent them from lowering concentration have become a critical issue. In this article, we have established a push-notification digital real-time learning system, assisting teachers in conducting relevant works, such as roll calls, concentration analysis, and collecting learning feedback. The system can enhance students' concentration, preventing them from logging in but stay away from the keyboard. Our research also analyzes the response intervals by each student to judge if they have lowered attention; as a result, tutors can implement relevant actions according to the analysis to re-engage with their students and improve teaching quality. In the future, we aim to expand the system constantly. For instance, use deep learning to detect if students have turned off their screens or develop facial recognition to check if students have asked someone else to attend the class. We expect the suggested system can boost the course quality of e-learning, making the system universal and simple to reduce the challenges of information adaptability. The key of our system is the push notification function; however, too many expansion modules in a system will make the system too complicated and cause too much workload for teachers. While the system in this research is independent; therefore, teachers need to learn how to operate not only the online teaching platform but also the system we developed.
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The purpose is to solve the problem that the current research on the impact of the microstructure of mental elasticity and its constituent factors on the development of the mental elasticity of children is not comprehensive, and the traditional artificial analysis method of mental problems has strong subjectivity and low accuracy. First, the structural equation model is used to study the microstructure of poor children's mental elasticity, and to explore the structural relationship and functional path between the mental elasticity of children and the self-efficacy of their mental health, psychological anxiety, and attachment. Second, a prediction model of mental problems of children in plight based on the backpropagation neural network (BPNN) is constructed. Finally, middle schools in the representative areas of Northwest China are selected as the research unit. The relevant research data are collected by issuing questionnaires, and the data set is constructed to verify the performance of the model. The experimental results show that the average prediction errors of the BPNN model and the support vector regression (SVR) model are 1.87 and 5.4, respectively. The error of BPNN is 65.4% lower than that of SVR, so BPNN has a better performance. The prediction results of the test set show that the actual error and the relative error of the BPNN model are controlled in the range of 0.01, and the prediction accuracy is high. The structural equation model has a high fitting degree. The results of the questionnaire analysis show that attachment, self-efficacy, and psychological anxiety exert a significant direct impact on mental elasticity. This exploration aims to conduct a micro investigation on the relationship among the three core variables (attachment, self-efficacy, and mental health) in the resilience research of children in plight, and analyze their resilience, to provide a theoretical basis for the resilience intervention design of vulnerable groups.

Keywords: the plight of children, resilience, self-efficacy, attachment relationship, psychological anxiety, deep learning


INTRODUCTION

The Chinese government has adhered to incorporating poverty alleviation into the overall plan of the Five-Sphere Integrated Plan and the Four-Pronged Comprehensive Strategy so as to realize the strategic goal of Chinese national rejuvenation. Since the 19th CPC National Congress, targeted poverty alleviation has become one of the three campaigns. Social transformation also includes multiple vulnerable groups, such as orphans and migrant children, many of whom experience various difficulties caused by inequality, vulnerability, and mobility (Bosk et al., 2017). Children in difficult situations include those who are in plight in terms of living, education, and medical treatment due to poverty, those who have difficulty in recovery, nursing care, social involvement caused by disabilities, and those who suffer from threats or harm to personal safety like maltreatment, abandonment, unlawful infringement, and unintentional injury as a result of absent or improper guardianship. When children face difficulties, personal-psychological recovery ability is the core factor that affects personal enthusiasm and subjective initiative. Those with strong recovery ability can often improve their current difficult environment faster. Hence, how they should deal with the difficult situation to develop themselves, and what kind of welfare services can be conducive to their adversity response and adaptation process are the core topics of resilience research.

Mandiü and Pavloviü (2020) pointed out that resilience is a positive adaptation after a stressful situation. Resilience represents the mechanism for coping with and overcoming difficult experiences, that is, a person's ability to successfully adapt to changes, resist the negative effects of stressors, and avoid major dysfunction. It also represents the ability to return to what is previously called “normal” or health after trauma, accident, tragedy, or disease. The higher the resilience is, the lower the vulnerability and the disease risk are. Mental resilience is based on individual differences of different children in adversity adaptation. It mainly refers to the ability of individuals to withstand high-level destructive changes and show as few bad behaviors as possible; it is also the ability of individuals to recover from negative experiences and flexibly adapt to the changing external environment. Zheng et al. (2020) collected a sample of 302 early, middle, and late Italian adolescents from the national junior middle school and senior high school in Sicily, Italy, and verified the relationship between resilience factors and life skill self-efficacy. The results show that there is a strong or medium correlation between resilience factors and perceived self-efficacy in the analyzed fields. However, due to its black-box features, the inner structure of resilience still deserves further exploration. Early studies in China on resilience intervention started from the imitation of overseas intervention projects. For instance, Hong Kong's “The Sky of Growth” project for young teenagers was first implemented in Shanghai (Yang et al., 2020), and then the “Resilient Child Star” project, directed by Professor Peng Huamin, received unanimous recognition from scholars because of its interventional thinking from a strength perspective. However, the quantitative comparisons of the intervention effects of these two projects were both unsatisfactory.

The above research results show that mental elasticity is crucial for children's healthy growth and good adaptation. The research on the influencing factors of mental elasticity will help to improve the quality of children's psychotherapy. However, at present, there are few and immature studies on the impact of the microstructure and constituent factors of mental elasticity on the development of children's mental elasticity. Moreover, the previous prediction of children's mental problems was usually carried out by manual analysis, which had more subjective factors and insufficient accuracy. Based on the above problems, first, the structural equation model is used to study the microstructure of poor children's mental elasticity, and to explore the structural relationship and functional path between children's mental elasticity and the self-efficacy of their mental health, psychological anxiety, and attachment. Then, a prediction model of the mental problems of the children in plight based on the backpropagation neural network (BPNN) is constructed. Finally, middle schools in the representative areas of Northwest China are selected as the research unit. The relevant information of children in plight is collected and summarized by issuing questionnaires; by calculating the weight of the factors affecting the mental problems of the children and ranking them, the first 10 factors are finally selected, and all the data corresponding to these 10 factors are summarized to build a dataset to verify the performance of the model. This exploration is to conduct a micro investigation on the relationship among the three core variables (attachment, self-efficacy, and mental health) in the resilience research of children in plight and analyze their resilience to provide a theoretical basis for the resilience interventional design of vulnerable groups.



LITERATURE REVIEW


Children in Plight and Resilience

The city has become impetuous with hubbub due to the rapid progress of society and economy and the construction of urbanization. Adults and children bear various psychological pressures and negative emotions. In such an environment, the pressure that has not been removed in time will inevitably produce the accumulation of negative emotions and greatly affect work, study, and physical and mental health. Generally, adults have their own ways to get some relief from stress. In short, human beings maintain the balance of the heart and the brain by inputting and outputting information. Under normal circumstances, human input will not appear abnormal because the input is conducted through the five senses. However, in such an impetuous living environment, it is relatively difficult to rely on the natural way to output strong negative emotions and unconscious emotions.

Chinese scholars focus on children in plight from the perspectives of psychological development, social stability, protection of rights, and other aspects, mainly reflected in psychology, sociology, and law-related disciplines. There are few studies on the specific problems of children in plight, which may be due to the existence of their plight itself. In order to avoid misanticipating the possible results of children's plight on their future development, some studies have put forward safety policies and measures. Studies on the specific problems of children in plight, such as classified security of children in plight (Wu and Zhou, 2018), high-risk adolescents (Edalati and Conrod, 2019), social support for children in plight (Alon, 2019), and service strategies for children in plight (Li, 2020), have a premise that children in plight will inevitably lead to poor development or damage to social equity. Zheng et al. (2020) showed that children need more timely help and guidance than adults because they are in the development stage of language and autonomous behavior.

The definition, connotation, and extension of children in difficulty are a controversial issue in academic circles. In academic research, scholars use a broader concept, which refers to all children whose survival and development are in trouble because of poverty, disease, accident, neglect, and family abuse (Sobol-Kwapińska et al., 2020). The early concept of children in plight comes from the description in child welfare policy of international organizations, such as “children living in extreme distress (Hoyt et al., 1997).” Moreover, terms such as “special needs”, “special hardship”, “social disadvantage”, “most vulnerable”, and “in need of help” vary from time to time, which express the life situation of children in difficulties (Benn et al., 2020). To break the inter-generational transmission of poverty and enhance the use of National Public Funds Return in developing welfare services for children in plight, Western scholars often intervene at the family level, focusing on the All-inclusive Welfare policy which supports improvements to family care. Chinese researchers primarily focus on the social transformation and the transformation of family structure and function. They discussed that social transformation has made the number of orphans, disabled children, left behind children, poor children, divorced families, street children, prisoners, injured children, sick children and AIDS orphans increasing. There was even a time only children were included as a consequence of social transformation.

Based on the above definition of children in plight, children in plight are classified based on three levels: family, individual, and social reasons. There are three types of children in an individual dilemma: seriously ill children, disabled children, and children with psychological disorders; the children in a difficult situation based on family predicament also include three categories: (1) single-parent family children, left-behind children, and abandoned children due to the lack of parental monitoring function in the family; (2) children whose parents are unable to support them due to severe illness and disability; (3) children whose parents are divorced or dead, and children who are not in maintenance or guardianship. Children with social difficulties include street children, children infected with AIDS, and children whose parents have served a long-term sentence or detoxification.



Three Core Variables: Attachment, Self-Efficacy, and Mental Health

Resilience research focused on variables that show that the adaptive development of children in plight can influence children's physical health, temperament and their psychological recognition, emotion, and abilities, such as trust in others (Arthur and Reynolds, 2010), good intelligence, self-respect (Silverthorn et al., 2017), a sense of responsibility, humor, independence, future orientation, positive tendency, attribution mode of internal control, and religious belief. The parenting quality, prosocial behaviors, parent–child relationships, and emotional atmosphere in children's families all play a supportive and regulatory role in the adaptive development of children.

Recently, the concept of self-efficacy has become a research hotspot in multiple disciplines, such as sociology, psychology, nursing, and education, and it is common in masters and doctoral theses in different disciplines (Wiedenhofer and Koch, 2017). It is still a crucial index to evaluate individual positive self-efficacy, which can be divided into self-efficacy and special self-efficacy (such as job-seeking self-efficacy, self-management self-efficacy, and professional self-efficacy) (Madokoro et al., 2021), or classified according to the evaluation of positive cognition of self-ability (such as mathematical self-efficacy) of different disciplines (Khedhaouria et al., 2017). Moreover, it is closely related to personal social adaptation, job performance, leadership, creativity, and subjective well-being. Crucial indices of individual adaptation results and optimistic prediction of performance level can be developed through appropriate training (Murphy et al., 2017). Self-esteem, sense of responsibility, positive tendency, internal control, future orientation, and other factors related to self-efficacy are the key factors to study resilience under trait theory. Hence, it is natural to regard self-efficacy as an indispensable index in the training of resilience (Sagone et al., 2020).

Affecting children's interpersonal relationships and social adaptation results can positively predict the mental health of orphans (Yujia et al., 2017). The research on the resilience of left-behind children shows that the attachment relationship between left-behind children and adults can compensate for their resilience (Tripa et al., 2021). The most common subject of the research on attachment is the mediator variable, which serves as a family functioning and a result of children's adaptation, and explores the intervening functions of attachment on various adaptation results. For instance, the research on high school students reveals that parent–child attachment is highly relevant to the significance of children's lives and may impact college students in developing a sense of self-worth and safety (Yoder et al., 2018). Father–child attachment has a prominent intervening effect on family function and the emotional health of the child (Khambati et al., 2018) and is closely related to family function, school adjustment, interpersonal relationship, and withdrawal behaviors (Zou and Wu, 2020). When the attachment relationship exerts a long-term effect on individual growth, it may influence children's recognition and emotion after becoming adults (Ma and Zhang, 2020).

The father-child attachment will influence the mother's gate-keeping behaviors, improving or hindering the binary interaction mode between mother, father, and child (Wall, 2018). Parent–child attachment affects children's social adaptation results under different situations and has an evident intervening effect among various relationships, predicting the mental health of specific children (Zhang et al., 2019). Parent-child attachment is also connected with how family members interact and influence the interaction mechanism among family members (Tozer et al., 2019). Hence, it is very suitable to use parent-child attachment as an influential structural factor of resilience to develop and cultivate resilience.

Mental health is the result of good adaptation at the individual level. It is the common pursuit of the spiritual world after people obtain a rich material life, which is the most extensive research field. Present mental health research is characterized by the following points. (1) Covering almost all kinds of groups. As people have universal mental health demands, this exploration covers nearly all groups of people; (2) Diverse and complex situations. This exploration involves human behaviors under various contexts, such as mental healthcare in workplaces and mental health responses during the epidemic; (3) Correlating with adverse events, like the risks and stress from difficult situations. Mental health research mostly follows the underlying hypothesis that terrible environmental events will harm mental health; (4) Broad research levels. This exploration involves the evaluations, intervention, cultivation, and internal and external mental health action mechanisms. Meanwhile, mental health is a dependent variable to research individual adaptation results and an independent variable to analyze other related personality traits and adaptation conditions. Given the above analysis, mental health and individual adaptation are mutually interactive, and both of them serve as a vital evaluation indicator of good resistance in the consequence-based theory of resilience.

There are different views on the research of mental health and mental resilience. For example, mental resilience training can promote mental health (Gregoire et al., 2018); and mental resilience can mediate between social support and emotional response (Khawaja et al., 2017). Resilience studies have also defined resilience by treating mental health as the result of resilience (Fellmeth et al., 2018).

In conclusion, the attachment relationship between children and adults, children's self-efficacy, and mental health level are all crucial for resilience research. Therefore, exploring and analyzing the internal relations among the three factors mentioned above can help identify their intervention effect in resilience research and offer a theoretical foundation for resilience cultivation research.




RESEARCH METHOD


Prediction of Mental Health Problems of Children in Plight Based on Deep Learning

The main factors affecting the mental problems of children in plight are taken as the research subject. The basic personal information, social support, and other factors are added into the data, and the BPNN is adopted to build the mental problem prediction model. The influential data of mental problems of children in plight are obtained by learning and training the various influencing factors. Then, the complete results of training are analyzed to make the prediction model closer to the actual characteristics of the questionnaire samples. Figure 1 displays the research idea.
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FIGURE 1. Research ideas of the mental health of children in plight based on deep learning.




The Research Paradigm Based on Variables

The concept of resilience originates from a phenomenological finding: among those in difficult situations, some can adapt well. However, scholars have proposed multiple hypotheses for why this is the case. The concept of resilience has been explained by trait theory, consequence-based theory, process theory, and capacity theory. Trait theory believes that resilience is unique to others, making people survive in risk and adversity. Consequence-based theory regards resilience as a result of the excellent adaptation of individuals after experiencing difficulties. Process theory holds that individual resilience is the result of the interaction between internal and external protective factors and dynamic risk factors.

Capacity theory considers resilience as a capacity, making individuals overcome difficulty and adapt well to adversity. Regardless of the conceptual hypothesis of resilience, the resilience process consists of two core factors: protect factor and risk factor. Then, scholars have made unremitting efforts on the impact of risk and protective factors on the development and cultivation of resilience. Variable-based resilience research is a paradigm to explore the interaction effect between risk and protective factors.

The key to the paradigm of variable-based research is to investigate the source of variables and factors affecting resilience development and predict the process and mode of resilience development to provide theoretical evidence for resilience intervention. The research paradigms include direct relationship graphs, indirect relationship graphs, and interaction models. The direct relationship graph holds that risk factors and protective factors contribute to the adaptation results independently. Furthermore, protective factors make positive contributions to adaptation, while risk factors negatively impact them.

The model assumes that protective factors can overlap with risk factors, and accumulative results can predict individuals' capacity development and adaptation results. The intervention mode for children in plight based on a direct relationship graph can be compensated by increasing the protective factors. Theoretically, as long as children have adequate protective resources, the adverse effects brought by risks can be counterbalanced, and the adaptation results can be maintained at a relatively high level (Whitney and Peterson, 2019). In a direct relationship graph, the adverse effects of risks can be compensated by protective factors. Therefore, Norman Garmezy calls it a compensatory model.

The indirect relationship model suggests that risk factors are not directly related to the outcome of children's psychosocial development, and there may be mediating or indirect effects between them. In the indirect relationship model, the protective factors have a mediating effect on risk, which may be a complete or incomplete intermediary. Under the influence of a complete intermediary, the risk does not directly affect the development of social functions but indirectly they are affected by the transmission of protective factors. For example, parental rearing function on children's psychological development has an indirect mediating effect (Farrelly, 2013). The interaction model is characterized by multiple regulatory factors while risk factors act on individuals. Regulatory factors can change the impact of risk on adaptation results, known as protective factors or susceptibility factors. The two factors have opposite effects on the results of psychological adaptation (Yun and Juvonen, 2020).

The regulatory effects of interaction have two types. The first type focuses on individual characteristics during risk response or the influence of individuals' environment in disadvantaged situations. These factors are always unrelated to risks and exist independently, like individual personalities that can regulate the adverse effects of risks. The second type is the protective factor activated by risk factors, that is, when risks appear, this kind of factor will be activated and perform its protective functions (Peris et al., 2020). For example, once children encounter risks or adversity, their parents' guardianship effects will be activated to protect them from harm.

To study the effects of self-efficacy, attachment, and mental health on resilience, an indirect relationship graph is taken as the basis of the research hypothesis to verify the relationship model between the three variables and resilience.




THE PROPOSITION AND TESTING OF THE STRUCTURAL EQUATION MODEL


The Description of Variables

This exploration has four latent variables, namely psychological anxiety, resilience, attachment, and self-efficacy. The structural equation model is adopted to study the direct effects of the impact of the resilience of children in the plight in the northwest region and the indirect and complex relations among four variables. Psychological anxiety adopts “Yes” and “No” to assign each item, while attachment and self-efficacy are scored from “1” to “5”, which refers to a range from “Totally Agree” to “Totally Disagree,” respectively. Table 1 presents the results of various variables.


Table 1. Variable description.
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The Description of Variables
 
Resilience

Resilience refers to individuals' ability in adversity to effectively cope with and adapt to difficult situations and get recovered from them. The resilience factor structure here is based on the hypothesis of the resilience concept from trait theory and at the same time, focuses on the supportive impacts of an individual's ecosystem on the resilience process. Thus, this survey on resilience uses the teenager resilience scale with 27 entries, which has five content scales, namely the concentration on goals, emotional control, positive cognition, family support, and the assistance on interpersonal relationship, or two dimensions, namely personal power and support power. Higher scores will be a demonstration of better resilience.

Personal power (concentration on goals, emotional control, and positive cognition) and support power (family support and assistance on interpersonal relationships) are taken as the micro measurement indicators of resilience. The Kaiser-Meyer-Olkin (KMO) value of scale is 0.873, the Chi-Square value of Bartlett's Test is 10,589.33, and the significance is at 0.00. These data demonstrate that the scale has good reliability and validity and can be used for factor analysis and model testing.



Attachment

The scale of experiences in close relationships inventory (ECR) includes 36 items and is divided into two subscales, with 18 entries in each. Items of odd numbers belong to the subscale of attachment avoidance, while items of even numbers belong to the subscale of attachment anxiety, among which the 15th, 22nd, 25th, 27th, 29th, 33rd, and 35th entries are reversely scored. The scale adopts a 7-level scoring method. Those entries requiring a reverse scoring method are reassigned as new variables. The newly calculated results of the variable are put in the scoring of attachment anxiety and the scale of attachment avoidance to obtain the related two scores.

Higher scores of attachment avoidance mean more anxious experiences of individuals, that is, they will be more worried about others' closeness, thus showing avoidance behaviors toward others' closeness. Higher scores of attachment anxiety indicate individuals' greater willingness to be with others; Therefore, less sense of belonging will make them feel lonely and afraid of being abandoned. The KMO value of scale is 0.907, the Chi-Square value of Bartlett's Test is 15,748.55, and the significance is at 0.00. These data suggest the good reliability and validity of the scale, which are applied to factor analysis and model testing. The attachment relationship between children and adults tends to decide children's choice of coping strategy under pressure. Hypothesis 1 is proposed based on that.

H1: Attachment has direct effects on resilience.



Mental Health

The basic definition of mental health is that people's psychological and mental processes are reasonable or normal. The mental health table (MHT) of primary and middle school students for mental health tests is used. Moreover, MHT totals eight subtables, including learning anxiety, anxiety toward others, autistic tendency, self-accusation tendency, allergic tendency, physical symptoms, fear tendency, and impulse tendency. Each subtable has ten entries to test children's mental health conditions better and comprehensively. Higher scores mean more obvious-related symptoms. The KMO value of scale is 0.910, the Chi-Square value of Bartlett's Test is 22,648.4, and the significance is at 0.00. These data suggest the good reliability and validity of the scale, which has been universally applied in academic research nowadays. Mental health is a vital testing indicator of coping with personal stress. Hypothesis 2 is proposed based on that.

H2: Mental health has direct effects on resilience.



Self-Efficacy

Self-efficacy is a concept put forward by Bandura in the 1980s. It is believed that self-efficacy, people's belief in the ability to complete a specific behavior or produce a particular result, is a particular self-ability expectation of an individual. Moreover, it is the core of an individual's perception of goal selection and effort and the individual's perception of their self-control ability. It is a kind of self-generating ability that integrates cognitive, social, and behavioral skills. It is also the judgment of people's behavior process and ability to achieve specific goals to be implemented in an organization. It is also the belief that affects the ability to control self-life events. Self-efficacy is like self-concept or self-esteem, as all of them describe the subject's phenomenon, taking the subjects' self as a reference to reflect and evaluate themselves. The scale comprises ten entries, which evaluate children's ability to solve problems by themselves, to deal with emergencies and accidents, to stick to and strive for goals, to calmly analyze and handle problems, and to work hard in difficulty.

The overall reliability of the self-efficacy questionnaire has been tested, which is good. The approximative Chi-Square value of Bartlett's Test is 3,318.17, the significance is at 0.00, and the KMO value of scale is 0.862. The test shows that factor analysis is available. The principal component analysis (PCA) approach is adopted to assign characteristic root as a value greater than 1, and the loadings of 10 items are extracted. Each item's loading is greater than the practical value of 0.4, and two factors are extracted precisely. As the items of the first factor are all surrounded by the evaluations on children in plight solving complex problems by their efforts, they are defined as “effort self-efficacy.” The items of the second factor are all surrounded by the evaluations on children's ability to cope with difficulty or accidents under pressure so that they are defined as “stress-coping efficacy.” Table 2 reveals the results of the factor analysis.


Table 2. Factor analysis of self-efficacy of children in plight.
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According to the results of factor analysis, the scores of the five entries, the 2nd, 3rd, 4th, 5th, and 10th, are summed to form the “stress-coping efficacy” factor. Likewise, the scores of these five entries, the 1st, 6th, 7th, 8th, and 9th, are summed to form the “efforts self-efficacy” factor. The above mentioned two factors are considered as two observed variables of children's self-efficacy, and the following hypotheses are proposed based on them:

H3: Self-efficacy has direct effects on resilience.

H4: Self-efficacy has mediating effects on the relationship between attachment and resilience.

H5: Self-efficacy has mediating effects on the relationship between mental health and resilience.



The Correction of Hypotheses

Since there is controversy about the effects of mental health on resilience, considering the effectiveness of all hypotheses, attachment, mental health, self-efficacy, and other factors are incorporated into the equation of regression for linear regression. The results reveal that only learning anxiety, anxiety toward others, autistic tendency, and impulsive tendency can enter the regression equation among the eight factors of mental health while the others cannot. Besides, the test of the regression coefficient is significant. R2, the coefficient of determination of the equation, is 0.413, the adjusted R2 is 0.41, and the result of the F-test is 141.59. Hence, the equation has passed the test, and it has higher explanatory power. Therefore, these four mental health factors are redefined, namely learning anxiety, anxiety toward others, autistic tendency, and impulsive tendency, as “mental anxiety,” referring to children's mental, anxious, and impulsive behavioral tendencies in school life. Table 3 shows the linear regression model of psychological elasticity of children in distress.


Table 3. A linear regression model for resilience of children in plight.

[image: Table 3]

Based on this, the author corrected Hypotheses 2 and 5 as follows:

H2′: Mental anxiety has direct effects on resilience.

H5′: Self-efficacy has mediating effects on the relationship between mental anxiety and resilience.




The Structural Equation Models

Based on all the mentioned hypotheses, an initial model is structured according to the relationship among four latent variables, mental health, self-efficacy, parent–child attachment, and mental elasticity. Figure 2 presents the mediation model of the microstructure of resilience.


[image: Figure 2]
FIGURE 2. The mediation model of the microstructure of resilience.




Feature Extraction of Deep Neural Network Data
 
Building BPNN Prediction Model

The BPNN algorithm is optimized by building the BPNN model. The model is simulated and trained to reach the optimized state according to the internal and external factors that affect the mental problems of children in plight. The BPNN learning model refers to the neural network structure design of the prediction model. The structured data of students' mental health problems (data from training samples) is taken as the input node, and the filtering conditions are established according to the psychological prediction. The number of the middle (hidden) layer, the structure of the node counting model, and the output node are the preliminary expectations for predicting mental problems. Figure 3 presents a schematic of the BPNN.


[image: Figure 3]
FIGURE 3. BPNN structure.


The process of determining model parameters includes the optimization of network structure, activation function, training times, and learning rate parameters. This exploration mainly predicts the mental problems of children in plight, so the number of nodes of the input layer in BPNN is 10; the number of output neurons is 3, indicating normal psychology, mild mental problems, and severe mental problems, respectively. Therefore, it is only necessary to find the optimal number of hidden layer nodes. The general calculation equation for the number of hidden layer nodes is as follows:

[image: image]

M, N, and L are the numbers of nodes in the hidden layer, input layer, and output layer, respectively; α is an integer of [1, 10].





EXPERIMENTAL DESIGN


Experimental Environment Setting

MATLAB simulation software is used as the main modeling tool, and EXCEL is taken as the data carrier and standardized processing tool. The combination of the two gives rise to their respective advantages so that the process from the original data to the final result can be successful, which greatly improves efficiency. Excel Link is a software plug-in used to integrate EXCEL and MATLAB. Through the link between MATLAB and EXCEL, users can use the data processing and graphics processing functions of MATLAB to carry out relevant operations in the EXCEL workspace; meanwhile, EXCEL ensures the data exchange and synchronous update of MATLAB and EXCEL workspace. Excel Link can be used without leaving the EXCEL environment. It is only necessary to call the MATLAB function directly in the workspace or macro operation of EXCEL.



Data Sources and Sample Descriptions

The representativeness of samples in quantitative research determines the explanatory power of data on social phenomena. The data used here are derived from the survey data from a 2019 National Social Science project named The Research on the Resilience Development and Welfare Services of Children in Difficulty in Northwest China. Stratified cluster random sampling is used to select the samples for the data survey.

According to the research needs, three representative regions from Northwest China are selected as the survey sample sources: Shaanxi, Gansu, and Ningxia. Three cities are randomly selected among small and medium-sized cities of the previously mentioned province as the school sample sources. According to the convenient connection principle, a middle school (junior and high middle school) is selected and a presurvey is conducted for children in plight. In actual surveys, based on the filing screening result of the sources of students from every school, those children whose families meet the standards of poor households are defined as children in plight, and the others are defined as children not in plight to form a respondent group.

Sample source. Samples from Shaanxi, Gansu, and Ningxia are selected, 1,700 questionnaires are distributed, and 1,638 samples of valid data are obtained, with an effective rate of 96.4%. Respondents are asked to fill in the questionnaire on the spot and investigated one-to-one. The questionnaires are collected on the spot and experimenters host the filling process. Respondents can leave after completing the questionnaire with no blank missed. Experimenters will be in charge of the explanation of the questionnaire. Table 4 displays the primary conditions of the respondents.


Table 4. Situation of respondents (n = 1,638).

[image: Table 4]

The questionnaire design includes basic information, types of difficult situations, mental health scale, behavioral problems, personality characteristics, emotional relations, self-efficacy, attachment, resilience scale, and the scale on the information of the left-behind children and their parent-children interaction. Basic information covers the description of subjects' age, gender, school grade, family condition, the people they live with, family economic status, and parents' marital status. Classifying the problematic situations is to differentiate the characteristics of children's difficulties, including roaming in the streets and begging, the shortage of custody, being left-behind and migrant, domestic violence, households receiving subsistence allowances, general poverty, and particular difficulty.



Selection of Characteristic Factors and Establishment of Dataset

The adjustment results of various attributes and feature factors affecting children's mental problems reflect the mental health status of the children in plight. The weights of these factors are adjusted to make the adjusted results more accurate. Specifically, among the three types of mental problems affecting the internal and external factors, such as personal basic information and social support, massive data are collected to rank the performance attributes, the influence magnitude, the range of weighted influence score equation, and the descending rule of each attribute score. The SCL-90 is employed as a reference. A total of 10 elements are set, each with a different project. The data are processed equally for each factor and Table 5 presents the results.


Table 5. Partial results of SQL data processing.

[image: Table 5]

All the data corresponding to each factor are summarized and the dataset is constructed. The dataset contains 10 sub-datasets, among which 4 are randomly selected as the training set, and the other 6 are used as the test set. When data samples are used for network training, massive small data need to be normalized because the data samples are fragmented, diversified, and are one-dimensional. The normalization equation is as follows.

[image: image]

where is the input and output data, amax is the maximum value in the data, and amin is the minimum value in the data.



Parameter Optimization and Performance Test Method of BPNN Model

The numbers of nodes in the hidden layers are set to 5 and 11, respectively. With the root mean square error (RMSE), mean absolute error (MAE), and mean square error (MSE) of the model in the training process as indicators, validation experiments are conducted to determine the optimal number of hidden layer nodes. The equation reads:
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ŷi: predicted value; yi: actual value; n: total number of samples.

Sigmoid and tanh are selected as activation functions for comparative experiments to determine which one is better. A training cycle is followed to completely traverse the dataset once, and it is not advisable to train too many times, or too few. Therefore, the best amount of training can be found by training for different amounts. In the training process, less small learning rate will cause the training to stop before finding the best parameters. Many large learning rates may cause oscillation or divergence, resulting in the failure to find the best advantages. Therefore, the optimal learning rate parameters must be found. Support vector regression (SVR) [38] prediction algorithm is selected as the control. Based on the test set, BPNN and SVR models are adopted to predict the mental problems of children in plight. RMSE, MAE, and MSE are calculated, and the prediction results are compared and analyzed to explore the prediction performance of this model. The penalty coefficient of the SVR model is set to 0.5, and the radial basis function is selected as the kernel function.



Experimental Result
 
BPNN Network Parameter Optimization and Performance Test Results

Figure 4 shows the optimization results of parameters in different hidden layer nodes, activation functions, training times, and learning rates, as well as the performance test results of BPNN and SVR models.


[image: Figure 4]
FIGURE 4. Performance test results of the model under different parameters. (A) Optimization result of nodes in the hidden layer; (B) Optimization result of activation function; (C) Optimization result of training times; (D) Optimization result of learning rate; and (E) Comparison of prediction performance of the two models.


The comparison of the prediction errors of the two models shows that the average prediction error of the SVR model is 5.4 and that of the BPNN model is 1.87, which is 65.4% lower than that of the SVR model. The performance of the prediction model under different parameter settings shows that the model performance is the best when the number of hidden layer nodes is 8, the activation function is the tanh function, the training count is 170, and the learning rate is 0.0015. Therefore, Table 6 is the best parameter setting of the network.


Table 6. Summary of BPNN optimal parameters.

[image: Table 6]



The Prediction Result Display of the BPNN Model

The test data are input into the established neural network model for the simulation test. After several groups of data simulation tests, it can be concluded that the error of each group of prediction results is relatively small, which meets the requirements. This shows that the model can predict the problem of the studied sample status. Figure 5 displays the prediction results.


[image: Figure 5]
FIGURE 5. Prediction results of BPNN on mental problems (B is prediction output, C is standard value, D is absolute error, and E is relative error).


Figure 5 shows that the real and relative errors of the proposed BPNN model are controlled within the range of 0.01 for the prediction results of six different data factors. It indicates that the BPNN model can predict the mental problems of children in plight within a certain range, with high prediction accuracy and small error value, and the prediction model is feasible.




The Tests of Structural Equation Models
 
Goodness-Of-Fit Test

The SPSS and AMOS are adopted to conduct the path analysis of models, and the likelihood ratio (LR) is selected to test the goodness-of-fit (GFI) of the structural equation. The standard is that if the sum of all items in the tested models is more approximate to that of the saturated model, the GFI will be higher. Table 7 displays the GIF indices.


Table 7. Goodness-of-fit test.

[image: Table 7]

The goodness-of-fit in Table 6 suggests that all the fit indices are within the range of the proposed value, proving that the fitting results of the model are satisfying. Table 8 displays the results of further hypothesis tests.


Table 8. Hypothesis test results.
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Table 7 reveals that attachment directly affects resilience, and P < 0.001, so that Hypothesis 1 stands. Mental anxiety directly affects resilience, and P < 0.01; thus, Hypothesis 2' also stands. Self-efficacy has significant direct effects on resilience, and P < 0.05, so that Hypothesis 3 stands. The attachment has significant direct effects on resilience, and P < 0.05, so that self-efficacy may have mediating effects on the relationship between attachment and resilience. Then, Hypothesis 4 may stand. However, the direct effects of mental anxiety on self-efficacy have not passed the test, and P > 0.05, so that Hypothesis 5' has not passed the test. The mediating effects of self-efficacy on the relationship between mental anxiety and resilience may not exist. Hence, the test of mediating effects is further conducted.



The Test of Mediating Effects

The mediating effect test adopts Bootstrap Method, which takes the samples as a totality. If there is a totality with a sample size of N, sampling with replacement (selecting one case, putting it back, and then selecting another) is conducted until the number of selected cases is equal to N. These N cases make one sample.

To repeat the mentioned process by k times, k samples should be obtained. Based on each sample, an estimated value of mediating effects can be calculated, thus gaining a sampling distribution composed of the product of k coefficients. In this way, the confidence interval of the product of coefficients is further obtained. Generally, the Bootstrap method requires that the sampling time k is no less than 1,000. The sampling distribution is obtained after repeatedly selecting samples by 5,000 times. Table 9 presents the confidence interval of the product of coefficients.


Table 9. The upper limit and lower limit of bias-correction confidence interval.

[image: Table 9]

The upper and lower limits of the bias-correction confidence interval are observed. The results reveal that the lower limits of indirect effects of attachment and mental anxiety on resilience are −0.060 and −0.069, respectively, and the upper limits are −0.002 and 0.203, respectively. This shows: (a) the bias-correction confidence interval of attachment and resilience does not include 0, so that attachment has significant mediating effects on resilience through self-efficacy; (b) the bias-correction confidence interval of mental anxiety and resilience includes 0 so that mental anxiety has insignificant mediating effects on resilience through self-efficacy.




The Correction of Model and Conclusion
 
The Correction of Model

According to the test results of the hypothesis model (Figure 2), Hypothesis H5' has not been verified, while Hypotheses H1, H2', H3, and H4 have been verified. Therefore, it is necessary to modify the original model based on the test results, as shown in Figure 6.


[image: Figure 6]
FIGURE 6. The corrected model of resilience micro-structure.






DISCUSSION

First, the structural equation model is used to study the microstructure of poor children's mental elasticity, and to explore the structural relationship and functional path between children's mental elasticity and the self-efficacy of their mental health, psychological anxiety, and attachment. The results show that attachment, self-efficacy, and psychological anxiety have a significant direct impact on mental resilience. Self-efficacy has a mediating effect between attachment and resilience, but the mediating effect between the symptoms of psychological anxiety and resilience is not significant. Self-efficacy, psychological anxiety, and attachment have relatively independent contributions to children's mental elasticity. Children's self-efficacy is conducive to dealing with the supporting effect of external relationship resources. Psychological anxiety is a risk response mechanism to stress in the environment. Attachment can regulate resilience by providing security-based effects and positive coping styles. The above three factors jointly promote and develop children's mental elasticity. It can be concluded that the proposed structural equation model can effectively analyze the microstructure of mental elasticity of children in plight.

Then, children's mental problems are predicted by selecting relevant factors and using BPNN model. The results show that the prediction error of BPNN is 65.4% lower than the widely used SVR model, and BPNN has a better prediction performance. Moreover, the problem analysis efficiency of artificial intelligence technology is much higher than that of the artificial analysis, which will help to improve the overall efficiency and the quality of children's mental problem analysis.

The discussion on the questionnaire results is as follows.

(1) The resilience structures of self-efficacy, mental anxiety, and attachment are relatively independent and stable.

Children's self-efficacy, mental health, or symptoms, and attachment with adults are often used as the predictive indices for children's resilience development. Regarding the structural relations between these three factors and resilience, the mental anxiety, attachment, and self-efficacy of children in plight make independent contributions to their resilience level. Only self-efficacy has some mediating effects on the relationship between the resilience and attachment of children in plight. Hence, it makes sense to use the structures of these three factors in evaluating and predicting resilience in previous studies.

(2) Mental anxiety is a risk response mechanism to stress and difficulty in the environment.

There are also resilience studies that define resilience by taking mental health as a result of being resilient (Fellmeth et al., 2018). However, the results reveal that among the mental health factors directly related to resilience, only the scores of learning anxiety, anxiety toward others, impulse tendency, and autistic tendency can be put in the equation of regression. Thus, factors logically related to resilience consist of the anxious performance of children facing learning tasks and stress from interpersonal interaction, self-controlling ability in self-management, and the autistic tendency, resulting from subjective perception due to bad interpersonal interaction (Masten et al., 2006). However, for children in the plight to test whether their resilience is good, only mental anxiety-related factors are the response mechanism for individuals under pressure in adversity. Therefore, it has practical significance to consider these four factors related to mental anxiety as predictive indicators of resilience evaluation.

(3) Self-efficacy helps respond to the supportive effects of external resources.

The self-efficacy of children in plight has prominent predictive effects on resilience. Self-efficacy is more common in the studies on vulnerable children's mental health, often seen as the mediator variable of children's sense of happiness, behavioral problems, and academic achievement. It is closely related to children's self-respect, self-confidence, self-identification, and sense of social support. The results reveal that the positive self-efficacy of children in plight and their stress-coping efficacy both have positive predictive effects on their adaptive development. When they think they can deal with current difficulties through their efforts, such positive expectation and evaluation of their capacity can effectively predict their resilience functions. Moreover, the self-efficacy of children in adversity has notable mediating effects on attachment and resilience, suggesting that the avoidance or anxiety model in their attachment relationship can negatively influence adaptation results through self-efficacy. Children's high self-efficacy can effectively buffer anxiety or have adverse effects on avoidant attachment. Therefore, children's resilience level can be improved by cultivating the self-efficacy of children in plight.

Self-efficacy helps respond to the supportive effects of external resources. External resources can be divided into relational resources and instrumental resources. Emotional support mainly manifests relational resources to children, like encouragement, care, and companionship in adversity. Instrumental resources are manifested by economic support, material help, instruction, and suggestions regarding children's specific difficulties. High self-efficacy can help children effectively identify external supportive resources and make use of resources to cope with difficult situations, playing a protective role in children's resilience development. Self-efficacy's mediating effects on attachment are presented as a higher sense of safety and a better ability to express one's emotions, having a secure base effect on active exploration for children in adversity and cultivating children's positive coping ability and the development of their initiative.

(4) The regulatory functions of attachment.

As a regulatory mechanism of children's near-end supportive environment, attachment can affect the regulatory process of resilience through two approaches, providing a secure base effect and positive coping. First, the security base effect of attachment can directly affect resilience development. A securely attached relationship provides children in plight a comfortable and secure shelter; children can go back to the security base to protect themselves after identifying a crisis. An insecurely attached relationship is unable to provide such a security base, which will hinder children's exploratory behaviors in the new environment, thus suppressing their resilience.

Meanwhile, it will be easy for children with secure attachment to develop an excellent internal working model. Such children can get a sense of security and stability in more environments, thereby getting more comprehensive protective environments. Besides, they will quickly develop a confident personality and exploratory behaviors, and a securely attached relationship can help children seek positive coping methods under threat. In this way, the successful experience will improve their self-efficacy and indirectly affect their resilience.

In conclusion, the resilience process of children in plight is the result of the interaction between internal and external environments, which is a dynamic and complex process. In such a complicated context, helping children in plight establish a securely attached relationship and focusing on the conductive education on their self-efficacy and mental anxiety; autistic and impulsive behaviors can significantly help the adaptive development of their social psychology. Moreover, the three factors mentioned above can jointly help improve and develop the resilience of children.



CONCLUSION

Deep learning algorithms and questionnaires are used to evaluate the mental problems of children in plight, so as to explore the microstructure of mental elasticity and resilience of children in plight. First, the microstructure of mental elasticity of children in plight is systematically studied by constructing the structural equation model. Then, the mental problems of children in plight are predicted based on the BPNN model. Finally, the performance of the model is verified by using real datasets. The experimental results show that the average prediction errors of the BPNN model and SVR model are 1.87 and 5.4, respectively. The error of BPNN is 65.4% lower than SVR and BPNN has better prediction performance. The prediction results on the test set show that the actual and relative errors of the BPNN model are controlled in the range of 0.01, and the prediction accuracy is high. The fitting indices of the structural equation model are within the recommended range, and the results are satisfactory. The results of the questionnaire analysis show that attachment, self-efficacy, and psychological anxiety have a significant direct impact on mental elasticity. The research limitation is that the collection range of data samples is concentrated in Northwest China, and it is unknown whether it is suitable for studies outside this range. Future work can focus on expanding the scope of data collection and further improving the model. This exploration aims to conduct a micro investigation on the relationship among the three core variables (attachment, self-efficacy, and mental health) in the resilience research of children in plight, and analyze their resilience, so as to provide a theoretical basis for resilience intervention design of vulnerable groups.
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This study aims to explore new educational strategies suitable for the mental health education of college students. Big data and artificial intelligence (AI) are combined to evaluate the mental health education of college students in sports majors. First, the research status on the mental health education of college students is introduced. The internet of things (IoT) on mental health education, a structure based on big data and convolutional neural network (CNN), is constructed. Next, the survey design and questionnaire survey are carried out. Finally, the questionnaire data are analyzed and compared with the mental health status under traditional education. The results show that the CNN model has good accuracy and ability to distinguish symptoms, so it can be applied to the existing psychological work in colleges. In the symptom comparison survey, under the traditional education and big data network, the number of college students with mild mental health problems is found to be 158 (84.9%) and 170 (91.4%), respectively. It indicates that the number of college students with moderate mental health problems decreases significantly. In the comparative investigation of the severity of mental problems, the number of students with normal mental health, subhealth, and serious mental health problems under the background of traditional mental health education is 125 (67.2%), 56 (30.1%), and 5 (2.7%), respectively. The mental health status of college students under the influence of big data networks on mental health education is better than that of traditional mental health education. There are 140 students with normal mental health, a year-on-year increase of 16.7%. In the comparative survey of specific mental disorders, students with obsessive-compulsive symptoms under traditional mental health education account for 22.0% of the total sample, having the largest proportion. In the subhealth psychological group under the big data network on mental health education, the number of hostile students decreases by 7, which is the psychological factor with the most obvious improvement. Hence, the proposed path of mental health education is feasible.
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INTRODUCTION

Recently, the living standards of the people have been improving day by day, the stimuli encountered in personal life are complex, and the life pressure is also increasing. The accumulation of pressure has an increasingly greater impact on personal mental health. More and more mental diseases and mental disorders begin to appear in people’s lives and affect people’s normal lives. Therefore, people focus more on mental health. College students are reserved talents for national development, and their mental health problems have gradually attracted people’s attention (Fang, 2021). The college stage is the transitional stage of life, which needs to complete the transformation from school to society (Porru et al., 2021). There are many factors affecting the mental health of college students, including the learning environment, social environment, employment pressure, and so on (Tran et al., 2021). At present, in the Chinese college, about 30% of college students suffer from mental diseases to varying degrees, one-third of which has more serious mental diseases (Ochnik et al., 2021). In recent years, college students frequently drop out of school and commit suicide due to mental illness (Nottage et al., 2021). Given the current situation of ’the mental health of college students, colleges have adopted various forms of mental health education. The most commonly used education is to develop mental health education courses, mainly through setting up mental health lectures and mental health counseling (Cage et al., 2021). The purpose of this study is to explore the mental health status of physical education students.

Sports major is to cultivate all kinds of sports talents. The training content of sports majors is mainly related to the theoretical knowledge and skills of sports. The evaluation method differs from traditional art and science, focusing on experimental evaluation (Slingerland et al., 2021). Therefore, there are significant differences in mental health between students in sports majors and students majoring in traditional arts and sciences (Li and Shi, 2021). Studies have shown that the mental health status of students in sports majors is much better than that of students in other majors, but reasonable and feasible mental health education is still needed (Frank et al., 2021).

Network education mode is a new educational mode rising with the progress and development of network technology. Compared with the traditional education mode, using the network to carry out mental health education in colleges is more suitable for the development trend of modern society. Traditional mental health education has been mainly carried out offline for a long time. The communication between teachers and students is limited in multiple aspects, and students’ problems cannot be solved (Maldari et al., 2021). The era of big data has come with the rapid progress of Internet technology. Applying artificial intelligence (AI) technology to the mental health education of college students is a current research hotspot because it can greatly improve the efficiency of education (Yang, 2021). At present, the construction method of big data mental health education network is mainly to establish a database, establish a network education platform, and use the network to assist mental health tracking treatment, which has greater convenience. The development of deep learning technology provides favorable conditions for the renewal of the educational model. In particular, convolutional neural network (CNN) technology is widely used in the field of education because of its unique structure and text processing ability. Therefore, CNN technology will be used to analyze educational strategies.

Today, there are still differences in mental health education in different regions, and the achievement level of mental health education is uneven. Therefore, first, the current situation of ’the mental health education of college students is introduced based on the big data, the Internet of things (IoT) technology, and AI technology. Next, the early warning module of psychological state is designed based on CNN, and the mental health education network of college students is established. Finally, symptom checklist 90 (SCL-90) is used as a questionnaire to compare the educational effects of traditional mental health education and big data network on mental health education, and the advantages of the selected path, in order to obtain a set of universal mental health education methods. The research innovation is that SCL-90 is selected as the educational effect evaluation scale of big data systems and mental health education for the first time, which greatly simplifies the research and improves the exploration efficiency. This exploration provides a reference for the application research of IoT technology and AI technology in the field of mental health education in the era of big data. The research content provides the development direction for the mental health education of college students in the sports major in the era of big data.



LITERATURE REVIEWS


Mental Health Intelligent System

First, the research status of mental health education of college students is introduced. The research on the mental health of college students in China starts earlier. At the end of the 20th century, some scholars pointed out that the prevention and treatment of individual psychological quality and individual-prone psychological diseases are the main contents of mental health education. Psychological quality education includes interpersonal communication and relationship education, intellectual development education, personality education, environmental adaptation education, and so on. The prevention and treatment education for individual-prone mental diseases includes relevant knowledge transfer, frustration education, and prevention and treatment of mental diseases (Grocke et al., 2021). Studies in the early 21st century believed that the main contents of mental health education should include publicizing the concept of psychological and physical health, realizing mental health through acceptance and respect for self, social communication, learning psychological adjustment, and introducing psychological counseling (Marques and Braidwood, 2021). Some studies pointed out that the content of mental health education of college students should include the outlook on life and values, the formation of self-awareness, personality cultivation, learning habits and abilities, interpersonal communication, love and sexual psychology, emotional experience and control, the requirements of facing setbacks, job hunting, and so on, which basically covers all aspects of the college life of the students, as well as psychological test and evaluation, psychological counseling, and psychotherapy (Niederkrotenthaler et al., 2021). The latest research by Kim and Hong (2021) shows that the basic contents of mental health education for Chinese college students include health concepts, self-awareness, interpersonal communication, learning, personality, emotion, frustration, sexual psychology, love, network, job selection, psychological counseling, and psychotherapy.

Next, the current situation of empirical research on the mental health of college students is introduced. Since the end of the 20th century, China has gradually strengthened the empirical investigation and research on the psychological status of college students while focusing on theoretical research (Huang et al., 2021). According to the characteristics of college students, researchers use various scales, such as Cattell’s 16 personality factor (16PF), university personality inventory (UPI), and SCL-90 to study the psychological status of college students. These studies can help researchers understand the psychological characteristics of college students in different periods (Wu et al., 2020). From the perspective of empirical research, the researchers measure the mental health status of college students of different majors with SCL-90 scale and draw the conclusion that the average score of SCL-90 factors, the average positive score (2.56–2.73 points), and the number of positive items (35.05–40.55) of college students are higher than those of normal domestic young people. Besides, the more common psychological problems among college students are compulsion, interpersonal relationships, and emotional depression. College students who meet the standard of medium severity account for more than 10% of the total subjects (Prével et al., 2021). Some experts studied the mental health level of students in two colleges of the same type. The results show that setting up compulsory courses in mental health education positively affects the mental health levels of college students. After systematically and comprehensively learning the relevant courses of mental health education, college students have a clearer understanding of themselves and a significantly higher self-evaluation. Meanwhile, their social anxiety and distress are lower than those who have not taken compulsory courses. There is no significant change in the longitudinal research on self-concept and social distress of students who do not study mental health education courses. According to this result, it is concluded that learning the content of mental health education is crucial for improving the mental health level of college students (Luan et al., 2020). Following the requirements of psychometrics, researchers design a questionnaire on the needs of mental health services of college students. The questionnaire involves 35 colleges and 5,058 college students in China. It systematically masters the information about the needs, characteristics, and current situation of ’the mental health services of college students, and concludes that contemporary college students have a high demand for mental health services (Moore et al., 2019). The latest research of Gao et al. (2021) shows that due to the strong demand of college students, interpersonal relationships, employment, and academic problems have become the most concerned content; most college students hope to get the services from the mental health education center of the school, life community psychological support center, and company psychological service center; college students often obtain mental health services by understanding popular science knowledge, receiving systematic health education, and consulting classmates and friends; the demand for mental health services of female college students is greater than that of the male college students, and the demand for mental health services of grade one and grade four college students is significantly higher than that of grade two and grade three college students (Gao et al., 2021). Yang et al. (2021) used SCL-90 to study the mental health status of college students in sports majors. The results show that college students in sports majors have higher scores on factors, such as compulsion, paranoia, interpersonal relationship, hostility, and depression (Yang et al., 2020). The latest research of Son et al. (2020) on the mental health status of college students in sports majors shows that the scores of urban college students with healthy and harmonious parents are significantly lower than those in rural areas, those who lack family members, and those who have poor family relations. Compared with the latter, the former shows a higher level of mental health. Specifically, at the personal level, the study found that the SCL-90 scores of students who are satisfied with their major, have no learning pressure or less pressure, and do not have to worry about looking for a job are significantly lower than those who are dissatisfied with their major, have learning pressure and worry about looking for a job. Love also affects the mental health of the students. In the test, the scores of lovelorn and one-sided love students on SCL-90 are significantly higher than those without these conditions. After these detailed comparative studies, the researchers found that if schools, society, families, and individuals can form a linkage mechanism and work together, it will effectively improve the mental health level of college students.

The last is the introduction of the research status of ’the mental health of college students in the era of big data. The research on mental health education abroad starts earlier, and multiple colleges have established a relatively complete mental health network education system (Grasdalsmoen et al., 2020). The developed Western countries store the correction schemes of mental diseases in the network resource database, establish the network mental health education system, and use the network for the auxiliary treatment of mental health. Meanwhile, student counseling files are established through the network to track counseling at any time (Lan, 2021). The research on the network model of mental health of college students in China is still in its infancy. The latest research of King et al. (2021) shows that some colleges have established mental health education websites and achieved good results.

It reveals that China’s research on mental health education of college students mainly focuses on the following aspects: the cultivation of college students’ good mental quality and the prevention and treatment of college students’ mental diseases, the channels and methods of publicizing health concepts and explaining practical mental health, paying attention to the cultivation of values, self-awareness and interpersonal communication of college students, and their choice problems, such as job selection, employment, love and emotion management, strong willed education, and network psychology and debugging.

Recently, scholars have also listed network psychology as the content of mental health education, showing that the research content has kept pace with the times on a relatively comprehensive basis, and provides good theoretical support for follow-up research. All aspects of the literature suggest that the mental health problems of college students have become a crucial aspect perplexing the growth of college students; college students have great demand for mental health services, so it should be focused on and explored. Different studies on the mental health status of college students in sports majors have different conclusions due to different regions.



Foundation of Mental Health Network

The network is closely related to college students and the study and life of college students through the network. To a greater extent, the network affects every aspect of them. Online education is convenient and efficient. Based on big data, it deepens the relationship between teachers and students. During online education, the degree of freedom of teaching is increased, and students can take classes according to their own needs without time and space limitations (Zhang et al., 2020). Online teaching also allows for students to consolidate and review what they have learned anytime and anywhere without the consumption of educational resources. It can broaden the platform, enrich information resources, and improve the efficiency and predictability of education.

The realistic basis of building college students’ mental health big data network is college students’ high acceptance of the network (Dalky and Gharaibeh, 2019). The network construction is mainly based on the theoretical method of combining moral education and mental education to cultivate psychological morality and mental health of college students, and ultimately improve their’ personalities. Figure 1 presents ’acceptance of college students regarding mental health education under the big data network.
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FIGURE 1. Acceptance state of big data network of ’the mental health education of college students.


Figure 1 reveals that the big data network acceptance state of ‘the mental health education of college students has six parts, mainly the process of mental health information being accepted in the brain of college students, including the reception, processing, and internalization of mental health information. Among them, the last two parts are the most crucial, that is, the integration and internalization of the received mental health knowledge. The key technical part is the design of the students’ mental state prediction module based on deep learning technology. This part will provide the main technical support for the construction of the whole mental health education model, which will be given in the next section.

The construction of the big data network for college students’ mental health education follows the mentioned principles. Education network needs to have certain timeliness, subjectivity, integrity, and development (Ebert et al., 2019). The main components of the big data network for college students’ mental health education include the educated, mental health information, and the receiving intermediary. The receiving intermediary is used to connect the receiving subject and the receiving object.

The contents of big data network education of ‘the mental health of college students include learning, self-awareness, employment, love, and interpersonal mental education. The related ways are to popularize psychological knowledge by opening online mental health knowledge courses. Online psychological consultation is adopted to help college students maintain their mental health. An online psychological evaluation can make teachers easily and quickly understand the mental health status of college students. College students are guided to actively explore mental health problems through the organization of an online psychological forum; college students’ online psychological mutual aid is conducted through the establishment of an online virtual community. It can help students solve their own mental health problems.




RESEARCH METHODOLOGY AND RESEARCH MODEL


Construction of Deep Learning Network

Artificial intelligence technology will be applied to mental state evaluation and early warning in the intelligent big data system. The introduction of deep learning technology will deepen the pertinence of the intelligent big data mental education system. While monitoring the students’ psychological state, it can provide personalized psychological knowledge supplements, so as to reduce the proportion of students with unhealthy psychology. The campus forum of colleges is an important place to reflect the voice of students and express their personal views. Automatic monitoring of this place is of great significance for timely mastering the current mental state of students and predicting the future dynamics of students’ psychology. The evaluation of mental health of college students based on social network’s needs to collect all kinds of characteristic indices reflecting mental health. Figure 2 is the specific content.
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FIGURE 2. Characteristic system of mental state evaluation.


Figure 2 reveals that the mental state evaluation based on text content mainly focuses on four aspects: behavior characteristics, attribute characteristics, content characteristics, and social relationship characteristics.

Based on the content in Figure 2 and the school campus forum set in the research area, several sets are defined here, as shown in Equations 1–3.

[image: image]

where, F is the campus forum collection, P represents N different posts in the forum, H represents different topics of post L, and R represents the coupling relationship between posts. The mathematical definition of intelligent psychological evaluation and early warning is as follows. For any element P in the set F, a mapping relationship m and its corresponding set of Q features are searched. The expression reads as follows:

[image: image]

C is the classification result from text to mental state. Equation 4 indicates that each text information published by each user corresponds to a classification. This classification can represent their mental health state, so as to remind mental health teachers in colleges to give timely intervention and personalized psychological knowledge education. Due to the unique structure of CNN, the mapping relationship m is used by CNN in deep learning.

Figure 3 shows the structure of CNN, which includes multiple convolution layers, pooling layers, and a fully connected layer.


[image: image]

FIGURE 3. CNN structure.


The convolution layer in Figure 3 performs convolution operation, and the pooling layer performs pooling operation. In the input layer, the text content is first processed into a word vector sequence with length n with the help of linguistic inquiry and word count (LIWC), and then converted into Equations 5, 6 with the help of Word2Vec.

[image: image]

The word vector division in Equations 5, 6 can be expressed as Equation 7.

[image: image]

Convolution is a unique operation in CNN. Convolution operation can obtain local semantic information of different positions of text through convolution kernel windows of different sizes for feature detection and extraction. The partition vectors of Equation 7 are processed one by one by using the convolution operation in Equation 8.

[image: image]

where, f is the convolution kernel function used in convolution, and [image: image] is the eigenvalue obtained after convolution.

After the convolution is completed, the activation function is introduced to delinearize the convolution results, and then they are spliced. Equation 9 is the activation function. At this time, Equation 10 represents the characteristic matrix O output by the convolution layer.

[image: image]

The pooling layer is used to reduce the feature dimension and prevent the reduction of operation efficiency and the fitting phenomenon caused by a too complex network. The pooling method used here is maximum pooling. The specific expression reads as follows:

[image: image]

The fully connected layer is used to connect the eigenvalues after pooling operation and convolution and take them as the final eigenvector representing text information. The equations of fully connected layer read as follows:

[image: image]

where, Q is the original feature information obtained after full connection, and y represents the final classification result.

The text processing is based on the LIWC dictionary. In the calculation method for extracting language feature information, the post can be represented by Equation 15.

[image: image]

The frequency of occurrence of category l in dataset A can be calculated by Equations 16, 17.

[image: image]

The greater the SD of words is, the more different the words in this category are in such psychological problems. The calculation of standard deviation reads as follows:

[image: image]

In model parameter setting, it is considered that the number and proportion of samples of different categories in the dataset are quite different. The classification accuracy of the deep learning network will gradually deteriorate with the increase of the imbalance of the number of samples. Therefore, the weight of different categories of samples is distinguished. The specific method reads as follows:

[image: image]

The calculation of loss function used in training reads as below:

[image: image]

In the determination of the number of model iterations, due to the small number of manually labeled samples, if too many iterations are carried out, the CNN network will be over fitted; if the number of iterations is too small, the accuracy of the model cannot meet the requirements. The number of model iterations and final model parameters will be given later.

The CNN model performance will be compared with the FastText model. In the experiment, the four categories previously divided are redivided into five categories. Nongreen represents a crisis, red, amber, and flagged represent nongreen classes, Urgent represents red and crisis, nonurgent represents green and amber, and all represent green, crisis, red, and amber. The evaluation indices of the model are expressed by classification accuracy (ACC) and F1. In the index performance of the model, nongreen F1 is the average value of nongreen f1, which can reflect the recognition ability of the model for all mentally unhealthy students in the validation set; Flagged F1 is the average value of Green F1, which can reflect the ability of the model to distinguish between mental health samples and mental unhealthy samples. The test results of the model will be given later.



Questionnaire Design

To ensure the smooth progress of the research, massive documents are collected and read before the topic is put forward, such as college students’ mental health education and mental health counseling. It can help master the concept and standard of mental health. General Psychology, Modern Psychology, Educational Statistics, and Principles and Methods of Sports Scientific Research are read to master the training process, psychological experiment sampling, and statistical methods of sports specialty (Deng et al., 2020). Academic theses, such as Chinese Mental Health Journal, Chinese Journal of School Doctor, Chinese Journal of Clinical Psychology, Journal of Beijing Sports University, Health Psychology Journal, China Higher Education, Chinese Journal of School Health, Health Psychology Journal, and Youth Children Research and Practice and other relevant journals are read to master the current research progress in this field (Fu et al., 2021); meanwhile, relevant academic theses websites, such as the China National Knowledge Infrastructure and VIP are searched and consulted. Relevant literature is being collected and mastered to make full preparations for further research (Seehuus et al., 2021).

Symptom checklist 90 is a scale widely used by hospitals, schools, and other institutions to evaluate the psychological symptoms of the subjects (Dang et al., 2021). The reliability and validity of the scale for various symptoms are good. The test is applicable to users over the age of 16. The scale contains 10 factors and 90 items in total. The factors of the scale include somatization factor, obsessive-compulsive factor, interpersonal sensitivity factor, depression, anxiety, hostility, terror, paranoia, psychosis, and others. The items of the scale are divided into five levels according to the severity of symptoms: 1, none, 2, mild, 3, moderate, 4, relatively serious, and 5, severe, respectively, corresponding to the experience of the subjects over a period of time. The first level is subjective consciousness without symptoms; the second level is that the subjects feel that they have this symptom, but it has no actual impact on themselves; the third level is that individuals feel that they have this symptom, which has a certain impact on themselves; the fourth level is that individuals feel that this symptom occurs more often and has a considerable impact on themselves; the most serious degree is that individuals feel that the description of a symptom is very serious in the frequency and intensity of their own experience. The scores of each factor reflect the mental health level of the subjects, and there is a certain corresponding relationship. The lower the level of mental health is, the higher the score of the scale test is. The main reason for using SCL-90 is that compared with other scales, it has more test contents and can reflect richer symptom experience, including individual behavior, emotion, feeling, consciousness, thinking, interpersonal relationship, diet, sleep, and living habits. It can also accurately measure the subjects’ conscious symptoms. Based on the actual situation of more data to be collected, the number of subjects to be investigated, and the age of subjects, SCL-90 is finally selected as the questionnaire tool to evaluate the mental health state of college students in sports majors under traditional mental health education and network education. Then, the effects of mental health education under the two paths are compared.




EXPERIMENTAL DESIGN AND PERFORMANCE EVALUATION


Experimental Materials and Datasets

The experimental materials and dataset of this exploration are divided into two parts: CNN processing data and mental health assessment questionnaire results data.

The data of the mental state prediction and evaluation module based on CNN comes from the internal forum of college students. Therefore, to ensure the fit of application scenarios, the text information of existing public forums is selected during model simulation. The training set of the CLPsyh2017 ReachOut forum is selected, which is divided into marked and unmarked. Among them, the labeled number of test sets is 1,188, and the unmarked number is 64,567; the labeled number of training sets is 400, and the unmarked number is 91,806. In this dataset, each piece of data is composed of posting time, author, section, number of readers, and content. The structure of individual data is expressed as follows. The posting time is represented by “Time,” the forum module where the post is located is represented by “Block,” the posting author is represented by “Author,” the number of times the post is viewed is represented by “Read,” the post text content is represented by “Text,” and the number of thumb-ups of the post is represented by “Thumb-up.”

The collected datasets are labeled into four different categories. Table 1 shows the number of training sets and test sets for each category.


TABLE 1. Content of dataset.

[image: Table 1]
The SCL-90 is used as the questionnaire. It is a scale widely used in hospitals, schools, and other institutions to evaluate people’s psychological symptoms. This test is applicable to users over 16 years old. The scale was compiled by Decratis et al. in 1975. There are 58 theme versions and 35 themes simplified versions. At present, the version is composed of 90 self-assessment items that are widely used. Therefore, this test is also called SCL-90. Grace developed the latest norm for different age groups based on the commonly used version in China, and modified the fuzzy interpretation of the original version of SCL-90 into an interpretation system that is easy to understand and suitable for Chinese people (Ahorsu et al., 2020). The SCL-90 has high reliability and validity and is widely used in the fields of medicine and education. Its main contents include somatization, depression, compulsion, anxiety, and paranoia. The scale is divided into five levels, namely severe, quite severe, moderate, mild, and normal mental health (Ströhle, 2019).

In the SCL-90 scale, a factor score less than or equal to 2 indicates the normal mental state of the subjects; the factor score between 2 and 3 indicates subhealth mental state; a score greater than or equal to 2 indicates that the subject has a mental illness. A factor score greater than or equal to 3 indicates that the subject’s mental state is more serious. About 200 college students in sports majors in four comprehensive universities in Shaanxi Province are taken as the research objects. About 200 questionnaires are distributed, 190 are recovered, and 186 are valid. The mental health state of the same group of subjects after receiving traditional mental health education is compared with that of the mental health education under a big data network. The questionnaire data are analyzed by statistical product and service solution software. The distribution of symptoms, the severity of mental health, and the specific situation of mental disorders in the two educational backgrounds are compared.



Performance Results of Neural Network

Based on the previous content, the relationship between the number of iterations of CNN and the accuracy of the model is given here, as shown in Figure 4.


[image: image]

FIGURE 4. Determination of model iteration times.


Figure 4 suggests that when the number of iterations of the training set is small, the accuracy consistency between the verification set and the training set is high and the model accuracy is low; when the number of iterations of the model is large, the accuracy of the training set model will increase, but the gap between the accuracy of the verification set and the training set model will become larger. At this time, the model is overfitted. Therefore, to balance the relationship between model accuracy and overfitting, the number of model iterations is 600.

Therefore, the parameter determination of the CNN model includes word vector dimension parameter value 128; the number of convolution kernels is 50; the sliding window size of convolution kernel is 2, 3, 5, and 7; the learning rate is 0.01; in the network, the dropout ratio is 0.5; the regularization coefficient of the loss function is 0.1; and the batch size is 40.

Figure 5 compares the calculation results of designed CNN and FastText models for different parameters.


[image: image]

FIGURE 5. Comparison of calculation results of different models.


The calculation results in Figure 5 show that in terms of the nongreen F1 index, compared with the FastText model, the CNN model improves by 0.05 and Flagged F1 improves by 0.06. This shows that the CNN model has improved in sample discrimination and recognition of nonhealthy samples. On Urgent F1, the CNN model is 0.11 higher than the FastText model. This indicator shows that the CNN model has a stronger ability to distinguish between general mental problems and urgent mental problems, and can help students quickly get help suitable for their own mental problems. From the recognition accuracy of each category of the model, the CNN model is better than the FastText model; for the accuracy of the whole sample, the accuracy of the CNN model has reached 0.71, which is higher than 0.64 of the FastText model and increased by 0.07. To sum up, the CNN model has better performance in the evaluation and early warning of mental state.



Results of Mental Health Network

Based on the previous introduction, Figure 6 displays the construction structure of college students’ mental health big data network.


[image: image]

FIGURE 6. Construction structure of college students’ mental health big data network.


Figure 6 reveals that the educated, mental health information, and the receiving intermediary are in an orderly cycle and transform with each other, which together constitute the operation mechanism of college students’ mental health big data model. The information receiving process of the receiving subject is as follows: focusing on information, maintaining information, receiving information, psychological internalization, changing cognition, influencing behavior, and achieving goals. Campus network platform, as a receiving intermediary, can connect college students and mental health education information in the whole cycle.



Comparison of Different Educational Results

Table 2 presents the grade and gender distribution in the questionnaire.


TABLE 2. The specific distribution of the investigated college students.

[image: Table 2]
Table 2 shows that among the 186 college students who participate in the survey, there are 50 freshmen, 49 sophomores, 44 junior students, and 43 senior students, suggesting a basically uniform grade distribution. There are 65 female students (34.9%) and 121 male students (65.1%).

Under the two ways of education, first, the distribution of symptoms of students in sports majors is drawn by the scores of each factor in the questionnaire. The mental health of students is divided into mild and moderate according to the score. Figure 7 illustrates the specific situation.


[image: image]

FIGURE 7. Distribution curve of symptoms of students in sports majors under two kinds of education ways (the curve with an asterisk shows the mental state of college students after receiving big data network mental education).


Figure 7 shows that the mental state of college students under big data network mental education is significantly better than that under traditional education. The specific performance is as follows. In the college students’ mental state under traditional education, the number of students with mild mental illness is 158 (84.9%), among which 108 are male and 50 are female. About 28 students show moderate mental illness (15.1%), among which 10 are female and 18 are male. The mental state of each grade is basically the same. After mental education through the big data network, the number of college students with mild mental state increases significantly, which is 170 students (91.4%). The total number of college students with mild mental states increases by 12, with 8 males and 4 females. The number of college students with moderate mental health decreases significantly, which is 16 students, with a decrease of 12. It reveals that this mental health approach is feasible, and the reason for this change is related to the construction of college students’ campus networks. College students can solve their psychological puzzles and problems through various methods due to the increase of online psychological mutual aid and psychological forum.

Then, 10 psychological factors of SCL-90 are tested. Further, the hierarchical distribution of SCL-90 and the hierarchical distribution rules of the SCL-90 scale are provided. Figure 8 displays the mental health state of college students in sports majors in Shaanxi Province under the background of traditional mental health education.
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FIGURE 8. Mental health state of sports majors in comprehensive colleges in Shaanxi Province under traditional mental health education.


Figure 8 displays that the mental state of the investigated college students is divided into three categories: mental health, subhealth, and serious mental health problems. Under the background of traditional mental health education, the number of students with mental health is 125 (67.2%). Among them, 85 are men, accounting for 70.2% of the total number of males, and 40 are females, accounting for 61.5% of the total number of females. The number of senior students with mental health is slightly higher than that of junior students; the number of students with subhealth mental states is 56, accounting for 30.1%. Among them, female students with mental subhealth account for 35.4% of the total number of females, and male students with mental subhealth account for 27.3% of the total number of males; the number of subhealth students in each grade is basically the same. The number of students with serious mental health problems is 5, accounting for 2.7% of the total number of samples. The number of males with serious mental health problems accounts for 3.3% of the total number of males, and the number of females with the same problems accounts for 1.5% of the total number of females. There is no significant difference in the number of students with serious mental health states in different grades.

Figure 9 shows the mental health state of college students under the influence of big data network mental education.
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FIGURE 9. Mental health state of college students in sports majors in Shaanxi Province under the mental health education under big data network.


Figure 9 shows that the mental health state of college students under the big data mental education network is better than that under the traditional mental health education. Among the college students who participate in network education, the number of students with normal mental health is 140, with a year-on-year increase of 16.7%. The number of the female with mental health increases by 10, and that of male increases by 5; the number of mental subhealth decreases by 12 (male 5, and female 7); the number of students with serious mental health problems decreases by 3 (male 2, and female 1). It reveals that the big data mental education network is conducive to improving the mental health of college students.

Finally, the number of all psychological symptoms in SCL-90 is used to plot. Figure 10 presents the different mental illnesses of samples under the background of two kinds of mental health education.
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FIGURE 10. Different mental illnesses of college students in sports majors in Shaanxi Province under the background of two kinds of education.


Figure 10 reveals that the mental problems of college students under traditional mental health education mainly focus on compulsion, hostility, interpersonal communication, and depression. Obsessive-compulsive symptoms account for the largest proportion of students with subhealth state and serious mental health problems, which is consistent with the current Chinese mental health survey (Luan et al., 2020). Among the students with subhealth states, the top four items are obsessive-compulsive symptoms (22.0%), interpersonal problems (12.9%), depression (10.8%), and hostility (21.0%). Among the students with serious mental health problems, compulsive emotion accounts for the highest proportion (2.7%). Among the mental health problems of samples, compulsive emotion is the most serious.




DISCUSSION

The number of iterations of the CNN model obtained here is basically consistent with the number of iterations obtained by Kim and Kim (2021) in CNN research (Kim and Kim, 2021). It shows that applying the CNN model to mental state early warning is feasible. The CNN model can monitor the mental state in the construction of an educational network. The latest research of Yanagawa et al. (2021) on the performance of the CNN model shows that CNN has a superior prediction ability (Yanagawa et al., 2021). Figure 2 is based on the mental state early warning module established by CNN, which shows that the mental health education network system is feasible. This part will play a certain role in improving the mental health state of college students in sports majors in the study area and lay a foundation for the refinement and targeted solution of college students’ mental health problems. Connors et al. (2021) found that the mental health problems of college students can be solved immediately due to the rapid development of the network (Connors et al., 2021). The results show that under the traditional mental health education, the mental health problems of college students in sports majors have little relationship with gender. This conclusion is consistent with the conclusion of the relationship between gender and psychology drawn by Proto and Quintana-Domeque (2021). The advantages of the network in mental health education have been fully confirmed. The latest study of Černis et al. (2021) also reached this conclusion (Černis et al., 2021). The problem is expanded. Mental health education under a big data network is crucial for improving the mental state of mental subhealth groups and students with serious mental health problems. In the mental subhealth group, the number of hostile students decreases by 7, which is the psychological factor with the most obvious improvement. The reason may be the positive impact of the online psychological mutual aid system of the mental health education platform under the big data network, which relieves the hostility of college students. Therefore, the psychology of terror has been greatly improved. In general, the improvement of mental health in the mental subhealth group is more obvious than that in the serious mental problem group. The reason may be that mental subhealth people are more likely to accept mental health education under the big data network and adapt to this new education model. However, college students with serious mental health problems need mental health education and professional artificial psychological intervention. The superiority of networks in mental health education has been fully confirmed, and the latest research has also reached this conclusion. Therefore, for both the overall mental health state of students in sports majors and their specific decomposition of psychological obstacles, the effect of mental health education based on a big data network is always better than the traditional mental health education. It shows the feasibility of network education under deep learning in mental health education.



CONCLUSION

Based on the college students’ mental health development under new technology, a mental health education platform for college students in sports majors based on big data and AI technology is constructed. The mental state early warning module based on CNN has good performance. On this basis, with the SCL-90 scale as a reference, the mental health state of college students under the traditional mental health education and big data network environment is compared. The results show that the main mental problems of college students under traditional mental health education are compulsion, hostility, interpersonal communication, and depression, accounting for 27%. Mental health education under IoT intelligent systems and big data are crucial for improving the mental state of mental subhealth groups and students with serious mental health problems. The number of hostile students in the mental subhealth group decreases by 7. This is the psychological factor with the most obvious improvement. The newly constructed college students’ health education platform includes three aspects: the psychological mutual aid alliance of college students in sports majors, the crisis intervention system of college students, and the construction of college students’ psychological environment. The platform has achieved good results. The mental health plan for college students is feasible. The research content has a certain reference function for future research on mental health education of college students in sports majors. There are still some research deficiencies. The psychological factors with higher scores in SCL-90 are not further analyzed. For example, the causes of obsessive-compulsive emotion among college students are not analyzed from the aspect of students’ physiological changes. Besides, the quantitative analysis of CNN application results is less, and the number of comparison models selected is not enough. Therefore, the depth of conclusions needs to be improved. In the follow-up research, the psychological factors affecting the mental health of college students in sports majors will be deeply analyzed, and the early warning results of the mental state early warning module under CNN will be quantified, so as to make the research content more complete and the conclusion more credible. This thesis will be applied to the field of mental health education and mental disease prevention in colleges to provide a reference for the development of this field.
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At present, with the continuous rise in public consumption level, the pressure on college students’ entrepreneurship or employment is increasingly severe. Under the concept of positive psychological intervention, the present work aims to alleviate the entrepreneurial pressure of college students and improve college students’ entrepreneurial education through the analysis of enterprise management elements. A 3-month intervention experiment, including the pre-test, preventive curriculum intervention, post-test, and delayed test, is conducted on a control group and an experimental group, to investigate entrepreneurial intention, emotional management ability, and ability to deal with entrepreneurial pressure of college students. In addition, based on a complex adaptive system (CAS), the enterprise management elements are analyzed, and a three-layer network model is constructed. Meanwhile, new diversified elements of enterprise management are defined to discuss the effectiveness and psychological impact of diversified management, proving that psychological security plays an intermediary role in the cross-layer relationship chain in the three-layer CAS network. The experimental results indicate that on the whole, the positive psychological intervention reduces the pressure of students in the experimental group, significantly ameliorates depression and anxiety, and promotes the positive personality in all directions. Besides, in the delayed test after 3 months, the experimental group can maintain a relatively better state than the control group. By exploring the role effectiveness and characteristics of diversified management, this experiment confirms that the improvement of psychological security under positive psychological intervention has a positive impact on the effectiveness of diversified management. The present work discusses the hierarchical construction in enterprise management and puts forward reasonable suggestions and theoretical development for the influence of the entrepreneurial practice of college students.

Keywords: complex adaptive system, entrepreneurial behavior, positive psychological intervention, emotion management, diversified management


INTRODUCTION

As the social economy advances, the education of innovation and entrepreneurship has gradually attracted a proliferation of attention. However, it is accompanied by the even more severe employment and entrepreneurship pressure on college students, resulting in the negative emotions of college students, such as anxiety, tension, and confusion, which have a considerable impact on college students’ calm life (Li and Ashkanasy, 2019). If such negative emotions cannot be regulated in time, college students will inevitably have psychological barriers or psychological problems, in the long run, ultimately leading to many psychological problems such as a decline in endurance (Taylor, 2019). In this case, they cannot successfully achieve the role transition from students to employees, or even undergo physical and mental ailments (Han, 2019). For students, psychological distress can hinder their physical and mental development, causing a great loss to universities and society. The emergence of positive psychology advocating positive orientation is a crucial revolution to psychology (Song, 2019). It pays attention to positive psychological quality instead of injury and defect in psychology that previous research focuses on. Positive psychology takes maximum advantage of the intervention effects of positive prevention to effectively stifle potential psychological problems and negative signals in the cradle (Veloso et al., 2019). Based on the concept of positive prevention under positive psychological intervention, a questionnaire survey and an experimental intervention are performed here to study entrepreneurial intention, emotion management ability, and the ability to cope with entrepreneurial pressure (Esteves et al., 2021).

Furthermore, the new multiple leadership structure of enterprise management is showing strong adaptability in a complex environment (Wallerstein et al., 2019). This structure enables enterprises to take initiative to respond to different circumstances and changes fast (Rosa et al., 2019). The theory of multiple leadership originated in the 1920s (Pidun et al., 2019). It suggests that it is difficult for a single manager to lead all members to achieve team goals, and group members and managers need to lead each other to guide each element of the structure to participate in the team management process (Huang et al., 2019). This diversified, decentralized, and networked management structure has emerged, accompanied by the diversified role of all members of the enterprise in the process of corporate management, and the group capability has begun to replace the personal heroic leadership (Bressan and Weissensteiner, 2021). Numerous educational institutions, management teams, consulting services enterprises, and high-tech research and development teams have tried to popularize such a management structure in recent years. Besides, such enterprise management elements are very innovative for the current entrepreneurship education and entrepreneurial behavior of college students (Beuselinck et al., 2019).

The present work is structured as follows. Section “Introduction” elaborates the diversified enterprise management and complex adaptive system (CAS) theory and constructs a three-layer CAS model of diversified management. Section “Literature Review” designs the questionnaire of college students’ entrepreneurial pressure and a 3-month positive psychological intervention experiment for the experimental group and the control group as the research object. Section “Diversified Enterprise Management Based on Complex Adaptive System and Entrepreneurial Behavior Under Positive Psychological Intervention” analyzes the impact of positive psychological intervention on college students’ entrepreneurial behavior and the influence of different psychological safety on CAS enterprise management elements. The principal innovation of the present work is employing psychological intervention to study the entrepreneurship and employment of college students and implementing a questionnaire survey and psychological intervention course experiment to investigate the entrepreneurial pressure of college students. Besides, the impact of different psychological safety factors on the role of enterprise management elements of CAS is analyzed. The research content and results can provide corresponding psychological guidance and suggestions for entrepreneurship and employment of college students.



LITERATURE REVIEW

Lyndon et al. (2020) studied the impact of cognitive trust on shared leadership and the mediating effect of team learning on the relationship between shared leadership and team creativity. The authors performed a questionnaire survey to collect the data of 44 teams at two different time points and conducted semi-structured interviews with 22 of them. Through analysis, they found that cognitive trust had a positive impact on shared leadership, multiple leadership played a positive role in team innovation, and team creativity could be enhanced by promoting common leadership in the organization. Hao and Long (2020) conducted a questionnaire survey on the paired data of 69 departments and 262 employees to explore the impact and mechanism of shared leadership on employees’ initiative to change behavior. Through the cross-level analysis, they found that shared leadership had a positive impact on employees’ proactive change behavior; meanwhile, the role definition of proactive change behavior and harmonious work passion would, respectively, mediate the relationship between shared leadership and employees’ proactive change behavior. Moreover, the quality of leader-member transfer would, respectively, adjust the relationship between shared leadership and employees’ role width, self-efficacy, and harmonious work passion. The higher the quality of the leader-member transfer, the more significant the positive effect of shared leadership on employees’ role width, self-efficacy, and harmonious work passion. Besides, the quality of leader-member transfer would adjust the indirect effect of shared leadership on employees’ proactive change behavior through role width and self-efficacy. The higher the quality of the leader-member transfer, the more significant this indirect effect. Stephens et al. (2021) reported that entrepreneurship education, network, and incubation space have provided students with direct information to help them make entrepreneurial decisions, as well as situational, collaborative, and ubiquitous indirect information clues. They also noted the multifaceted and dynamic nature of students’ entrepreneurial process and discussed the potential impact of these factors on students’ decision-making process. Stephens analyzed the significance of the survey from the perspective of researchers and educators, pointing out the challenges faced by student entrepreneurs in the educational and entrepreneurial environment far away from society. Burnette et al. (2019) randomly selected undergraduate students in the introductory course of entrepreneurship (N = 238) were divided into a growth mentality intervention group and a knowledge-based attention matching control group. After the intervention experiment, the authors found that compared with the control group, students in the growth mentality intervention group showed higher entrepreneurial self-efficacy and task persistence in their main classroom projects. Besides, the intervention also indirectly improved academic and professional interest through entrepreneurial self-efficacy. Kusumojanto et al. (2021) adopted a quantitative method with a cross-sectional survey model to understand how entrepreneurship education, family education, environment, and entrepreneurial attitude explain vocational students’ entrepreneurial intention. The scholars took vocational students in Malang, Indonesia as a sample for analysis by using the model structure and iterative theory of the structural equation modeling. They confirmed that students’ environment could explain their entrepreneurial intention and attitude. Duval et al. (2021) proposed a curriculum model of science and technology entrepreneurship education to enable academic researchers to play a more active and informed role in the commercialization of their discovery. This curriculum could address the problems faced in the process of Entrepreneurship, namely technology readiness and timing, intellectual property pathway decisions, engagement with the entrepreneurial ecosystem, and personal career choices. Chen et al. (2021) systematically analyzed the research on hybrid and online entrepreneurship learning and teaching. They found that the current research status and achievements of scholars on the educational technology used in online entrepreneurship education and hybrid entrepreneurship education could be categorized into social media, serious games, and large-scale open online courses. They selected five examples from the three educational technologies and evaluated them using the scoring table to compare these technologies. Through experiments, they proved that the large-scale online open curriculum could furnish a platform and high-quality learning resources. Besides, considering the advantages and challenges of applying each technology to entrepreneurship education, teachers and learners needed to successfully select the most appropriate technology combination to achieve the objectives of the entrepreneurship curriculum. Ndofirepi (2020) studied whether psychological characteristics (achievement needs, risk-taking tendency, and internal control points) mediated the predictive relationship between the perceived effect of entrepreneurship education and entrepreneurial intention, and they investigated 308 vocational education students in Zimbabwe. The results showed that there was a significant positive correlation between the impact of entrepreneurial education variables and achievement needs, risk-taking tendency, internal control sources, and entrepreneurial goal intention. In addition, achievement needs, risk-taking tendencies, and internal control points statistically and significantly explained the differences in entrepreneurial intention. However, among the three psychological characteristics, only achievement needed partially mediate the relationship between entrepreneurship education effect and entrepreneurship goal intention.

Here, a three-layer network model is established based on CAS theory to analyze the diversified management structure of enterprises. Moreover, the effectiveness results are combined with experiments to explore the influence of the positive psychological intervention on college students’ entrepreneurial behavior.



DIVERSIFIED ENTERPRISE MANAGEMENT BASED ON COMPLEX ADAPTIVE SYSTEM AND ENTREPRENEURIAL BEHAVIOR UNDER POSITIVE PSYCHOLOGICAL INTERVENTION


Diversified Enterprise Management and Complex Adaptive System Theory

After the 1990s, management teams of enterprises began to develop a flat team model, and diversified enterprise management has also developed rapidly. Consequently, management concepts with diverse characteristics are generated, such as shared leadership, distributed leadership, collective leadership, and collaborative leadership. Although these terms are different, in essence, they have a common feature, i.e., diversity (Santoro et al., 2019). Management power in an enterprise is not exclusive to a particular individual, but the product of the interaction between team members (Chen, 2019). The above management concept is defined as the management network created by a collective interaction between all individuals through formal or informal relationships, emphasizing the development and change of management power in enterprises from individual heroism to group participation mode. Therefore, three characteristics of the diversified enterprise management can be summed as the participation of multiple roles in the group, the multiple relationship interaction between formal and informal, and the directionality of social network generated by interaction.

The theory of CAS emphasizes that under the interaction between the subject and other subjects or the environment, the subject realizes learning and growth by changing its structure, to achieve the perfection of the system (Yan et al., 2019). The definition indicates that the subject can grow continuously because of its adaptive characteristics, and the adaptability of the subject is the essence of CAS. From a micro perspective, CASs are not adaptive subjects that can follow environmental changes, and they have certain integral characteristics. Since there are non-linear relationships between individuals and individuals or between individuals and the environment in the system, it is necessary to study this theory from a holistic perspective. Adaptability is the most prominent and critical feature of the CAS, meaning that the subject can adjust the state of the subject itself according to the influence of the subject, individual, or environment (Liu et al., 2019), to adapt to the influence and achieve the goal. Existing CASs have four recognized characteristics, namely aggregation, non-linearity, fluidity, and diversity. Among them, aggregation means that individuals at lower levels will form higher-level individuals through aggregation behavior. Non-linearity shows that the impact of individuals on the system is complex and non-linear. The information flow, material flow, or energy flow existing between the individual and the individual or between the individual and the environment reflects its characteristic of fluidity. Moreover, after being affected, subjects tend to differ with different characteristics, showing obvious gaps and diversity (Wu W. et al., 2020). Different from the previous passive and mechanical system theory, CAS can learn and accumulate continuously with the help of initiative and adaptability to optimize its structure for the adaptation to changes. Such a system provides innovative ideas for recognizing, understanding, and controlling management, so it is often used in the management field. CAS theory holds that any organization is a complicated adaptive system formed by the interaction between subjects. Therefore, the diversified enterprise management network can also be seen as a CAS composed of continuous interaction and influence between managers and subordinates (Yuan and Wu, 2020). The interaction among the individual, binary relation, and group constitutes diversified management. Therefore, these three elements are taken as analytical units to construct a three-layer CAS network.



Definition of Enterprise Management Elements and Modeling of the Complex Adaptive System Network

In the CAS of diversified management, formal interaction between groups to maintain the stability and unity of the business network constitutes a legal system, while informal interaction that promotes changes in the system forms a shadow system. The continuous non-linear interaction between the two systems makes CAS produce three different states of order, disorder, and chaotic edge, resulting in various phenomena, such as insignificance, low efficiency, high efficiency, and high creativity of diversified management efficiency (Chen et al., 2020). In the mental space theory of CAS, it is the legal system that follows the formal regulation of the organizational system and maintains its order. This orderly system can effectively inhibit the psychological anxiety of groups of the organization. The shadow system is a spontaneous informal interactive group among members within the organization, which is uncertain and unstable and may exacerbate the psychological anxiety of members (Liu et al., 2021a). The continuous non-linear interaction between the two systems leads to different psychological anxiety states of the internal groups of the organization. System complexity and environmental complexity in CAS indicate that when the system is as complex as the environment, it can cope with the complicated changes in the environment. Figure 1 illustrates the theoretical research framework constructed based on the CAS theory.
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FIGURE 1. CAS theoretical research framework.


Diversified management is a management network formed by the interaction of formal and informal activities of organizational groups at multiple levels, including individuals, binary relations, and groups (Liu and Chen, 2021). Diversified management networks at different levels separately constitute CASs. Figure 2 reveals the diversified management model of the three-layer CAS network under the foundation of the definition of diversified management.
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FIGURE 2. The diversified management model of three-layer CAS network.


In Figure 2, the three layers of the model represent the multi-role participation of group members as the essence of diversified management. This work discusses the different management roles of diversified management in managers or subordinates, in the relationship between the manager and the subordinate, and different management roles in groups. Diversified management at the individual level lays the foundation of diversified management, which can reflect the management efficiency of each member in the organizational group. Each manager or subordinate plays a unique management and leadership role in the organization group, and the difference is only the specific effects of different individuals. Diversified management in the binary relation occurs in the interaction between managers and subordinates through informal social networks, showing the diversified management of the relationship between the two parties. The diversified management at the group level is the management ability and effectiveness of all members, occurring between managers, between managers and subordinates, and between the subordinates, which is the process of interaction between formal networks and informal networks.

Diversified management is defined by synthesizing the characteristics of diversified management. At the individual level, its unique diversified management efficiency is defined through the formal or informal self-centered networks formed by the relationship between each member and other members of the group (Liu et al., 2021b). At the binary relation level, the instrumental and emotional formal or informal interactions between managers and subordinates are used to define the diversified management efficiency. At the group level, the effectiveness of diversification management is defined through formal and informal networks formed by member groups (Wu J. et al., 2020).

Four participating elements of diversified management are defined at the individual level based on CAS (Sun et al., 2020), namely, vagrants, experts, participants, and innovators. Among them, the vagrant represents that when an individual is in a weak chaotic CAS state of the formal system and shadow system, the individual is dissociated from the organization and rarely participates in the activities of enterprise management. Experts indicate that an individual in an orderly state of CAS becomes an expert in the organizational activities of enterprise management with the help of management efficiency. Participants demonstrate that an individual in an informal and orderly CAS state will extensively get involved in management activities. The innovator indicates that when an individual is in a strong chaotic edge CAS state of the legal system and shadow system, he or she will lead group members of activities (Zheng and Ke, 2020).

The four interaction elements of diversified management at the binary relation level based on CAS are defined as disordered interaction, expert-supported interaction, emotional developmental interaction of subordinates, and group creative interaction. The disordered interaction means that when the binary relation is in the weak chaotic CAS state of the legal system and shadow system, there are very few instrumental interaction behaviors, and there are few informal social interaction behaviors and relationships between managers and subordinates. The expert-supported interaction indicates that when the binary relation is in a formal and orderly CAS state, the instrumental interaction happens to complete the work, and the relationship between managers and subordinates increases. The emotional developmental interaction of subordinates means that in the state of informal ordered CAS, the subordinate will strive to establish an intimate relationship with the manager and produce emotional interactions, to increase informal social relationships. In this way, the subordinate can better convey the ideas and problems found from the perspective of the subordinate. The group creative interaction indicates that when the interactive relationship is in a strong chaotic edge CAS state of the legal system and shadow system, instrumental and emotional interaction will occur simultaneously in quantity. Then, informal social relations between managers and subordinates will continue to increase, as well as expert-supported interaction and emotional interaction (Vazquez and Lvarez-Delgado, 2020).

The four network elements of diversified management at the group level based on CAS are the free network, expert network, engagement network, and group network. The free network means that there are rare formal and informal social interactions in the chaotic CAS state, so the management network presents disorder. The expert network indicates that in an orderly formal state, influential managers will control the activities of most members of the group. The engagement network demonstrates that in the informal and order state, the managers who are good at informal social interaction will show a positive desire for communication in the management network and express their innovative ideas. The group network indicates that in the chaotic edge CAS state, managers and subordinates become participants showing innovation and group strength in competition and cooperation (Ferhatoglu and Yapici, 2020).

According to the definition of elements in diversified management based on CAS, the aggregation means and forms of entrepreneurial talents in the entrepreneurial behavior of college students can be summarized as low-level subjects gathering to form high-level subjects (Wu and Song, 2019). Besides, the macro factors of entrepreneurship education and entrepreneurial environment can be concluded as the influence of the external environment on subjects. The implementation model of entrepreneurship education is the interaction of information flow in CAS, and the individuality of teachers and students is the diversity of subjects.



Design of College Students’ Entrepreneurial Pressure Questionnaire and Positive Psychological Intervention


Research Object

The relevant psychological curriculum content is formulated to improve the coping ability and emotional management ability of college students and release their potential abilities in the face of entrepreneurial pressure. It is hoped to guide students to a good mental state through positive psychological guidance (Feng and Chen, 2020), and reduce psychological contradictions under entrepreneurial pressure by optimizing and enhancing individual psychological quality and stress coping ability of students. A total of 312 students from two undergraduate colleges in G city in the grade of 2019 (junior year) are selected as research objects, of which 151 students consist of the experimental group, and 161 constitute the control group. The research objects contain 137 males and 175 females, all aged between 19 and 21. The following assumptions are made before the questionnaire survey.


Hypothesis 1: the entrepreneurship and employment pressures of college students have nothing to do with psychological factors.

Hypothesis 2: psychological intervention hurts college students’ entrepreneurship and employment.

Hypothesis 3: psychological counseling course plays a positive role in college students’ psychological construction.





Questionnaire Design

Table 1 illustrates the entrepreneurial pressure questionnaire as the basis for the three tests.


TABLE 1. Entrepreneurial pressure questionnaire.

[image: Table 1]


Curriculum Design of Positive Psychological Intervention

The psychological quality theory curriculum is a critical channel of college students’ psychological quality optimization. Here, the curriculum primarily explains psychological knowledge and skills and introduces the basic methods of psychological quality adjustment and training. This curriculum aims to inspire students to actively learn to understand and deal with the pressure that they may encounter in entrepreneurship and to cultivate their environmental adaptability and psychological adjustment ability (Secundo et al., 2021). There are a total of 12 theoretical courses, with the contents involving the interpretation of the meaning of mental health, confirmation of self-consciousness, shaping good personality, emotional management, cognitive pressure, interpersonal communication, interview psychology, environmental adaptation, crisis response, frustration education, cherishing life, and love psychology.

The psychological counseling practice curriculum is complementary to the theoretical knowledge curriculum. The real-world exercises and group activities in this curriculum enable students to feel the mutual connection and strength between groups, thus improving their emotional management ability and resilience facing external environmental pressure (Deng et al., 2021), and releasing anxiety and depression caused by pressure through group relations. A total of 12 practical courses are designed, including mental health awareness establishment, self-awareness activities, personality shaping activities, emotional venting, stress relief, interpersonal communication practice, simulated interviews, entrepreneurial scenario simulation, adaptability training, adversity behavior response, frustration scenario simulation, and multiple-choice scenario simulation (Liu and Qi, 2021).




Experimental Procedure

Figure 3 represents the experimental procedure.
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FIGURE 3. Experimental procedure.


There are 151 respondents in the experimental group and 161 in the control group.


(1)Pre-test: The experimental group is tested by the Psychological Pressure Scale, CSQ, SAS, SDS, and 16PF for college students, and the results are recorded. The control group is tested by the same scales, and the results are recorded.

(2)Preventive curriculum intervention.

The students in the experimental group are given a 3-month positive psychological training course twice a week, containing a theoretical explanation and a group activity practice, a total of 24 times. The course is taught by a professional psychological teacher. Besides, the researcher contacts the class counselor to ensure that all students in the experimental group participated in the training course. The students in the control group have no course training.

(3)Post-test: After the course, all experimental group students’ basic situation is tested. Three months later, the basic situation of all students of the control group that do not participate in the course training is tested.

(4)Delayed test: Three months after the post-test, a delayed test is conducted on the students in the experimental group to check whether the training contents such as psychological quality optimization can alleviate the employment pressure and improve the emotional management ability of college students. Besides, the intervention effects of the pre-test and the post-test are compared. The delayed test after 3 months can determine whether the intervention effect is maintained, whether the entrepreneurial pressure has been alleviated, and what impact it has on students’ entrepreneurial behavior. The students in the control group also undergo the delayed test.






EXPERIMENTAL RESULTS AND DISCUSSION


Experimental Results and Analysis of Effects of Positive Psychological Intervention on the Entrepreneurial Behavior of College Students

Figures 4, 5 display the three psychological stress tests of the experimental group and the control group according to the implementation of the experiment and the survey results of the experimental group and the control group.
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FIGURE 4. Results of three psychological stress tests of the experimental group.
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FIGURE 5. Results of three psychological stress tests of the control group.


Figure 6 signifies the comparison of the experimental results of the two groups.
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FIGURE 6. Comparison between the experimental results of two groups.


Through the data results from Figure 6, the randomly selected students show a medium level of psychological stress as a whole, and there is no significant difference in the performance of the pre-test, indicating the homogeneity of the test members. After a 4-month positive psychological intervention curriculum, the psychological pressure on research objects shows an overall downward trend, proving that the positive psychological intervention curriculum has a positive effect on the entrepreneurial pressure on college students.

Figures 7, 8 provide the results of three tests by the CSQ questionnaire for the coping ability in the two groups. On this basis, the changes in response choices of the two groups before and after the intervention experiments are obtained.
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FIGURE 7. Results of three tests of coping ability in the experimental group.
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FIGURE 8. Results of three tests of coping ability in the control group.


Figure 9 describes the comparison of response choices between the experimental group and the control group according to the results shown in Figures 7, 8.
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FIGURE 9. Comparison of response choices between the experimental group and the control group.


According to the results shown in Figure 9, students who did not take the positive psychological intervention curriculum tend to choose negative or neutral coping styles, and this trend is also maintained in the delay test after 3 months. Moreover, students who have received positive psychological intervention generally take positive responses, and the difference between the two groups is gradually significant in the post-test.

Figure 10 shows the comparison of anxiety degree of research objects combined with the survey results of the SAS questionnaire and three tests.
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FIGURE 10. Comparison of anxiety of the experimental group and the control group.


Figure 11 provides the statistical test results of anxiety of two groups according to the results in Figure 10.
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FIGURE 11. Statistical results of anxiety of the experimental group and the control group.


From Figure 11, there is no significant difference in the anxiety level between the experimental group and the control group before the intervention experiment. After the positive psychological intervention, the anxiety level of the students in the experimental group shows a downward trend and remains lower than that of the students in the control group in the delay test after 3 months.

According to the survey results of the SDS questionnaire and data calculation, the results of the depression degree of the two groups of samples are compared, as shown in Figures 12, 13.
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FIGURE 12. Comparison of the depression degree of the experimental group and the control group.
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FIGURE 13. Statistical results of the depression degree of the experimental group and the control group.


Through the comparison of the above results, before the psychological intervention experiment, there is no significant difference in the depression degree of the two groups. After the experiment, the depression degree of the students in the control group is significantly higher than that of the students in the experimental group, and there is a significant difference in statistics. Therefore, it can be inferred that psychological anxiety and depression of students will gradually decrease by learning theoretical knowledge and skills of psychological quality and improving psychological quality. In the face of environmental changes in the entrepreneurial situation, positive psychological intervention can effectively regulate students’ tension and anxiety, while alleviating their depression and adjusting the psychological state and psychological conflict. Positive psychological intervention can not only create a stable and nice coping state for individuals, but also improve their antidepressant ability. The college students selected as sample groups in the test are homogeneous in terms of psychological stress, depression, and anxiety before the experiment, showing an intermediate level. After the positive psychological intervention experiment, the students in the experimental group are significantly improved in terms of psychological stress, depression, and anxiety, with the t-value of 19.214 and the p-value less than 0.05, indicating that the positive psychological intervention curriculum has a positive effect on the entrepreneurial pressure of college students. Therefore, Hypothesis 1 and Hypothesis 2 do not hold, and Hypothesis 3 holds. Scholars in related fields have also conducted some research work. For example, Liu and Qi (2021) conducted a comprehensive analysis of the relationship between physical exercise and positive mental health indicators such as positive emotions, happiness, happy quotient, positive psychological quality, and successful aging based on the perspective of positive psychology. However, due to the excessive concentration of research objects, the sampling is not scientific enough, the research paradigm lacks strict experimental design, and the research results are not universal. Moreover, the research on the relationship between physical exercise and happy quotient, social happiness, and positive psychological quality is relatively insufficient, and the conclusion of causality is lacking. In this work, the concept of positive psychology is utilized to conduct an intervention study on the quality of employment pressure response and emotional management ability of college students. The experiment sets up a control group and lasts for 6 months. The experimental results indicate that after the intervention of positive psychology courses, the overall psychological pressure of the experimental group students has been significantly reduced.



Analysis of the Effects of Different Psychological Security on Complex Adaptive System Enterprise Management Elements

Figures 14–16 represent the influence relationship of management elements at each level based on the analysis of the three-layer CAS network.
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FIGURE 14. Relationship at the individual level.
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FIGURE 15. Relationship at the binary relation level.
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FIGURE 16. Relationship at the group level.


From Figures 14–16, when the diversity of the concept, belief, personality, and psychological state of subordinates in the diversified management network increases, the interaction between the legal system and the shadow system of the diversified management network will become more complex. Consequently, the psychological anxiety of subordinates is affected, and the management efficiency of diversified management decreases. In addition, psychological security is taken as a function of CAS behavior, and the legal system is regarded as a shared state in CAS, which can maintain the status quo and inhibit the psychological anxiety brought about by innovation and facilitate the completion of tasks. The shadow system is a spontaneous state formed by the individual, so it is easier to innovate and destroy it in behaviors such as social activities and fantasy, resulting in psychological anxiety, stress, and conflict. Figure 17 denotes the mediating effect of psychological security.
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FIGURE 17. Impacts of psychological security.


When the diversity of subordinates increases, the individual’s self-management effectiveness, and informal social interaction will produce heterogeneous information in the interaction. Meanwhile, the two types of social interaction between managers and subordinates will become more diversified, and the overall management efficiency and informal social interactions will become more complex, thus transmitting more contradictions and conflicts. Diversified management at the individual, binary relation, and group levels has led to more contradictions and conflicts due to the increase in diversity of formal and informal interactions, thus triggering emotional conflicts, increasing anxiety, and reducing psychological security.

To sum up, the individual psychological security of vagrants in the CAS network is not significant, and meanwhile, they are too disorderly to show significant management efficiency. In contrast, experts have high individual psychological security, and they can show efficient management efficiency. Therefore, the dominant legal system can effectively suppress the psychological anxiety caused by the shadow system. The shadow system of participants tries to break the legal system and bring innovative results, so it is prone to bring psychological anxiety and low personal psychological security, resulting in low management efficiency. The legal system of innovators can restrain their psychological anxiety, while the shadow system can bring inspiration and psychological anxiety and pressure. The tension caused by such interaction will maintain moderate psychological anxiety and ensure that no emotional flooding behavior occurs to create space, showing the most significant management efficiency.




DISCUSSION

Section “Experimental Results and Analysis of Effects of Positive Psychological Intervention on the Entrepreneurial Behavior of College Students” analyzes the entrepreneurial pressure of college students through the positive psychological intervention experiment. Ge et al. (2020) proposed a method to find mental health problems by analyzing the data sets of students’ campus behavior, including Internet access logs, dormitory access records, and canteen consumption records. They established a classification model for distinguishing mental health problems between students and normal students via the collected data. The experimental results showed that the established classification model helped college students find their problems, thus easing the employment pressure such as entrepreneurship; however, it took a long time as a whole, which was not conducive to dealing with the pressure problems in time. Moreover, group psychological counseling can create a harmonious and united friendly atmosphere in which members can share experiences, form the belief of mutual assistance, and jointly promote the realization of group goals. In addition, team counseling also offers a platform for interpersonal communication and interaction, enabling members to express their views, realize the collision of ideas, and absorb new knowledge in the collision. In this harmonious atmosphere, it is easier for members to open their hearts and present their points. It is also easier to encourage and support each other and jointly resist setbacks and difficulties. In general, this way of career group counseling can effectively improve students’ self-efficacy of career decision-making and alleviate students’ overall psychological pressure to a certain extent, but it is difficult to verify the long-term effect of the intervention. The study reported here found that the overall psychological pressure of college students participating in psychological intervention courses shows a downward trend, indicating that positive psychological intervention courses play a positive role in college students’ entrepreneurial pressure. The reason is that the psychological intervention course dredges the pressure of subjects in the face of entrepreneurship and employment from the perspective of psychology. Therefore, subjects are more likely to choose a positive way and mentality to deal with this stress, and this effect still exists after 3 months. Meanwhile, the psychological intervention experiment also ameliorates the anxiety of college students. The reason is that active psychological intervention can effectively regulate students’ tension and anxiety in the face of the change of entrepreneurial environment, alleviate their depression, and manage their psychological state and psychological conflict. The research results in section “Analysis of the Effects of Different Psychological Security on Complex Adaptive System Enterprise Management Elements” prove that positive psychological intervention can regulate individual psychological safety, and psychological safety plays a positive intermediary role between the management efficiency and hierarchical elements of the CAS. This is also the uniqueness of the present work.



CONCLUSION

In conclusion, based on the above positive psychological intervention experiment and CAS modeling analysis, positive psychological intervention can effectively alleviate the entrepreneurship pressure on college students and guide college students to actively respond to environmental changes and frustration crises encountered in the process of entrepreneurship. Besides, mastering psychological skills and quality improvement is conducive to reducing the anxiety and depression levels of college students in entrepreneurship activities. The positive psychological curriculum intervention has a positive effect on college students who are about to face the employment evaluation situation, whether in the way of coping with stress or shaping good personality traits. After the intervention of a positive psychological curriculum, some positive factors of students’ personality, such as gregariousness, intelligence, stability, courage, independence, and self-discipline, have been improved to a certain extent. To sum up, positive psychological courses have a moderating effect on alleviating the stress of college students, and anxiety and depression of students decrease with the mastery of psychological skills and the improvement of psychological quality after the intervention. Positive psychological intervention can effectively regulate the psychological problems of individual tension, anxiety, and irritability, and facilitate emotional management to help individuals achieve a strong and stable coping state.

Positive psychological intervention can also regulate individual psychological security that plays a positive mediating effect between management efficiency and hierarchical elements in the CAS network. In the entrepreneurial education of college students, it is feasible to strengthen the formal and informal interactions between managers and subordinates bidirectionally, to balance the contradiction between subordinates’ creative efficiency and psychological anxiety. Correspondingly, more chaotic edge management roles can be produced, which are conducive to the formation of creativity. A positive psychological intervention course verified by experiments is designed in this report for entrepreneurship education and psychological security of college students. Moreover, this work provides effective data and practical reference for the construction of psychological security of managers and subordinates in CAS diversified enterprise management. However, there are still some limitations in the present work. Follow-up research will strengthen the measurement and test of the effectiveness of external environmental networks to provide social indicators for different levels. In addition, in the future, it is necessary to study the relationship between personalized training and college students’ entrepreneurship, and comprehensively study individual differences.
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This study aims to achieve the goal of cultivating and reserving emerging professional talents in social security law, improve the curriculum and mechanism of entrepreneurship education, and improve students’ entrepreneurial willingness and entrepreneurial ability. Deep learning technology is used to study the psychological effects of entrepreneurship education for college students majoring in social security law. Firstly, the concept of entrepreneurial psychology is elaborated and summarized. A related model is designed using the theory of proactive personality and planned behavior through questionnaire survey and regression analysis to explore the relationship between students’ entrepreneurial psychology and entrepreneurial intention. Secondly, an entrepreneurship education method based on deep learning is proposed, and a teaching model of multi-dimensional collaborative entrepreneurship education practice is constructed. On this basis, the deep learning algorithm combines the characteristics of the personalized recommendation algorithm to construct an efficient Problem-Based Learning (PBL) learning resource recommendation algorithm. Finally, the proposed method is tested. The results show that the Significant (Sig.) value of students who have participated in PBL deep learning courses is less than 0.05, indicating that PBL significantly improves students’ learning ability and the ability to deal with entrepreneurial environments. The results verify the impact of entrepreneurial learning on entrepreneurial intentions. The research on PBL online learning recommendation system shows that the proposed recommendation algorithm is superior to the traditional recommendation algorithm in both roots mean square error value and mean absolute error value on both datasets. The proposed method provides a new idea of reform and innovation to cultivate social security law professionals and the cultivation of the reserve model.
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INTRODUCTION

With the advent of globalization and the era of “Internet+” information intelligence, education is also facing continuous reform and innovation challenges. The disadvantages of traditional teaching modes such as “teacher centrism and duck-stuffing teaching” are gradually recognized and discovered by people. While Problem-Based Learning (PBL) teaching conforms to the needs of the development of the times, subverts the traditional teaching model, and focuses on learners’ autonomous learning ability (Bernal et al., 2019). Teachers guide students to explore in problem situations actively and jointly seek problem solutions in group cooperation, thus improving learners’ classroom participation and enhancing students’ awareness of problems, innovation, and collaboration. Although the specific expressions are different, the teaching concept of PBL teaching and deep learning has changed from “teaching is transmission” to “teaching is dialogue,” both pointing to students’ independent inquiry under the guidance of teachers (Stefanis, 2020). Because of this, PBL teaching is regarded as an effective way to realize further teaching. In the open PBL teaching course, teachers use real and challenging problems to drive students’ thinking, and promote students to absorb curriculum knowledge firmly (Bur et al., 2021), deeply study the essence of geography, and form the learning framework and thinking mode of geography through group cooperation and problem-solving, to achieve the state of deep learning (Huang, 2021). In terms of teaching practice, researchers have found the impact of deep learning on students’ critical thinking and problem-solving ability, and widely applied deep learning to many fields such as medicine and pedagogy (Yuan et al., 2020).

Zhu et al. (2019) proposed that deep learning is the revelation and deep understanding of the essence of effective learning, which aims to improve people’s advanced thinking ability and problem-solving ability. The teaching logic of deep learning consists of four elements: students’ cognitive order, subject content characteristics, subject core competence, and learning effect reflection. Deep learning is one of the important research topics in educational technology that emphasizes higher cognitive goals and higher thinking ability (Zu, 2019), to realize learners’ further learning, introduced the teaching mode of Small Private Online Course (SPOC), and analyzed its advantages and characteristics. He also expounded the important role in developing deep learning motivation, deep learning participation, deep learning strategies, and deep learning results. Exploring the SPOC-based teaching mode can realize the deep integration of information technology and education, promote further learning, and improve the learning effect. In the intelligent classroom environment, students’ emotional content analysis plays a vital role because it helps cultivate an emotional state conducive to learning (Gupta et al., 2019) proposed a student emotional content analysis method based on the maximum edge face detection. The emotional content analysis includes the analysis of students’ four different emotions, namely: high positive emotion, low positive emotion, high negative emotion, and low negative emotion. The participation score is calculated according to the four emotions predicted by the proposed method. In addition, the whole classroom is regarded as a group, and the corresponding group participation score is used to analyze the classroom participation. The emotional content videos fed back and analyzed by experts are used as feedback to teachers to improve teaching strategies and students’ learning rate. In the era of big data, artificial intelligence (AI) has been widely used in higher education, providing technical support for practical teaching in colleges and universities (Yang et al., 2020) created a practical teaching model based on AI. An intelligent management cloud platform is constructed for practical teaching based on the advantages of massive open online courses (MOOC) and SPOC. Meanwhile, AI technology is used to realize personalized learning and provide intelligent push services. In this way, the online MOOC + SPOC platform seamlessly integrates the teaching content into specific teaching scenarios, and the offline cloud platform manages the teaching process intelligently. Under the proposed teaching mode, the teaching content can match the working ability standard and the actual ability of college students. With the popularization of AI and the continuous development of information teaching, the emergence of smart classrooms provides a new teaching environment for classroom teaching. As a new and efficient teaching mode, a smart classroom has entered the school (Yang et al., 2019), based on the classical PBL teaching method, built a problem-driven combinatorial mathematics smart classroom and shared some teaching experience from the aspects of teaching preparation, teaching implementation, and teaching evaluation. Additionally, the integrated development of AI and the financial industry has accelerated the rise of financial technology, put forward higher requirements for the training of financial engineering professionals and the teaching of “financial data mining” (Guan et al., 2021) summarized the teaching experience of the course and proposed the reform of the PBL teaching mode of financial data mining. Moreover, they carried out reform and exploration regarding course objectives, teaching contents, teaching methods, course evaluation, and problem-solving strategies. The relevant literature revealed that deep learning and PBL research started relatively late. In terms of deep learning, foreign research mainly focuses on theoretical analysis, learning environment, and application field. The studies on deep learning in China have also been widely concerned by scholars in many fields and have achieved some research results, but there are still deficiencies in the research depth and breadth. First, the research depth of theoretical basis and learning environment is not enough. Second, the existing studies fail to combine theory with practice or apply to practical teaching effectively, and the application breadth is not enough. In the aspect of PBL, related theoretical research has laid the research foundation; regarding the evaluation research, PBL-based teaching mode focuses on students’ process and developmental evaluation, and its evaluation method is more scientific and reasonable; in terms of application and promotion, foreign research is relatively mature, and PBL-based teaching mode has been widely used in many disciplines such as medicine and basic education. China is still in the primary stage of development compared with other countries. The wide application of digital teaching in China’s basic education has become the most important teaching auxiliary means. However, the PBL teaching mode in the digital learning environment has not been popularized on a large scale, which is inseparable from the actual conditions in China. On the one hand, primary and secondary school students have poor self-control, and learners are very vulnerable to other network information interference when using network equipment. On the other hand, the intelligent learning environment based on terminals and e-book packages is affected by regional and economic factors, which hinders its development process to a great extent. Based on this, this teaching design starts from the traditional classroom. It takes the existing teaching media as an auxiliary to carry out PBL teaching for further learning, opens up a new path for stimulating students’ autonomous learning and innovation ability, and promotes students’ further learning.

Innovation and entrepreneurship teaching in colleges and universities is an important model for the construction and development of modern colleges and universities, and it is also the main direction for the cultivation of new talents in modern society. The survey shows that the proportion of innovation and entrepreneurship among college graduates in developed countries is between 20 and 30%. The proportion of innovation and entrepreneurship in China is less than 10%. In terms of the number of innovation and entrepreneurship, the number of innovation and entrepreneurship in developed countries is 2–3 times that of China. At present, the teaching of innovation and entrepreneurship in Chinese colleges and universities plays a vital role in the cultivation of talents and the progress of new technologies. The development of innovation and entrepreneurship teaching is one of the important ways for the development of AI technology. The efficient promotion of China’s innovation and entrepreneurship teaching model is conducive to the integration of innovation and entrepreneurship teaching and AI technology. The integration of AI technology and innovation and entrepreneurship education enables Chinese colleges and universities to complete the reform of innovation and entrepreneurship education mode, and to maximize the level of innovation and entrepreneurship education in colleges and universities. The integration of artificial intelligence technology research and training with innovation and entrepreneurship education in colleges and universities can promote the common progress of the two to a certain level and achieve the purpose of better serving the society.

The innovation points can be divided into two points: 1. implement the entrepreneurial model with dynamic personality and planned behavior as the mediating effect, and analyze the performance of the model through questionnaires. 2. The PBL teaching model for deep learning is divided into three stages: problem creation, problem solving, evaluation and reflection. The contribution lies in the research on the mediating factors in entrepreneurial psychology and the establishment of the entrepreneurial education model based on the PBL method. These include the determination and guidance of entrepreneurial goals, the optimization of teaching materials, the stimulation of interest and potential, and the practical interaction between teachers and students. The purpose is to promote the innovation of the talent training model of the social security law major and adapt to the new era of increasingly severe employment pressure.

Research methods are divided into three types:


(1)Literature analysis method



The literature on PBL teaching and deep learning is studied. The concepts and characteristics of deep learning and PBL learning are organized. The representation of deep learning in PBL is analyzed. The PBL teaching model is constructed from the perspective of deep learning.


(2)Questionnaire survey method



The six dimensions of innovation, control, endurance, risk-taking, self-confidence, and achievement are designed by questionnaire. There are 25 questions in the questionnaire. The purpose is to understand the students’ entrepreneurial intention.


(3)Experimental method



The experimental method is used to test the performance of the constructed PBL online learning recommendation system.



CONSTRUCTION OF DEEP LEARNING PROBLEM-BASED LEARNING METHOD FOR ENTREPRENEURIAL PSYCHOLOGY


Entrepreneurship Learning and Entrepreneurial Intention


Entrepreneurship Learning

In 1998, entrepreneurial learning was proposed as an independent concept, but it was not uniformly defined. Entrepreneurship learning expresses the learning behavior of entrepreneurs who accumulate the resources and abilities required for entrepreneurship by reflecting on and summarizing past experiences and observing the behavior of others (Rogoza et al., 2018; Macneil and Schoonmaker, 2020). Entrepreneurship learning is the deep processing of experience and cognition by entrepreneurs and reconstructing the knowledge and skills they originally possessed according to the needs of entrepreneurial activities (Funken and Gielnik, 2020). In the face of uncertainty, entrepreneurs can find the optimal solution to the problems encountered in entrepreneurial activities through entrepreneurial learning, and entrepreneurial learning runs through the entire entrepreneurial activity. Generally, the process of entrepreneurial learning is divided into three levels, namely experiential learning, cognitive learning, and practical learning (Teymurova et al., 2020). Its influencing factors generally include personal emotions, social networks, and failure experience. Entrepreneurship behavior typically impacts entrepreneurs’ abilities, intentions, and cognition.



Entrepreneurship Intention

Entrepreneurship intention refers to the individual’s intentions and ideas for entrepreneurial activities. It determines whether the individual has the behavioral tendency and possibility to choose entrepreneurial activities (Annisa et al., 2021). Entrepreneurship intention is a mental state of entrepreneurs focusing their energy, experience, resources, and attention on entrepreneurial behavior. The entrepreneurial intention has been generated before entrepreneurial behavior occurs, and it is the best predictive criterion for judging entrepreneurial behavior (Wu and Song, 2019). Generally, the factors that affect entrepreneurial intentions will be divided into personal characteristics and social aspects.

Personality is often regarded as a criterion that can predict whether an individual will engage in entrepreneurial behavior among the personal factors. Personality represents whether an individual can actively and actively change himself. Individuals who become entrepreneurs and not entrepreneurs have significant personality differences. Among the environmental factors, when individuals are in an environment with a robust entrepreneurial culture, they will think that entrepreneurial behavior is more rationalized, which will result in stronger entrepreneurial intentions. Such an environment is usually reflected in the individual with a high sense of self-efficacy, social network, and the entrepreneurial education courses received in his school (Wu et al., 2019).




Modeling the Mesomeric Effect of Active Personality and Theory of Planned Behavior


Active Personality

Active and passive individuals with positive characteristics can often quickly identify and grasp opportunities that are beneficial to development. Facing changes in the entrepreneurial environment, they usually have the ability, and intention to actively change the background or even create the experience. Passive individuals with negative characteristics often take an indifferent attitude to the environment and its changes (Tarabashkina et al., 2020). The vibrant personality is usually less constrained by the environment. It is good at tapping the favorable opportunities in the background to take measures and solve problems with a positive attitude. According to the concept of dynamic personality, the research defines it as a stable individual who has positive characteristics looking for new opportunities and ways and actively takes measures to change the environment and the pressure brought about by it.



Modeling the Theory of Planned Behavior

Theory of Planned Behavior extends a rational behavior theory proposed in 1991 (Japutra and Molinillo, 2019; Zhou, 2019; Abdollahzadeh and Amin, 2020). The Theory of Planned Behavior believes that the three influencing factors of entrepreneurial intention are attitude, subjective norms, and cognitive behavior control. These elements act on entrepreneurial intention, promoting entrepreneurial behavior. Among these three elements, an attitude refers to an individual’s perception and evaluation of a particular behavioral activity, reflecting the possibility of an individual taking behavior. Subjective norms refer to: when individuals are affected by the external environment, they make certain behavioral decisions; cognitive behavior control refers to the judgments made by individuals as to whether they can achieve their goals when performing certain activities (Graham and Rosén, 2019). These three elements are the root cause of an individual’s entrepreneurial intention and positively correlate with the individual’s entrepreneurial sense. The relationship between entrepreneurial intention and entrepreneurial behavior is modeled, as shown in Figure 1.


[image: image]

FIGURE 1. Planning behavior relationship modeling.


In Figure 1, entrepreneurial intentions directly impact entrepreneurial behavior under ideal circumstances. However, this relationship is often affected and restricted by factors such as the individual’s ability, the opportunity encountered, the recognition of the opportunity, and the resource conditions owned by the individual. In the Theory of Planned Behavior relationship, absolute cognitive behavior control can accurately predict the possibility of entrepreneurial behavior (Neuberger and Pabian, 2019). Attitudes, subjective norms, and cognitive behavior control are three variables that act on entrepreneurial intentions, independent of but related to each other. The theoretical model of planned behavior includes 1. Under ideal conditions, entrepreneurial intention can directly impact entrepreneurial behavior. But it will be affected by conditions such as personal ability, opportunity identification, and resources. 2. True cognitive-behavioral control can accurately predict the likelihood of behavior occurring. 3. Attitude, subjective norm, and cognitive-behavioral control are the three main variables that affect intention, and the three act together on intention to promote behavior. 4. The three variables are not only independent of each other but also related to each other.



Effect Relationship Modeling

Entrepreneurship learning is a behavior that runs through the entire process of entrepreneurial behavior. The Theory of Planned Behavior provides a theoretical framework for its relevance to entrepreneurial intentions. After learning through entrepreneurship, individual students’ attitudes and cognitive behavior control may change, affecting their entrepreneurial intentions, thereby promoting entrepreneurial behavior. The judgment made by potential entrepreneurs toward the external environment is the attitude in the Theory of Planned Behavior. In entrepreneurial learning, potential entrepreneurs can obtain more entrepreneurial information and entrepreneurial experience through learning and reflection. After the possible entrepreneurial individuals transform and absorb the entrepreneurial knowledge they have learned, they can improve their entrepreneurial skills and confidence, thus positively impacting their attitudes. Evaluating potential entrepreneurial individuals in entrepreneurial activities is the control of cognitive behavior. When entrepreneurial individuals are placed in an environment with a robust entrepreneurial atmosphere, they can enrich their cognition through learning and practice, promoting the generation and improvement of entrepreneurial intentions. In summary, the hypothesis is obtained:


T1:Entrepreneurship learning and entrepreneurial intention are positively correlated;

T1a:Experience learning in entrepreneurial learning is positively correlated with entrepreneurial intentions;

T1b:Cognitive learning in entrepreneurial learning is positively correlated with entrepreneurial intention;

T1c:Practical learning in entrepreneurial learning is positively correlated with entrepreneurial intentions.



According to research on dynamic personality in enterprises, vivacious personality can play a positive moderating role in sharing information, knowledge, self-esteem, employee empowerment, and negative regulation between the distribution of power and the perception of employee empowerment. Facing the external environment, individuals with dynamic personalities can respond quickly and adjust and change, which has a positive correlation with entrepreneurial learning. Enthusiastic personality can directly or indirectly affect entrepreneurial intentions, and this indirect effect is accomplished through healthy competition. When potential entrepreneurs have a healthy competitive attitude and atmosphere, their entrepreneurial intentions will be stronger. The proposed method believes that individuals with dynamic personalities are rarely or even unconstrained by the environment, can actively respond to, change, and even create opportunities and backgrounds, and have a positive attitude toward learning new things. Meanwhile, individuals with dynamic personalities can take the initiative to take measures against the pressures and problems of the entrepreneurial environment and make entrepreneurial choices. Therefore, dynamic character plays a positive intermediary role in strengthening the relationship between entrepreneurial learning and entrepreneurial intention. In other words, whether possessing a vibrant personality will affect entrepreneurial education on entrepreneurial intentions. In contrast, individuals possessing a dynamic nature will have a more substantial effect. In summary, the hypothesis is obtained:


T2:Active personality plays a moderating role between entrepreneurial learning and entrepreneurial intention;

T2a:Active personality plays a moderating role between experiential learning and entrepreneurial intention;

T2b:Active personality plays a moderating role between the cognitive learning and entrepreneurial intention;

T2c:Active personality plays a moderating role between practical learning and entrepreneurial intentions.



The proposed method defines entrepreneurial learning as an independent variable, dynamic personality as a moderating variable, and entrepreneurial intention as a dependent variable. The proposed method analyzes the relationship between the three. The assumptions obtained are modeled, and the relationship modeling is shown in Figure 2.
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FIGURE 2. Relational model. (A) Influence relationship modeling (B) Research model.






RESEARCH MODEL


Problem-Based Learning Deep Learning Method


Deep Learning

In the field of education, deep learning content tends to be learners’ motivation, knowledge experience, situation, thinking level, and ability level. It requires learners to use a variety of channels to obtain information and analyze and integrate the data. Meaning is actively constructed. Unique knowledge linkages are built. Thereby, the transfer of knowledge and its application in practical situations are realized, and the process and results of problem-solving are reflected and judged (Wu J. et al., 2020; Yuan and Wu, 2020). Deep learning in education is a kind of learning-oriented to higher-order thinking activities, with comprehensive learning of initiative and practice, understanding and criticism, reflection, and innovation.

In AI (AI), deep learning is a new field in machine learning research. The motivation is to build a neural network that simulates the human brain for analysis and learning, which mimics the mechanism of the human brain to interpret data such as images, sounds, and texts. Deep learning is a type of unsupervised learning. The deep learning algorithm used in the constructed PBL online learning recommendation system is Auto Encoder, a neural network whose input is approximately equal to the output. As an unsupervised model, the Auto Encoder can extract core features from the dataset and increase the expressiveness of the model. It can also increase the number of layers and hidden neurons in the neural network. When performing feature representation or feature extraction, the sparsity of features can better extract independent and high-quality components. Therefore, scholars proposed Sparse Auto Encoder (SAE). SAE adds a sparse before the traditional Auto Encoder so that the representation of each neuron satisfies a certain sparsity. It is expressed by adding a sparse prior constraint to the loss function. [image: image] represents the activation of the hidden neuron j in the second layer. [image: image] represents the activation degree (that is, the output value) of the hidden neuron j of the autoencoder neural network when the input is x. The average activation of neuron j can be defined as Equation (1):

[image: image]

The sparsity parameter ρ is introduced. ρ is defined as a number close to 0 such that [image: image]. In this way, the neuron’s output can be made as 0 as possible to achieve sparsity. An additional penalty factor is added to the optimization objective function to achieve this constraint. In the SAE model, the relative entropy (KL divergence) is used as a penalty factor, as shown in Equation (2):

[image: image]

Finally, the overall cost function of SAE can be expressed as Equation (3):

[image: image]



Problem-Based Learning Method

PBL method, a problem-based teaching model, focuses on the combination of theory and practice in education and emphasizes that the subject of education is students (Wu W. et al., 2020). In existing studies, the PBL teaching mode is generally understood as: a teaching method that allows students to collaborate in groups in a complex environment, use knowledge and skills to deal with and solve practical problems, and improve students’ independent learning and problem response and resolution ability (Wu et al., 2017). The proposed method defines the three elements of the PBL teaching model as lead-in and process result. It is defined as taking students as the subject and teachers as the problem setters. Students can decompose and solve the problems, build a knowledge framework and cooperation groups, and finally gain knowledge and skills. The learning process model is shown in Figure 3.


[image: image]

FIGURE 3. PBL method teaching process.


In the PBL teaching process shown in Figure 3, the lead-in phase can also be defined as the questioning phase. The instructor analyzes and diagnoses the content and goals of the teaching in combination with the characteristics of the students before class, and constructs the teaching content into a “problem” model (Zheng et al., 2018). In this way, the process of “problem” construction is a summary of knowledge and a multi-dimensional integration of knowledge to stimulate students’ curiosity and thirst for learning. The process stage is problem-solving: students’ study in groups, discuss problems with members, propose solutions, and summarize the knowledge and information to become a shared resource for the group. The resulting stage can also be defined as the questioning stage: under the instructor’s organization, students are divided into groups, and the groups collaborate to evaluate the learning and practical results to realize the training of reflection and judgment thinking.



Collaborative Filtering Algorithm

The Collaborative Filtering (CF) algorithm is currently the most practical and popular recommendation algorithm. The collaborative intelligence among the user groups is used to make recommendation judgments. Generally, there are two implementations of CF algorithm: the nearest neighbor-based CF algorithm and the model-based CF algorithm. The CF algorithm mainly uses the user’s historical behavior data to complete the recommendation. According to the different system designs, user behavior can be divided into explicit and implicit feedback. Explicit feedback refers to a module explicitly designed in the system to allow users to rate objects to express their preferences. User historical precise data are aggregated to form a User-Item evaluation matrix (m represents the number of users and n represents the number of objects). The user object evaluation matrix of CF algorithm is shown in Figure 4.
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FIGURE 4. Evaluation matrix of user objects.


In Figure 4, each value in this matrix represents the user’s object rating. An empty position indicates that the user has not made a corresponding review. Implicit feedback means that the system does not have a corresponding scoring module contrasted with explicit feedback. The user’s preference is obtained by analyzing the user’s behavior. In general, behaviors can be converted into corresponding explicit scores, for example: browsing = 1 point, favorite = 2 points, download = 3 points, sharing = 4 points, etc. Therefore, the implicit rating data is transformed through the corresponding rules, and finally, the user object evaluation matrix is obtained.



Problem-Based Learning Online Learning Recommendation System

With the continuous deepening of “Internet + education,” the PBL online learning system has become a new way to acquire knowledge. However, there are problems such as homogeneity and insufficient personalization in the PBL online learning system. The current online learning system usually takes the teaching platform as the core. The learners take the pre-set learning resources in the platform as the primary learning content during the learning process. Still, there is a problem of homogeneity. When learners need personalized learning services, they need to find and select the required resources. This reduces the learning efficiency and learning experience to a certain extent. Therefore, how to improve the pertinence, personalization, and intelligence of teaching has become a challenge in the construction of the PBL online learning system.

The deep learning algorithm combined with the characteristics of the personalized recommendation algorithm is used to construct an efficient learning resource recommendation algorithm. It can effectively improve recommendation accuracy and enable learners to obtain a more personalized and intelligent learning experience when conducting PBL online learning. Since the performance in recommendation algorithms is susceptible to data sparsity conditions, the Supervised Neural Recommendation (SNR) model is proposed. The model uses the stacked autoencoder model to extract the learner’s learning behavior data, then uses its features for input restoration and scoring prediction to achieve the purpose of recommendation. In the model, the structured information of objects and users is used to construct the classification process, and the Huber function is used to constrain the model parameters. This effectively improves the accuracy of the recommendation model. The mainstream recommendation method types include CF algorithm, content-based recommendation, knowledge-based recommendation, and combination recommendation.

Since the Auto Encoder is proposed for image processing applications, it will inevitably face data sparsity when applied to the recommendation system application. In recommender systems, the input data is highly sparse. The User-Item matrix itself is exceptionally light. In a general recommender system, the sparsity of the User-Item matrix is 99%. Data sparsity can lead to the fact that the extracted features in the data may not be sufficient for data reconstruction or score prediction. Ninety-nine percent of the data is predicted with 1% of the data. The recommendation algorithm based on the Auto Encoder is extended, and other related data are introduced to solve the data sparsity and improve the recommendation effect.

In general, in addition to the historical data of learners, online learning systems have structured features of objects or users in the system. These features can also be a good measure of its characteristics, such as the user’s age, occupation, gender, and other attributes. Release time, director, actors, etc., are influencing factors for movie recommendation. These structured data can help recommender systems build feature models of users and objects. In Figure 5, the recommendation model of the supervised Auto Encoder is built. The model is divided into two steps: feature extraction and reconstruction of the input. To introduce structured data into the model and improve the quality of feature extraction, when objects or users have the same structural attributes, they should have more similar features. For example, multiple objects are action movies. A classification operation is an operation that can extract similarities in data. A new recommendation framework is proposed: a supervised Auto Encoder recommendation model. The structured data of objects or users improves the recommendation effect.


[image: image]

FIGURE 5. Example of recommendation model for SAE.


The recommendation model of the SAE is shown in Equation (4):

[image: image]

In Equation (4), we, wb, represent the feature extraction stage parameters. wr, br represent the parameters of the refactoring phase. wc, bc define the parameters of the classification stage. FR() represents the loss function in the reconstruction stage. FC() is the loss function in the classification stage. α, β are regularization factors, which are used to control the weights of the items in Equation (4).

[image: image]

Equation (5) indicates that only the influence of the observable score is considered. The green part in Figure 5. h() represents the entire feature extraction and neural reconstruction network. h() is a stacked auto-encoder model accumulated by multiple layers of auto-encoders.

[image: image]

In Equation (6), h() represents the entire feature extraction stage, and the feature extraction stage is composed of multiple accumulated automatic encoders. FC() depends on the class of structured features (binary or multi-class). FC() can help the feature extraction stage to extract relevant information based on its structured features.

In order to overcome the data sparsity problem in recommender systems, regularity constraints based on the Huber function are introduced into the SNR model. The definition of the Huber function is shown in Equation (7):

[image: image]

The objective function of the recommendation model SNR of the PBL online learning system is shown in Equation (8):

[image: image]

H() is the Huber function, and r represents the model’s input, that is, the rating vector.

The sparse autoencoder is divided into input layer, hidden layer, and output layer. In the encoder, the sparse autoencoder takes the input vector and encodes it into the hidden layer, thus reducing the dimension of the input layer. The dimension-reduced data is restored to the dimension of the original data by the decoder. Compared with the previous common artificial neural network structure, the sparse autoencoder sets the overall number of layers to 3, and assumes that the vector obtained by its output layer is the same as the input vector of the input layer. In order to ensure the sparsity of the sparse autoencoder, when the dimension of the input vector is high or the number of neurons in the hidden layer is large, a sparsity limit is added to the neurons in the hidden layer during the training process. exact structure. Based on the understanding of the online learning system platform and the analysis of the current application of the online learning platform, a personalized online learning system based on genetic algorithm is designed to provide learners with personalized learning. In the design of the system, the system uses the basic principle of genetic algorithm to find an optimal solution, plans the online learning process, efficiently uses the online learning time, and provides students with personalized learning to improve students’ autonomous learning ability in the network environment. In the online learning system, the individualized feature extraction of learners is the core and key to realize individualized learning. The learning interest of users can be obtained by analyzing the learning pages browsed by learners and extracting the text features of the pages. At present, there are many methods for extracting text features, such as mutual information between words and categories, word entropy between words and categories, and cross entropy. It is not difficult to find that these traditional feature extraction formulas differ only in the choice of keywords. Most of its improvements are based on the frequency of words and the position of words in the document to determine the weight of keywords, which cannot meet the needs of providing personalized information services for different users. In addition, they all require many samples for feature extraction. It is difficult to obtain personalized features under the condition of small samples, and in the online learning system, due to the variability of each user’s information needs, there may be few training samples used for feature extraction. The Genetic Algorithm is used for Feature Extraction Genetic Algorithm is an optimization search method that combines efficiency and effect. From a microscopic point of view, a genetic algorithm is a random algorithm. From a macroscopic point of view, it also has a certain directionality. It starts from a group of points, goes through the steps of selection, hybridization, mutation, etc., and evolves from generation to generation to obtain a satisfactory solution. In the personalized online learning system based on genetic algorithm, the confidence feature is extracted through the genetic algorithm, the personalized information of the learner is obtained, and the learning model of the learner is established.

The recommendation accuracy prediction evaluation criteria of the PBL online learning system are introduced. When measuring the accuracy of score prediction, there are generally two indicators: Root Mean Square Error (RMSE) and Mean Absolute Error (MAE). For user i and object j, assuming that rij is the actual score of user i to object j, [image: image] represents the predicted score of the algorithm, and T represents the entire test set, then RMSE and MAE are shown in Equations (9) and (10):

[image: image]
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Experiment Preparation


Questionnaire Design

The questionnaire design adopted the six-dimensional “entrepreneurial psychological characteristics” (Chen et al., 2020; Feng and Chen, 2020), which was set up from the six dimensions of innovation, control, endurance, risk-taking, self-confidence, and achievement. In the questionnaire, each size contains 3–6 questions, including 1–4 reverse scoring questions, and a total of 25 questions centering on experience learning, cognitive learning, practical learning, entrepreneurial intention, and active personality design.



Problem-Based Learning Deep Teaching Practice Design

This method selects two classes of the third-year social security law major in College B that are about to face the problem of entrepreneurship as the research objects, with a total of 86 students. All subjects are divided into experimental and control classes, with 43 students in each category. The practical and management classes received the same test. The teaching item settings are shown in Table 1 (Deng et al., 2021; Liu et al., 2021).


TABLE 1. PBL deep learning entrepreneurship education program design.
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EXPERIMENTAL DESIGN AND PERFORMANCE EVALUATION


Experimental Environment

All experiments use the Python programming language of version 3.6.5. The operating system is Red Hat 4.8.5–28. The CPU is a 16 cores Intel Xeon ® CPU (2.10 GHz). The graphics processor is Tesla P100 PCIe 16 GB. The memory capacity is 64 GB. The main Python packages used are: scikit-learn in version 0.21.3, scipy in version 1.1.0, pandas in version 0.23.0, and TensorFlow in version 1.12.3.



Description of the Primary Objects of the Questionnaire Survey

The method selected 287 social security law juniors and seniors in College B who are about to face employment and entrepreneurship, and released an electronic version of the questionnaire. In all distributed electronic questionnaire surveys, a total of 263 questionnaires are recovered, with a recovery rate of 91.6%; 259 valid questionnaires are obtained, with a questionnaire response rate of 98.4%. Of the valid survey respondents, 137 women accounted for 53% and 122 men accounted for 47%. For the reliability of the questions in the questionnaire, the method uses a scale reliability test. When Cronbach’s α < 0.7, the question is deleted; when Cronbach’s α is between 0.7 and 0.8, the question has good reliability; when Cronbach’s α > 0.8, the question has high reliability. Meanwhile, this method uses Kaiser-Meyer-Olkin (KMO) value and Bartlett test for data analysis. When the KMO value is greater than 0.7, the Bartlett test value is significant and can be analyzed.



Reliability Test of Entrepreneurship Psychology Scale and Analysis of Questionnaire Results

The mean value, standard deviation (SD) and deviation (D) of the independent variables in the research subject are calculated and analyzed, and the result shown in Figure 6 is obtained.


[image: image]

FIGURE 6. Variable descriptive results.


Figure 6 shows that the mean value of empirical learning in entrepreneurial learning is close to 4, while the SD and D are low, indicating that the students of the social security law major as the research sample attach the highest importance to empirical learning in entrepreneurial learning. The average value of practical learning and active personality is between 3.5 and 4. The SD is also small, indicating that students pay more attention to these aspects. The average value of cognitive learning and entrepreneurial intention is between 3 and 3.5. Students pay less attention to cognitive knowledge and entrepreneurial intention in entrepreneurial learning. For the effect of gender on variables, the results are shown in Figure 7.


[image: image]

FIGURE 7. Descriptive results of gender impact on variables.


Figure 7 shows that the D of gender as a variable in the experience learning in entrepreneurial learning and entrepreneurial intention in entrepreneurial learning is higher. This result shows that different genders have different influences on the entrepreneurial experience learning and entrepreneurial intentions of college students. In the empirical learning of entrepreneurial learning, the average value of males is higher than that of females, indicating that males pay more attention to empirical learning in entrepreneurial learning than females. The entrepreneurial intentions in the results of the questionnaire also showed obvious differences, indicating that males tend to have stronger entrepreneurial intentions. In order to facilitate the analysis of the correlation between variables, define the experience learning in entrepreneurial learning as a, cognitive learning as b, practical learning as c, entrepreneurial intention as d, and active personality as e. The correlation results are shown in Figure 8.


[image: image]

FIGURE 8. Variable correlation results.


The obtained mean and SD results is shown in Figure 9.


[image: image]

FIGURE 9. Comparison of variable mean and SD.


Figures 8, 9 show that the empirical learning, cognitive learning and practical learning of entrepreneurial learning are all positively correlated with entrepreneurial intentions, and the significance is < 0.01. Active personality and entrepreneurial intentions also show a significant positive correlation, with a significance of < 0.01. Meanwhile, entrepreneurial learning and active personality present a positive correlation, with a significance of < 0.01.



The Mesomeric Effect Test of Active Personality Between Entrepreneurial Learning and Entrepreneurial Intention


Entrepreneurship Learning and Entrepreneurial Intention Test

The proposed method defines the independent variable as entrepreneurial learning, and the dependent variable as entrepreneurial intention, and verifies the influence of entrepreneurial learning on entrepreneurial intention. The results are shown in Figure 10.


[image: image]

FIGURE 10. Test of the impact of entrepreneurial learning on entrepreneurial intention.


Additionally, according to Figure 10, the result of the F test is shown in Figure 11.


[image: image]

FIGURE 11. F-test.


Figures 10, 11 show that the F of the two models is 6.3 and 50.4, respectively, and P < 0.001. After the F test, it is proved that there is a linear relationship between entrepreneurial learning and entrepreneurial intention. After examining the three contents of experience learning, cognitive learning, and practical learning in entrepreneurial learning explains 56% of the sudden changes in entrepreneurial intention, which shows that entrepreneurial learning has played a decisive role in the generation and change of entrepreneurial purpose. Meanwhile, in entrepreneurial learning, the regression coefficient of experience learning is 0.341, the regression coefficient of cognitive learning is 0.418, the regression coefficient of practical learning is 0.359, and P < 0.001 for three items. This result shows that the three dimensions of entrepreneurial learning significantly affect entrepreneurial intentions. Therefore, the proposed method assumes that T1, T1a, T1b, and T1c have been verified and the content holds.



The Mesomeric Effect of Active Personality Between Entrepreneurial Learning and Entrepreneurial Intention

The proposed method defines the dependent variable as entrepreneurial intention. The test of the product of the three dimensions of entrepreneurial learning and active personality verifies the mediating role of dynamic character between entrepreneurial education and entrepreneurial intention. The results are shown in Figure 12.
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FIGURE 12. The mediation test of active personality.


Additionally, according to Figure 12, the result of the F test is shown in Figure 13.


[image: image]

FIGURE 13. F-test results.


Figures 12, 13 show that the influence of active personality on experiential learning and cognitive learning is 0.8 and 0.7, and both results are greater than 0.5. Therefore, the mediating role of active personality between experiential learning and cognitive learning and entrepreneurial intention is not obvious. The influence of active personality in practical learning is 0.03, which is less than 0.5. Thus, the active personality can mediate between practical learning and entrepreneurial intentions. The research hypotheses T1 and T1c have been verified, and T1s and T1b have not been verified. Table 2 is the hypothetical regression analysis results.


TABLE 2. Hypothetical regression analysis results.

[image: Table 2]
In Table 2, the F value of the model is 6.304, and the P-value is less than 0.001. Through the F test, it shows that there is a significant linear relationship between entrepreneurial learning and entrepreneurial intention. The significance levels of the control variables household registration and entrepreneurial experience in the model are 0.001 and 0.000, respectively, indicating that household registration, entrepreneurial experience, and entrepreneurial intention are significantly correlated. In addition, entrepreneurial resilience, entrepreneurial strength, and optimism can effectively explain 57.5% of the variance of entrepreneurial intention, indicating that entrepreneurial resilience plays a decisive role in entrepreneurial intention. Entrepreneurial resilience (β = −0.103, P < 0.01), entrepreneurial strength (β = 0.123, P < 0.001), and proactive personality (β = 0.224, P < 0.001) significantly influenced entrepreneurial intention. Therefore, T2, T2a, T2b, T2c pass the test.

The deep implicit relationship in the variables is found through further analysis of the survey results in the questionnaire. New hidden variables are found and added to the model through this implicit relationship.




Problem-Based Learning Method Teaching Experiment and Result Analysis

An 8-week entrepreneurial education is carried out for the experimental class using the research-designed program, compared with the traditional curriculum program, and tested and analyzed. After the course is over, the students in the experimental class are evaluated from four aspects: knowledge mastery, knowledge transfer, knowledge integration, and problem response. The test results obtained are shown in Figure 14.


[image: image]

FIGURE 14. Test of results of experimental class and control class. (A) Sample test of experimental class; (B) sample test of control class.


In Figure 14, the t and Sig. of the two class scores are obtained, and the test is shown in Figure 15.


[image: image]

FIGURE 15. Test of t-value and Sig. result of experimental class and control class.


Figures 14, 15 reveal that there is no significant difference in knowledge mastery between the experimental class and the control class. This result shows that after passing entrepreneurship education, students in both classes can master the basic knowledge of entrepreneurship education. On the transfer of knowledge: the Sig value of the students in the experimental class is 0.08, which is less than 0.05. The results show that: PBL deep learning curriculum program can improve students’ knowledge transferability and better apply and integrate subject knowledge into practice. For the integration of knowledge, the Sig. of the experimental class and the control class are both lower than 0.05, but there are obvious differences. The results show that: PBL courses have improved and strengthened students’ information integration ability. Meanwhile, the problem response of the two groups of classes is less than 0.05, and the mean value of the experimental class is greater than that of the control class. The results show that: the PBL course program can improve students’ teamwork and problem response ability. The students trained in the PBL course have shown a significant improvement in their entrepreneurial ability, can plan and write, can better coordinate the work between groups, and their comprehensive literacy has been significantly improved.



Implications and Recommendations From the Research

Entrepreneurial learning has a significant positive effect on entrepreneurial intention. Specifically, the influence of each dimension of entrepreneurial education on college students’ entrepreneurial intention is cognitive learning, experiential learning, and practical learning from high to low. This is consistent with the theory of planned behavior. When college students start a business, they need to make a series of preliminary preparations, including various resources such as funds, venues, and policies. Therefore, these influencing factors negatively impact college students’ entrepreneurial intentions. Entrepreneurial learning has a significant positive effect on entrepreneurial resilience. Entrepreneurial resilience has a significant positive effect on college students’ entrepreneurial intention. This is consistent with self-efficacy theory. The results show that entrepreneurial resilience partially mediates the three dimensions of entrepreneurial learning and college students’ entrepreneurial intentions. This suggests that entrepreneurial learning has a direct impact on entrepreneurial intentions. At the same time, entrepreneurial resilience indirectly impacts entrepreneurial intention. A proactive personality can adjust the entrepreneurial elasticity, intensity, and entrepreneurial purpose of college students. Therefore, whether college students have an active character plays a decisive role in generating entrepreneurial intention.



Problem-Based Learning Online Learning Recommendation System Analysis

Figure 16 shows the actual grades of five students after using the system and the grades when they are not using the system.
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FIGURE 16. Changes in grades. (A) The first test (B). The second test.


The results of changes in student performance are shown in Figure 16. Take Student 1 as an example, his original score is 68. After the 1-month experiment, the score of Student 1 became 70 points, and after the 2-month experiment, the score of Student 1 became 72 points. Overall, the proposed system can improve student performance to a certain extent.

The proposed SNR model is tested offline on two classic recommender system datasets, MovieLens-100K and MovieLens-1M datasets.1 Literature (Li et al., 2015) is compared with those in Table 3.


TABLE 3. Comparison of the errors of the proposed algorithms in the two databases and the algorithm in the literature (Li et al., 2015).

[image: Table 3]
In Table 2, the SNR model achieves the best results in the comparative experiments. Compared with the model literature (Li et al., 2015) that also uses structured information to improve the recommendation effect, the SNR model only uses the structured data of the movie category. Still, it performs better than the literature (Li et al., 2015). This shows the superiority of its structured information extraction method. SNR utilizes structured information and Huber function-based priors to improve the recommendation accuracy of the model effectively. Therefore, the collaborative filtering recommendation framework of SNR is very effective.

The contribution of this study to PBL research lies in the use of the method of creating problem situations to improve students’ initiative in knowledge construction; the use of multi-angle evaluation and reflection methods to help students generate higher-order thinking such as critical thinking. This allows learners to flexibly transfer existing knowledge to new situations to creatively solve problems and achieve the high-level goals of deep learning.

When scholars use the Theory of Planned Behavior (TPB) theory to study entrepreneurial activities, they often directly transplant the theory into the field of entrepreneurship. They did not propose new variables according to research characteristics in the field of entrepreneurship. In this way, when interpreting the research results, it is easy to cause unclear effects of variable indications, which is not conducive to the sharing of theories among different scholars. Here, according to the existing research theoretical basis, the corresponding concepts in the entrepreneurship field of the concepts involved in the TPB theory are found. The TPB theory is more suitable for the study of entrepreneurial activities.




CONCLUSION

With the advent of the era of information intelligence, today’s society puts forward higher requirements for talent training. It requires students to be able to learn independently, to have the high-order thinking of actively constructing knowledge, analyzing problems, and solving problems. The learning method should be transformed from simple and formal shallow learning to creative and critical deep learning. PBL and deep learning have strong suitability and compatibility, and it is an effective way to realize deep learning. Students majoring in social security law in College B are used as research samples, and the relationship between optimistic personality, entrepreneurial learning and entrepreneurial intention is investigated and analyzed. A special mediating effect between optimistic personality and entrepreneurial intention is verified. Furthermore, a deep learning scheme based on PBL mode is proposed. Through the research, it is concluded that: 1. students who have undergone PBL deep learning can understand the knowledge imparted in entrepreneurship education, and have better integration and output capabilities for the acquired knowledge. Meanwhile, these students can make better coping behaviors when dealing with entrepreneurial problems and changes in the entrepreneurial environment, and achieve the goals of deep learning. 2. The PBL online learning system has proved the effectiveness of the proposed SNR model in the recommendation of the PBL online learning system by comparing different datasets. 3. In the experiential learning of entrepreneurship learning, the average value of men is higher than that of women. It shows that men pay more attention to experiential learning in entrepreneurial learning than women. Entrepreneurial intentions also showed obvious differences, indicating that men tend to have stronger entrepreneurial intentions.

Some deficiencies remain: only one university is selected as a sample at the time of the study. Therefore, there is still a certain bias in the research of this specialty. In future studies, the sample size will be increased and the sample diversity will be further refined. In addition, due to the lack of theoretical research and teaching experience, the teaching experience is relatively lacking, and there are certain defects in the application of the designed method. This deficiency will continue to be studied in the follow-up work.
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The purpose is to solve the problem of college students’ employment difficulties. It is the development trend of the times to master the basic psychological pressure state of students and analyze students’ problems by using modern technology and science. First, based on Marxist theory, the theory of entrepreneurship education and the characteristics of teachers and students in colleges are expounded, and the principle and algorithms of Backpropagation Neural Network (BPNN) are introduced. Second, from the perspective of entrepreneurship education and mental health factors of college students, the sample set of the BPNN model is collected using a Questionnaire Survey (QS). Then, the sample set is normalized to analyze the current college entrepreneurship education and the health and stress of college students. The results show that the comprehensive BPNN output of entrepreneurship education is 0.726, indicating that entrepreneurship education in colleges is at a moderate level. The proposed BPNN model can perform better than the traditional prediction methods in predicting college students’ mental health, and the data fitting results are satisfactory. Overall, college students’ entrepreneurship education should be improved, and schools should take more incentives to help adjust college students’ mentality.
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INTRODUCTION

The modern world is undergoing a profound change, and education has become the key to a nation’s development. With rapid technological development and international cooperation, competition has intensified, and economic globalization is accelerating (Qian et al., 2018; Lin and Lin, 2021). Entrepreneurship education is the foundation of national rejuvenation and social development. China is going through a transitional period of reform and opening up, in which the economic reform is deepening. The great goal of socialist modernization construction should be realized (Rogoza et al., 2018; Chen, 2019). National construction and ecology, such as economic construction, political construction, cultural construction, and the control of environmental pollution and resource consumption need various professional talents. Therefore, a comprehensive and scientific educational system is needed to improve the overall quality of the national population and cultivate a group of high-quality and innovative talents, which is also the ardent expectation and demand of the people (Wu W. et al., 2019; Wu and Song, 2019). China has attached great importance to education and personnel training since ancient times. Today, China’s educational achievements are related to the speed of China’s development, the level of China’s socialist modernization, and whether the great Chinese nation can stand proud in the world again (Wu and Wu, 2017; Wu W. et al., 2020). Talent is the key to China’s future development and the great rejuvenation of the Chinese nation, (Wu Y. J. et al., 2020; Yuan and Wu, 2020). Meanwhile, China’s future success lies in education, and every Chinese is responsible for revitalizing education, which is why education is put in a critical position to ensure the successful implementation of the educational policies of the Communist Party of China (CPC). The four modernizations of China and the construction of a prosperous society require constant exploration, advancement, and innovation in talent cultivation.

In the past few years, with the continuous social progress, college students have shown more and more mental health problems, which are getting serious. Many research reports emphasize that the proportion of college students with mental health problems is very high, especially in the dimensions of compulsion, anxiety, depression, interpersonal sensitivity, and lack of self-confidence. Although much attention has been paid to the mental health education of college students and the medical development is speeding up, there are still multiple problems (Antal et al., 2017; Barba and Atienza, 2018). College students’ mental health is affected by multiple factors, each of which is inseparable. Hence, the prediction of college student’s mental health is a non-linear problem. In recent years, as a new type of intelligent information system, Artificial Neural Network (ANN) technology is developed from the biological Neural Network (NN) (Fellnhofer and Kraus, 2017; Mets et al., 2017). In practical application, NN technology solves many complex causality problems, which can be used for associative memory, non-linear mapping, classification, recognition, and intelligent operations, such as knowledge processing (Kirkley, 2017; Bischoff et al., 2018). Previous studies did not apply NN’s powerful prediction and analysis ability to mental health prediction. A more practical method is urgently needed to analyze and predict mental health more accurately. Here, an NN-based prediction algorithm is utilized to predict students’ mental health problems.

The college teachers and students are taken as the research object based on the above research content. The Questionnaire Survey (QS) combined model test is adopted to analyze the current situation of college teachers and students’ entrepreneurial consciousness. From the perspective of innovation, the proposed Backpropagation Neural Network (BPNN) model can perform better than the traditional prediction methods in predicting college students’ mental health, and the data fitting results are satisfactory. The health and pressure of college students are discussed to provide some reference for college students’ entrepreneurial awareness and mentality adjustment, which is of great significance for promoting college students’ employment.



NEURAL NETWORK AND ENTREPRENEURSHIP EDUCATION OF COLLEGE TEACHERS AND STUDENTS


Entrepreneurship Education

China’s innovation and entrepreneurship education have a late start compared with foreign countries. However, innovation and entrepreneurship education for college students is rapidly catching up and has aroused great attention from all social spheres, and in-depth exploration and related research on entrepreneurship education is being conducted comprehensively. China’s innovation and entrepreneurship research should be further deepened, systematized, and constantly improved based on China’s actual situation (Gedeon, 2017; Fellnhofer, 2018). Some researchers believe that the reform of curriculum system, teaching content and methods, and the development of extracurricular practical activities can effectively cultivate students’ awareness of innovation and entrepreneurship. Wu Y. C. J. et al. (2019) proposed a classroom response system to study college students’ entrepreneurial experience to improve their awareness and ability in entrepreneurship (Wu Y. C. J. et al., 2019). Entrepreneurship education is an educational practice to cultivate students’ entrepreneurial spirit, knowledge, and other comprehensive qualities and promote students’ entrepreneurship and innovation. Some scholars argue that entrepreneurship education is a new concept and pattern of employment education, emphasizing students’ entrepreneurial awareness and ability (Fox et al., 2018; Sánchez et al., 2020). In short, the purpose of entrepreneurship education is to cultivate students’ comprehensive qualities and abilities for entrepreneurship. Some researchers suggest that the general purpose of entrepreneurship education is to improve students’ entrepreneurial awareness and cultivate their entrepreneurial quality. Specifically, entrepreneurship education is an education behavior to cultivate independent entrepreneurship knowledge, quality, and skills. Broadly, entrepreneurship education aims to cultivate people with entrepreneurial qualities. Some scholars point out that entrepreneurship education can specifically refer to behavior that cultivates students with the social and professional skills to become an entrepreneur from a job seeker. More broadly, entrepreneurship education can improve students’ overall quality. During entrepreneurship, students should learn from the curriculum system to foster themselves with the creative and innovative spirit, entrepreneurial consciousness, stable mentality, and decision-making mentalities. Zhou and Wu (2018) emphasized the importance of cultivating entrepreneurial awareness. Here, entrepreneurship education is defined both in a broad and narrow sense. Emphasis is put on spirit, vocational training, and education process in the broad sense definition. In the narrow sense, entrepreneurship education is defined as vocational education to encourage students to start a business successfully (Zhou and Wu, 2018).




CHARACTERISTICS OF COLLEGE TEACHERS AND STUDENTS

College students are believed to be highly intelligent and outstanding youth representatives. Their mental health significantly influences their growth and success and the great rejuvenation of the Chinese nation and socialist modernization. College students are at the age of critical transitional period to physical and mental maturity. Without being properly treated, they may face multiple problems from their emotions and society, leading to more serious psychological problems, such as depression and anxiety. It greatly hinders the education of college students (Dash, 2017; Garcia et al., 2019). For example, it is not uncommon to find college students with emotional disorders. In most colleges, a specific number of students suffer from various mental problems with different degrees, which seriously affect their normal life and study. Additionally, according to domestic and international research, students with neuropsychiatric problems account for the most in college dropouts, so the mental health problems of contemporary students cannot be ignored.

With the increasing influence of college students’ mental health problems, psychological education has become the center of social concerns. Following the collection of college students’ mental health factors, these factors are classified into four categories.


School Factors

The first is the ability to adapt to the environment, and the change of living environment is the basis of psychological change. The change of living environment is reflected in the change of collective middle school living environment to independent college life. It requires self-reliance and spiritual independence based on self-understanding, without which college students may suffer loneliness or even mental health problems. The second is the learning pressure, partly from an unclear understanding of their major. Meanwhile, the learning pressure comes from accepting new and more difficult knowledge structure that is completely different from those of middle school. Interestingly, college life may differ greatly from what many students have expected in their middle schools. With a heavier burden of learning, students are under long-term excessive mental stress. Additionally, examinations also bring great pressure to students. These factors all can contribute to various mental health problems and emotional tension. College students are young and energetic, and they long for friendships and romantic relationships. However, the hysteretic psychophysiological maturity usually leads to deviation from expectations, emotional pressure, or even mental health problems without proper management.



Individual Factors

College students are ambitious for success and eager for knowledge. However, for practical reasons, many students have chosen a different major from their initial will, resulting in a negative psychological effect that sometimes causes a resistance emotion toward professional courses and then leads to mental health problems. Meanwhile, interpersonal pressure in college life gets intenser than that in middle schools. Psychologist Ding ye believed that the most important thing in human psychological adaptation was interpersonal adaptation. The main reason for human psychological diseases is the imbalance of interpersonal relationships. Some unavoidable interpersonal relationships will lead to various physical and mental symptoms, and if the interpersonal relationship stops, the symptoms will disappear immediately. Generally, interpersonal relationships, will continue to generate psychological pressure if not well-managed. Therefore, it is also an essential factor affecting college students’ mental health. Students with interpersonal problems often have bad relationships. Classmate relationship is also the most common form of interpersonal relationship, which easily produces contradictions. Research shows that 36% of college students’ mental health problems are related to the classmate relationship.



Social Factors

First, social development pressure increases. As social development accelerates, fierce competition has been brought along with fast-paced life and labor intensity industries. Apart from the negative impact of the market economy, work pressure is getting increasingly heavy, and many people get psychological problems, such as depression and anxiety, which is no exception for college students. After reform and opening up, colleges provide more opportunities for students, but, meanwhile, various social problems are rampant, so college students feel many psychological contradictions and even get cynical about society. Some new college students’ personality weaknesses gradually emerge during this transitional social period. Next, college life and education are critical to forming students’ three outlooks (world outlook, view of value, outlook on life). Yet, with the rapid development of the information age, college students are faced with huge amounts of miscellaneous information that can be favorable or dangerous to their personality and mental health development based on personal choices. Hence, this may also contribute to college students’ psychological problems without correct guidance.



Family Factors

Family factors are the most straightforward pressure that students get, partly from parents’ high expectations for their children. In China, the money and time parents spend on their children are tremendous, and some would like to see their children fulfill their parents’ wishes and impart children with all kinds of knowledge. Most students are willing to work hard because they know what’ on their shoulders. It increases the psychological burden of college students, which also contributes to students’ mental health problems. Meanwhile, parental behavior has an impact on college students’ pressure. It has been argued that parents are the best teachers for children, and their behaviors influence children, especially their personality formation. Therefore, the way parents raise and educate their children directly affects children’s behavior and psychology. A democratic and equal rather than an autocratic family environment can help develop students’ psychological health and alleviate pressure.

Abu-Tineh and Sadiq (2018) studied the characteristics of effective professional development and effective professional development model perceived by school teachers in the state of Qatar. The results show that school teachers in Qatar believe that the proposed characteristics of effective professional development are very effective. In addition, they think that the guidance model is the most effective and healthy professional development model. McCallen and Johnson (2021) pointed out that students’ success in public higher education is an indispensable part of modern social equity in the United States. The research shows that the multidisciplinary theoretical framework is adopted to consider the impact of social capital on the success of the first generation of college students in large public city colleges, and put the proximal and structural characteristics of shaping the opportunities of underrepresented students in the context. Machingambi (2014) believed that globalization had imposed values and spirit on the higher education system, intensifying educational inequality and social disharmony. Marxist theoretical methods are adopted to reflect and analyze the impact of globalization on the practice and process of higher education. In particular, it explores how the forces of globalization limit access, equity, capital and national culture.




NEURAL NETWORK

(1) ANN. ANN is a non-linear adaptive dynamic system composed of large numbers of neurons. The system has strong adaptability and autonomous learning ability, and it is non-linear and non-local (Muralidhar et al., 2017; Huang et al., 2019). Based on modern neuroscience, a new machine is designed here through the simulation of the brain NN to process the received information and memory information. The basic processing unit of ANN is a non-linear device with multiple inputs and a single output. Figure 1 displays its structure.


[image: image]

FIGURE 1. Structure of a neuron.


In Figure 1, Xn represents the input signal, and yi denotes the output signal. In the model, the middle transformation equation reads:

[image: image]

(2) BPNN model. The three-layer BPNN model is the most common model, which includes the input layer, hidden layer, and output layer from left to right. The data are input from the leftmost input layer and then output from the rightmost output layer. They are fully connected between the layers (An et al., 2017; Sufiyah et al., 2018). Essentially, BPNN is a non-linear input-output mapping. The network input is considered the independent variable of the non-linear function, and the network output (prediction) value is the dependent variable of the non-linear function. Given the input and output nodes: a and b, respectively, BPNN represents the function mapping relationship a-b, as shown in Figures 2–4.


[image: image]

FIGURE 2. BPNN structure.
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FIGURE 3. Feedforward network structure.
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FIGURE 4. Structure of multilayer error backpropagation NN.


The basic principle of the BP algorithm is to divide the learning process into two processes: the forward propagation of signal and the backward propagation of error. Each neuron in the input layer receives external input information and transmits it to each neuron in the hidden layer. The hidden layer is responsible for internal information processing and information conversion. According to the needs of information change, one or more hidden layers are designed. After being processed through each hidden layer, the information is transmitted to the output layer, which is the process of outward propagation. When the actual output of the output layer does not match the expected output, error backpropagation is triggered (Mary et al., 2018; Herlosky and Tran, 2019). The error is transmitted and distributed among the hidden layer, the output layer, and then the input layer. Therefore, the neurons in each layer of the error signal can be used as the basis to correct the reconnection of each layer. The signal circulates forward, while the error circulates backward during propagation. The weight of each layer is adjusted until the output error of the ANN is reduced to an acceptable threshold or the previously set number of learning times is reached.

Using the error feedback algorithm, BPNN can learn and store multiple mapping relationships between input patterns and output patterns without revealing the mathematical equations describing these mapping relationships in advance (Chun, 2017; Zeng et al., 2017). The learning rule is to use the fastest descent method and feedback propagation to constantly adjust the weight and threshold of the network to produce the least sum of squares of network errors. BPNN consists of three neural layers: the input, output, and hidden layers. There is only one input layer and one output layer. The hidden layer is manually defined and can be one or more layers. The most extensive and simple BPNN contains only one hidden layer, where each layer contains one or more nodes that are fully interconnected through layers. In this way, each node is fully connected with the upper layer nodes of each layer but does not belong to the same layer between nodes, that is, there is no feedback between nodes.

(3) BP learning algorithm. ai represents the BP input layer, bj denotes the middle hidden layer, and ck indicates the output layer. fij stands for the connection weight between the input layer and the hidden layer. gjk means the connection weight between the hidden layer and the output layer, dl and em refer to the thresholds of the output layer and the hidden layer, respectively, and hn is the expected output of the output layer.

In the BPNN model, the net represents the neuron. Its expression reads:
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The activation function of BPNN reads:

[image: image]

The derivative function of the BPNN activation function reads:

[image: image]

The principle of BPNN is to divide the learning process into two processes: the forward propagation of signal and the backward propagation of error.

The signal forward propagation of BPNN:

From the input layer to the hidden layer, the output reads:
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For the convenience of calculation, let
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From the hidden layer to the output layer, the output reads:
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For the convenience of calculation, let
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The error backpropagation of BPNN:

The error function reads:
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Error function of hidden layer reads:
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The error function of the input layer reads:

[image: image]

Equation 8 shows that the error function is the function of the weight of the connection between the input layer and the hidden layer fij and the weight of the connection between the hidden layer and the output layer gjk. Then, the error function e can be reduced by altering the connection weight. The ultimate goal is to continuously reduce the weight, and Eqs. 12, 13 are obtained.
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The learning rate of BPNN is reflected in Eqs. 12, 13.

Next, the error signal is defined. Then, the corresponding weights and thresholds are adjusted to show the same gradient changes.

[image: image]
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The equation of weight adjustment of the hidden layer reads:
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The equation for weight adjustment of output layer reads:
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The equation of threshold adjustment reads:
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(4) NN operation process. Figure 5 is the flow chart of BPNN.
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FIGURE 5. Operation flowchart of BPNN.




BACKPROPAGATION NEURAL NETWORK MODEL DESIGN AND METHOD

Questionnaire Survey is designed in this chapter, and then the neural network is modeled. The modeling of neural networks mainly includes four objectives. First, it is to establish sample set data; second, it is to design the model; third, it is to select the network learning parameters and data preprocessing; fourth, it is to conduct network training.



DESIGN OF QUESTIONNAIRE SURVEY

According to the above analysis of entrepreneurship education for college teachers and students, the QS will be designed from the student, society, school, and government dimensions. The student dimension includes scientific research ability, entrepreneurship rate, innovative practice, and innovative achievements. The society dimension includes social atmosphere, corporate groups, and social reputation. The school dimension includes curriculum system, school running idea, teaching staff, practice basis, and campus culture. The government dimension includes investment, management systems, and policy optimization. Based on the above analysis of the factors of contemporary college students’ mental health problems, emotional pressure, the QS also involves future employee pressure, social pressure, learning pressure, economic pressure, environmental pressure, parents’ expectations, family influence, occupational emotion, and interpersonal relationship pressure. Finally, the QS is designed. Table 1 presents the key questions set.


TABLE 1. Key questions of the QS.

[image: Table 1]


NEURAL NETWORK MODELING


(1)The establishment of the sample set data. For BPNN, data preparation is critical. Good sets of data can quickly balance the convergence of the network and approach the output result. On the contrary, the network cannot achieve the desired effect with bad datasets through parameter adjustment. Here, the input data are collected from the designed QS. Totally, 120 QSs are distributed, 120 are collected, and 110 are valid. In the QS design, A, B, C, D, and E represent 0.5, 0.4, 0.3, 0.2, and 0.1 scores, respectively.

(2)Model design. First, the design of the input and output layer: the input and output layer mainly receives the input data and the final output results. Generally, the number of the network input layer equals the number of input problems, and the number of neurons in the output layer equals the number of the output problems. The number of neurons in the input and output layers is 10 and 1, respectively. Second, the design of the hidden layer. BPNN has a hidden layer, which can deal with more complex problems. Usually, hidden layers are one or two layers. The number of neurons can be selected flexibly according to the actual situation for optimal network precision. The proposed network model consists of a hidden layer and 15 neurons. The NN data should be pretreated to improve the efficiency and speed of NN formation. The preprocessing method of MATLAB includes the normalization and analysis of the main components, in which normalization is usually used, that is, the input and output data are mapped to the range of [−1,1], and then mapped to the original data range after training. Meanwhile, the data must be disordered and classified. Among the 110 input data, 25% are test data, 25% are change data, and the remaining 50% are used for normal input and training. It is the difference between the neural network model designed and the general neural network.

(3)The selection of network learning parameters and data preprocessing. Generally, NN must learn the determination of parameters and learning rate, so the initialization method is significant for the network convergence and training time. Besides, the output value of each neuron is expected to be close to zero after the initial weighting, thereby ensuring that the weight of each neuron is adjusted at the place where the type activation function changes the most. Therefore, the initial weight is usually a random number between 0 and 1. The next is the learning rate selection. Learning rate, also known as the phase, determines each training cycle’s weight and closure value. A too-high learning rate may lead to system instability. Comparatively, a too-low learning rate may extend the learning time, resulting in slow network convergence. However, the network error does not exceed its surface depression and approximates the minimum error. Therefore, commonly, a lower learning rate is chosen to ensure the stability of the system.

(4)Network training. First, the init function is used for initialization, and the target vector T and P are input according to the dataset. The network prediction model is created through the newff. Figure 6 is the training result.




[image: image]

FIGURE 6. Training results of entrepreneurship education based on BPNN.


The function newff is used for the parameter setting of the BPNN, and then the training function can train the BPNN model. According to the practical experience, the training time and the learning speed are set as 9,000 and 0.02, respectively. After model training, the change of error is obtained, as shown in Figure 7.


[image: image]

FIGURE 7. BPNN error curve. (A) 900 Epochs. (B) 1,000 Epochs.


Figure 7 illustrates that the model converges well, and it can meet the requirements of this experiment when the number of iterations reaches 900. Figure 8 displays the training state.


[image: image]

FIGURE 8. BPNN training status. (A) Gradient = 0.073582, atepoch 900. (B) ValidationChecks = 6, atepoch 900.


(5) Network simulation test. The function sim can simulate the trained network, and then the simulation results are de-normalized and compared with the original data. Figure 9 displays the comparison result of the estimated value with the real value.


[image: image]

FIGURE 9. Comparison of estimated value and output value.


Figure 9 shows that the estimated value is close to the real value. Hence, after training, the BPNN model can better predict the health and stress of college teachers and students in entrepreneurship education. To sum up, after 900 iterations of training, the average variance value of the BPNN model is only 0.0303, so the predictability of the proposed BPNN model is better.



ANALYSIS OF THE RESULTS OF ENTREPRENEURSHIP EDUCATION AND HEALTH STRESS TEST

Through the relevant theories of Marxism and entrepreneurship education, the BPNN model is put forward based on the analysis of the characteristics of college teachers and students. On this basis, the entrepreneurial consciousness of college teachers and students and the factors affecting their development are analyzed through QS method and model test.

The collected data of entrepreneurship education are normalized, and then the dataset is simulated with the function sim. Figure 10 presents the results.


[image: image]

FIGURE 10. Training error based on BPNN. (A) Training: R = 1. (B) Validation: R = 0.01389. (C) Test:R = 0.63321. (D) All:R = 0.94457.


The predicted value of the neural network model designed can be obtained as 0.726 from the curve distribution in Figure 10, which shows that the entrepreneurship education of college students is at the medium level and needs to be further improved. Therefore, colleges should start from the above four aspects, focus on entrepreneurship education, cultivate talents, and improve employment. The prediction results also have strong feasibility, and the model has a high prediction value because the accuracy of the designed prediction model is guaranteed.

The dataset of college students’ health stress is processed by linear regression. Figure 11 displays the results.


[image: image]

FIGURE 11. BPNN linear regression processing. (A) Training:R = 0.91304. (B) Validation:R = 0.91734. (C) Test:R = 0.91755. (D) All:R = 0.91333.


Figure 11 suggests that the proposed BPNN model performs well for the sample set’s training, verification, and test mode.



CONCLUSION

Under the pressure of employment, the mental health of college students has attracted widespread attention from all walks of life. Here, the BPNN model is proposed based on Marxist and entrepreneurship education-related theories and the analysis of the characteristics of college teachers and students. The sample dataset of the neural network prediction model is from the questionnaire survey, which ensures the effectiveness of the data. The data are further optimized by using the preprocessing method of MATLAB, so that the neural network can better analyze and process the data. Then, the QS method and model test are used. The entrepreneurial awareness of college teachers and students and the factors affecting their development are analyzed. The evaluation of the mental health of college students is discussed. The analysis of the proposed BPNN model indicates that the entrepreneurial awareness of college teachers and students should be strengthened, and the students with mental health problems can well be predicted, thereby formulating corresponding measures to help students grow and study healthily. In college teaching and learning processes, stress and health analysis is a hot topic in relevant research fields. In the study of the correlation between health belief and physique and stress adaptation of college teachers and students, scholars should know the impact of health belief on stress adaptation of college teachers and students and the impact of psychological elasticity on stress adaptation. The reason is that one of the most important factors of individual adaptation to stress is psychological elasticity. Only through the dual guarantee of mental health and physical health can the grass-roots people overcome the pressure with good mentality and physical quality in the face of various pressures generated by the surrounding environment to provide a strong driving force for work and life. Due to the influence of the actual experimental conditions, the selected research samples are limited, which is not enough to cover all aspects. The samples will be expanded in the later research, and more factors will be considered for entrepreneurship education, college students and teachers, and employment.
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The purpose is to strengthen the life education of contemporary college students and give better play to the vital role of life education in preventing college students’ mental diseases. Specifically, it discusses the role of dance therapy (DT) in College Students’ Life Education (CSLE). Firstly, based on educational psychology (EP), this manuscript analyzes the relevant theoretical concepts of EP and life education and discusses the importance of life education to contemporary college students. Secondly, following a Questionnaire Survey (QS) and using deep learning (DL) Convolutional Neural Network (CNN) and Facial Emotion Recognition (FER), this manuscript reviews and examines the CSLE’s current situation and the DT effect. Research findings are summarized combined with the QS results and scores of 20 subjects before and after five activities in 3 months. (I) After DT intervention, the positive dimensions of college students’ life values have improved, especially self-development and dedication, and their quality of life is refined. Thus, DT group counseling proves the positive role of DT in CSLE. (II) After DT intervention, 96.5% of the members think DT is effective. Therefore, EP-based DT is more effective and scientific in CSLE. The research findings provide a DT-based teaching concept for CSLE, explore the feasibility and effectiveness of life education, and enrich the DT scheme of CSLE. The research provides a practical reference for further applying DT in college students’ psychological education.
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INTRODUCTION

The present work aims to seek more diversified ways to prevent mental diseases by introducing the concept of dance therapy (DT). With the development of the Internet, the psychological problems of college students have attracted extensive attention, and the research on college students’ mental diseases has also increased. At present, the leading education on preventing college students’ mental diseases is centered on life education. Since the 21st century, more and more studies have shown that physical exercise will positively impact people’s psychology. Therefore, this manuscript will study its role in College Students’ Life Education (CSLE) combined with dance teaching. As a combination of Ideological and Political Education (IAPE) and psychology, life education has attracted the attention of scholars all over the world and drew the thinking and research of IAPE educators. Life education is a relatively new concept in China, and the life education system model with Chinese cultural characteristics is still in its infancy. As part of IAPE, the importance of life education can never be overemphasized. College students, in particular, are the pillar of China’s socio-economic development. Thus, there is a rising demand to cultivate college students with reliable and effective life education, help them explore the meaning of lives, realize life values, and lay a foundation for future study and life. At the same time, to make educators and students have a better experience in life education, it is very effective to integrate educational psychology (EP) into the whole teaching process (Allen and Lavender-Stott, 2020; Brotherson and Hoffman, 2020).

Dance therapy is a discipline and has become an industry as well. It has originated in Europe and risen in the United States. Its basic principle is to emphasize internal expression and publicize personality. The earliest practitioners of DT are dancers, who summarize their experience in dance career into their unique dance therapy methods. Traditional DT uses dance or improvization to treat social, emotional, cognitive, and physical disorders, enhance personal consciousness, and improve people’s minds. With the development of psychology, some dancers begin to introduce these methods and dance movement analysis into dance and psychology research (Yamada and Kawano, 2021). Particularly, DT based on psychological concepts can greatly impact people. Since the rise and popularization of DT, it has been combined with various disciplines and developed many new methods and research results. Internationally, DT has been applied to personal development, mental health counseling, and mental disease prevention. China has just introduced the concept of DT and is still seeking the initial stage of development, but most cases are used as the experience of psychological prevention (Candelieri, 2020).

Because people’s emotions are related to their views on life, this manuscript uses Emotion Recognition Technology (EMT) based on Deep Learning (DL) to represent the results of DT + life education. The key point of Artificial Intelligence (AI) ‘s Perceptual Ability (PA) lies in emotion perception. Only when machines truly understand emotion can they respond correctly to the environment in a human way of thinking. The human emotional state is extremely rich. Significantly, a machine needs to recognize various signals corresponding to multiple emotions to understand human emotions. The typical application of EMT is psychotherapy, in which psychologists can master the patient’s psychological state and help detect depression by judging the patient’s feelings. Of course, the role of EMT is not only reflected in psychotherapy but also plays an essential role in evaluating the advertising effect through the audience’s response, character analysis in the video, emotional robot, and medical rehabilitation of patients, among many other scenes. DL belongs to the broader category of Machine Learning (ML). DL can learn the high-level abstract data representation and automatically extract data features. Convolutional Neural Network (CNN) is one of the representative DL algorithms. It can well establish the relationship between pixels according to the data features of image mode, extract the semantic information in the image, and realize the image understanding.

From the perspective of EP, this manuscript analyzes the role and influence of DT in contemporary CSLE and discusses the problems and reasons existing in the process of CSLE. On this basis, a practical and effective DT scheme for CSLE based on EP is proposed. Then, the CNN is introduced to characterize the effect of DT through Facial Emotion Recognition (FER) technology, which provides a new idea and research direction for CSLE. This manuscript will study the problems existing in the current college students receiving DT. Following the Questionnaire Survey (QS) and feedback of the DT group, it proves that DT can significantly improve the effectiveness of CSLE. Finally, the experimental findings corroborate that DT can enhance students’ understanding of the goal, improve students’ life consciousness, and improve students’ interpersonal relationships. This manuscript creatively discusses the role of DT in CSLE from the perspective of EP, provides a more popular way for college students’ mental disease prevention education, and improves college students’ acceptance of life education. The DL technology will be applied to FER after DT treatment and provide technical support for the DT results and reference for the academic research of DL technology in the DT + life education field.



OVERVIEW AND RESEARCH METHODS OF EDUCATIONAL PSYCHOLOGY, DANCE THERAPY, AND LIFE EDUCATION


Overview of Educational Psychology

Educational psychology is a branch of psychology that specializes in the psychological laws of teaching and learning in the educational environment. Meanwhile, EP is a compulsory course for ordinary students, teacher-training, and psychology and pedagogy majors. With the advancement of the times, EP is extending to the teaching process of numerous majors. In this process, EP is used to study students’ and educators’ psychological phenomena and laws, promote the reform of education and teaching, and improve teaching quality, thus playing a positive role in the education and training of students (Burchell, 2021).

Educational psychology is around the interactive and systematic teaching and learning process, including five factors: students, educators, teaching content, teaching media, and teaching environment. It encompasses the nature of pedagogy and psychology. Applied EP and the development of modern biology, sociology, and psychiatry have a mutual influence on education. The contents of EP are constantly updated to meet social development needs.

To analyze and research EP, people often use observation, natural experiment, investigation, and interview methods to deeply explore the role of description, interpretation, and predictive control in educational practice. The research process has found some defects in pedagogy. These deficiencies are supplemented and improved through the study of EP (Gehlbach and Robinson, 2021).



Overview of College Students’ Life Education

Life education is an argument about death education originated in the United States, also called death education. Its theoretical founder believes that learning life is learning death. Life education can help people realize the limitation and infinity of life, achieve the unity of subject and object, and discover the transcendence and sublimation of life. Through life education research, the content of CSLE can be extended, which is a practical form of CSLE (Clynes et al., 2020).

College Students’ Life Education is a part of IAPE in Chinese higher institutions. IAPE expects to revise college students’ negative outlook on life, guide them to respect lives, understand the meaning of life, find the value and significance of life, and improve their life quality (Aziz et al., 2020). Figure 1 shows the content of CSLE (Wei et al., 2021).
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FIGURE 1. Contents of CSLE.




Overview of Dance Therapy

Dance therapy is also known as dance movement therapy (DMT), which uses body movements as a medium to integrate and treat personal emotional and psychophysiological problems. DT is the combination of modern dance and psychology. It is a direct intervention to the individual subconscious through non-verbal communication, which assists the individual in the cognitive emotion of body and consciousness. DT does not involve learning or training dance skills but focuses on the movement’s dynamic process, expression, and meaning. DT contends that the body reflects the individual’s psychological state and recognizes self-existence. Meanwhile, DT is an essential cognitive component of psychodynamics in psychoanalysis. It expresses the correlation, interaction, and influence between body and consciousness linked through energy flow (Gail and Michal, 2020). Figure 2 displays the features of DT (Koch et al., 2019).
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FIGURE 2. Features of DT.


Figure 3 outlines several academic supports obtained during DT (Stănescu and Tomescu, 2021).
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FIGURE 3. Theoretical support for DT.


Since the introduction of DT into China, it has seen wide applications in many directions. At the same time, a relatively complete theoretical DT system has formed outside China. In China, the content of DT has more similarities and conjunctions points with that of life education. With DT, Chinese CSLE can develop reasonably and effectively (Ko, 2020).

This manuscript mainly researches CSLE through a combination of EP and DT. There are few studies on the integration of EP and DT in CSLE. With the deepening of interdisciplinary science, more studies have been on the fusion of DT and psychology in recent years. For example, some studies have combined DT with psychology to study the depression of middle school students and college students. Some scholars have also combined DT with EP to examine college students’ self-efficacy. This manuscript combines the concept of EP with DT to study the CSLE. The research method mainly involves the QS method.




RESEARCH METHOD


Emotion Recognition Based on Dance Therapy Technology

There are many ways to express human emotion, leading to various ER patterns. Previous related research mainly focused on Image-based FER and Human Posture Recognition (HPR), text-based ER, speech-based ER, physiological signal-based ER, and multimodal ER. In traditional ER methods, Feature Extraction (FE)’s preprocessing process includes: 1, FE; 2, feature dimensionality reduction; 3, feature selection. In particular, FE methods encompass static image-based FE and dynamic image-based FE.

Deep learning technology has the superior ability of FE and classification. CNN is one of the classical networks in DL technology, and its image processing (IP) performance is outstanding. Therefore, this manuscript mainly studies the image-based ER combined with DL technology. This section uses 26 discrete categories and three continuous dimensions to build the model (Abdullah et al., 2021). Due to the structural shortcomings of DL, this section introduces DenseNetHE and Xception for network optimization. Dense Xception consists of an FE network and a feature fusion network. The FE network includes three sub-networks to extract the features of face, action, and context, respectively. Feature fusion network uses fully connected fusion three-way features to predict 26 discrete categories and three continuous dimensions. Each subnetwork is composed of five Dense Xception blocks. Firstly, the source image is deformed and convoluted to obtain the deformation invariant feature maps of 64 channels, and then these feature maps pass through five Dense Xception blocks in turn. In the middle of each block, it places a one × one convolution as the conversion layer to reduce the channel of the characteristic graph by half. Additionally, a two × two average pooling layer is placed after the first three blocks to retain more spatial information in the feature map. Each Dense Xception block is the basic module of FE. The original image information is the input of the deformed convolution layer, and its convolution kernel is 3 × 3. Meanwhile, the same object may show different sizes, attitudes, angle changes, or even non-rigid deformation in the image. The first three Dense Xception blocks are followed by one × one transfer floor and two × two average pooling. The Dense Xception block adopts the dense connection mode of the dense net. After the first three Dense Xception blocks, the average pooling can reduce the picture size from 64 × 64 to 8 × 8, dramatically reducing the amount of calculation and further improving the network’s generalization ability. The last two Dense Xception blocks only pass the transformation layer. At this stage, the feature map is small enough. Concerning enough space information, it does not use a pooling operation. Afterward, a two-way full connection operation reduces the superimposed three-way feature map to 26 and 3. The final features include two types: 26 and 3. Finally, the sigmoid function maps the discrete categories into [0,1] to predict each type.

The experimental samples are selected from the Emotions in Context (EMOTIC) data set, downloaded from http://sunai.uoc.edu/emotic/index.html. There are 23,554 images and 34,320 labeled samples, each framing people in the original image. There are 25% of images with no face presented in the data set, and the rest might have gotten people’s faces occluded. It is almost impossible to realize the FER in the past, but facial expression is one of the most direct and natural ways humans express emotion. Therefore, in this experiment, the facial expression is added as information input while combining context and action to use the face information in the data to obtain more comprehensive network information. Then, this section proposes FER through the combination of face, action, and context. Therefore, all samples’ face frames are manually marked to train the model, with 34,320 pieces marked in total.



Questionnaire Survey and Experimental Methods


Literature Review

It analyzes and summarizes relevant theoretical knowledge and basis by querying the relevant literature of EP, life education, CSLE, and DT.



Experimental Method

It designs the activity plan of DT from the conjunction points of DT and CSLE, combined with the appropriate methods of DT.



QS Method

It analyzes college students’ life values and life quality through the QS design and statistical analysis. Life values are analyzed from six aspects: self-development, suffering acceptance, death acceptance, inaction, pleasure, and dedication, and the life quality is analyzed from the physiology, psychology, and social fields. The plotted data result can intuitively illustrate the impact of DT on college students’ life values and life quality (HyeRyeon et al., 2020).

Through the investigation and analysis of CSLE and life values, this manuscript discusses the situation of CSLE based on EP. Further, following the investigation and data analysis of college students’ feedback before and after the experimental activities, the existing EP-based DT life education problems are explored, and corresponding countermeasures and suggestions are put forward.

In this experiment, DT group members are recruited from a university. At the same time, according to the content of CSLE and combined with the relevant DT techniques, the group activity scheme of DT is designed. The range of the activity starts from the understanding of the object, allowing group members to temporarily shift their thinking and attention to the body itself. Then, it develops, adjusts, and connects various body parts, uses the body to express emotions and feel others’ feelings, improves members’ interpersonal relationship processing ability through training, and carries out intentional dance exercises to explore the meaning of life. Finally, the body and consciousness are integrated to achieve the goal of physical and mental harmony (Morris et al., 2021). Before the activity, the group members are pre-tested on life values and quality of life, followed by eight group activities of DT. After the activity, the DT group members are post-tested on life values and quality of life. Through the statistics and analysis of the pre-test and post-test data, this manuscript discusses whether DT is effective for CSLE and evaluates the subjective role of the activity through activity feedback form and interview.

This experiment will carry out ER twice before and after formal DT and compares the recognition results to provide technical support for presenting the effect of DT. The experiment conducts eight DT group activities from March 2021 to May 2021. The experimental group will carry out two activities every Saturday, each time for 1.5 h, and rested for half an hour, a total of 4 weeks and eight activities. QS, observation, and interview measure students’ emotional variations before and after the experiment, and the data are collected and counted. Finally, the data are analyzed by Statistical Package for the Social Sciences (SPSS) 19.0 to investigate the experimental effect. The subjects are interviewed, respectively, at the beginning, middle, and end of the experimental intervention. The subjects’ status is recorded and analyzed at each stage. Afterward, each activity’s impact on the subjects is compared to examine whether the subjects’ self-feeling has improved during DT. After the activity, the subjects are required to fill in the feedback form. The experiment compares and analyzes the experimental results from both quantitative and qualitative aspects. The satisfaction score in the QS in the Supplementary Appendix will only be used as one of the considerations in the section “Results.”

This experiment conducts a QS on group members before and after the intervention, respectively. CSLE mainly starts from two aspects: establishing college students’ life values and improving college students’ life quality. Therefore, the Life Values Scale and the Life Quality Scale are employed to measure group members (Millman et al., 2021). Afterward, the generic analysis is performed on the feedback form, open questions, and interview records of the group members and through observation and communication. Generic analysis refers to the process of finding recurring words and essential concepts that can explain these phenomena in data. In this process, data with the same attributes are classified into the same category and represented by a specific key name (Cao et al., 2021). The generic analysis of the collected materials can uncover the subjective tendency and role of DT group counseling in life education. Through the group discussion in the activity, the subjects carry out voluntary expression and complete communication of feelings after each activity. The variation of group members’ subjective feelings is integrated and analyzed after each activity by recording the communication content. After a full-scale activity, one-to-one interviews will be conducted to exchange ideas with the group members who have less communication or have special circumstances. The interview aims to evaluate the members’ participation and activity defects in the overall process and analyze whether the DT can improve the group members’ subjective cognition of life education.

In this group experiment, the subjects are recruited through the school network, new media, and the school advertising board. At the same time, to prevent too-small sample size from subjects’ loss, 32 volunteers are selected from the school, including one male and 31 female, which ensures the voluntarily of the subjects. Then, the experimental process and time are explained. A group contract is signed with everyone’s consent to reduce the subjects’ resistance, ensure experimental accuracy, and minimize the loss of subjects.




Analysis of Educational Psychology, Dance Therapy, and Life Education

The ER results show that the subjects’ emotion has significantly improved, indicating that DT plays a positive role in CSLE.



Analysis of Dance Therapy and College Students’ Life Education

The content analysis of the conjunction points of DT and CSLE is illustrated in Table 1.


TABLE 1. Conjunction points of DT and CSLE.

[image: Table 1]
Table 1 shows the content analysis results of the conjunction points of DT and CSLE. Obviously, some specific topics of DT coincide with life education content for college students. Thus, DT can solve some problems in CSLE, and the life education implemented through DT can be more accessible and understandable for college students. DT can significantly promote CSLE in China (Chen, 2019; Sengupta and Banerjee, 2020).

Many in-depth studies have been conducted on interpersonal communication in DT and CSLE, finding that verbal information expression accounts for only 35% in terms of interpersonal communication. In comparison, non-verbal expression reaches 65%, and some experts have put forward the equation: information expression = 7% intonation + 38% voice + 55% body language. This proves the importance of body movement in communication. Therefore, life education implemented through DT can help college students adapt to collective activities by exercising and analyzing their limb movements (Swaine et al., 2020).



Analysis of Dance Therapy in Life Education

The scores of college students’ life values before and after DT are shown in Figure 4.


[image: image]

FIGURE 4. QS of college students’ life values before and after DT.


Figure 4 displays the scores of DT group activities in the relevant dimensions of college students’ life values. The data are the QS results and scores of a DT group with 20 subjects before and after five activities in 3 months. Apparently, after the DT, the positive dimensions of college students’ life values have been improved. The dimensions of self-development and dedication are more pronounced, proving the positive impact of DT on college students’ life values.

The test results of college students’ life quality in the group before and after DT are shown in Figure 5.
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FIGURE 5. Scores of college students’ life quality before and after DT.


Figure 5 reveals that after the DT intervention, the QS results of college students’ life quality have significantly improved from physiology, psychology, environment, and social relations, proving that DT enhances college students’ life quality in all aspects. The data results illustrate the superiority and influence of DT in CSLE and deepen the understanding and research on their relationship. This is conducive to supporting relevant education programs of the combination of DT and CSLE (Hyvönen et al., 2020).

After all the activities of the experimental group, the subjects are asked to fill in the scoring results of the group counseling feedback form, as shown in Figure 6.
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FIGURE 6. Average scores of the group counseling project for college students after DT.


Figure 6 presents the scoring results of the feedback table. Clearly, the deviation of several items of the group counseling project is not very large, and the coordination service is more evident because of members’ personal problems, which is not the main effect of DT. The scores of self-engagement and self-help level prove the positive role of DT in CSLE (Qian et al., 2018).

The QS results of group members’ satisfaction with DT are shown in Figure 7.
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FIGURE 7. QS on college students’ satisfaction with group counseling after dT.


Figure 7 suggests that after the DT, the satisfaction QS results of the group members show that most members are delighted with DT activities, and only 3.5% are dissatisfied with all DT activities. Thus, the influence of DT is proved on CSLE.

In summary, DT has improved college students’ life values and life quality. DT is very effective at all levels of CSLE (Jennifer, 2020), which is detailed below: (1) DT has enhanced students’ understanding of the object. The group data analysis results of DT imply that the improvement in the physiological dimension of college students’ life quality after DT activities is undeniable; that is, DT is very effective in understanding life at the body level so that college students have more explicit attention and understanding of their own existence. (2) DT can raise students’ life consciousness. The group DT activities have a good intervention and transformation on the negative emotions of college students and inspire them to maintain a positive attitude toward life. Thus, DT improves college students’ life consciousness. (3) DT improves students’ interpersonal relationships. In the DT group activities, activity scope, and modes of dance movements are adjusted to train college students to experience the influence of interpersonal relationships in these activities. Meanwhile, through targeted exercise for students’ interpersonal skills, students can feel the group’s strength and establish a complete self-boundary, enhancing their interpersonal communication skills. In general, DT in life education has significantly improved the subject and object cognition, consciousness, and interpersonal relationship of college students, which confirms the effectiveness of DT in CSLE. Moreover, DT can also significantly promote the IAPE closely related to CSLE (Kita, 2020; Raybin and Krajicek, 2020).



Analysis of Educational Psychology in Life Education

The construction of the life education classroom under EP is outlined in Figure 8 (Priniski et al., 2019).
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FIGURE 8. Elements of CSLE curriculum based on EP.


As shown in Figure 8, the impact of EP on the construction of the CSLE curriculum is summarized from four aspects. The CSLE curriculum under EP is deeply analyzed and studied from these aspects. The result analysis indicates that the curriculum based on EP raises the influence of CSLE (Garvey et al., 2019; Mancini et al., 2020). The contents of these four aspects are as follows: (1) Establish a teaching concept for promoting life development and construction of a 3D (Three-Dimensional) curriculum objective system. According to the core concept of EP, CSLE has become more student-centered, and the goal of the new curriculum focuses on human development, breaking through the single cognitive goal, emphasizing autonomous learning ability, and encouraging students to participate in social activities actively. (2) Establish a 3D teaching material system that highlights personalized learning. CSLE respects individuals’ uniqueness, stimulates students’ potential, and helps them develop with the most suitable approach based on their personalities. (3) Construct a new curriculum organization based on three “combinations.” The development of EP should follow the transitions of the era. Thus, there is a need to combine curriculum reform of EP with the new network technology, theory and object research, content learning, and social practice, thereby stimulating students’ learning motivation, innovative learning abilities, cooperative spirits, and theoretical techniques (Ashleigh et al., 2019). (4) Develop evaluation concepts and diversify evaluation methods. EP has dramatically changed the life education curriculum and the evaluation method of the curriculum. The developmental evaluation concept is helpful to master the growth and progress of students. The evaluation method on CSLE under EP has greatly stimulated students’ learning enthusiasm and promotes CSLE (Rogoza et al., 2018; Michael, 2019).



Analysis of Educational Psychology-Based Dance Therapy in College Students’ Life Education

This section analyzes applying DT in CSLE under EP and the effect of DT on CSLE. Although there are still some problems with DT and CSLE in China, the research on their future development is promising. Consequently, in-depth analysis and discussion are conducted on the relationship between CSLE and DT (Janet, 2019).

Dance therapy focuses the consciousness on the body through the activities and perception of the body to have more precise attention and understanding of their own object life. Meanwhile, DT focuses on the less active parts in life so that all aspects of the body can be coordinated and unified to carry life better. Additionally, DT requires the subjects to do semi-free warm-up activities to freely feel their own body and the energy flow inside the body. By doing so, the subjects can actively focus their consciousness on the body itself and transfer their attention from the outer-self to the inner-self. Then, they will have an insight into their body from the outside to the knowledge. By using the limbs to express freely with the music, the subjects can express their emotions freely because the concealment is good in the expression process, making the subjects more willing to use the limbs to tell their inner world and even their concealed emotions. The leader will also pay attention to everyone’s free expression and mirror it. The subject can affirm external limb movements, strengthen his enthusiasm, explore themselves more autonomously, and get twice the result with half the effort.

Dance therapy can improve college students’ outlook on life. Because in the activity design process, the negative emotions are well intervened and transformed while the subjects are intervened to remain in a positive life state to alter the outlook on life to a more positive aspect. Apparently, DT is effective in improving college students’ consciousness and concept. During the activity, the subjects can feel their body emotion and express them through the body. Further, they can discover their uncomfortable or unsmooth body parts when feeling this emotion and adjust the body through some stretching actions to regulate emotion. Such effects are also involved in psychoanalysis and psychodynamic theory: through energy dredging, energy injection, and other activities, the positive state is injected into the body utilizing intention, suggestion, and metaphor, to improve the subjects’ understanding of life and positive attitude.

Dance therapy has improved the interpersonal relationship in CSLE. In the group activity design of DT, students can experience the impact of different actions on interpersonal relationships by training and adjusting the scope and mode of action. At the same time, in group activities, students can effectively improve their interpersonal skills by purposefully exercising interpersonal skills, feeling group power and support, and establishing self-boundaries. Moreover, DT is effective in three main aspects of CSLE: understanding of object life, life view, and interpersonal relationship.

The application path analysis of DT in CSLE is shown in Figure 9 (Roswiyani et al., 2019; Saumaa, 2019).
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FIGURE 9. Path to popularize the application of DT in life education.


As shown in Figure 9, DT, as a newly introduced art therapy method in China, should be given more opportunities and promotion paths in CSLE (Ruiz-Muelle and López-Rodríguez, 2019). Here, the following three points are summarized: (1) There is a need to popularize the understanding of DT among the public about its forms, benefits, and connotation, as well as the core of DT and psychotherapy by movement. (2) It benefits the public to expand the application of DT. With the increasing attention from the government and the mass to psychotherapy, the combination of DT with various fields is deepening, extending the scope of DT applications. (3) It is necessary to localize DT. After introducing DT into China, there has been a rising demand to create DT methods with Chinese characteristics by integrating China’s existing situation and cultural inheritance (Sliver, 2020).

The practical research results of DT in CSLE are shown in Table 2. It confirms the effectiveness of DT in life education. DT also provides practical and effective scheme research for CSLE. Teaching and learning should be implemented in the following aspects to develop CSLE (Stephen et al., 2020).


TABLE 2. Direction of CSLE.

[image: Table 2]
As shown in Table 2, there are several vital directions in CSLE, in which DT can be used to solve the problems of life educational methods. In terms of values, DT can significantly improve the cultivation of college students’ life values, remedy their life value deviations through body movements, and enhance the consciousness of life values (Ndofirepi and Rambe, 2018; Seron, 2021). In terms of educational methods, DT is a highly interdisciplinary subject involving the fields of biology, neurology, and sociology. The life education methods of college students can be improved and adjusted from all aspects. Finally, the intersection of DT in psychotherapy accelerates establishing the CSLE system and promotes the compilation of CSLE textbooks (Carole, 2019).

Further, as the basis of CSLE, IAPE has broadened the life educational development through the combination with DT. In particular, the IAPE related to CSLE can be implemented by introducing the metaphors and hints in DT. Then, these contents are collectively combined with the mature IAPE system, thereby fully exerting the role of life education and diffusing the ideas of IAPE. Moreover, DT is a new way of education, enriching IAPE methods in higher institutions. These two subjects can be well-combined from multiple perspectives, such as students’ world outlook, values, and CSLE, thus gaining optimal results from the CSLE (Jean and Tara, 2020).

This manuscript studies the combination of DL technology and ER, which will impact the results of DT, realize the possibility of combining science and technology with art, and apply it to CSLE to make CSLE more efficient under the influence of new technology. Ye et al. (2021) combined DL technology with ER and gained detailed emotional feedback (Ye et al., 2021). Abbaschian et al. (2021) applied DL and ER in the classroom and achieved good results (Abbaschian et al., 2021). This manuscript uses DL technology to the final effect of DT and also has achieved good results. Specifically, the research findings provide a reference for the academic research of DL technology in DT and life education.




DISCUSSION

The experimental statistical results corroborate that after the intervention of the DT group counseling experimental group, all dimensions of the college students’ Life Values Scale have been significantly improved. Especially, self-development and dedication have risen from the second to the first and the fifth to the fourth, respectively. Thus, the DT group has a particular guiding role in college student’s life values. Carr et al. (2021) found that DT positively improved mental state by constructing a DT model (Carr et al., 2021). After the intervention, the DT group counseling experimental group scores in the physical field, psychological field, social relationship field, and environmental field of the Life Quality Scale have significantly improved. Hence, group DT is helpful to enhance all aspects of college student’s life quality. The results are consistent with the study of Pylvänäinen et al. (2021), who believed that DT could reduce people’s depression index and improve the quality of life (Pylvänäinen et al., 2020). After the eight experimental activities, the respondents fill in the feedback form. The results show that all team members are very satisfied with the DT group counseling and think it is gratifying. The average score of all respondents in the feedback form is 3.66, and the respondents powerfully affirm the effect of DT group counseling. The latest research of Bendel-Rozow (2021) uncovered an excellent result of the group effect of DT in treating severe depression (Bendel-Rozow, 2021), which is consistent with the research conclusion of this study manuscript. In terms of several items of DT group counseling itself, there is a large deviation from the overall average value of 3.66 compared with other items in terms of coordination service and time arrangement.



CONCLUSION

The present work introduces the relevant theoretical concepts of EP, life education, and DL. It also analyzes the relationship between DL and CSLE and the experimental data of DT on college students’ life values and life quality. Finally, it discusses the task and function of life education theory based on EP in CSLE. The results show that the EP-based life education theory can well promote CSLE and play a positive role in the development of CSLE. Meanwhile, DT can encourage people to focus on life education and help improve the CSLE system in China. With the application of EP, students’ acceptance of knowledge is higher, promoting the research and development of EP. The application of DT based on DL and EP in CSLE provides new ideas and schemes for CSLE, innovates the achievements of EP and DT in life education, provides a theoretical and data basis for future research, and promotes the development of CSLE. The deficiency is that DT and CSLE development in China is relatively short, and there are still some problems, so the research is not deep enough. For example, there are a few items in the QS, and the presentation effect of the DT is not detailed enough. Therefore, the follow-up research will deeply study the role of dance learning and psychological ideas in CSLE to get more specific research results. The results fully show that DT has more possibilities and broader development prospects in CSLE. The research provides a reference for developing DL technology in the psychology field. The conclusion provides support for the further promotion of DT in higher institutions. Also, it provides theoretical and experimental data support for the vital role of sports in the field of psychology.
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The application of digital technology in teaching has triggered the evolution of traditional teaching. Students have different corresponding relationships under digital behavior. The interactive technology of artificial intelligence (AI) and virtual reality (VR) provides a new driving force for the development of art education and psychology. Firstly, this thesis analyzes the limitations and existing problems of traditional art education. Especially, the influence of the teaching mode of art education on the teaching of other disciplines develops a targeted student-centered digital education program. Secondly, the author used VR equipment and technology to let students experience the virtual world freely, and then, the relevant data model was established on the basis of analyzing the reasons affecting students’ creativity and concentration. Thirdly, the data model was applied to art education in order to improve students’ concentration and creativity. Then, the author compared and analyzed the data of the students under different teaching models through questionnaires. The results show that introducing VR and AI technology into art education and encouraging students to carry out deep learning can significantly improve student concentration and creativity. Finally, the influence reasons are analyzed from the perspective of psychology. VR interaction and Artificial Intelligence can be introduced into middle school fine art education which is to the benefit of students’ deep learning, thus students’ concentration and creativity can be improved.

Keywords: teaching mode, virtual reality, artificial intelligence, deep learning, creativity


INTRODUCTION

Nowadays, people all pursue a better life; thus, art and artistic forms frequently appear in daily life. People’s ideas are also subtly changed by art, and more parents and schools attach importance to art education. Therefore, as an important form of art, the fine art is widely respected. The school is also improving the level of art education to meet the development requirements of the present society and cultivate students’ artistic and creative ability. VR technology breaks the limitation of traditional two-dimensional classroom and provides students with a more realistic and tridimensional visual space (Li, 2017).

Nowadays, the application research of AI and VR technology in the field of education is in full swing. The detailed parameters of graphics and two-dimensional and tridimensional color analysis can be detected by the relatively sophisticated AI technology, so that middle school students can more intuitively find the difference in terms of graphics, structure, light, and color. VR technology can elevate the sense of experience in fine art to a higher level, improve students’ interest in fine art learning, provide students with more perspectives of observing the world, and cultivate students’ core literacy in fine art. Therefore, the significance of AI and VR technology is obvious, which will play a key role in the future middle school fine art teaching (Zhao, 2019; He, 2020). The composition of teaching model is diverse. We can apply AI and VR technology as the teaching means, adopt deep learning model as the teaching method, and combine technology with teaching content to enrich presentational forms and enhance image memory for students. Let students form understanding memory in learning; therefore, they can apply the knowledge to practice after deep learning and use the knowledge flexibly. Adopting the hybrid evaluation mechanism can discover the student potential, improve their cognitive and interpretative ability of fine art, and stimulate their inner creativity. This is also a beneficial exploration of the application of digital technology in traditional teaching reform (Tang, 2019; Liu, 2020).

Fine art teaching has developed for many years, while the traditional model has to give space for the new media model in this information age. Art curriculum standards request teachers to use the Internet and new media in fine art teaching flexibly, enrich the fine art classroom, and broaden students’ thinking by using the Internet resources. Teachers should also encourage students to take the initiative to collect and sort out information, and use computers or digital cameras to create. As fine art courses are practical, teachers should guide students to use new media or traditional media to develop their imagination and creativity. Schools can cultivate students’ diversified esthetic concepts and humanistic qualities by fine art courses, thus realizing esthetic education (Shao, 2019).



LITERATURE REVIEW

We have consulted many materials and articles related to teaching theory research, as well as the advantages and disadvantages of traditional education mode, multimedia education mode, and modern education mode summarized from our research and practice of daily teaching.


Traditional Educational Mode

In the traditional model, the status of fine art is not as high as it is now. As a part of quality education, fine art education is often put at the end, so the standard is not high from art teachers to students, let alone the art appreciation and painting ability of students. In the traditional model, the way of teachers’ education is still in the period of essentialism education. The teacher-centered teaching concept seriously fetters students. Students participate in class passively in the single interaction model (Johnson-Glenberg, 2018; Zheng, 2020). Traditional cramming teaching method directly leads to the result of disconnection between teaching and learning of teachers and students, and there are very few interactions in class. Thus, a series of problems will appear: students have no interest in fine art; teachers teach very hard; students’ learning effect, initiative and creativity are not enough; the raise of students’ esthetic appreciation ability is not obvious; and what students have learned is easy to forget (Edwards et al., 2019; Maas et al., 2020; Sahin and Yilmaz, 2020). Unilateral indoctrination for students and only focusing on the knowledge will ultimately have little effect. In the long run, students will gradually lose interest in learning fine art and receive less and less knowledge (Yilmaz and Goktas, 2017; Huang et al., 2019a; Özgen et al., 2021).



Multimedia Educational Mode

The addition of new media model is the innovation of education industry. Teaching resources become rich increasingly, especially there are extensive input of modern art. So, people can use the media to show more intuitive structure and lighting effects, and the beauty of Chinese ink painting and other fine art works can also be showed, which is advantageous for the contrast between Chinese and western art and painting skills (Chen et al., 2015, 2020a, 2021). The single traditional teaching model has also been changed to the interactive teaching under the new media model, which has the characteristics of intuitive image and timely feedback. Reasonable use of new media technology creates conditions for the realization of interactive fine art teaching. Teaching work is the combination of “teaching” and “learning,” so we can neither ignore the teaching work of teachers nor the learning situation of students. Student-centered teaching means that teachers need to understand the knowledge reserve of students, collect, and sort out the information of students. Teachers flexibly design teaching links in class and creates interactive teaching situations, so that the students become more active. In this way, we can exercise students’ brains, train students to think from different perspectives, learn a variety of artistic expressions, and improve students’ ability to use information technology and media literacy. Students participate in fine art activities in the way of individual or collective cooperation, experience the happiness of learning fine art, and improve competence to communicate and cooperate. However, under the new media model, the “mouse party” has also emerged. The interactive form of interactive courseware is single, which is operated by mouse click. This single approach has two drawbacks. On the one hand, the computer and other multimedia auxiliary teaching courseware have become the slide show, its interaction has not been greatly developed. For example, in some teaching software and web pages, students can click the button to check the relevant content, and the computer will push some learning content according to students’ preferences (Huang et al., 2019b; Chen et al., 2019b, 2020). However, these teaching contents are presented in the form of images, and interpersonal interaction is only reflected in the action of clicking the mouse. Although the teaching effect is different from the traditional teaching model, its essence does not change much. On the other hand, a single form of interaction can make students bored. When students first contact interactive courseware, they will take the initiative to learn because of the freshness. However, after using the mouse for a long time, they will inevitably become numb. The freshness will gradually disappear, and students will gradually lose interest, especially middle school students who is in the period of having a strong exploratory psychology for all things. Thus, the teaching effect is bound to be greatly reduced (Liu et al., 2014; Huang et al., 2015, 2017; Lin et al., 2020).



Modern Educational Model

With the mature and promotion of AI and VR technology, many students will be exposed to VR technology in daily life, travel, and games. In the help of eyes and wearable devices such as helmets, VR technology can put people into the scene, so that people are immersed in it and interact with the landscape. In this way, students have inquiry-based learning under the guidance of interest, take the initiative to acquire knowledge, and feel the artistic beauty of the art of painting. In VR interactive learning, students can also be guided by questions which means teachers set tasks for them and give answers during the experience to arouse their desire for knowledge (Ye et al., 2019, 2021; Fu et al., 2020). In the course of teaching, teachers can slip in answers to eliminate students’ doubts, guide students to actively participate in the class, carry out deep learning, and improve the efficiency of the class. The teaching behavior that teachers respond to students’ one by one, which is not only conducive to the internalization of students’ knowledge in a harmonious and equal relationship, but also meets the psychological characteristics of middle school students and arouses their learning initiative. Students realize that teachers do not teach fixed courseware at a high level but participate in students’ active learning. In this good model and atmosphere, students are more willing to learn deeply, internalize knowledge, keep learning new and interesting things, and cultivate their own concentration and innovation ability.

In general, the direction of education is to improve students’ core literacy in fine art, esthetic and discrimination ability, and be able to live and communicate with an appreciative sense, and ultimately affect students’ concentration and creativity.




RESEARCH MODEL AND FRAMEWORK


Research Model

Theory guides the development of practical training as Figure 1 theoretical of research methods. Practice verifies the feasibility of the theory. The main research process as Figure 2 is investigation and experiment. Investigate the basic situation of students and teachers, and select appropriate samples for the experiment. Deep learning teaching design of middle school students under the guidance of AI and VR technology. We adopt chart research and operation methods for operation (Li, 2017).

[image: Figure 1]

FIGURE 1. Theoretical of research methods.


[image: Figure 2]

FIGURE 2. The research process of proposed flowchart.



Reinforcement Learning Theory

From the perspective of psychology, Skinner believed that all behaviors are composed of reflexes, and people strengthened the depth of learning in the process of continuous stimulation and feedback.[11] He believed that people could acquire knowledge and ability under constant stimulation by the repeating practice of mice press down pedaling. He also introduced operational learning into the classroom, emphasized behavioral goals and feedback in the classroom, and created the famous program teaching and teaching machine, which had a great impact on teaching (Li, 2017).



Multiple Intelligences Theory of Howard Gardner

The multiple intelligences theory proposed by Gardner is a widely recognized theory in modern education field. It breaks the view of single intelligence of human beings and believes that human intelligence can be divided into eight kinds, that is to say, people can think and learn from multiple dimensions and levels. AI and VR technology are more multi-dimensional learning in perception, interaction, vision, language, and movement. Visual–spatial intelligence refers to the ability to feel, distinguish, remember, and change the spatial relationship of objects, and to express thoughts and feelings through it. It is shown as the sensitivity to lines, shapes, structures, colors, and spatial relationships, as well as the ability to express them through plane graphics and tridimensional modeling.[12] Multiple intelligences theory holds that every child has the opportunity to become a talent, which can provide reference for teachers’ evaluation in teaching and arouse students’ stronger desire to explore fine art. Through observation and learning, students can exercise thinking, broaden the horizon and increase esthetic ability. Teachers also improve their teaching methods and models in the interaction, so as to evaluate students’ abilities and works more scientifically and give them more positive guidance (Li, 2017).



Constructive Learning Theory

Piaget, the Swiss psychologist who proposed constructive learning theory, believed that knowledge learning actually had two processes. The first is that students assimilate the external knowledge into their own knowledge. The second is that when the external environment changes, students should adapt to the external changes and reconstruct the existing knowledge. These two processes: one is to expand students’ knowledge accumulation; the other is to change the existing knowledge structure according to the changes of the outside world.[14] Therefore, in the process of learning, students should pay attention to the knowledge they are learning, and the accumulation of knowledge in the past is also important. While learning new knowledge, students should analyze and compare it with the previously learned knowledge, identify their rationality, the similarities and differences, process and refine the knowledge freely, and finally complete the learning process.



Deep Learning Theory

The concept of deep learning is based on the research of brain science. Through the research of human brain’s deep learning, a new door of machine learning has been opened in the field of science and technology, in which the machine completes autonomous learning and analysis by simulating the thinking process of the human brain and finally responds to instructions. First of all, deep learning is a kind of ability based on understanding (Li, 2017). Only one has its own critical thinking about the content and knowledge learned, and connects with previous knowledge points, transfers and transforms new and old situations, can he make decisions and solve problems. Secondly, deep learning focuses more on the integration of information, reconstruction of the knowledge system through its own thinking, and proactively solving existing problems. Through deep learning art courses, students can judge the talents that should be transferred according to different situations, have a clearer judgment on problems, and can solve related problems encountered, even associative problems. Lastly, shallow learning and deep learning are not in conflict, which is a single continuous whole body. When learning new knowledge, students are required to critically understand and learn, and find out the interrelated parts of the new and old knowledge, which may be the learning idea of “Longmen Grottoes” art appreciation, or the connection between “Louvre” and “Pyramid,” and find the same items in art to merge and sort out the dissimilarity.




Research Method


Set Goals

The first is to determine the teaching subject. With the development of new media, online museums, art exhibitions, cloud classes, and other modes have emerged one after another, making people think about which form is the most attractive. There are also many teaching models, such as interactive learning, deep learning, inquiry learning, and blended learning, appearing in different schools, and facing students of different ages. Some teachers directly copied these models but ended up with little effect. Is this a problem of educational philosophy? Of course not, because students in different regions and at different ages have different acceptance. Therefore, in the initial stage of curriculum design, it is necessary to locate the age of students and teaching goals, so as to guide the overall difficulty of the class. Only by setting up a standard in advance can we know how far the students are from the standard and adjust the course in time. Secondly, teachers should determine the goals of AI and VR technology in use, that is, which key and difficult problems in fine art teaching need to be solved through the use of AI and VR equipment. Thirdly, it is necessary to ensure that the combination of AI and VR technology can be used in teaching practice, so as to improve class efficiency in a limited time. Finally, teachers should set goals for students in classroom interaction, let students know what to do and understand, so as to gain a sense of learning experience and accomplishment.



Focusing on the Classroom Experience

The student is the subject of the classroom, the teacher is the guide and the answerer, and the equipment is the tool as Figure 3. The students participate discussion in the experiment. To clarify the relationship between the three, students can be divided into several groups, and answer the questions encountered in the course in a unified way as Figure 4.

[image: Figure 3]

FIGURE 3. The students participate discussion in the experiment.


[image: Figure 4]

FIGURE 4. Photos of students participating in the experiment.


Deep learning under AI technology can be multifaceted, for example, it can be the appreciation and reference of the artistic style of western art masters, or the color module and group analysis. After the AI program is set up, the students can propose the direction of exploration and give the initial impression, and then obtain a combined analysis of the color blocks through the process of AI technology. Works such as Van Gogh’s sunflower, it can first be determined as warm tone. Then, students will be asked to discover the relationship between cold and warm tones, light and dark in the work through observation, then use AI technology to clearly mark the relevant position, and compare the differences between human observation and AI technology analysis. The color three-dimensional model in VR can also be used to analyze the combination law between the approximate colors of a certain color in the image, so as to cultivate students’ observation and color matching ability. What is more, the novelty of VR equipment allows children to discover, solve, and explore the colors and beauty. “The source of human touch is our senses, including the eyes, ears, nose, tongue, body and tactus. If we close our senses, we will kill the roots of touch. Of course, we will not see its buds and fruit.” The experience of being touched is brought about by our human body sensory system. There are five types, commonly known as the five senses, which are vision, hearing, taste, touch, and feeling. Traditional projected art works focus on visual and auditory feelings. According to the analysis data of relevant researchers, visual perception occupies the most important position in the sensory system, because the visual image created by a series of text, pictures, videos, and other visual languages can convey effective information and emotions.[17] In terms of specific connotation, deep learning focuses on the transfer and application of knowledge, which not only requires students to have a high degree of ability to understand the content but also requires students to have a deep understanding of the learning situation. Only by grasping the key elements of the situation can we clarify the difference, and make accurate and clear judgments on the new situation, so as to realize the transfer and application of the principles and methods. At last, teachers should give supplementary explanations on some problems. This can arouse the enthusiasm of middle school students, let them discover the truth in practice, and finally let the students end the course in the exercise of concentration and curiosity.



Feedback After Class

Whether it is education or enterprise, customer experience is an important direction for product improvement. A complete evaluation and effective feedback are an important way to realize the self-recognition and adjustment of students’ learning status and deep learning, which can improve students’ understanding of knowledge and learning methods, assist teachers to adjust teaching methods in time, and promote the effectiveness of classroom teaching. Deep learning also requires teachers to focus on the development of students’ metacognitive abilities and thinking qualities in the evaluation process, because the developed metacognitive abilities and improved thinking qualities deeply stimulate learning motivation, and only then will students be introduced to a higher level.





EXPERIMENTAL DESIGN AND PERFORMANCE EVALUATION

The research object and method on the concentration and creativity of middle school students.


Experimental Design and Time Arrangement

In this research, a controlled experiment was used. The experimental group received AI and VR fine art training, and the control group received traditional training. In order to ensure the effectiveness, the experimental group used two nights and one afternoon every week to conduct AI and VR training courses led by art teachers for 20 min each time. In the rest time, students left the equipment for free hand-painting creation training, that is, the weekly AI and VR course training includes 3 group training and 4 free hand-painting creation training, and after the training is completed, the training evaluation form is filled out, which lasts for four consecutive weeks.



Questionnaire

In the first year of high school students, 31 students (11 boys and 20 girls) with a score greater than or equal to 50 in the “Creative Thinking Test for Middle School Students” were selected to participate in the experiment, and 17 of them (8 boys and 9 girls) participated in the experiment group and filled in “Participating in the experimental agreement.” All training is completed, and the effective data recovery rate is 100%. Questionnaire include: 1. Why choose XR Development with Unity. 2. What you receive. 3. What you learn in the course. 4. How the course is taught. 5. How to become an AR/VR Developer.



Research Tool

The AI and VR course training video contains four themes: color mixing, graphics, mechanism, and landscape photos. “Creative Thinking Test for Middle School Students,” “Distraction Scale,” and “Test Anxiety Scale.” The above three questionnaires were collectively tested to students before and after the AI and VR course training. Critical Reasoning Ability Test Suite: Logiks is a Critical Reasoning Ability Test suite built by international psychometric testing publisher, PSI and made available to you via countests. Critical Thinking ability is consistently ranked as an essential criterion for success in management and professional roles by employers and accounting professional bodies alike.

Aimed at people who have completed tertiary level education and for professional, management, and graduate roles, the Logiks Critical Reasoning test includes as: Critical Verbal to test how effective a candidate is in comprehending complex written text, separating true from false information, strong from weak arguments, and drawing logical conclusions. Critical Numerical Reasoning to test effectiveness in turning data into meaningful and accurate management information by spotting trends and outliers and making fast and accurate calculations. Reasoning to test how quickly your candidate can grasp concepts outside of their previous experience, comprehend abstract patterns such as workflows, and whether the time, effort, and money invested in their training is likely to yield results.



Statistical Method

Using SPSS 22 statistical software to perform paired T test on the effective data of the experimental group. The IBM® SPSS® software platform offers advanced statistical analysis, a vast library of machine learning algorithms, text analysis, open source extensibility, integration with big data, and seamless deployment into applications.

Its ease of use, flexibility, and scalability make SPSS accessible to users of all skill levels. What is more, it suitable for projects of all sizes and levels of complexity, and can help you and your organization find new opportunities, improve efficiency, and minimize risk. Within the SPSS software family of products, SPSS Statistics support a top-down, hypothesis testing approach to your data while SPSS Modeler exposes patterns and models hidden in data through a bottom-up, hypothesis generation approach.



Result

Changes in anxiety levels before and after training in AI and VR courses. After AI and VR course training, students’ test anxiety and distraction levels were significantly reduced (p < 0.05), while creativity was obviously improved (p < 0.05), as shown in Table 1.



TABLE 1. Paired T-test results of students’ creativity, distraction, and anxiety levels before and after AI and VR course training.
[image: Table1]

Applying AI and VR technology to the fine art course training of middle school students can effectively improve students’ creativity and concentration, and at the same time, reduce students’ test anxiety. On the whole, middle school students are relatively efficient and active in class, which can well stimulate their enthusiasm for learning and creativity, especially about students’ love of fine art. After long-term deep learning, the knowledge of art and the way of thinking will be greatly improved.



Discussion and Exploring the Reasons of Influence Based on Psychological Theories

German sociologist Jurgen Habermas believed that any communicative behavior required authenticity, sincerity, and effectiveness. The communicative behavior is accomplished in dialogue through language as a medium, thereby forming the behavior of mutual understanding and communication between the interlocutors. The realization of communication behaviors needs to meet these conditions: under the common social norms, the recognition and comprehension of these norms should be achieved in both parties; the appropriate text, symbols, and other media should be used within the scope of others’ understanding; and the communication under an equal status creates a harmonious and free communication atmosphere. From a psychological point of view, it is to return the classroom to the students to create a sound and free learning environment for the students. In this atmosphere, the communicative behavior is more easily recognized and accepted. Teaching is a mutual process, that is, output–input knowledge through the teaching model and the student’s autonomous learning model. In the initial stage of fine art recognition, such positive interaction is relatively unrealistic, that is, the deep learning does not conflict with shallow learning mentioned above. For shallow learning, if there are equipment similar to AI and VR and the guidance of teachers, it is very likely that students will start to learn actively and turn their questions into motivation to find answers, thus achieving the effect of deep learning. According to Vygotsky’s “Zone of Proximal Development” theory, the purpose of this theory is to promote the cognitive development of adolescents, which refers to the individual who cannot complete the task independently but with the help of teacher or peers, that means the transitional stage between the current level of the youth and the level to be reached. There are many subjects in the middle school stage, and the teaching evaluation is mostly based on the performance of the students, which eventually leads to the gradual decline of students’ interest in subject learning and stagnant cognitive abilities. While the addition of VR technology will enrich the fine art teaching methods in middle schools, and AI technology will make the analysis of fine art teaching more intuitive. With the help of AI and VR technology, students whose physical and mental development is in the “Zone of Proximal Development” can increase their interest in fine art learning and stimulate learning potential. For example, teaching in virtual art museums can create simulation art museums and art works for students through VR technology, enhance students’ perceptual understanding during the learning process, and use new technologies to guide students in fine art learning. For middle school students, their cognition is at the peak. Compared with elementary school students, they have richer knowledge reserves, more concentration, and curiosity. Deep learning under AI and VR technology makes the classroom more interesting and enriching, and the explanation of knowledge points is more accurate and clearer. New technology-driven teaching, with the attraction of equipment and the guidance of teachers, enriches the concentration and creativity of students, which is also reflected in other subjects. The curiosity of middle school students on things is also the reason why AI and VR technology can be successfully introduced into the classroom. In terms of behavioral influence, middle school students’ imitation and social skills have also improved, and blind obedience in learning is also the reason for the success of deep learning in fine art classroom.




CONCLUSION

The introduction of AI and VR technology into the campus is a reform of the curriculum model, and the advantage of VR/AI technology is not only to create a virtual teaching scene for students but also to enhance the interaction and communication between various classroom elements.

This work effectively and unequivocally contributes to the improvement of teaching, namely, teaching through the use of artificial intelligence; on the other hand, it highlights the new role of students and the advantage they reveal in the learning path, but also in the attitude of entrepreneurship, with the use of artificial intelligence equipment. From a psychological point of view, the interaction of human intelligence with artificial intelligence makes an excellent contribution here as it exemplifies that in a school this same interaction increases students’ attention and creativity. Of course, our experiment also has certain limitations, which cannot fully reflect the impact of AI and VR technology on teaching effect. We just made a beneficial exploration in the direction of teaching reform. Finally, it is also a contribution to the teaching of art and to the development of the psychology it addresses, as well as to art itself. The great contribution lies in the triggering of the transition between traditional teaching and digitalized techno-behavioral teaching. The approximations between cognition and digitization are not always concordant and much less exemplary of receptivity as long as everything refers to knowledge, above all in the area of psychology. It is a very precise but very subjective agenda and it deserves the most attention due to being the object of speculation.
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APPENDIX

Questionnaire includes as:

1. Why choose XR Development with Unity.

2. What you receive.

3. What you learn in the course.

4. How the course is taught.

5. How to become an AR/VR Developer.
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This study combines the discovery methods and training of innovative talents, China’s requirements for improving talent training capabilities, and analyses the relationship between the number of professional enrollments in colleges and universities and the demand for skills in specific places. The research learns the characteristics and training models of innovative talents, deep learning (DL), neural networks, and related concepts of the seasonal difference Autoregressive Moving Average (ARMA) Model. These concepts are used to propose seasonal autoregressive integrated moving average back propagation (SARIMA-BP). Firstly, the SARIMA-BP artificially sets the weight parameter values and analyzes the model’s convergence speed, superiority, and versatility. Then, particle swarm optimization (PSO) algorithm is used to pre-process the model and test its independence. The accuracy of the model is checked to ensure its proper performance. Secondly, the model analyzes and predicts the relationship between the number of professional enrollments of 10 colleges and universities in a specific place and the talent demand of local related enterprises. Moreover, the established model is optimized and tested by wavelet denoising. Independent testing is done to ensure the best possible performance of the model. Finally, the weight value will not significantly affect the model’s versatility obtained by experiments. The prediction results of professional settings and corporate needs reveal that: there is a moderate correlation between professional locations and corporate needs; colleges and universities should train professional talents for local enterprises and eliminate the practical education concepts.

Keywords: deep learning, seasonal autoregressive integrated moving average back propagation, neural network, innovative talents, talent demand


INTRODUCTION

In the context of the requirements of an innovative country, innovating personnel training is the basis for China to become a country with innovative technologies, and it is also the only way to rejuvenate the country through science and education and strengthen the country with talents (Ge, 2020). In recent years, the lack of technology in cultivating innovative talents has severely hindered the implementation of China’s innovation strategy. There is still no effective solution to the problem of talent innovation, such as “the Qian’s Doubt” (Yang, 2021). The Chinese government is required to “improve first-class talent innovation capabilities” and “use high-tech to improve the speed of talent training reform” as China enters the stage of socialism with Chinese characteristics (Liu et al., 2019). With the emergence of new technologies, such as deep learning (DL), neural networks, and big data, applying them in the cultivation and excavation of innovative talents has become a hot research target of the new generation.

Artificial intelligence (AI) is an emerging technology, essentially using computing to connect with other devices to simulate how the human body thinks. Machines can achieve human functions through reasoning, knowledge, planning, learning, communication, perception, moving objects, using tools, and manipulating machinery. In talent training and collection, it is challenging for people to predict the results due to many objective factors. Therefore, AI technology is used as a way of talent training. In the past, technologies, such as neural networks and deep learning, were used in talent training, mostly from the perspective of enterprises. This can easily lead to the cultivation of talents in unrelated areas, and the final number of talents acquired is small, which cannot meet the needs of the company’s positions. This study conducts talent review and prediction from the professional types of colleges and universities in a certain area. The forecast result is a reference for local enterprises, enabling them to change their talent training standards to obtain more and higher-quality talent resources.

Artificial intelligence technology has a high degree of matching with talent training and collection. It is fully capable of this job. Therefore, AI and neural networks are being studied. The research learns a deep neural network (DNN) technology that combines DL and neural networks. After understanding related concepts and uses, a job prediction model is implemented using seasonal autoregressive integrated moving average back propagation (SARIMA-BP). The research uses the convergence rate to judge the reliability and usability of the model before conducting the research, collects the demand for relevant talents and the number of professional college enrollment in a certain place in recent years to predict the demand for positions, and then predict the demand in related fields. Talent demand matching trend, education level, and enterprise’s talent demand put forward relevant, constructive suggestions. The innovation is to combine DL and neural networks to establish a talent forecasting model. The correlation between talent demand and college specialty is used to determine the enrollment and enterprise needs to establish a strategy. This research can provide companies with strategies in recruiting requirements, help related companies quickly and accurately find talent resources that are highly compatible with professional needs, and expand the boundaries of the optimization and application of AI. There are multiple and even conflicting objectives in most public sector systems. Power factors often disturb these numerous objectives’ choice and weight ranking, and it is not easy to reach a consensus. The goals set by the public sector are often abstract and general. Public organizations with the same function have regional differences, and their scale and size are also different. It is unfair to measure their performance with the same performance indicators. The innovation of this study lies in the talent prediction based on talent resources and the optimization strategy for recruiting companies to change recruitment goals. Firstly, the Iceberg and Onion models illustrate the four elements of cultivating innovative talents starting from the characteristics and training methods of creative talents. Then, the DNN structure under the AI field is introduced from the single-level structure of the neural network and the memory unit components. The seasonal difference Autoregressive Moving Average (ARMA) model is proposed to combine with the established SARIMA-BP forecasting model. The convergence of the model and the matching degree of human resources are tested. The results of the research are drawn. Firstly, the cultivation mode of innovative talents, cultivation strategies, and social needs of innovative talents are described. Secondly, the technical concept of BP neural network (BPNN) is introduced, and the concept of SARIMA is introduced as the technical support for establishing the model. Thirdly, the SARIMA-BP prediction model is set to analyze the influencing factors of innovative talent cultivation. Moreover, the test method of wavelet denoising can independently test the model, including the model’s accuracy, various low-frequency signals, and error prediction. This method facilitates optimization and refinement of the results before they are studied. The PSO algorithm is used to verify the independent performance of the model. The experimental results show that the weight value will not significantly impact the model generality. The prediction results of specialty setting and enterprise demand show a moderate correlation between specialty setting and enterprise demand.



LITERATURE REVIEW

The talent discovery ability of various universities has been improved with the wide application of big data technology. Qin et al. (2020) proposed the degree of matching of qualifications and job requirements, subjective influence, and low efficiency. They developed a topic-based ability to fit the neural network framework from the perceptron to the job to reduce the employer’s dependence on manual workers and provide better interpretable fitting results. This novel training mechanism addresses biased negative labels (Qin et al., 2020). Big data technology is used in talent training. Malah et al. (2020) improved the education services of talent and intellectual schools to train students who can enter the labor market and contribute to the country’s development. They created the Internet of Things to establish correct management strategies in the educational environment and create a comprehensive (safety, health, and economic) database that can be wholly relied upon (Malah et al., 2020). In addition, Gonzalez et al. (2019) researched the reliability, effectiveness, and fairness in the talent organization environment. AI and machine learning (AI/ML) applications are used for talent assessment and selection. They provided experimental evidence that AI and ML may cause adverse reactions to job applicants during the selection process and emphasized that psychologists, computer scientists, legal scholars, and members of other professional disciplines should strengthen cooperation (Gonzalez et al., 2019).

Many emerging technologies are used for talent training and mining. However, new neural network technology has not achieved much in talent mining. Therefore, neural network technology may play a unique role in talent mining. These documents show that many scholars are already exploring new strategies for the collection and training of human resources.



MATERIALS AND METHODS


Characteristics of Innovative Talents

Regarding the characteristics of innovative talents, Western scholars divide people’s creative morality into two types, explicit and implicit, based on the quality model theory. The iceberg model was established (Han and Zhang, 2021), as shown in Figure 1. The iceberg above the water symbolizes the ability of people to change their knowledge and ability. The iceberg below the surface of the water symbolizes the inner characteristics of people’s life concepts, moral quality, and human emotions that greatly influence the shaping of individuals. From the overall analysis, the difficulty of shaping the individual’s rate has increased. The influence of various factors on the personality has gradually increased from the top of the iceberg to the bottom.

[image: Figure 1]

FIGURE 1. Iceberg model of talent characteristics.


Subsequently, in Figure 2, the onion model is based on the iceberg model (Cao and Dong, 2021). The factors, such as knowledge and ability that are easy to change, are regarded as the epidermal part of the onion. The internal factors that are difficult to transform are considered the core part of the onion. Factors in the core part indicate that more effort is needed to make changes.

[image: Figure 2]

FIGURE 2. Onion model diagram of talent characteristics.


In Figures 1, 2, the research field summarizes the quality characteristics of innovative talents. Experts divide the process into four stages (Fetvadjiev and He, 2019) on two factors, the critical part of improving personal innovation ability and the leading role in personality shaping, as shown in Figure 3. Individuals must use reasonable and scientific knowledge to carry out innovations to solve problems encountered and cultivate their unique and innovative thinking mode to achieve an upright, positive, and imaginative personality.

[image: Figure 3]

FIGURE 3. Four elements of personality shaping.


Appropriate technology is a basis for training talents to improve the discovery and training of innovative talents. Some experts use AI technology to divide the elements of talent training into colleges and universities (Ma, 2019), as shown in Figure 4. It is divided into four aspects: removing utilitarianism, abandoning linear thinking, refusing to instill knowledge forcibly, and cultivating students’ independent innovation.

[image: Figure 4]

FIGURE 4. Four elements of talent training.


Both the iceberg model and the elements of talent training show the importance of the social environment and personality elements to cultivate talents. But the most important thing is that colleges and universities should reasonably divide the proportion of majors according to the needs of majors and cannot abandon the original intention of education because of the practical nature of a major. Therefore, cultivating and exploring innovative talents needed by the market requires education managers to provide sufficient conditions for individuals. Universities need to adjust their professional proportions according to the current corporate talent demand model, and it is necessary to eliminate utilitarian educational concepts (Zhu, 2020).



Deep Neural Network

The hot research technology in the 1980s was artificial neural networks. The neural network structure is based on it by imitating the human brain’s neural structure in Figure 5 (Sun et al., 2021). The structure of a neural network is like a neural reflex unit in the human body. It touches the outside world through axons and transmits signals from nerves to cells in neurons. Therefore, research experts used computers to model and solve complex mathematical calculations (Hasson et al., 2020).

[image: Figure 5]

FIGURE 5. The simple neural reflex structure of the human body.


The design of the neural network also refers to the neural network of the human body. The essence is to simplify the biological model. Similarly, the single neural reflex structure of the human body is represented by a scientific block diagram, which is the most basic single-layer neural network structure in the neural network (Indolia et al., 2018). Figure 6 is a single-layer simulation diagram of a single neuron unit. The single-layer simulation of a single neuron unit transmits the data information from the input layer to the neuron unit, processes the data through functional operations, and finally outputs the required data.

[image: Figure 6]

FIGURE 6. Single-layer structure of neuron unit.


The model built by adding new layers constitutes a multilayer neural network (Chou et al., 2019), as shown in Figure 7. With the increase of the layers, the multilayer neural network structure can further illustrate the characteristics of the data, and the simulation function has higher accuracy. The first layer takes the edge feature as the focal point, the second layer takes the edge composition shape as the focus point, and the third layer simulates the pattern feature composed of the shape as the focal point, as shown in Figure 7. More and more complex data can be processed, and feature differences can be made evident by dividing different items.

[image: Figure 7]

FIGURE 7. Multilayer neuron structure diagram.


With the development of the times, DNN has been proposed, a technology that can perform more complex calculations, as shown in Figure 8. DNNs can use more neural networks as sub-networks and build many hidden layers. And each independent hidden layer can calculate the output data of the previous layer, calculate and express complex data with multiple features, and get more and larger data sets than ordinary neural networks (Bianco et al., 2018).

[image: Figure 8]

FIGURE 8. Deep neural network (DNN) structure.


DL combined with neural network AI technology has achieved outstanding results in recent years. For example, ImageNet won the game (Guo et al., 2019); in the Go game, AlphaGo won Lee Sedol (Bory, 2019). These results all show the rapid development of DNN technology.

In Figure 8, each layer of DNN is divided into many memory units. The structure of each memory unit is composed of different types of departments and processing functions, as shown in Figure 9.

[image: Figure 9]

FIGURE 9. Structure of a single memory unit in a DNN.


Deep neural networks are different from ordinary neural networks. In addition to input and output gates, there are also forget gates. In Figure 9, it is the input gate. ft is forgotten door, Ot is the output gate, C~
t is the current state of the input data after being processed by the tanh function, Ct is a vector value, δ is a sign function, and ht is the output data of the neural unit. These gates can individually change and extract data and influence the results of the following component to achieve the purpose of independent learning and adaptation (Xu et al., 2018).

Figure 10 is the structure of the input gate (Tanaka, 2020), which updates valuable data by filtering useless information.

[image: Figure 10]

FIGURE 10. Memory unit input gate structure.


Trigger output it and update output C~
t can be solved by Equations (1) and (2):

[image: image]

[image: image]

Among them, [image: image] is the weight value of the input data of the neural network. [image: image] is the weight value of the t-th input data from the neuron. [image: image] is the output data of the previous neuron. b is the amount of deviation corresponding to the neuron.

Figure 11 is the state neural layer structure (Chu et al., 2019), and the trigger output Ct is solved by Equation (3):

[image: image]

[image: Figure 11]

FIGURE 11. State layer structure of memory unit.


[image: image] is the output data of the previous neural unit.

Figure 12 is the structure of the forget gate (Chen et al., 2020). The data saved in the hidden layer can be selectively saved according to the sign function. ft is the trigger output, and the solution is shown in Figure 12:

[image: image]

[image: Figure 12]

FIGURE 12. The structure of the forget gate of the memory unit.


According to the sign function, the output gate (Vahora and Chauhan, 2019) can save the current output data in the hidden layer. In this way, the output of the hidden layer is controlled, and the trigger output Ot is solved by an equation. The structure is shown in Figure 13:

[image: image]

[image: Figure 13]

FIGURE 13. The structure of the memory unit output gate.


In Equation (5), [image: image] and [image: image] are the weight values from the input layer to the corresponding gate. [image: image] and [image: image] are the weight values output by the module to the corresponding gate at the previous moment. [image: image] and [image: image] are the weight values from the previous cell neuron to the corresponding gate. b is the deviation of the corresponding door currently. The neural network output ht can be obtained, as shown in Equation (6):

[image: image]



Seasonal Autoregressive Integrated Moving Average

In the 1970s, the Autoregressive Integrated Moving Average model (ARIMA) was proposed by Western scholars. The ARIMA model is a solution to the problem of an unbalanced sequence (Hou et al., 2021). In addition, the ARIMA model is widely used in the financial, economic, agricultural, and meteorological industries (Awel, 2018; Bharati and Singh, 2019; Khedmati et al., 2020; Lai and Dzombak, 2020). The ARIMA model has also been used in the education industry, but the prediction model of the ARIMA model for the talent education industry is relatively rare.

In the ARIMA model, d is the order of difference, and the difference equation is Equation (7):

[image: image]

The difference operator is:

[image: image]

However, the ARIMA model cannot perform low-level processing on some data with special dynamic laws (such as temperature, precipitation, electric energy load, and traffic, called seasonal series data). Therefore, SARIMA needs to improve the accuracy of the model.

Compared with the traditional ARIMA model, the essential difference of SARIMA is that it increases the expansion of the seasonal series (Farsi et al., 2021). Using period parameters, autoregressive parameters, difference, and average moving parameters can eliminate the influence of seasonal data. Time series (Yt, t = 1, 2..) have periodic and trend characteristics. Considering Yt as a non-stationary series with seasonal fluctuations but no obvious fluctuations, the seasonal difference in the first stage is expressed as Equation (9):

[image: image]

The equation for the second stage is Equation (10):

[image: image]

After that, Yt is subtracted A times and converted into a stationary series. Xt is expressed as Equation (11):

[image: image]

The model is Equation (12):

[image: image]

Among them:

[image: image]
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[image: image] represents the autoregressive polynomial characteristic of the sequence Yt. [image: image] represents the seasonal autoregressive polynomial characteristic. [image: image] represents the seasonal average moving polynomial characteristic expression. [image: image] represents the seasonal average moving polynomial characteristic. B represents the delay factor. P represents the seasonal regression parameter. [image: image] represents the residual, and the model is expressed as Equation (15):

[image: image]

In Equation (15), [image: image] and [image: image] represent the seasonal relationship in the sequence. [image: image] and [image: image] represent the quantitative relationship between neighbors. When SARIMA does not have seasonal characteristics, it degenerates into an ARIMA model.



Implementation of SARIMA-BP Prediction Model

The talent needs of enterprises will be affected by many objective factors. Therefore, it is necessary to investigate and predict the matching degree of professional enrollment between enterprises in a certain place and local universities. The SARIMA, which can accurately reflect seasonal data, is combined with BP neural network for prediction (Jiang et al., 2017) to provide data support for local enterprise talent discovery work. BPNN generally has a high degree of non-linear performance and generalization strength, which makes more detailed data prediction through the characteristics of many iterations. Solving the main defect of slow convergence speed of neural network generally makes spatial analysis of neural network through GA to achieve better search space. Then BPNN combined with SARIMA technology is used to search for the optimal solution. The most outstanding feature of SARIMA is that it can accurately capture the periodic characteristics in the data flow to obtain better prediction data. Still, its defect is that the model cannot express the sequence change of data in the form of law. Therefore, it is necessary to summarize the change law as much as possible with the SARIMA model and then regularize the data with the mapping relationship in theory. The data stream is obtained through periodic difference processing to show randomness. After receiving the common law of the data, the difference in the data stream will become a random process. Hence, the data has a significant partial correlation. The forecast flow chart of the SARIMA-BP model is shown in Figure 14.

[image: Figure 14]

FIGURE 14. Seasonal autoregressive integrated moving average back propagation (SARIMA-BP) model data prediction process. [(A): the SARIMA prediction model, (B): the combined prediction model, (C): the BPNN prediction model].


The essence of the prediction process of the combined model is to use two models to predict separately, synthesize the results and analyze. Finally, judge whether the prediction result meets expectations.

The work that needs to be done before predicting the result data is shown in Table 1.



TABLE 1. Work steps and content.
[image: Table1]

Pre-processing of data requires analysis, repair, and transformation of some incomplete data. For data that cannot be repaired, it should be appropriately eliminated. The detailed pre-processing steps are shown in Figure 15. First, make appropriate repairs for some of the missing data in the database. If too much data is missing and cannot be restored, remove it based on the actual situation. Second, due to various objective factors of the model, the output data will be duplicated. Part of the duplicate data appears because of the similarity of the reference factors in the forecasting process. When there is too much same data due to model failure and other factors, the redundant data should be deleted.

[image: Figure 15]

FIGURE 15. Data pre-processing flow.


Repair the data (Roy et al., 2018) and delete the missing incomplete or little relevant data. After data pre-processing, the correlation between the data is chaotic, so it is necessary to check the misalignment of the data. The data misalignment check repairs the error compensation problem caused by excluding the erroneous data in the data table and repeats the above work until complete and precise correct data is sorted out. The data are revised by investigating the relevant data of A students’ enrollment in the same major in 10 universities in A particular region from 2013 to 2020. After data correction, the data obtained are shown in Table 2.



TABLE 2. Number of students enrolled in a certain major in 10 universities in a certain place, 2013–2020.
[image: Table2]

The convergence rate of the model is analyzed after determining the number of differences and pre-processing the data. Convergence speed is a judgment of the superiority of the model. It is necessary to observe the convergence speed of the algorithm in the model. Input the model for calculation simulation, and check the convergence speed of the algorithm in the model by artificially setting the weight value. The specific setting weight parameters are shown in Table 3.



TABLE 3. Weight setting values for convergence speed test.
[image: Table3]

The weight is the actual value associated with each element, indicating the importance in predicting the final value. The weight associated with each function conveys the importance of that function in the predicted output value. Features close to zero are less important in the prediction process than features with larger weights. If the weight associated with a component is positive, there is a direct relationship between the feature and the target value. If the weight associated with the feature is negative, there is an inverse relationship between the feature and the target. Before performing principal component analysis on the data, the data must be standardized because the metrics of various types of data are different, such as calculating economic indicators. The value range of the output value of the tertiary industry in GDP is between 0 and 1.

The subjective experience method refers to how the evaluator assigns weights to each element based on the experience of an individual or a group of evaluators. The advantage of this method is that it is simple, convenient, and fast, and it can use the knowledge and experience accumulated by the evaluator for a long time. The evaluator can make rapid adjustments according to the actual situation and changes in the environment, with substantial flexibility and pertinence. But its drawbacks are also very prominent. This method is based on the experience of individuals or a small number of people. This method has great limitations and instability due to personal knowledge, range of activities, cognitive ability, and personality preferences. Especially when the evaluator and the evaluated person have an interest or conflict, the determination of its weight will often deviate from objective standards, and even corrupt behavior will occur. Therefore, in modern quality management, this method is often used as a preliminary survey or evaluation design, and the final weight determination must be tested or adjusted by other methods.

The unit weighting method refers to the practice of directly adding the original evaluation data of each element to obtain the evaluation result, as shown in Equation (16):

[image: image]

[image: image] is the total evaluation result (score). x1, x2,.., x
n are the original evaluation data (or scores) of each sub-element, respectively. On the surface, this method puts the sub-elements in an equal position, but it is not. Because different sub-elements use different tools for evaluation, their dimensions (units) are also different. It is meaningless to add data in different units directly, even if the dimensions of each sub-element are the same under certain conditions. In this method, the score of each sub-element is weighted in proportion to its standard deviation. This weighting method has been used many times in Chinese exams, especially when combining low-level data. This method is used in the examination by dividing the test questions into test paper points.

The weighted average method refers to weighting the sub-elements based on the ratio of the scores of the sub-elements in the population. Assuming that there are n sub-elements, and the evaluation data are X1, X2,.., X
n, the weight coefficient of each sub-element is calculated as Equation (17):

[image: image]

bi is the weight of the i-th element. xi is the evaluation raw data of the i-th element and the sum of the original data of the element evaluation. This weighting method is primarily used in simple assessment and group assessment. If the average of each sub-group is known, find the total average of the group.

The equal weighting method is a weighting method that assigns the same weight to each evaluation element. Due to the different evaluation tools and methods adopted by each evaluation element, the dimensions of the evaluation data and the distribution may also be different. Simply adding directly (such as unit weighting) is not equal weighting. Equal weighting is first to convert the scores of each evaluation element with additional units to a unified dimension with the same team and then add them to get the total score. The most used conversion scores are standard scores (z-scores or T-scores). That is, the scores of each evaluation element are first converted into standard scores, and then the standard scores of each component are added to form a total score Zc, as shown in Equation (18):

[image: image]

Z1, Z2,.., Z
n are the standard scores of each evaluation element. The condition for using equal weighting is: each part must have the same importance to the whole.

The matrix operation method is a method of calculating the weight vector by the matrix inverse operation method. The matrix algorithm assumes that when the number of people participating in the evaluation reaches a specific number, whether the statistical average of a certain index or the statistical average of the comprehensive evaluation value of experts regardless of the item, it can reach a satisfactory degree. The practice of foreign talent evaluation shows that this hypothesis is valid when the number of experts reaches more than 1,000. If there are N indicators in the indicator system, the evaluator will evaluate the n evaluators. The evaluation is carried out in two ways at the same time, one is the evaluation of sub-items, and the other is the overall evaluation. Thus, the total evaluation values of n evaluators are obtained: B1, B2,.., B
n. Meanwhile, n groups of evaluation values on each sub-item of each evaluation object are also obtained.

In this way, the required weight vector (A1, A2,.., A
n) is obtained. This method can largely eliminate the influence of accidental factors in the process of determining the index weight coefficient and is relatively stable. The disadvantage is that it requires too much manpower and material resources. The current application range is very limited. However, with the popularity of the Internet, this method will become more and more popular when the evaluation data is easier to obtain.

The relationship between the predicted results and the data is analyzed using the correlation coefficient method (Jiang et al., 2019). If X and Y increase or decrease for two sets of data (X, Y), the two sets of data have a positive correlation, and the correlation coefficient interval is [0, 1]. If X increases, Y shrinks or vice versa, then X and Y are said to be a negative correlation, and the coefficient interval is [−1, 0]. The closer the absolute value of the correlation coefficient to 1, the stronger the relationship. The variances of X and Y are represented by σx and σy, respectively, and cov (X, Y) is used to represent the covariance of X and Y. The correlation coefficient is calculated as Equation (16):

[image: image]

The observation values studied are X = (x1, x2, …, x
n), Y = (y1, y2, …, y
n). Then, the sample coefficient is calculated as Equation (17):

[image: image]

Using Equation (17), the relationship coefficient between X and Y in the data can be calculated, and the degree of the relationship can be analyzed.



SARIMA-BP Model Pre-processing

Particle swarm optimization is an evolutionary computing technology, also known as particle swarm algorithm. It is an optimal search evolutionary algorithm based on group cooperation developed by simulating the foraging behavior of biological populations. The basic idea of PSO is to seek the optimal global solution through mutual cooperation and information exchange among all individuals in the population. The advantage is that the implementation is relatively simple and easy to implement and does not require any adjustment parameters. With the deepening of research in this area, the PSO algorithm has been widely used in parameters optimization of neural network models and support vector machines (SVM), weight optimization of combined models, etc., and has shown promising results. Figure 16 is a flow chart of data pre-processing for the SARIMA-BP model using the PSO algorithm.

[image: Figure 16]

FIGURE 16. Pre-processing flow of SARIMA-BP model data.


In 1969, the idea of combinatorial predictive models was pointed out. The combined prediction model can significantly improve the prediction effect through the effective combination of single prediction models. People have carried out in-depth and extensive research in theory and evidence-based on this new way of thinking. The results show that due to the different reflection angles of the individual prediction models to the original data and the different proportions of the extracted information, the combined model incorporates the individual models. This concentrates more modeling skills, which can significantly reduce the systematic error of the prediction and can obtain a prediction value with higher accuracy than the single-term model. Compared with the idea of constructing a complex single-item model, the combined model recognizes the difficulty of building a real model and places more emphasis on fully including single-item models that reflect different pieces of information. The combined model is less sensitive to the model assumptions of the single-term model and has the characteristics of less risk of extreme prediction errors. Now, this method has become a research hotspot in many research fields.

Commonly used combination prediction methods include linear combination prediction model, optimal linear combination model, Bayesian combination model, and transfer function combination model. The application of a general linear combination forecasting model to time series is shown in Equation (21):

[image: image]

yt is the model prediction processing result with t as the period. ytn, respectively, represent n different prediction results, and the wn is the corresponding weight. The difficulty of the combination model lies in determining the optimal combination weight. If the weights are unreasonable, the prediction effect of the combined model may be worse than that of the single model. There are two weight determination methods: non-optimization methods and mathematical optimization methods.

Non-optimized methods mainly include the arithmetic mean method and common method.


Arithmetic Means Method

This method treats all models equally. That is, the weight coefficients of the single-item models are equal. The optimal number of weight values is obtained through the error objective function. Here, n different models are generally used for prediction, so that w1, w2,.., w
n are used as weight groups, and e1, e2,.., e
n are used as prediction errors, which satisfies Equation (22):

[image: image]

By choosing an error objective function Q, the problem can be transformed into Equation (23):

[image: image]
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The optimal weights can be obtained by solving the optimization problem. Generally, the sum of squares of errors is taken as the error objective function.

Intelligent algorithms have advantages in parameter optimization, and using them for weight finding is a worthwhile choice. Suppose the error objective function value in the mathematical optimization method is used as the fitness value in the particle swarm optimization method. In that case, the weight coefficient in the combined model is obtained, and then the weight is substituted into the combined prediction model based on PSO.

For time series forecasting, an optimal combined forecasting model based on SARIMA and BPNN is proposed to fully use the advantages of the SARIMA model and BPNN model. The model combines the SARIMA model and BPNN and uses PSO to select the weight of the integrated model based on single-item model prediction. Specific steps are as follows:

(1) SARIMA and BPNN models are used to forecast time series.

(2) The residuals of each model are calculated to obtain the error objective function with the error sum of squares as the objective.

(3) PSO is used to calculate the weights of each model. Substitute the obtained weight coefficients into the combination model to construct the optimal combination prediction model.

(4) The combined model is used to make predictions compared with the single-term and non-optimal combined models.

The model is pre-processed and independently tested through the above steps, and specific performance verification is carried out in the following link.




Wavelet Denoising of SARIMA-BP Model

Different forecasting methods can be used for the same problem in the field of forecasting. However, the useful information captured by each method is different due to the different modeling mechanisms of each different forecasting method. In this case, if the method with a larger prediction error is simply discarded, some useful information may be lost. This practice is unscientific, a waste of information, and should be avoided. In order to make full use of useful information and improve forecasting accuracy, a more scientific approach is to appropriately combine different forecasting methods to form a combined forecasting method.

In forecasting practice, combined forecasting models have been widely studied. Especially in the past two decades, prediction models combining different methods have been widely used. The primary purpose of the combination is to comprehensively utilize the valuable information provided by various methods to improve the prediction accuracy as much as possible. The linear combination method is generally used in the combination process.

A combined prediction model is proposed based on wavelet denoising, which combines cumulative autoregression with seasonal term, moving average, and BPNN. In this cooperative prediction model, wavelet denoising is used to remove the noise of the original data. Then, the low-frequency signals after wavelet denoising are modeled by cumulative autoregressive and moving average models and BPNN models with seasonal items, respectively. The corresponding model tests and predictions are made. Finally, variance and covariance methods combine the results predicted by the two individual models. Electricity load data is a time series with high noise due to the influence of the fluctuating electricity market. Direct prediction of noisy load data will result in higher errors. Wavelet transform is essentially an integral transform between different parameter spaces. Wavelet basis is the core of wavelet transform. Different wavelet bases have different effects on wavelet transform. The choice of wavelet base should consider different application fields and choose different ones. Different choices of wavelet bases play a key role in wavelet transformation. Corresponding wavelet functions are selected according to the specific situation that arises. Only in this way can the processing effect be better.

In power load forecasting, many different methods have been proposed. In order to deal with the load data with higher noise, a cumulative autoregressive and moving average and BPNN with seasonal term based on wavelet denoising is proposed. The forecasting model is used to make actual power load forecasting. Unlike other combined models, the prediction process of this integrated model is:

1) The wavelet denoising method is used to remove the noise of the original load data. In denoising with wavelet, wavelet transform decomposes the original data signal into low-frequency and high-frequency signals. Low-frequency signals give the characteristics of the original signal, while high-frequency signals are associated with noise. The high-frequency signal is removed, and the signal’s basic characteristics can still be preserved, thus eliminating the noise in the data.

2) SARIMA and BPNN models are used to model low-frequency signals, and the corresponding model tests and predictions are made.

3) A combined model based on the variance and covariance method to determine the combined weights makes a new combined prediction for the results predicted by a single model.

The corresponding absolute and relative errors can also be displayed by comparing the predicted and actual values of the proposed combined forecasting model. This integrated model can well capture the characteristics of the power load data, and the relative error fluctuates within a small interval near zero. This shows that the combined model has good statistical performance and high prediction accuracy.




RESULTS


Model Convergence Rate

The superiority and versatility of the model are analyzed to explore the convergence speed of the SARIMA-BP. The research inputs the artificially set weight values in the method for simulation operation and draws the relationship data between the function weight values and the number of iterations into a statistical graph. The result is shown in Figure 17.

[image: Figure 17]

FIGURE 17. The relationship between the weight value and the number of iterations shows the convergence speed.


Figure 16 shows the influence of different weight values on the convergence speed of the model algorithm. The fastest model convergence rate is the third group, and the convergence rate is 123 s. The slowest convergence is the tenth group, which takes 178 s. The weight value of the third group is 78, 38, 22, 22. The weight value of the tenth group is 71, 31, 29, 29. The value of the weight has a negligible influence on the convergence speed of the model. The lower the number of iterations, the faster the convergence of the model, and the smaller the initial weight value. The more iterations of the model, the slower the convergence speed. The post-weight value has no obvious influence on the convergence speed, and the fastest convergence speed is the third group. The maximum or minimum value of the weight value will not affect the convergence speed of the model, and the weight value should be set according to the model itself.



Matching of Specialty and Enterprise

The number of persons set up for major A is obtained from 2013 to 2020, according to the data in Table 2. Use X to represent the number of students enrolled in the same major in 10 colleges and universities in a certain place, X = [8,408, 9,422, 9,580, 9,835, 9,898, 9,932, 10,085, 10,334]. Colleges and universities carry out a 4-year training plan for each student. Use the SARIMA-BP to predict the demand for talents, and the number of demands is represented by Y, Y = [502, 1,512, 1,692, 1,950, 2,189, 1,932, 2,225, 2,400]. Use drawing software to draw a diagram of the relationship between the number of professional college enrollments and the demand for talents in related enterprises, as shown in Figure 18.

[image: Figure 18]

FIGURE 18. The curve of the number of professional enrollments in colleges and universities and the demand for talents in enterprises.


The number of high-efficiency enrollment does not increase year by year. When drawing the image, the number of college professional enrollment parameters of the abscissa axis is arranged in ascending order. The number of professional enrollments in colleges and the demand for corporate talents in the corresponding year: the degree of deflection of the two curves is similar, indicating that the two have a clear correlation. Bring the X and Y data into the correlation coefficient calculation equation, and rxy = 0.69. Therefore, there is a certain relationship between the number of professional enrollments in colleges and universities and the demand for talents in enterprises, but not close.




DISCUSSION

This study uses the characteristic elements and training method requirements of innovative talents. It uses the iceberg and onion model as the theoretical basis to explain the performance of talent needs. Then DNN in the AI field is used as technical support, introducing the hierarchical structure and memory unit functions of neural networks. The convergence performance of the model and the matching degree of human resources are tested and combined with the seasonal difference ARMA Model to form a SARIMA-BP prediction model. The convergence performance of the model is stable, and after being predicted, there is a high degree of matching between the enterprise’s professional needs and the nature of talents. After independent testing and model pre-processing, it can ensure the normal operation and work of the model and ensure that the model can be used normally in experiments without interference from other objective factors. This is consistent with the research results of Preckel et al. (2020). They provided a general talent development framework suitable for a wide range of achievement fields through the talent development framework in achievement fields. Empirical research supported it by focusing on measurable psychological structure and its significance at different talent development levels and commented on the applicability of the support framework to build a model in specific fields (Preckel et al., 2020). Similar to the conclusion of this study, it is found that different factors impact the training mode of innovative talents. This solves the problem of low numbers and low quality of recruited talents caused by the mismatch of skills in enterprises’ current career recruitment process. The applicability of the model is further proved.



CONCLUSION

In the context of China’s policy of an innovative and powerful country and the cultivation of new talents, the research studies the relationship between the number of students enrolled in a university’s major and the demand for talents from local related companies. Firstly, it summarizes the characteristics of innovative talents and the training methods of innovative talents. Secondly, the related concepts and algorithms of DL, BPNN, SSARIMA, and SARIMA-BP using DL are learned. By artificially setting parameters, the convergence calculation speed of SARIMA-BP is analyzed, and the conclusion of the superiority and versatility of the model is obtained. It is critical to select an appropriate single-item forecasting model based on the original data features in the linear combination forecasting model. The weight selection of the combined model is also crucial, and intelligent algorithms, such as PSO, effectively optimize the weights. Only when these aspects of work are done well can the established model achieve the desired effect. Afterward, SARIMA-BP is used to investigate the number of students enrolled in a particular major in 10 colleges and universities in a certain place from 2013 to 2020. The model is used to predict the enterprise talent demand in 4 years. The wavelet denoising method ensures the model’s prediction performance accuracy and optimizes the errors and residuals caused by objective factors during the model establishment process. The correlation coefficient equation calculates the close degree of the relationship between the two. The result obtained is that the two have a moderate degree of relationship. Therefore, it is held that (1) The city needs corresponding national policy support to provide professional education for local enterprises. (2) Eliminate unnecessary utilitarian education concepts, attach importance to the training of professional students, and discover and train professional talents for the needs of related enterprises and the country. The limitation is that it analyzes the relationship between the convergence speed of SARIMA-BP and the enrollment company but does not discuss how to improve the convergence speed and how to strengthen the cooperation relationship between universities and enterprises. This will be the focus of follow-up work.
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To improve the understanding of film and television postproduction for college students in the era of intelligent media, a study is conducted on college students’ short video communication education and audience psychology based on the rapid development of virtual image and the Internet of Things (IoT). Primarily, the collaborative filtering algorithm (CFA) is optimized and combined with the principle of Spark and Hadoop platforms as well as the IoT and virtual image technologies. Then, a hybrid computing model is proposed, and the two algorithms are improved and combined, with 90,000 network video records as data samples. Finally, the push accuracy of the hybrid algorithm and the traditional algorithm is calculated and compared, and based on this, a questionnaire survey on the audience psychology of short video production is carried out for college students. The results show that the time user of the combined algorithm is always at least 0.4 s faster than that of a single algorithm and the running speed of the algorithm with five nodes is nearly 80% higher than the algorithm with a single node. The Spark algorithm with multinode has good versatility in image recording and processing of large groups of college students. When processing more than 100,000 image records, the deviation values of Spark and Hadoop with a single node exceeded 1.1, but the deviation value of the hybrid algorithm was still lower than 1.1. With the increase of data volume, the deviation values of the three algorithms are increasing. Compared with the traditional CFA algorithm, the optimized algorithm has a higher speed in processing data and is more accurate in content pushing. From the questionnaire survey of college students, it is found that contemporary college students are not active in learning knowledge of virtual images. Hence, it is concluded that colleges must carry out relevant courses based on short video communication education and strengthen the short video communication education of college students. A reference is provided for the development of college students’ short video communication education in the digital age.

Keywords: virtual image, the Internet of Things, film and television education, college students, collaborative filtering


INTRODUCTION

By improving the level of postproduction of film and television education for college students in the era of intelligent media and exploring the audience psychology of college students in the new era, this study introduces virtual image technology to study the state of college students in the field of film and television production. Digital development has not been realized in the postproduction of film and television education for college students at present. As new technologies, virtual image technology and the Internet of Things (IoT) technology are characterized by authenticity and coherence, which are very suitable for studying educational problems. Hence, a study is conducted on the postproduction of college students’ education and the audience psychology by virtual image and the IoT technology. With the rapid development of science and technology, people have changed from passively accepting information to actively seeking information, indicating that they are entering “the era of knowledge media” (Xu et al., 2019). A virtual image provides people with a variety of excellent quality in visual, auditory, technology, and artistic sense from time or space, so that virtual image is also known as the “the most potential art in the 21st century.” Virtual image education is an important part of art education in the new century. On the premise of improving the teaching environment, it can be accepted by most students, with timeliness and convenience (McReynolds et al., 2020). As the main carrier for college students to convey and receive information through virtual images, multimedia such as network movies, micro video, music, and multimedia news will produce a lot of data. Therefore, it has been a hot topic of the studies on how to combine virtual image technology with IoT technology to filter information and push them to college students (Su et al., 2020).

Virtual image is one of the main ways of information dissemination today. Various information is transmitted on the Internet to college students for their watching and listening. Zhang et al. (2020) used gray correlation and gray clustering algorithms combined with similar image vocabulary to determine the design board of gold jewelry, in which they understood the design image preferences of each group. Xue et al. (2021) used the prescribed selection method in the street design of the virtual environment for these streets to study public preference. He et al. (2021) expanded political education into a form of thought, proposed feasible strategies, and provided a reference for instructors and frontline workers in film and television education. Xie (2020) believed that virtual image was an artistic accomplishment and the preference of audience for film and television art laid a theoretical foundation for the quality and dissemination of film and television art. Wu et al. (2020) claimed that nurturing was usually in the early stages of development and that if someone wanted to develop the film and television industry, he must start with education and learning.

At present, the studies on the postproduction of film and television education for college students mainly focus on the theories of film and television education form, and there is a shortage of practical studies based on new technologies. There are also few studies on the combination of virtual images and IoT technology. The short video communication education production based on virtual image mainly chooses the virtual image pushing algorithm to conduct a study, but this algorithm is not intelligent enough and a single algorithm has certain limitations in dealing with problems. The studies of college students’ audience psychology under the background of new technology mainly focus on the acceptance of new technology. Therefore, the present work uses a hybrid algorithm to study the post-production and audience psychology of college students’ short video communication education to provide a reference for the development of college students’ film and television education in the new era. The content of the present work positively impacts college students in the era of intelligent media. A data pushing method is realized based on virtual images through the Hadoop and Spark collaborative filtering algorithms (CFAs) of the IoT. Besides, a comparison is made on the accuracy of the two methods of virtual image technology pushing and single pushing when college students make pictures through micro-video production or image processing tools on the daily network. Through the questionnaire survey, an analysis is conducted on the psychological attitude of the audience of film and television education to the virtual image of college students. Simultaneously, another analysis is made on the importance of film and television education for college students. The innovation is to analyze the accuracy of virtual image data pushing and the demand of college students for short video communication education. The present work has positive significance for the improvement of college students’ acceptance of short video communication education. It has an impact on the development of virtual image technology and IoT technology in the field of short video communication education for college students.



RELATED STUDIES

Virtual image belongs to new media technology. New media art derives from the conceptual art of the 1960s, as well as early futuristic declarations, expressive acts, and the 1970s performing arts (Zhang, 2021). The German Media Art Center is the earliest and largest science and technology media art center in the world. Its goal establishment is to promote the development of media art and explore the impact of new technology on contemporary art. Other influential new media arts institutes include the Massachusetts Institute of Technology in the United States, the Tokyo Media Arts Center in Japan, and the Linz Electronic Arts Festival in Austria (Chen et al., 2021). The Dutch Media Art Center, which is located in Rotterdam, was founded in 1981. It is the earliest pioneer of contemporary media art, which concludes only a small group of young artists. Today, it has developed into an internationally renowned scientific and technological media art institution.

The history of the research and development of new media art in China is a process from imitation to creation. The initial imitation of new media art includes two levels, which are the imitation of traditional art and the imitation of foreign excellent new media artworks, respectively (Zhou et al., 2021). The development of new media art in China began in the late 1980s. It is the epoch-making of video works by Zhang Peili at the China Modern Art Exhibition in 1989, which is the first new media practice in the history of China’s new media art (Yu et al., 2021). Since then, artists’ attempts at new media have never stopped. The artistic activities of new media such as the Shanghai Biennale in China, the International New Media Art Exhibition and Forum, the Asia-Pacific Multimedia Art Festival, the China Independent Image Festival, and the Shanghai Electronic Art Festival have brought about many outstanding achievements in the artistic creation of new media, which reflects the active attempts of contemporary artists in the field of new media (Alhayani and Llhan, 2021). Although from the digital media technology, the current development in China is not lagging behind compared with that of foreign countries. However, in the expression of artistic language, there is still a big gap between the artistic works (Ma C. M. et al., 2021). The current new media art research in China mainly focuses on the field of art theory. There is a lack of research on digital virtual images and other new media technology application practices and services for commercial purposes case analysis and collation.

The Internet of Things technology emerged relatively late in China. Besides, there is not enough curriculum related to film and television education for college students and there is a lack of research literature on short video communication education. The number of publications has increased from 1 to 145 on short video communication education in China in the past 30 years, which shows that the current number is not considerable (Dong, 2021). Research on a contents-pushing algorithm by virtual image shows that the algorithm is not intelligent enough. The number of college students is numerous and their personal preferences are not the same. Faced with massive virtual videos, they waste a lot of useful resources. Hence, a single algorithm cannot meet the demand and a mixed contents-pushing algorithm is a feasible solution to this problem.

Yang (2019) commented that under the influence of micro video, film, and television education of China failed to achieve its teaching purpose. However, Western education has a long history and the education system is relatively complete (Yang, 2019). Tong et al. (2021) reckoned that socializing through virtual movies could also help companies gain recognition and trust from their partners. Yuan and Wu (2020) pointed out that the ability of learners to collaborate and coordinate in a team is becoming increasingly important for the success of any work and the advancement of knowledge. Hence, short video communication education is also very important for the cooperative inquiry ability of college students.



MATERIALS AND METHODS


Virtual Image on the Networks in the Era of Intelligent Media

No longer limited to professionals, people with smart devices can be both the creators and publishers of virtual images or videos. From 2-h movies to tens of seconds of micro videos, the works based on virtual image technology appear with a spurt of development. Because the IoT is real-time, shared, and diverse, college students have become the main force of virtual image dissemination and creation. They can choose or produce virtual film and television works anytime and anywhere on the Internet through various channels. The increase of video publishers on the network is directly related to the increase in college students’ video consumption.

According to the statistical report on network development released by the Information Center in 2021, by 2020, the number of network users in China has reached nearly 790 million (Wahab et al., 2020), as Figure 1. Compared with 2019, it increased by nearly 100 million, among which mobile phone users accounted for 98%. The report pointed out that compared with other apps, online video apps used 12.8% longer (Ma G. et al., 2021). Therefore, online video based on virtual images has become an important part of the lives of people.


[image: image]

FIGURE 1. Network video user scale.


The virtual image is based on digital technology, combined with visual and auditory communication technologies, which include many kinds of technologies, such as photography, projection, multimedia display, sensory transmission, limb movement capture, and imitation (Bing and Qian, 2021). Virtual images are provided for users through devices to help people understand abstract concepts. It concludes with interactive images and scenes composed of words, images, videos, and other information. Its main features are interactivity, virtualization, and immersive experience (Hudson et al., 2019).

The most common virtual image technology is virtual reality (VR) technology (Wohlgenannt et al., 2020). VR is a technology made by modeling software (3DMAX, Unity3D), which can provide users with an omnidirectional observation environment (Hsiao, 2021). At present, VR is used in immersive teaching, games, simulation, and other industries (Stojšić et al., 2019). However, VR equipment is mainly in the form of a pair of glasses or a helmet and its working principle is shown in Figure 2 (Hoppe et al., 2021). When the equipment is being used, the visual field of users will be closed, so it has certain limitations.


[image: image]

FIGURE 2. Virtual technology [virtual reality (VR)] helmet principle.


Reality enhancement technology augmented reality (AR), that is, all kinds of information in life (Radosław and Katja, 2021). AR technology generally uses cameras to identify and analyze observed things and matches them with images and three-dimensional (3D) models in the database of the IoT. For sound information, it displays the screen output through digital information and uses sensing technology and 3D tracking as the principle, as shown in Figure 3. The set gestures are used to control the device and interact with the virtual environment (Chen et al., 2019). AR technology usually includes such technologies as data identification, environment display, image fusion, sensor blending, real-time tracking, etc. It has strong interactivity and has a good development prospect in the fields of teaching, product design, art design, museum display, tourism promotion, etc (Sarigoz, 2019).


[image: image]

FIGURE 3. Augmented reality (AR) principle of reality enhancement technology.


The present work uses the algorithms based on association rules, Spark MLlib, the user-based CFA, and Hadoop, as shown in Figure 4. The content of specific algorithms is given in the following sections.


[image: image]

FIGURE 4. The overall layout of the algorithm.




Association Rules and Spark MLlib Algorithm


(1)Algorithm based on association rules (Francisco and Jon, 2021). In the operation, the video or image information visited by the user is analyzed as the main body. When the user makes the video or image in the later stage, the virtual algorithm is used to push the relevant video to the device. The purpose of the rule is to make the video and visit the video association. At present, the most typical example is the hobby recommendation of various video websites. By analyzing the access history or the access frequency influenced by a certain video, another media file with high similarity is pushed to the equipment of the users.

(2)Algorithm based on Spark MLlib. Under the background of the continuous development of Spark technology, the IoT algorithm technology called Spark MLlib is widely used in machine learning algorithms (Hung et al., 2019) and the algorithm is usually run in cluster computers.



Among them, the MLlib algorithm by Spark, which can be used as an alternating least squares algorithm (Xu and Li, 2019), has been widely used in the virtual information push system. The alternating least square (ALS) algorithm models the establishment of the score evaluation matrix as the multiplication of low-order user U and virtual information item V factor and then simplifies and minimizes the reconstruction error of the observed score. After analyzing these factors, images or graphics can be made or recommended according to the predicted scores. Figure 5 illustrates the execution flow of the Spark algorithm.


[image: image]

FIGURE 5. Spark algorithm flow.


The main idea of the ALS algorithm is not to predict by analyzing similarity with common user’s favorite article recommendation rules, but to calculate by decomposing matrix. Figure 6 displays the structural flow of the ALS algorithm.


[image: image]

FIGURE 6. The alternating least square (ALS) algorithm flowchart.




User-Based Collaborative Filtering Algorithm

Due to the ceaseless development of the commerce industry in the electronic field, the variety and quantity of commodities in commerce are increasing and very complicated data are produced in the process of circulation. Therefore, an algorithm for screening, classifying, and then pushing data is urgently needed.

The CFA (Fan et al., 2019) is the most popular algorithm in various systems at present. On the basis of the near technical scheme, the distance between users is analyzed, and the access or evaluation of a certain thing is obtained by the neighbor user with the smallest distance between users to judge the degree of preference of a certain user for a certain item. Thus, more related data can be put to this user in the form of virtual images. The CFA also has some flaws. Some popular videos or images on the Internet cannot be pushed accurately, while college students recommend these videos or images to each other. Videos with more visits will be pushed to user devices after algorithm statistics, which lead to such recommendations having no practical significance.

The main research purpose of this algorithm is to analyze the degree of students’ interest in accessing virtual images in the daily network. For example, when a certain group of students with the same or similar interests visit online videos and images or make referencing materials in the postproduction, there is a certain degree of similarity in the items used. The tool A used by user A will also be the tool frequently used by user B. The material A frequently referenced by user A will also be the material frequently used by user D. Figure 7 shows the basic principle of this algorithm.
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FIGURE 7. Algorithm principle based on user collaboration. (A) Group A video materials. (B) Group B video materials. (C) Group C video materials. (D) Group D video materials.


In the current research, there are two rules for calculating user access similarity: one is the cosine similarity and the other is the modified cosine similarity.

The first is cosine similarity (Dominik et al., 2021): when studying the reference production degree of a certain virtual image by college students, analysis is generally made by this score evaluation matrix, and the vectors in the n-dimensional space are set as the score evaluation matrix. Under the default condition, “0” indicates the image that has not been evaluated by scores, and the similarity degree is analyzed by the cosine angle between the vectors. The results can be similar. Assuming that vector i and vector j, respectively, represent the scores of user i and user j in n-dimensional space, the studied university student user i and university student user j are obtained and the similarity calculation can be made between them as eq. (1).

[image: image]
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In eq. (1), u represents the matrix of order m. Parameter t refers to m × n order matrix. v stands for the n-order matrix. The regularization matrix decomposition equation is:

[image: image]

K is the set of fractions (u and i), and Ru,i refers to the true evaluation score of user u for image i. λ represents the regularization coefficient and ||Uu||2 + ||Vi||2 stands for a regularization project. Set the score evaluation matrix r to be m × n matrix, with U and V, respectively, and the score can be represented by U and V as eq. (4):

[image: image]

The second is the modified cosine similarity (Bakri and Hashim, 2018): there are some drawbacks in cosine similarity calculation, and there is no detailed analysis of the corresponding relationship between the size of the score evaluation scale and the degree of interest of college students in images. Assuming that the evaluation is scored from 1 to 5 points, for user A, the score of 4 points may represent a high degree of interest, but for user B, 3 points may also mean that he has a high degree of interest in a certain image. The essence of this problem lies in the different evaluation standards among individual users. However, because this standard exists at all times, in order to remove the influence of this standard on the evaluation results and improve its drawbacks, two sets of vectors are set. [image: image] and [image: image], respectively, represent the average scores of users i and j in the N-dimensional space. Therefore, eq. (2) is the similarity calculation equation between users i and j.

[image: image]

Based on the above two groups of equations, a similar production reference of the virtual images of users can be obtained. This method can analyze the results of daily visits to images by target university students. It is assumed that Nku represents the combined group of K neighbors of user U and user U evaluates the score of image J. Ru,i, calculated as (6).

[image: image]



Hadoop Algorithm

Hadoop algorithm (Zeebaree et al., 2020) is an algorithm based on distributed computing with ease of use, which can run on the Hadoop platform and process a larger amount of data. Among the currently widely used data analysis algorithms, Figure 8 signifies the specific structural system.


[image: image]

FIGURE 8. Hadoop structure.


Hadoop algorithm has the following advantages:

High availability: Using bit-by-bit storage not only ensures the overall system processing efficiency, but also the ability to process massive data is equally efficient.

Efficient: Dynamic data can be moved between nodes, which ensures that the computing nodes are in an efficient running state and also ensures the dynamic balance of the overall load.

High scalability: With the Hadoop algorithm, data distribution is performed in available computing clusters, which is convenient to extend to many nodes.

High fault tolerance: With the Hadoop algorithm, the data copy is automatically saved, and the failed tasks are redistributed to ensure the normal operation of the system, without affecting the overall task processing due to the downtime of a computer.

Low cost: Hadoop algorithm is an open-source and efficient processing technology and compared with data processing technology, it does not need a lot of money.

Figure 9 shows the summarized advantages.


[image: image]

FIGURE 9. Advantages of the Hadoop algorithm.




College Students’ Audience Psychology of Short Video Communication Education

According to the development of virtual images in the era of intellectual media, a questionnaire is designed for the audience psychology of short video communication education for college students. After relevant literature is studied, Figure 10 is used to explicate the flow of the survey.


[image: image]

FIGURE 10. Investigation process.


The questionnaire is developed to investigate the problems from three aspects, namely, (1) personal information of students, (2) literacy of short video for college students, and (3) school examination-oriented education. Table 1 shows the specific information of the questionnaire.


TABLE 1. Questionnaire of film and television education for college students.

[image: Table 1]
Since the research contents are mainly based on virtual images and the IoT, college students are taken as a whole to analyze the influence on the postproduction of college students’ short video communication education. Therefore, there are few studies on the influence of descriptive factors and the survey of the present work only focuses on the gender of college students.

The research object is college students from a university. A total of 300 questionnaires are distributed and 294 questionnaires are recovered. Among them, eight questionnaires are invalid (damaged and the survey questions are not answered), 286 questionnaires are counted, and the effective rate of the questionnaire is 95.3%. There are 129 males and 157 females and the proportion of males and females is relatively balanced. The SPSS version 26.0 software (SPSS Incorporation, Armonk, NY, United States) is used for the analysis of the simple correlation of the data in the recovered questionnaires.

The reliability test table of the questionnaire is determined by Cronbach’s α. If the reliability of the sample data is greater than 0.7, it means that the items in the scale are consistent and the test index is reasonable. The validity is tested by the Kaiser–Meyer–Olkin (KMO) value. If the KMO value is greater than 0.7, the validity is good, which proves that the questionnaire design is reasonable and effective.




RESULTS


Experimental Environment

All the experimental settings are based on the experimental results and relevant rules. Table 2 lists the experimental environment.


TABLE 2. Experimental environment.

[image: Table 2]


Dataset Collection and Data Preprocessing

The dataset is from the Internet image records of the region where the research object is located, with a total of 100,000 image records. 100,000 image records are used in the combination of the Spark algorithm and Hadoop algorithm. In the accuracy analysis on contents-pushing, five groups of data are randomly selected, namely, 10,000, 30,000, 50,000, 70,000, and 90,000. The same five groups of data are used in the operating rate analysis of systems with multinode and multidata. The data are from 286 questionnaires and they are analyzed by the SPSS version 26.0 software (SPSS Incorporation, Armonk, NY, United States).

The algorithm analysis uses Microsoft Excel for preliminary screening of data, so there is no data preprocessing. The questionnaire is directly analyzed by the SPSS version 26.0 software (SPSS Incorporation, Armonk, NY, United States), so there is no need for data preprocessing.



Parameters Setting

The important parameter settings of the Hadoop platform are introduced: file:/// is set as the default value of fs.defaultFS, the parameters are interpreted as system host and port, 4096 is set as the default value of io.file.buffer.size, the parameter is interpreted as the buffer size of the stream file, /tmp/hadoop-${user.name} is set as the default value of hadoop.tmp.dir, and the parameters are interpreted as temporary folders.



Performance Metrics

The performance index in the system rate analysis of Spark algorithm combined with Hadoop algorithm in the present work is the node running speed; the performance index of push accuracy analysis based on virtual image records is the deviation between the actual value and the predicted value; the performance index in the system operation rate analysis of multinode and multidata is the image data processing efficiency; the performance index of the questionnaire survey results of college students’ film and television education is the proportion of people.



Performance Evaluation and Discussion


Spark Combined With Hadoop System Rate Analysis

A total of 100,000 image records are used to analyze the running efficiency of the system and a single algorithm and combined algorithm are used to count the running time of push virtual image data and the running speed of the system with 1–5 nodes is analyzed in total. Figure 11 shows the experimental results.
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FIGURE 11. Image data analysis time.


Through analyzing the data, Figure 11 signifies that with the increase of data nodes, the running time of the two algorithms is decreasing, but the time of combining algorithms is always at least 0.4 s faster than that of a single algorithm and the running speed of 5 nodes is nearly 80% higher than that of a single node. Because the multinode processing is compared with the single-node processing, in the Spark algorithm, the main node will manage and adjust other nodes. Multiple tasks are assigned to different nodes for processing, so that the processing speed of image data can be improved at the same time. Therefore, the multinode Spark algorithm has good universality in image recording processing for a large group of college students. The Spark algorithm has a great ability to process images. The research of Roghani et al. (2021) on the Spark algorithm showed that the image processing performance of the Spark algorithm was very excellent and the results of the present work were basically consistent with the latest research results.



Analysis of Push Accuracy Based on Virtual Image Records

In this step, five nodes are used for analysis, and five groups of data are used for statistics, namely, 10,000, 30,000, 50,000, 70,000, and 90,000. The push accuracy is analyzed by combining the Spark, Hadoop, and double algorithms. The analysis results use the deviation value between the actual value and the predicted value to explain the accuracy. The average value is calculated as the result through the algorithm. Figure 12 shows the experimental results.
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FIGURE 12. Deviations of different algorithms.


Figure 12 shows that among the three processing methods, the deviation value of the hybrid algorithm is the lowest. When processing more than 100,000 image records, the deviation value of Spark and Hadoop has exceeded 1.1. Among them, the deviation value of the Hadoop algorithm is the highest, reaching 1.2, but the deviation value of the hybrid algorithm is still lower than 1.1. As the number of data increases, the deviation values of the three algorithms increase. But, the deviation growth rate of hybrid algorithms is generally less than the other two single algorithms. Rezaeipanah et al. (2021) proved that the performance of the hybrid algorithms was often higher than that of single algorithms due to the shortcomings between algorithms, which was consistent with the conclusion of the present work. Therefore, the hybrid algorithm has high accuracy in pushing virtual image data according to the personal preferences of the user among large groups of college students. The algorithm can be used for video push in the later stage of college students’ short video communication education. Pushing accuracy is an important indicator of video push in the later stage of college students’ film and television education.



System Operation Rate of Multinode and Multidata

In this section, five image data processing methods (from one node to five nodes) are used to analyze the processing rate of five groups of data (from 10,000 to 90,000), with the purpose of studying the image data processing efficiency of different nodes with increasing data volume. Figure 13 shows the results.
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FIGURE 13. Data processing rates of different nodes.


Through data comparison, it can be found that when dealing with less data, both the single node and multinode can efficiently deal with it, but with the increase of data volume, the processing rate of a single node gradually decreases. When the data volume is 100,000, the running time has exceeded 2.2 s, while the multinode remains below 1.5 s. In fact, the amount of college students’ image data far exceeds 100,000. Therefore, the speed of a single node is not enough to meet the requirements. Generally, the multinode algorithm is the best choice for massive image data. The latest research of Gilanifar and Parvania (2021) on multinode algorithm indicated that multinode algorithm was widely used in image processing research and helped to get good results. The present work also draws a conclusion that multinode algorithm has excellent application in image processing (Gilanifar and Parvania, 2021). The analysis shows that the multinode processing method is the most suitable image processing method for the massive postproduction images of college students’ short video communication education with multinodes.



College Students’ Film and Television Education Questionnaire Results

The reliability value of the present work is 0.83 and the validity value is 0.86, so the reliability and validity are good. The results of the questionnaire show that gender and image knowledge have no significant effect on the cognitive level of college students. Therefore, according to all the survey results, some representative questions are selected for statistical analysis. Figure 14 manifests the statistical analysis of students’ knowledge of virtual images.
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FIGURE 14. Knowledge level of a virtual image.


The results show that 168 out of 286 people do not understand it, accounting for 58%, only a few people know it very well, and quite a few students do not understand it at all, which shows that college students learn less about the knowledge and concepts of virtual images. Therefore, it is necessary for colleges to offer short video communication education courses to relevant students. This provides data support for the research motivation. The latest research of Makransky and Petersen (2021) on the virtual image cognition of college students signified that the cognition of virtual images of college students was not deep enough (Makransky and Petersen, 2021). According to the research, the present work makes a quantitative expression of the results.

An evaluation survey is published on video images. Whether the students will publish their evaluation after watching the video shows the attitude of the students toward short video and also reflects their own literacy of short video, as shown in Figure 15.


[image: image]

FIGURE 15. Release of video review.


The initiative of students to publish the evaluation of videos reflects their own literacy of short video. Higher literacy of short video shows that the school attaches great importance to short video communication education. However, from the results, only 52 people who account for 18% will evaluate short video and the rest of the students rarely publish them, which indicates that the school does not attach great importance to film and television education for college students. The research of Xu (2021) on short video communication education for college students under the current network situation explored that Chinese college students paid less attention to film and television education (Xu, 2021). Although this conclusion is not directly drawn by the present work, the accuracy of this conclusion is confirmed. Therefore, it is necessary to carry out short video communication education courses in local colleges. Film and television education will provide strong guidance for the improvement of the postproduction ability of college students.





CONCLUSION

In the era of informative media, college students should adopt more advanced technologies to master short video knowledge. Colleges should carry out short video communication education courses based on the IoT and virtual image. The IoT should push the virtual video to the target according to the daily video traffic to help students have rich material in the later stage of virtual video production. Based on the Spark and Hadoop algorithms, the present work proposes an algorithm to push related content according to virtual image records. Through experimental comparison, it is found that in the case of multiple nodes, the combined algorithm is superior to the single algorithm mode in data processing rate and video push accuracy. By using the questionnaire survey method, the present work investigates the current situation of short video communication education for students and finally summarizes the importance of contemporary short video communication education for college students. It is found that college students have little knowledge and concept of virtual images. Schools pay little attention to short video communication education for college students, so it is necessary to carry out short video communication education courses in local colleges and universities. The limitation is that the algorithm only focuses on the research of push accuracy and push speed and does not conduct in-depth research on the selection criteria. There is no more investigation on the personal information of investigators in the questionnaire setting including age, educational background, family background, etc. Therefore, it will be analyzed in the future. A reference is provided for the development of short video communication education for college students in the era of intelligent media. This research is expected to be applied in the short video communication education classroom for college students, to improve college students’ mastery of film and television knowledge under the new era and new technology, and promote the effective integration of virtual image technology and college students’ short video communication education.
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More and more schools begin to design simulation technology based on virtual imaging technology (VIT) and virtual reality (VR) in their course contents. In particular, among these technical courses, there is a need to first strengthen the Film and Television Production (FTP) education in higher institutions. This article aims to study the impact of VRT, VR, and Internet of things (IoT) technology on FTP courses and audience psychology in higher institutions under the era of intelligent multimedia. How to use emerging VR technology to promote the psychological wellbeing of students or patients has become a new research direction, the exploration of which has a far-reaching significance for the applications of the related technologies. First, the principle and applications of VR and IoT technology are described. Thereon, the deep learning (DL)-based training model is used to analyze the postproduction (PP) of VR-based Sand Table game, and the function and effect of the designed game model are discussed. Subsequently, VR-based Sand Play Therapy (SPT) is applied to mentally ill patients to obtain its therapeutic effect. The results show that the designed VR-based Sand Table game model can be used to treat mentally ill patients and alleviate their negative psychological states. Meanwhile, the Test Anxiety Scale (TAS) scores prove the significant therapeutic effect of the designed game model on the mental problems of patients. Therefore, VR-based psychological SPT can be applied in the stress relief of students and the treatment of mentally ill patients, as well as alleviate their mental health problems. This research provides a new direction and some theoretical support for the application field of VR technology.

Keywords: deep learning, virtual reality technology, TAS scale, post-production, mental health of patients


INTRODUCTION

Under the modern socio-economic environment, even if material abundance has reached an unprecedented high level, living pressure of people, especially psychological pressure, has seen a record high level, causing all sorts of mental diseases, which is believed to be caused by the acceleration of the pace of work and life. For example, incomplete statistics show that the advent of the twenty-first century is accompanied by more than 800,000 suicide cases worldwide every year (Aline et al., 2018). In 2010 alone, approximately 222,300 Chinese have committed suicide. In 2016, the average suicide rate per 100,000 Chinese is estimated to be 7.8 males and 8.1 females, respectively. Globally, suicide has become the second leading cause of death for young people or the 15th leading lethal factor for people of all ages (Lew et al., 2021). In particular, test anxiety (TA) is a typical psychological reaction in the test process. It is inspired by the test situation, affected by personal experience, evaluation, personality, characteristics, and anxiety, as well as emotional pressure of subjects of passing the test. At the same time, TA shows some adverse psychological reactions. Therefore, this study focuses on how to utilize new virtual imaging technology (VIT) or virtual reality (VR) technology to create a digital or virtual environment for patients without direct physical contact, so that patients can express their hearts, emotions, and intrinsic feelings more freely to help formulate more targeted treatment strategies for mental diseases.

In recent decades, with the progress of science and technology, VR technology is seen broad application in traditional artificial methods to assist psychotherapy, thereby treating patients online without a prerequisite for a hospital visit (Rogoza et al., 2018; Wu et al., 2019; Wu Y. J. et al., 2020). For example, Liu et al. (2019) discussed the efficacy of progressive Sand Table Therapy (SPT) on the core symptoms and sleep management of preschoolers with mild to moderate autism spectrum disorder (ASD) and proved the effectiveness of SPT in autism treatment. Roesler (2019) studied the effect of SPT on intractable mental diseases under traditional treatment and found the potential of SPT in traumatic stress, disability, or language disorder treatment. SPT is a non-verbal method, especially suitable for children and adults with trauma, pain, disability, and transference problems (Roesler, 2019). Zhou et al. (2018) proposed to localize the SPT model by combining the symbolic meaning of Chinese classical cultural images. Veronica et al. (2018) provided standard treatment for post-traumatic stress disorder (PTSD), complex sadness, or adaptation according to the diagnosis of patients and the psychotherapy recommendations under traditional methods and VR technology. The above literature research proves that the Sand Table game can be used to treat mental diseases, which is a special pattern and word-based performance tool and is a relatively novel approach. Zhang et al. (2018) compared the effects of VR SPT and real SPT in psychological evaluation and treatment and proved their consistency. Nowadays, how to use VIT or VR technology to treat mental diseases and alleviate psychological stress has become a new medical research field. Specifically, many researchers have put forward effective treatment methods and VR technology for psychological stress. Artificial intelligence (AI) media and Internet of things (IoT) technology are seeing extensive applications, and VIT is penetrating all walks of life (Wu and Song, 2019; Yu, 2020). Therefore, the literature review indicates that VR technology, as a real-world simulation tool, can fabricate patients with a spiritual world customized to their needs. AI media is equal to media intelligence, that is, the media combines human intelligence with machines (computers) and reconstructs the whole process of news information production and dissemination based on AI technology. For example, combined with AI, mobile Internet (MI), big data, VR, and other new technologies, AI media includes intelligent media and think tank media. The integration of AI media and deep media technology will shift the crux of the existing media ecology from mass media to digital media in communication and life of people. Technologies, such as big data and algorithmic data processing, are hidden behind media communication and media education. In other words, digital data and hiding algorithms are intelligent mechanisms to manage user activities, behaviors, attention, content, information, and knowledge under new media and digital technology (Ptaszek, 2020). Therefore, related studies suggest that VR can also be combined with the IoT to provide personalized treatment services for patients by searching patient-related data over the network. AI media technology can aggregate and disseminate information, and then provide it to users indiscriminately according to the needs of users. In particular, “AI media” can filter and expand information, process it according to the needs of users, and then provide users with targeted information. Some experts believe that multimodal medical image fusion can obtain more comprehensive and better-quality images by integrating the complementary information of medical images, thereby providing more accurate data for clinical diagnosis and treatment. The new medical image fusion method using multi-scale edge-preserving decomposition and sparse representation can better preserve the details and structure information of the source image (Jiang et al., 2018). VIT refers to the construction of stereoscopic images in three-dimensional (3D) space through various technologies, such as augmented reality (AR) (Krichenbauer et al., 2018), VR (Parong and Mayer, 2018), and holographic display (Elbamby et al., 2018). The IoT (Soner et al., 2020) can collect real-time information through various devices and technologies, such as information sensors, radio frequency identification (RFID) (Seco and Jimenez, 2018), global positioning systems (GPS), infrared sensors, and laser scanners, by which things and people are connected through network access, and intelligent perception, identification, and management of things are realized. IoT technology is an intelligent management technology of physical goods and an extension of Internet technology (Li et al., 2018; Yuan and Wu, 2020). In different scientific fields, the abbreviation 3D is used flexibly and has multiple connotations, so it is easy to forget what it stands for in a specific context. The technical status of the generic term 3D is outlined in this study to help explain the importance of 3D in cartography (Claudia and Manfred, 2014). The cognitive representation of the learned map information is affected by the system distortion error (Doyle and Magor, 2018). Dividing the map surface into map elements of multiple regions, such as content-related linear symbols (street, river, and railway system) or additional artificial layers (coordinate grid), provides a novel pattern to help users reduce the distortion of their psychological representation. Thus, the relevant research helps to inspire a novel way to combine the Sand Table game with VR to provide a novel treatment for mentally ill patients. In recent years, the television industry has begun to use true-3D (automatic stereoscopic) displays as mass media. These modern displays can view dynamic and still images and depth illusions without additional equipment, such as 3D glasses. In these images, visual details can be distributed in different positions along the depth axis (Edler et al., 2015). In conclusion, SPT can well alleviate the mental diseases of patients of all ages, especially children and adults with trauma, pain, disability, and transference problems. VR SPT has shown the same good effect as real SPT. Therefore, the relevant research hereon further proves that the Sand Table game can be combined with VR to create a VR SPT model to break through the space limitation. Therefore, this article specifically studies the postproduction (PP) of the Sand Table game, improves on it, and tests its effect.

More concretely, the psychotherapeutic Sand Table game is taught to specific students through multimedia to alleviate their mental health problems. Psychological game films amplify the instability of ontology, remove the sovereign subject and its antidote, namely, the division between self and modern subjectivity, and encourage the client (students) to accept more complex, contradictory, and limited but broader forms of agency. Today’s era is witnessing the emergence of various psychotherapy methods and psychological hypotheses. In this study, the principle and processes of SPT are studied in detail, and VR technology is used to virtualize SPT, namely, VR-based SPT. Then, the Sarason Test Anxiety Scale (TAS) scores before and after treatment of VR-based SPT are comparatively analyzed to evaluate its therapeutic effect on mental problems. First, the “Introduction” section explains the research background and motivation, then expounds that a Sand Table game will be established through VR and VIT. The “PP of the Sand Table game and its therapeutic effect” section describes the relevant theoretical knowledge of Sand Table game, IoT technology, and VR technology VR and establishes a VR-based Sand Table game. Later, based on the designed Sand Table game under the IoT environment, the model usability is evaluated, along with its therapeutic effect on mentally ill patients. Thereon, the applicability and reliability of the designed Sand Table game are verified. It is hoped to provide some references and basis for psychotherapy and virtual educational courses. The content structure of this article is as follows: the “Introduction” section describes the concept and purpose of the Sand Table game, summarizes some functions of Sand Table game in relevant fields, then introduces the IoT technology and VR technology, as well as the mechanism to combine them, and further discusses the design process of virtual Sand Table game based on VR technology. This article briefly predicts the therapeutic effect of the proposed virtual Sand Table game on mentally ill patients and then establishes an agent action generation model for patients with the technical support of Phase Functioned Neural Network (PFNN). In particular, the proposed model is applied to mentally ill patients to explore the psychotherapy effect of the proposed virtual Sand Table game and corroborate its feasibility.



POSTPRODUCTION OF THE SAND TABLE GAME AND ITS THERAPEUTIC EFFECT


Real Sand Table Game

Sand Table game is a psychotherapeutic method. The operation process is as follows: in a free and safe place, participants are allowed to build a scene out of their thoughts using the Sand Table game mold. This scene is believed to be an internal environment created based on their inner state. While immersed in the Sand Table game, participants shape the Sand Table through their initial ideas. Sand Table game involves active imagination technology, which can express human subconsciousness. It has been argued that the scenes created by individuals in Sand Table games help improve their personalization and complete personality. Sand Table game is the link between patients and therapists. Therapists can judge the symbolic meaning of the Sand Table image with concrete characteristics to try to understand the deepest subconscious thoughts of patients (Rajeswari et al., 2019).

Figure 1 shows the psychological Sand Table and treatment scene. Figure 2 displays the psychological Sand Table mold and its essential materials.


[image: image]

FIGURE 1. Sand Table game and treatment scene.
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FIGURE 2. Sand Table game mold and essential materials.


As its name suggests, sand is the most basic material used as the placement foundation and background of other molds in SPT. Molds include 9 categories and 57 subcategories, which can be used to express various scenes and feelings at the life and psychological levels. Figure 3 illustrates that the process of psychological SPT (Punnett and Canfield, 2020).


[image: image]

FIGURE 3. Psychological Sand Play Therapy (SPT) process.


a. Getting to know the Sand Table: the therapist establishes mutual trust with the patient, understands the situation of the patient, and induces the patient to pay attention to the Sand Table.

b. Familiarization of operations: the therapist leads the patient to get familiar with the Sand Table, guides the patient to experience the inner induction of the Sand Table, and then lets the patient get familiar with the mold.

c. Self-presentation: the patients are asked to use the water and sand in the Sand Table to shape their psychological pictures, during which the therapist is not allowed to interfere with. After the patient completes different shapes, the therapist needs to interpret the scene in the Sand Table to find the key to the mental problems of patients.

d. Communication and interaction: no verbal language is used for communication, and only the Sand Table and molds are used to express their emotions. During this period, there is no need for too much verbal communication, so that the emotions of patients can be unwittingly reflected.

e. Energy transformation: after the first four processes, the therapist and the patient have gained enough friendship and can get along harmoniously. At this time, the patients can shape the Sand Table through the cognition of their inner conflict and negative influence through the mold placement and the expression intention in the Sand Table scene, which transforms the subconscious of patients into consciousness. Thus, the therapist can interpret the inner feelings and emotions of patients through the Sand Table structure and expression of image representation characteristics (Rajeswari et al., 2019).

The principles of the Sand Table game are shown in Table 1.


TABLE 1. Principles for Sand Table game.

[image: Table 1]
Each Sand Table game can try to have multiple emotional themes, such as trauma theme and healing theme. Interpretation and analysis from multiple themes can change the Sand Table game constantly in the process, during which there is a need for the therapist to accurately grasp the psychological situation of the patients for timely communication and emotional outlet.



Internet of Things Technology

Internet of things technology has seen its birth in the Massachusetts Institute of Technology (MIT) in 1999. It is a new information service architecture based on Internet and RFID communication technology. The IoT can provide safe and reliable “goods” information through the Internet using the information technology infrastructure, thus creating an intelligent environment to identify and determine “goods” and promoting the information exchange within the supply chain (Wu and Wu, 2017; Zheng et al., 2018; Wu Y. J. et al., 2020). Figure 4 demonstrates the basic architecture of the IoT. The perception layer of the first layer is responsible for user service functions, such as communication or planning of industrial projects. The network layer is compatible with a diverse network structure, such as the Internet, wired network, and wireless network, while the perception layer of the bottom layer provides various service devices, such as virtualized operating systems (OS) and intelligent networking terminals, in the local network.


[image: image]

FIGURE 4. Basic architecture of Internet of things (IoT).




Virtual Reality-Based Sand Table Game Design Process

The earliest concept of the virtual image in history dates back to Sword of Damocles by Ivan Sutherland in 1969. Since the Sword of Damocles, researchers have been trying to realize AR, VR, and mixed reality (MR). Realizing real-time 3D capture, reconstruction, and understanding of human beings and their world is the key technical engine to implement ubiquitous MR (Gilla et al., 2019; Shohei et al., 2019). Moreover, studies have shown that the Arcade machine “Sensorama” created by Morton Heilig in 1962 is the earliest research example of an Immersive (multisensory) VR (IVR) system (Laura et al., 2018; Sünger and Çankaya, 2019). VR is a comprehensive technology integrating computer technology, sensor technology, human psychology, and physiology. VR simulates the external environment through computer simulation systems. The main simulation objects include environment, skills, sensing equipment, and perception, thereby providing users with multi-information, 3D dynamic, and interactive simulation experience. So far, VR has been combined with IoT technology (Elbamby et al., 2018; Thies et al., 2018; Kilberg et al., 2020).

Virtual reality has three main characteristics, namely, immersion, interactivity, and imagination. Immersion refers to that the external environment simulated by the computer simulation system is very realistic. Users are completely immersed in the 3D VR environment, and it is difficult to distinguish the truth from the fake of the simulated environment. Everything in the virtual environment looks real, sounds real, and even smells real, which is exactly as immersive as the real world. Interactivity means that users can operate objects in the virtual world and get feedback. For example, users can grasp an object with their hands in the virtual world, recognize the shape of the object with their eyes, weigh an object with their hands, and the object can be easily manipulated and moved. Imagination means that the virtual world has greatly broadened the imagination of people in the real world. Under a VR environment, people can imagine a world or situations beyond the objective world. VR can be divided into four categories, namely, non-immersive VR, immersive VR, distributed VR system, and AR system. Figure 5 reveals the VR-based Sand Table game treatment process, and Table 2 indicates the specific explanation of the treatment process. VR technology is divided into the desktop VR (DVR) system, IVR system, AR system, and distributed VR system, of which the Sand Table game can lend itself best in the DVR system. DVR system is based on the ordinary computer platform. Usually, a personal computer (PC) or primary graphics computer workstation is used to construct the simulation environment, and the monitor visually displays the virtual environment for user observation. Users sit in front of the computer monitor, wear 3D glasses, and use devices, such as position tracker, data gloves, or 6-degree of freedom (DOF) 3D space mouse to manipulate the virtual scene and objects, browse the virtual world within 360 degrees, and play the Sand Table game on a virtual desktop.


[image: image]

FIGURE 5. Virtual reality (VR)-based Sand Table game treatment process.



TABLE 2. Specific steps of the treatment process.

[image: Table 2]
Virtual reality-based Sand Table game contains the characteristics and some rules of the real Sand Table game. However, thanks to VR technology, patients can be given more private space to reveal their intrinsic feelings, so that therapists can better analyze the real-time states of patients. The construction of the VR-based Sand Table scene is divided into the following parts: system interface, game interface, surface game layer, virtual model, and image of Sand Table, and optional scenes and settings.

HTC VIVE wearable device with two handles and the VR helmet is used in this study, as shown in Figure 6. HTC VIVE is developed using Unity development engine and network communication technology based on Network View.


[image: image]

FIGURE 6. HTC VIVE wearable device.


The built-in system of HTC VIVE and Unity engine are used as the development tools. Hardware and software configurations are as follows: GTX2080 Graphics Card, Intel i7-7300 CPU, HDMI 1.4 video output, Windows 10 operating system, and C#.

HTC VIVE system uses Lighthouse optical tracking technology. Lighthouse is composed of two base stations, and each base station has an infrared LED array and two rotating infrared laser transmitters whose rotating axes are perpendicular to each other, with a revolution of 10 ms/round. The working state of the base station is as follows: at the beginning of the cycle (a cycle of 20 ms), the infrared LED flashes; within 10 ms, the rotating laser of the X-axis sweeps the whole space, and the Y-axis does not emit light; within 10 ms, the rotating laser of the Y-axis sweeps the whole space, and the X-axis does not emit light. The Lighthouse base station valve under the high-speed camera has many photosensitive sensors installed on the head display and controller. After the LED of the base station flashes, the signal will be synchronized, and then, the photosensitive sensor can measure the time when the X-axis laser and Y-axis laser reach the sensor, respectively. This time is exactly the time when the X-axis and Y-axis laser turns to this specific angle to illuminate the sensor, so the X-axis and Y-axis angles of the sensor relative to the base station are known; the position of the photosensitive sensors distributed on the head display and controller is also known, so that the position and motion trajectory of the head display can be calculated through the position difference of each sensor. Lighthouse is a laser-based inside-out open-source positioning system. The open-source content includes the following three parts: (1) hardware: to be specific, the hardware design and implementation details of the hyper-real laser positioning system are introduced, involving circuits and embedded software. The components involved in the open-source are summarized and sorted out from the version of the principle verification machine of the hyper-real laser positioning system, and other contents irrelevant to the positioning characteristics are eliminated in the verification system design. The overall structure of the system is divided into two relatively independent parts, where the code chip is inserted, namely, the laser harness scanning lighthouse and the located equipment as the positioning beacon; (2) software: it is the hyper-real positioning equipment, including drivers and example programs of inertial measurement unit (IMU) and the light sensor. With these drivers, VR head-mounted display and solution providers can easily obtain the attitude and position information of the located equipment and the position and status of the lighthouse and then integrate them with the hyper-real positioning algorithm library. Third parties can integrate the hyper-real lighthouse positioning scheme into their own software development kit or application; (3) algorithms: hyper-reality (HR) directly provides a complete lighthouse positioning algorithm library, including all core algorithm modules: lighthouse scanning and IMU data analysis and processing, attitude solving algorithm, data fusion algorithm, double lighthouse fusion algorithm, and motion prediction algorithm. The algorithm library framework is completely based on a modular design, based on which developers can carry out algorithm research and customized development. This process can be divided into several parts as shown in Figure 7 (Qian et al., 2018).


[image: image]

FIGURE 7. Positioning flowchart.


Figure 8 shows the design flow of the Sand Table game system.


[image: image]

FIGURE 8. Sand Table game system design process.


Sand Table game system design process is as follows: first, the game interface is designed, including the user guidance interface (guidance tutorial), general operation interface, and system introduction. Then, the game scene and related parameters are designed, including environment and props, as well as the acquisition mode, usage mode, and tutorial of these props; second, the network communication mode of the scene is designed; finally, all factors are integrated to form a complete game process.

The 3D reconstruction of the Sand Table game model is shown in Table 3.


TABLE 3. Three-dimensional (3D) reconstruction of Sand Table game model.

[image: Table 3]
Ten professional psychological researchers are selected to conduct a Questionnaire Survey (QS) on the usability of designed Sand Table games, and the QS is scored from the following five aspects: (a) the beauty of the system interface: 1, beautiful; 2, generally beautiful; 3, not beautiful; (b) Is the guiding significance of the system interface is clear? 1, clear; 2, generally clear; 3, unclear; (c) the importance of system interface: 1, very important; 2, important; 3, unimportant; (d) Is Sand Table mold conceivable? 1, inconceivable; 2, appropriately conceivable; 3, conceivable; (e) Will the virtual scene affect the audience? 1, yes; 2, possible; 3, definitely not. The detailed questionnaire is presented in Table A1 in the appendix.



The Influence of Virtual Reality-Based Sand Table Game on Audience Psychology

The state of anxiety is a psychological state between emotional anxiety and anxiety disorder. On the one hand, compared with anxiety disorder, its symptoms are lighter. On the other hand, the state of anxiety has obvious symptoms of emotional anxiety such as, easy irritability, annoyance, nervousness, and difficulty in sleeping or eating, which might also be accompanied by sleeping disorder and autonomic nerve disorder. Generally, the duration is short and can be recovered through self-regulation and self-suggestion.

Anxiety disorder, also known as anxiety neurosis, is a common neurosis in modern society. It can be divided into two forms: chronic (extensive) and acute anxiety (panic attack). The clinical manifestations are nervous and worry without clear objects, or restless sitting and standing, accompanied by autonomic nerve dysfunction symptoms. Some patients have anxiety disorder due to organic disease and brain injury. The incidence rate of anxiety disorders in China is also increasing yearly, and the incidence is becoming younger (such as college students, middle school students, and even some primary school students). Most commonly, a state of anxiety is seen in students due to TA that can lead to a series of problems, such as inattention, memory decline, affecting academic performance, and immunity decline. According to incomplete statistics, in China, college students with TA account for approximately 25% of the total college population; in other words, Chinese students are prone to mental problems due to tests (Chen, 2019).

Sarason TAS is compiled by professors of the Psychology Department of the University of Washington in 1987, including 37 items, and each item has two options of “yes” and “no.” Items 3, 15, 26, 27, 29, and 33, as well as answer “no” score 0 points, while other options and answer “yes” score 1. TAS itself has high reliability and validity (Snaith et al., 2018).

Then, 600 freshmen to junior students from Film and Television Production (FTP) and Multimedia majors in one university are selected to introduce the VR-based Sand Table game. A total of 124 participants are divided into experimental group and control group, and each group includes 30 men and 32 omen, averaging 21.14 years old. That is, there are 62 subjects in the experimental group which are randomly divided into 8 groups, with 6–9 people in one group; the control group also has 62 people, with 30 men and 32 women, with an average age of 21.52 years. Sand Table game experiment is conducted on the experimental group.

Furthermore, SPSS 22.0 (SPSS Inc., Chicago, IL, United States) is used for data processing and analysis, and the t-test is used for comparative analysis between the two groups, with an inspection level α = 0.05.



Video Action Generation Model Based on Phase Functioned Neural Network

To generate real-time environment-adaptable geometric actions in character animation, researchers have proposed the PFNN to map the control information to the actions of characters as an input. The PFNN model generates a variable with a phase function to represent the motion period as the weight of the regression network of each frame. Once generated, these weights will be used in the neural network (NN) to generate the character pose of the current frame matching the control parameters in real-time. Meanwhile, PFNN also solves the drift problem by postprocessing the feet. To sum up, based on the requirements of real-time, action diversity, and terrain environmental adaptation of role action, this article proposes an agent action generation scheme based on PFNN for biped agent roles. The brief flow of the scheme is shown in Figure 9.


[image: image]

FIGURE 9. Agent action generation scheme based on the Phase Functioned Neural Network (PFNN).


In the PFNN, the network weight of each frame can be calculated through the phase function α. The phase p is compared with the parameter β as an input reference, as calculated in Eq. (1):

[image: image]

In Eq. (1), Θ can either represent another kind of NN or the Gaussian process. In this study, the cubic Catmull ROM spline curve is selected so that cycle establishment is greatly reduced because the starting control point is the same as the end control point, and the number of parameters is proportional to the number of control points; the spline curve can change smoothly with the input parameter p.

Given four control points composed of network weights β = (α1, α2, α3, α4), the cubic spline function definition of network weight can be generated from any phase p:

[image: image]

During network model operation, the PFNN must provide the corresponding phase p and the input x of the NN in each frame. Because the phase can be stored and calculated on the time axis, the phase P is adjusted in the interval of 0 ≤ p ≤ 2π.

The agent action generation scheme based on PFNN includes the following two parts:


(1)Model training. Many motion capture data are used for model training to obtain the motion generation model.

(2)Action generation. The terrain height is obtained in the 3D scene through the trained action generation model, the motion trend control is obtained from the behavior control module in the agent behavior modeling, and the action generation model is input to obtain the generated action.






USABILITY OF THE SAND TABLE GAME AND ITS THERAPEUTIC EFFECT ON MENTALLY ILL PATIENTS


Evaluation of Usability

This section mainly tests the performance effect of the designed Sand Table game, applies Sand Table game to some respondents, tests their psychological state before and after the game, and analyzes the parameters obtained from the training of the video action generation model. The result corroborates that the application of VIT and IoT has a far-reaching impact on the evaluation standards of FTP education, and the designed Sand Table game has a significant effect on the mitigation and treatment of adverse psychological states. The performance indexes of the designed Sand Table game also meet the needs and can be applied in subsequent psychotherapy.

Figure 10 indicates the test results of the usability of the VR-based Sand Table game.


[image: image]

FIGURE 10. Test results on the usability of VR-based Sand Table game.


Figure 10 indicates that the first testee has rated the clarity of the interface description and the concept of the mold the highest, who thinks that the importance of the interface is low; the second testee has given the highest evaluation on the conceivability of the mold and is not satisfied with the aesthetics of the interface; the third testee has expressed his general disapproval of the game factors; the fourth testee is most satisfied with the aesthetics of the interface and the conceivability of the mold and has not recognized the other three factors; the fifth testee recognizes the clarity of the interface description and the conceivability of the mold but dissatisfies with the importance and beauty of the interface; only the sixth testee has not recognized the aesthetics of the game and has expressed a high evaluation of other factors; the seventh testee has responded well to the clarity of the interface description and the impact of the virtual scene and has not recognized the importance of the interface; the eighth testee is only satisfied with the conceivability of the mold; the ninth and the tenth testees have rated all factors of the game well, especially, the clarity of interface description and the influence of virtual scene. Ten psychology researchers are selected to evaluate the game: among them, 7 subjects felt that the game is generally beautiful, 2 felt that it is very beautiful, and 1 felt that it is not beautiful. Therefore, the beauty setting of the game meets the standard; in terms of the guiding significance of the game interface, 6 subjects feel unclear, 3 feel generally clear, and 1 feel very clear. Therefore, the guiding significance of the game interface needs to be improved, in terms of the importance of the system interface, 6 subjects think it is very important, 3 felt it is generally clear, and 1 felt it is not important. Therefore, the system interface of the game is very important; in terms of the conceivability of the mold, 6 subjects feel that they are conceivable, and 4 feel that they are appropriately conceivable. Therefore, the conceivability of the Sand Table game mold is strong; as for whether the virtual scene has an impact on the audience, two subjects think it has, four think it possibly influences, while four think it definitely does not influence the audience. Therefore, the virtual scene has a strong impact. In short, the respondents have recognized whether the Sand Table mold is beautiful, the importance of the system interface, and the conceivability of the designed Sand Table model.

Therefore, the application of VIT and IoT has a far-reaching impact on the evaluation standards of FTP education.



Impact on Improving Audience Psychology

Table 4 compares the TAS scores of respondents before and after they play the designed Sand Table game, and Figure 11 compares the bad emotions of students before and after the game intervention. The experimental group has played the Sand Table game, whereas the control group has not. The experimental group and the control group are tested psychologically separately before and after the designed Sand Table game intervention on the experimental group.


TABLE 4. Comparison of the Test Anxiety Scale (TAS) scores before and after the Sand Table game intervention.
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FIGURE 11. Comparison of bad emotions of students before and after the Sand Table game intervention. (A), somatization; (B), compulsion; (C), interpersonal sensitivity; (D), depression; (E), anxiety; (F), hostility; (G), fear; (H), paranoia; (I), psychosis; (J), other bad emotions or manifestations.


According to Table 4, there is a gap between the scores of the control group and the experimental group before and after the game intervention. After the game intervention, the total TAS score of the experience group has decreased from 20.37 to 14.15, while the TAS score of the control group has decreased from 20.37 to 19.71, indicating that the Sand Table game can mitigate bad psychology.

Figure 11 illustrates that the control group does not receive any form of psychotherapy, resulting in no significant change in the total TAS scores and the individual symptom score, and the total TAS score has only reduced 0.66 points, which can be the deviation during a normal test. Specifically, the TAS scores of the experimental group fluctuate radically: the score of somatization has decreased 0.5 points, by 24.7%; similarly, the score of compulsion has decreased 0.37 points, by 25.1%; interpersonal sensitivity 0.36, by 18.8%; depression 0.36, by 18.9%; anxiety 0.23, by 12.9%; hostility 0.25, by 13.7%; fear 0.3, by 16.9%; and psychosis 0.22, by 12.3%. Particularly, paranoia has decreased only 0.1 points, with a slight decline. Other bad emotions or performances have decreased 0.45 points, by 24.2%. While, the TAS scores of the control group have changed slightly: somatization score has increased by 0.01 points and 0.6%; compulsion score has increased by 0.01 points and 0.4%; interpersonal sensitivity score has decreased by 0.02 points and 1%; depression score has decreased by 0.02 points and 1.1%; anxiety score has increased by 0.09 points and 5%; hostility score has decreased by 0.09 points and 5%; fear score has decreased by 0.03 points and 1.6%; paranoia score has increased by 0.01 points and 0.6%; mental diseases score decreased by 0.04 points and 2.3%; and other bad emotions or performance score has decreased by 0.19 points and 9.7%. This shows that the Sand Table game has a significant effect on the alleviation and treatment of bad mental states.



Training Parameter Results of Video Action Generation Model Based on the Phase Functioned Neural Network

The parameter results obtained from the training of the video action generation model are shown in Table 5.


TABLE 5. Optimal setting parameters.
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After multiple model training, the optimal setting parameters are obtained as shown in Table 5, and the future trajectory is obtained by prediction. When preparing to run and input the initial × position, it is necessary to get the action gait label through the motion control parameters of the agent, enable the required actions, such as sitting, standing, idle, lying down, jumping, and moving, and get the speed and direction of the character. The target velocity and direction are interpolated smoothly and finally used to predict the future trajectory. The exponentially weighted deviation is used to infer the trajectory curve, which defines the maximum length of the future trajectory, thereby providing the required character speed in m/s and producing a smooth trajectory. This constitutes all the required input variables, and the output position can be calculated. In terms of terrain adaptation, different from the scheme of terrain matching and training of data in the action generation model of biped character, the output motion is simply processed by whole-body reverse dynamics, including the processing of foot nodes, so that their motion can adapt to the height change of terrain, and the motion of spine nodes is updated relative to the height of the terrain. This can avoid the stretching effect of limbs when going uphill and downhill, thus getting more natural and realistic movements.




DISCUSSION

The results obtained in this article are summarized as follows. The designed VR-based Sand Table game carried on IoT technology aims to improve the therapeutic effect of mentally ill patients. After a series of experiments, first, the beauty of the designed Sand Table game has been recognized to a certain extent. Moreover, Kao et al. (2021) believed that VR had subverted the game market and was rapidly popularizing. The difference between VR and traditional media (such as controllers visible in the virtual world) made new teaching methods possible. They proposed a VR game using text + chart and text + space, which significantly improved the learnability and performance of controls. It showed that the game type was a key factor in tutorial mode design (Kao et al., 2021). Similarly, this study also holds that VR technology can be applied in daily life. Apparently, the designed Sand Table game model is easy to solve, and the further appearance can be optimized in the follow-up study. In the following experiments, the therapeutic effect of the designed Sand Table game model on mentally ill patients is greatly improved to encourage patients to express their intrinsic feelings through game playing, which is convenient for the treatment work of doctors. Boldi and Rapp (2021) proposed that a commercially successful video game could play a positive role in the treatment of mentally ill patients in the next few years. According to the conclusion of this article, it is agreed that games can have a positive impact on various mental health conditions, and the game-based intervention measures have been gradually and successfully implemented in the field of mental health (Wu W. et al., 2020; Boldi and Rapp, 2021).



CONCLUSION

First, the types and trendy development of mental diseases are analyzed from a global and domestic perspective, and the combination of VIT and IoT technology is explored under the intelligent media era. Then, the Sand Table game is designed by integrating VR and IoT technology, and the Sarason TAS is introduced. Then, the VR-based Sand Table game is improved, and through QS analysis, the therapeutic effect of the designed Sand Table game is tested. The experimental results suggest that the designed Sand Table game has complete usability, perfect PP process, and plays a significant role in alleviating and treating the mental problems of the audience. Many studies believe that the Sand Table game is excellent psychological therapy, as well as a psychological projection test to evaluate mental conditions of patients without demanding specific conclusions; moreover, the gaming process is regarded as either an expression reflecting the internal world of patients or their communication with their therapists who appears to be idlers while actually trying to communicate with the patients in-depth and empathize with intrinsic emotions of patients and understand the complex psychological expression behind these emotions. Sand Table game is suitable for both students and patients with mental problems with no regard to age, which can be used to treat anxiety, depression, and other mental problems. The research purpose has been achieved by analyzing the impact of the VIT and IoT technology on the FTP education of college students and the audience psychology. In brief, the designed VR-based Sand Table game can help players manipulate props more flexibly within a virtual environment, while the IoT + VR technology can improve the traditional Sand Table game by allowing therapists to treat patients online, so patients might choose therapeutic time freely and without worrying too much about geographic distances; meanwhile, therapists can share Sand Table game with many treatment institutions and educational institutions over the network to provide more perfect treatment processes for mentally ill patients. Specifically, the results read as follows: the first experiment shows that the designed Sand Table game model has high aesthetics and has been highly praised by the respondents, but it also needs some correction and beautification; the second experiment verifies that the designed VR-based Sand Table game model can show the internal world of patients through model shaping, provide better therapeutic effects, and have a certain psychological counseling effect on mentally sub healthy people; the last experiment implies that the motion authentication performance of the model is high, and the most suitable areas of patients can be judged according to the motions of patients. Although research objectives have been achieved and valuable research conclusions have been achieved, some deficiencies have not been avoided. For example, (1) this experiment does not select sufficient patients to cover the wide variety of mental diseases; (2) there is a need to design a Sand table game that can show distinct effects on different states of mental diseases; (3) the game functions of VR-based Sand Table game need to be optimized in terms of beauty and fineness. These two aspects will be the focus of the follow-up study.
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The present work aims to efficiently carry out life-death education (LDE) for college students, improve their psychological problems, and reduce suicide accidents by combining LDE with Dance Movement Therapy (DMT). DMT is a psychosomatic cross therapy that treats mental or physical diseases through dance or improvisation. Firstly, this paper introduces LDE and DMT and designs the activities of DMT intervention. Secondly, the relationship between DMT and LDE is analyzed. Finally, a questionnaire survey is conducted on the research objects. The research objects are divided into the experimental group receiving DMT intervention, the control group participating in sports dance courses, and the benchmark group. The research data show no significant difference in interpersonal skills and emotional psychology among the three groups. The DMT intervention group has substantial changes in other factors except for the conflict control ability before and after the intervention. In addition, the questionnaire survey results after the intervention demonstrate that the DMT intervention group gets a significantly higher score in the interpersonal relationship, interpersonal relationship building ability, moderate rejection ability, self-disclosure ability, and emotional support ability. Therefore, DMT intervention positively impacts college students’ interpersonal relationships. After the sports dance course, there are differences in the total score of interpersonal ties and scores of interpersonal relationships building ability, self-disclosure ability, and emotional support ability in the control group, but with no significant difference in moderate rejection ability and conflict control ability. Therefore, compared with traditional psychotherapy methods, the DMT method reported here is conducive to releasing pressure and alleviating physical and mental anxiety. The research content provides new ideas for psychological education in colleges and universities and contributes to improving college students’ suicidal tendencies and helping college students grow up healthily.
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INTRODUCTION

Entering college from high school is a crucial turning point in students’ life. College students face a series of problems, such as study, emotion, interpersonal relationships, and life planning. In the crucial period of psychological growth, college students need to receive appropriate psychological counseling to establish and improve their mental health and avoid potential psychological problems. Unfortunately, college students’ psychological problems emerge one after another in real life. For example, some college students only pay attention to professional ability and ignore other necessary skills. Some are excessively addicted to beer and skittles, and some lack interpersonal skills. Consequently, these students may suffer from various psychological problems. In recent years, some college students who have entered colleges and universities have finally been suspended, dropped out, or even committed suicide due to psychological problems. This situation is undoubtedly heart-wrenching. Dance Movement Therapy (DMT) is a psychosomatic cross therapy to treat mental and physical diseases through dance or improvisation. Dance can strengthen the body and make people with mental illnesses happy by conveying ideas and expressing emotions. DMT is a new therapeutic method different from traditional therapy. Physically, it helps patients keep healthy and make patients like sports. Psychologically, it can help patients obtain happiness, enhance self-confidence, improve temperament, and get rid of the shackles of psychological obstacles in essence. Therefore, DMT is of great significance for college students’ mental health and can guide them to understand themselves correctly. The present work studies the intervention effect of DMT on college students’ interpersonal relationships and emotional and mental health development. In recent years, the annual statistics from the National Suicide Prevention and Control Center have shown a dramatic increase in the suicide rate of Chinese college students. The probable cause is that many college students are helpless without a positive outlook under even more fierce social pressure, difficulties in employment, and setbacks in a unique growth environment. Some even make irreparable mistakes (Liu et al., 2019). Furthermore, the ascending suicide rate suggests that college students lack proper life cognition and Life-Death Education (LDE) (Li et al., 2020). LDE, also called death education, can help people understand that life and death are inevitable natural human life to help them establish a scientific, reasonable, and healthy concept of death. Meanwhile, it can also eliminate people’s fear and anxiety about death and let people think deeply about death with an ordinary heart and learn the psychological process of death and the psychological impact on people. In this way, people can be psychologically ready to deal with the death of themselves and their relatives. Besides, they can face the problems of life, old age, and death bravely and turn their understanding of life and death into a powerful driving force to cherish life and health and improve their quality of life. In addition, LDE can cultivate people to face death calmly and consciously improve their superior life with the concept of quality of life in the three stages of birth, survival, and death. Specifically, the purpose of the LDE course is to help learners understand the knowledge of medicine, philosophy, and sociology related to death so that people can correctly treat life, setbacks, and disasters in life (Malin et al., 2020). In particular, college years are the critical phase of college students’ psychological and physiological maturity and personality formation. Hence, school education inevitably affects them (Woodford et al., 2018). Thus, the thoughts and beliefs formed during this period will help them pursue their life objectives and determine future development. However, the current educational system in China neglects to help students cultivate essential qualities. For example, it has been reported that one in every four Chinese college students has claimed to be aimless. Meanwhile, they show increasingly strong material desire under rapid technological development and commercialization. Worse still, there is a proliferation of college students feeling confused and unbacked, which is a pressing problem worthy of primary social concern from all walks of life (Rogoza et al., 2018; Zhang et al., 2018).

As an innovative approach for college education, LDE aims to encourage students to explore and understand the meaning of life, respect and cherish lives, and develop a harmonious relationship between heaven, earth, man, and the self (Shin et al., 2018). So far, LDE has grown into an indispensable part of the higher education curriculum. In LDE, teachers are consultants rather than guides to help students analyze the meaning of life and cultivate self-esteem and positive thinking against difficulties and setbacks (Jordan, 2018). The humanistic and material environment of the campus is the main factor to promote the formation of students’ personalities and life values. They exchange ideas, learn new things, present their dynamic development and learning status, find their direction of life, and ultimately figure out the meaning of life (Wang, 2019). Briefly, there is an increasing need to pay special attention to LDE for college students. LDE can help them cultivate a healthy personality, a correct understanding of life’s significance, and a positive and challenging spirit against difficulties and setbacks to contribute to social stability and progress (Acharya et al., 2018).

To sum up, applying DMT to LDE can alleviate college students’ suicidal tendency under family, academic, and social pressure and help college students deeply understand the meaning of life. Firstly, this paper designs the activities of DMT intervention. Secondly, the connection between DMT and LDE is discussed to realize the collaborative application. Finally, a questionnaire survey is designed for three research object groups: DMT intervention experimental group, sports dance course control group, and benchmark group. The psychological status of college students is studied according to different groups and different psychological analysis factors. The main contribution of this work is to combine DMT with LDE to form mental health dance therapy, which is verified by the changes in interpersonal skills and emotional psychology. Applying DMT to college students’ LDE is conducive to college students’ introspection and emotion regulation. This scheme provides a reference for educational psychology research in the future.



RELATED WORKS


Life-Death Education of College Students

“LDE Center” has first seen its appearance in Sydney, Australia. Its purpose is to help people fight against drug abuse, violence, and Acquired Immune Deficiency Syndrome. Gradually, the Australian LDE Center involves all aspects of care for human life, happiness, assistance, and the value and meaning of life (Kümpfen and Maurer, 2018). Some scholars argue LDE to be the core of education since it can enrich and enhance the importance and value of human life. Initially, LDE aimed to extend human life.

There have been many arguments on the significance of LDE. For example, LDE is a kind of primary education to teach or assist students in developing correct outlooks on life, happiness, academic performance, and the culture on campus. Furthermore, LDE fosters students’ sense of life’s meaning, purpose, value, function, and limitations, encouraging them to cherish life and respect themselves, others, the environment, and nature. Padgett believed that people could learn the significance of life by themselves; someone who grew up by himself could prove his existence and succeed through his creativity (Viere et al., 2021). Temane studied college students’ opinions on the meaning of life in a university in South Africa through a questionnaire survey. They found that family expectations, education, and achievements were the most influential factors in understanding the meaning of lives (Oliynyk et al., 2020). Al-Zoubi (2021) reported that LDE indeed provided help and change to college students. Wang and Tian (2019) conducted ten counseling sessions for aggressive adolescents (once a week) to verify the impact of DMT/exercise therapy on them. These students completed a questionnaire before treatment, after treatment, and 3 months after treatment, respectively. The survey found that aggressive behavior decreased significantly after the intervention, exceptionally verbal and physical aggression and suspicion. Besides, the respondents had a better interpersonal relationship with others and higher enthusiasm for activities. These improvements remained after 3 months, proving the positive effect of DMT/exercise therapy on aggressive adolescents (Wang and Tian, 2019). Suzi and Tortora’s observed that DMT/exercise therapy based on child oncology was little known and underutilized, so they discussed DMT and pediatric tumors. Specifically, they defined medical DMT as a psychotherapy method to meet the psychosocial needs of patients and defined its difference from dance and therapeutic dance used for entertainment during hospitalization. Moreover, they provided a literature review of DMT with medically ill children in the United States and worldwide, culminating with a focus on advancements in the field, discussing the future of pediatric medical DMT (Tortora, 2019). Noticeably, many higher institutions are facing incrementing student drop-outs. The main reasons behind this are summarized below.

On the one hand, mental disorders have become the principal reason behind college drop-outs. Specifically, 6 ∼ 25.4% of college students in China have mental illnesses, such as anxiety, fear, neurasthenia, depression, or obsessive-compulsive disorder (Alexander et al., 2021; Deng et al., 2021).

On the other hand, a hierarchical pyramid structure of higher institutions is forming with the state advocational policies on higher education. Large numbers of low-performance and population-intensive universities come into being. Consequently, many college students find it difficult to find satisfactory jobs and begin to doubt the essentiality of higher education. In addition, due to the regional development gap, rural students might lack the same initiative and academic foundations for self-learning and self-improvement as urban students (Rogti, 2020). Therefore, this group is more vulnerable to learning difficulties without proper guidance, which aggravates the idea of education-uselessness and causes many students to drop out of school.

The meaning of life is an exciting and vital topic, especially for college students. LDE encourages college students to face difficulties and setbacks (Borg et al., 2021). The present work focuses on the influence of LDE on college students’ outlooks on life, way of thinking, and understanding of the meaning of life.



Relevant Theories of Life-Death Education

Ogawa believes that LDE should train students to pay attention to their life quality and furnish them with information, understanding, skills, and strategies they require to make safe decisions about their health and well-being. LDE can teach students knowledge and technique to create their own lives with self-confidence, rationality, power, and morality (Phan et al., 2021). The goal of LDE in America is set based on four aspects: life awareness, life relationships, personal endurance, and life values. The actual contents of LDE include death education, character education, frustration education, livelihood education, and personalized education. LDE is not an independent but multidisciplinary course (Testoni et al., 2019). In Britain, LDE mainly covers two aspects. One is civic education supplemented by a health education curriculum. The other is the education of life relationships, including the relationship between one’s own life and the life of others, one’s own life and society, and one’s own life and environment. The education of life relationships teaches students to live harmoniously with others, the community, and the environment (Wyckoff and Preston, 2021).

This paper holds that the government and all sectors of society should pay attention to LDE and vigorously publicize the purpose and significance of LDE to give full play to the role of LDE. Besides, it is essential to mobilize the strength of the overall society, especially the academic circles and front-line educators. Moreover, it is imperative to conduct theoretical and practical research on LDE. In addition, LDE courses need to be designed according to the specific problems in college students’ lives and their understanding ability at different stages. Finally, it is necessary to excavate various ways to implement LDE and train many specialized teachers to improve the overall LDE system (Ekberg et al., 2019).



Dance Movement Therapy Theory and Related Research

The meaning of dance might be enriched by associating it with treatment. As a branch of expression therapy, DMT is different from the general treatment (Michels et al., 2018). DMT can improve people’s physical health indexes, such as strength, flexibility, muscle tension, and coordination. Specifically, DMT can be used for mental rehabilitation treatment, auxiliary intervention for autistic children, stress reduction for high officials and white-collar workers, health guidance for interpersonal communication of college students, and correct guidance for technical movements of professional athletes (Wang et al., 2019). In general, dance is mostly a hobby rather than a professional sport, thus gaining wide popularity among the public (Goodill, 2021). Here, the intervention subjects of DMT are chosen from ordinary college students in the Xi’an Institute of Physical Education. The DMT intervention aims to assist students in coping with their common interpersonal and emotional problems to facilitate their healthy development (Campbell, 2019).

Professional dances require expertise and focus on skills, such as ballet, Latin dance, folk dance, and tap dance. In contrast, DMT involves more freestyle, diversified, and relaxing body movements and uses these movements as assessment tools and a primary mode of intervention. Meanwhile, DMT usually integrates such favorable elements as games, massage, speech, and painting into the intervention process (Grasser et al., 2019).

Speech (verbal communication) is vitally significant in DMT. Usually, teachers use words to guide dancers to adjust their movements or correct each other’s movements (Prieto, 2020). Verbal communication in DMT helps the therapist accurately understand and distinguish what happens in the treatment process and clearly express the intention represented by some vague and abstract body movements in the dance. Therapists can also help patients deeply understand and accept their true self or vulnerable self by words (instead of the false self or idealized self) (Tavormina and Tavormina, 2018).

The present work aims to explore the effect of DMT intervention on college students’ interpersonal communication and emotional psychology and promote college students’ mental health.



Theory of Introspection and Dance Movement Therapy

In psychology, self refers to the feeling that an individual is aware of his existence, containing various physical and psychological characteristics, activities, and processes (Sousa et al., 2019). In particular, introspection can be used for individual self-evaluation to adjust their behaviors properly or develop toward the ideal performance. For example, the theory of introspection argues that objective introspection is a process of triggering events. In other words, individuals constantly observe themselves under particular circumstances through introspection to achieve as an ideal performance as possible.

Fox explored the influence of mood and introspection on people’s intentions and actual behaviors to help others. He found that more helpful behaviors could be triggered under a positive mindset than negative ones, and the relationship between mood and introspection was distinct (Fox et al., 2021). Biondo and Gerber (2020) suggested that DMT/exercise therapy was a promising treatment option for people with acute schizophrenia that might lead to speech obstacles, alternative reality basis, and motor dysfunction related to schizophrenia. Cramer (2018) discovered that physical and mental education courses had a significant treatment effect on shoulder and neck pains, alleviated physical and psychological pressure, and improved body awareness. To sum up, the above research implies that body awareness can be enhanced through practice and learning, and body movement education positively affects the development of body awareness.

Body awareness refers to human consciousness to perceive one’s own body, focus on own feelings, and concern subconscious behaviors. DMT affects the human body where all human awareness relies on. Therefore, body awareness can be enhanced through DMT; correspondingly, body awareness sensitivity can be improved.



Emotion Regulation and Dance Movement Therapy

Emotion regulation is the ability of individuals to monitor, evaluate, and regulate their emotions to respond appropriately to external events. Under effective emotion management and control, an individual can interact favorably with society through awareness, expression, introspection, and emotion adjustment strategies. Meanwhile, it can explain emotional withdrawal in a non-emotional way and express emotions positively while avoiding negative expressions. It has been argued that depression is a mental response of humans, which negatively influences positive emotions.

Khan pointed out that dance was a pleasant and feasible exercise. Compared with other forms of sports, it was also influential in improving multiple health indicators. Additionally, it could become a multifunctional activity with aesthetic expression, attractive to men and women. It was also an effective tool for cultivating self-confidence, especially for the disabled. According to the European Association for DMT, DMT filled the gap between the advantages of dance and the difficulties of sports activities by combining expressive exercise and creativity (Khan, 2020; Ye and Chen, 2021). Dryman and Heimberg (2018) revealed that proficient emotion regulators developed fewer depressive symptoms. Patel (2020) found a negative correlation between adolescents’ emotion regulation abilities and the possibility of acquiring distress or depression. Music and body movements are the fundamental DMT elements, and their emotion-regulation effects are discussed explicitly in the present work. In earlier research, Cook observed four musical elements, i.e., rhythm, musicality, cultural shock, and relevance. The author proved that music was a crucial emotion regulation strategy and highlighted the potential use of music as a tool for emotion regulation (Cook et al., 2019; Feng et al., 2021).

Most scholars believe that individuals’ unique experiences can be well-presented through their unique behavioral expressions. Accordingly, there have been various attempts, such as art therapy, to enhance the individual’s awareness, improve their self-expression abilities, and help them regulate their emotions.




MATERIALS AND METHODS


Application of Deep Learning to College Students’ Psychological Health

Psychology aims to describe, explain, predict, and control behaviors. To date, most psychological studies have analyzed the relationship between description and explanatory variables, and there are few studies oriented to prediction. Moreover, some traditional psychological studies have contradictory or uncertain results due to the relatively small available samples, low data quality, and lack of covariate information. In addition, the significance test based on P-value is not reproducible. By contrast, DL is a strict and systematic cross-validation technology and can improve psychological research’s replicability. DL-based technologies can implement the learning model under massive amounts of data, accurately identify the potential laws of the data, and have enhanced generalization ability, improving the model compatibility while minimizing the prediction error. For example, DL-based prediction approaches for individual complex psychological problems are on tryouts, aiming at stress, anxiety, and suicide. These methods have proven feasible through DL-based analysis of thousands of practical features. Pioneering projects, such as Microblog Social Media Suicide Recognizer, can evaluate microblog users’ suicide intention in real-time over a multi-layer perceptron algorithm, with a prediction accuracy as high as 94%. The statistical methods used here are the controlled trial and questionnaire survey. The controlled trial method divides the research objects into the experimental and control group. The experimental group receives DMT intervention, and the control group takes dance courses. The effectiveness of the DMT method proposed here is verified by comparing the experimental and control groups’ treatment results. The Interpersonal Competence Questionnaire of College Students (ICQ-CS) and the Positive and Negative Affect Scale (PANAS) are adopted to test the effect of the DMT intervention experiment. The ICQ-CS includes five dimensions: interpersonal relationship building ability, moderate rejection ability, self-disclosure ability, conflict control ability, and emotional supportability. Meanwhile, the PANAS is employed to investigate the emotion of the experimental subjects. Both scales use Likert’s five-point scoring method to collect data.



Research Subjects

A total of 90 students from Xi’an Institute of Physical Education are randomly selected as research subjects divided into the experimental group for DMT intervention, the control group for the sports dance course, and the benchmark group (Suskin and Al-Yagon, 2020). Sports dance is designed for the requirements of physical education reform in higher institutions. It is an effective way to increase college students’ communication opportunities, enhance the ability of social activities, expand social communication and realize physical fitness and social value. It promotes college students’ self-cultivation and overall quality development and paves the way for students to enter society in the future (Anderlucci et al., 2020). Then, a two-round questionnaire survey is conducted on 90 students before and after particular treatments. During the experiment, the experimental group receives DMT intervention for one semester, the control group takes a sports dance course, and the benchmark group takes no intervention. Meanwhile, these three groups are pre-tested and post-tested with ICQ-CS and PANAS for psychological measurement. The reliability, validity, and applicability of the scale are verified. The internal consistency coefficient of ICQ-CS is between 0.5696 and 0.8217, indicating good reliability; the internal consistency coefficient of PANAS is 0.639 ∼ 0.905, demonstrating excellent reliability. Moreover, Confirmatory Factor Analysis shows that the structural validity of the scale is good (χ2/df = 2.60, RM SEA = 0.07, and CFI = 0.96), and the significance level α is 0.05. Therefore, the two scales are suitable for the college students of Xi’an Institute of Physical Education.

The ICQ-CS scale has 25 questions involving five dimensions: interpersonal relationship building ability, moderate rejection ability, self-disclosure ability, conflict-control ability, and emotional supportability. This scale uses the 5-point scoring method. The higher the score, the better the subject’s interpersonal skills. The PANAS scale consists of 20 adjectives describing different emotions and feelings. Items 1, 3, 5, 9, 10, 12, 14, 16, 17, and 19 evaluate positive emotions, and the rest evaluate negative emotions. After each adjective, there are five options, namely definitely not, almost not, maybe, a little, and extremely, scored 1, 2, 3, 4, and 5, respectively. Ultimately, the scores of positive emotions and negative emotions are summed up. A high positive emotional score indicates that an individual is energetic, concentrated, and happy, while a low positive emotional score indicates indifference. A high negative emotional score means an individual’s subjective feeling of confusion and pain, while a low score means calm. A total of 90 questionnaires are distributed. Among them, 30 questionnaires are distributed in the treatment group, with 29 questionnaires recovered; 30 copies are distributed to the control group, with 28 copies recovered; 30 copies are distributed to the benchmark group, with 30 copies recovered. Eighty-seven questionnaires are recovered in total. Excluding an invalid questionnaire from the control group, there are86 valid questionnaires, the recovery rate is 96%, and the effective rate is 98%.

Several preliminary hypotheses are proposed to study the impact of DMT on college students’ positive and negative emotions. Sports dance can stimulate various feelings with the cooperation of the movement and interactions of limbs with different styles of music. Under long-term dance training, dancers will unwittingly apply what they learn in class to real-life and interpersonal communication. Sports dance can accelerate metabolism, improve human function, enhance physical quality, and improve body shape, significantly meeting the aesthetic needs of college students. Hence, sports dance has become one of their trendy lifestyles. DMT emphasizes the importance of physical and mental communication, while sports dance emphasizes the importance of physical exercise; physical exercise and mental health are interrelated.



Design of the Dance Movement Therapy Intervention

In this section, the three groups are tested two-rounds before and after the experiment. The subjects’ emotional differences between pre-test and post-test are analyzed to evaluate the intervention experiment. Before the intervention experiment, the respondents are informed that the survey data are only used for research to ensure the objectivity and accuracy of the test results (Patel et al., 2018). Respondents only fill in the student number, not their name. The specific research framework can be divided into three stages: pre-test, experimental intervention, and post-test. Two scales are used in the experiment. The treatment group is given a 16-week DMT course once a week. The course is arranged based on the principles and methods of DMT (Jin et al., 2020). Table 1 displays the complete scheme of the DMT intervention.


TABLE 1. Intervention design of Dance Movement Therapy (DMT).
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Dance Movement Therapy

The 16-week DMT intervention is locally called a creative dance course, which maintains the principles and methods of DMT and meets the psychological needs of Chinese people, ensuring the smooth progress of the intervention. Each intervention lasts 90 min, including 20 min of warm-up, 50 min of main intervention content, and 20 min of relaxation and discussion. Modern dance is one of the three foundations of DMT; it breaks through the stylized training mode of traditional dance and truly expresses life and self, which is consistent with the concept of DMT. Therefore, warm-up activities usually adopt the essential elements and training methods of modern dance, ensuring the relaxation of the body and mood before intervention. The DMT intervention uses the following approaches.

(1) Coordinated synchronous movement method: dance therapists use the synchronous method to establish emotional acceptance, mutual concern, and mutual trust with students.

(2) Mirror reflection action method: synchronously imitated actions can help students establish self-awareness and deepen communication.

(3) Communication and interactive action method can help students strengthen their physical expression ability with the experience of subjective effort-action shaping.

(4) Application of group dynamics can reduce members’ communication anxiety, remove communication barriers, and improve interpersonal skills through group dynamics experience. Figure 1 shows the specific design concept of DMT for college students.
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FIGURE 1. Design of the psychological research on college students under Dance Movement Therapy (DMT).


As shown in Figure 1, various psychological conditions of college students are analyzed through DL-based DMT. It can reflect the specific psychological performance of college students to comprehensively study the particular results of DMT on college students’ psychological activities. The 16-week intervention plan is described in detail below.

During the first 4 weeks, subjects are encouraged to introduce themselves with verbal and body language: the first lesson lets everyone get acquainted. All students, teachers, and teaching assistants stand in a circle. The dance therapist gives instructions. Each person provides a self-introduction by demonstrating a self-invented name-representing body movement, using either a real name or nickname. During this stage, other students imitate their actions until the end of the first round. In the second round, students are encouraged to replicate the steps under a given melody and make the actions consistent with the rhythm and emotion of the music. In this training, individuals might choose their habitual actions to give meaning to their names to let others know them better. Meanwhile, it is believed that their counterparts’ imitation and acceptance of their movements can bring a sense of psychological identity to each individual.

During 5–8 weeks, subjects are encouraged to discover body space. The dance therapist help students find the inner area of their body through breathing practice. This practice is inspired by the idea of breathing meditation in Yoga. Limb extension can guide students to explore the external space of the body. The dance therapist gives three pieces of music with different styles. The students dance freely according to the music, without specified dancing styles or any quality requirements for limb movements. Such impromptu exercises can help students open their bodies, develop their body space, and convey their body feelings to their hearts, thereby releasing pressure and expressing their emotions.

During 9–12 weeks, mirror practice is used, namely “you are my mirror.” Two students stand face to face and dance to the music. One student acts as a prototype, and the other presents his mirror image, that is, active mirror behavior. First, the dance therapist and the teaching assistant demonstrate the mirror practice. Then, students are encouraged to practice in groups. At the end of a piece of music, the partners change their roles. Afterward, simulated aircraft practice is carried out. Students are encouraged to imagine themselves as aircraft to open their arms (wings) and imagine the flight mode and route. Meanwhile, every student is surrounded by many counterparts (airplane), so they should timely change their flight height and angle to adjust the flight route to avoid collision with other aircraft (counterpart), thus completing a safe flight. This exercise is supposed to practice students’ sensitivity and conflict control ability.

During 13–16 weeks, the work is completed with props. All students are divided into three groups, and a students’ home is created with the existing props in the dance room. Props are an essential part of dance choreography. Clever use of props can bring surprisingly favorable effects. In the group activities, each group member works together and actively cooperates, which greatly stimulates the sense of teamwork. The students’ feelings are further deepened in jointly creating their own home. Secondly, subjects are encouraged to use their limb movements to express their emotions: the whole class forms a circle; everyone describes their recent negative emotions using one sentence and denotes the sentiment using a self-invented body movement; when one student does so, the rest imitates. Thereby, the students can safely vent out their destructive emotions under the simultaneous interaction and expression of verbal and body language. By the end of the practice, bad feelings might get away with the body expressions and oral communication.




RESULTS AND DISCUSSION


Analysis of Pre-test Data of Scale

Before the intervention of DMT, the interpersonal communication ability of each group is measured, and there is no significant difference in each group. The results are shown in Figure 2.
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FIGURE 2. Statistics of pre-test results of interpersonal skills of the treatment group, control group, and benchmark group (A, number of subjects; B, mean; C, standard deviation; D, relative deviation; E, lower limit of 95% confidence interval; F, upper limit of 95% confidence interval; A basic information of pre-test; B analysis of variance of pre-test results).


Figure 2 indicates that the variance of each group meets the quality standard (P > 0.05). There is no significant difference in the scores of each group before the test (F = 0.036; P > 0.05). It suggests that the grouping of experimental objects is reasonable and does not affect the experimental results. Therefore, this paper conducts group intervention on students through DMT and dance courses and comprehensively analyzes the specific intervention methods suitable for college students’ psychological improvement by comparing intervention conditions. Firstly, different research objects are grouped to study the comprehensive impact of diverse interventions on students’ psychology to improve the practicability of this study. Secondly, the psychological status of college students is comprehensively checked through various interventions to deeply analyze the changes of college students and improve the practicability of DMT.



Investigation and Characteristics of College Students’ Emotional Psychology

Before the intervention, research objects are investigated and measured with PANAS to understand the characteristics and possible problems of contemporary college students’ interpersonal communication to provide a basis for designing the DMT intervention course. Before the DMT intervention, each group’s emotional and psychological measurement is carried out, and there is no significant difference in the pre-test, as presented in Figure 3.
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FIGURE 3. Statistical results of pre-test of emotions of the treatment group, control group, and benchmark group (A basic pre-test of positive emotions; B basic pre-test of negative emotions; C analysis of variance of pre-test of positive and negative emotions; A, number of experiments; B, average; C, standard deviation; D, relative deviation; E, lower limit of 95% confidence interval; F, upper limit of 95% confidence interval).


According to Figure 3, the pre-test statistical results show that the variance of each group meets the qualitative standard (P > 0.05). In addition, there is no significant difference in the pre-test scores among the three groups. Therefore, the experimental objects are grouped reasonably to avoid the impact on the experimental results and ensure the smooth implementation of the follow-up process. Analyzing the pre-test results can provide an analytical benchmark for the psychological changes of college students in the follow-up research and a standard for the research grouping of college students. Therefore, analyzing the psychological status of college students through the pre-test results can get the fundamental psychological changes of students and reduce the error of research grouping of college students.



Investigation and Characteristics of College Students’ Emotional Psychology

Figure 4 reveals the paired sample t-test results of interpersonal relationships of the treatment group before and after the DMT intervention.
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FIGURE 4. Paired sample t-test results of interpersonal relationships of the treatment group before and after the DMT intervention (A, mean; B, standard deviation; C, distribution of sample statistics; D, lower limit of 95% confidence interval; E, upper limit of 95% confidence interval; F, t-test; G, p-value; A analysis of influencing factors; B sample t-test results).


From Figure 4, the treatment group shows no significant difference in conflict control ability before and after the intervention (p = 0.079 > 0.05) while demonstrating substantial differences in other aspects (p < 0.05). After the DMT intervention, the total score of interpersonal relationships and the score of interpersonal relationship-building ability, moderate rejection ability, self-disclosure ability, and emotional supportability of the treatment group significantly increases. This indicates that the DMT intervention has a significant effect on improving college students’ interpersonal relationships. The reason may be that the whole 16-week DMT program is as per the concept of interpersonal communication. The intervention content emphasizes self-awareness, self-acceptance, and acceptance of others. For example, practice like “introducing yourself with language and body movement” can help subjects get to know each other while bringing a sense of psychological identity when their actions are accepted and imitated; under “Mirror practice,” students will have different physical and mental feelings when they partner with different people, which is helpful for students to understand each other; the practice of “group presentation” can cultivate the sense of teamwork, leadership, and cooperation, which also need one another’s emotional support and conflict control ability. In summary, DMT plays a positive moderating role in college students’ interpersonal relationships, which is suitable for psychological education courses in higher institutions. Figure 5 demonstrates the paired sample t-test results of the pre-test and post-test of the control group.
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FIGURE 5. Paired sample t-test results of the pre-test and post-test of the control group (A, mean; B, standard deviation; C, distribution of sample statistics; D, lower limit of 95% confidence interval; E, upper limit of 95% confidence interval; F, t-test; G, p-value; A analysis of influencing factors; B sample t-test results).


Through Figure 5A, the control group shows differences in the total score of interpersonal relationships and the score of interpersonal relationship-building ability, moderate rejection ability, self-disclosure ability, and emotional supportability before and after the sports dance course (p < 0.05), with no significant difference in the intermediate rejection ability and conflict control ability (p > 0.05). Figure 5B suggests that there is a difference in positive emotions of the control group before and after the course (p = 0.025 < 0.05); there is no significant difference in negative emotions (p = 0.163 > 0.05). It proves that sports dance has a specific effect on stimulating students’ positive emotions, but it has no significant impact on improving negative emotions. Figure 6 illustrates paired sample t-test results of the pre-test and post-test of the benchmark group.
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FIGURE 6. Paired sample t-test results of the pre-test and post-test of the benchmark group (A, mean; B, standard deviation; C, distribution of sample statistics; D, lower limit of 95% confidence interval; E, upper limit of 95% confidence interval; F, t-test; G, p-value; A analysis of influencing factors; B sample t-test results).


Figure 6A shows that there is no significant difference in the total score of interpersonal relationships and the score of the moderate rejection ability, self-disclosure ability, conflict control ability, and emotional supportability of the benchmark group before and after the experiment (p > 0.05), but there is the difference in the relationship-building ability (p < 0.05). The reason is that the pre-test is at the beginning of the school semester, and the post-test is at the end of the semester; after a semester of communication, students are likely to understand each other. Therefore, the benchmark group has differences in the relationship-building ability before and after the experiment, and, consequently, the post-test score is greater than the pre-test score. Figure 6B proves that there is no significant difference in positive and negative emotions of the benchmark group between the pre-test and post-test (p > 0.05), which is consistent with the above conclusions.

Overall, the above experimental results indicate that among the three experimental groups, the conflict control ability of the treatment group is the same as that of other groups, and there is no significant difference before and after treatment. Still, there is a significant difference compared with the control group and the benchmark group in other aspects, and the ability of the treatment group is significantly improved in these aspects. Still, there is no difference between the benchmark and control groups. Therefore, it can be concluded that DMT has apparent advantages in the psychotherapy of college students, can significantly treat the psychological problems of college students, and help students learn better.



Analysis of the Effect of Dance Movement Therapy on College Students’ Psychological Education

Through the DMT intervention experiment on the experimental subjects, after the intervention, the total score of the IMS-CS, and scores of the interpersonal relationship building ability, moderate rejection ability, self-disclosure ability, conflict control ability, and emotional support-ability of experimental subjects have been significantly improved. It shows that the DMT intervention has a noticeable effect on improving college students’ interpersonal relationships. This is because, in the process of DMT, the DMT is designed to implement the concept of interpersonal communication. The therapy activities emphasize knowing oneself, knowing others, accepting oneself, and accepting others. For example, through the self-introduction of language and body movements, students can understand each other and produce psychological identity when their behavior is accepted and imitated because mirror practice can improve students’ mutual understanding. Then, the emotional impact of the DMT intervention experiment on subjects is analyzed. After the sports dance classes, the control group shows differences in interpersonal relationships, relationship-building ability, self-disclosure ability, and emotional supportability, but no significant difference in moderate rejection and conflict-control abilities. It indicates that DMT has a better effect on stimulating students’ positive emotions than traditional treatment methods. Therefore, the DMT scheme reported here is highly effective for college mental health treatment.

Compared with the traditional dance courses (Koch et al., 2019; Chao et al., 2021), the open curriculum formally turns the dry knowledge into games and improvisation by integrating the comprehensive understanding of mechanics, aesthetics, and psychology. Utilizing props, music, poetry, and art, students can more deeply understand the professional theoretical knowledge in dance creation and practice, such as time, space, motivation, force effect, and scheduling. In addition, the open curriculum emphasizes students’ self-expression, especially the transference of inner feelings through dance. In terms of content (Zan et al., 2021), the available curriculum pays more attention to group learning and practices, often involving multiple people, even groups simultaneously. Through communication and cooperation, students can continue to learn in new ways. Teachers can timely understand and solve the problems catering to students’ learning and practicing needs, hence promoting students’ comprehensive development with rich course content encompassing various dance arts, such as classical dance, national folk dance, modern dance, contemporary dance, ballet, and jazz dance. Meanwhile, there is no restriction on the form of expression. Diversified types of dances, such as solo dance, duet dance, trio dance, and group dance, can be encouraged. Students can create according to their interests and learn about the relationship between man, society, nature, and dance. Furthermore, students learn how to get along with others and the external world in cooperation and communication. They can strengthen their excellent characters and learn from others. The dance itself is a way to enhance the body. Dance creation and practice courses help dancers express their true feelings through dance movements and guide students to respect others’ opinions or inner thoughts through collaborative practice. The effect of dance might go beyond simple body movements to enable students to understand their relationship with the world, society, and other multi-level relations through their sensory system. Finally, through the integration with multiple disciplines, the open curriculum plays a critical role in cultivating students’ physical quality, spatial consciousness, and aesthetic cultivation and promotes the comprehensive development of students.



Discussion

This paper studies the application of DMT in college students’ LDE based on educational psychology. Overall, this paper sets up three experimental groups and analyzes the rationality of grouping before the experiment. The empirical findings corroborate that DMT plays a significant positive role in LDE college students. Table 2 specifies the data comparison under DMT.


TABLE 2. Comparison of the three groups.

[image: Table 2]
As shown in Table 2, after DMT intervention, all abilities except for conflict control of this group have changed significantly, both in positive and negative emotions. Besides, the control group has no significant changes in all abilities except for moderate rejection and conflict control and has substantial positive emotional shifts. In contrast, there is no significant change in other skills of the benchmark group except for establishing relationships. Therefore, DMT has a significant positive impact on college students’ LDE and can help college students cultivate comprehensive quality. Compared with the research of Yao and Zhang (2021), the grouping of research objects in this paper is more reasonable, and the research content is more prosperous. As a result, the research results are more affordable and provide more accurate reference content for college students’ psychological education.




CONCLUSION

Based on the LDE of college students, the immediate and long-term effects of DMT on college students’ introspection ability, self-awareness, and emotion regulation are studied from the perspective of educational psychology. The influencing factors and substantive benefits of DMT are discussed. The results show a significant difference in the pre-test among the treatment, control, and benchmark groups (p > 0.05). Besides, the treatment group shows no significant change in the conflict control ability before and after the DMT intervention (p = 0.079 > 0.05), but with substantial differences in other aspects (p < 0.05); meanwhile, after the intervention, the total score of interpersonal relationships and the scores of the interpersonal relationship building ability, moderate refusal ability, self-disclosure ability, and emotional supportability grow dramatically. Moreover, the control group presents improvements in interpersonal relationships, interpersonal relationship building ability, self-disclosure ability, and emotional supportability after the sports dance course (p < 0.05), but there is no significant difference in the moderate refusal ability and conflict control ability (p > 0.05). For the benchmark group, there is no significant difference in the total score of interpersonal relationships and the scores of moderate rejection ability, self-disclosure ability, conflict control ability, and emotional supportability before and after the experiment (p > 0.05), but there is a significant difference in the relationship-building ability (p < 0.05). Furthermore, there are prominent differences in the treatment group’s positive emotions and negative emotions before and after the intervention (p < 0.05); the positive emotion score has increased significantly, while the negative emotion score has decreased dramatically. There is a difference in positive emotions of the control group before and after the sports dance course (p = 0.025 < 0.05). Still, there is no significant difference in negative emotions before and after the course (p = 0.163 > 0.05). There is also no significant difference in positive and negative emotions of the benchmark group before and after the test (p > 0.05). Nevertheless, some deficiencies have been found. For example, this experiment did not take sufficient and comprehensive information, such as specialty and family backgrounds. Besides, the effect of DMT on students is only tested through respondents majoring in dance. Follow-up research will extend the sample scale and involve students in other majors for more comprehensive and persuasive results.
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In the course of consumer behavior, it is necessary to study the relationship between the characteristics of psychological activities and the laws of behavior when consumers acquire and use products or services. With the development of the Internet and mobile terminals, electronic commerce (E-commerce) has become an important form of consumption for people. In order to conduct experiential education in E-commerce combined with consumer behavior, courses to understand consumer satisfaction. From the perspective of E-commerce companies, this study proposes to use artificial intelligence (AI) image recognition technology to recognize and analyze consumer facial expressions. First, it analyzes the way of human–computer interaction (HCI) in the context of E-commerce and obtains consumer satisfaction with the product through HCI technology. Then, a deep neural network (DNN) is used to predict the psychological behavior and consumer psychology of consumers to realize personalized product recommendations. In the course education of consumer behavior, it helps to understand consumer satisfaction and make a reasonable design. The experimental results show that consumers are highly satisfied with the products recommended by the system, and the degree of sanctification reaches 93.2%. It is found that the DNN model can learn consumer behavior rules during evaluation, and its prediction effect is increased by 10% compared with the traditional model, which confirms the effectiveness of the recommendation system under the DNN model. This study provides a reference for consumer psychological behavior analysis based on HCI in the context of AI, which is of great significance to help understand consumer satisfaction in consumer behavior education in the context of E-commerce.

Keywords: image recognition, human-computer interaction, customer psychology, behavior analysis, deep neutral network


INTRODUCTION

Consumer behavior is a science that studies the characteristics of mental activities and behavioral laws that consumers take place in the process of acquiring, using, consuming, and disposing of products and services. From the perspective of marketing, this subject provides an understanding of consumer behavior because “marketing is a subject that tries to influence consumer behavior.” However, with the continuous development of the Internet and mobile terminals, electronic commerce (E-commerce) has penetrated into all the aspects of the lives of people, and online shopping has become the main form of the consumption of people (Qian et al., 2018). According to a statistical report released by the China Internet Network Information Center, the number of online shopping users in China has reached 710 million as of March 2020, with an increase of 16.4% compared with that at the end of 2018 and accounting for 78.6% of the overall Internet users (Campbell and Winterich, 2018; Lamberton, 2019). In 2019, online retail sales of China reached 10.63 trillion yuan, of which physical goods were 8.52 trillion yuan, accounting for 20.7% of the total retail sales of consumer goods. From January to February 2020, the online retail sales of physical goods in China increased by 3.0% year on year, achieving growth against the trend, accounting for 21.5% of the total retail sales of consumer goods. In addition, it was an increase of 5.0% over the same period last year. People can obtain great convenience through the Internet, especially the emergence of shopping mobile terminals, so that many consumers can browse goods at any time, get what they need, and bring great convenience to the lives of people. However, this has caused difficulties in understanding the changes in consumer psychological activities in the course. Therefore, it is proposed to use artificial intelligence (AI) technology to understand the changes in consumer psychological behavior in the E-commerce environment (Cichy and Kaiser, 2019).

The development of AI has also brought more opportunities to many fields. Especially after the cooperation between AI and business, whether in finance or the Internet industry, it has brought more possibilities for the development of enterprises (Kell et al., 2018). Some experts pointed out that with the widespread application of AI in 2018, the consumer experience has been greatly improved. AI not only realizes daily interaction, but also allows people to enjoy immersive experience technology through related devices (Kim and Cho, 2019). The AI system is adopted by the recommendation engine of Amazon to help and improve the original recommendation services, so that consumers can choose very attractive-related recommendation products. Currently, this technology is also considered a very reliable shopping consultant. The continuous development of human–computer interaction (HCI) and deep learning also brings more possibilities for data acquisition and analysis and provides more technical support for marketing and meeting the needs of more people (Feng et al., 2019). Therefore, students can be taught experientially in the course of consumer behavior with AI technology to help them understand the changes in the minds of users in a timely manner.

In summary, there are reliable internal laws in the buying behavior of consumers and their consumption levels and preferences will be affected by psychology. In the education courses of consumer behavior, mastering consumer behavior and psychology can better formulate marketing strategies and provide consumers with precise services. From the perspective of E-commerce, AI is used to identify and analyze the facial expressions of consumers and to obtain consumer satisfaction with products through HCI, so as to realize the experiential education of students in the consumer behavior course. Finally, the improved deep neural network (DNN) is used to predict the psychological behaviors of consumers, achieve precision marketing, and improve operational efficiency, which is of key significance to promote the understanding of students to consumer experience in the course.

The innovative point of the work is to effectively judge the consumer psychology of consumers through the behavior of HCI and then promote the educational experience of students in the course of consumer behavior. The work is developed in four parts. The first part introduces the application of HCI technology in consumer behavior education under the background of E-commerce. The second part is to analyze the application of neural network technology and establish an experimental model. The third part is to introduce the experimental settings and explain the data sets used in the research and related performance evaluation indicators. The fourth part is to test the designed model to verify the ability of the design algorithm.



RELATED WORKS

In the course of consumer behavior, experiential education can help students to better understand consumer satisfaction with products and enhance the teaching experience. With the continuous development of AI, recognition technology has been applied in many fields. Fan (2021), from the perspective of criminal psychology, applied the convolutional neural network (CNN) in deep learning to predict actual violations and build a crime prediction model. The research results showed that the designed model has a prediction accuracy of 96% for the five types of crimes, which provides a reference for crime prevention research (Fan, 2021). Yang et al. (2021) studied emotion recognition systems based on commercial cloud services under human facial expressions and compared the accuracy of five common well-known commercial emotion recognition services. The research results showed that these commercial recognition systems have different processing results when processing distorted images and some suggestions are provided for developers in response to the existing problems (Yang et al., 2021). Taghikhah et al. (2021) studied the influence of consumer behavior on product purchase decisions. Supervised and unsupervised machine learning algorithms were used and behavioral theory was combined to quantify the intentions and behaviors of consumers, so as to realize the combination of emotional factors and normative cues to predict the buying behavior of consumers (Taghikhah et al., 2021). Lixăndroiu et al. (2021) studied the influence of personality characteristics and attitudes toward the Internet on traditional electronic online shopping and augmented reality E-commerce. The results showed that in the case of augmented reality, the purchase intentions of consumers for online shopping are significantly higher and personality traits have been proven to predict impulse purchases (Lixăndroiu et al., 2021).

However, there is a lot of research on deep learning in consumer behavior analysis. Hung and Chang (2021) studied a method of applying transfer learning to DNNs and applying it to computer vision and proved its effectiveness by performing facial emotion and named entity recognition tasks. This method was applied to 20 participants who observed familiar and unfamiliar markers, and the results also support the model, which can be used as an effective tool for exploring the familiar and unfamiliar marker data of participants. This method can be applied to the study of other perception processes in cognition and computer neuroscience (Hung and Chang, 2021). Kim et al. (2021) used deep hybrid learning algorithms to analyze customer-oriented data and predicted customer buyback behavior of smartphones of the same brand. The research results show that the model based on the deep hybrid learning algorithm has a prediction accuracy of more than 90%, which provides an effective reference for innovating future marketing strategies (Kim et al., 2021). Luo and Xu (2021) studied the impact of website reviews on the dining decisions of customers during coronavirus disease 2019 (COVID-19) period and combined the deep learning with customer reviews to evaluate the characteristics of the restaurant. Research results showed that the designed algorithm is superior to traditional machine learning algorithms in sentiment classification and comment rating prediction (Luo and Xu, 2021). Kottursamy (2021) studied the role of facial expression recognition in social science and HCI, discussed various common deep learning algorithms for emotion recognition, and established a new CNN model based on the eXnet library to achieve higher facial recognition accuracy.

In summary, from the current research status, AI technology and HCI technology have been widely used in sentiment analysis and certain results have also been achieved. To enhance the experience of students in consumer behavior courses and more accurately predict the psychological behaviors of consumers, it is proposed to collect consumer facial expression information through HCI technology and to use AI recognition technology for the context of E-commerce. The psychological behavior represented by the facial expressions of the consumer is judged to obtain the satisfaction of people with the product to enhance the teaching experience of student. In addition, DNN is used to analyze and predict the internal laws of consumer behavior, so as to provide technical support for the realization of precision marketing of products in the context of E-commerce.



MATERIALS AND METHODS


Application of Human–Computer Interaction and Recognition Technology in the Course of Consumer Behavior Under the Background of E-Commerce

As an independent and systematically applied science, consumer behavior appeared after the capitalist industrial revolution, with the rapid development of the commodity economy, increasingly acute market problems, and intensified competition. From the end of the nineteenth century, theories about consumer behavior and psychology began to appear. At the beginning of the twentieth century, the increase in labor productivity after the industrial revolution caused production capacity to exceed market demand. The competition among enterprises on the market has also intensified. Therefore, some enterprises have begun to pay attention to the stimulation of consumer demand and the marketing strategy of their products. In addition, some scholars began to theoretically study the relationship between commodity demand and sales, and the relationship between consumer behavior, psychology, and sales strategies based on the needs of corporate sales. However, the emergence of E-commerce has also changed the traditional transaction mode, enabling merchants and consumers to communicate in real-time.

When websites or customers provide relevant technical support, visual communication can be realized, which brings great convenience to both consumers and businesses. Merchants can display products more comprehensively, and consumers can also have a deeper understanding of products and make purchases according to their needs. More importantly, the individual needs of consumers can also be met. Compared with the traditional transaction model, it is more efficient and can meet the time and energy needs of many customers who are busy with work or are unwilling to go to physical stores. In addition, the advantages of a wide variety of products, low prices, and greater convenience also meet the needs of people who do not go shopping. However, this kind of poorly targeted information browsing will undoubtedly consume more energy and time for consumers, and it is also difficult for consumers to truly choose their favorite products from more commodities. In addition, due to the development of technology, many companies use crawlers to obtain data or analyze shopping lists of consumers to find out what consumers want to buy, buying habits, and consumption preferences as much as possible. Companies can further refine product requirements, classify consumers, and conduct precision marketing and recommendation services.

But, this caused confusion for students in the course of consumer behavior to understand consumer satisfaction with products. Experience is procedural, personal, and non-teaching. It is a process full of personality and creativity. Through experiential education, a simulated environment can be created, allowing students to enter the scene and face some problems and obstacles in the created environment, and allow students to find solutions to problems, thereby enhancing the teaching experience in this process. Therefore, it is proposed to use AI technology to understand the consumption experience of consumer in time in the course. HCI realizes the dialog between humans and machines in an effective way through the input and output devices of the computer. However, HCI and recognition technology have been widely studied in many fields. Therefore, it aims to explore the psychological state of consumers, so as to help E-commerce platforms recommend products that can better meet consumer needs (Zeng et al., 2018; Georgescu et al., 2019). The facial expressions of consumers contain a wealth of information about human behavior. As a carrier of information, facial expressions can show the psychological state of people to a certain extent. In addition, automatic facial expression analysis (AFEA) can extract features of facial expression information, and classify and understand them according to the understanding and thinking styles of people. In addition, human prior knowledge of emotional information is used to make computers associate, think, and reason to further analyze human emotions and psychology (Wu et al., 2019; He et al., 2021).

Under normal circumstances, the facial expressions of consumers will change with their mental state. For example, when consumers find a product they like, they will show a happy expression, and when they do not like it, they will shake their heads or show a relatively calm expression. When facial expressions are recognized, details are the key to distinguish facial expressions, so it is necessary to be able to analyze the subtle deformation of facial expressions (Pereira et al., 2019; Yuan and Wu, 2020; Song et al., 2021). Therefore, the key feature points of the face image training set need to be calibrated, which can be expressed as follows:

[image: image]

where N represents the number of training samples, n stands for the number of pre-set key feature points, and L expresses that each shape vector Xi is formed by coordinates in a series of n key feature points manually demarcated on training image Ii.



Improvement of the Deep Neural Network Model

Deep neural network is the basis of deep learning, and it increases the number of network layers in the middle layer compared with a relatively shallow neural network. It can learn more useful feature information in the data for classification prediction. With the increase in number of hidden layers, the number of neurons will grow accordingly, so that the network model can learn more features from the data, thus facilitating the follow-up work. Moreover, DNN has been applied in many research fields, especially in the recognition, which can greatly reduce the error rate of speech recognition (Wu and Wu, 2017; Wenzel et al., 2019; Wu W. et al., 2020). The main parts of the DNN model include the input layer, the hidden layer, and the output layer. Furthermore, more hidden layers can enhance the expression ability of the model and increase its complexity. For the output layer, there is usually one output neuron, but there are multiple outputs in the DNN, so that the model can be flexibly applied to classification regression and other machine learning fields such as dimension-reduction and clustering (Barić et al., 2021; Gross et al., 2021).

Deep neural network replaces the traditional shallow neural network. This is because the shallow neural network is prone to fit during training and the training speed is slow. More importantly, DNN is a fully connected structure between upper and lower neurons. The shallow neural network improves the back-propagation training mechanism and uses layer-by-layer training to increase the training speed, avoiding network fitting (Segler et al., 2018; Liu et al., 2021). Figure 1 shows the basic structure of DNN.


[image: image]

FIGURE 1. Basic structure of deep neural network (DNN).


The training speed of DNN is faster than that of the shallow neural network, but the DNN model is adopted to simulate multiple non-linear fittings from the underlying network in the current big data environment to unearth the hidden features in the data. Thus, there are still some shortcomings after it shows the feature learning ability and the performance of the network in specific issues has to be improved (Chen, 2019; Wu and Song, 2019). In particular, DNN contains many parameters, such as the number of hidden layers, the number of neurons, and the activation function, all of which should be continuously optimized. Moreover, as the increase on the number of hidden layers, the corresponding network weights will become larger and larger, which further leads to a longer training time. Therefore, the DNN model is improved with a view to the disadvantages of the model and the pursuit of high efficiency in practical application, so as to obtain the region-DNN (rDNN) model (Kanagaraj and Priya, 2021). The collected negative samples are ozonized randomly by the rDNN model, and then the proportion of unbalanced data is analyzed (Rogoza et al., 2018; Zhu et al., 2018).

Relevant studies reveal that the rDNN model can accelerate the training speed of the model, eliminate the redundancy of negative data samples, and automatically learn data features from the bottom layer of the neural network, thereby digging out more valuable information in the data. The improved rDNN model is shown in Figure 2.


[image: image]

FIGURE 2. The region-deep neural network (rDNN) model (Kanagaraj and Priya, 2021).


The sample data should be processed based on the DNN model to improve the training ability of subsequent DNN models. Moreover, it is necessary to select an appropriate activation function when the rDNN model is used because of its large number of parameters, so as to retain data features to the maximum extent (Wu Y.J. et al., 2020). The frequently used activation functions include Sigmoid and ReLU functions and Sigmoid is well applied in the neural network model, and its expression is shown in the following equation:

[image: image]

where x represents the input value and can take any function value, while the range of output value f(x) is in (0,1). For the ReLU function, it is a piecewise function. The output value is 0 when the input value is less than 0, and the output value is the input value when the input value is greater than 0. It can be expressed in Equation (3):

[image: image]

Comparison of the two activation functions indicates that the saturated part of the Sigmoid function in the positive and negative gradient is close to zero (Bai et al., 2021; Jin et al., 2021). However, the gradient of the ReLU function greater than 0 is a constant and can prevent the gradient from dispersion (Zhou et al., 2020; Xiong et al., 2021). During the calculation, there is a faster calculation speed of the derivative of the ReLU function, so the ReLU function is more used in convolution kernels of CNN (Zuo et al., 2017; Lohse et al., 2020).



Experimental Data Set

In order to test the accuracy of the recognition algorithm designed in this article, the Jaffee database1 is used as the training and testing database for facial expression recognition on Matlab R2018a. The designed algorithm is used to extract the image features, and then the classifier is used to classify the fusion results. The Jaffe database is used for facial expression recognition. It includes 213 Japanese female faces (each face has a definition). There are 10 people in the database, with 7 facial expressions for each person, including 6 basic expressions and 1 neutral expression (Angry, Disgust, Fear, Happy, Sad, Surprise, and Neutral).

To better analyze the facial features of consumers, the face image in the Jaffe database is preprocessed, and the face area of the image is cropped to remove unnecessary interference. Then, the obtained face images are re-saved in the revised Jaffe database for the subsequent experimental test process. Facial expressions of people use recognition technology to extract facial features to help students to understand the experience of consumers of products in the course of consumer behavior. In this study, the judgment algorithm is used to compare the emotional characteristics represented by different types of images to verify the judgment result of the designed algorithm on the mental state of consumers. Figure 3 shows some pictures in the revised Jaffe database.
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FIGURE 3. Examples from modified Jaffe database (Lyons et al., 2020). Reproduced with permission of Jaffe database.




Model Parameters and Evaluation Plan

In the training process of the model, negative samples and positive samples are also cited. The ratio of negative samples and positive samples is uniformly defined as negative sample/positive sample, referred to as N/P ratio (Xue et al., 2020; Zhang et al., 2021). When the parameters of the rDNN model are set, the model structure is 128-64-64-30-2, the objective function is binary_crossentropy, and the maximum number of iterations is 500. After randomly sampling the negative data samples, the positive data samples are used to form the Random data set with a learning rate of 0.01.

The following evaluation indicators are adopted to evaluate and compare the classification effect of the classifier. True positive (TP) means that positive samples are classified as positive samples; false positive (FP) means that negative samples are classified as positive samples; true negative (TN) refers to that positive samples are classified as negative samples; and false negative (FN) means that negative samples are classified as negative samples.

(1) Accuracy describes the classification accuracy of the classifier.
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(2) Area under curve (AUC) is a two-category evaluation method commonly used in machine learning, and its direct meaning is the area under the receiver operating characteristic curve (ROC). The calculation equation is given as follows:

[image: image]

In the equation above, M represents the number of positive samples, N represents the number of negative samples, and ranki represents the number of samples whose predicted probability exceeds.




RESULTS AND DISCUSSION


Analysis of Facial Expression Recognition Results

The recognition accuracy of Gabor features and gray-scale difference features under different expressions is compared and analyzed after the image expressions were recognized. The results are shown in Figure 4.


[image: image]

FIGURE 4. Results of facial expression recognition accuracy.


As shown in Figure 4, for anger, disappointment, happiness, and surprise, the expression of Gaber features will make the recognition accuracy higher; and for surprise, the results of the two are the same; and for sadness, the gray difference feature shows better recognition accuracy than the Gaber feature. However, the overall recognition accuracy of expressions under Gaber features is high from the overall research results. Therefore, the Gaber feature is selected as the feature analysis method of the research algorithm in the following experiments.



Predictive Performance Analysis of Deep Learning Model

During the specific analysis of the model performance, the points on the ROC reflect the sensitivity to the stimulus of the same signal. The horizontal axis of the curve indicates the specificity of FP rate (FPR), while the vertical axis represents the sensitivity of TP rate (TPR). The area under the curve (AUC) refers to the area under the receiver operating characteristic (ROC). Therefore, the AUC value can be applied to evaluate the prediction of the model. In addition, the different deep learning models are compared and analyzed when the rDNN model is used for prediction. The specific results are given in Figure 5.


[image: image]

FIGURE 5. Comparison on the different deep learning models.


The above comparison reveals that the performance of the random forest model is better based on the AUC and F value, and it can integrate the results of the multiple decision trees. On the basis of the characteristics of the stochastic and non-linear of the data, it reflects better study effect and fast training speed, can deal with high-dimensional data, and express a good prediction effect when the data do not need to make big changes. However, the neural network can effectively simulate the non-linear characteristics of the data and has strong generalization ability, so it is easy to fall into the local minimum value. That is why, there is a big space for improvement of this method. These methods are superior to the logistic regression model; though it is classic and commonly used when dealing with classification, had no good effect in classifying the consumer behaviors. This is because the logistic regression model belongs to the linear regression model, and the stochastic and non-linear characteristics are stronger in the experimental data, thus influencing the implementation effect.

The F-value is extremely sensitive to sparse data, leading to the result value is not high. What’s more, Figure 5 also indicates that the accuracy of the three DNN models is higher than that of the other three models. Such results suggest that the recall rates in the logistic regression, neural network, and random forest model are low, which indicate that three classifiers are more sensitive to data and focus more on the learning of negative data in the model training, thereby neglecting the learning of positive data. Besides, more attention should be paid to the samples with less category data in the prediction. The AUC value of the rDNN model proposed is higher than that of the other models, while the F value is the weighted harmonic mean of accuracy and recall rate to synthetically evaluate experimental results and quality.



Test to Compare the Model Performances

When the iterative process of DNN, rDNN, and Kmean-DNN (KmDNN) is further analyzed, it is found that the model tends to be stable when the iteration times reach 170 during the iteration process of the verification set in the three models. Figure 6 shows the analysis results of model iteration.
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FIGURE 6. Analysis of model iteration results. (A) Testing results of DNN. (B) Testing results of rDNN. (C) Testing results of Kmean-DNN (KmDNN).


The above results show that the rDNN model is better than the KmDNN and DNN model. In the analysis and prediction of consumer behaviors, the rDNN model also retains the original DNN the ability to automatically learn the deep features of data and abstract high-level features, so it shows good practicability in reducing model training. When the proportion of positive and negative samples is analyzed, the results given in Figure 7 can be obtained.


[image: image]

FIGURE 7. Comparison on prediction effects under different positive and negative sample proportions. (A) N/P = 1–5. (B) N/P = 10–50.


Figure 7 reveals that changes in proportions of positive and negative samples show little influence on the prediction effect and the prediction result is optimal when the proportion is 3.

When different activation functions are analyzed, the results are obtained. Figure 8 shows the comparative analysis of different activation functions under different hidden layers.
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FIGURE 8. Comparative analysis of different activation functions under different hidden layers.


Figure 8 indicates that the prediction effect of ReLU function is better than that of Sigmoid function, and the number of hidden layers shows a small influence on the model. When the number of layers is 2, the network model of the Sigmoid function has a good prediction effect, but the number of layers increases gradually and the prediction effect shows a downward trend. When the ReLU function is applied, the prediction effect is best if the number of layers is 3. As the number of layers increases, the prediction effect also decreases, but the overall range is small and the result is relatively stable.



Case Analysis

Finally, the satisfaction of 10 consumers with the recommended products is analyzed to verify the actual performance of the design model according to consumer psychology and the results are shown in Table 1.


TABLE 1. Analysis of recommended product satisfaction.

[image: Table 1]
Table 1 shows that the satisfaction of consumers with the recommended products is higher than 92.7%, which can prove the effectiveness of the proposed method. In summary, the facial expression recognition technology applied here can more accurately identify the facial expression information of consumers, and predict their consumption preferences through data analysis, thereby recommending products with higher satisfaction. When the prediction model is analyzed, it is found that the rDNN model shows a better prediction effect.




DISCUSSION

In the course of consumer behavior, students need to analyze the meaning of consumer behavior in combination with psychology-related theories, so as to better design products and formulate marketing strategies. In the context of the development of the mobile Internet, it should improve the personalized service capabilities of online shopping activities in e-commerce. In the research process, it is proposed to use AI technology to realize experiential education for students in the course of consumer behavior. In the application of consumer psychology, it is proposed to collect facial expression data of consumers in the shopping process through the form of HCI. Based on DNN technology, the collected facial expression information is recognized and analyzed, the psychological behavior of consumers in the shopping process is judged and then the satisfaction of consumers with the product is predicted.

To realize the recognition of consumer facial expression information, the DNN algorithm is applied to facial recognition by analyzing the current research status of related fields in the research, and a consumer facial expression recognition algorithm based on the rDNN algorithm is established. According to the identification results, the psychological behavior and product satisfaction of consumers during the shopping process are judged. Experiments have proved that the designed model has a good performance in dealing with facial expression recognition. Compared with the traditional forecasting model, the forecast accuracy of the designed model is increased by 10%. This suggests that the designed model shows better performance than similar models and can be better applied to the shopping demand prediction of consumers. The results can provide a reference for students to conduct experiential education to understand the user experience of consumers in the service process in the course of improving consumer behavior.



CONCLUSION

To explore the understanding of the consumption psychology of consumers in the course of consumer behavior under E-commerce, it is proposed to use AI to recognize the facial expressions of consumers and to apply HCI to obtain consumer satisfaction with the product. Finally, the improved DNN is used to predict the psychological behaviors of consumers, so as to realize the formulation of precision marketing strategies in experiential courses. The experimental results also prove that the design algorithm shows a better predictive effect than similar algorithms. The research results can be applied to the analysis of consumer psychological behavior in E-commerce scenarios, so as to help students provide consumers with a personalized consumption experience. In addition, choosing appropriate predictive models and applying more advanced technologies can expand the scope of research, thereby offering companies and researchers with more research data, and providing ideas for constructing more effective research models.

However, there are some shortcomings in this work. Due to the small number of samples in the data set, the designed model has limited types of facial expression recognition. The current model can only recognize and judge 7 kinds of expressions. Moreover, there is still a lack of reliable analysis of consumer gesture and motion recognition in the current research, which plays an important role in the follow-up research of HCI. Therefore, in the subsequent consumer behavior research, the types of expressions in the data set will be further expanded, and the recognition and analysis of consumer gestures and shapes will be studied, so as to more accurately predict consumer psychological behavior.
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This study is intended to create an innovative contextual English learning environment making use of the widely used communication software, LINE ChatBot, based on the Artificial Intelligence Markup Language (AIML), in order to improve speaking and listening ability among learners. A total of 73 students were invited to participate in learning activities involving a 4-week English conversation exercise including both speaking and listening. Additionally, in order to explore the influence of competition on language acquisition, we added competition characteristics to the learning activities in the experimental group to enhance learning motivation and learning outcomes. The results showed that with the help of the LINE ChatBot contextual learning environment, the performance of both groups of students was slightly enhanced, but no significant differences were found. Meanwhile, extrinsic motivation in both the experimental and control group was improved if they spoke anonymously. That is, the contextual learning environment based on the LINE ChatBot significantly improved the learners’ English speaking and listening ability. In addition, the results showed that the addition of a competition element effectively enhanced the learners’ intrinsic motivation to learn English on the LINE ChatBot.
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INTRODUCTION

In many non-English speaking countries, English acquisition has become an important educational strategy and policy, where the cultivation of ability is dependent on the balanced development of listening, speaking, reading, and writing (Newton et al., 2018). Among these, listening and speaking are considered to be the cores of language interaction, where frequent use of the second language for exchange or communication is conducive to its acquisition (Fang and Baker, 2018). However, it is indeed difficult and stressful for learners who regard English as a second language (ESL) or as a foreign language (EFL) to learn it (Rintaningrum, 2018). Learners may lack self-confidence (Gumartifa and Syahri, 2021) or may reside in non-English speaking areas and thus may be less likely to communicate and talk with others in English (Shadiev et al., 2016). It is therefore important to develop English learning situations that will increase opportunities to engage in conversations in English, which will in turn increase learning motivation and interest (Shadiev et al., 2016).

The advent of new information and communication technology (ICT) has changed how people interact. ICT is also considered to be an effective, practical tool for educational reform (Gilakjani, 2017). Integrating ICT into a learning environment may help learners discuss and reflect and also may help them complete learning tasks (Aşık et al., 2020). In addition, Huang and Hong (2016) maintained that ICT as a learning tool helps people learn various languages and encourages personalized English learning. Mobile-Assisted Language Learning (MALL) is characterized by portability, interactivity, connectivity, and privacy and is carried out in real time. Many studies thus have applied it to the process of learning English to create appropriate contextual learning scenarios (Wu et al., 2011; Panagiotis and Krystalli, 2020). These studies illustrate that mobile technology can help learners extend English acquisition to familiar environments outside the classroom, as well as presenting other contextual learning situations. Ko and Lim (2021) argued that contextual learning may increase both learning resources and scenarios intended to promote personalized English acquisition.

As a matter of fact, we believe that in terms of English conversations, learners in Taiwan, apart from lacking interest in learning, mainly lack opportunities to communicate in English and are thus shy about communicating with others in English. As such, this study is an attempt to make English conversational exercises more interesting through the use of communication technology utilizing mobile devices. Yang et al. (2020) believed that “competition” with a game element can be integrated into English education, where integrating competition into learning activities helps encourage learners to participate more actively in learning activities (Vandercruysse et al., 2013). Consequently, in this study, conversation exercises were carried out with the help of LINE ChatBot communication software, which was designed by LINE and anonymous students. Meanwhile, we added a competition feature into the learning activities to examine the impact of competition on learning outcomes and motivation. The research questions are as follows:


•What are the possible influences of LINE ChatBot on English speaking and listening?

•How does the use of LINE ChatBot with competition for English conversation exercises affect learning motivation?





LITERATURE REVIEW

For learners, the traditional English teaching environment is often perceived as boring and is used to carry out what they perceive to be unmotivating learning activities (Chen and Chung, 2008), which has decreased learner interest and confidence related to learning, in turn compromising learning effectiveness. This phenomenon reveals a lack of motivation toward learning English for most learners, especially in Asia (Shadiev et al., 2016). Taking Taiwan as an example, the traditional English learning environment is teacher-centered, where teachers mainly focus on vocabulary, grammar, translation, and testing, which leads to few opportunities for students to communicate with each other in English (Chung and Huang, 2010; Chang and Goswami, 2011). Therefore, a variety of different technologies is needed to assist with the English learning process.

Mobile Assisted Language Learning (MALL) is an effective form of learning than traditional lecture-based classrooms and is well-documented in K-12 and higher education (Botero et al., 2018; Cakmak, 2019). It utilizes mobile-related technologies such as smartphones and tablets to support communication in the target language individually or in collaboration with peers in the learning environment (Kukulska-Hulme, 2012). The environment can provide characteristics that include permanency, accessibility, immediacy, interactivity, and contexts for learning activities (Ogata and Yano, 2004). Meanwhile, MALL provides learners with opportunities to practice speaking English in a meaningful way, which leads to significantly greater progress in terms of English fluency (Sun et al., 2017). Ebadijalal and Yousofi (2021) also revealed that mobile-assisted learning is effective in terms of improving learners’ oral proficiency, self-confidence, willingness to communicate, risk-taking, engagement, and self-directed performance.

Communication software that supports mobile technology is increasingly attracting users because it provides instant communication on mobile devices through the Internet. A freeware instant messenger application called LINE for smartphones, tablets, and PCs that allows users to create texts, images, video, and audio functions has become popular, particularly in Asian countries (Wikipedia, 2021). With the exception of serving as a personal messenger, LINE has been extended so it can be effectively applied to language teaching (Liu and Wu, 2016; Chang and Lan, 2021). For example, Liu and Wu (2016) designed an English after-class activity based on the LINE app for role-playing aimed toward making it possible for students to speak, write, and interact in English in contextualized scenarios. Chang and Lan (2021) integrated LINE into flipped English learning as a Foreign Language classroom and investigated college Students’ English performance and their perceptions of the experience. In light of the referenced studies, it appears there is a promising future for further exploration of the LINE app an English education context.



METHODS


Participants

The subjects in this study included second-grade students from two classes in a high school in southern Taiwan. To be specific, a total of 73 students from two classes participated in this experiment. Due to restrictions of class setting factors, this study research subjects could not be randomly assigned, so one class with 37 students was randomly categorized as the experimental group (17 males and 20 females), while the other class with 36 students was the control group (19 males and 17 females).



Experimental Design


Procedure

In this study, to control the variables related to the instructors, we invited a Taiwanese English teacher with 5 years of teaching experience to teach the course. In the classroom, the teacher applied the same teaching content and guided learning activities for the two groups of students, and Studio Classroom was selected as the materials in this course. Additionally, to understand the effectiveness of the LINE ChatBot with a competition strategy as an English conversational exercise situation, learning activities in this semester were carried out adopting a non-randomized control group and pre-test and post-test quasi-experimental design. The experimental procedure is presented in Figure 1.
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FIGURE 1. Experimental procedure.


Firstly, to ensure the homogeneity of learners’ initial capabilities and behavior, the Students’ listening and speaking ability and learning motivation were tested in a pre-test. Studio Classroom learning materials were employed for the listening test, whereas their speaking ability was scored by the instructor using the Multidimensional Fluency Scale (Zutell and Rasinski, 1991). In addition, the Students’ learning motivation was examined using a questionnaire survey in accordance with the Motivated Strategies for Learning Questionnaire (MSLQ) proposed by Pintrich (1991). After completing the pre-test, the instructor explained the learning activities that would take place in this study to the two groups of students, as well as how to use the LINE ChatBot contextual learning environment.

In this study, the students in both the experimental and control groups used the LINE ChatBot for English conversation speaking and listening exercises (see Figure 2). The students joined different LINE groups. The students in the control group joined the LINE ChatBot to engage in conversation exercises without competition, whereas those in the experimental group took part in LINE ChatBot conversation exercises that incorporated competition. Both groups of students used the LINE ChatBot for 4 weeks of after-school learning activities. They made use of what they had learned in class, independently selected appropriate sentences from teaching materials as topics for conversation, read aloud their sentences in the LINE group, and listened to the sentences read by their peers as conversation exercises. Notably, the students remained anonymous during the interactions, that is, the students did not identify their peers in the LINE group.
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FIGURE 2. English conversational exercise with speaking and listening in the LINE ChatBot.


After completion of 4 weeks of after-school learning activities, the students were asked to complete the post-test questions to measure their English listening and speaking ability in an effort to determine the learning effects when using the LINE ChatBot. Meanwhile, in order to investigate the impact of competition on learner motivation, a post-test was also carried out via MSLQ.



Learning Activities

In this study, the LINE ChatBot was designed for a learning activity incorporating English conversation, which was based on Artificial Intelligence Markup Language (AIML) to create a contextual English learning environment for the purpose of practicing conversation. Meanwhile, we combined speech-to-text recognition (STR) technology to identify the Student’s conversation. Initially, all of the participants were asked to join a LINE group and to interact with the LINE ChatBot to enhance their speaking and listening abilities. The students in the experimental and control groups were asked to join different groups, the former with the competition element, and the latter without.

After all the students joined the group, the LINE ChatBot automatically asked a member to engage in a role-playing conversation. One student was asked to select a sentence from the classroom learning materials to read aloud in LINE and to input the sentence to complete a speaking exercise in the LINE ChatBot. Subsequently, the other students could engage in listening exercises and give answers via the LINE ChatBot, and those who finished answering could then see the correct responses (see Figure 3). The two groups of students used the LINE ChatBot to carry out a 4-week learning activity. After completing the learning activities each week, all of the students engaged in the conversation exercises, which included one speaking activity as well as 36 listening exercises in the experimental group and 35 exercises in the control group. The classroom teacher would then give feedback to the students on elements of their speaking performance, such as articulation, pronunciation, and tone. Students in the experimental group received additional scores related to the competition phase of the experiment.
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FIGURE 3. LINE ChatBot contextual learning environment.





Competition Strategy

The listening and speaking scoring criteria in the LINE ChatBot conversation exercise group was also used for the students in the experimental group. The LINE ChatBot used by the group automatically calculated the Students’ scores based on the criteria. Also, to increase motivation for the competition, the LINE ChatBot informed the group members that the conversation scores would be made according to both the correctness and speed of their responses. After all the students completed the weekly learning activities, the LINE ChatBot announced the weekly scores and rankings.


Scoring Criteria for Listening in the Competitive

With respect to listening, learners answered according to the sentences heard in the LINE ChatBot, and then the system would automatically compare the answer input by the learners with the correct answer to acquire the score for correct answers. That is, when the learners input a complete correct sentence, they received 10 points for the correctness score. In the case of spelling errors, 1 point was deducted for each misspelled word. Additionally, the answer speed was scored based on the speed of the responses, where a quicker response led to a higher score. The scoring criteria for listening were based on the following equation, where w represents the number of wrong words; r represents the answer sequence, and N represents the number of members in the group.
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Scoring Criteria for Speaking in the Competitive

For the speaking score, to enable learners to practice more accurately based on their articulation and pronunciation, the scoring criteria included the respondents’ scores in the calculation. In other words, after all the students completed the listening exercise and obtained their scores, the LINE ChatBot took the average listening score of the entire class as the learners’ speaking score. Therefore, the scoring criteria for speaking in the LINE ChatBot were based on the following equation.
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RESULTS


The ANCOVA for Speaking and Listening Abilities

The two groups of students engaged in contextual learning via the LINE ChatBot to determine whether there were significant differences in their English speaking and listening performance. In the statistical analysis, a single-factor ANCOVA was employed to explore whether there were significant differences in learning effectiveness with or without competition in the learning intervention. Table 1 shows the statistics for the pre-test and post-test for speaking and listening with and without a competition element.


TABLE 1. Pre- and post-test descriptive statistics for the speaking and listening performance.

[image: Table 1]
According to Table 1, the average speaking ability post-test scores for the two groups of students were higher than the average pre-test scores, and the post-test scores for listening ability were also higher than the pre-test scores. An ANCOVA was used to verify if the scores for the experimental and control groups were statistically significantly different. The test results for intra-group regression coefficient homogeneity showed that speaking and listening ability was F = 0.128 (p > 0.05) and F = 0.875 (p > 0.05), respectively, which failed to reach significance. Therefore, the results indicated that the slopes of the two groups of regression lines were the same, proving the intra-group regression coefficient homogeneity of the covariates, so the ANCOVA could thus be conducted. After the impact of pre-test effectiveness was eliminated, the results of the ANCOVA showed that the scores for speaking ability were F = 0.143 (p > 0.05), and those for listening ability were F = 0.808 (p > 0.05), both failing to reach significance. The results suggest that there were no between-group differences in the results of the post-test for the two groups of students who learned with and without competition. The results thus indicated that when the students engaged in contextual learning, learning with or without competition did not affect their speaking and listening abilities.



ANCOVA for Intrinsic and Extrinsic Learning Motivation

To gain a more in-depth understanding of whether learning with or without a competitive strategy affected the Students’ learning motivation in the LINE ChatBot contextual learning environment, a pre-test and a post-test were performed with intrinsic and extrinsic goal orientation in MSLQ, which included four items measured using a Likert 7-point scale. In order to present a comparison of the Students’ learning motivation, the pre-test and post-test results for learning motivation are listed in Table 2 with and without competition.


TABLE 2. Pre- and post-test descriptive statistics for intrinsic/extrinsic motivation.
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In Table 2, the average post-test scores for intrinsic and extrinsic learning motivation for both groups of students were higher than the average pre-test scores. Firstly, the test results for the intra-group regression coefficient homogeneity showed that the scores for extrinsic motivation were F = 3.016 (p > 0.05), and those for intrinsic motivation were F = 3.232 (p > 0.05), which failed to reach significance and indicated intra-group homogeneity. After the impacts caused by pre-test effectiveness was eliminated, an ANCOVA statistical analysis was conducted, the scores for intrinsic motivation were F = 22.85 (p < 0.001), which reached significance, while those of extrinsic motivation were F = 0.303 (p > 0.05), which failed to reach significance. The results indicated that with respect to the Students’ learning motivation during the process of learning with or without competition, there were significant differences in intrinsic motivation. However, there were no significant differences in extrinsic motivation. Furthermore, after the impact of the pre-test results was eliminated, the marginal means of the post-test scores for intrinsic and extrinsic motivation after adjustment to the experimental group were 19.37 and 18.91, respectively. Those of the post-test scores for intrinsic and extrinsic motivation after adjustment to the control group were 17.21 and 19.18, respectively. The results indicated that when students engaged in contextual learning, learning with or without competition affected their intrinsic learning motivation.




DISCUSSION

This study was an investigation of English conversation exercises utilizing the LINE ChatBot communication software. According to the findings, the post-test of speaking and listening scores in the experimental and control groups were higher than those obtained in the pre-test. This finding was in line with the results of previous related studies using communication software. For example, Liu and Wu (2016) found that practicing English using the LINE app can enhance speaking performance. Cetinkaya and Sütçü (2018) also stated that the Facebook and WhatsAPP ICT enhances Students’ speaking and listening ability. Using technology support, Students’ speaking ability can be enhanced through practice (Shadiev and Yang, 2020). Krebt (2017) also argued that listening ability can be enhanced by listening to peers. Hwang et al. (2016) suggested that listening and speaking ability can be improved with practice. Above all, speaking and listening practice can improve English acquisition performance. A previous study showed that the pronunciation of low-achieving English students who learned with the pop song improved (Kim and Kang, 2015).

The learning performance was not found to be affected by a competitive environment in the learning process via the LINE ChatBot since both groups had an equal opportunity to train their speaking and listening. Therefore, the difference in terms of learning ability failed to reach a significant level. However, as for learning motivation, intrinsic motivation was increased by competition, especially achievement motivation (Chen, 2019; Liu, 2020). When the students focused on their rank in the competition, it motivated them to win the competition. Furthermore, with an anonymous login, students could overcome their shyness related to speaking, which may have enhanced their extrinsic motivation (Wallace, 2016). This improvement was also attributed to the reward for winning the competition. Deci and Ryan (1985) revealed that a reward has an impact on behavioral control and enhances interest in a task. It is a reasonable to infer that the students were motivated to strive to achieve a higher rank when watching their ranking scores. In addition, since the mechanism provided by the LINE ChatBot prevents students from recognizing who provided the pronunciation being heard, the students were encouraged to concentrate more on their English listening and speaking and less on who was speaking.



CONCLUSION

In general, in countries where English is not the mother tongue, opportunities to communicate in English are very limited, in turn contributing to poor conversational ability. In Taiwan, teachers are generally excessively dependent on traditional teaching methods, that is, concentrating on English reading and writing performance while ignoring the fact that language should focus on conversational communication. Thus, this study uses an innovative contextual English learning environment so that learners could anonymously and confidently recite the sentences in the teaching materials and listen to their peers speak in order to enhance their conversational ability in English. More importantly, the contextual learning environment proposed in this study is not limited to classroom teaching and can be integrated into the surrounding environment. Although the findings of this study confirmed the effectiveness of the LINE ChatBot for developing English speaking and listening skills, this study has several limitations: Firstly, the participants in this study were located in southern Taiwan. The group assignments were random, but not all high school students were included. The second limitation is the competition strategy used in the learning procedure. This study did not discuss other types of competition, such as one-on-one competitions or group competitions. Finally, we implemented the learning procedure with the LINE ChatBot, but we didn’t consider other platforms that might have different effects on conversations in English or have different exercises.

Overall, using the LINE ChatBot as an after-school contextual learning environment for English conversation exercises that include both speaking and listening, this study also explored the impact of competition on learners. The experimental results indicated that competition led to no significant between-group differences in terms of learning effectiveness, but the speaking and listening ability in the two groups was slightly improved, showing that the contextual learning environment proposed herein enhance their conversational ability in English. In addition, with respect to learning motivation, we found that the level of extrinsic motivation in the experimental group was significantly higher than that of the control group. This is because competition can boost learners’ interest or level of pleasure in an activity based on the rankings.

As a result, use of the LINE ChatBot has several benefits. First, mobile technology greatly facilitates language acquisition, allowing people to use it for conversation exercises at any time and any place. Second, communication using human voices replaces language learning using machine pronunciation, with the former being more intimate and appealing. Finally, conversation exercises that are carried out anonymously can effectively reduce the negative impact of shyness when communicating in English.
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After the reform and opening up in China, through a series of rapid developments in world, online education has grown both socially and economically. This area has become representative of the fast-growing economy. However, Guangfu culture as a crucial component of Cantonese traditional culture is gradually becoming less influential today. It is the college's responsibility and duty to protect, carry forward, and inherit this traditional culture. Especially during this cyber era, where networks have become a powerful source for communication and study, there are diversified methods of adaptive learning and various learning behaviors. This article aims to analyze the plausibility of adapting an online platform into the teaching arena and the needs of students under this teaching mode. A simulation of applying advanced technology and artificial intelligence into Guangfu culture innovation was also conducted. The contribution shows the users in this platform have a longer study time, compared with non-platform users, and are more interested in traditional culture knowledge than non-users; 21.5% higher in the performance's test.
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INTRODUCTION

The Internet era has come, and according to the jargon of the computer industry, it is also known as the “WEB2.0” era. Today, there are too many cases to prove the Internet's saturation in modern society. The most obvious evidence of the Internet's popularity can be seen in a government report from 5 March 2015. At the 12th session, Premier Li mentioned the “Internet+” initiative, which represents the beginning of a new kind of economy. The “Internet +” strategy involves almost every aspect, including study, work, entertainment, and economy. With a few clicks, you can take part in a series of lessons, work, entertainment, or any other activities through the Internet. The revival of traditional folk culture has also been accelerated. Education integrated with Guangfu culture benefits a lot from all kinds of excellent online education websites (Cao et al., 2022; Han et al., 2022). The faster the learning process, the more publicity it will get. Even though this model lacks details, it does provide the basis for Guangfu culture's revival. The outbreak of COVID-19 accelerated the deep learning of the cyber era, it has become an unavoidable trend for this generation. In Park, as long as you use a mobile phone to scan the official QR code, the “five sheep” sculpture story explanation course will present in front of you immediately. The successful publication of the Yuexiu government showed us the possibility to team up the dissemination of Guangfu culture with the Internet (Huang et al., 2019; Chen et al., 2022).

In recent years, our country's electronic industry has been developing rapidly, many aspects of technology are on the cutting edge. However, with the fast growth of the Internet, we sometimes get caught in confusion. To keep up or to give up has become a choice for everyone. The development of the Internet has also met a bottleneck, not for technical factors, but for problems emerging in cultural identity. At this particular moment, we need a way out. The “Internet +” culture communication might be the solution. But how far can it go? From the author's perspective, knowledge sharing and education development are crucial for human civilization. Therefore, no matter how many years have passed or how many changes are made in the education mode, education and cultural inheritance remains to be the essence and treasure of the Chinese nation. As long as we observe carefully, we will find that the traditional culture is affecting every aspect of our life, especially the Guangfu culture to Cantonese (Tegen et al., 2021; Abdelkader et al., 2022). These traditional cultures are actually the sources of our cultural identity. However, today's younger generation, under the impact of the current popular culture, are gradually moving away from the traditional culture, which is why they are feeling a sense of lost. Integrating fashionable “Internet + with the Guangfu culture” might be able to tackle the problem and create a new symbol of modern fashion integrated with traditional culture (Huang et al., 2017; Chen et al., 2021c).

The Pearl River Delta region is the birthplace of Guangfu culture. Guangfu culture is a subordinate and an important representative of Lingnan culture, which arose from the “Ren Qicheng” era, more than 2,000 years ago. The emergence of Guangfu culture has made great contributions to the social, political, economic, and other aspects of the Pearl River Delta region. Guangzhou is located in the center of the Pearl River Delta. Ever since ancient times, it has been an important “port” for culture communication. Due to the reform and opening up in China, life standards in the Pearl River Delta area have gradually elevated while the stress of life has increased. As the pace of urban life is getting faster and faster, people's attention on Guangfu culture and tradition is gradually fading. To further illustrate this phenomenon, we should take a closer look at the following statements: young people under 30 have no deep understanding of Guangfu culture. People over 35 have a deep attachment to Guangfu culture. With the revival of Guangfu culture, the ratio of Cantonese-speaking pupils is decreasing. Nearly half of “New Guangfu people” do not have a clear vision of the significance of inheriting the Guangfu culture (Abbas et al., 2015; Yan et al., 2016).

Apart from that, the language barrier is also an inducement to hinder the development of Guangfu culture. Most of the “new Guangfu people” can only obtain Guangfu culture-related information from traditional media such as TV or newspapers, most of which is written in Cantonese. Different from Mandarin, most of these materials have a very unique culture system. Putting language aside, the propaganda of Guangfu culture is relatively widespread, there are very few people who know how to obtain relevant information about Guangfu culture through the Internet, which is also an incentive for blocked cultural transmission. As students' needs for the Internet are rising, this makes them powerful transmitters for Guangfu culture. Currently, websites with rich resources and well-designed interfaces are most eye-catching. Promotion of Guangfu culture through traditional media, such as articles or single lectures, is likely to be fruitless. Even though Guangfu culture has already formed a specific concept and research mode in lectures or articles that have contributed greatly, these kinds of research articles have failed to achieve the goal of “elegant and vulgar common appreciation” and “stick to the public,” which greatly impacts the publicity of Guangfu culture. All the phenomena mentioned above show that in the combination of the “popular and tractional,” the integration of Guangfu culture and online education is imperative.

At present, both at home and abroad, there is a fierce debate on online education and on traditional culture research, but most of the research is structural, mainly conducted on education technology, education methods, and so on, but almost none have combined educational behavior with education strategy. By collecting and re-sorting the information, we found that although traditional culture research has taken up a large proportion in the research field, most of the studies are mainly about teaching techniques, teaching methods, and teaching resources, etc. Due to the uniqueness of Guangfu culture, there is no relevant article at the moment. Innovatively, this article will analyze the development and inheritance of traditional local culture from the perspective of online education, and explore the value and significance of integration of local culture and online education.

Some foreign scholars have made great achievements in the study of online education systems, and some of the concepts and practices of online education have been applied in students' daily study. In 2012, some well-known universities in the United States adapted online education and achieved good results. After that, many other universities designed their own online learning and teaching platform. Students have shown great interest in online courses. Therefore, this kind of new education method has been adapted by more and more universities, especially under the pressure of the epidemic. This kind of teaching model also shows prominent commercial value, as more and more online course suppliers are emerging, such as Coursera and Udacity. By choosing good teachers and high-quality courses, these suppliers provide many excellent education programs for their audiences. “Home schooling” is no longer viewed as other, it has become the trend of most university courses. While online education is receiving all the praise in the United States, many overseas countries are also beginning to adopt online education courses. Coupled with overseas curriculum suppliers, European and Asian universities have introduced an online education teaching mode. Taking Singapore for example, Coursera marketing has cooperated with the National University of Singapore to build an online platform. Taking Coursera as an example, it was originally founded by two professors from Stanford University in 2013, and since then has garnered over 1.5 million course applicants, 680,000 registered students, registered as many as 124 courses, and the company's market value has reached $65 million.

The advanced development of MOOC's artificial intelligence has been proven in foreign countries, which is also the reason for the quick uptake of the domestic online education market. In 2013, EDX, an American online education platform, reached out to Tsinghua University and cooperated with them, making it the first Asian university partner, increasing EDX's influence in China. During the cooperation with EDX, Tsinghua University introduced a lot of excellent teachers and high-level teaching teams to establish MOOC groups, and most of the excellent courses are open to the whole world. In the same year, two other famous universities, Shanghai Jiao Tong University and Fudan University announced their cooperation with another “MOOC” port Coursera in the United States to further develop online course. From 2013 to 2015, many domestic universities cooperated with an MOOC platform in the United States. Online education behavior is favored by domestic universities and attracted the attention of the Ministry of Education. In 2014, the Ministry of Education issued the “national boutique open course initiative,” a famous domestic network enterprise called NetEase, and proposed a “cloud classroom” to promote the Chinese MOOC of independent domestic property. Meanwhile, “Love course” also launched under the “China University MOOC” project. Today, the “MOOC” project is favored by many domestic students. Simple operation and diverse interactions attract more and more college students to make use of MOOC learning. China has started MOOC from an education behavior aspect to develop education strategy, artificial intelligence, and public deep learning.



RELATED WORK


Guangfu Culture

There are three general characteristics of Guangfu culture: shared, intersective, and open. These characteristics are greatly related to the geographical location of the Guangdong region. Guangfu culture is a shared culture. Ever since the six counties were unified, benefitting from its unique coastal geographical location and diverse climate, this region has been enjoying rich nature resources. After that Zhao Tuo, the administrator, came to the county, and brought a large number of populations to this area. Although friction came along with the immigration, after a period of integration, the “symbiosis” thought from the ancient Chinese mainland harmonized the Han people and the local south Vietnamese people and they finally reach an agreement to share resources. After that, under the sharing cultural atmosphere, the Pearl River culture integrated with the immigrant culture, slowly transforming into new kinds of distinctive characteristics in Guangfu culture (Chen et al., 2021a,b).

Guangfu culture is an intersective culture. Historically, most of the Lingnan region's population are immigrants, which means this region has conducted large-scale cultural exchanges and received most of the advanced consciousness and production technology from the north. In several major waves of migration of Chinese history, Guangdong is an important destination for immigrants. Many areas of Lingnan were unexploited due to the severe natural environment, and therefore natural resource storage was very rich. This also benefited the “new Lingnan” people due to “gold mining.” As the “New Lingnan people” came from all over the Central Plains, all the local cultural elements converged here. The blending of all kinds of cultures further enriched the content of Guangfu culture.



Characteristics of Online Education Behavior

To simplify the concept, online education is also a new form of education, it can be regarded as a kind of distance education rely on electronic devices. To carry out online education, there must be equipment that enables Internet access as the classroom or learning method is highly digitalized. It is a new education behavior under this new era. Its form is highly digitalized, coupled with complete network interactive characteristics (Huang et al., 2015; Chen et al., 2020a). It can be characterized as the following:

1. Open nature: The first nature of online education is openness, it is the basic characteristic of online educational behavior. The base of traditional education is in school, school education methods and learning resources are limited and very few universities own the ability to serve as a scientific research sample. There is no doubt that once online education becomes universal, it will serve all classes of society. That is to say, primary school students can also learn college context by simply opening a courses website to be taught a certain theory. This is true zero barrier era for all learners. In addition, the educated population will also increase. But the scarcity of teaching resources and costs are deteriorating, educational resources and information will become a scarce resource that will have to be shared. In 1999, the Ministry of Education initiated the Action Plan for Education Revitalization of the 21st Century for HP National Education. Even though the number of universities has tripled in 13 years, The Opinions on Comprehensively Improving the Quality of Higher Education issued in 6 April 2020 by the Ministry of Higher Education also reflects the shortage of university resources that might increase the education budget. However, if online education is popularized, then universal study will be become people-centered again. The purpose of online education is to let everyone have an equal learning opportunity and right.

2. Extendibility: The extendibility of online education is a functional characteristic. Those well-known universities commonly practice recruitment from the best high schools; this kind of practice can even begin in middle school. These schools collect all the good educational resources, integrate a good teaching mode, concentrate on education and the best students to achieve good results, and get their students admitted to their ideal university. But this kind of model only benefits a small number of talented students, only a few students can enjoy quality teaching services. On the other hand, online education can fulfill in-time communication, online interaction and take advantage of other technologies, and transfer high-quality educational resources to under-developed areas and all around the world. It can provide learners with better and richer choices (Huang et al., 2012; Chen et al., 2021b). The top universities and the best middle schools will not waste educational resources and financial allocation as these education resources can be shared online, anytime and anywhere. This extension of education reflects the concept of modern education, online education, as a new idea of education development.

3. Flexibility: As mentioned above: “anytime and anywhere.” Flexibility is another important characteristic of online education. The Internet is developing rapidly. Fifteen years ago, it was not very popular, the content was plain and transmit paths were relatively single, even though online education could be conduct by that time, it was quite boring. But today, as long as you process a mobile phone, you can learn anytime and anywhere with joy. By using the “cloud technology” and large databases, online education is given a richer, more flexible content and meaning. Online education will slowly overthrow traditional education. To break the barrier of a university, introducing a more flexible trend to the enrollment mode management, school status management, talent training program, learning mode, and curriculum mode is beneficial.

4. Intermediation: The learning characteristic of online education is communication, which is intermediary. Online education learning often relies on Internet technology, communication technology, etc. There are various high-quality educational resources which are yet to be put online. With the development of “cloud” technology and with the help of new technology, such as artificial intelligence, long-distance education projects might be able to be carried out. Therefore, today, each node in modern online education, such as registration, teaching activities, homework assignment and submission, and online interaction between teachers and students are actually inseparable from the intermediary role of the Internet (Liu et al., 2014; Lin et al., 2020). The traditional form of school education might also apply electronic technology, but it is more independent than online education when it comes to Internet reliance. So, without the intermediary role of Internet technology, online education will be void.

5. Manageability: Management ability is indispensable to online education. After years of study, there is a set mode of interpersonal management, but how to manage the openness, extensiveness, flexibility, and mediation of online education remains a question. This problem gives management research a new challenge. Online education is a new education behavior mode. Therefore, the management of online education must be suitable for all the characteristics mentioned above.



Local Culture and Education Strategies in Colleges and Universities

Local traditional culture is an important part of traditional Chinese culture, it has unique cultural complicity and ideological feelings to precious cultural heritage. The key to carry traditional culture forward is to dig deeper, sort out, develop in practice, and innovate in inheritance. The new era gives colleges and universities a new historical mission, and we must undertake the important responsibility to carry that forward, to lead and to inherit the local traditional culture. University is an important subject in carrying forward Guangfu culture. As a cultural institution, one of the functions of universities is to choose and criticize, inherit, and innovate traditional culture, so as to realize the goal of cultural education and leading advanced culture. In any era, the culture of any country is its essence. The inheritance of culture by colleges and universities does include choice, colleges must inherit and carry forward the traditional culture selectively (Chen et al., 2020b, 2022). Higher educational institutions need to choose and inherit advanced and conceptual value content according to their own value trend and value concept. These institutions inherit and carry forward the essence of the times and ethnic culture. Local universities should critically choose local traditional culture, selection and criticism are the promises for local universities to inherit and carry forward local traditional culture.

(1) To build up the leading role: Colleges and universities play leading roles in promoting the Guangfu culture. What they need to do is manifested in the excavation, mining, and refining of the spirit of Guangfu culture, reshaping of the cultural characteristics, and the pursuit of cultural harmonious value in the new era. To enhance the leading role of local colleges and universities, we should start by cultivating school cultural confidence. First of all, we need to improve the cultural confidence of school leaders. Only through the comprehension and consideration at the leadership level can we establish an institutional guarantee, a long-term mechanism of university cultural confidence, and cultural consciousness of Guangfu culture to ultimately serve local economic and cultural development. Secondly, we need to improve the cultural confidence of teachers. Teachers play a crucial role in inheritance, continuation, and innovation of Guangfu culture education. Teachers must take culture inheritance as their own responsibility, to absorb outstanding foreign culture to help with the development of Guangfu culture, cultivate students' cultural quality and cultural realm (Ye et al., 2019, 2021). Integrating online education with Guangfu culture is necessary. Third, enhancing students' cultural confidence is vital. We need to develop students' appreciation of Guangfu culture, guide students to analyze, conduct concept guidance, and correct behavior methods. Cultivating students' common value of culture inheritance is important, so that college students can form a higher degree of cultural confidence on the basis of a shared cultural resource (Zhang et al., 2013; Zhou, 2014).

(2) To formulate a feasible target system: A scientific target system is a necessary strategy for universities to promote Guangfu culture. To carry forward and inherit the Guangfu culture, universities should establish the basic goal of establishing and promoting the Guangfu cultural management mechanism, improving the infrastructure of Guangfu cultural displays, and elevating the cultural sense of teachers and students. We need to establish an institutional guarantee system with the joint participation of the whole school, and make it a consensus and unified action. In a healthy cultural environment, we should be able to absorb the nourishment of Guangfu culture, and to achieve the goal of a strong cultural environment (Fu et al., 2022).

(3) To build a well-oiled mechanism: Building a well-oiled mechanism is the promise for universities to carry forward local traditional culture. First of all, the guidance mechanism should be established, guided from the leadership system and in the ideology aspect, reflected in the school orientation, talent training, study style construction, school style construction, training discipline, construction, etc. It should be guaranteed thanks to the management mode and team structure. Secondly, we should establish an interactive mechanism and adhere to the concept of cultural education. Based on the integration and interaction of university cultural construction, coordinating development direction, strengthening the interaction and integration of different majors, and promoting coordination and reference between disciplines to realize the cultural construction and development of universities in the form of cultural interaction assisted by each other is vital (Zwicky and Vogel, 2006).

(4) Improving the overall cultural quality of the school: Unique cultural literacy is the core competitiveness of universities. The cultural accomplishment of colleges and universities come from cultural construction. Inheriting and carrying forward traditional culture is the cornerstone of university cultural construction. Advocating academic quality is the value of high school cultural quality. To carry forward the Guangfu culture, we should adhere to a rational and independent academic thinking pattern and study. Having school management helps academic services improve the cultural quality of local universities. First of all, we should establish the university's spirit of seeking truth and rational criticism, and cultivate a cultural and ecologically friendly environment with the university spirit as the core. Then this cultural and ecologically friendly atmosphere can permeate into every aspect of university cultural construction. Secondly, we should reflect the orientation and philosophy of the university spirit and ideology pursuit, standardize the quality and characteristics of talent training, guide the direction of school development, and improve the quality of running schools (Chen et al., 2012; Bibi et al., 2016).




ANALYSIS OF ONLINE EDUCATION OF GUANGFU EDUCATION

Any website's development, before entering the coding stage, needs to analyze the demand of their target client. Demand analyzing work plays a very important role in the software development process. To code, there must be a clear vision of the website's functions and services attractive to the website users. These are the premise of developing a success website. The demand analyzing of the Guangfu Culture Online Education platform started from the NetEase cloud classroom, a relatively successful online education platform, which conducted a detailed demand analysis by listing its advantages and disadvantages. Today, the online education industry is developing rapidly in China. There are a lot of widely known online education platforms arising in China. These platforms also attract millions of learners to learn through various forms and each platform has different learning priorities. In the initial phase, the Chinese online education industry mostly referred to the existing successful cases of the United States. But in recent years, education platform development with distinguished Chinese characteristics has gradually emerged. The technical methods and curriculum forms are diversified. For example, live broadcast, video recording, test question library, course online comment, courseware download, interactive question answering, questionnaire survey, and tracking learning can all be forms of online learning. In the research process, this article analyzes the “NetEase Cloud Classroom,” a representative of online education platforms in China.


Analysis of the Existing Online Education Platform

In 2012, the “NetEase cloud” classroom platform was established, which was relatively earlier than its competitors. It mainly provides independent network teaching services. According to the NetEase cloud classroom introduction in their “about our” pages: No matter which crowd you belongs to, no matter if you have graduated from university or are just starting, or if you require these kinds of skills at work, “NetEase Cloud” classroom is hoping to help whoever needs to learn. Many high-quality courses are available in “NetEase Cloud Classroom” and quality learning services are available as customers wish. Finally, their aim is to meet the core needs of learners to set and establish a learning curriculum. NetEase established “my cloud classroom,” as shown in Figure 1, offering options such as “online courses,” “completed courses,” and “collected courses.” Through these three services, learners can record their lifelong learning behavior data.


[image: Figure 1]
FIGURE 1. Demonstration for website development.


Through analyzing the existing relevant resources and platforms on the Internet, we have found that the advantages and disadvantages of online education platforms on the Internet are uneven, and the focus of each platform is different. This article has sorted out the advantages and disadvantages of the existing online education platforms, which are listed as follows: The advantages of existing online platforms are quite obvious. (1) The user experience is very smooth: The UI design of various mainstream online education platforms on the Internet is first-class, they can provide their users with a great learning experience. (2) Convenient, easy, and smooth operation. This feature should be adapted in the Guangfu cultural online education platform. Disadvantages of many online education are not outstanding. (1) There is no educational significance in many courses of mainstream education platforms, they are mere entertainment or sensationalism. (2) There is hardly any interaction between teachers and students, which during online courses, is hard for teachers or students to pay attention to. The Guangfu culture online education platform through the establishment of a BBS module can effectively solve this kind of problem.



Division of the Guangfu Cultural Online Education Platform Module

We initially divided the Guangfu cultural online education platform into three major modules, which are: The background management module, the user operation module, and the forum module. Ordinary users can only operate the user operation module, while the background management module is operated by management personnel, which allows them to use higher authority in the background management module to add, delete, and check the data sheet. The forum module is oriented to all users and can be posted and discussed in the forum. The system rights of the whole platform are divided into three kinds: Ordinary users, teachers, and administrators. The operation flow of the user operation module is shown in Figure 2.


[image: Figure 2]
FIGURE 2. Map of the user operation flow module.


There are three main states: The watching process of the course, completion processing, and the completed progress. Once the user subscribes to the course, the ID of the course will be added to the user table, with information for each episode of the course. The course completion progress is divided into: Completed, ongoing, pending, and expired. Expired refers to when the user fails to complete the course within 3 months from the beginning of watching the course. The set completion progress is divided into: Completed, ongoing, and submission. The general operation flow of the forum module is shown in Figure 3.


[image: Figure 3]
FIGURE 3. Operation flow chart of the module forum.


After users log in to the BBS, they can view the posts of other users in the article reading area and recommendation discussion area, in which they can also search for their interested posts according to keywords. Under the post, their comments can be deleted and edited, users can also post a comment under their own post. The administrator has the right to supervise the posts of the forum. For example, good posts should be highlighted, disruptive posts needed to be deleted. These behaviors are aimed at the operation of the post and designed to manage the post module. The general operation flow of the background management module is shown in Figure 4.


[image: Figure 4]
FIGURE 4. Flowchart of the background management mode.


After logging in, the administrator can add, delete, and check the four tables: The course information, the user information, the question library, and comment information. The system records the number of logins on the same day, the number of active users on the same day, the current number of online users, etc.



Analysis of the Use Cases of the Guangfu Cultural Analysis Online Education Platform

The first use case is of the user under the operating module, which is divided into two permission roles: The teacher, as the course publisher and the ordinary user. The use case diagram of the ordinary user is shown in Table 1 and Figure 5.


Table 1. User operation cases.
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[image: Figure 5]
FIGURE 5. Operating flow of the ordinary user.


The use case diagram of the teacher's course publisher permission is shown in Table 2.


Table 2. Administrator operation use cases.

[image: Table 2]




IMPLEMENTATION AND TESTING


Code Realization of the Guangfu Cultural Online Education Platform
 
Video Playback Code Implementation

For an online education platform, course video playing is an important teaching strategy. The development of the Guangfu Culture online education platform applied the JMF standard, launched by Java to realize the video playback function. The advantages and disadvantages of the JMF components are obvious. This component is versatile, while its visual effect is average. Due to the limited technical level, third-party video playing components could not be used here to further illustrate this function. During the development process, many difficulties were encountered, one of which was how to verify the user's mobile phone number at registration, that is, to realize the SMS sending function. A lot of information was gathered, after which an API interface was provided by the operator to complete this effect.



User Login Filter Implementation

Filters can filter the user's login request. In this platform, if the user did not log in and view the JSP page directly, the system gave prompts and jumped to the landing page.

In addition to the SSH framework, C3P0 data sources, AJAX, and many third-party interfaces were used in the development process (this code is not displayed). The flowchart of the program is shown in Figure 6.


[image: Figure 6]
FIGURE 6. The SSH framework.





Online Education and Artificial Intelligence Platform Testing

After completing the development, the Black Box test method was used to comprehensively test the functions of the whole platform. The following two functions of posting and posting in the forum module were used as examples. Manual operation and using the idea of a causal map in the Black Box test mainly tested whether the function of the target platform could meet the requirements or not. A total of 2,065 students in school took the test and more than 3,000 other samples outside the school were also included.


Test Forum Posting and the Post Function

After testing, the post posting function of the forum module is normal and can be put into use as shown in Table 3.


Table 3. Test forum comments and posting functions.

[image: Table 3]



Test Feedback and Limitation

The system ran through a series of tests before the official opening; a few bugs were detected in the testing process and the error rate was under 0.1%. Most of the errors emerged in the interactive comment summiting process, the sensitive words shielding setting might hamper students from summiting if such words are used, even if sentences are made from such words. During the official running, 2,065 students in our school and more than 3,000 other samples outside the school participated in the official test, the favorable rate was 85%. More than 12,000 people outside the systems also read about our sources. Our system has proven its high efficiency via the test, but it is still confined to the current website learning mode. The teacher-student communications still deeply relied on wires and the device will greatly influence the knowledge imparting process. Our system's operation has great reliance on website stability, there is no backup operation platform for our system.





CONCLUSION

In today's society, material consumption has greatly increased compared to 20 years ago, so the spiritual level should be elevated as well. Realizing the “Chinese dream” is an ongoing challenge, but if Chinese people leave out traditional culture and forget their roots in this pursuit, then they are no longer who they are. The spread of traditional culture should become an industry, to form a pattern. Traditional culture should not be seen simply as a research subject, there should be experts and scholars from different fields to participate in traditional culture modernization via the communication industry. On the other hand, every great progress in various research fields has come from something that has not yet been explored, especially for the development of “Internet +.” Today, in the electronic industry, everyone is looking for Internet development from an undeveloped aspect, trying to occupy the unknown market. The spread of traditional culture through the Internet is undoubtedly a good opportunity, once there is a successful case, various firms will be encouraged to engage. By that time, the spread and development of traditional culture will certainly enter a golden age. This platform contribution has been proven to be effective in the 5,056 samples in traditional culture education, and as the Internet is developing faster than before, it will provide a larger user base. The users in the platform have a longer study time, compared with non-platform users, and can mesmerize traditional culture knowledge better than non-users (21.5% higher in the performance test). The performance of students and the platform's efficiency have great reliance on the devices.

In a word, to have a clear vision for the online education industry, we should summarize the characteristics of Guangfu culture and design a suitable set of curriculum framework and teaching systems for “Guangfu culture.” In future work, teacher professional knowledge upgrades are particularly important in order for them to cooperate with government policies, media guidance, university research direction, We-Media propaganda, etc. To attract society's interest for Guangfu culture, we need to recognize its importance and attract people's interest in learning it.

The 21st century is an era of information explosion, and it is also an era of knowledge economy. With social progression and development, there is increasing demand for knowledge and people should accept different new things, such as traditional culture. As the saying goes, “to live and to learn” is getting more realistic than any previous era. Lifelong education has become a representative characteristic of this era, and more and more people tend to obtain their knowledge from the network, yet it is hard to distinguish a really practical platform. The impact of online education on individual education environments will have the following characteristics: First, the concept of a global village, explosive information, and global resources sharing driven by the Internet have become prevalent. Second, the performance mode of curriculum design is more and more diverse. Education modes have moved from reality to virtual. Third, students' learning mode is transforming to self-supervision and self-discipline learning. The interaction between the online educator and learners is mainly through the Internet, from which they can find the knowledge information that they need. Nowadays, with the continuous development of information technology, network teaching is an inevitable practice. It is a good medium and carrier for the popularization, democratization, and longevity of education.

Now, by smoothing out the ideas, the inheritance and innovation of the “Guangfu Culture” should be organically combined with new media. Even if there are some drawbacks, it is inevitable for the traditional culture to meet the needs of the developing times and realize the transformation of the times. The modern transformation and innovation of Guangfu culture needs to be jointly promoted by experts and scholars with a strong sense of responsibility. The culture is of one soil and soil breeds one side, and one culture affects the economy of one side and creates talents of one side. Guangfu culture is the root of the Pearl River Delta region, it is the emotional support of Cantonese people in today's rapid economic development environment, it might benefit social and economic aspects greatly.

It is unforgivable for us to forget our tradition. Missing the tradition is missing the spirit. Lacking the Guangfu culture is missing the “Cantonese spirit.” Therefore, the development of modern Internet technology and convenient and fast communication is actually an opportunity for us to create a good platform for traditional regional culture to thrive in this modern age.
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This study is based on the background of how artificial intelligence (AI) technology is applied to the field of creativity and design education to improve the design vision, teaching methods, and actual design productivity of practitioners. The purpose of the research is to compare traditional design education and new design education methods combined with AI technology. Taking the Technological Pedagogical Content Knowledge (TPACK) technology integration model as the starting point, a comprehensive evaluation is selected for different types of research to explore the animation design professional courses in design education, the content of students’ perception preferences, and the evaluation of ease of learning so as to conduct research and analyze AI technology. Design new education strategies and practice methods under the background. In the research, a comparative experimental study was conducted on 40 first-year students majoring in animation design. The results show that through online design studio project practice, with personalized project learning guidance, the learning needs of students to show a better trend, and customized learning and project practice content can enhance the learning experience and performance of students. In the future, we can further expand the scope of analysis, include more case studies, and conduct more comprehensive research, including how to deal with the expansion of the platform for students’ learning of design in situations similar to coronavirus disease 2019 (COVID-19) that profoundly affects our lives, and how the project is applied in practice.
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INTRODUCTION

Artificial intelligence (AI) technology has a broad application prospect in the design field. With further penetration of big data technology, three-dimensional (3D) printing technology, virtual reality, and augmented reality technology (Oliver, 2003), digital technology, and design art are showing a trend of high integration. In China, some colleges and universities combine basic programming software, such as Processing and Arduino, with the teaching of design professional courses to deal with the combination of digital technology and design. With the in-depth application of AI technology, the design field will be driven to make greater changes in the artistic presentation of design. These changes not only require design practitioners and learners to face adaptation as educators also face technological changes at the level of design education. Challenges from learner behavior, teachers’ teaching methods, and teaching strategies, such as learning new digital skills and using AI technology in teaching, refer to the use of AI system suggestions. Therefore, in the context of AI technology, many key issues, such as the effectiveness of technical performance, learning pedagogy, user experience, learning environment, and interactive content, need to be resolved. Through an online design studio based on a mature design studio education strategy, the use of AI technology is used to carry out teaching activities and related design project practice and explore whether it can enhance the learning and design practice of design students. In order to assist educators in making decisions and adjusting teaching methods to solve problems, we should design a new strategy that adapts to new technologies and can specifically and effectively be implemented in education.



LITERATURE REVIEW

In the field of art and design, the development of the times and the needs of society promote the continuous production of new types, styles, and branches in art design. At the same time, a series of cross-professional, multi-disciplinary, and major social and cultural themes have emerged. The comprehensive design has become a new “landscape” in the design field with its diversification of cultural elements, richness of structure, crossover, and comprehensiveness of forms and techniques, etc. (Jing, 2020). As early as 2003, the art experience of the traditional virtual art design and virtual reality art design has been demonstrated. Later, a comparative study of the traditional virtual art design and the current new media art design was conducted in terms of aesthetics and styles (Oliver, 2007). The evolution of interactive art design, intelligent art design, and creative ideology from 1964 to 2011 expands the role of intelligent factors in art design in the future. A 2016 portrait of Edmond Belamy created entirely by AI explores the relationship between art design and AI. Artists, such as Mario Klingemann, reconstructed artificial neural networks and used AI recognition technology to imitate many works of art masters to create a self-portrait called 79530 (Adhikari, 2016). In addition, there are many studios and laboratories, artists, designers, and artist groups dedicated to the research of future art and design, and they are carrying out AI art design practices. For example, the Australian artist Stelare is committed to the creative research of intelligent robot behavior art design, mainly combining intelligent robots and humans, and then controlling the artistic creation of human behavior. Are also engaged in the artistic creation of intelligent robot performance. In addition, Ahmed Elgammal, under the influence of AI technology, cloud computing, and big data background, thought about how to use AI technology to achieve high-quality and efficient visual design creative output. He also thought of how to use these technologies to help design a series of questions, finally how to achieve a more reasonable visual design and serve the purpose of a larger range of service objects to a greater extent, and thus launch a series of explorations (Archer, 1979; Arzarello et al., 2002; Archambault and Crippen, 2009; Doering et al., 2009; Comas-Quinn, 2011; Cowan, 2013; Baltacı, 2014; Fleischmann, 2015; Goertzel, 2015; Bagli and Serifoglu, 2021).

In the field of education, facing the ever-changing globalized world, it is necessary to constantly adjust and reflect on the mission and profession of teachers in accordance with the various new requirements and challenges. At the teacher level, the development of professional activities is affected by many factors, including the speed and depth of technological development. The development of technology will put forward new requirements for the roles of teachers in professional activities, requiring teachers to actively respond to external factors. Environment to achieve a role change (Chen et al., 2021). With the rapid development of a new generation of information technology represented by the Internet, big data, and the Internet of Things, international economics, technological and cultural exchanges, and cooperation tend to be more comprehensive and in-depth. In the context of this era, promoting the intersection and integration between design disciplines and other disciplines has become the main way for world-class universities to promote design innovation and cultivate high-quality compound innovative talents. This has created new challenges for the current teaching methods of teachers. Facing the higher demands of the development of the times, the current art design education has not really changed from “discipline-oriented” to “problem-oriented,” and the comprehensive art design education concept has not been implemented. Comprehensive curriculum construction and teaching design, system construction of comprehensive design education, diversified comprehensive talent training model, etc., still face many practical problems, which are worthy of further research and exploration. The research of AI art design theory mainly includes knowledge of the background of the AI art design, the relationship between AI technology and art design, and the artistic thinking of artists under the background of AI technology. However, similar research are often scattered. There is not a single book named after AI art design and there is no complete theoretical system for the research objects, characters, and methods of the AI art design. At the student level, it is believed that in universities, students can participate in scientific research under the guidance of professors, and thus obtain a lifelong subject thinking mode. As far as design education is concerned, the cultivation of the design thinking mode of the subject is particularly important. In addition, the integration of science and technology, art, and design makes the training goals of students need to be broader and targeted-oriented, data-tracking deep learning for students. Adaptive learning is also important for cultivating creative and individual designers. More challenging is the American architect, engineer, and futurist Richard Buckminster Fuller put forward the concept of “design scientist.” He believes that a “design scientist should be a generalist who can fully consider the production and Social connotation, not just considering the design of the product itself (1965).” In the book “Design Revolution: Earthship Spacecraft Operation Manual,” it is proposed that “synthesis” is a nature of mankind, which is different from all other creatures. It opposes excessive “specialization” and uses system theory and Synergy effects to talk about human development. “All other creatures on the earth have a highly specialized nature, with the exception of human beings. Human beings have a uniquely comprehensive understanding of understanding and coordinating affairs in a certain field. If the Creator’s intention was to make humans become an expert, then he should let humans have eyes with microscopes (1969).” In terms of specific teaching methods, with the application of AI technology in the education field, the traditional one-to-many teaching model can be changed, and new teaching methods such as one-to-one online teaching can be tried (Lei and Guochun, 2019). Especially in the face of extreme environments, such as the coronavirus disease 2019 (COVID-19) pandemic from 2020 to the present, the importance of changing the teaching mode and adopting online teaching methods has been highlighted (Pierson, 2001; Komis et al., 2007; Morsink et al., 2011; Kabakşı-Yurdakul et al., 2012; Rienties et al., 2013; Kirkland, 2014; Oakley and Pegrum, 2015; Hilton, 2016; Kihoza et al., 2016; Shah et al., 2017; Shadiev, 2018; Kemp, 2019; Seifi et al., 2020; Hsueh et al., 2021; Hughes et al., 2021; Jaspers, 2021; Özgen et al., 2021).



RESEARCH METHODOLOGY AND RESEARCH PROCESS

With the development of technology, especially the widespread application of AI in the field of education, people have gradually realized that as a technological science, AI will affect the concept of talent training, innovate university teaching concepts and methods, and have an impact on the traditional education environment. Therefore, technology integration has gradually become a way to analyze the education process and solve educational problems. In line with this, some classic technology integration models have been formed from this. In America, Mishra and Koehler (2006) introduced the subject teaching knowledge model, TPACK (Technological Pedagogical Content Knowledge), integrated technology proposed the widest application and the greatest impact. In the context of AI technology, discussions and experiments take the TPACK (Figure 1) technology integration model, a path test, as the starting point to design education strategy research (Shulman, 1986; Shulman, 1987; Trigwell et al., 1999; Tawil and Locatelli, 2015; Tuncer and Bahadır, 2016; Tondeur et al., 2017; Soyupak and Bagli, 2019).


[image: image]

FIGURE 1. New strategies for designing education under the background of artificial intelligence technology.


The specific method is based on the traditional design studio as the center, integrating the TPACK technology integration model, building an online design studio for teaching, and combining design project practice. Design studios have long proven to be an effective way to carry out design teaching. Because design education has its own unique attributes, the parallel teaching of design practice and theoretical knowledge will have a good tacit understanding. In addition, the design studio is also closer to the actual form of design work. Polanyi (2009), the creator of the studio concept, believes that certain types of knowledge cannot be transmitted or expressed through oral communication. In a similar way, Uluoğlu (2000) explained that people will only learn design through explanation if it is just to obtain a specific technology. In addition, the design studio provides students with a realistic experience by introducing hypothetical design issues to students (Tovey, 2015). Although the advantages of the studio are obvious, it is not possible to learn and practice in the same environmental space in the face of some extreme situations such as COVID-19. Also, under the rapid development of technology and technology, the design is constantly integrated to produce new types, new styles, and new branches. Design learning needs to be cross-professional, multi-disciplinary, and other issues. Research through the establishment of an online design studio project, with a new position assisted by AI technology, was used to raise questions and discuss from multiple angles, such as the following questions:


•How to implement design teaching based on the online format?

•How to ensure that students master design-related terms?

•How to import specific design project practices, and how to adapt different types of projects to the same process?

•How to establish specific learning needs through the direction of interest, and personalize learning content based on this?

•Extreme social cases and environments, such as COVID-19?

•What is the basis for online design studios to replace traditional teaching, and whether there are related sharing and conflicting effects with other commercial platforms?



To solve these problems, online scene construction is adopted for making clear learning plans according to the students’ interests of themselves, whilst customized learning content and design practice projects are applied as learning resource and guidance for improving their teamwork efficiency of joint design. With traditional design work on site other than deductive learning indoors involved, the students are supposed to integrate concept and knowledge of design, and form a good habit of self-driven learning as well. From theory to design practice, to operational practice, a relatively complete design professional education system is formed, thereby forming a set of comprehensive design teaching education strategies and deep learning methods in design education.

We selected 40 students from the first year of animation design major and chose comprehensive evaluation as a method to identify and synthesize future design education trends from different types of research (knowledge concepts, design thinking, design concept system shaping, knowledge, and thinking transformation, analysis and comparison of project process planning, project implementation, teamwork, and other aspects). Combined with 10 specific design projects, the project was used to conduct a comprehensive analysis of problem identification, document retrieval, data evaluation, data analysis, design ideas, methods, paths, and tools. The following is an example of a specific design project:

In the implementation of the project, the integration themes carried out by the online design studio are as follows (Figure 2):


•Basic design education methods.

•Early design practice experience and interest integration.

•Facing the commercial needs of the front line of society.

•Adaptive learning of advanced technology driven by students.




[image: image]

FIGURE 2. Implementation integration of online design studio.


At the level of the implementation, details of the project design, the perspective, ideas, content, paths, and methods are gradually advanced (shown in Figures 3, 4 for the implementation details of the project design). To construct a broad model. With the integration of data and technology, even if AI does not understand aesthetics, it can also adopt the formulaic (standardized) design. This is through the use of regular models and restricted parameters that are mass-produced, including more elements such as history, culture, environment, emotions, etc. This integration can also carry out the perfect interdisciplinary and comprehensive design. The solution can evolve based on such a model, redefine the new standard of the problem, and help generate new design education strategies and practices.


[image: image]

FIGURE 3. Design project process import.
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FIGURE 4. Design project implementation details.




RESULTS

Forty students used the online design studio to carry out 10 practical design projects. Seven of the design projects were basic and three were comprehensive. Through the evaluation of six enterprise experts, the quality of eight studies was rated as “good” and the quality of two studies was rated as “fair.”

The research results show that the new online design studio education strategy is adopted. Students locate their learning needs from the direction of interest and conduct customized content learning, including choosing different design projects for practice, from theory to project implementation and completion. With personalized learning guidance, students’ learning needs show a better trend. In addition, customized educational content can enhance students’ learning experience and performance. For the cultivation of students’ design thinking, the establishment of learning interest directions and goals, the cultivation of thinking, and knowledge integration capabilities have a good improvement and long-term learning effects. In a highly open online format, each student could view the learning and project implementation of different teams. In the project, students start to learn adaptively, choose customized content with high learning interest, and can collaborate in a team for fruitful discussions.



DISCUSSION

Early educational experience and vertical integration are very helpful to promote effective lifelong learning, but in future design education, we should focus on strengthening the learning of art and technology and teamwork. In the specific design and learning of students, it is necessary to emphasize the collaboration between humans and AI. This study uses the TPACK model to conduct original experiments and conduct new technical docking on the basis of traditional design education. At the same time, the application and discussion are diversified, which makes the connection between students and specific commercial projects more convenient. The traditional design education courses which have established and implemented similar educational strategies, may be fruitful.



CONCLUSION

The difference between AI and other digital technologies is that they can greatly reduce the cost and time of design and development. In this research, we explored online design studio education and opened a window of design education strategies. This research shows that online design studios built using AI technology have not undermined the principles and results of education. On the contrary, it further develops educational strategies by obscuring the traditional limitations of scale, environment, time, and collaboration. To achieve a human-oriented form of education, it can provide personalized learning guidance for everyone, provide customized educational content, and continue to improve as needed. It can also analyze user data according to personal circumstances, improve students’ learning experience and performance, and enhance creativity by expanding the scope of design practice. However, the development of design education in online design studios breaks the limitations of time and space and is completely different from previous education methods. We introduce TPACK to discuss this transformation and help capture the nature of education under the new AI technology. With the addition of AI technology, educational issues, especially educational data mining and student performance prediction, have been transferred to algorithms. Through deep learning, we can continue to innovate and find better solutions.

In terms of team cooperation, the online design studio center plan enables students to better cultivate team spirit, complete design project practice through online collaboration, and use high-tech for personalized learning, social interaction, and access to a large number of design resources. The online design studio can also expand design horizons more conveniently and effectively improve design efficiency. The application of AI technology is not to replace human teams, but to emphasize the collaborative relationship between humans and AI, and to create new ways of cooperation between AI and human teams.



SUGGESTIONS FOR FURTHER STUDIES

When AI technology began to change our traditional design education, the design studio was created as an online open learning platform where students had the opportunity to express their views freely and exchange ideas with different teams. In exploring new strategies and practices of design education, future studies could explore how to use a certain teaching format to encourage them to share and express ideas. In future studies, they can also collect feedback by adding more time and data. The scope of analysis can be further expanded by collecting responses of students to this stage of the project as qualitative and quantitative data, including more different types of cases, and conducting more comprehensive research, including situations similar to the COVID-19 pandemic. Future research may also discuss more of how to deal with the platform expansion of design learning of students and how to apply the project in practice so that students can fully grasp the time of project design and be more creative.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

PL: software. TT: conceptualization, methodology, data curation, and writing—original draft preparation. QT: visualization and investigation. All authors contributed to the article and approved the submitted version.



REFERENCES

Adhikari, A. (2016). AI Art is on the Rise–but How do We Measure its Success[J]. London: Apollo.

Archambault, L., and Crippen, K. (2009). Examining TPACK among K-12 online distance educators in the United States. Contemp. Issues Technol. Teach. Educ. 9, 71–88.

Archer, B. (1979). Design as a discipline. Des. Stud. 1, 17–20. doi: 10.1016/0142-694X(79)90023-1

Arzarello, F., Olivero, F., Paola, D., and Robutti, O. (2002). A cognitive analysis of dragging practises in Cabri environments. ZDM. 34, 66–72. doi: 10.1007/BF02655708

Bagli, H., and Serifoglu, T. (2021). Product hacking as a systematic intervention: towards new strategies and platforms in design education. Int. J. Technol. Des. Educ. 5, 1–24. doi: 10.1007/s10798-021-09693-3

Baltacı, S. (2014). An Investigation of the use of Dynamic Mathematics Software in Teaching the Concept of Locus in Terms of Contextual Learning. Ph.D Thesis, Turkey: Karadeniz Technical University.

Chen, C., Chen, L., Gan, W., Qiu, L., and Ding, W. (2021). Discovering high utility-occupancy patterns from uncertain data. Inf. Sci. 546, 1208–1229. doi: 10.1016/j.ins.2020.10.001

Comas-Quinn, A. (2011). Learning to teach online or learning to become and online teacher: an exploration of teachers’ experiences in a blended learning course. ReCALL 23, 218–232. doi: 10.1017/S0958344011000152

Cowan, P. (2013). The 4I model for scaffolding the professional development of experienced teachers in the use of virtual learning environments for classroom teaching. Contemp. Issues Technol. Teach. Educ. 13, 82–98.

Doering, A., Veletsianos, G., Scharber, C., et al. (2009). Using the technological, pedagogical and content knowledge framework to design online learning environments and professional development. J. Educ. Comput. Res. 41, 319–346. doi: 10.2190/EC.41.3.d

Fleischmann, K. (2015). The democratization of design and design learning–how do we educate the next–generation designer. Int. J. Arts Sci. 8, 101–108.

Goertzel, B. (2015). Artificial General Intelligence: concept, State of the Art, and Future Prospects. J. Artif. Gen. Intell. 5, 133–134. doi: 10.2478/jagi-2014-0001

Hilton, J. T. (2016). A case study of the application of SAMR and TPACK for reflection on technology integration into two social studies classrooms. Soc. Stud. 107, 68–73. doi: 10.1080/00377996.2015.1124376

Hsueh, S. L., Zhou, B., Chen, Y. L., and Yan, M. R. (2021). Supporting technology-enabled design education and practices by DFuzzy decision model: applications of cultural and creative product design. Int. J. Technol. Des. Educ. doi: 10.1007/s10798-021-09681-7

Hughes, R. T., Zhu, L., and Bednarz, T. (2021). Generative Adversarial Networks-Enabled Human-Artificial Intelligence Collaborative Applications for Creative and Design Industries: a Systematic Review of Current Approaches and Trends. Front. Artif. Intell. 4:604234. doi: 10.3389/frai.2021.604234

Jaspers, K. T. (2021). What is Education[M]. Beijing:SDX: Joint Publishing Company.

Jing, S. (2021). Comprehensive Art Design Education Research. Ph.D thesis, Beijing: CNKI.

Kabakçı-Yurdakul, I., Odabaşı, H. F., Kılıçer, K., çoklar, A. N., Birinci, G., and Kurt, A. (2012). The development, validity and reliability of TPACK-deep: a technological pedagogical content knowledge scale. Comput. Educ. 58, 964–977. doi: 10.1016/j.compedu.2011.10.012

Kemp, S. (2019). Digital Trends 2019: Every Single Stat you need to Know about the Internet. Available online at: https://thenextweb.com/contributors/2019/01/30/digital-trends-2019-every-single-stat-you-need-to-know-about-the-internet/ (accessed on Sep 17, 2019).

Kihoza, P., Zlotnikova, I., Bada, J., and Kalegele, K. (2016). Classroom ICT integration in Tanzania: opportunities and challenges from the perspectives of TPACK and SAMR models Patrick Kihoza Nelson Mandela African Institution of Science and Technology, Tanzania Irina Zlotnikova Botswana International University o. Int. J. Educ. Dev. Using Inf. Commun. Technol. 12, 107–128.

Kirkland, A. B. (2014). ‘Models for technology integration in the learning commons. School Libr. Can. 32, 14–18.

Komis, V., Ergazakia, M., and Zogzaa, V. (2007). Comparing computer-supported dynamic modeling and “paper & pencil” concept mapping technique in students’ collaborative activity. Comput. Educ. 49, 991–1017. doi: 10.1016/j.compedu.2005.12.007

Lei, Z., and Guochun, X. (2019). Application Research of Artificial Intelligence Technology in Domain Education under Big Data Environment”. Information Sci.

Mishra, P., and Koehler, M. J. (2006). ‘Technological pedagogical content knowledge: a framework for teacher knowledge’. Teach. Coll. Rec. 108, 1017–1054. doi: 10.1111/j.1467-9620.2006.00684.x

Morsink, P. M., Hagerman, M. S., Heintz, A., Boyer, M., Harris, R., and Kereluik, K. (2011). Professional development to support TPACK technology integration: the Initia learning trajectories of thirteen fifth- and sixth-grade educators. J. Educ. 191, 3–18. doi: 10.1177/002205741119100203

Oakley, G., and Pegrum, M. (2015). ‘Engaging in Networked Learning: innovating at the Intersection of Technology and Pedagogy’. Educ. Res. Perspect. 42, 397–428.

Oliver, G. (2003). Virtual Art: From Fantasy to Immersive Experience [M]. Boston: MIT Press.

Oliver, G. (2007). Virtual Art[M]. Beijing: Tsinghua University Press.

Özgen, D. S., Afacan, Y., and Sürer, E. (2021). Usability of virtual reality for basic design education: a comparative study with paper-based design. Int. J. Technol. Des. Educ. 31, 357–377. doi: 10.1007/s10798-019-09554-0

Pierson, M. E. (2001). Technology practice as a function of pedagogical expertise. J. Res. Comput. Educ. 33, 413–430. doi: 10.1080/08886504.2001.10782325

Polanyi, M. (2009). The Tacit Dimension. Chicago: University of Chicago press.

Rienties, B., Brouwer, N., and Lygo-Baker, S. (2013). ‘The effects of online professional development on higher education teachers’ beliefs and intentions towards learning facilitation and technology,’. Teach. Teach. Educ. 29, 122–131. doi: 10.1016/j.tate.2012.09.002

Seifi, H., Chun, M., Gallacher, C., Schneider, O., and MacLean, K. E. (2020). How Do Novice Hapticians Design? A Case Study in Creating Haptic Learning Environments. IEEE Trans. Haptics 13, 791–805. doi: 10.1109/TOH.2020.2968903

Shadiev, R. (2018). ‘International Forum of Educational Technology & Society Guest Editorial: Authentic Edutainment with Advanced Technologies. Educ. Technol. Soc. 21, 111–114.

Shah, M., Philips, M., Kessler, A., Rosenberg, J., Poitras, E., Fazeli, N., et al. (2017). “The Development of Technological Pedagogical Content Knowledge (TPACK): Part 1,” in Proceedings of Society for Information Technology & Teacher Education International Conference 2017, eds P. Resta and S. Smith (Waynesville: Association for the Advancement of Computing in Education (AACE)), 2452–2456.

Shulman, L. S. (1986). Those who understand: knowledge growth in teaching. Educ. Res. 15, 4–14. doi: 10.3102/0013189X015002004

Shulman, L. S. (1987). Knowledge and teaching: foundations of the new reform. Harv. Educ. Rev. 57, 1–23. doi: 10.17763/haer.57.1.j463w79r56455411

Soyupak, O., and Bagli, H. (2019). Design thinking as a catalyst for technology start-Ups. Int. J. Res. Business and Soc. Sci. 8, 59–70. doi: 10.20525/ijrbs.v8i4.289

Tawil, S., and Locatelli, R. (2015). Rethinking Education Towards a Global Common Good. Paris: UNESCO.

Tondeur, J., Roblin, N., Braak, J., Voogt, J., and Prestridge, S. (2017). Preparing beginning teachers for technology integration in education: Ready for take-off? ISSN: 1475-5139. Available online at: http://www.tandfonline.com/loi/rte20. [accessed on Sep 15, 2017]

Tovey, M. (2015). “Design Education As The Passport To Practice,” in Design Pedagogy: Developments in art and Design Education, ed. M. Tovey (London: Routledge).

Trigwell, K., Prosser, M., and Waterhouse, F. (1999). Reliations between teacher’ aproaches to teching and students’ aproaches to learning. Higer Educ. 37, 57–70. doi: 10.1023/A:1003548313194

Tuncer, M., and Bahadır, F. (2016). Evaluations of prospective teachers according to their attitudes towards teaching profession and technopedagogic content knowledge competencies. International Periodical for the Languages. Lit. History Turk. Turk. 11, 839–858.

Uluoğlu, B. (2000). Design knowledge communicated in studio critiques. Des. Stud. 21, 33–58. doi: 10.1016/S0142-694X(99)00002-2


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Tang, Li and Tang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	 
	BRIEF RESEARCH REPORT
published: 23 May 2022
doi: 10.3389/fpsyg.2022.786314





[image: image]

Immersive Virtual Reality Serious Games With DL-Assisted Learning in High-Rise Fire Evacuation on Fire Safety Training and Research

Shih-Yeh Chen1 and Wei-Che Chien2*

1Department of Computer Science and Information Engineering, National Taitung University, Taitung, Taiwan

2Department of Computer Science and Information Engineering, National Dong Hwa University, Shoufeng, Taiwan

Edited by:
Chia-Chen Chen, National Chung Hsing University, Taiwan

Reviewed by:
Wensheng Gan, Jinan University, China
Cheng Dai, Sichuan University, China

*Correspondence: Wei-Che Chien, wcc@gms.ndhu.edu.tw

Specialty section: This article was submitted to Educational Psychology, a section of the journal Frontiers in Psychology

Received: 30 September 2021
Accepted: 04 March 2022
Published: 23 May 2022

Citation: Chen S-Y and Chien W-C (2022) Immersive Virtual Reality Serious Games With DL-Assisted Learning in High-Rise Fire Evacuation on Fire Safety Training and Research. Front. Psychol. 13:786314. doi: 10.3389/fpsyg.2022.786314

In case of fires in high-rise buildings, appropriate safe behaviors for leaving the high floors are the key to reducing injuries and increasing the chance of survival. Traditional training methods are often used to provide knowledge about a fire escape but may become ineffective in terms of knowledge acquisition and internalization. Serious games are an innovative teaching method, aiming at training and educating people in game environments. In recent years, immersive virtual reality has become popular in many educational environments. Various educational training programs are combined with serious games and attract more and more attention because they can make users feel highly involved and promote learning cognition. Therefore, this study proposed the fire safety training of high-rise building fire escape based on virtual reality and invited 140 college students to make explorations through this virtual situation. In addition, deep learning was integrated into the recommended safety training system, so that students could be trained in areas where concepts were ill-defined. According to the results, through the high-rise building fire escape training based on virtual reality, students’ fire safety skills were significantly improved and most students could use their behavioral skills in real situations, which has positive effects on promoting the development of fire escape knowledge. Finally, according to the analysis on the results of the DL-assisted learning system, some suggestions were made in this study on behavioral skills training for professional firefighters and researchers.
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INTRODUCTION

Emergency evacuation is very important in fire safety research. According to the investigation on fire injury, if evacuation can be carried out immediately after fires, casualties can be greatly reduced even if fires are not put out quickly. In addition to improper building structures, the main reason for failure to evacuate people from burning buildings in time is that evacuees made unreasonable evacuation choices due to panic or unfamiliarity with buildings (Yang et al., 2003; Lo et al., 2004). Nafiseh et al. (2021) simulated a 28-story multi-purpose high-rise building in their study and predicted the development of smoke and fire on each floor in case of fires. According to the results from fire and smoke simulations and 3D building modeling, it only takes about 400–600 s for smoke and toxic gases to fill all floors of a high-rise building. Even if the building is well designed for fire prevention, there is no guarantee that the requirements of the evacuation plan can be met. In emergency circumstances, appropriate evacuation responses and behaviors are key factors in increasing the chance for survival. People are often trained and educated about an evacuation by traditional methods such as films, posters, seminars, courses, or evacuation drills. However, these traditional methods may not be effective in spreading knowledge (Gwynne et al., 2016), because humans’ psychological reactions and physical behaviors in fires are often very complex and hard to be predicted correctly. When evacuees directly confront life-threatening situations in fire accidents, the increased stress arising from physical threats of fires often affects evacuees’ escape behaviors (Rui et al., 2021). For example, the spread of flames and smoke may cause panic and abnormal behaviors, but building decorations and lighting sometimes may mislead evacuees into choosing the wrong evacuation routes. Therefore, in order to predict human behaviors more accurately, emergency evacuation training and drills in real buildings are effective in perception. However, drills have the disadvantages of high costs, limited repeatability, and dangerousness, and evacuees are not usually provided with individual evacuation behavior assessments after evacuation drills (Gwynne et al., 2017). However, due to the rapid development of virtual reality technology, learners, by combining VR and serious games, can immerse themselves in a virtual building environment with a virtual fire scene to interact with the virtual environment and simulate the process of an emergency evacuation, which overcomes the disadvantages of actual exercises, such as high cost, limited repeatability, and dangerousness. In this case, effective learning environments should be designed, so that learners can practice the measures to take in dangerous situations. However, the immersive design is often insufficient in the virtual environment construction, so that learners cannot immerse themselves in the learning experience when experiencing evacuation, resulting in limited changes in learning attitudes and behavioral responses (Chittaro et al., 2014).

With the improvement of global building technology and limited urban space, high-rise buildings have become common in metropolitan areas. No matter they are used as a residence, commercial offices, or entertainment places, the special building structure and dense population will cause chimney effects in case of fires, resulting in rapid burning, high temperature, dense smoke, and difficulty in escape and rescue. Now, in the context of environmental changes and frequent disasters, everyone should have the basic literacy of disaster prevention, namely knowledge, skills, and attitude, and enrich them, so as to achieve the purpose that prevention is more important than cure (UNESCO, 2005). In recent years, serious games have attracted extensive attention in pedagogy research (Connolly et al., 2012). Serious games are a form of digital games, with the main purpose of training and education rather than entertainment (Connolly et al., 2009). It has been pointed out that, participants can acquire and retain knowledge more effectively by playing serious games than by using traditional learning methods (Wouters et al., 2013), and immersive virtual reality can increase people’s involvement and perception in serious games (Lovreglio et al., 2017). The study on the immersive environment is conducted in many fields but has been the most sufficient in education by far (Suh and Prophet, 2018). It can help participants retain knowledge for longer than traditional learning methods because participants can benefit from full involvement and high levels of emotional and physical arousal (Chittaro and Buttussi, 2015). Therefore, this study proposes and achieves a learning environment based on immersive virtual reality serious games for training behavioral skills on fire safety for high-rise building fire escape. Moreover, the deep reinforcement learning is imported into the level recommendation system for behavioral skills on fire safety, which can adjust the difficulty level and sequence of levels according to participants’ learning status and focus on training participants’ weak skills, so as to improve participants’ learning effectiveness and discuss the following issues:


1.How does the behavioral skills training of the Immersive Virtual Reality Serious Games with DL-Assisted Learning affect the development of behavioral skills for fire safety?

2.How can learners transfer their behavioral skills to real life through the Immersive Virtual Reality Serious Games with DL-Assisted Learning?



The rest of this paper is organized as follows. In section “Literature Review,” we introduce the state-of-the-art literature on virtual reality, fire safety training, and deep learning in education. Then, the research method is shown in section “Research Method.” Section “Experimental Analysis and Discussion” presents the experimental analysis and discussion. Section “conclusion” provides conclusion.



LITERATURE REVIEW


Virtual Reality

Virtual reality is to simulate the real world with computer-generated 3D virtual environments, and users can interact with the simulated environment through special wearable devices (Negut et al., 2016). Through head-mounted displays, users will be teleported to virtual environments to become specific virtual characters, and the position information of the head movement will be directed. With the rapid development of virtual reality technology, learners’ perception, presence, and involvement are increased and get close to the reality. In this case, learners feel as if they are part of the reality. The technology can be applied to a wide range of fields because it is flexible and can adapt to different situations. Once participants are immersed in virtual environments, they can feel that they are actually in the computer-simulated environments. Such virtual environments may become very real, making it difficult for individuals to distinguish between virtual and real worlds (LaValle, 2017). Hence, immersive virtual reality has the potential to make participants’ behave and react as close to reality as possible (Sherman and Craig, 2003).

As an ideal tool for exploration, training, and education (Psotka, 1995), immersive virtual reality can be more effective in emergency management training because it can simulate high-fidelity human behaviors (Shendarkar et al., 2008). Compared with non-immersive virtual reality, immersive virtual reality can provide good abilities to memorize and recall, enabling participants to focus on tasks due to a good immersive experience. Moreover, most participants consider that immersive virtual reality can enhance their concept of space and is one of the important factors affecting success experience (Krokos et al., 2018). In addition, immersive virtual reality experience can enhance the educational purposes of serious games, thereby making learning and behavioral outcomes more significantly and involvement higher through the particular cognitive processes (Gao et al., 2017; Lovreglio et al., 2017), and immersing learners in virtual environments, so that they can explore independently, know how to take actions and solve various problems effectively in different situations, start again even if they fail, and can promote the acquire more abilities by adjusting their responses (Buche et al., 2006). Compared with trainings in real environments, the advantages of trainings based on immersive virtual reality technology are safe operation, cost reduction, strong adaptability of situations, personalization settings of teaching suggestions according to training objectives and learners, and flexible adjustment according to the learning experience (Lourdeaux, 2001). Therefore, in some cases, it is very difficult to carry on practical trainings, such as, severe aircraft emergency experience to improve knowledge retention and psychological arousal in aviation safety trainings (Chittaro and Buttussi, 2015), or fire escape. If evacuation drills in the real world, such as heavy smoke or falling objects, are too dangerous to carry out (Kinateder et al., 2014), the combination of immersive virtual reality and serious games will be the best solution, so that participants can understand the dangers and risk awareness.



Fire Safety Training

Behavioral skills training is used to teach various skills in various situations, including behavioral skills and social skills. As suggested by behavioral skills training, trainees should stay active in learning environments and achieve mastery learning in the teaching process of behavioral skills through the structured model of explanation, demonstration, drill, and feedback (Himle and Miltenberger, 2004). Behavioral skills training is one of the effective methods to obtain natural responses to corresponding situational behaviors in case of an emergency. It can be used to teach personal safety skills to learners of all ages, so as to improve skills in kidnapping prevention, gun safety, sexual harassment prevention, wildlife injury prevention, and fire safety (Houvouras and Harvey, 2014). In skills trainings, trainees interact more actively in simulated environments, try to make mistakes in a comfortable way in dangerous situations, and modify learning experiences (Himle and Miltenberger, 2004). In this respect, it is important to create environments close to reality in behavioral skills trainings, and the lack of the sense of reality will lead to some disadvantages of these environments (Park et al., 2011). However, it is very difficult to create realistic learning environments for trainings about dangerous situations such as earthquakes (Li et al., 2017), floods (Toshio and Kodai, 2020), storms (Henriette et al., 2019), and fires (Ünal and Seyfullah, 2019). In the beginning, the use of virtual reality in learning environments is limited by emulators and high equipment costs. Now, by integrating immersive virtual reality into the Second Life, learning and training activities can be achieved in an interactive, real and secure manner. If virtual reality is used for educational purposes, learning will become fun in interactive, immersive, and engaging environments that are dangerous and impossible to be implemented and experienced in real life (Cha et al., 2012).

The case study on rescue in a smoke-filled building shows that, by comparing participants’ training effectiveness in the virtual reality training at the rescue site and in the actual construction training, participants trained in the real building perform better than those who participate in similar tasks in virtual reality (Bliss et al., 1997). Fire safety trainings in real situations are considered to be the most effective but are expensive and time-consuming (Vanselow, 2013; Buttussi and Chittaro, 2017). In most cases, it is impossible to carry out simulations in trainees’ daily working environments, because activities cannot be interrupted and unpredictable dangers may be caused. Therefore, it is necessary to transfer trainees to dedicated and fully equipped fields. Another limitation is the potential danger of such trainings, which means that fires must always be under control. In this way, the possibility of fires is limited. For safety reasons, these simulated flames always burn in oil or gas tanks, without considering the actual cause of fires. As fires may actually be caused by fuels, chemical gases, and short circuits, the temperature, colors, and smoke of flame all have special characteristics that cannot be fully experienced by trainees in actual trainings. In addition, the fire extinguishing agents used in actual trainings are polluting and their use is limited by environmental regulations. The early virtual reality technology is limited by hardware development. Now, the efficiency of computers and the immersion of head-mounted displays have been greatly improved, indicating that the immersive virtual reality has become a method to overcome these limitations. However, as we know, training in a virtual environment has gradually become the future trend. It can improve learners’ motivation and involvement, help learners to acquire knowledge more easily than the traditional teaching process (Chittaro and Ranon, 2007), make the dangerous teaching process more realistic and safer (Johnson and Levine, 2008; Freina and Ott, 2015), and has important potentials for fire safety trainings. Due to the changes in lifestyle, this study focuses on the high-rise building fires that modern people are prone to encounter and examines its contributions to fire safety skills during training.



Deep Learning in Education

Effectively instructing students in the learning process is a recurring challenge in current educational research (Minn, 2022). Whether students are trained by teachers or by an AI-assisted system, the assessment of knowledge is necessary to measure their learning outcomes, understand their learning and analyze learning effectiveness. The assessed information can be used to provide immediate feedback (Shute, 2008) and recommend personalized learning materials based on corresponding strategies (Fu and Zhang, 2013). Some research has shown that providing knowledge assessments during students’ learning can improve their motivation and learning efficiency (Bennett, 2011; Moss and Brookhart, 2019). Deep learning is a subcategory of artificial intelligence and is seen as one of the channels for providing precision education (García et al., 2007; Tsai et al., 2020). Since deep learning has the ability to develop and imitate human decision-making processes (Baradwaj and Pal, 2012) and build automated and accurate teaching and learning models, it has played a great auxiliary role in the teaching methods of adaptive education (Colchester et al., 2017). Many teachings have gradually introduced AI/DP to further assist students’ learning. Naik and Ragothaman (2004) proposed a system for predicting the performance of MBA students prior to enrolling at a particular institution. The results show that the proposed method is far superior to other statistical processes in terms of reliability and commitment. Ibrahim and Rusli (2007) and Idris et al. (2009) adopt neural networks to predict students’ academic performance and identify learning objectives. In addition, the result shows that ANNs can also be used to find out which learning objects are most suitable for a particular person. Beetham and Sharpe (2013) introduced the work of learning objects for classification based on the concept of artificial neural network (ANN). The authors employ backpropagation (BP) and self-organizing map (SOM) algorithms to establish the link between the domain concepts of the learning objects and the learning needs of the learners to provide learning objects that are suitable for each user. The results also show that teacher duties and rule-based choices can be replicated by adaptive models created using ANNs. Chocarro et al. (2021) study teachers’ acceptance of AI chatbots. The result shows that ease of use and utility plays a key role in accepting artificial intelligence.




RESEARCH METHODS

Inspired by the functions and potentials of immersive virtual reality, this study focuses on combining it with serious games and introducing DL-assisted learning technology, in order to provide information about correct evacuation in case of high-rise building fires. Due to the difficulties and potential dangers of conducting trainings in actual situations, virtual reality technology in such situations is considered a major advance as it can reduce training costs and provide safe learning environments close to reality. Most studies focus on the link between immersion and presence show that hardware that provides strong immersion provides good presence, and vice versa. However, this learning method is often the conceptual learning which cannot provide the procedural learning of actual fire extinguisher operation and fire hose laying to put out fires. Therefore, in this study, a training situation combining virtual high-rise building fire escape and real high-rise building fire drill is proposed to explore whether the interaction between conceptual learning and procedural learning can help transfer behavioral skills to real life, and it is expected that a conceptual framework will be developed based on the implementation standards and expert opinions of fire safety drills provided for system development by professional firefighters as the major achievement of this study.


Research Design and Process

In Step 1, trainees are required to complete questionnaires to assess various factors, including participants’ gender, age, gaming experience, computer experience, and fire safety experience, as well as questionnaires to assess skills and abilities. The pre-testing of fire safety knowledge should be conducted prior to the instruction of training activities, and the test is constructed with the assistance of fire protection professionals according to the teaching objectives of the training in this study. After listening to the activity instruction, participants are guided to take the training course, including procedural training with practical drills and conceptual training with virtual reality. First, an actual high-rise building fire escape drill is carried out, and participants listen to the operation instructions on immersive virtual reality serious games after a short rest, then high-rise building fire escape is simulated in the virtual reality. After the above training, each trainee is given 30 min to complete the knowledge post-test and presence questionnaire, and have a qualitative interview with the researcher.



Experimental Pre-test and Post-test

Our study assesses two learning types, namely conceptual knowledge test and procedural skill test. An experimental pre-test is conducted prior to the high-rise building fire safety training, and trainees must complete questionnaires to assess their initial level of knowledge and skills in fire safety. The conceptual knowledge test contains 10 items, with a full score of 50 points. These questions are related to theories and knowledge required in high-rise building fires, and the initial state of their knowledge is tested according to the educational objectives of the safety training, such as do you understand fire risks, do you know the chimney effect, and which fire safety equipment do you know. In the procedural skill test, professional firefighters provide pre-test situations to participants in the form of role play before the training course, to access their initial state of procedural skills in the field according to their responses to and operations in fires, such as small fires in high-rise building staircases, big fires in high-rise building staircases or escape routes blocked by big fires. The evaluation factors are the relevance and coherence of information collected by learners in the case of high-rise building fire escape, as well as decision execution order and method. Professional firefighters will score them, with the full score of 50 points and a total of 100 points.

A post-test is conducted after the high-rise building fire safety training, including conceptual knowledge test and procedural skill test as same as the pre-test. Similar to the pre-test, the conceptual knowledge post-test contains 10 items, with a full score of 50 points. Trainees must complete questionnaires. During the interviews with fire protection professionals and learners and the fire safety training, fire protection professionals verify their knowledge acquisition by observing trainees’ responses to assess their knowledge development. The procedural skill test, the post-test similar to pre-test in the form of role play, is after the training course. When the fire cannot be put out, participants’ skill development is observed and scored with the full score of 50 points and a total of 100 points.



Trainings Through Actual Drills and Based on Immersive Virtual Reality Serious Games With DL-Assisted Learning

As a part of this study, we propose a training of high-rise building fire safety. A 10-story building is used as the training situation. How should trainees respond when a fire breaks out? Escaping to a safe assembly point will be the focus of this training. In this training, actual drills are conducted to acquire procedural skills, such as laying fire hoses and using copper fire nozzles to put off fires. This skill is dangerous in operation because it is easy to hit yourself or others with wrong skills in throwing and retracting fire hoses, which cannot be experienced in virtual reality. In addition, it is difficult to set a real fire source in the high-rise building fire simulation, due to the chimney effect. Slight carelessness can easily lead to unexpected accidents. Therefore, virtual fire sources are always set, which makes trainees taken them lightly, without the feeling of immersion. Therefore, after the actual drill, it is necessary to carry out the training based on immersive virtual reality serious games with DL-assisted learning, which improves their presence in the fire.

A total of 10 situations and 5 levels, each level has two situations, are designed for the drill, and the physical drill is as same as the virtual drill. Trainees are led to their rooms in the beginning and asked to get to a safe assembly point as quickly as possible when smoke fills the high-rise residence. The training content has been verified by fire training professionals, including some wrong responses that mislead trainees, so as to judge their knowledge internalization. For example, it is considered necessary to cover your nose and mouth with a wet towel when trying to escape a fire, which is wrong in fact, because the vapor generated when the wet towel is heated may cause serious burns if inhaled into the respiratory tract. You can wear a firefighter breathing apparatus, if not, try to leave the fire site within the shortest period.

It is recommended that the trainees take flashlights. If they are not familiar with the building layout, they can look at the directions guided by the emergency escape signs on the escape plan and walk downstairs by the escape ladder. When seeing the alarm bell, he should press it to start the fire service installation. When reaching the fifth floor, he will encounter a small fire as shown in Figure 1. After that, the trainee should return to the fire hydrant on that floor, take the fire extinguisher to extinguish the fire, and then continue to escape. When reaching the second floor, he will encounter a big fire as shown in Figure 1. At this time, the trainee can choose to return to the fire hydrant on that floor, take the fire hose and fire nozzle to extinguish the fire. If the fire is too big, he can choose to return to the room, wet the bath towel to stuff the gap of the door, pour water over the door with a basin to cool it down, and find a safe rappelling tool, or choose other self-rescue models.


[image: image]

FIGURE 1. Fire safety training in this study (actual drill and reality simulation).


In each level, virtual reality serious games will give 5–10 hints according to the difficulty level of each level. Each participant needs to participate in 2 rounds of the game. The prompts in the first round are complete, and all hints will be given in the first round. In the second round, the ANN model will be used to estimate the number of hints at each level for each participant. In data preprocessing, we label the data with the help of experts. The features of these data are captured by continuously training ANN models. We convert this problem into a classification problem and adopt the ANN model to find the appropriate number of hints for participants in each fire safety training level according to the user’s reaction time, the correctness of operation, and the smoothness of operation. If the participant is very unfamiliar with the fire safety training process, it is still possible to get all the hints in the second round. However, for the more proficient users, no hints may be given. Virtual reality serious games without hints can enhance the gaming experience and further verify the effectiveness of fire safety training.

Finally, the presence is assessed with the Igroup Presence Questionnaire (IPQ) published by Schubert et al. (2001). Over the years, with the advance in virtual reality, various questionnaires for presence assessment have been developed, and the definition of presence has been constantly updated. Some people assess the presence, while others are interested in different dimensions of the presence. We choose IPQ because it has been widely used in similar studies.




EXPERIMENTAL ANALYSIS AND DISCUSSION

In order to understand the relationship between the immersive virtual reality serious games with DL-assisted learning and high-rise building fire safety skills, subjects are not limited to those with fire experience. In this study, a total of 156 questionnaires were issued to the junior students of the Institute of Science and Technology at the National Taitung University. After the incomplete questionnaires were deducted, there were a total of 140 questionnaires. SPSS statistical software was used to process the results. A one-way analysis of variance was firstly carried out, including 112 males and 28 females, with an average age of 21.02, standard deviation of 1.10 [F(3.39) = 0.53, p > 0.5], computer experience of [F (3.39) = 0.56, p > 0.5], gaming experience of [F(3.39) = 0.19, p > 0.5], expertise in fire safety of [F(3.39) = 0.34, p > 0.5], to confirm no significant differences between subjects.

In order to verify whether the IPQ scale used in this study was appropriate for the collected data, an exploratory factor analysis (EFA) was firstly conducted on the scale for necessary revision. In the exploratory factor analysis, the princip1e component ana1ysis was adopted, then the factors with eigenvalue greater than 1 were extracted by the varimax orthogonal rotations, and the questions with the factor loading lower than 0.40 were omitted. According to the results (as shown in Table 1), Question 11 was deleted for its low factor loading (< 0.40). EFA was carried out again for the remaining 12 questions. After the exploratory analysis, orthogonal rotations were abandoned and oblique rotations were adopted. After comparison, the unweighted least square method and EFA with oblique rotations were used to give a 3-factor pattern, with the total variance explained of 58.03%, to rotate to a 3-factor pattern. Projects IPQ2-IPQ6 indicated the spatial presence (SP), projects IPQ7-IPQ10 indicated the involvement (INV), and projects IPQ12-IPQ14 indicated the reality (REAL). In terms of reliability, Cronbach’s α was used to test the internal consistency. According to the results, Cronbach’s α was 0.84 for the spatial presence, 0.79 for the involvement, 0.76 for the reality, and 0.87 for the whole scale, indicating that this scale has acceptable reliability and validity.


TABLE 1. Factor analysis results of IPQ.

[image: Table 1]
And then, the effects of immersive virtual reality serious games with DL-assisted learning (presence, involvement, and reality) on high-rise building fire safety skills are explored. Hence, multiple stepwise regression is used to explore which variables can effectively predict knowledge about fire safety skills. Table 2 shows the multiple stepwise regression analysis on the knowledge about high-rise building fire safety skills based on immersive virtual reality serious games. According to the changes of the determination coefficients in Table 2, when there is the only predictive variable of presence, 38% variance of the knowledge about fire safety skills can be explained (F1,382 = 230.06,p < 0.05); after the explanatory power of presence is excluded, the addition of involvement can increase the variance explained by 9% [F(1, 382) = 67.90, p < 0.05]; after presence and involvement are excluded, the addition of reality can increase the variance explained by 1% [F(1, 382) = 6.16, p < 0.05]; the accumulated determination coefficient of the three predictive variables is.48, reaching a significant level [F(3, 380) = 116.33, p < 0.05] and indicating that the combination of presence, involvement and reality can explain 48% variance of the knowledge about fire safety skills. The normalized regression equation is “knowledge about fire safety skills = 0.36* presence + 0.32* involvement + 0.12* reality.” The positive and negative β values show that presence, involvement, and reality are proportional to the knowledge about fire safety skills, indicating that more knowledge about fire safety skills can be obtained with stronger presence, involvement, and reality.


TABLE 2. Prediction of fire safety knowledge and fire fighting skills.
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According to the above results, presence and involvement have good predictive power for personal knowledge about fire safety skills, and the predictive power of reality is only 1%. Researchers suggested that the reality should have quite good effects on high-rise building fire experience theoretically, but not everyone has fire experience and one is unable to experience the reality brought by high temperature and choking smoke at fire sites without actual experience. Hence, in this study, the subjects paid less attention to the knowledge about fire safety skills acquired by the dependent variable of reality in high-rise building fires.

According to the pre-test and post-test of fire safety knowledge before and after training, the paired-samples t-test is analyzed, as shown in Table 3. According to the table, the t value of the paired-samples test is -5.41 and reaches the significant level of 0.05, indicating that there is a significant difference in the knowledge about fire safety skills acquired from the training based on immersive virtual reality serious games, but trainees’ performance after self-directed training (M = 82.10) is significantly better than that before training (M = 77.30).


TABLE 3. Paired sample t-test between pre-test and post-test scores of fire safety knowledge.

[image: Table 3]
In the experiments, the qualitative data, such as high-rise building fire training based on immersive virtual reality serious games, fire protection professionals, and some trainees’ interviews, are used to understand the effects of the system on learning outcomes of applying fire safety skills to high-rise building fires for a conclusion. Without warning, about half of the trainees are found not to press the alarm bell before performing evacuation. Their feedback is that it is easy to overlook these small things in tense situations. Moreover, about a third of the trainees, affected by stereotypes, will choose to escape from the top floor in case of high-rise building fires. The move often leaves them trapped due to the chimney effect and missing the golden opportunity for escape. In general, most trainees give positive feedback and agree that they obtain different high-rise building fire escape experience. However, a small number of trainees suffer from dizziness during the virtual reality serious game experience due to nervousness but are relieved from discomforts after slight adjustments.



CONCLUSION

This study employed the immersive virtual reality serious games with DL-assisted learning to conduct fire safety training for dangers in real life. In the behavioral skills training conducted through virtual reality serious games, the immersion quality of games and the presence of participants are the key factors affecting the development of fire safety skills. In this aspect, virtual reality serious games should be developed and designed in a more realistic and immersive way. In order to avoid dizziness, appropriate sound and vibration can effectively reduce the discomforts that can easily occur in the virtual reality experience and improve control stability (Sawada et al., 2020). On the other hand, when fire safety training situations are designed for virtual reality serious games, it is important to design the right behavioral skills for game scripts. According to studies, people’s behaviors can be accurately highlighted when immersive virtual reality serious games are combined with actual on-site training. Studies have pointed out that skills, behaviors, and learning outcomes acquired in virtual reality environments can still be recalled after 3 months (Grabowski and Jankowski, 2015). Therefore, immersive virtual reality serious games can be used as an alternative for fire safety training, which can achieve an experience perception close to the reality in highly immersive serious games. We hope the results will contribute to the design and development of future learning environments based on virtual reality technology, as well as the use of fire safety training in the immersive virtual reality serious games with DL-assisted learning. However, the limitation of this research is that this game cannot achieve multi-user connections. Therefore, it cannot meet the requirements of multiple user training at the same time and cultivate the ability of teamwork. In future studies, a distributed interactive simulation will be developed and allow multiple users to participate in the evacuation at the same time.
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(before)

Anxiety levels (after) 45.7647 17.35846
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Problem analysis

Research and investigation

VR technology

Experimental design
and performance evaluation

Discussion and result analysis
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Design learning objectives and content

Y

Pre-assessment of students

Y

Students study independently before class

Y

Complete the internalization of knowledge
in class

y

Evaluate and feedback the learning results
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Reading 10%
Audio/Visual 20%
Demonstration 30%
Discussion Group 50%
Practice by Doing 75%

‘ Teach Others \ 90%
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Independent variable SS df MS F Sig.
Age 0.61 3 0.28 16.51 0.000
Gender 0.09 2 0.09 3.1 0.079

Age x gender 0.03 3 0.02 0,19 0.792
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Educational direction

Content

Values consciousness

There is a need for higher institutions to pay
more attention to the CSLE. Relevant education
enables college students to revise their life
values from the ideological level to
fundamentally solve the problems of weak life
consciousness and confusion of life values for
some college students

Methods of life education

Combining CSLE and EP has produced
many innovative educational
approaches. With the continuous
development of psychology and life
education, there is a need to reform the
educational methods

Establishment of the education system

The syllabus and teaching materials of
CSLE have not formed an integral and
systemic structure. Most people who pay
attention to CSLE are psychological
teachers or counselors, while qualified
teaching faculties are lacking. Such gap
must be filled by establishing a complete life
education system
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Conjunction level

Content analysis

Body level

The core of CSLE is life (as opposed to death).
The process of DT also reflects the recognition
of life. DT techniques and activities enable the
subjects to feel their bodies, express their
consciousness through the body, feel the
carrier of life, and connect their bodies and
consciousness closer, thereby helping
themselves better face life

Consciousness level

CSLE includes the cultivation of college
students’ love of life, positive outlook on
life, and self-development. The process
of DT is an intervention from body level
to consciousness level, and it is also the
unified and coordinated development of
one’s own body and consciousness

Interpersonal level

CSLE focuses on the education of their
interpersonal communication. Good
interpersonal communication and
sociability are essential components of
CSLE. One aspect of DT is the
cultivation of interpersonal relationships,
which is reflected everywhere in the
process of treatment
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| Popularize the awareness
of dancing therapy

Expand the scope of
application of dancing
therapy

Y

_| Realize the localization of
) dancing therapy
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stablish advanced teaching
concepts that promote life
development and construct a
three-dimensional
curriculum goal system

Establish a three-dimensional
teaching material system to
highlight individualized
learning

Three "combinations" to
build a new form of
curriculum organization

The elements of constructing life
education classroom based on
educational psychology

Adhere to the developmental
evaluation concept and adopt
diversified evaluation methods
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Dance therapy theory
support

'

'

:

'

biology

psychology

Phenomenology

Cognitive

The dance therapy verifies
the awareness and
improvement of the inner
self through the free
expression of movements

It plays a role of theoretical
support and guidance in the
practice of dance therapy,
and has an impact on internal
emotions through
intervention in movement
behavior

The movement 1s absolutely
basic, and the individual's
cognition is based on the
spontancous movement of
the initial movement,
providing theoretical support
for the practice of dance
therapy

Body movements have a
bridging effect, can affect
individual thoughts and
behaviors, and improve
self, emotions, and
interpersonal relationships.






OPS/images/fpsyg-13-784568/fpsyg-13-784568-g002.jpg
Features of dancing therapy

Non-verbal

\ 4

The connection and fusion of
body and mind

Communication activities
are mamly carried out
through body language,
which improves the body's
perception, coordination and
expression skills

Acceptability and creativity

Effectively treat human
trauma, avoid subconscious
modification and cover-up of
Shanghai in conscious work,
and reflect the directness of
dance therapy

Any expression in the
treatment process 1s allowed,
accepted by others and
oneself, so as to mobilize
people's enthusiasm and
stimulate inner motivation
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Results Classic mode Fully online mode

Progress rate 50% 75%
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Before application 5 12 3
After application 1 4 15
Score <60 60-85 85-100
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Learning types

Shallow learning

Deep learning

Target

Memorize
Understand
Apply
Analyze
Evaluate
Create

Teaching modes

MOQOC, SPOC online learning before class
MOOQOC, SPOC online learning before class
SPOC in class and after class
SPOC in class and after class
SPOC in class and after class
SPOC in class and after class
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Research hypothesis Correlation Empirical result P Result

H1 + 0.832 p < 0.01 Supported
0.873 p < 0.01 Supported
H3 + 0.856 p < 0.01 Supported

T
N
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Year 2012 2013 2014 2015 2016 2017 2018 2019 2020

User scale (10,000 persons) 4,228 5091.4 6,174 7320.9 8857.7 10979.9 13539.8 16401.1 19485.3
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Evaluation item Parameter/evaluation standard Result t
Preliminary fit VR Imagination 0.741 11.29"
Immersion 0.723 107
Interactivity 0.758 12.63*
Immersion-based language teaching General characteristics 0.706 8.66™
Teaching strategy 0.735 10:63*
Actual application 0.712 9.42*
LO Teaching factors 0.766 13.28™
Environment factors 0.783 16.24™
Internal fit VR — Immersion-based language teaching 0.832 2537
Immersion-based language teaching — LO 0.873 33.71*
VR — LO 0.856 29.16™
Overall fit X2/Df 1.626
GFI 0.974
AGFI 0.932
RMR 0.004

* stands for p < 0.05, ** for p < 0.01, and *** for p < 0.001.
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Do you know or have contact with VR technology?

A. 1 don’t know. B. I know something

Does the lack of learning context affect English language learning?

A. Have no effect. B. Have a certain impact.

What is your English LPL?

A. It is difficult to communicate with B. Itis good for simple communication with
British and American people. British and American people.

Have you improved your oral English proficiency after using oral correction software for a period of time?
A. Have not improved at all. B. Have slightly improved.

C. I know very well.

C. Have a great impact.

C. It can be used to communicate smoothly
with British and American people.

C. Have greatly improved.
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Happiness Calmness Fear Total points

Average recognition  0.91 £0.19 0.74+0.16 0.57 £0.31 0.73+0.23
rate





OPS/images/fpsyg-13-785301/fpsyg-13-785301-g006.jpg
Input
vector x;,

Input ) s
Vectorx,—WVeight n






OPS/images/fpsyg-13-785301/fpsyg-13-785301-g005.jpg
Axon
terminal \.\

Nucleus

Axon






OPS/images/fpsyg-13-785301/fpsyg-13-785301-g004.jpg
Propose a utilitarian
evaluation guide

& Elements of
Innoyative
Talent

Req ear
thinking

Caultiva

Refusal to inculeate
knowledge

Emphasize the
cultivation of students'
autonomy.





OPS/images/fpsyg-12-762416/fpsyg-12-762416-e001.jpg
=0 (ou [y1 ®x] + bu)
ve =8 (wy - [y1® x] +by) @)
ca=fc1 v





OPS/images/fpsyg-12-762416/fpsyg-12-762416-e000.jpg
fi=o (o5 [y @x] +b)

(6]





OPS/images/fpsyg-12-717528/fpsyg-12-717528-g001.jpg
Control

variable

The subjectivity of the
teachers
Teaching environment

The content of the teaching
Methods of teaching
Objectives of the teaching

Independent
variable

Skills
classification

free
combination

Dependent

variable

Effective plans for
learning skills

learning motivation






OPS/images/fpsyg-12-717528/fpsyg-12-717528-a001.jpg
Sequence number

1

Questions

Your Sex: ( )

A.Male B.Female
Do you like sports? ( )
Als B.No

What sports do you like ? ( )

A.Basketball B.Football C.\olleyball  D.Tennis
E.Ski F.Fencing G.Swimming H.Baseball
|.Badminton J.Table tennis K.Other ( )

| prefer the teachers to set good teaching goals in physical education activities. ( )
A.Completely not in my case

B.Not quite in my case

C.Unsure
D.Basically consistent with my situation

E.Very fit with my situation

The harder the sports skills, the more | like to try and solve it. ( )
A.Completely not in my case

B.Not quite in my case

C.Unsure
D.Basically consistent with my situation
E.Very fit with my situation

o matter how my sports skills in physical learning, as long as | can get new experience, | am satisfied. (
A.Completely not in my case

B.Not quite in my case

C.Unsure
D.Basically consistent with my situation

E.Very fit with my situation

am very aware of my sports situation, and my purpose is to challenge myself. ( )
A.Completely not in my case

B.Not quite in my case

C.Unsure
D.Basically consistent with my situation
E.Very fit with my situation

will want to ask the teacher to show me more opportunities during class. ( )
A.Completely not in my case

B.Not quite in my case

C.Unsure
D.Basically consistent with my situation
E.Very fit with my situation

like the simple sports content that the teacher arranges and easy to learn. ( )
A.Completely not in my case

B.Not quite in my case

C.Unsure
D.Basically consistent with my situation
E.Very fit with my situation

am more concerned about what sports | learn, but what | get from. ( )
A.Completely not in my case

B.Not quite in my case

C.Itis not clear

D.Basically consistent with my situation

E.Very fit with my situation

like to choose sports that | am sure of, not those that need me to do my best. ( )
A.Completely not in my case

B.Not quite in my case

C.Itis not clear

D.Basically consistent with my situation

E.Very fit with my situation
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Unstandardized coefficients

B Standard error
Constant 178.685 2875
English scores -1.268 0.000

Dependent variable: English learning anxiety.

Standardized coefficients

Beta

—0.846

186.742
—76.469

Significance

0.000
0.000
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Item Subitem Migrant children Local children p-value
(n=517) (n = 1062)
Grade Grade 1 135 (26.1) 177 (16.7) 0.024
Grade 2 110 (21.3) 180 (16.9) 0.031
Grade 3 95 (18.4) 191 (18.0) 0.548
Grade 4 90 (17.4) 173 (16.9) 0.872
Grade 5 87 (16.8) 186 (17.5) 0715
Grade 6 71(13.7) 155 (14.6) 0.772
Gender Boy 322 (62.3) 748 (70.4) 0.127
Girl 195 (37.7) 314 (29.6) 0.102
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Unstandardized coefficients

B Standard error
Constant 143.685 3.257
Self-efficacy —1.834 0.000

Dependent veriable: English learning anxiety.

Standardized coefficients

Beta

-0.893

178.586
—86.439

Significance

0.000
0.000
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ALGCNN model Migrant children (n = 517) Local children (n = 1062)

Accuracy (%) 510 (98.6) 1,048 (98.9)
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Unstandardized coefficients

B Standard error
Constant 165.685 2563
Topic familiarity —2312 0.000

Dependent variable: English learning anxiety.

Standardized coefficients

Beta

—0.967

243.457
—92.634

Significance

0.000
0.000
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Model

LST™M
Bi-LSTM
TextCNN
TextRCNN
ALSTM
ABI-LSTM
ALGCNN

MR (%)

69.1
63.3
89.0
91.7
86.6
92.1
95.6

SST (%)

73.5
68.7
96.5
98.5
84.3
90.5
98.5

MPQA (%)

78.5
81.8
93.1
97.0
89.9
96.2
99.1
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Hypothesis Content True or

number false

HA1 True

H2 Reading AAL literature can improve English proficiency.  True

H3 Al modification can improve the reading sense of AAL False
literature.

H4 ID psychology intervention can improve the reading False
sense of AAL literature.

H5 The synergic modification of Al and ID psychology can True

improve the reading sense of AAL literature.
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Questions

(1) Is reading AAL literature
helpful to your English
learning?

(2) What do you want from
the AAL literature reading?
(Multiple choice)

(3) What do you think are
the problems or learning
difficulties in reading AAL
literature? (Multiple choice)

Options

Helpful

Not helpful

Uncertain

Understand the history of AAL
literature

Learn about the AAL cultural
background

Improve your English

Improve humanistic quality
Other

The language barrier and
difficult to understand

Lack of cultural background
and difficulty to understand.
The literature phenomenon is
complex, and the context is not
clear

Don’t understand literature
knowledge and cannot
appreciate it

Proportion/%

96.9
0
3.1
61.2

88.3

60.5
74.8
6.7

28.4

75.6

701

56.8
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Questions

(1) What is your reading
impression of AAL
literature?

(2) What improvements
have been gained from
reading AAL literature?

(3) What is the influence of
reading AAL literature on
individuals?

Options

Not practical, never read.
It is hard to understand and
seldom read.

Have some understanding and
read some.

Very interested and frequently
read.

Become more interested in
reading.
Reading becomes better.

The reading range becomes
wider.

The purpose of reading
becomes more accurate.

Have changed a lot.
Have changed slightly.
Nothing has changed.

There are some disadvantages.

Proportion/%

16.8
23.1

28.7

32.4

21.9

20.8
32.7

24.6

30.3

54.7

13.2
1.8
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Questions

(1) Average reading time per day

(2) Reading categories

(3) Reading genres

Options

Less than an hour
One to two hours
Two to three hours
More than three hours
Literature
Entertainment
Professional technology
Popular science
Chinese works
AAL literature
Other

Proportion/%

42.7
50.4
4.3
2.6
38.9
31.2
22.4
7.5
68.7
9.5
21.8
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Classification standard Proportion/%

Gender Male 50.7
Female 49.3

Age Young people (20-35 years old) 50.4
Middle-age people (35-55 years old) 40.5

Elderly people (55-70 years old) 9.1

Educational background Junior middle school Tt
High school (Vocational school) 16.3
Junior college 22.4
Bachelor 48.9

Master and above 4.7
Monthly disposable income Below 156.5 USD 16.7
156.5-469.8 USD 48.9

469.8-783 USD 21.1

783-1566 USD 9.9

1566-3132 USD 2.1

Above 3132 USD 1.:8





OPS/images/fpsyg-12-755039/fpsyg-12-755039-t002.jpg
Hypothesis Content

number

H1 Reading AAL literature plays a positive role in people.

H2 Reading AAL literature can improve English proficiency.

H3 Al modification can improve the reading sense of AAL
literature.

H4 ID psychology intervention can improve the reading
sense of AAL literature.

H5 The combination of Al and ID psychology can improve

the reading sense of AAL literature.
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Hardware name

Server

CPU

Operating System (OS)
Memory

GPU

Configuration

One
Intel (R) Xeon (R) CPU E5-2620 v4 @2.10 GHz
Ubuntu 16.04
32G
NVIDIA TITAN Xp
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Variable

Learning motivation

Self-relation

Satisfaction

Test

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

Number

29
30
29
30
29
30

Mean

3.09
3.37
3.30
3.41
3.25
3.40

Standard deviation

0.40
0.54
0.48
0.52
0.58
0.61

Degree of freedom

54

54

54

t-Test

—-1.78

—0.56

—1.00

Significance

0.08

0.56

0.32
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Variable

Overall technology

Shooting

Passing

Test

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

Number

29
30
29
30
29
30

Mean

67.51
63.81
12.30
14.35
36.30
32.32

Standard deviation

11.20
15.40
3.1
6.03
8.03
8.10

Degree of freedom

54

54

54

t-Test

1.00

—1.58

1.81

Significance

0.32

0.12

0.08
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Group N

test

Mean

S.D. t P
All students 52 Pre-test 4.42 0.68 3.75 0.000*
Post-test 4.72 0.68
Achievement challenge 30 Pre-test 4.70 0.59 3.70 0.000*
Post-test 5.05 0.61
Ability improvement 22 Pre-test 4.04 0.60 1.74 0.048*
Post-test 4.28 0.54

*p < 0.05. The bold value indicates that the experiment is significant (p<0.05).
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Group N

All students 52
Achievement challenge 30
Abiity improvement 22

*p < 0.05. The bold value indicates that the experiment is significant (p<0.05).

Original grade

Normalized grade

Original grade

Normalized grade

Original grade

Normalized grade

Test

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

Mean

72.60
77.93
50.27
64.69
LT
87.68
63.33
83.24
66.36
64.62
32.46
39.40

S.D.

10.22
13.93
29.19
26.48
9.71
7.56
27.74
14.38
727
8.40
20.76
16.00

3.68

453

5.83

417

-1.29

213

0.000*

0.000*

0.000*

0.000*

0.105

0.022*
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Variable

Learning motivation

Attention

perceived relevance

Self-confidence

Satisfy

*p < 0.05.

Test

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

Number

29
29
29
29
29
29
29
29
29
29

Mean

2.88
3.18
2.90
2.87
3.21
3.30
2.89
3.10
3.13
3.25

Standard deviation

0.30
0.42
0.45
0.39
0.48
0.49
0.60
0.47
0.55
0.57

Degree of freedom

53

53

53

53

53

t-Test

—-2.12

0.60

—0.90

—-1.16

—0.49

Significance

0.04*

0.53

0.36

0.27

0.63
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Variable

Learning motivation

Attention

perceived relevance

Self-confidence

Satisfy

*p < 0.05.

Test

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

Number

30
30
30
30
30
30
30
30
30
30

Mean

3.08
3.38
3.33
3.29
3.38
3.46
3.30
3.43
3.46
3.37

Standard deviation

0.36
0.52
0.43
0.53
0.53
0.55
0.61
0.60
0.54
0.60

Degree of freedom

54

54

54

54

54

t-Test

—2.48

0.54

—0.57

—0.52

0.39

Significance

0.02~

0.58

0.57

0.61

0.70
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Variable

Overall skills

Shooting

Pass

Dribble

Test

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

Number

29
29
29
29
29
29
29
29

Mean

56.44
67.47
11.33
12.39
28.72
36.20
16.23
18.88

Standard deviation

12.14
11.09
3.33
3.15
9.10
8.11
2.22
1.45

Degree of freedom

52

52

52

52

t-Test

—3.40

—1.03

-3.18

—4.87

Significance

0.00*

0.31

0.00*

0.00*

*p < 0.05.
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Variable

Overall skills

Shooting

Pass

Dribble

Test

Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test
Pre-test
Post-test

Number

30
30
30
30
30
30
30
30

Mean

50.77
63.90
12.50
14.45
2512
32.14
13.18
1712

Standard deviation

11.09
16.24
5.50
6.15
714
8.11
3.07
2.44

Degree of freedom

54

54

54

54

t-Test

—3.60

—1.21

—3.46

4.70

Significance

0.00*

0.23

0.00*

0.00*

*p < 0.05.
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Variable

Overall skills

Pitch

Pass

Dribble

Group

Experimental group
Control group
Experimental group
Control group
Experimental group
Control group
Experimental group
Control group

Mean

56.39
50.88
11.28
12.55
28.69
256.22
16.30
13.13

Standard deviation

12.14

11.18
3.33
5.5
9.04
7.16
2.16
3.21

Degree of freedom

54

54

54

54

F-test Significance
0.16 0.08
6.09 0.33
3.23 0.10
2.19 0.00





OPS/images/fpsyg-12-783151/math_1.gif
Visibility = 0.16 x Read + 0.29 x Share + 0.55 x Comment(1)





OPS/images/fpsyg-13-788183/cross.jpg
3,

i





OPS/images/fpsyg-12-717528/fpsyg-12-717528-t005.jpg
Variable

Learning motivation

Attention

Self-associated

Self-confidence

Satisfaction

Group

Experimental group
Control group
Experimental group
Control group
Experimental group
Control group
Experimental group
Control group
Experimental group
Control group

Mean

2.92
3.06
2.95
3.33
3.24
3.31
2.90
3.35
3.30
3.45

Standard deviation

0.32
0.35
0.45
0.44
0.47
0.55
0.58
0.57
0.60
0.55

Degree of freedom

54

54

54

54

54

t

—-1.6

—3.1

—0.88

2.2

-1.9

F-test

2.8

0.73

0.45

Significance

0.10

0.01

0.35

0.04

0.03
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In(Visibility) Model (2) Model (3) Model (4) Model (5)

€10 0574 ~0.028 0719
PsychologyxEIO

HeartxEIO 0876

MindxEIO 0.634**

Knowledgex EIO 0.628"

Benefitx EIO —0.752""
Modality 0.150 0.174 0.170 0.174
Position 1318 1.238"" 1.287" 1.238"
Time 0.124 0.095 0.118 0.095
Followers 0812 0.796" 0793 0796
Constant 2180 2250 2260 2250
Observations 345 345 345 345
R-squared 0.722 0735 0737 0735

**p < 0.01.
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Hypothesis Path description Standardized regression z(CR p value Hypothesis whether

coefficient value) itis
passed
H1 VR time and space — comprehension 0.317 2.864 b b 4
H2 Comprehension — learning effect 0.073 0.907 & Y
Ha VR time and space — imagination 0065 0556 . Y
Ha Imagination — learning effect 0274 2.902 Y
H5 VR time and space — interactive -0.109 -0824 0410 N
He Technical avalabilty — interactive 0363 1.817 - Y
H7 Interactive — leaming effect -0.119 -1.207 0227 N
He Technical avaiabilty — comprehension -0.097 -0.767 0.443 N
H9 Technical availability — imagination 0.264 1.610 L é ¥

Note: * p < 0.10, which was significant at 10%; ** p < 0.05, which was significant at 5%;

b < .01, which was significant at 1%.
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Numerical Degree of freedom Significance

Pearson Chi-square 0.162 1 0.71
Continuity correction 0.02 1 0.92
Number of valid observations 59

a0 cells (.0%) have expected count less than 5.
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Measure

Constant
Sheer_El

Modiity

Position

Time

Followers
R-Sqlad) = 0.718

p <001
In (Visibility

Std.Error

0.336
0.154
0.151
0.131
0.126
0.029

ag + B1Sheerel + faModality + BaPosition + p4Time + psFollower + ¢ (1).

T-stat

8.188
-3.730
0.991
10.093
0.987
28.061

P-value

0.000"*
0.000"*
0.323
0.000"*
0.324
0.000"*

VIF

1.029
1.044
1.067
1.021
1.041
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Group Grouping Male Female Total

Experimental group Free grouping 15 14 29
Control group Skill performance 17 13 30
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Sheer_EI EIO Difference P-value
In(Visibiity) 6.3603 7.4004 1.0401 0.000"*
Read 16,373.027 29,148.542 13,775.516 0.000"*
Share 85.743 422,616 336.873 0.000"*
Comment 14.649 19.273 4.624 0.009"*

74 articles are SEI, while 271 articles belong to EIO. ***p < 0.01.
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Name Sample volume Average Standard deviation

VR time and space 152 4.049 0.709
A1 152 4.066 0.769
A2 162 4.033 0.784
Technical availabilty 152 4.092 0634
B1 152 4.145 0.732
B2 152 4.039 0.821
Comprehension 1652 4.226 0.649
C1 152 4.349 0.783
c2 162 4125 0.684
c3 152 4.204 0.783
Imagination 162 4.015 0.562
D1 152 3974 0.736
D2 152 4.099 0.761
D3 162 3.974 0.745
Interactive 152 4.046 0.564
E1 152 4.105 0.738
B3 152 4.000 0.709
E3 162 4.033 0.792
Learning effect 152 4.056 0619
F1 162 4.033 0.784

F2 162 4.079 0.769
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Quiz-Basic score

Improved by more than 5 points, outstanding performance
Progress 0-4 points

Step back 1-5 min

Regress by more than 11 points

Score

15
10
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Matrix

Read
Share
Comment
Total

Weread = 0.16, wo = 0.29 Wgpare = 0.29, wg

Read

2.4932
2.5054

Share Comment
04011 0.3991
1 03702
27010 1
0.61 Woomment .094 < 0.1.

Weight W

0.6430
0.9737
1.8915
3.4081

Normalization coefficient

0.16
0.29
055
1.00
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Name

Factor load coefficient

Factor 1

0.147
0.102
0.035
-0.025
0.835
0.831
0.907
0.068
-0.059
-0.017
-0.031
0.022
0.083
-0.100
0.031
0.710
0.000

Factor 2

0.070
0.069
0.049
0.068
-0.152
0.200
-0.036
0.778
0.837
0.564
0.088
-0.169
-0.163
0.224
-0.093

Factor 3

-0.015
0.002
-0.144
0.072
0.047
-0.013
0.030
-0.087
-0.032
-0.111
0.800
0.674
0.752
0.105
-0.143

Factor 4

0.895
0.875
0.082
0.117
-0.051
0.196
0.159
0.134
-0.043
0.070
-0.077
-0.003
0.076
-0.073
0.132

Factor 5

0.039
0.198
0.794
0.758
0.057
-0.071
0.017
0.149
0.154
-0.162
-0.066
0.188
-0.218
-0.136
0.126

Factor 6

-0.036
0.102
0.023

-0.016

-0.041

-0.053
0.0256
0.193
0.138

-0.206
0.027

-0.025

-0.049
0.760
0.801

Common degree
(public factor
difference)

0.831
0.830
0.661
0.697
0.729
0.778
0.851
0.695
0.749
0.401
0.660
0519
0.655
0.672
0.705
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Category

SEI

Heart-based EIO

Mind-based EIO

Knowledge-
based
€0

Benefits-based
EIO

Classification criteria

The content exerting influence on users by the attraction of

only the enterprise-related information, .g.,

1. Information related to products and service

2. Information  related to events and  participation
reqirements

3. Other enterprise information, such as core values of
enterprises

The content exerting influence on users through one’s

heart, e.g.,

1. Involving inner joy, peace, excitement affection,
entertainment, fantasy, escapism, enjoyment and
expressing one’s emotions:

2. Responding to hot events or attaching key words to
celebrities and famous spots and shocking through
people’s heart or arousing their inner curiosity and
emotions

3. Creating a sense of empathy and giving a sense that
the person in the article has something in common with
themselves

4. Tapping provocative or extreme key words, making
mutual conflicts or sing contradictory words

5. Using bandwagon effects to create psychological
pressure

The content exerting influence on users through one's

mind, e.g.,

1. The way of thinking is rational

2. Having a good thinking, rigorous, logic or a critical view

3. Steering users to contemplate themseives, society and
the nature

4. Aiming at igniting reasoned thinking in public, such as.
attaching hot news to its text or title

The content exerting influence on users by the attraction of
the knowledge, e.g.,

1. Satisfying users' long-term search for methods and
skills

2. Providing fragmented but useful knowledge directly

3. Using tactics that allow a user to obtain embedded
resources only when he/she shares the WeChat article
to his/her friendss circle

The content exerting influence on users by the attraction of

potential benefits, .g.,

1. Cash or coupon incentives

2. Some benefits-based parts, e.g. a purchase link to
WeChat shopping mall with a promise of discounts.
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Variable

VR time and space
Technical availabiity
Comprehension
imagination
Interactive

Learning effect

Number of items

(SRR

Sample volume

152
152
152
152
152
152

Cronbach « coefficient

0.800
0.696
0.831
0.614
0.621
0.643
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Background

Gender

Length of study time

Education

Your identity in the field of caligraphy education

The number of times you use VR equipment

Category

Male
Female

0-1year
1-3 years
3-5 years
More than 5 years

College
Undergraduate
Postgraduate

Teacher
Student

Not used
1-2 times
3-6 times
Often used

Frequency

T
75

53
28
41
30

23
87
42

19
133

26
54
43
29

Percentage

50.7
49.3

34.8
18.4
269
19.7

15.1
57.3
276

125
87.5

17.1
356
283
19.1
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Project Correlation Item deleted Cronbach «

coefficient factor « coefficient
Age level 0.048 0.816 0.812
gender —-0.018 0.827
Educational background —0.135 0.819
Online social networking is —0.123 0.837
more secure than real social
networking?
Do you know anything about —0.901 0.829
artistic composition?
Do you prefer to use social 0.212 0.817
software for communication?
Can your current social mode 0.053 0.814

meet your social needs?
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Q1: Your gender
Q2: Your grade
Q8: The subject category of your major

Qd: The amount of time you spend on the Internet
Q5: Your recognition to the ideological and political education work of the school

Q6: Who do you think is the main body of ideological and political education in
school?

Q7: Do you think ideological and political courses in university have practical
significance?
Q8: What is the reason for you to study ideological and political courses?

Q@: In what aspect do you think the ideological and political courses have
improved you the most?

Q10: What do you hope to achieve through ideological and poltical education?

Q1 The positive factor inducing you to take ideological and political courses are

Q12: The negative factor hindering you from ideclogical and poliical courses

Q18: What problems do you think exist in ideological and poltical courses?

Q14: What do you think of the content of the politics course?

Q15: What qualities do you think the ideological and political teachers you have
come into contact with lack?

Q16: What kind of teaching content do you prefer in ideological and political
courses?

Q17: Which teaching method do you prefer in ideological and political courses?

Q18: Do you like to actively use mobile Internet terminal devices (such as mobile:
phones and computers) to watch cultural and ideological videos involving
thoughts, politics, and philosophy worldwide?

Q19: Your mental condition:

Q20: The person you want to vent your stress to:
Q21: Your personal value depends on:

Q22: What do you think needs to be improved in school network ideological and
political education?

A: Male B: Female

A: Freshman B: Sophomore C: Junior D: Senior

A: humanities and social Sciences (Philosophy, History, Literature, Ecucation, Law,
Economics, Management) B: natural sciences (Science, Engineering, Agriculture,
Medicine)

A: 1-83h B: 3-6h C: More than 6 h

A recognized B: slightly recognized C: not recognized

A: instructors B: ideological and political course teachers C: teachers of other
majors

A: greatly significant B: significant C: slightly significant D: not significant

A: for lfe instruction B: compulsory reason C: personal interest
A: political events B: moral behavior C: thinking pattern D: no improvement

A: knowledge and skills B: voltional quality C: mode of thinking D: comprehensive
quality

A: teachers’ high knowledge level and teaching ability B: practically significant
contents C: nterest in contents related to ideology and politics D: a certain
understanding and foundation of ideological and political education

A: poor social environment B: dislike for the teaching method of the teacher C:
lacking interest in ideological and poltical content D: unpractical contents

A: The content s too difficult. B: The textbook is difficult to understand. C: The
teaching method is not interesting. D: The students do not care. E: The course
does not reflect the practical significance. F: Others.

A: very valuable B: out of date C: of no practical use

A: sense of humor B: ability to interpret the textbook in a simple way C:
enthusiasm for work D: profound knowledge E: abilty to adjust the class
atmosphere F: concen for students

A: pure theory with knowledge points B: theories followed by cases C: full of cases
like stories D: others

A: traditional teaching B: teacher-student interaction, and discussion learning C:
independent learning with instruction from teachers D: extracurricular study with
social practice

A: extremely dislike B: dislike C: slightly like D: lie E: extremely like

A: optimistic, cheerful, and positive B: mildly depressed C: negative and
pessimistic, with a lot of pressure

A teachers B: friends C: parents D: lover E: network

A: social contribution B: wealth G: respect from others D: power E: knowledge or
ability F: comfort G: social status H: others
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Perspective

Entirety

Society

Individual

Teaching content

Teaching goal

Strive to cultivate ideal, cultural, moral, and disciplined builders and successors who committed to the cause of socialism with Chinese
characteristics.

Give full play to the role of ideological and political education in improving students' ideological and moral quality, make students become the talents
needed by society, cultivate qualified citizens, and promote social development.

Scientifically guide students to establish a correct world outiook, outlook on lfe, values, and guide the development direction of students, to realize
the teaching goal of promoting the harmonious development of students’ body and mind.

Include socialist thought and theory education, professional ethics education, patriotism and collectivism education, legal education, excellent
traditional education, aesthetic education, and other aspects of teaching objectives.
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Data set name Total Dimensions Positive Negative
sample sample sample
Paper Data 20250 132 19882 368
German 1000 20 700 300
Australian 690 14 307 383
Japan 690 18 307 383
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Items

(1) Learning satisfaction
1. 1think the learning effect is better than the general physical class.

2. Teacher-student interaction is good in the courses taught, and guide learning is created.
3. Teachers respond appropriately and constructively to students’ questions or assignments.
4. The teacher's teaching attitude is enthusiastic and serious.

5. Teachers express clearly, explain, and demonstrate clearly.

6. This course enhances my ability in this field.

7. 1am willing to continue to take other online and physical combination courses.

8. | would like to recommend others to take online and physical combination courses.

9. Overall, | am satisfied with the experience of this course.

(2) Readiness for online learning

1.1 can plan online time, location, and leaming tools according to the weekly learning progress requirements arranged by the
teacher.

2.1 can effectively use the time to watch teaching videos before class to achieve the leaming progress specified by the teacher.

3.1 can connect the new concepts leamed by watching the instructional video before class with the learing tasks arranged by
the teacher in the class.

4. When | encounter a problem in watching the instructional video specified by the teacher before class, | can try to ask for help
(for example, find the answer on the Interet).

(3) Self-study evaluation
1. 1think | have a good learning attitucie.

2.1 think | have a good understanding of the concepts of this course.
3.1 have a high willingness to learn.

4.1 have a high degree of confidence in learning.

ity

1. In general, the students are actively involved in this course.

2. The teacher actively participates in the course.

(4) Learner/teacher posi

3.1 think the teacher can flexibly adjust the teaching content according to the individual differences of students.
(5) Learning activities

1.1 can accept the learing mode of hands-on practice and interactive discussion in class.

2. The practical activiies of the offine experimental courses let me lean the basics of the Internet.

3. The practical activities of offine experimental courses let me learn system development experience.

(6) Comprehensive issues

1.1 think the teaching videos are of good qualty.

2. I think the quality of online and offline interaction is good.

3.1 think the teaching mode combining online and physical courses is suitable.
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Hypothesis Low-habit subgroup High-habit subgroup

B t-statistics B t-statistics
H1: US — CU 0.28* 2.48 0.51** 5.50
H2a: PU — CU 0.60"* 4.95 017" 2.20
H2b: PU — US 0.43"* 3.88 0.25™* 2.80
H3a: CF — US 0.26* 2.56 0.19* 2.05
H3b: CF — PU 0.32** 2.84 0.24* 2.44
H3c: CF — PE 0.13™ 1.24 0.14n8 1:51
H4a: FE — CU 0.05" 0.58 0.26™* 3.02
H4b: FE — US 0.20* 2.01 0.32** 3.92
H5: PS — FE 0.25" 2.25 0.18* 2.02
H6: PC — FE 0.28* 2.34 0.50"* 5.07

**p < 0.001, *p < 0.01, *p < 0.05.

ns(, not significant;, US, (user satisfaction; CU, (continuance intention to use;
PU, (perceived usefulness; CF(, confirmation; PS, (perceived skill; PC, (perceived
challenge; FE, flow experience(.
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Construct AVE

Confirmation (CF) 0.82
Perceived usefulness (PU) 0.75
User satisfaction (US) 0.76
Perceived skill (PS) 0.78
Perceived challenge (PC) 0.67
Flow experience (FE) 0.74
Habit (HB) 0.79
Continuance intention to use (CU) 0.76

CF

0.91
0.29
0.37
0.27
0.27
0.31
0.25
0.38

PU

0.87
0.43
0.32
0.36
0.37
0.30
0.52

us

0.87
0.34
0.37
0.44
0.22
0.64

PS

0.88
0.31
0.40
0.22
0.27

PC

0.82
0.47
0.20
0.41

FE HB IR
0.86
0.39 0.89
0.47 0.32 0.87

The diagonal elements (bold) represent the square roots of the AVE values for the constructs. The off-diagonal elements represent the correlations between the constructs.
For discriminant validity, the diagonal elements should be larger than the off-diagonal elements. All the correlations were significant at p < 0.01.
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NO Testing procedure Input data Prediction results Confirmation
results (Yes/No)
1 User login film and television multimedia User name: 623100235 Enter the interface of film and television Yes
network teaching management system. Password: 123456 multimedia network teaching
management system
2 Trigger "student information N/A Enter the student information Yes
management” event management interface
3 Trigger "add" event N/A Enter the new student information Yes
addition page
4 Input data Student No.: 600233 N/A Yes
Name: Zhang San
Gender: Male
Major: Computer
Class: TX001
Registered residence: Xinjiang
ID number: 650102199510101421
Telephone number: 15160961243
5 Managers log in to the system and N/A Enter the basic information Yes

trigger the "delete" event

management interface and display the
student information list
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Evaluation dimension

A. Modeling features

B. Functional characteristics.

C. Collaborative tasks

Description of content

Refer to the appearance, shape, material, and size of Al technology. The
psychological feelings and influence it brings to people are siightly different. They
are different depending on the user's own preferences, habits, and acceptance.
According to the current market we can see that how Al technology s received
can be divided into: pet healing type, animation imagination type, human
simulation type, and self. However these are intangible types

Refers to Al technology that can learn from massive amounts of data through the
system, and then correctly interpret external data, and use this knowledge to
achieve specific goals and tasks, including: interactive entertainment, record
checking, OEM maintenance, and reception arrangements

Refers to what role Al technology plays in the teaching scene, and what tedious,
repetitive, or dangerous tasks are shared for teachers. How to assist teachers to
exert the power of one plus one greater than one in the process of collaborative
teaching? From the above thinking points, you can start from “class managerment,”
“teaching observation,” and the four dimensions of “learning assistance” and
“administrative sharing”
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Evaluation dimension

A. Modeling features

B. Functional features

C. Gollaborative task

Facet weight

0.126

0.393

0.481

Critical factor evaluation criteria

A1 Pet healing

A2 Animation Imagination
A3 Human simulation

A4 Naturally invisible

B1 Interactive entertainment
B2 Record check

B3 OEM Wei'an

B4 Reception schedule
C1 Class management
G2 Teaching observation
G3 Learning support

C4 Administrative sharing

Evaluation criteria weight

0.296
0.252
0.203
0.248
0.224
0.262
0.327
0.188
0172
0.260
0.382
0.185
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The questions are as
follows:

Q1: What is your self-
evaluation of oral English?

Q2: What is the motivation
for learning oral English?
Q3: What kind of oral English
teaching do you like?

Q4: Do you have multiple
opportunities to speak
Engish?

Q5: Do you agree with the
idea of learning English for
life?

Q6: Do you have any other
ways of learning oral English
besides studying in class?

Q7:1s there anxiety in oral
English learning?

Q8: What is the current
anxiety level of students?

Q9: What do you think s the
source of oral English
anxiety?

Content and spec

options

M11: excellent

M12: good

M13: medium

M14: pass

M15: fail

M21: learning interest

M22: under the pressure of study
M31: Traditional teaching

M32: Interactive teaching

M41: There are many opportunities
to learn oral English

M42: There are few opportunities to
learn oral English.

Ms1: agree

Ms2: disagree

M53; relatively agree

M61: English movies

M62: Engiish songs

MB3: English club

M4: English reading and other ways
M71: Yes

M72: No

MB81: serious

M2: sight

M83: no

M91: progress anxiety in class
M2: classroom speaking anxiety
M93: evaluation anxiety

M4: oral anxiety

Score

o
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Item Number of Average Standard Minimum  Maximum
students  value  deviation  value
The whole 500 67.5 12.3 35 86

scale
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Component Factor Before After intervention
intervention (p-value)
Treatment group Control ability F =0.036 >0.05
p > 0.05
Others <0.05
Positive emotions <0.05
Negative emotions =0.056
Control group Moderate rejection >0.05
and Conflict control
Others <0.05
Positive emotions <0.05
Negative emotions >0.05
Benchmark group  Build relationships <0.05
Others >0.05
Positive emotions >0.05
Negative emotions >0.05
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A B C D

1 Acquaintance Preliminary understanding of others Introduce yourself with language and body movement; get to know each other for the first
time by imitating others’ actions.
Trust Build mutual trust Experience “you are my eyes.”
3 Ego Know and accept who you really Subjects try to explore the body’s inner space by breathing and the external area by
stretching their limbs to understand the body’s outline.
ID Know and accept who you are Improvise to understand and improve body shape, creating and stimulating creativity.
Others Build relationships correctly Subjects play robot games to feel active and passive emotions; subjects feel being
accepted by others through mirror practice.
6 Others Build relationships correctly Simulate aircraft flight and learn to avoid and control conflicts; speak your feelings and
express yourself; mirror practice to explore your suitable role.
7 Team Build a sense of teamwork Group performance to establish a sense of mission and teamwork.
8 Exhibition Cultivate the ability to realize yourself Show the results in groups.
g Communication Find the right role Subjects are divided into two groups for simple editing and mining their roles.
10 Coordination Establish mutual understanding Use a prop together for the first time to complete a simple action.
11 Praise Develop positive emotions Say one of the advantages of your partner and give play to positive emotions.
12 Ventilation Reasonably vent negative emotions Present negative emotions with language and body.
13 Meditation Relieve and release pressure Combine with music therapy.
14 Impromptu Tap your physical potential Improvised dance with the music of different emotions.
18 Exhibition Strengthen interpersonal relationships Team creative presentation to consolidate interpersonal relationships.
16 Say goodbye Deepen each other’s feelings Review the days of ordinary experience, talk about inner feelings and deepen each other’s
feelings.

(A, intervention times; B, intervention theme; C, intervention goal; D, intervention subject) SPSS 25.0 is used for mathematical statistics. Analysis of Variance tests the
treatment group, control group, and benchmark group. Paired sample t-test is used to compare the pre-test and post-test results of the three groups. The interview
contains a classroom recording and an after-class interview. The original feelings of each student in the treatment group are recorded to evaluate the DMT effect. The
interview outline is set, and five students from the treatment group are chosen for a structured interview after completing all courses.
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Customer Gender Detail Detail Average

number satisfaction deficiency satisfaction
1 Male 93.0% Color 93.4%
2 Female 95.3% Size 94.1%
3 Male 95.0% Size 93.8%
4 Female 92.7% Color 92.7%
5 Female 93.5% Color 93.3%
6 Female 93.6% Size 94.5%
7 Male 92.8% Color 93.6%
8 Female 95.4% Size 93.7%
9 Male 96.1% Size 92.9%
10 Male 93.6% Color 93.0%
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Experimental group

Control group

(With competition) (Without competition)
n Mean SD n Mean SD F
Intrinsic Pre-test 37 17.08 3.63 36 16.50 3.47 22.85"*
Post-test 37 19.35 2.53 36 17.22 3.01
Extrinsic Pre-test 37 17.30 3.51 36 16.94 3.32 0.303
Post-test 37 18.89 2.88 36 19.19 2.59

*p < 0.001.
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Experimental group

Control group
(Without competition)

(With competition)
n Mean
Listening Pre-test 37 9.54
Post-test 37 10.42
Speaking Pre-test 37 62.08

Post-test 37 64.70

SD

2.22
229
18.75
16.66

36
36
36
36

Mean

9.47
10.08
62.80
64.83

SD

2.26
2.23
18.71
17.51

0.143

0.808
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The experimental group (n=37)

The control group (n=36)

"

.

The pre-test to assess student’s prior knowledge & MSLQ

"

.

Week 1
Taught for learning activity orientation Taught for learning activity orientation
(LINE ChatBot with peer competition) (LINE ChatBot without peer competition)
After class learning activity
Using LINE ChatBot with peer Using LINE ChatBot without peer Week 2-5
competition competition
The post-test to assess student’s learning achievement & MSLQ I | Week 6
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KMO sample test quantity 0934
Bartltts sphericity test Approximate chi-square 13321.772
df 12
Sig. 0,000
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Index Component 1 Component 2

1 0.782 0.670
2 0.808 0.672
3 0.771 0.634
4 0.870 0.780
5 0.879 0.872
6 0.892 0.673
7 0.769 0587
8 0.939 0.975
9 0638 0876
10 0.980 0575
11 0.909 0.568

12 0.569 0.867
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Parameters

Learning rate
Maximum training times

Requirements for training acouracy
Minimumm gradient requirements
Displays the training iteration process,
Maximum training time

Momentun factor

One-dimensional linear search method

Value

03

100

001
1.00E-10
25

inf

09
srchcha

Parameters

Network layers
Weight change increment

Weight change reduction
Changes in nitial weights
Maximum value of weight change
Gradient descent algorithms
Loss function

Activation function

Value

6

12

05

007

50

Adam algorithm

Quadratic mean square function
Sigmoid function
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Qs of intelligent piano based on deep learning
Hello! First, thank you very much for your valuable time to participate in this interview. This QS aims to investigate the application of intelligent piano in children’s
piano education. Fiing out this QS may take you about 5 min. There are no correct or wrong answers to each question. Please choose according to your actual
situation. We solemnly promise that in this QS, all the information you fil in wil only be used for academic research. You don’t need to fil in your name. We will keep
all the contents in this QS confidential. Thanks again for your cooperation.

One Parents and students section

1 How old are the students studying the A, 4 years old B. 5 years old C. 6 years old
piano?

2 What kind of textbooks do students like? A. Inteligent music book 8. Paper music book

3 What s the student's favorite piano A. Game-based teaching mode 8. Traditional teaching mode
education method?

4 Do you think students wil take the initiative A. Yes, they wil. 8. No, they won't.
to learn pianc?

5 What music activties do you think A. Read music book 8. Piano performance  C. Musiclisteningand D Music rhythmic
students prefer in inteligent piano class? appreciation activities

6 What do you think is the most important A, Accompanied piano  B. Remote education  C. Inteligent music book  D. Entertainment
function of intelligent piano for students to  practice
learn piano?

Two Teachers section

7 What's your education level? A. Bachelor B. Master C. Normal universities

8 What's your major?

9 How do you use the inteligent piano to arrange lessons in the course?

10 What do you think are the teaching advantages of intelligent pianos?

1 How did you solve the problems you encountered in children's inteligent piano education?

12 Do you have any new teaching concepts in intelligent piano education?
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Questionnaire type

Psychological stress Scale for college students
Coping strategies questionnaire (CSQ)

Self-rating anxiety scale (SAS)
Self-rating depression Scale (SDS)
Sixteen personality factor questionnaire 16 (PF)

Main content

Self-pressure; social pressure.
Solving problems; remorse; seeking

help; fantasy; escape; rationalization.

Frequency of anxiety symptoms.
Frequency of depressive symptoms.
Personality factor test.

Scoring system

5-Point rating. The higher the score, the more pressure.
Six indicators. The higher the score, the higher the frequency of use.

4-Level rating. Scores more than 50 indicate anxiety symptoms.
4-Level rating. Scores more than 53 indicate depression symptoms.
Different personality factors are obtained according to the score formula.
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Use case ID number: 003
Participants: The administrator

Brief description: Administrator management course, managerment users,
management question library, managerment forum post

Pre-conditions: User account password is correct, permission is
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1.1 Recommended on the management home page

1.2 Increase and deletion of the management curriculum list
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3. The administrator manages the addition and deletion of the
question database

4. Administrator management forum post
4.1 Recommended on the management home page

4.2 Management of the addition and deletion of posts and post forms
Other event stream: Administrator cancels login

Exception event flow: Program error message, returns to the home page
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Comment: The administrator has the highest system permissions to operate
other permissions roles
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Contrast algorithm RMSE MAE

MovieLens-100K MovieLens-1M MovieLens-100K MovieLens-1M

SNR (this study) 0.8854 + 0.0028 0.8373 £0.0012 0.659 0.611
Literature Li et al. (2015) 0.9024 + 0.0030 0.8407 £ 0.0011 0.680 0.637
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Variable g Model

Gender Standardization . Sig.
Control variable Grade 0.010" 0.811

Professional 0.012* 0.746

Household registration 0.148* 0.000

Friends and relatives start a 0.108* 0.004

business

Entrepreneurial experience —0.024* 0.526

Entrepreneurial resilience —0.103* 0.012
Standard variable  Entrepreneurial power 0.123* 0.007

Active personality 0.224* 0.001

F 6.304***

R? 0.587

**p < 0.001, “p < 0.01, *p < 0.05.
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Week Course content Achievement display

times

1 Innovative thinking: how to create Intra group discussion and inter
higher returns with low-cost group display.
investment?

2 Entrepreneurial opportunities: Market Research and analysis, intra
project thinking combined with group discussion, inter group display.
social status.

3 Entrepreneurial project: project Market Research and analysis, intra
planning case writing. group discussion, inter group display.

4 Project design: Taking Intra group discussion and inter
organizational behavior as an group display.
example.

5 Business model: case study. Intra group discussion.

6 Project promotion: publicity and Intra group discussion and inter
distribution scheme design. group display.

7 Team building: financing scheme ~ Market Research and analysis, intra
writing. group discussion, inter group display.

8 Project practice: campus report Campus report display.

display.
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Parameters

Number of nodes in the input layer
Number of nodes in the output layer
Number of nodes in the hidden layer
Activation function

Training times

Learning rate

Value

10

Tanh
170
0.0015
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Variables Value Number of Percentage

relevant (%)
personnel
Gender Male 728 444
Female 910 55.6
Age 10-18 Mean 14.77 Std.1.69
Periods of study High school 453 27.7
Middle school 1185 723
Region Shaanxi 342 214
Gansu 463 283
Ningxia 833 503
Type of plight Vagrancy and 7 06
begging
Absence of 105 86
guardianship
Left behind mobilty 90 74
Family violence 17 14
Low-income 430 35.4
households
General poverty 797 65.7
Special difficulties 162 395
Level of plight Level | 104 88
Level Il 726 61.7
Level 346 20.4
Famiy economic status  Extremely poverty 97 59
Poverty 801 490
General condition 727 445
Affluent families 9 06
Marital status of parents  In marriage 1353 84.7
divorce 82 5.1
remarriage 67 42

Siga Single parent (7 59





OPS/images/fpsyg-12-766634/fpsyg-12-766634-g007.jpg
Laser shooting

Inductor signal
reception

Effective receiving
point
determination

Data operation

The coordinate
output






OPS/images/fpsyg-12-767310/fpsyg-12-767310-g002.jpg
Deep learning

cognitive

thinking

ability

emotional

I Memory, comprehension, application, analysis,
evaluation and creation

Learners in the cognitive structure of knowledge
structure and thinking the concept of migration

i

Core academic content knowledge mastery, critical thinking
I and problem solving, effective communication and
cooperation ability, learning to leam, academic attitude

0 New knowledge understanding, migration, and
innovation, emotional and cognitive load





OPS/images/fpsyg-12-766658/fpsyg-12-766658-t003.jpg
Model

1 (Constant)
Escaping
Anxity
Impulsive tendency scored
Isolation tendency scored
Social anxiety scored
Study anxiety scored
Stress response efficacy
Strive for self efficacy

Unstandardized coefficients

B Standard error
140.483 1.991
—0.269 0.020
—0.070 0.017
—0.667 0.134
-1.3738 0.135
-0.317 0.159
—0.362 0.148
—0.843 0.113
—0.444 0.116

‘Standardization coefficient

Beta

-0.282
—0.090
-0.114
-0.229
—-0.049
—0.054
-0.172
-0.088

70.551
-13.356
—4.087
—4.985
-10.177
-1.997
—2.455
—7.445
—3.844

Significance

0.000
0.000
0.000
0.000
0.000
0.046
0.014
0.000
0.000
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11111

Focused on high-order thinking ability
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Deep understanding and keep for
a long time

Active learning

Deepening understanding, self-reflection

Higher-order thinking

Their own development needs

Pay attention to the basic knowledge of
learning and mastering basic skills

Simple repetition, mechanical
memory

Passive learning

The lack of reflection

Low-order thinking

External pressure
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Question

1.1f I try my best, | can always solve the problem.

2. Even if others oppose me, | stil have a way to get what |
want.

3. Itis easy for me to stick to my ideals and achieve my goals.

4. 1am confident that | can deal with any sudden event
effectively.

5. With my intelligence, | can cope with unexpected
situations.

6. If  make the necessary efforts, | will be able to solve most
of the problems.

7.1 can face diffculties calmly because | trust my abilty to
deal with problems.

8. While faced with a difficult problem, | can usually find
several solutions.

9. When | amin trouble, | can usually think of some ways to
deal with it.

10. Whatever happens to me, | can hande it

Factors
1 2

0.430
0.622
0.784
0.498
0.683

0.724

0.700

0.782

0.727
0.453
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Stress response efficacy
Strive for self efficacy
Study anxiety

Social anxiety

Isotation tendency
Self-accusation tendency
Allergic tendency
Physical symptoms
Terror tendency
Impulsive tendency
Escaping

Aniety

Inner strength

External support strength

1,638
1,638
1,638
1,638
1,638
1,638
1,638
1,638
1,638
1,638
1,637
1,638
1,622
1,637

cocooooocoan

23.00
18.00
20.00
14.00

20
20
10
10
10
10
10
10
10
10
112,00
120.00
756.00
60.00

14.54
11.60
6.44
4.43
3.08
6.14
6.41
4.55
390
324
64.40
64.37
52.30
39.95

Standard
deviation

282
2.90
213
220
236
238
2.03
235
282
242
14.85
18.38
8.77
752
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| Chi-square degrees of freedom

1-5, Good adaptation degree

> 5, the model need to be corrected

<0.05,Adaptation is good

‘ RESEA \
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Estimate SE. CR. P

Self-efficacy <- Attachment 0036 0015 2354  *
Self-efficacy <~ Mentalanxiety -0.025 0072 —0.344 0731
Resiience < Selfeficacy ~ —0628 0290 2148 *
Resiience < Attachment ~ -0.602 0098 —6.121 ™
Resilience <- Mentalanxiety -0.714 0270 -2.644 -
Stress response < Selfeficacy  1.000

efficacy_1

Strive for self < Selfeficacy 1764 0499 38535
efficacy_2

Study anxiety <- Mental anxiety  1.000

scored_1

Social anxiety_1 <~ Mentalanxiety 1638 0.193 8467

Impulsive tendency_1 <~ Mentalanxiety ~ 0.926  0.120 7.200  ***
Isolation tendency_1 <- Mentalanxiety 1.208 0.142 8526 =

Inner strength_1 <~ Resiience 1,000
Supported strength_1 <~ Resilience 1084 0095 11361 ™
Anxiety_1 <~ Attachment 1,000

Escaping_1 <~ Attachment 1104 0144 7688 v

“means P < 0.05, “'means P < 0.01, **'means P < 0.001 (Our study calculated the result
to three decimal places).
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Evaluation index Index meaning Recommended value Results

Absolute fiting indlex COMIN/DF Chi-square goodness of ft test Between 1-3 2,623
GFI Goodness-of-fit index >09 0.969
AGFI Adjusted goodness-of-fit index >09 0.944
Relative fitting index NFI Norm-fiting index >09 0916
IFl Increasing fitting index >09 0.946
utl Tucker-lewins index >09 0918
CFI Comparative fit index >09 0.945
Parsimony adjusted measures PNFI Parsimony-adjusted NFI >05 0611

PCFI Parsimony-adjusted CFI >05 0.630
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Items Names Specific contents

Hardware Lipids ROM 2G, Genuine Intel(R) CPU
T1350 @1.86 GHz
Software Linux Ubuntu 12.04; Fedora 10

Development environment Eclipse
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Your gender:

A. Male, B. Female

Your grade:

A. freshman, B. sophomore, C. junior, D. senior

Your major:

A. Literature, B. Economics, C. Science, D. Medicine

E. Law, f. Art, g. Agriculture, H. Philosophy

I. Management, J. Education, K. History, L. Others

What do you think of the role of film and television works?

A. broaden your horizons, B. relax and entertain, C. kill time, D. course needs
You know something about virtual images:

A: Not at all, B. Not at all, C. General, D. A little understanding, E. Very
understanding

Wil you evaluate after watching the film and television works?

A. Never, B. Rarely, C. Generally, D. Occasionally, E. Always

Channels for you to obtain information about film and television:

A. Books, B. Network, C. Recommended by others

What are your concerns about film and television works?

A. actor, B. plot, C. special effects, D. director, e. editing

Do you think college students need short video communication education?
A. Not at all, B. Not much need, C. General, D. More need, E. More need
Is there a short video communication education course in your school?

A. Yes, B. No

If yes, what do you think of the course:

A course is rich in connotation and of great significance, B. Talking is better
than nothing, but it is optional, C. It is boring and completely useless

Other suggestions for film and television education:
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Property / Method Rohan et al.
(2021)

Automatic Roll Call Function Yes

Random Roll Call No
Quiz Function Yes
Messages Yes

Student Engagement Analysis Yes

Tao etal.

(2014)

Yes
No

Yes
Yes
Yes

The proposed
system

Yes
Yes
Yes
Yes
Yes





OPS/images/fpsyg-13-781802/fpsyg-13-781802-i000.jpg





OPS/images/fpsyg-13-767389/fpsyg-13-767389-t003.jpg
Evaluation scale/item

The system has improved
the attendance rate,

The system has improved
students’ concentration.

The system has increased
students’ learning performance.
The system has

lowered teachers’ paperwork.
The system is not

helpful to online teaching tools.
The system can

assist in roll calls

The system can

enhance online teaching quality.

Strongly Agree Neutral Disagree Strongly

disagree
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Hardware development tools Software development tools

Server Windows 10
Laptop PHP

Dreamweaver
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Gender Grade Major

Male Female Freshmen Sophomore Junior Senior Liberal Arts Science and Engineering

Population 72 230 78 82 65 s 159 143
Proportion 23.84% 76.16% 25.83% 27.15% 21.52% 25.50% 52.65% 47.35%
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Teach students in accordance with their aptitude

Classroom atmosphere
Be a model for others
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Faster I

Normal |
Slower |

Class attention |

Job complete |
Office Hours |

Follow up courses |
hobby |
Exam preparation |

Preview Review |

Problem solving method |

Highly necessary |

unnecessary |

indifferent |

Great effect |
Effective |
commonly |

More than 80%
More than 60%
Below 60% |

strict |

appropriate I

easy |
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Type of information

What is the research duration of psychotherapeutic Sand Table Game

Gender
Do you know about Sand Table Games or other kinds of Sand Table Games?

Do you think the designed game is in line with the theoretical basis of the Sand
Table Game?

Do you think the principle analysis of the Sand Table Game is correct?

Do you think the game rule design of the system is reasonable?

Do you think Sand Table Game molds be conceptive?

What do you think is the most important application mode of the system?
What do you think is the most valuable usage mode of the system?

What do you think of the system interface aesthetics

Do you think the guiding significance of the system interface is clear?

What do you think of the importance of the system interface?

Do you think the 3D SPT model meets the standard?

Do you think the virtual scene will affect the visitors?

Do you think the system can be used for psychological SPT?

Do you think the proposed system is worthy of further research and promotion?
Do you think the system is difficult to get started with?

What do you think of the difficulty of completing the assigned task?

Other supplements

Basic information

1. 1-3 years

2. 4-7 years

3. 8-10 years

1. Male 2. Female

1. Yes 2. No

1. Exactly consistent 2. Relatively consistent 3. Not consistent

. Absolutely right 2. Quite right 3. Not right

. Very reasonable 2. Reasonable 3. Unreasonable

. Surely conceptive 2. Appropriately conceptive 3. Completely conceptive
. Single 2. Group

4 a4 a4

. Same place at the same time 2. Same place and different time 3. Different
place at the same time 4. Different place at different time

. Beautiful 2. Generally beautiful 3. Unbeautiful

. Very clear 2. Generally clear 3. Uncertain

. Very important 2. Important 3. Unimportant

. Very consistent 2. General consistent 3. Not consistent at all
. Will 2. Probably will 3. Will not

. Can 2. Probably can 3. No

. Extremely worthy 2. Generally worthy 3. Unworthy

. Very difficult 2. Difficult 3. Easy

. It's very difficult for the system to complete

. Generally simple, and the system can complete the tasks

. Difficult, and the system can barely be realized

. Very simple and the system implementation is more than enough

NN 4 4 4 4N 4 a4
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Parameter Learning Data Iterations Number Weight Number

type rate batch of exit decay of expert
size values rate networks

Best 0.0001 30 120 0.8 0.008 5

training

value
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Test population

Group

Control group

Before the game intervention
After the game intervention
Before the game intervention
After the game intervention

Test number

62
62
62
62

Total test score

20.37
14.15
20.37
19.71
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Serial Steps Detailed steps
number
1 Data collection Real Sand Table and relevant materials are
preprocessing taken pictures, based upon which the size
of Sand Table game model parts is
measured.
2 Monomer modeling The modeling proceeds from low to high
accuracy components and the final Sand
Table game model is created according to
the calculated parameters and proportions.
3 Selection of materials  Images are further processed, materials are
and texture arranged, and textures are pasted.
4 Model optimization The model is simplified
5 Animation recording Required test actions are performed
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Serial Name Specific steps

number

1 Adaptive The therapist guides the patients to learn to operate
equipment VR equipment, get familiar with the operation,

adapt to VR scenes and their impact on the senses,
and start to build the simulation of the inner world
on the Sand Table.

2 Self-realization  An absolutely private environment should be
provided, which will not be disturbed by the outside
world, where patients can reveal their feelings and
build a Sand Table.

3 Process The therapist will perform corresponding operations
analysis and at the other end of the VR system. The therapist’s
evaluation existence will be hidden from the patients, but the

therapist can monitor the whole process and results
in real time, and then analyze and improve them.

4 Communication The therapist has a dialogue with the client. After

and interaction

analyzing the process and results, the consultant
will communicate with the patient.
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Self-efficacy
Resilience

Escaping_1

Anxiety_1

Inner strength_1

Supported strength_1
Isolation tendency scored_1
Impulsive tendency scored_1
Social anxiety scored_1
Study anxiety scored_1
Strive for self efficacy

Stress response efficacy_1

Attachment

Upper limit

0.000
—0.002
0.000
0.000
—0.494
—0.477
0.000
0.000
0.000
0.000
0.118
0073

Lower limit

0.000
—0.060
0.000
0.000
—1.024
-0919
0.000
0.000
0.000
0.000
0.010
0012

Mental anxiety
Upperlimit  Lower limit
0.000 0,000
0203 ~0.069
0.000 0.000
0.000 0000
~0.149 —1.363

.126 -1.370
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0219 ~0.296
0.124 -0.210

Self-efficacy
Upper limit  Lower limit
0000 0.000
0000 0.000
0.000 0.000
0.000 0.000
0.119 ~1295
0.074 -1.308
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

Resilience
Upper limit  Lower limit
0,000 0.000
0000 0.000
0,000 0.000
0000 0.000
0,000 0.000
0000 0.000
0,000 0.000
0.000 0.000
0,000 0.000
0,000 0.000
0,000 0.000
0.000 0.000
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Serial Principle Specific precautions Principle
number name
1 Unconscious  Throughout the treatment  In the unconscious state,
principle process, patients are the feelings are fully
undisturbed and are exposed.
supposed to be
absorbed in their game
unwittingly, without being
informed of any specific
purpose.
2 Symbolic The therapist is supposed Each time a different
principle to have the whole mold and Sand Table are
process under perfect chosen, their
control. conversation will show
the fluctuation of the
patient’s inner situation.
3 Playfulness It is particularly used to During the game, one’s
principle reveal the participants’ own emotions will be
inner character, so it amplified, external
needs to be playful. interference will be
reduced, and true
feelings will be revealed.
4 Common The therapist is supposed Emotional resonance
situation to accompany the
principle patients to empathize

with them, let the patients
share their feelings, act
as the first listener, and
finally find a cure.
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Input: bottom event failure probability interval
Pl1=[al,a2],P2=[b1,b2]
Number of cyclesM:K=0

<<l

Y
The random number distributor is used to

™ generate a set of definite values subject to
uniform distributionP1,P2 No

Y
| Formula satisfying hyperellipsoidal convex domain

Yes

Y
| Calculation of top event failure value by sampling method

Y

If g>g2=0

Then g2=g

No End

If g<gl=1

Then gl=¢g
End

!

‘ K=K+1 ‘

'

| KM

Yes

\ 4
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Items

Student oriented
Taking learning as the mainline
Thinking- training intensity
Students’ active engagement
Achievement of teaching objectives

Expert 1

Excellent
Good
Ordinary
Excellent
Good

Expert 2

Good
Common
Ordinary
Good
Good

Expert3

Excellent
Good

Ordinary
Excellent
Excellent
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A class in the A class in the control
experimental group group

Percentage of 33.2% 13.4%
correct recalls
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Items

Help to achieve the goal

Help to improve students’
participation

Help to improve the
wilingness to attend lass.

Help to improve the
evaluation tendency

Help to improve students’
satisfaction

Groups

Experimental group
Control group 1
Control group 2
Experimental group
Control group 1
Control group 2
Experimental group
Control group 1
Control group 2
Experimental group
Control group 1
Control group 2
Experimental group
Control group 1
Control group 2

Totally agree

Frequency %
55 30.56
39 2294
a1 2253
73 40.56
2 15.29
29 1598
74 4111
35 2059
32 17.58
80 44.44
19 11.18
25 13.74
59 32.78
44 25.88
55 30.22

Agree
Frequency

63
a7
53
58
63
58
56
42
53
67
37
38
60
52
45

%

35
27.65
29.12
3222
37.06
31.87
3111
24.71
20.12
37.22
21.76
20.88
33.33
30.59
24.72

Disagree

Frequency %
31 17.22
44 25.88
58 31.87
28 15.56
62 36.47
73 40.11
30 16.67
79 46.47
89 48.90
19 1056
55 3235
66 36.26
30 16.67
35 2059
a7 25.82

Totally disagree

Frequency

30
40
40
21
19
22
20
14
8
14
59
53
31
39
35

%

16.67
2353
21.98
11.67
11.18
12.09
11.11
8.24
4.40
7.78
34.71
20.12
17.22
2294
19.23

xts
Frequency

278+ 1.06
25+ 1.09
2.63+1.08
3.02+1.01
2.56+0.88
252+ 0.90
3.02+101
2584091
2.60+0.82
318+ 091
2,09+ 1.00
2.19+1.01
281+£1.07
259+ 1.10
266+ 1.10
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Model Non-standardized coefficient Standard coefficient T Sig Collinearity statistics
B Standard error Trial version Tolerance VIF
6 (Constant) 1.638 1.038 1.585 0.214
Teaching method 1.697 0.419 0.223 4.208 0.010 0.289 4.367
Teacher’s attitude 0.871 0.296 0.213 3.005 0.001 0.231 2.045
Course difficulty 0.979 0.284 0.126 3.432 0.000 0.406 1.934
Examination method 0.988 0.273 0.114 3.572 0.000 0.452 2.237
Learning interest 0.778 0.360 0.121 2.464 0.024 0.324 3.126
Learning engagement 0.357 0.175 0.068 2.145 0.012 0.967 1.223
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Times Theme

1 Gowith pressure.

2 Itsnoteasy to say, love.

3 Conflict brings growth—efective
communication.

4 Graduation is a small matter.

5 Onthe boat of career—career planning

guidance

Contents

Properly handle the fatigue and anxiety of the postgraduate entrance examination and job hunting, and learn to
face the increasing pressure of le and study.

Examine the inner heart, treat the intimate relationship rationally, and lean to be kind to others and yourself.
Master expression skill, lean to listen to others and skilfully resolve interpersonal conflicts.

When graduation is coming, psychological construction should be conducted. A moderate goal should be set,
and students should learn to plan life in a pressure environment

Acareer can provide a variety of possibilties for ife development. Students should recognize their own needs, and
choose the path suitable for their personality development.
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Model Sum of squares df Mean square F Sig.

6 Return 13495.140 8 1425.573 167.712 0.104
Residual error 3201.831 294 10.368
Total 16774.977 279
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Teaching in the cloud intelligent classroom Teaching in the traditional classroom

Lecture location Special teaching in the cloud intelligent classroom Classrooms
Discussion methods Using teaching software to submit and display the results Discussing and sharing

Investigation methods Logging in and taking part in the survey An anonymous survey

Classroom reflection Taking a video in the teaching process After class, teachers recall and write teaching postscript

The cloud intelligent classroom has a tablet (one for each student or one for each group, which depends on the actual situation), network, touch screen TV, and network teaching software.
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Model

o O~ W N =

0.829a
0.843b
0.869¢
0.847d
0.845e
0.901f

R2

0.638
0.721
0.771
0.814
0.827
0.780

Adjusted R?

0.627
0.757
0.779
0.797
0.808
0.812

Standard error of estimation

4176
3.652
3.343
3.245
3.224
3.204

Revised statistics

R2 revision

0.678
0.022
0.034
0.014
0.007
0.006

F revision

610.717
39.634
19.913
5.674
4.404
4.613

df2

298
236
224
252
271
270

Sig. F revision

0.001
0.001
0.001
0.015
0.039
0.012
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Groups Scope Process Post-test

The experimental group Z University Teaching in the cloud inteligent classroom Questionnaire on the curriculum of mental health education
Control group 1 Z University Traditional classroom teaching Questionnaire on the curriculum of mental health education
Control group 2 N University Traditional classroom teaching Questionnaire on the curriculum of mental health education
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Dependent variable Mean difference Standard error Significance 95% confidence interval
(1-J) of the difference
Lower limit  Upper limit

Students’ satisfaction with Engineering Science 0.592* 0.178 0.004 0.17 1.15

teaching methods Humanities and 0.103 0.141 1.020 —0.24 0.37
social sciences

Others 0.273 0.534 1.002 —1.25 1.67

Science Engineering —0.671* 0.235 0.002 —-1.13 —0.14

Humanities and —0.540 0.210 0.052 —1.21 0.03
social sciences

Others —0.391 0.553 1.001 —1.81 1.12

Humanities and Engineering —0.121 0.124 1.003 —0.42 0.24

social sciences Science 0.547 0.210 0.053 —0.02 1.12

Others 0.151 0.577 1.010 —1.22 1.63

Others Engineering —0.268 0.546 1.064 —-1.13 1.42

Science 0.387 0572 1.040 —-1.70 1.78

Humanities and —0.145 0.432 1.020 —1.21 1.26
social sciences

Students’ satisfaction with Engineering Science 0.542* 0.185 0.047 0.05 1.02

teacher’s attitude Humanities and 0.188 0.171 1.001 —0.11 0.66
social sciences

Others 0.154 0.511 1.007 —1.44 1.68

Science Engineering —0.536* 0.295 0.037 —1.05 —0.02

Humanities and —0.354 0.221 0.672 —0.94 0.73
social sciences

Others —0.481 0.578 1.070 —1.74 1.78

Humanities and Engineering —0.183 0.141 1.000 —0.56 0.19

social sciences Science 0.354 0.221 0.662 —-0.23 0.94

Others —0.027 0.572 1.000 —1.55 1.49

Others Engineering —-0.175 0.582 1.010 —-1.75 1.54

Science 0.371 0.587 1.040 —-1.17 1.97

Humanities and 0.021 0.577 1.227 —1.41 1.44

social sciences

*Indicates that the significance level of the mean difference is 0.05.
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Dependent variable Mean difference (I-J) Standard error  Significance 95% confidence interval

Lower limit Upper limit

Satisfaction with teaching method Grade 2018 Grade 2017 0.321 0.145 0177 —0.038 0.62
Grade 2016 0.321 0.146 0.184 —0.08 0.73

Grade 2017 Grade 2018 -0.317 0.139 0.165 —0.67 0.07

Grade 2016 0.002 0.1585 1.010 —0.43 0.42

Grade 2016~ Grade 2018 —0.345 0177 0.456 —0.70 0.07

Grade 2017 —0.001 0.136 1.002 —0.29 0.45
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Levene test of T-test of mean value equation
variance equation

F Sig. T Sig.(2- Mean Standard  95% confidence interval
lateral) difference error of the difference
Lower Upper
limit limit
Course number Assuming equal variable 4.298 0.039 —1.612 0.099 —0.224 0.131 —0.502 0.031
Assuming unequal variable —1.612 0.099 —0.224 0.131 —0.502 0.031
Class schedules Assuming equal variable 1.496 0.217 —0.283 0.769 —0.044 0.121 —0.247 0.189
Assuming unequal variable —0.283 0.769 —0.044 0.121 —0.247 0.189
Cause objectives Assuming equal variable 0.740 0.392 —0.646 0.528 —-0.075 0.122 —0.288 0.152
Assuming unequal variable -0.646 0.528 —-0.075 0.122 —0.288 0.152
Cause contents Assuming equal variable 0.378 0.539 —0.551 0.582 —0.060 0.109 —-0.274 0.154
Assuming unequal variable —0.551 0.582 —0.060 0.109 —-0.274 0.154
Cause structure Assuming equal variable 5.345 0.034 —1.315 0.303 —0.151 0.121 —-0.372 0.092
Assuming unequal variable —1.315 0.303 —0.151 0.121 —0.372 0.092
Course evaluation Assuming equal variable 0.002 0.989 0.368 0.688 0.040 0.120 —-0.179 0.251
Assuming unequal variable 0.368 0.688 0.040 0.120 —-0.179 0.251
Teaching resources Assuming equal variable 1.009 0.317 0.241 0.821 0.025 0.114 —0.192 0.252
Assuming unequal variable 0.241 0.821 0.025 0.114 —0.192 0.252
Teacher’s attitude Assuming equal variable 0.849 0.347 0.229 0.822 0.027 0.114 —0.198 0.251
Assuming unequal variable 0.229 0.822 0.027 0.114 —0.198 0.251
Teaching methods Assuming equal variable 0.196 0.647 0.159 0.859 0.021 0.117 -0.218 0.238
Assuming unequal variable 0.159 0.859 0.021 0.117 —-0.218 0.238
Teaching effect Assuming equal variable 1.022 0.324 0.241 0.795 0.101 D122 —-0.211 0.248

Assuming unequal variable 0.241 0.795 0.101 0.122 —0.211 0.248
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Variables Category Number of Percentage (%)
people
Gender Male 1,896 701
Female 806 299
Grade Grade 2018 875 32.4
Grade 2019 1,052 38.9
Grade 2020 775 28.7
Subject concerned Science 333 12.4
Engineering 1,687 62.4
Humanities and 579 21.4
social sciences
Others 1083 3.8
Origin of place Cities 1,056 39.1
Rural areas 1,650 60.9
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Classification Specific Number Percentage
classification of students (%)
Grade Freshman 50 26.9
Sophomore 49 26.3
Junior 44 23.7
Senior 43 23.1
Gender Female 65 34.9
Male 121 65.1
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effects
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Hypothesized relationships

Hta smart technology — corporate trust
H1b smart technology — self-efficacy

Hic smart technology — employee well-being
H1d smart technology - learning performance
H2a corporate trust — employee well-being
H2b corporate trust — learning performance
H3a self-efficacy— employee well-being

H3b seif-efficacy — learning performance

Ha employee well-being — learning performance
p < 0.05.

%p <0.01.

p <0.001.

Path label

221
231
1
251
pa2
p52
p43
p53
p54

Standard path loadings

0.178°
0.257¢
0.089°
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0.198°
0.179°
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Standard error
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Dimension Operational definitions Number of
questions
Students’ personal Gender, place of origin, grade, and major 4
characteristics
The value and Cause dimensions: course objectives, 14
teaching quality of course contents, course structure, class
basic schedules, teaching organization,
entrepreneurship teaching resources, course assessment
courses methods, and course management
Teacher dimensions: knowledge level, 7
teaching methods, interaction between
the teacher and students, personal
charm, teaching attitude, and classroom
management skills
Student dimensions: learning interest, 8
learning style, learning engagement,
course participation, learning
atmosphere, and group interaction
Overall satisfaction Course number, class schedules, course Scale (12)
with basic objectives, course contents, course
entrepreneurship structure, course evaluation, teaching
courses resources, teaching methods, teaching
management, and teaching effect
Overall satisfaction Course number, class schedules, course Scale (15)
of professional objectives, course contents, course
courses structure, course evaluation, teaching
resources, teaching methods, teaching
management, and teaching effect
Open questions Suggestions, contact information 2
Number of questions 62
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SE

ESD

The average

The standard deviation

GF

0.772
0.699"*
0.500"*
0.603"*
0.589"*
0.764*
6.018
0.731

SL

0.802
0.469"*
0.613*
0.573*
0.723**
6.075
0.811

0.875
0.406™*
0.524***
0.586™*
6.465
0.646

GSE

0.892
0.717
0.748"
5.375
0.979

SE

0.852
0.736™*
5.713
0.972

ESD

0.826
5.970
0.827

CR

0.855
0.843
0.906
0.921
0.913
0.896

AVE

0.596
0.643
0.765
0.795
0.726
0.683

The diagonal figures are the square root of AVE of each variable, *** means P < 0.001.
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Variable Item number Cronbach’s alpha

GF 4 0.852
SL 3 0.849
T™W 3 0.891
GSE 3 0.913
SE 4 0.911
ESD 4 0.893





OPS/images/fpsyg-12-742172/fpsyg-12-742172-e005.jpg
il

1
k=5 > (- 0p?

k=1





OPS/images/fpsyg-12-772157/fpsyg-12-772157-t001.jpg
Item

Composition

0.814
0.812
0.732
0.628

0.904
0.868
0.838
0.878
0.861
0.839
0.884
0.825
0.677






OPS/images/fpsyg-12-742172/fpsyg-12-742172-e004.jpg
Vm+n+d 1 <d<10





OPS/images/fpsyg-12-772157/fpsyg-12-772157-g001.jpg
S| |©] |©O] |~ Dl ID] |

o s —| |N] |

£ 1891 8] 1S gl |1C] |C
2 [ D [

._ os
5\ @

GSE

<t o
~ < &

(ap] -
0 :
>\ — o | e

= \< ~ gy © &| ® S| @
EEEERE R EREENERERERS






OPS/images/fpsyg-12-742172/fpsyg-12-742172-e003.jpg
»(B)p(B)(1 — B)“(1 — B)PY, = 0(B)O(B)e; (4)





OPS/images/fpsyg-12-772157/cross.jpg
3,

i





OPS/images/fpsyg-12-742172/fpsyg-12-742172-e002.jpg





OPS/images/fpsyg-12-759094/fpsyg-12-759094-t006.jpg
Foundings
and results in
“Positive
psychology
and film
teaching
theory”
Section

Children can
better
memorize
information
obtained
through various
channels.

Foundings and

results in “Analysis of
the results of student

questionnaire
survey” Section

With the increasing
duration of carrying out
the film teaching mode,
there is an increasing
number of children
adapting to film
teaching mode. The
difficulty of selected
teaching materials
should be moderate.

Summarization

1. The film teaching mode improves
children’s learning interest and learning
motivation. The English film teaching
provides a virtual language environment
and cultural environment. With the help
of pictures and sounds, it can make the
classroom vivid and stimulate students’
learning interest. Students are also
more actively involved in teaching
activities. The stimulation of intrinsic
motivation is also more conducive to
the progress of students’ language
learning.

2. The film teaching mode improves
children’s language skills. Under the
designed scenes of film teaching,
students can perceive functions of
English language in the context. The
comprehensible language promotes
students’ listening ability and oral
expressing ability of English language.
Children are attracted by the pictures
and images, where movie characters’
body language and even voice
intonation can help them better absorb
knowledge from the film and enhance
their understanding of the content.

3. The film teaching mode fosters
children’s western cultural literacy.
Students like to learn western customs
and values in a relaxed environment.
Movies can intuitively show the
humanistic style, historical geography,
customs and so on of English
countries, because the culture close to
daily life can arouse learners’
resonance.
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Interview questions

Q1 What new teaching methods does the teacher try in the process of teaching?
Q2 What difficulties will teachers encounter in the teaching process?

Q8 What are the changes in the application of film teaching?

Q4 What do teachers think can be improved in film teaching?
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Interview questions

Q1 Do you like the way of film teaching?

Q2 What do you think are the advantages of film teaching?

Q8 Do you adapt to the way of film teaching?

Q4 What difficulties do you think fim teaching will encounter in class?
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Kaiser-Meyer-Olkin for Measurement 0.657
sampling sufficiency

Bartlett's Spherical Test Approximate chi-square 143.478
df 55
sig 0.000
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Question Content and specific options

distribution

Q2 C1: Is it too difficult to learn in the C11 too difficult C12
application of film teaching mode in  moderate C13 not difficult
class?

Q4 C2: After the application of film C21 Good C22 General
teaching, what is the students’ C23 Poor
mastery of knowledge?

Q6 C3: Do you like film teaching C31 Like C32 General C33

Dislike

Q8 C4: Is there enough learning C41 Many C42 Appropriate
resources in video teaching? C43 Less

Q10 C5: Do you think the study of C51 Little help C52 No help
English video appreciation class will  C53 Great help C54 Quite
help you improve your English? great help

Q12 C6: What kind of films do you like?  C61Appreciation of famous

works C62 Science fiction
film C63 Cartoon
Q13 C7: What kind of form do you want ~ C71 Speaking-based C72
to have English class? Performance-based C73
Listening-based
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Measure Approximate chi-square DF Sig

0.894 9300 345 0.000

Sig represents the level of significance.
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Gender Age Subject category Educational level

Basic information Male Female <35yearsold 35-50vyearsold >50yearsold Science departments Liberalarts Undergraduate Master Doctor
Number of students 138 114 79 141 32 151 101 85 79 88
Percentage (%) 548 452 31.3 56.1 12.6 59.9 40.1 33.7 31.3 35
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Fundamental RFID knowledge

Practical knowledge

Learning mode Mean N Std Dev Mean N Std Dev
Lecture 10.71 7 1.254 4.86 7 0.690
Seminar 9.86 7 1.464 5.00 7 0.577
Revision Exercise 10.14 74 1.773 5.00 7 0.577
Tutorial 6.14 7 1.676 7.71 7 1.496
Laboratory 5.14 % 3.436 7.00 7 1.291
Total 8.40 35 3.031 5.91 35 1.541
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Fundamental RFID knowledge Practical knowledge

N 35 35
Minimum 1 4

Maximum 13 10
Mean 8.40 5.91
Std Dev 3.081 1.541

Remark: N refers to the number of samples; Std Dev refers to the
standard deviation.





OPS/images/fpsyg-13-770637/fpsyg-13-770637-t001.jpg
z
°

0 N o o~ WN =

©

Recommendation path

Back-end
Back-end
Back-end
Back-end
Back-end
Back-end
Back-end
Front-end
Front-end
Front-end
Back-end
Front-end
Front-end

Learning outcome

Good
Good
Normal
Good
Bad
Normal
Bad
Bad
Normal
Good
Normal
Bad
Good

Accuracy

True
True
True
True
False
True
False
False
True
True
True
False
True





OPS/images/fpsyg-12-745295/fpsyg-12-745295-t003.jpg
Fundamental RFID knowledge

Practical knowledge

Learning mode Mean N Std Dev Mean N  Std Dev
Lecture 3.57 7 1.718 3.14 7 0.690
Seminar 2.86 7 1.345 3.29 7 1.113
Revision Exercise 3.14 7 1.345 3.00 7 0.816
Tutorial 2.86 7 1.069 2.43 7 1.397
Laboratory 2.14 7 1.676 2.14 7 0.690
Total 2.91 35 1.442 2.80 35 1.023
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N 35 35
Minimum 0 1
Maximum 6 5
Mean 2.91 2.80
Std Dev 1.442 1.023

Remark: N refers to the number of samples; Std Dev refers to the
standard deviation.
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function
171*8*10@2*2
160"6"20@12*3 + Batch standardization + RelLU activation
function
806*20@2*2
72*4*40@9*3 + Batch standardization + ReLU activation
function
36*2*40@2*2
256 + RelU activation function + Dropout (o = 0.5)
1 + sigmoid activation function





OPS/images/fpsyg-12-745295/fpsyg-12-745295-g005.jpg
Internal Education System

Consult other staff on Identify teaching
RFID education constraints

| | |
v

4— Formulate course syllabus —p

Identify teachers

Determine assessment
methods

Find industrial applications
for case studies in teaching

! !

Decide the learning design Collect required supporting
and teaching plan teaching materials

!

A Identify and acquire
technical resources

v

Finalise the official course
description to students

Evaluation: External monitoring and
controlling through annual course review,
student feedback questionnaire (SFQ) and

students’ performance statistics

|
i Analysis: Evaluate student learning |
------- e e e ¢ performance on the course with i
quantitative Analysis |
|





OPS/images/fpsyg-12-751406/fpsyg-12-751406-t002.jpg
Component

Micro-lecture video

Distance education

Smart partner training

Features

According to the cognitive rules of preschool children, piano teaching using information technology is divided into fragmented learning and
structured digital resources (short videos). Teaching activities are demonstrated by animation to fully mobilize preschool children to use various
senses for learning, improve learning efficiency, and ultimately enhance the autonomous learning ability of children.

The interconnection of intelligent pianos of the same type can realize remote transmission function. Teachers can fully understand the playing
situation of children, and timely put forward the advantages and disadvantages of children in the process of playing. If the teacher and the child
have different types of intelligent pianos, parents can transfer their children’s practice repertoire to the network platform and communicate with
teachers in time. According to the children’s playing situation, the teacher teaches the children’s playing methods with the help of the remote
guidance function of online teaching tools, to enhance the children’s playing ability.

Intelligent piano teaching includes corresponding teaching software. Children can implement accompaniment exercises, distributed practice,
and error correction. Once a child makes an error in the process of playing, the system will automatically reduce the playing speed, mark the
wrong position on the spectrum surface, and remind with sound to prevent the same error next time. If the child plays correctly, encouraging
sounds will be heard. The smart partner training function can make the children’s piano practice process rich in interesting operations, and
greatly stimulate children’s interest in playing.
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Classification

Piano performance

Teaching of music reading

Solfeggio

Music appreciation

Music composition

Features

Teaching: teachers can utilize animation in intelligent piano software to assist teaching, so that obscure music theory knowledge is easy
for learners to understand.

Learning: children play the piano with the teacher. They can play separately, or the teacher can teach hand in hand. The difficulty
increases gradually. The error correction function of intelligent piano can identify the errors of tune and rhythm in children’s performance,
to improve the learning efficiency.

Test: teachers guide children to play the piano in a scientific way, and monitor the playing process using the host computer. Teachers
can conduct spot checks according to specific conditions, either one-to-one guidance or collective guidance.

Evaluation: the teacher makes evaluation according to the children’s class situation, and selects the best player according to the scoring
results of smart assessment and the specific score tips.

Information technology is combined with teaching music reading. In the process of teaching, teachers use the resource base of
intelligent pianos to establish a visual teaching situation, which can display music knowledge for preschool children in a more intuitive
way and can accurately identify music scores.

4-6 years old is the golden period of hearing development of preschool children. According to the effect of classroom teaching,
teachers regard the game software of solfeggio as an auxiliary tool of classroom teaching. For example, listening games can improve
preschool children’s ability to distinguish fixed notes, thus helping them learn solfeggio. Combining game teaching with intelligent piano
can make children learn in the game and stimulate their learning enthusiasm.

The teacher selects the micro-lecture video in the resource library. Children can feel different music and famous piano works. They listen
to the story while listening to music and understanding music for a better experience of music.

Children can use different rhythms and notes to create melodies. In the process of collective creation and discussion, preschool children
can realize the significance of cooperation, and feel happy in music creation, which can improve their interest in music composition, and
enhance children’s thirst for music knowledge.
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The path Non-standardized path coefficient

GF - SE

SL - SE

TW - SE

The GSE - SE
GF - ESD

The SL to ESD
TW - ESD
GSE to ESD
SE to ESD

0.176
0.090
0.356
0.576
0.374
0.186
0.199
0.250
0.170

Normalized path coefficient

0.118
0.072
0.223
0.510
0.294
0.175
0.146
0.260
0.199

S.E.

0.145
0.12

0.106
0.094
0.11

0.087
0.079
0.076
0.067

C.R.

1.213
0.749
3.369
6.155
3.398
2132
2517
3.298
2.539

Significance level

0.225
0.454

*means P < 0.05, **means P < 0.001.
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Input: X, D, ¢, ability;, dificc, difmem,
Output: py, list[v]

I:

N A m B

13:
14:

for each student s do
Calculate the feature-reward vector:
A=DTD;+1,
by =D;rcs
6= A",
Calculate the personalized exploration coefficient:
Duxcm, [l m) = \/(difiec — difinem,)?
S5 = Dyxm, G
abilitys

o= %S
n

Obtain the total estimated rewards of all educational
videos:

pe= X0, + 0 © (XA X )iy

Obtain the personalized recommendation list:

list[v] = topn (psy), ps = [ps]
end for






OPS/images/fpsyg-12-767837/fpsyg-12-767837-t005.jpg
Evaluation index

precision@8
precision@10
recall@8
recall@10
Fl@s

F1@10
hit_ratio@8
hit_ratio@10

The bold values mean the Precision@N, recall@N, F1@N, hit_ratio@N of the proposed recommendation scheme.

Popular (%)

19.39
18.92
14.89
18.20
19.20
18.56
81.98
84.02

User-based CF (%)

46.63
42.02
16.58
17.55
23.36
24.76
70.99
81.05

Item-based CF (%)

29.95
2414
13.76
16.15
18.87
19.36
63.35
70.02

Proposed (%)

62,69
61.24
16.66
18.03
23.59
27.51
95.88
97.42
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Exploration coefficient personalization@5 (%) personalization@8 (%)

No specific value(x = 1) 38.15 36.78
Fixed value(a = 0.5) 44.70 3983
Personalized parameter 55.23 53.75

The bold values mean the Personalization@N of the recommendation algorithm under the proposed exploration coefficient.

personalization@10 (%)

36.49
38.71
52.22
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Student group adaptive@5 adaptive@8 adaptive@10

Active students 0.1396 0.1109 0.0898
Potential students 0.0883 0.0893 0.0617
Inactive students -0.0140 -0.0130 0.0136
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Student group

Active students
Potential students
Inactive students

hit_ratio®5 (%)

94.33
95.17
28,63

hit_ratio@N
hit_ratio@8 (%)  hit_ratio@10 (%)

95.88 97.42
98.54 98.65
32.30 35.98
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Field name

userlD
VidiD
fracSpent

fracPlayed

fracComp

numPaused

fracPaused
numRWs

numFFs

success

Field meaning

Student id

Educational video id

Fraction of the student’s total time spent on watching the
video (containing play, pause, rewind) to the duration of that
video

Fraction of the student's play and rewind time spent on
watching the video (containing play, rewind) to the duration of
that video

Percentage of the video that the student plays (not containing
duration of pause and rewind) to the duration of that video
The number of times the student pauses when learning the
video content

The fraction of the pause time to the duration of the video
The number of times the student rewinds when leaming the
video content

The number of times the student fast-forwards in the video
when learning the video content

Whether the student has correctly answered the quiz after
learning the video content (success = 1 means correct, while
success = 0 means wrong)
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# Null Hypothesis Test Sig. Decision

H3 Improvements in theoretical knowledge are the same across Independent-Samples Mann-Whitney U Test 0.673 Retain the null hypothesis
two learning methods
H4 Improvements in practical knowledge are the same across two Independent-Samples Mann-Whitney U Test 0.000 Reject the null hypothesis

learning methods

Remarks: Asymptotic significances are displayed, and the significance level is 0.05.
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Theoretical Practical
knowledge knowledge
Baseline measurement
MR-based Lectures Mean 3.39 2.56
N 18 18
Std Dev  1.577 0.984
MR-based Integrated learning Mean 3.11 2.39
N 18 18
Std Dev  1.278 1.037
Total Mean 3.25 2.47
N 36 16
Std Dev  1.422 1.000
Post-test measurement
MR-based Lectures Mean 10.17 5.00
N 18 18
Std Dev  1.338 1.138
MR-based Integrated learning Mean 10.11 7.56
N 18 18
Std Dev  1.605 1.381
Total Mean 10.14 6.28
N 36 36
Std Dev  1.457 1.799
Overall Improvement
MR-based Lectures Mean 6.78 2.44
N 18 18
Std Dev  1.003 1.097
MR-based Integrated learming ~ Mean 7.00 817
N 18 18
Std Dev  0.767 0.707
Total Mean 6.89 3.81
N 36 36
Std Dev  0.887 1.653
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Teaching and learning Schedule (in week #)
method (in hours/session)

Student study
effort (in hours)

Lecture (2 h) 1,2,4,5,7,9
Tutorial (1 h) 1,2,4,5,7,9
Laboratory (3 h) 3,6,8,10
Seminar (2 h) 6, 11
Revision Exercise (2 h) 12
Assessment* 13

The total student study effort

12
6
12
4
2
3

39

*Not a change in the proposed teaching/learning method.
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Elements of CATWOE

Customers
Actors
Transformation
Weltanschauung

Owners
Environmental constraints

Element description(s)

The students enrolled in the RFID technology course

The course teacher(s) and students (in laboratory and tutorial exercises)

Imparting fundamental and practical RFID knowledge using an integration of various suitable teaching and learning methods

Through integrated teaching and learning methods, students can effectively acquire both fundamental and practical knowledge With
standardized RFID teaching and learning methods and environments provided by higher education institutions, graduates will be able to
become RFID professionals to meet the increasing market demand for such professionals

Dean of Faculty of Engineering, Head of Department of Industrial and Systems Engineering, or Course Coordinator

University Grants Committee (which financially supports Hong Kong'’s higher education institutions), university regulations, other courses
enrolled by students, work, outside commitments and family
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Sample 1-sample 2 Test statistic Std. error Std. test statistic Sig. Adj. Sig.

Lecture-Seminar —0.500 5.329 —0.094 0.925 1.000
Lecture-RevisionExercise —2.286 5.329 —0.429 0.668 1.000
Lecture-Laboratory —17.357 5.329 —3.257 0.001 0.011*
Lecture-Tutorial —19.500 5.329 —3.659 0.000 0.003*
Seminar-RevisionExercise —1.786 5.329 —0.335 0.738 1.000
Seminar-Laboratory —16.857 5.329 —3.163 0.002 0.016*
Seminar-Tutorial —19.000 5.329 —3.565 0.000 0.004*
RevisionExercise-Laboratory —15.071 5.329 —2.828 0.005 0.047*
RevisionExercise-Tutorial —-17.214 5.329 —3.230 0.001 0.012*
Laboratory-Tutorial 2.143 5.329 0.402 0.688 1.000

Remarks: Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (2-sided tests) are displayed. The
significance level is 0.05, while the tests marked with * denote that the null hypotheses are rejected.
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Sample 1-sample 2 Test statistic Std. error Std. test statistic Sig. Adj. Sig.

Laboratory-Tutorial 0.571 5.379 0.106 0.915 1.000
Laboratory-Seminar 17.429 5.379 3.240 0.001 0.012*
Laboratory-RevisionExercise 17.429 5.379 3.240 0.001 0.012*
Laboratory-Lecture 18.500 5.379 3.440 0.001 0.006*
Tutorial-Seminar 16.857 5.379 3.134 0.002 0.017*
Tutorial-RevisionExercise 16.857 5.379 3.134 0.002 0.017*
Tutorial-Lecture 17.929 5.379 3.333 0.001 0.009*
Seminar-RevisionExercise 0.000 5.379 0.000 1.000 1.000
Seminar-Lecture 1.071 5.379 0.199 0.842 1.000
RevisionExercise-Lecture 1.071 5.379 0.199 0.842 1.000

Remarks: Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (2-sided tests) are displayed. The
significance level is 0.05, while the tests marked with * denote that the null hypotheses are rejected.
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