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The online teaching and learning method can implement synchronous and

asynchronous processes for theory courses using digital platforms through

digital education systems. Implementing online teaching and learning for

laboratory courses presents challenges, as synchronous is infeasible due to the

requirement for specialized tools, equipment, and experimental materials. An

asynchronous teaching and learning model can be used instead. In this study,

we proposed an Asynchronous online teaching and learning model tailored for

practice laboratory-based courses in engineering and technology education.

This model is named “Development of a Laboratory-Based Learning Model via

a Digital Platform Environment.” This model is proposed based on the student-

feedback interaction model, and called the online feedback practice model.

The proposed model is experimented with teaching and learning laboratory-

based subjects. The experiment involved two groups of 200 students, including

100 students in the control group (face-to-face practice) and 100 students in

the experimental group (online feedback practice). Both groups participated

in a final evaluation through direct in-class assessments. The research results

demonstrated that the model yields higher e�ectiveness than the traditional

method, based on evaluating statistical analysis to compare average scores,

outcomes, achievement rate, and assignment completion rate of two student

groups. Themodel also gathered feedback from instructors teaching in the same

field regarding the course’s learning outcomes, which have been validated to

meet AUN-QA standards. The survey results are also statistically evaluated and

calculated through means, variances, standard deviations, and hypotheses using

t-tests to demonstrate the e�ectiveness of the proposed model.

KEYWORDS

laboratory learning model, virtual learning environment, Moodle, digital pedagogy,

digital platform, feedback theory

1 Introduction

Teaching and learning methods in universities are commonly implemented through

two prevalent approaches: traditional face-to-face instruction in a room or online teaching

via, either synchronously or asynchronously, using online platforms through digital

education systems.

Synchronous and asynchronous online teaching and learning methods are often used

for theoretical subjects, especially within distance learning programs. Laboratory-based

courses, particularly in engineering fields, are usually challenging to adapt to online

teaching. This is because laboratory courses require learners to conduct experiments
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under direct guidance from instructors to acquire the necessary

knowledge, skills, and attitudes. Therefore, implementing

online learning for laboratory-based courses encounters

numerous difficulties.

Asynchronous online education is also known as education

on virtual learning platforms. The digital platform allows learners

to study from anywhere using a computer or internet-connected

device, rather than attending physical classes as in traditional

methods. The learning content and materials can be accessed

and updated through online learning software and other mobile

applications. The outstanding feature of online education lies in the

diverse interaction possibilities between instructors and learners.

Learners have the autonomy to organize their learning schedule and

study from anywhere, at any time, and this helps reduce travel time,

costs, strain on transportation infrastructure, and various societal

issues. Therefore, asynchronous interaction on virtual learning

platforms is suitable for applying the feedback theory in designing

the online teaching and learning models. The feedback in teaching

and learning is principally about teachers informing students about

strengths, weaknesses and how to improve, and highlights the

centrality of the student role in sense-making and using comments

to improve subsequent work (Carless and Boud, 2018). With the

advancement of science and technology, humans are constantly

seeking new methods and applying new technologies to serve their

lives. Information technology has become a tool for improving

various aspects of modern human society (Dias et al., 2020). With

the development of technology today, we have become accustomed

to the applications of new technologies in various fields, and the

education system is no exception (ISCED, 2012). The development

of digital technology has a significant impact on the education

system through the teaching and learning process (Siemens, 2005).

Digital technology, especially the internet, is becoming a profound

influence on the teaching and learning process, for both learners

and educators are effectively utilizing resources to disseminate and

enhance their knowledge (Abuhassna and Yahaya, 2018).

Universities currently employ two primary methods of

education: face-to-face teaching and online instruction, which

can be either synchronous or asynchronous (Bignell and Parson,

2010). Face-to-face teaching is the traditional method in which

learners and educators interact directly in the classroom to

facilitate the teaching and learning process, while online involves

delivering the educational process through digital platforms,

utilizing the Internet communication network (Koneru, 2017;

Dhakal, 2023). According to O’Donnell’s (2012) research, online

education delivered through digital platforms is highly effective

in higher education. This is because students are adept at self-

directed learning and are familiar with technology and internet-

based interactions. The benefits of online education are apparent

in both training programs and the academic achievements of

university students. Anyaoku (2008) found that awareness of

the increasing use of communication technology in classrooms

is growing, particularly in developing countries. This suggests

that relying solely on verbal communication or excessive verbal

instruction to educate students is an ineffective approach. Instead,

teachers should quickly transition to internet-related and web-

based tasks within educational institutions. Two classifications of

online teaching are synchronous online teaching and asynchronous

online teaching (Hrastinski, 2008). For synchronous online

teaching, the instructor and learners interact through the internet

simultaneously to carry out the teaching and learning process. On

the other hand, asynchronous online teaching does not require the

instructor and learners to interact directly through the Internet

simultaneously to conduct the teaching process (Setiadi et al.,

2021; Alarifi and Song, 2024). For the asynchronous online

teaching method, instructors can carry out the teaching process by

providing instructional resources such as lecture videos, tutorial

videos, images, and digital materials through an online teaching

management platform. The learners can access the digital platform

from anywhere and at any time to engage in their learning process

(Smolyaninova and Bezyzvestnykh, 2019). The digital platform

also provides learners with a space for interaction, both through

synchronous and asynchronous methods, with the instructor and

other class members.

Teaching on digital platforms is widely used in the era

of technology 4.0 today (Chemsi et al., 2020; Restiglian et al.,

2023). With the development of teaching management tools

on digital platforms such as Moodle, Edmodo, MOOCs, and

Google Classroom. . . , implementing the teaching process is very

convenient (Ahmed and Mesonovich, 2019; Munoz and Towner,

2009). In technical education, Laboratory-based courses are

subjects in which learners perform experiments to demonstrate

theoretical knowledge acquired from theory subjects, aiming to

gain profound understanding, solid skills, and familiarity with

tools and equipment used in their field of study (Hmelo-Silver,

2004; Pumahapinyo and Suwannatthachote, 2014). The advent

of high-speed internet today creates highly favorable conditions

for educational institutions to develop remote learning methods

(Sri Jothi et al., 2011; Tan et al., 2024). Distance education is

well-suited for fields such as social sciences, economics, and

languages, in which courses are predominantly theoretical. In the

engineering and technology fields, certain subjects must be taught

in workshops using specific tools and equipment to effectively

convey the necessary knowledge, skills, and attitudes to learners,

in addition to theoretical instruction.

In the traditional teaching method for practice subjects (Russell

and Gabriela, 2011), the teacher demonstrates the example process

only once during the demonstration phase. Students need to

observe, take notes, and focus intently to remember the steps

for following the instructions. After this demonstration, students

replicate the demonstrated model while the teacher provides

general observations and frequent guidance to help them develop

the necessary skills. This model is called the face-to-face practice

model (Figure 1).

For this research, we proposed a model for implementing

laboratory-based courses in asynchronous online education. This

model is proposed based on the student-feedback interaction

model (Lipnevich and Smith, 2022), and called the online feedback

practice model (Figure 2). In this online teaching method for

practice subjects, the instructor supplies video, images, and text

files, which are uploaded to the virtual classroom system for

learners to prepare materials and demonstrate steps with step-

by-step instructions. Learners access the system to view and

read the materials as part of their learning process. Learners

then submit to feedback their practical results to the instructor

through video recordings of their actions, images, and report

files, all of which are uploaded to the online virtual classroom
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FIGURE 1

The face-to-face practice process.

system to assesse and get feedback message. The research results

demonstrated that the model yields higher efficiency than the

traditional method based on assessing the scores, achievement

rate, assignment completion rate, and Course Learning Outcomes

(CLOs), which have been validated to meet AUN-QA standards

also evaluated.

2 Literature review

Asynchronous online education has become a cornerstone

of modern learning, especially in response to the challenges

faced by traditional classroom settings. This method, which

allows students to access learning materials and engage with

instructors at their convenience, has proven effective for distance

learning (Oxford University Press, 2015; Magalhães et al.,

2020). The flexibility of online education not only reduces

logistical barriers but also empowers learners to organize their

schedules and engage in various digital interactions, enhancing

their overall learning experience (Siemens, 2005). However,

while the benefits of asynchronous online education are well-

documented, significant challenges persist in delivering practical,

laboratory-based learning experiences, particularly in STEM

fields. This research aims to tackle challenges by proposing

a new model for laboratory-based courses in a remote and

asynchronous context.
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FIGURE 2

The online feedback practice process.

Several studies have explored online learning models,

particularly those focused on practice-based courses. For instance,

Brinson (2015) examined the effectiveness of virtual laboratories

and found no significant difference in academic achievement

Frontiers in Education 04 frontiersin.org

https://doi.org/10.3389/feduc.2024.1495724
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Dao et al. 10.3389/feduc.2024.1495724

compared to traditional methods. This supports the notion

that virtual laboratories can serve as a viable alternative in

education. Additionally, Junaid and Sigala (2024) proposed models

emphasizing teacher-student interaction through communication

applications, aiming to foster meaningful learning experiences

in tourism management. In another study, Hou et al. (2014)

introduced a blended learning environment that integrates

multiple devices for seamless course engagement. They noted the

satisfaction of learners with the interface design but acknowledged

limitations such as restricted schedule flexibility and a lack of

practical tools. This highlights the need for more comprehensive

solutions in remote learning environments. Flórez et al. (2023)

conducted an evaluation of engineering students’ preferences for

various classroom settings during the COVID-19 pandemic. Their

findings revealed that immersive virtual classrooms (IVC) received

high acceptance among students, comparable to traditional

face-to-face classrooms. Such insights provide a backdrop for

exploring how innovative virtual environments can enhance

learning experiences, particularly in hands-on disciplines.

Despite these advancements, the integration of effective online

laboratory-based courses remains underemployed, especially in

engineering and STEM fields. This gap presents an opportunity

for innovative approaches that harness digital platforms to support

practical education. The proposed “Development of a Laboratory-

Based Learning Model via Digital Platform Environment” builds

upon existing research while addressing the identified gaps. Unlike

traditional models, which may primarily focus on theoretical

instruction or limited practical engagement, this model aims to

create a comprehensive digital framework that supports a full

spectrum of laboratory-based learning experiences. For example,

while Flórez et al. (2023) emphasized the effectiveness of IVC,

our model seeks to enhance this concept by incorporating features

specifically designed for practical skills development. This includes

simulation tools, collaborative virtual environments, and adaptive

learning technologies that cater to individual learning styles.

Moreover, our model distinguishes itself from Junaid and Sigala

(2024) by focusing not just on communication strategies but

also on the integration of real-time data analytics and feedback

mechanisms that can dynamically adjust to student needs. By

leveraging these technologies, the proposed model aims to facilitate

a deeper understanding of laboratory concepts, bridging the gap

between theoretical knowledge and practical application.

Recent studies on feedback models are summarized in the

research by Anastasiya A. Lipnevich and Ernesto Panadero. This

research provides an overview of feedback models, including

Kulhavy and Stock (1989): A Model From Information Processing;

Sadler (1989): Seminal Work for Formative Assessment; and

Bangert-Drowns, Kulik, Kulik, and Morgan (1991): The First

Attempt to Meta-Analyze the Effects of Feedback. Studies on

feedback in online learning are introduced in research by Jensen

et al. (2021) which investigates how researchers in online learning

understand feedback’s role in teaching and learning and how these

understandings shape research questions and recommendations

for online feedback practices. According to Breuch (2004),

online settings involve technology-mediated communication,

defining peer feedback as technology-facilitated interactions among

students. In this context, students submit their work online and

engage in peer feedback exchanges (Jongsma et al., 2023; Latifi

et al., 2021). This feedback model can be conducted through

various online tools such as chat mediums, Facebook or Instagram

community environments, blogs, discussion boards, collaborative

writing software, as well as peer feedback-specific software and

tools (Dawson et al., 2018). From this research, it shows that there

are many feedback models and theories, some models are better

suited for guiding empirical or theoretical. Choosing the right

model and theory depends on the aims of the research (Lipnevich

and Panadero, 2021).

The proposed model for laboratory-based learning via digital

platforms is novel in several ways. First, it emphasizes a holistic

approach that combines theoretical knowledge with practical

application through simulations and collaborative projects. This

dual focus aims to create a richer learning experience, particularly

in fields where hands-on skills are essential. Additionally, themodel

incorporates real-time analytics to assess student performance and

engagement continuously, and applies feedback theory in online

teaching on digital platforms for teachers informing students about

bout strengths, weaknesses and how to improve, and highlights

the centrality of the student role in sense-making and using

comments to improve subsequent work (Carless and Boud, 2018).

By doing so, it allows for immediate adjustments to the learning

experience, catering to diverse learner needs and enhancing

overall effectiveness. This adaptability sets our approach apart

from existing models, which may lack the infrastructure for such

dynamic interactions.

3 Objectives and research questions

Along with the development of information technology and

digital platforms, online feedback practice brings numerous

benefits, such as flexibility in terms of time and location, allowing

learners to actively adjust their learning pace, saving time and

costs, providing access to a global learning environment, enhancing

learners’ self-study abilities, offering vast learning resources from

around the world, and enabling interaction between learners and

instructors, as well as among learners worldwide.

For online feedback practice, instructors can conduct the

teaching process by providing teaching resources such as lecture

videos, instructional videos, images, and digital materials through

an online teaching management platform to deliver lecture

information to learners. Learners can access the digital platform at

any time and from anywhere.

However, there is still limited research on teaching

laboratory-based subjects using digital teaching platforms.

Existing research only focuses on fields like medicine (Michela

et al., 2019; Yun et al., 2022) and hotels, restaurants, and

tourism management (Junaid and Sigala, 2024). The model

of practical teaching for subjects in the fields of science,

engineering, and technology on digital platforms for distance

learning is not yet popular. In this research, the Laboratory-

Based Learning Model via Digital Platform Environment can

be applied to teach experimental subjects through online

feedback practice and is suitable for fields in engineering

and technology.
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4 Methodology

Feedback is described as a conversation between the teacher

and a student, and cautioned that utterance that each party

uses would be highly consequential for future student-teacher

interactions and student learning progress (Lipnevich et al., 2016).

Within the context, the feedback is delivered to the student.

Students will inevitably vary on their personality, general cognitive

ability, receptivity to feedback, prior knowledge, and motivation.

The feedback itself may be detailed or sparse, aligned with the

students’ level of knowledge or not. It may be direct but delivered in

a supportive fashion or may be unpleasantly critical. It may match

what the student is expecting or be highly below or above those

expectations. All these characteristics will contribute to students’

differential processing of feedback (Lipnevich and Panadero, 2021).

The revised student—feedback interactionmodel that described the

context of feedback, its source characteristics of the message and

learner, and focus on student processing, along with the outcomes

of performance and learning. The revised model emphasized three

main questions for student processing of feedback: Do I understand

the feedback? How do I feel about the feedback?What am I going to

do with the feedback? By answering these three questions, a learner

generates self—or inner feedback, and this step is critical in any

productive response to external feedback (Lipnevich and Smith,

2022).

The revised student—feedback interaction model shows that

feedback message, student characteristics, and self—feedback

(cognitive processing, affective processing, and behavioral

processing) contribute to an action that may alter outcomes of

student performance and learning (Lipnevich and Smith, 2022).

So, in the online feedback practice process is proposed based on the

student-feedback interaction model (Figure 2), instructors provide

the course learning information and instructional materials (for

example: the steps while recording the session as a video file, image

and text files are prepared and uploaded to the virtual classroom

system) and feedback message to learners, and receive learners

feedback about outcomes of performance and learning. Learners

participate in the learning process by accessing the system to view,

read, and interact with feedback message, digital learning materials

as needed, without limitations on how often they can review the

resources or restrictions on time and location. Learners can actively

undertake self—feedback and self—directed learning, following the

instructions independently without being confined to classroom

hours. To report their practical results, learners submit video

recordings of their actions, image files, and report files through

the online classroom system. That allows instructors to evaluate

if learners’ performance and learning have met the required skills

and knowledge based on the CLOs, and to provide the feedback

message. By being able to review the instructional actions, receive

the feedback message, and self—feedback multiple times, along

with the flexibility to arrange their learning time and space

effectively, students are likely to achieve better CLOs compared

to the traditional in-class method. The feedback message, and

self-feedback process in the online feedback practice process is

described as the Table 1.

The online teaching method also consists of five similar stages

but employs a different instructional delivery format. Instruction

is conveyed through a series of videos, images, and text files that

TABLE 1 Feedback in the online feedback practice process.

Student—feedback
interaction model

Online feedback practice
process

Feedback message Learning requests;

Timeliness of Learning;

Practice guidance;

Adaptation of learning outcomes to CLOs;

How to adjust and improve the outcomes of

performance and learning.

Learners’ self-feedback Self-receive the feedback message;

Self-find out the feedback content;

Self-analyze to properly understand the

feedback content;

Self-review the practice guidance and

instructional actions;

Self-practice, adjust, and improve the learning

outcomes;

Self-record the data, analyze and submit the

practice results.

Outcomes of performance

and learning

Practical results;

Self-directed learning ability.

are uploaded to the Moodle learning management system. In this

process, students independently prepare their tools and materials

and engage with the content according to the guidelines provided

in the digital resources. This method emphasizes self-directed

learning, where students take the initiative to manage their study

materials and learning pace.

The experimental design employed a comparison method of

the control and experimental groups. Learning conditions were

the same between the two groups, such as teachers, students’ level,

curriculums, learning outcomes, assessment criteria, etc. Before the

course commenced, students’ foundational knowledge and skills

were assessed to establish a baseline for both control group and

experimental group. Following the completion of the course, the

learning outcomes of the students were re-evaluated with the same

assessment criteria. This dual assessment allows for comprehensive

evaluation of pre-experimental teaching on student’s level similarity

of both groups, and post-experimental teaching on effectiveness of

the online feedback practice (experimental group). Data collected

included not only academic scores but also satisfaction levels,

autonomy in learning, and the quality of interactions between

students and instructors. The experimental models are described

in detail in Figure 1 (control group) and 2 (experimental group) of

the attached document.

For the face-to-face practice process (control group), the

equipment is commonly used to be electronics laboratory,

experimental equipment, and tools and devices. Instructional steps

to achieve the CLOs are conducted in a fixed location, namely the

classroom, and within the fixed time frame of that specific class

session. During the demonstration steps, the teacher performs a

single demonstration, requiring learners to observe, take notes,

and carefully pay attention to remember the steps in order to

follow the instructions accurately. Following the demonstration,

learners replicate the modeled steps, with the teacher providing

general observation and ongoing guidance to ensure students

develop the necessary skills and knowledge required to meet the

CLOs. In the traditional teaching method, instruction takes place
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directly in the laboratory, divided into five distinct periods over

a total duration of 225min, with each period lasting 45min. This

approach accommodates a class size of 25 students, facilitating

direct engagement between the lecturer and the students. Online

courses have also been widely implemented at the research

institution, with data collected randomly and voluntarily. During

the laboratory sessions, the instructor actively guides students

through various practical activities, utilizing specific electronics

laboratory equipment and tools. This hands-on approach aims to

enhance experiential learning by allowing students to directly apply

theoretical concepts in practical settings.

For the online feedback practice process (experimental group),

the digital platform is used to be Moodle online learning

management system (LMS). Because learning on a digital platform,

so students have to actively equip themselves with practical learning

devices to meet the course requirements, and are provided by

teachers with detailed course information, and digital resources

such as instructional videos, images, text files, group discussion

tools, and teachers—students discussion tools. Learners access

the system to view and read the materials as part of their

learning process, then submitting to feedback their outcomes of

performance and learning as a practical results to the online

virtual classroom. Instructor receive the practical result feedback

from students through video recordings of their actions, images,

and report files. Instructors compare students’ practical results

with the CLOs to assess students’ achievement of the CLOs, and

provide feedback message to students for the next learning tasks.

The process is repeated continuously until the end of the course.

Learning rating scales are based on the level of achievement of the

CLOs of their outcomes of performance and learning, including:

Level 5 (Fair), Level 4 (Average), Level 3 (Good), Level 2 (Very

Good), Level 1 (Excellent).

To evaluate the effectiveness of the control group and

experimental group we conduct an independent samples t-test was

employed to compare the end-of-term mean scores of both groups.

The hypotheses were clearly defined as follows:

• H0: µX = µY (The mean score of the experimental group

equals the mean score of the control group).

• H1: µX > µY (The mean score of the experimental group is

higher than the mean score of control group).

In this context, µX represents the mean score of the

experimental group, while µY signifies the mean score of the

control group. The clarity of these hypotheses is crucial; both focus

on comparing means, thus ensuring that we address the correct

statistical parameters.

Statistical methods were applied to compare post-test the

results of both control and experimental groups, facilitating

an evaluation of the effectiveness of each teaching approach.

These findings contribute to the growing body of research

regarding the effectiveness of online feedback learning in higher

education, particularly concerning practical, laboratory-based

courses. Understanding the strengths and limitations of

online feedback practice relative to traditional face-to-face

practice is vital for optimizing student outcomes and enhancing

educational quality.

TABLE 2 Average scores and score distribution.

Method Nx, y Mx, y Varx, y SDx, y

Control group (Y) 100 7.07 2.011 1.418

Experimental group (X) 100 7.28 3.117 1.766

We tested a new approach on the Basic Electronic Experiment

course and Programmable Logic Controller, which is a part of

the Automation major program and is being trained at Ho Chi

Minh City University of Technology and Education, VietNam.

This course consists of two credits and spans 15 weeks, with

25 students in each course. We experimented on two groups

of 200 students. The control group, consisting of 100 students

(81 males, 19 females, divided into four courses), followed the

traditional in-person classroom practice model. The experimental

group, consisting of 100 students (83 males, 17 females), engaged

with the online feedback practice.

The research results demonstrated that the model yields higher

efficiency than the traditional method based on assessing student

scores using statistical analysis to compare the average scores of

the two student groups of classes. Both groups have undergone

evaluation tests on the same assessment and in the same format,

which is a direct in-class assessment. The model also surveyed the

opinions of 50 instructors teaching in the same field regarding

the CLOs that meet AUN-QA standards. A statistical model is

applied to evaluate the survey results and concludes the model’s

achievement rate. The measurements used in this model are

mean, variance, and standard deviation. In our study, the LMS

employed for remote training is Moodle, chosen for its proven

effectiveness and popularity demonstrated by Basil and Oguguo

(2020).

5 Results

We performed an independent samples t-test to analyze the

final exam scores for the Basic Electronic Experiment course: the

control group and the experimental group, using a 10-point scale,

as shown in Table 2. The results of the course’s final grades are

evaluated on a 5-level scale as follows: Level 5 (Fail): Points <

4.5; Level 4: Points 4.5–5.4; Level 3: Points 5.5–6.9; Level 2: Points

7.0–8.4; Level 1: Points 8.5–10.0. The results are summarized as

shown in Figure 3 with “Series 1” for the control group and “Series

2” for the experimental group. The statistical analysis of the final

course grades indicates that the average scores for both groups

are comparable. The average score is 7.07 points for the control

group, while the experimental group reaches 7.28 points. Overall,

the grades for groups are similar. In the experimental group, higher

levels of self-motivation and self-directed learning are necessary

for the students. As a result, the dropout rate is slightly higher

compared to the control group. However, for the online feedback

practice (experimental group), students have the advantage of

reviewing instructional materials and guidance from the teachers

multiple times, which contributes to higher scores in the top level

(Level 1) compared to the face-to-face practice (control group).
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FIGURE 3

Final course grade distribution.

On the contrary, for learners without autonomy, their learning

results will not be good. By studying directly in class with direct

supervision by teachers like Level 5, students do not pass subjects

higher than studying directly in class.

The higher SD value of the experimental group (1.766)

compared to the control group (1.418) shows that the scores in the

online feedback learning had greater fluctuations than those in the

face-to-face learning.

When assessing the content of average scores, we compare the

average scores of both groups: control group and experimental

group. Since these two groups are independent, we use the “T-

test” method.

The calculated results indicate that, with a significance level of

0.05, the Rejection Region: Wα = (−1.64,+∞).

The calculated results indicate that, with a significance level

of 0.05, the Rejection Region: Wα = (−1.64, +∞), the observed

value of the test statistic is Zqs = −0.92. Since Zqs ∈ Wα, so

Reject the H0 hypotheses. We can conclude that the average of final

scores of the online feedback practice are higher than the face to

face practice.

The evaluation result of the completion rate of the exercises for

the entire course of both models, the face-to-face practice model

and the online feedback l practice model, is presented in Figure 4.

The results indicate that learners using the online feedback practice

model have a higher completion rate for assignments, with the

ratio of “More Than 90%” and “70%−90%” being higher than

that of the face-to-face practice model. This is because learners

can arrange their homework time flexibly and review lecture

videos multiple times to better understand the lesson. However,

for the indicators of 50%−70% and “<50%,” the face-to-face

practice model has a higher completion rate than the online

feedback practice model. This is because learners in the face-

to-face practice model have to complete exercises within fixed

time frames in class and listen to lecture content only once,

which limits their ability to remember lectures and complete

assignments. Regarding laboratory equipment for online learning,

students are provided with a basic experimental kit, including

essential electronic components and measuring instruments. This

kit is designed to be consistent with the equipment used in face-

to-face classes, ensuring consistency in the learning and practice

process. However, some specialized equipment is still only available

in the school laboratory, which may affect the learning experience

of online students.

For the survey, we surveyed 50 instructors working in the same

field. The survey content included the 9 CLOs that meet the AUN-

QA standards (CLO1–CLO9). The assessment criteria for each

CLOs were “Fair,” “Average,” “Good,” “Very Good,” and “Excellent”

as shown in Figure 5. According to the results shown in Figure 5, a

majority of experts have rated the online feedback practice model as

“Excellent” and “Very Good” in terms of achieving CLOs with high

rates. Only a few experts have given ratings at “Good,” “Average,”

and “Fair” levels. This indicates that the online feedback practice

model is highly effective in meeting the outcome standards of

experiment-based subjects.

Next, we conducted statistics on the scores of 100 students

who participated in the Basic Electronics Laboratory course on the

experimental group and continued to participate in another course,

Programmable Logic Controller, also on the experimental group.

The statistical results are as shown in Table 3.

Table 3 shows the statistical outcomes of scores on a 10-point

scale. The average score for students in both courses is 7.22, with

a variance of 2.070 for Programmable Logic Controller, and 7.28,

with a variance of 3.117, for Basic Electronics Laboratory. This

indicates that the online feedback learning model is consistently

effective across various subjects.

6 Discussion

Our study provides compelling evidence for the effectiveness

of the online feedback practice model in delivering experiment-

based courses in higher education, specifically within the context

of Ho Chi Minh City University of Technology and Education,

Vietnam. This model is proposed based on the student-feedback

interaction model (Lipnevich and Smith, 2022). While this online

feedback practice model offers flexibility and self-directed learning.

Learners regular receive feedback message after each learning task

throughout the course. But, it also poses challenges related to

learners’ characteristics and self—feedback that can change the

learners’ learning outcomes (Lipnevich and Smith, 2022). These

findings contribute to the growing body of literature on the online

feedback practice in higher education, emphasizing the need for

institutions to adapt to the ongoing shift toward online education

accelerated by the COVID-19 pandemic.

In the traditional in-class teaching method, limitations

regarding time, space, and accessible learning resources that can

be revisited multiple times tend to restrict learning outcomes,

as well as students’ ability to achieve the skills and knowledge

needed to meet CLOs. In contrast, the online digital teaching

method allows students to review instructional actions multiple

times using various resources such as video files, image files, and

text-based guidance. Additionally, with the flexibility to arrange

their learning time and space to fit their individual needs, this

approach generally results in improved learning outcomes and

better skill and knowledge acquisition, aligning more closely with

course objectives.

In comparing our study to the work of Flórez et al. (2023), we

note that while both studies examine different learning methods,
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FIGURE 4

Assignment completion rate.

FIGURE 5

Attainment rate of CLOs.

they approach the topic from distinct angles. Flórez’s research

focuses on engaging virtual classrooms in synchronous distance

learning, whereas our study contrasts online live instruction with

asynchronous learning. Notably, our research presents detailed

demographic information regarding study size and participants,

which Flórez’s study lacks. Both studies, however, converge on

the conclusion that modern learning methods can achieve results

equivalent to or superior to traditional classroom instruction.

Additionally, our inclusion of instructor surveys provides insights

into CLOs that Flórez’s study does not address, allowing for a more

comprehensive evaluation of the educational effectiveness.

The results of our study demonstrate that the online

feedback practice model can serve as a viable alternative to

the traditional face-to-face practice for experiment-based courses.

This is particularly pertinent for institutions looking to expand

their online offerings and maintain high educational standards.

In the online feedback practice model, learners regular receive

feedback message about learning requests, adaptation of learning

outcomes to CLOs, how to improve the outcomes of performance

and learning, and self—feedback by self—find out the feedback

contents, self—analyze to properly understand the feedback

contents, self—practice, adjust, and improve the learning outcomes.

This feedback process contribute to improve the learners’ outcomes

of performance and learning such as the practical results and

self—directed learning ability (Lipnevich and Smith, 2022).

Institutions can provide accessible learning opportunities that

rival those of conventional classroom settings. However, it is

essential to recognize the limitations and challenges associated

with the online feedback practice model. Our findings indicate

that motivation and self—efficacy may contribute to learners’

differential processing of self—directed learning and self—feedback

in an online environment (Lipnevich and Panadero, 2021). This

highlights the importance of robust support systems for online

learners, including regular instructor communication, peer support

networks, and access to academic advising and tutoring services.

The effectiveness of the online feedback practice model may

also vary based on specific subject matter and course objectives.

While our study centers on experiment-based courses in electronics

and automation, further research is necessary to explore themodel’s

effectiveness across diverse disciplines and educational contexts.

Institutions should carefully assess the suitability of the online

feedback practice model for different courses, considering factors
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TABLE 3 Average scores and score distribution.

Subjects Nx, y Mx, y Varx, y

Programmable logic

controller

100 7.22 2.070

Basic electronics laboratory 100 7.28 3.117

such as the subject matter, learning objectives, and the unique

characteristics of their student populations.

Moreover, the role of instructors within the online feedback

practice model cannot be overstated. Successful online learning

initiatives require instructor buy-in and active support. Therefore,

institutions should invest in professional development for

instructors, equipping them with the skills to design and deliver

effective online courses while providing ongoing support to

enhance the quality of the learning experience.

As we reflect on the long-term implications of this shift

toward online learning, we recognize the benefits it offers in terms

of flexibility, accessibility, and cost-effectiveness. Nonetheless,

institutions face new challenges related to infrastructure, resources,

and student support. Continued research and evaluation will be

crucial for ensuring the quality and effectiveness of online learning

programs and for identifying best practices that promote student

success in the digital age.

Our study contributes valuable insights into the effectiveness of

the online feedback practice model for experiment-based courses

in higher education. We emphasize the potential benefits, such as

flexibility and accessibility, while also acknowledging the challenges

that may arise, particularly regarding student autonomy. As

educational institutions adapt to this changing landscape, it is

essential to carefully consider the implications of our findings

and engage in ongoing research to maintain the quality and

effectiveness of online learning programs. Future research should

explore the model’s scalability and applicability across different

disciplines, ensuring that it meets the diverse needs of students in

the evolving educational environment.

7 Conclusion and implications

The primary objective of this study was to propose and

evaluate an Asynchronous online teaching and learning model

tailored for practice laboratory-based courses in engineering and

technology education, specifically for distance education. This

model is proposed based on the student-feedback interaction

model (Lipnevich and Smith, 2022), and called the online feedback

practice model. The findings of this research fill significant gaps in

the literature by providing evidence that online feedback practice

model can effectively deliver practical, experiment-based courses, a

domain traditionally dominated by face-to-face practice.

The teaching experiment involving 200 students of both control

and experimental groups revealed that the average scores of

students in the online feedback practice model were higher than

those in the traditional face-to-face practice model. This finding

suggests that the online feedback practice methods can be as

effective, if not more so, than traditional methods. Theoretical

implications include the potential for the online feedback practice

model to enhance accessibility and flexibility in education,

challenging the notion that practical, hands-on subjects require

in-person instruction. In the independent experiments with 100

students in the control group and 100 students in experimental

group, the learning outcomes from the online feedback practice

model were comparable to those from the traditional practice

model. Expert assessments indicated that the online model meets

most learning outcomes effectively. This demonstrates that the

online feedback practice model can achieve similar educational

goals as face-to-face practice, underscoring its viability as an

alternative educational method. These findings support the theory

that well-designed online learning environments can replicate the

effectiveness of traditional classrooms.

This study concludes that the online feedback practice

model is highly effective for laboratory-based courses and can

be widely applied in educational institutions. The implications

for theory include the validation of online feedback practice.

Practically, institutions can expand their online course offerings

while maintaining educational quality. Policy-wise, there is a

call for greater investment in digital learning infrastructures

and professional development for educators to optimize

online teaching.

The study’s primary limitation is its context-specific

implementation, as the case study was conducted in Vietnam.

The model’s effectiveness may vary across different cultural

and educational settings. Additionally, the reliance on average

scores and expert surveys may not capture the full spectrum

of student experiences and learning outcomes. Future research

should address these limitations by conducting similar studies in

diverse educational contexts and employing more comprehensive

evaluation metrics. Future research should explore the adaptation

of the online feedback practice model to various educational

environments globally, examining its effectiveness across different

cultures and institutional settings. To develop this model in

the future, potential research directions include: (1) Expanding

application to non-practical subjects, such as social sciences or

arts; (2) Integrating AI to personalize learning experiences and

automate result assessment; (3) Developing virtual reality and

augmented reality tools to enhance interactivity; (4) Studying the

long-term impact of the model on students’ learning outcomes

and professional skills. Additionally, research should focus on

developing and assessing support systems that enhance student

autonomy and motivation in online learning environments.
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