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The outbreak of the COVID-19 epidemic has promoted the popularity of online learning, but has also exposed some problems, such as a lack of interaction, resulting in loneliness. Against this background, students' attitudes toward peer interaction may have become even more important. In order to explore the impact of attitude toward peer interaction on students' mindset including online learning motivation and critical thinking practice that could affect their problem-solving self-efficacy during the COVID-19 pandemic, we developed and administered a questionnaire, receiving 1,596 valid responses. The reliability and validity of the questionnaire were re-tested, and structural equation modeling was applied. It was found that attitude toward peer interaction could positively predict middle school students' online learning motivation and critical thinking. Learning motivation and critical thinking also positively supported problem-solving self-efficacy. It is expected that the results of this study can be a reference for teachers to adopt student-centered online learning in problem solving courses.
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Introduction

The outbreak of COVID-19 has led to the widespread practice of online learning in schools (Zhao et al., 2021). Teachers and students in middle schools continue to integrate online learning into classrooms, which is further promoting the process of online and offline blended learning development (Lee et al., 2021). A conceptual ecology of learning is necessary to embrace a series of learning environment “across boundaries traditionally separating institutions of education, popular culture, home, and community” (Kumpulainen and Mikkola, 2014, p. 51). However, the coevolution of people and their environments is an ongoing process (Hilty and Aebischer, 2015). That is, online learning is intertwined with sociocultural environments (Allen et al., 2015), and when people are not able to meet physically during the COVID-19 pandemic, they need more social interactions (Kalmar et al., 2022). Peer interaction has been proved to benefit learning progression and contribute to deep learning (Chadha, 2019). Online peer interaction embedded in learning design is useful for promoting students' learning outcomes, but previous research has mainly focused on the higher education group (Lin et al., 2017; Martin et al., 2020). While online learning during the COVID-19 pandemic could have been a new experience for middle school students to interact with peers and their teachers (Clark et al., 2021), attention to K-12 education in the literature is rare, and online learning had hardly been adopted by Chinese middle schools before the COVID-19 pandemic. As the pandemic came suddenly, most teachers in Chinese K-12 schools only conducted online one-way live-streamed lectures, and did not pay attention to interactive activities, leading to surface learning and polarization of students (Yu and Wang, 2020). Thus, the present study aimed to explore the role of peer interaction in online learning based on Chinese K-12 students.

In fact, the pandemic promoted the universalization and ubiquity of online learning; thus, there is a need for more and deeper attention to online learning outcomes (Ngo and Ngadiman, 2021). Learning outcomes consist of affective outcomes, cognitive outcomes, and skill-based outcomes (Kraiger et al., 1993), of which motivation (as an affective outcome), critical thinking (as a cognitive outcome) and problem solving (as a skill-based outcome) have been the factors of most concern in the online learning research (Zhou et al., 2021). These learning outcomes are important for not only higher education students, but also K-12 students. To explore the role of peer interaction in online learning for K-12 students during the pandemic, it is necessary to study the relationship among peer interaction, motivation, critical thinking, and problem solving.

Attitude is defined as a favorable or unfavorable evaluative reaction toward something or someone, exhibited in one's beliefs, motivation, or intended behavior (Ajzen, 2005). Attitudes provide meaningful approaches to seek some degree of order, clarity, and stability in our personal motivation of reference (Harmon-Jones and Harmon-Jones, 2021). As the measurement of the real interactive behavior is difficult, students' attitude toward peer interaction is used to explore the role of peer interaction in online learning. Attitudes include affective and cognitive components to predict motivation and behavior (Ajzen, 2005). In contrast, mindsets consist of a collection of attitude judgments and cognitive processes and procedures to facilitate problem solving and completion of a particular task (Gollwitzer et al., 1990). Moreover, mindsets drive cognitive processing, and capture the critical thinking that is an important behavioral outcome judgement (Nolder and Kadous, 2018). Students' attitude toward peer interaction could have an impact on their mindsets (Zulkifli et al., 2020; Thanasi-Boce, 2021), leading to different learning performance (Kwon et al., 2019). To date, few researchers have investigated online learner profiles based on the mindset shared among students (Zamecnik et al., 2022). Online learning profiles, problem solving, critical thinking, teamwork, and motivation are different in different areas and backgrounds (Lawter and Garnjost, 2021). In particular, the profiles of middle school students who were born and grew up in the digital age, and so are known as “digital natives” (Becker and Birdi, 2018) have not been studied. In line with this, the correlates between middle school students' attitude toward peer interaction, motivation, critical thinking, and problem solving were explored in this study.



Theoretical background


Attitude toward peer interaction in online learning

Peer interaction is usually considered to be at the heart of the development of constructivist learning theory research (Tenenbaum et al., 2020). In peer interaction, students can question others as free and active participants in social discourse, argument, and learning (Castellaro and Roselli, 2015). The comparison of perspective will produce social cognitive conflict, and then generate consensus through interaction (Tenenbaum et al., 2020). It has been shown that peer interaction can benefit learning progression and make students learn more deeply (Chadha, 2019). Learner-learner interaction refers to the two-way communication among learners, such as exchanging ideas with classmates, discussing with each other, and getting feedback from other learners (Wang et al., 2022). Moreover, middle school students had hardly ever experienced complete online learning before the COVID-19 pandemic. When the pandemic suddenly broke out, some students could have had difficulty adapting to online learning, leading to learning anxiety, loneliness, and even depression (An et al., 2020; Perkins et al., 2021; Ying et al., 2021). Peer interaction might be the key to solving these affective and psychological problems (Yao and Zheng, 2017; An et al., 2020). Especially, social and peer influence is of great importance for adolescents (Tsai et al., 2015), so peer interaction could be an extremely important factor for middle school students' online learning. In brief, peer interaction is beneficial for students' development of knowledge and ability (Chadha, 2019), and could also help improve students' attitudes toward online learning during the COVID-19 pandemic (Ala et al., 2021; Chu et al., 2021; Ngo and Ngadiman, 2021). However, it is difficult to measure the real peer interactive behaviors of students, as the peer interactions occur naturally in social media, but are not limited to a specific learning platform. Students' attitude could show their preference for a certain behavior (Ajzen, 2005). Thus, students' attitude toward peer interaction in middle high school was explored in this study.



Motivation as emotional mindset

The concept of mindsets is based on Dweck (1999) framework in which it was proposed that mindsets determine one's goals, motivation, and beliefs about effort. As a result, mindsets can organize associated constructs into a coherent motivational framework or “meaning system” (Yu and McLellan, 2020). An important motivational factor that might influence individuals' willingness to engage with a task is their emotional mindset (Wols et al., 2020). Students' motivation plays a fundamental role in academic achievement. In fact, Yu and McLellan (2020) applied person-centered motivation to study some key elements of the mindset-based meaning system. Although there are different ways to induce students' growth mindset, most of the studies endorsed that the growth mindset can indeed modify the learning processes (Kania et al., 2017). Learning motivation is an important factor leading to success in online learning, especially for K-12 students (Zuo et al., 2021). The COVID-19 pandemic has brought about great changes to students' learning, such as the disruption of social networks and teachers being less focused on the individual. Students in middle school have lost their traditional learning motivation sources, but have attained new motivation sources (Uka and Uka, 2020). Learning motivation can improve academic outcomes by catering to learners' needs in online learning platforms (Baker et al., 2016). Although it has been studied in much of the online learning research (Zhou et al., 2021), little research has covered learning motivation in emotional mindset under the threat of COVID-19; thus, in this research, learning motivation was studied as an emotional mindset of online learning.



Critical thinking as cognitive mindset

Critical thinking is a kind of ability acquisition of online learning (Zhou et al., 2021), which usually refers to skills of reasoning, evaluation, analysis, judgment, conceptualization, understanding, and reflection (Guiller et al., 2008; van Laar et al., 2017). Individuals with a deliberative mindset are also more likely than those with an implemental cognitive mindset to take longer to reach a judgment (Henderson et al., 2008), indicating their openness to information and suspension of judgment. The deliberative mindset captures the mechanics behind a “questioning mind,” a “critical evaluation of evidence,” and the responsibility to “be alert” to evidence (Nolder and Kadous, 2018). In this research, critical thinking was studied as a mindset to question and to be alert for knowledge acquisition during online learning.

The Internet provides a good way for students to develop their critical thinking, as students could gain much information to help them think critically. Critical thinking is thought to be one of the most important outcomes of online learning, and previous researchers have tried to design online courses and tools to promote students' development of their critical thinking (Goodsett, 2020; Varenina et al., 2021). This study focused on self-reporting by middle school students to evaluate their cognitive mindset related to online learning.



Problem-solving self-efficacy

Problem solving is an important ability acquisition of online learning (Zhou et al., 2021), and refers to the skills of using information and communication technology to cognitively process and understand a problem situation in combination with the active use of knowledge to find a solution to a problem (van Laar et al., 2017). Problem solving involves different skills, such as finding the nature of the problem, choosing problem-solving steps and strategies, selecting appropriate information, allocating appropriate sources, and monitoring the problem-solving process (Sternberg, 1988). Problem solving is a key competency in online learning (Aslan, 2021), and the Internet provides convenient support for learners to solve problems (Jordan and McDaniel, 2014). For learners, problem solving is the key to learning success in a future-oriented society (OECD, 2017). As little research has considered how students' peer interaction supports their problem solving, the present study would explore the relationship between peer interaction and problem solving.

In studies using self-reported scales, self-efficacy of performance or ability has been used widely in problem solving (Calaguas and Consunji, 2022). Self-Efficacy refers to individuals' beliefs about their abilities to perform expected behaviors (Bandura, 1994). According to Bandura (1997), the problem-solving self-efficacy could be defined as the students' perceptions of their problem-solving success. In previous researches, problem-solving self-efficacy (PSSE) have been used widely to represented learners' perceptions of their problem-solving abilities (Bandura, 2006; Kyung-hee, 2016; Salazar and Hayward, 2018). In this research, student' PSSE would be measured to reflect the perception of problem-solving process.




Hypotheses

Previous studies found that online learning is useful for students, particularly in terms of learning outcomes during the COVID-19 pandemic (Jung and An, 2021; Choi-Sung, 2022). On the contrary, Hong et al. (2021a, 2022) found learning ineffectiveness through online learning, particularly in practical skill development (Hong et al., 2021b). Koehler et al. (2022) found that while students collaboratively interacted in the problem-solving process, individuals with a strong problem-solving presence valued peer interaction as an important part of the learning process, were willing to invest time engaging in the discussion, and maintained a consistent presence. Peer interaction could help to improve the motivation of students in online learning. For example, Yang and Chang (2012) found that peer interaction via blogs could improve students' learning motivation. Researchers found that for students in higher education, online peer interaction could improve their level of motivation during the COVID-19 pandemic (Thanasi-Boce, 2021; Kang and Zhang, 2022), but there has been a lack of focus on K-12. From this, we could speculate that for middle school students, the attitude toward online peer interaction during the epidemic could positively affect their online learning motivation. Hence, the following hypothesis was formulated in this study:

H1: The attitude toward online peer interaction could positively predict the online learning motivation of middle school students.

The mindset reflects the idea that individuals' cognitive processing determines both the content and strength of their resulting attitudes (Yu and McLellan, 2020). Critical thinking was thought to need a cognitive process, referring to the exchange and discussion of ideas with peers involved in the collaborative process of knowledge construction (Kuhn, 1991). Therefore, we could speculate that peer interaction could positively help to develop students' critical thinking. In fact, this has been proved for primary school students (Chou et al., 2015) and for undergraduate students (Oh et al., 2018; Zulkifli et al., 2020). What is more, previous researchers found that online peer discussion helped to develop university students' critical thinking better than face-to face discussion, as they would provide more well thought-out and reasonable evidence (Guiller et al., 2008). We could speculate that this might also be applicable to junior middle school students. Hence, the hypothesis formulated in this study was as follows:

H2: Attitude toward online peer interaction could positively predict the critical thinking of middle school students.

Students collaborate in groups to solve a problem, and analyze the formation of the problem to identify facts about the problem situation so that they can establish their representation of the problem and have a deeper understanding of the causes of problems. Then, they propose possible solutions, where they evaluate the gap between the current state and the desired state and address the solutions to the problem (Wu and Nian, 2021). These processes sometimes provide both an autonomy-controlling and an autonomy-supportive need to learn knowledge that may be maintained and enhanced by students' motivation (Wu et al., 2020). Moreover, individuals with a fixed emotion mindset believe that emotions are not changeable and cannot be controlled. Individuals with a growth emotion mindset believe that emotions are malleable and can be changed with effort and experience (Wols et al., 2020). For example, learning motivation is one of the major predictors of problem solving that is key in the nursing training field (Yardimci et al., 2017). To understand the correlates between middle school students' learning motivation and PSSE in online learning, the following hypothesis was proposed:

H3: Learning motivation could positively predict the PSSE of middle school students.

A problem is generally viewed as a discrepancy between desired goals and an existing state (Chi and Glaser, 1985), and problem solving is the process of taking actions to resolve this discrepancy (Shermerhorn, 2013). Researchers have suggested specific frameworks to capture effective problem solving; together, all frameworks provide insight into the critical reasoning processes learners engage in as they resolve ill-structured problems (Tawfik et al., 2020). While variation exists across focus and articulated problem-solving in online learning phases, these frameworks involve two main areas: problem finding with critical thinking (e.g., articulating a problem, constraints, clarifying diverse perspectives) and generating solutions with critical thinking (e.g., suggesting and evaluating solutions addressing identified problems) (Koehler et al., 2022). Researchers found that critical thinking had positive effects on problem solving (Kanbay and Okanli, 2017). Thus, the following hypothesis was proposed:

H4: Critical thinking could positively predict the PSSE of middle school students.

Peer interaction has an influence on problem solving because students rely on supportive social responses to enact most of their strategies to solve problems (Jordan and McDaniel, 2014). Students need to clarify or reorganize their views and plans when solving problems in peer groups, so it could be considered that the social interaction in groups is an important aspect of production power (Jordan and McDaniel, 2014). In online learning, peer interaction is also important for problem solving, but the outcome depends on the peers' competency levels and their motivation (Kwon et al., 2019). Cheng and Chau (2016) revealed that peer interaction in online learning was not at the desired level, and there was a need for studies to promote attitude toward peer interaction in online learning to enhance problem solving. However, peer interaction is one of the limitations of distance education which is widely used throughout the pandemic (Aslan, 2021). To understand how attitude toward peer interaction is related to online problem solving, in this research, the following hypothesis was proposed:

H5: For middle school students, attitude toward online peer interaction could positively predict PSSE mediated by learning motivation and critical thinking.

The current study adopted a person-centered approach to examine the ways in which mindsets and associated attitude toward peer interaction constructs cohered with emotional motivation and functioned together with critical thinking as a meaningful system related to PSSE. Specifically, drawing on attitude theory and mindset theory, this study addressed the research model as explained in Figure 1.
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FIGURE 1
 The hypothesis model.




Method


Participants

From July 15 to July 21, 2020, questionnaires were distributed to students in eight middle schools for the prior study, and a total of 352 sample data were collected for the EFA of the scale. The prior study samples were mainly from Beijing, Liaoning, Shandong, and Henan provinces. Invalid samples were deleted according to polygraph items, and a total of 301 valid samples were retained of which 155 (51.5%) were from boys and 146 (48.5%) from girls. There were 90 (29.9%) seventh graders, 164 (54.5%) eighth graders, and 47 (15.6%) ninth graders.

From October 20 to November 1, 2020, questionnaires were randomly distributed to junior high school students in 34 provinces or districts of China. A total of 61,419 responses were received, of which 25,805 were retained after polygraph screening. We randomly selected a similar number of different types of people in the large sample to approximate stratified sampling. A total of 1,596 valid samples were randomly selected. The demographic information of the samples is shown in Table 1. There were 803 (50.3%) boys and 793 (49.7%) girls. The proportion of students from different districts was similar, as well as that of different grades.


TABLE 1 Demographic information of participants (N = 1,596).
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Instrument

In this study, the questionnaire items were adapted from the relevant literature. The original measurement of peer interaction was adapted from six items of Active and Collaborative Learning in the National Survey of Student Engagement (Kuh, 2001), the measurement of learning motivation was adapted from five items of Deep Motivation in R-SPQ-2F of Biggs et al. (2001), the measurement of critical thinking was adapted from five items of the California Critical Thinking Disposition Inventory (Facione, 1990), and the measurement of PSSE was adapted from five items of Han (2020) combined with Bandura (2006) Self-Efficacy scale.

Content validity was then examined by two educational technology experts and three middle school students. Some items with unclear meaning were revised. The questionnaire used a 5-point Likert scale, with options “strongly disagree,” “disagree,” “neutral,” “agree,” and “strongly agree.” The higher the score, the higher the degree of agreement. After data collection, we tested the reliability and validity of the questionnaire items and constructs for subsequent structural equation modeling. The remaining items are listed in the Appendix.



Data analysis

To further test the content validity of the scale, nine experts were invited to judge and score the relevance between each item of the scale and the construct it belongs to. A 5-point scale was used in this study, with options “uncorrelated,” “weakly correlated,” “moderately correlated,” “strongly correlated,” and “very correlated.” For each item, the proportion of experts who agreed that this item was strongly related to the construct (score 4 or 5) to the total number is called the Item Content Validity Index (I-CVI); it needs to reach 0.78 (Lynn, 1986).

Before data analyses were performed, normality was tested. All the measured items had appropriate skewness (ranging from −0.893 to −0.295) and kurtosis (ranging from −0.216 to 0.954), smaller than the requisite maximum values of |1| and |2|, respectively, indicating that the data of all items were close to the normal distribution (Noar, 2003).

Data analysis consisted of four stages: Exploratory Factor Analysis (EFA), Confirmatory Factor Analysis (CFA), reliability analysis, and Structural Equation Modeling (SEM). EFA and reliability analysis of the scale were conducted with SPSS20.0, and CFA and SEM were conducted with Mplus 8.3. In the prior study, 301 samples were used for EFA and reliability analysis to test the scale. In the formal study, a randomly selected subsample 1 (n = 799) was used for EFA, and subsample 2 (n = 797) was used for CFA and SEM. In the reliability analysis, all 1,596 samples were used. Bootstrapping was used 1,000 times in the indirect effect test in SEM.

In EFA, principal component analysis and the maximum variance rotation method were used to extract the factors, and components were extracted with eigenvalues > 1. If the explained variance of the first factor before rotation is <50%, it can be considered that there is no serious significant common method bias (Hair et al., 2014). Items with cross factor loadings or low loadings (<0.5) were deleted (Deng et al., 2017).

In CFA and SEM, the standards recommended by Hair et al. (2014) were adopted. Accordingly, indices of χ2/df (<5), Root Mean Square Error of Approximation (RMSEA) (<0.10), Standardized Root Mean Square Residual (SRMR) (< 0.05), Comparative Fit Index (CFI) (>0.90), and the Tucker-Lewis Index (TLI) (>0.90) were used to check the model fit degree. Then Average Variance Extracted (AVE) (>0.5) and Construct Reliability (CR) (>0.7) were calculated using factor loadings (λ) to check the convergent validity of the scale. The square root values of AVEs of components were compared with the correlations between components to check the discriminant validity of the scale. The correlations between all factors were tested for significance before SEM.

In the reliability analysis of the scale, the internal consistency coefficients' Cronbach's α values were calculated, where the whole scale and all constructs needed to be higher than 0.7 (Fornell and Larcker, 1981).




Results


Measurement model

In the content validity test stage, according to the nine experts' evaluation, four items were deleted as their I-CVI did not reach 0.78. A total of 21 items with good content validity were saved in the scale.

In the prior study, we conducted EFA using the 301 valid samples to explore the structural validity of the scale. Three items were deleted in three rounds of principal component analysis, as they have cross factor loadings (FL > 0.5 on two factors). The deleted items and retained items are shown in the Appendix. After that, the EFA result showed good validity. The internal consistency coefficient test showed good reliability of the scale. The Cronbach's α of the whole scale was 0.954, and the values of the subscales were between 0.850 and 0.945. All the construct reliabilities were higher than 0.7, indicating good reliability of the scale in the prior study.

In the formal study stage, the EFA results showed good validity of the scale. The Kaiser-Meyer-Olkin measure value was 0.917 (p < 0.001), indicating that it was suitable for factor analysis. The explained variance of the first factor before rotation was 43.520%, indicating no serious significant common method bias. A total of four main factors were obtained, and the total explained variance was 67.013%. The loadings of each item on the factor were between 0.580 and 0.823 (see Table 2).


TABLE 2 Means, standard deviations, factor loadings (λ), AVEs, and construct reliability.

[image: Table 2]

In the formal study stage, CFA was carried out to verify the structural validity of the scale. The model fit index of χ2 was 608.769, df was 129, χ2/df was 4.719 (<5), RMSEA was 0.068 (<0.08), CFI was 0.942 (>0.90), TLI was 0.931 (>0.90), and SRMR was 0.041(< 0.05), indicating that the fit for the items of the scale was acceptable. All standardized factor loadings were in a good range of 0.631–0.876. The values of AVE were all higher than 0.5, and CR was higher than 0.7, indicating good convergent validity. All the square root values of AVE of each component were higher than the correlations between it and other components (see Table 3), indicating good discriminant validity. All the correlations between every two factors were significant.


TABLE 3 Correlations between components and AVE of the components.
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In the formal study stage, the internal consistency coefficient test showed good reliability of the scale. The Cronbach's α of the whole scale was 0.920, and the values of the subscales are shown in Table 2. All the construct reliabilities were higher than 0.7, indicating good reliability. Means of components were all above the midpoint 3, as shown in Table 2.



Structural model

The model fit indices of the structural equation model (SEM) were good using the 797 samples for verification. The value of χ2 was 632.437, df was 130, χ2/df was 4.865 (<5), RMSEA was 0.070 (<0.08), CFI was 0.939 (>0.90), TLI was 0.929 (>0.90), and SRMR was 0.048 (< 0.05), indicating a good fit of the structural equation model. The verification of the research model is shown in Figure 2.


[image: Figure 2]
FIGURE 2
 The verification of the structural model. The figure shows the SEM results of bootstrap 1,000 times. PI, Attitude toward Peer Interaction; LM, Learning Motivation; CT, Critical Thinking; PS, PSSE.


For middle school students, the attitude toward peer interaction could significantly positively predict their online learning motivation, of which the effect was 0.638 (p < 0.001), indicating that H1 was supported. Attitude toward peer interaction could significantly positively predict critical thinking, of which the effect was 0.648 (p < 0.001), indicating that H2 was supported. Learning motivation could positively predict PSSE, of which the effect was 0.200 (p < 0.001), indicating that H3 was supported. Critical thinking could positively predict PSSE, of which the effect was 0.659 (p < 0.001), indicating that H4 was supported.

In the path analysis, the attitude toward peer interaction did not have a significant direct effect on PSSE, of which the path effect was 0.063 (p = 0.331). To test the indirect effect, the bootstrap method was used. The 95% Confidence Interval (CI) was used to test whether there was an indirect effect. If the 95% CI does not include 0, an indirect effect exists (Guo et al., 2018). As shown in Table 4, the indirect effect from the attitude toward peer interaction to PSSE through learning motivation was 0.128 (p < 0.001), and the 95% CI did not include 0. The indirect effect from attitude toward peer interaction to PSSE through critical thinking was 0.427 (p < 0.001), and the 95% CI did not include 0. This indicated that attitude toward peer interaction could indirectly predict PSSE through learning motivation and critical thinking, respectively. This suggested that learning motivation and critical thinking played a full mediating role in how attitude toward peer interaction predicted PSSE. H5 was supported.


TABLE 4 Indirect effect between peer interaction and PSSE.
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The values of explanatory power (R2) of learning motivation, critical thinking, and PSSE were, respectively, 0.407, 0.420, and 0.658. This showed that the variables of each facet had effective explanatory power of the model, as they were above the threshold of 0.3 (Cohen, 1977).




Discussion

A previous study indicated that participation in the peer online learning program had a positive impact on the development of communication and collaboration skills related competencies—interaction and sharing with technologies (Carvalho and Santos, 2022). Peer interaction could enhance students' engagement in online learning and increase their academic emotions (Wang et al., 2022). During the COVID-19 pandemic, it seems that online learning has greatly promoted teaching and learning reforms in the Internet environment, but problems have been exposed such as the lack of a collective atmosphere of study and social communication (Xu, 2021). Against this background, this study measured the online peer interaction of middle school students, and measured their online learning outcomes from the perspectives of psychology, knowledge, and ability. The scale used in this study had good reliability and validity. On this basis, this study explored the predictive effect of the attitude toward online peer interaction on the online learning motivation, knowledge construction, critical thinking, and PSSE of middle school students.

From the results, the attitude toward peer interaction could significantly predict the online learning motivation of junior middle school students, and the path coefficient was high at 0.645. This showed that when students in middle school had positive attitudes toward online peer interaction, they would more likely be interested in online learning and be eager to learn online. This provides support to the view of the growth emotion mindset, which posits that emotions are malleable and can be changed with effort and experience (Wols et al., 2020). The result was similar to previous studies in higher education (Yang and Chang, 2012; Thanasi-Boce, 2021), but the prediction effect of junior middle school students during the COVID-19 pandemic was much stronger. For teenagers, peer socializing is an important source of motivation for them to participate in many activities (Tsai et al., 2015). Especially during the COVID-19 pandemic, most students felt lonely and anxious during online learning (Alshammari et al., 2021). Improving students' attitude toward peer interaction could help them improve their online learning motivation.

The attitude toward online peer interaction also had a strong predictive effect on the critical thinking of middle school students, with a path coefficient of 0.670. This is consistent with previous research about university students (Guiller et al., 2008). With active attitudes toward online peer interaction, middle school students could exchange different views, question others, debate, and negotiate (Goodsett, 2020; Varenina et al., 2021). In this way, they could learn to evaluate the views of others, instead of blindly listening to authority. They would also think more from different perspectives and multiple angles, so as to develop their critical thinking. Previous research found that middle school students usually gave surface and rapid responses instead of engaging in critical thinking during online learning, even though the instructor guided them to think critically (Zhang, 2013). Improving peer interactions among students might be a useful solution to the problem.

Online learning motivation could positively predict PSSE. This is consistent with the nursing training field (Yardimci et al., 2017). The autonomy-controlling and autonomy-supportive needs to learn knowledge might arise from the problem-solving process, and be maintained and enhanced by students' motivation (Wu et al., 2020). During the COVID-19 pandemic, the level of learning motivation of middle school students might be lower than that of traditional learning, as there was a lack of peer pressure, classroom experience, and teachers' attention (Uka and Uka, 2020). To improve students' performance of problem-solving, some measures should be taken to help students maintain and enhance their learning motivation.

Critical thinking could positively predict PSSE during the COVID-19 pandemic, of which the explanation rate was the highest for predicting PSSE. When students have better critical thinking, they are more likely to find the problem and evaluate the solution to the problem reasonably (Koehler et al., 2022), which can lead to better PSSE. This is consistent with the finding of Kanbay and Okanli (2017). For middle school students, it is sometimes difficult to guide them to develop critical thinking online (Zhang, 2013), which may negatively lead to PSSE. More useful measures should be taken to improve students' critical thinking, which is the key to promoting good performance in problem solving.

Developing problem-solving ability through peer collaboration has become a focus of learning in recent years (OECD, 2017), in which motivation as emotional mindset and critical thinking as cognitive mindset should be considered. As the results of this study showed, the direct prediction of attitude toward peer interaction on the PSSE of middle school students was not significant, but the indirect effects analysis showed that learning motivation and critical thinking were two total mediating factors of the effects from attitude toward peer interaction to PSSE. This is further exploration and a complement to previous research findings (Jordan and McDaniel, 2014; Setyowidodo et al., 2020). Previous research found that peer interaction could have an impact on PSSE (Jordan and McDaniel, 2014), but did not consider the role of mindset in this process. This research explores the role of two important mindsets in this process, and showed that attitude toward peer interaction could have an effect on PSSE through learning motivation and critical thinking. This showed that the peer interaction of middle school students during the epidemic mainly played a direct role in promoting their mindsets of motivation and critical thinking, but it was difficult to directly help students solve problems. This might be due to the fact that online peer interactions among middle school students during the pandemic were mostly spontaneous interactions, with less involving online collaborative problem-solving learning activities designed and organized by teachers in China (Yu and Wang, 2020); thus, the direct prediction effect was not obvious. To explore this possibility in depth, more elaborate experimental designs are needed in the future.

Drawing on learning ecology, this study provides evidence for the importance of attitude toward peer interaction for the online learning of middle school students during the COVID-19 pandemic. The findings of this study reflect the importance of online peer interaction for middle school students during the pandemic. The results demonstrated the positive predictive effect of peer interaction on motivation and critical thinking, and reflected that the two mindsets can positively predict students' PSSE. Lacking an online collaborative problem-based activity design provided by teachers during the pandemic, online peer interaction did not directly support PSSE, but indirectly predicted it through promoting mindsets. Briefly, this study explored the relationship among attitude toward peer interaction, motivation, critical thinking, and PSSE from a new perspective in a special period. The structural model is innovative and reflects the particularity of middle school students. In the post-epidemic era, online learning has become an important learning method for junior high school students, for which peer interaction is of great significance.



Conclusion


Implications

This study used structural equation modeling to demonstrate the positive effect of attitude toward peer interaction on middle school students' learning outcomes during the pandemic. On the one hand, this fills the gap of previous research, that is, the lack of attention to the development of higher-order thinking in online learning in K-12 education. On the other hand, the study proposes a new model, which has a theoretically innovative role for studying peer interaction, mindsets, and PSSE in online learning.

This study provides a reference for organizing middle school students to carry out online learning. The study found that attitude toward peer interaction had a very positive predictive effect on learning mindsets and PSSE. Based on this finding, educators can guide learners to interact more with peers based on social networking sites when organizing middle school students' online learning. In practice, the scale developed in this study can be used to measure students' online learning outcomes and to adjust the design and organization of online learning in a timely manner.



Future research suggestions

The peer interaction studied in this research was general interaction without a specific classification. In previous studies, some researchers studied peer interaction more specifically and deeply, such as whether there were task instructions for peer interaction and how many people interacted in groups (Tenenbaum et al., 2020). What is more, different kinds of interaction platforms, such as formal learning forums (MOOC forum) and social media (Facebook, Wechat) may also lead to different results. In previous research, digital natives preferred to interact with each other through the social networks that they were familiar with rather than the forum embedded in a learning platform (Butrime et al., 2015). This preference could be further studied in the future.

In addition, some researchers have studied students' competencies in more specific online learning courses, such as online nursing courses (Song et al., 2022) or person-centered online courses (Li and Tsai, 2017; Koenka, 2020). However, this study did not specify what kind of online course affects participants' cognitive and emotional factors. Future studies may explore what kinds of online courses trigger learners' emotional and cognitive mindsets in online peer interaction.

Due to the limitations of the self-report scale, the data obtained in this study may lack a certain degree of objectivity. In future research, the results of this study can be validated through learning analysis based on data collected from the learning platform.
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Learner control is an important instructional design in video-based learning. This study assessed two conditions: a full learner control where learners direct their learning path, and a hybrid learner control where learners follow the instructor-set path but still enjoy certain aspects of control. Two groups of university students participated in this study by learning statistics through online video courses. The findings show that the full learner control condition attained higher learning performance than the hybrid learner control condition, but spent more time than the latter. The full learner control condition scored higher than the hybrid condition in the difficult sections of video-based learning; but no significant difference was found in the easy section. There was a significant difference between the two conditions in learning agency, but no differences in cognitive load and affective and cognitive engagement. Hierarchical regression analysis indicated differences between the full and the hybrid learner control conditions in the factors predicting overall scores. The findings carry important contributions and implications for the research and practice of instructional designs in online video-based learning such as MOOCs.
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Introduction

Extant research (e.g., Mihalca et al., 2017; Biard et al., 2018; Chang et al., 2021) has been arguing around self-directed learning path or instructor/system-directed learning path in online video-based learning, such as massive online open courses (MOOCs) and small private online courses (SPOCs) widely used during the COVID-19. Such argument is essentially a question about how to optimize the presentation of instructional videos to facilitate student learning due to the transient information flow characterized by online videos and the cognitive cost of processing the information (Biard et al., 2018; Schroeder et al., 2020). This argument is further translated into the issue of learner control (Biard et al., 2018; Bétrancourt and Benetos, 2018). Learner control in this study refers to learners’ agentic power over the interaction with instructional videos, such as determining the sequencing and pacing of information presentation in instructional videos, and allows learners to allocate their cognitive resources based on their needs and capacities (Scheiter and Gerjets, 2007; Bétrancourt and Benetos, 2018). It is situated in a continuum from no learner control (i.e., system or instructor control; used interchangeably in this study) to full learner control (Schroeder et al., 2020).

With video-based learning gaining momentum in recent years, particularly during the pandemic (e.g., Capon-Sieber et al., 2021; García-Morales et al., 2021), it is of paramount importance to identify which type of learner control work for students, that is, letting the students determine their learning path or not. This study aims to fill this gap by conducting a quasi-experimental design following the theory of transactional distance. However, as pure instructor/system-control is rarely seen in current online learning considering that the idea of student-centered learning has been widely accepted and student agency is highly encouraged, this study will not examine this design.



Prior studies on learner control in video-based learning

Prior studies have been conducted on learner control vs. system/instructor control in both procedural and conceptual learning, which are two ways of acquiring knowledge (Adeleke, 2007; Pozo et al., 2021), using instructional videos. However, mixed findings were identified related to the effect of two types of controls on student learning. It remains unclear what kind of learner control works best (Tabbers and de Koeijer, 2010; Biard et al., 2018).

As for procedural learning (i.e., learning through performing a series of actions; Biard et al., 2018), for instance, Schwan and Riempp (2004) investigated how participants learned to tie nautical knots by using interactive and non-interactive videos. In the interactive condition, the participants could control their learning pace by using interactive features such as pausing, replaying, and controlling the speed of presentation. They could practice tying knots at any time by pausing the video. In the non-interactive condition, the participants had to watch the video from beginning to end at normal speed without stopping. The participants had to wait until the end of the video before they could practice tying knots. Results showed that the participants heavily used the interactive features to learn to tie nautical knots, particularly the difficult knots, and that their learning effectiveness was higher than the participants in the non-interactive condition. Biard et al. (2018) examined how the features of pausing and segmentation of an instructional video affected the learning of a medical procedure. They hypothesized that the students would make little use of the pause button as they would not know when to stop the video, and that learner-paced pausing used together with system-paced segmentation could improve procedural learning. Students were divided into three groups: non-interactive video where the students could not pause the video; interactive video where the students could pause the video anytime they wanted (i.e., learner-paced control); and segmented interactive video where the students could pause but only at segments set by the system (i.e., system-paced control). Results indicated that the system-paced control condition outperformed other conditions in procedural learning, but there was no significant difference in recall tests among the three conditions.

As for conceptual learning, defined by Adeleke (2007) as learning through acquiring knowledge of conceptions and principles, Merkt et al. (2018) examined whether pauses benefited student learning in a long instructional video (lasting 773 s) about “Acoustic Oscillations.” They restructured the long video into four conditions (a continuous video without pauses or structural markers, a video with structural markers at meaningful breakpoints, a video with pauses at meaningful breakpoints, and a video with pauses at meaningless breakpoints) which were tested in two experiments. However, they did not identify the beneficial effects of pauses on learning the instructional video. Schroeder et al. (2020) investigated the effects of three conditions (system-paced, learner-paced, and learner-attenuated system paced [LASP]) on learning the formation of lightning which was adapted from Moreno and Mayer (1999). In the system-paced condition, the participants had no control over the video and could watch it once. In the learner-paced condition, the video was segmented into 16 clips with each lasting from 4 to 11 s. The participants could review the clips but could not revisit the clips after moving forward. In the LASP condition, the participants had full control over the video, for instance, pausing, rewinding, and skipping content. Results showed that the participants in the system-paced condition had the lowest performance. Those in the learner-paced condition and the LASP achieved similar performance.

Overall, the aforementioned and other similar studies provide commendable examples for the experimentation of varying designs of learner control. However, besides the mixed findings of learner control, there exist several other issues that call for further investigation. For instance, they mostly focused on student learning in a single video. Little is known regarding student learning in a series of instructional videos with different difficulty levels, which are quite common in practice. Some learning tasks were not authentic, for example, presenting the formation of lightning, which was quite basic, for university students (e.g., Tabbers and de Koeijer, 2010; Schroeder et al., 2020). Consequently, research results from the participants’ responses might be subject to caution (Hummel et al., 2021). Moreover, there is limited knowledge about the effectiveness of full learner control over the entire path of video-based learning. Full learner control involves the control over not only the pace of a specific video but also the sequence of a series of instructional videos that are arranged following an easy-to-complex principle and together form a (mini) course (Schroeder et al., 2020).

Another more critical issue may be the questionable premise of some studies. For example, the system-paced videos where learners have no control over at all in Schroeder et al. (2020) are not often encountered and used in actual learning. In a continuum from no learner control to full learner control, there exists another control condition called “Hybrid learner control” in this study. In the hybrid learner control condition, learners can control the display and pace of a specific video but have to follow the presentation sequence of instructional videos predetermined by their instructors. For instance, in some flipped classrooms, learners have to go through all videos one by one, the path of which is set by their instructors, before attending face-to-face sessions. Such design is to ensure that the students do not go out of their way to skip certain course content and are well equipped with the knowledge needed for subsequent learning activities. But the learners can still control the display of each video. Thus, this type of video-based learning is neither purely system-controlled nor purely learner-controlled, but combine both.

Therefore, in this study, we would not examine the pure system-controlled videos as prior studies did. Nor would we test learner control in a single video. Instead, we compared the full learner control condition (FLC in short) with the hybrid learner control condition (HLC in short) which involved both learner control and instructor control in a mini course involving four videos with each lasting 10–12 min so as to reveal what kind of learner control might work better. The learning task in this study was related to university-level statistics learning, which was authentic to the university student participants and is increasingly offered in online formats in recent years (Huang and Mayer, 2019).

In the present study, we primarily used the theory of transactional distance as the theoretical framework. Moreover, to better explain how students managed the information processing in video-based learning, we also consulted the theory of cognitive load and the cognitive theory of multimedia learning.



Theoretical foundation

Transactional distance plays an important role in digital learning as it is related to the psychological and communication space to be crossed, which is also a space potentially causing misunderstanding between students and objects of digital learning environments such as course content, people, and technology (Moore, 1993; Jung et al., 2019; She et al., 2021). It is strongly related to students’ engagement in and satisfaction with digital learning and consequently their academic success (Yılmaz and Keser, 2017; Weidlich and Bastiaens, 2018).

Transactional distance is a pedagogical concept rather than a geographic phenomenon (Moore, 1993). Among the different forms of interaction (e.g., student-student and student-instructor interactions) in digital or blended learning, the transactional interaction between students and course content may be the most critical form and has a greater effect on learning performance than other forms (Ekwunife-Orakwue and Teng, 2014). The student-content interaction is influenced not only by the subject matter but also by the instructional design of the course (Moore, 1993; Yılmaz and Keser, 2017). As such, the transactional distance associated with the student-content interaction can be decreased or overcome by effective and deliberate instructional designs and can also be increased if instructional designs are not planned well (Chen, 2001; Ekwunife-Orakwue and Teng, 2014).

The variations of learner control constitute an important form of instructional design (Jung et al., 2019). The learner control over the pace of video-based learning determines the interaction between learners and course content as well as the learners’ agentic behaviors, thereby affecting the transactional distance between the learners and course content (Moore, 1993; Jung et al., 2019). Therefore, this study considers that the transactional distance theory provides an effective framework to explain how students with different types of learner control interact with instructional videos and how different interactions cause transactional distance, which further leads to different academic performances.

In addition, according to the cognitive theory of multimedia learning (Mayer, 2005) as well as the cognitive load theory (Sweller et al., 1998), the continuous and synchronous flow of visual and auditory information generated by a video can lead to a heavy cognitive load. If learners cannot control the presentation pace of information in a video, which is fed to the learners quickly, they tend to experience essential overload where the cognitive processing requirements of educational resources exceed the learners’ cognitive capacities (Sweller et al., 1998; Mayer, 2005). For this reason, it is critical to examine how learners can control their pacing in video-based learning to avoid essential overload as well as to enhance their learning performance.

In line with the abovementioned analysis, this study aimed to answer the following research question: How do different types of learner control work for students in online video-based learning?



Methodology


Participants and research context

A total of 86 university students from a department of Literature and Journalism took part in this study. They were randomly assigned to the full learner control condition (FLC) with 44 students (38 females and 6 males) and the hybrid learner control condition (HLC) with 42 students (31 females and 11 males). They were aged between 18 and 20 years. This study was conducted with ethical clearance from the university and obtained informed consent from the participants.

All the participants did not take any statistics course before. However, to verify their prior knowledge of statistics, we conducted a pretest 1 day before the experiment using a standard test of statistics which comprised 20 items with 100 points in total. The results showed no significant difference between FLC (M = 60.89; SE = 2.27) and HLC (M = 59.40; SE = 1.47), t(84) = 0.54, p = 0.59.



Research designs

The participants were required to finish a mini course and associated tests which were hosted on a website. The course in this study comprised four instructional videos: Central tendency, Dispersion, Random variables and distributions, and Probability density function, each lasting from 10 min 10 s to 12 min 32 s. They were organized following a structured sequence based on a simple-to-complex principle, which could increase students’ interest and improve their learning performance (Hew et al., 2018; Jung et al., 2019). The first two videos were easier and simpler than the latter two videos. In addition, the first two videos made up the knowledge base for the latter two videos. To better understand the content in the latter two videos, the students needed to master the knowledge in the first two videos. Subsequent to each video, there was a test consisting of two parts: retention test and transfer test, each with five items. Each item was assigned one point. The total score for the four videos was 40 points. The higher the score, the better the academic performance.

All students in FLC and HLC were briefed about the structure of the online course at the onset of this study. This was to make them aware of the content and workload associated with each video and test so as to inform their decision-making of the video-based learning (Schroeder et al., 2020). The informed learner control was also an important feature distinguishing this study from many prior studies and constituted an aspect of authentic tasks in practice.

The students in FLC determined the learning path by themselves. They had full control over the entire learning pace. Specifically, they could determine which video to watch firstly, whether to skip any video or not, whether to watch the videos first or do the tests first, and how to watch each video (e.g., at a slower or faster pace, or skip certain content). In contrast, the students in HLC had to follow the learning path set by their instructor. They had to finish the instructional videos and the associated tests one by one and could not skip around. But they still could pause, accelerate, slow down, and replay the very instructional video that they were watching. After finishing all videos and tests, they could go back to watch any video they liked. Overall, the main difference between FLC and HLC is the learning path. That is, FLC was a learner-controlled path while HLC was a hybrid-controlled path. Figure 1 visualizes the procedure of this study.
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FIGURE 1
Procedure of this study. V, Video; T, Test; ’Minute; “Second.




Measures

To answer the research questions, multiple data sources were collected, including retention test, transfer test, and time-on-task. Survey data were also collected, including cognitive load, learning agency, and affective and cognitive engagement. The items of the survey (see Supplementary Appendix A) were rated on a five-point Likert scale, with 1 indicating “strongly disagree” and 5 “strongly agree.” In addition, focus group interviews were carried out at the end of this study.


Retention test, transfer test, and score calculation

The retention test following each instructional video covered the key content presented in the video and examined the participants’ comprehension of the statistics knowledge. The transfer test tapped on the content that was not directly discussed in the videos, but that could be answered by inferring from the key content covered in the videos. Both the retention and transfer tests consisted of multiple-choice questions (see Supplementary Appendix B for sample questions). They were developed by the instructor of this course and a statistician. Many items in both tests were related to calculation and reasoning. The total retention and transfer test scores for FLC and HLC were computed separately. The overall score for each design was computed by adding up the scores of the retention and transfer tests. The scores of the easy and difficult sections were calculated separately for FLC and HLC by adding up the retention and transfer test scores associated with the videos.



Time-on-task

The time that the students in both research designs spent on the learning task was automatically recorded by the system.



Cognitive load

According to Paas et al. (2003), the assessment of cognitive load involves mental load and mental effort. Mental load refers to the cognitive capacity demanded for carrying out a task. Mental effort is related to the cognitive capacity an individual invests in working on a task. The items measuring mental load and mental effort were adjusted from Hwang et al. (2013). Four items measured mental load, for instance, “The learning content in the instructional videos was generally difficult for me.” And four items assessed mental effort, for instance, “The instructional design of this task was difficult to follow and understand.” The Cronbach’s alpha values of mental load and mental effort were 0.90 and 0.92, respectively.



Learning agency

Learning agency was measured by five items, which were adapted from Jung et al. (2019). An illustrative item is “I made a plan to guide myself through the video-based learning.” The Cronbach’s alpha value of learning agency was 0.87.



Affective and cognitive engagement

Affective and cognitive engagement is related to students’ involvement of affection, effort, and cognition in learning (Bergdahl et al., 2020). It was assessed by seven items, which were developed from Bergdahl et al. (2020). The Cronbach’s alpha value was 0.93. A sample item is “I forget everything else around me when I was studying the instructional videos.”



Focus group

Focus group interviews were conducted at the end of this study to investigate in-depth the students’ attitudes and experiences of different learner control designs in video-based learning. The results of focus group were used to complement the quantitative findings of the comparisons between the two learner control conditions. Six students were randomly selected from FLC and HLC separately. General questions were asked, for instance, “How do you think of the instructional design?” and “How do you organize your learning?” Each focus group lasted about 30 min.





Results


Group comparison outcomes

To control for potential effects of gender on the intervention, we decided to perform MANCOVA instead of multiple rounds of t-test. The one-way MANCOVA indicated that there were significant differences between FLC and HLC on the combined dependent variables (e.g., time cost, overall score, learning agency) after controlling for gender, F(8, 76) = 3.79, p = 0.001 < 0.01, Wilks’ Λ = 0.72, partial η2 = 0.29, which implies that approximately 29% of the variance in the dependent variables was accounted for by the instructional designs.

As shown in Table 1, except for the score of easy instructional videos, mental load and effort, and affective and cognitive engagement, the remaining variables were statistically significant, with effect sizes varying from 0.07 (learning agency) to 0.24 (time cost).


TABLE 1    Descriptive statistics and pairwise comparisons.
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Specifically, the participants in FLC spent more time learning the instructional videos than those in HLC. They achieved significantly higher scores in the retention tests, transfer tests, and overall tests than those in HLC. They also demonstrated more learning agency in the learning process than the participants in HLC.

In particular, the finding of the participants’ performance in the videos of different difficulty levels was quite interesting. That is, the participants in FLC obtained similar scores in the easy section to but significantly higher scores in the difficult section than those in HLC. However, there were no significant differences between the two learner control designs in mental load, mental effort, and cognitive engagement.



Hierarchical regression analysis

Separate hierarchical regression analyses were conducted to examine which factors predict students’ overall academic performance in the two designs. Durbin-Watson statistics for the participants’ overall scores in FLC and HLC were 2.07 and 1.94, respectively, implying no autocorrelation in the residuals for the two variables. Variance inflation factor (VIF) values ranged from 1.00 to 5.08, which were substantially lower than 10, suggesting no signs of multicollinearity in the models of the two designs.

In Model 1 of FLC, the students’ overall score was entered as the dependent variable with gender as a predictor. Model 1 was not statistically significant (see Table 2). In Model 2, mental load and mental effort were entered. The results indicate that Model 2 was statistically significant, F(3, 40) = 2.85, p = 0.050, adjusted R2 = 0.10. The F-value increased significantly in Model 2, ΔF = 3.30, p = 0.047 < 0.05. Mental load (β = –0.67, p = 0.014 < 0.05) and mental effort (β = 0.54, p = 0.042 < 0.05) were found to be significant after controlling gender. In Model 3, learning agency and affective and cognitive engagement were included, generating statistically significant model, F(5, 38) = 2.61, p = 0.040 < 0.05, adjusted R2 = 0.16. However, mental load (β = –0.48, p = 0.081 > 0.05) was no longer a significant predicator in Model 3 while the influence of mental effort (β = 0.70, p = 0.011 < 0.05) increased. Affective and cognitive engagement (β = 0.51, p = 0.037 < 0.05) became a significant predictor of students’ overall academic performance with gender, mental load, and mental effort taken into account.


TABLE 2    Hierarchical regression analysis for FLC with the total score as the independent variable (N = 44).
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Hierarchical regression analysis was performed for HLC with the participants’ overall score as the dependent variable (see Table 3). The participants’ gender was entered into Model 1, which was found to be statistically significant, F(1, 40) = 4.34, p = 0.044 < 0.05, adjusted R2 = 0.08. Gender (β = –0.31, p = 0.044 < 0.05) was negatively associated with the participants’ overall score. Females (M = 30.48, SD = 3.55) tended to achieve lower scores than males (M = 33.09, SD = 3.62), t(40) = 2.08, p = 0.44. In Model 2, the inclusion of mental load and mental effort did not generate a statistically significant model. In Model 3, learning agency and affective and cognitive engagement were further included. There was a significant increase in the F-value, ΔF = 7.10, p = 0.003 < 0.01. Learning agency (β = 0.52, p = 0.003 < 0.01) was found to be a significant predictor of the participants’ overall academic performance with gender, mental load, and mental effort controlled.


TABLE 3    Hierarchical regression analysis for HLC with the total score as the independent variable (N = 42).
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Discussion

The present study examined the functioning of the full learner control condition (FLC) and the hybrid learner control condition which involves both learner and instructor control (HLC) in video-based learning. In FLC, learners were allowed to freely jump around in a course consisting of a series of videos presented following an easy-to-complex principle. As such, FLC is similar to personalized learning where learners determine their learning path based on their situations and needs. In HLC, learners had to follow the presentation sequence of the course but could still control the display of each video and could watch any video freely once they completed the course. Pure instructor control where learners were not given any freedom at all was not examined in this study as it is rarely used in practical settings and is not helpful for conceptual learning (Schroeder et al., 2020). Overall, this study produced six findings.

First, the students in FLC achieved higher academic performance than those in HLC. In line with Moore (1993) and Jung et al. (2019), the full learner control in FLC greatly increased the students’ learning agency and may minimize the transactional distance between them and the course content as the students could freely choose what and how to learn, thereby increasing the interaction between them and learning resources and strengthening their understanding of the content knowledge. Consequently, the students in FLC obtained higher academic performance in both the retention and transfer tests than those in HLC. Contrastingly, the structured learning path set by the instructor in HLC might constrain the interaction between the students and the course content, thereby enlarging the transactional distance between the two and increasing their misunderstanding of the course content. As a result, the students in HLC may have a higher chance of making mistakes on the tests and achieving lower scores than their counterparts in FLC.

Second, the students in FLC scored higher than those in HLC in the difficult sections of video-based learning. But there was no significant difference between them in the easy section. This could be because the instructional design in FLC may enable the students to freely interact with the course content, promoting deep processing of information in the difficult video content in particular, and subsequently minimizing the transactional distance between the students and course content and enhancing their mastery of the content knowledge (Ekwunife-Orakwue and Teng, 2014; Li et al., 2021). In comparison, the hybrid learner control condition where the students had to follow the instructor-set learning path may be particularly effective for studying basic content and for developing low-order thinking skills (Jung et al., 2019). However, when the students achieve a certain proficiency, instructor-set learning path may obstruct the students from stretching their knowledge boundaries and improving higher-order thinking skills.

Third, the students in FLC spent significantly more time than those in HLC completing the video-based learning. This finding corroborated Tabbers and de Koeijer (2010), who found that giving learner control in multimedia learning could be at the cost of learning efficiency. It can be explained both by the instructor’s observation during the study and the post-study interview. The self-guided learning path in FLC was manifested in a variety of formats. There were students going through the tests first and then watching the videos with the tests in mind. There were also students doing the other way round. It seemed that every student had his/her distinct learning path and there was not a consistent and general pattern applying to most students. Many were seen constantly going back and forth in the instructional videos and tests. The interviewed students indicated that they watched certain segments of videos several times before moving to another one. As a result, the students in FLC spent quite a lot of time processing the video content, thereby likely enhancing their understanding of the video content (Fiorella and Mayer, 2018). In contrast, the entire learning process in HLC seemed to be smoother than that in FLC. They watched the videos and did the tests one by one. Many did not bother to replay the videos to check their mastery of the knowledge or check their answers to the tests. Some of the interviewed students stated a strong sense of complying with the instructor’s requirement, instead of feeling ownership of their study. This may explain why a number of students seemed to be in a rush to finish the task as quickly as possible as observed by the instructor. Consequently, the students in HLC might not have been able to meaningfully process each instructional video before moving on to the next.

Fourth, the insignificant difference in the affective and cognitive engagement in FLC and HLC was similar to Tabbers and de Koeijer (2010) who found that the availability of learner control did not increase students’ involvement with the learning task. The insignificant differences in mental load and effort between the two designs are congruent with Tabbers and de Koeijer (2010) and Merkt et al. (2018) who found that the variations of learner control were not necessarily related to cognitive load as the students might develop different strategies to cope with the transient flow of information from the videos.

Fifth, as for the hierarchical regression analysis of FLC, mental load showed a significant negative effect on the overall score while mental effort showed a positive effect in Model 2. But mental load became less important when affective and cognitive engagement was included in Model 3. As argued by Biard et al. (2018) and Schroeder et al. (2020), if students do not know how to direct video-based learning, they may choose an unsuitable learning path, which may incur considerable mental load on them and require substantial mental effort to process video materials. However, on the other hand, proper learner control can stimulate students’ interest and motivation in video-based learning, which can increase their affective and cognitive engagement and later mitigate the requirements that the video content imposes on their cognitive capacities (Scheiter and Gerjets, 2007; Biard et al., 2018).

And sixth, as for the hierarchical regression analysis of HLC, gender negatively predicted the overall score in Model 1. This was probably caused by the significant lower overall score of females (M = 30.48; SE = 0.64) than males (M = 33.09; SE = 1.09) in HLC, t(40) = 2.08, p = 0.04. Learning agency became a significant predictor of the overall score in Model 3. In line with Mayer (2005) and Fiorella et al. (2020), the hybrid mode involving both learner and instructor control might have made the students feel as if they were partnering with their instructor, thereby prompting agentic actions to actively master the video content.


Contributions

This study has the following contributions. First, the research findings contribute to the literature about learner control, which is considered a viable instructional design for increasing learning, by revealing which kinds of learner control, under what conditions, are beneficial for students’ video-based learning.

Second, this study underscores the importance of different ways of student-content interaction in digital environments and provides empirical support for the effectiveness of transactional distance theory, cognitive load theory, and the cognitive theory of multimedia learning in jointly explaining how students process information in instructional videos to optimize their learning.

Third, contrary to many prior studies that compared learner control with system control in a single instructional video, this study investigated two learner control designs (the full and hybrid learner control) in a mini course involving multiple videos, which are more common in practice. As such, the findings of different learner control designs can be more generalizable to authentic educational practice.



Implications

The results of this study can inform the design and implementation of a variety of video-based learning such as flipped classrooms and online courses. First, allowing students full control over the pacing and sequencing of instructional videos can facilitate the students to actively process video content, thereby leading to high learning performance. But if there is a constraint of time for students, it is advised to adopt the hybrid learner control design where the students follow the instructor-set path but still enjoy a certain amount of control over their learning.

Second, as for the course content of low difficulty levels, either the full learner control design or the hybrid learner control design is fine. However, given that the hybrid learner control design is time-saving, it would be better to adopt it for this type of video course.

Third, with regard to the course content of high difficulty levels, it is suggested to apply the full learner control design so as to enable students to direct their learning based on their capacities and needs.

Fourth, as MOOCs, which are primarily comprised of videos (Stöhr et al., 2019), increasingly become a strong force in higher education and many MOOC platforms actually give learners full control over their learning sequences (Lundqvist and Warburton, 2019), MOOC developers can use the comparison between the full learner control and the hybrid learner control in this study to determine the strengths and weaknesses of both conditions so as to optimize the online video-based learning design (Ginda et al., 2019).



Limitations and future research

Some cautions should be borne in mind when interpreting the research findings. First, the uneven number of genders in both instructional designs, which was caused by convenience sampling, may present a constraint to the generalizability of the research findings. Future studies are suggested to validate the findings using a more balanced sample.

Second, the participants of this study were university students already enrolled in higher education with a narrow age range. However, online courses such as MOOCs attract a much broader age range and more diversified backgrounds of population groups. Thus, future studies could examine if and how different design conditions work for learners from different demographic backgrounds.

Third, the findings of this study shall apply to conceptual learning through instructional videos, instead of procedural learning. However, researchers may consider testing these findings in procedural learning to examine their generalizability and enrich the findings related to the learner control designs for different purposes.

Fourth, it is unclear whether and how the extra time-on-task in FLC could produce higher performance than HLC. To identify whether it is simply a matter of more time-on-task, future research is suggested to test another instructional design that allows participants to have more time in learning instructional videos without letting them control the sequencing and pacing of the instructional videos.




Conclusion

Overall, the full learner control condition in FLC is analogous to a buffet where individuals take what they want; whilst, the hybrid learner control condition in HLC is analogous to a preset pack where individuals have to follow nutritionists’ suggestions so as to gain necessary nutrients to grow up. Both the buffet and the preset pack have merits in themselves and it is at the discretion of learners and instructors to choose which one to adopt.
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Given the fundamental role of emotional intelligence (EI) in learning, especially in virtual learning contexts where individuals experience more stress and anxiety, the need to understand and recognize one's own feelings and the mutual feelings of peers has gained more importance. Flow as the ultimate state in harnessing emotions in the service of performance and learning has been introduced as the main reason for one's willingness to perform activities which are connected to no external motivation. In this regard, the present study was conducted to first introduce a new educational program to enhance the EI level in the English as a foreign language (EFL) online education environment and next to investigate the possibility of raising EFL learners' perceived flow. To achieve these goals, the study recruited a sample of 67 EFL learners who were next divided into experimental (n = 32) and control (n = 35) groups. The experimental group received the EI intervention over 10 weeks and the control group received the ordinary online EFL instruction. Data were collected through EI and flow questionnaires and semi-structured interviews which focused on learners' perception of the EI intervention and signs of enhanced flow. Statistical analysis of the data showed a positive effect of the program on the learners' EI and their perceived flow. The study emphasizes the role of applying positive emotions in making language learners more engaged in online classroom tasks.
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Introduction

Along with the global outbreak of COVID-19 and the following social distancing and the physical gap between people as a strategy to decrease the dissemination of the disease, many businesses shifted to online platforms and schools closed their doors. Accordingly, many institutions and educational settings opted for alternative methods of teaching and learning process to cope with this dramatic change and online instruction delivery gained more attention. Such a change in the routine behavior may have profound effects on the learners' perceptions, attitudes, and feelings as they have to not only accept the situation but also adopt themselves and try to continue their routine lives. The imbalance brought to life and the difference caused in the type of emotions felt made some learners detached from their paths of meaning and purpose and resulted in a lack of focus on tasks and activities presented in online classes. In addition, the current lockdown was associated with slowing down of time, which is thought to be brought by boredom and sadness (Droit-Volet et al., 2020; Li and Dewaele, 2020; Resnik and Dewaele, 2021). As these changes in individuals' affect are hypothesized to have lasting negative impacts (Chadi et al., 2022; Samji et al., 2022), a number of researchers focused on ways to reduce boredom and improve emotional well-being (e.g., Rankin et al., 2019; Patsali et al., 2020).

The literature investigating learners' psychological factors during this lockdown has focused on such factors as learners' mental health (Patsali et al., 2020; Saha et al., 2020; Shigemura et al., 2020), learners' attitude (Unger and Meiran, 2020), emotion regulation (Restubog et al., 2020), boredom (Derakhshan et al., 2021b; Kruk et al., 2022), and anxiety and coping strategies (Hyland et al., 2020; Savitsky et al., 2020). One of the variables related to anxiety and motivation is flow which has been the focus of few number of studies (Dewaele et al., 2022; Wang and Huang, 2022) in educational contexts especially during this pandemic. Flow is a state characterized by the experience in which one is subconsciously immersed in an activity, have active participation in learning tasks with a feeling of pleasure, and nothing but the action would be of importance. So, following previous studies which showed the effectiveness of flow for boosting emotional states during the stressful periods of uncertainty (Rankin et al., 2019), two promising candidates for the successful adaptation to online education could be emotional intelligence and flow. Therefore, applying a mixed-methods design, the present study aimed to investigate the effectiveness of introducing emotional activities to boost the learners' perceived flow.



Review of literature


Emotional intelligence

Emotions, and more specifically positive emotions, and their influential role in learning a second language was quite a neglected area of enquiry till the last three decades (Dewaele and Li, 2020; Wang et al., 2021). However, since the 2010s, following the establishment of the International Association for the Psychology of Language Learning, there was a surge of interest in positive and negative emotions in second/foreign language contexts (Abdolrezapour, 2017a,b; Dewaele et al., 2018; Derakhshan et al., 2021a; Ghanbari and Abdolrezapour, 2021) and various definitions have been proposed for emotions consistent with the researchers' viewpoints. In this article, we will use the definition proposed by Reeve (2009) as “short-lived subjective-physiological-functional-expressive phenomena that orchestrate how we react adaptively to the important events in our lives” (p. 9), which attribute a multidimensional, complex nature to emotions as subjective feelings and social phenomena. And the focus is on academic emotions, defined as emotions that are “directly linked to academic learning, classroom instruction, and achievement” (Pekrun et al., 2002, p. 91).

Currently, the two most widely investigated emotions in the language learning context are foreign language enjoyment (FLE) and foreign language classroom anxiety (FLCA) (Resnik and Dewaele, 2020). In this respect, Dewaele and Alfawzan (2018) attention was drawn to the link between FLE and FLCA and language learners' performance and found that FLE was a better predictor of performance than FLCA, which implies that it is crucial for language teachers to put premium on boosting learners' positive emotions to ensure enhanced acquisition. This being the case and considering the relationship found between FLE, FLCA, and emotional intelligence (Li and Xu, 2019; Resnik and Dewaele, 2020), and the malleability of EI (Abdolrezapour, 2017a,b), the best way to help learners regulate their emotions is through the field of emotional intelligence (Goetz and Bieg, 2016).

The most broadly acknowledged and widely accepted definition of emotional intelligence (EI), considered as a facet of general intelligence, has been proposed by Salovey and Mayer in 1990, who defined emotional intelligence as “the ability to monitor one's own and others' feelings and emotions, to discriminate among them, and to use this information to guide one's thinking, and actions” (Salovey and Mayer, 1990, p. 189). This investigation follows the Goleman's EI framework (2005), according to which EI is composed of five characteristics: (1) knowing one's emotion, (2) managing one's emotion (i.e. handling fear, anxiety), (3) motivating oneself (emotional control, the ability to delay gratification), (4) recognizing emotions in others, and (5) handling relationships.

Considering the positive link between emotional intelligence and learners' academic performance and the social nature of emotions (Reeve, 2009; Ghanbari and Abdolrezapour, 2021), there is a general agreement among scholars that nurturing learners' emotional intelligence allows them to be connected with others and learn in a more effective way and increase their chances of success both in school and future life (Goetz and Bieg, 2016). Accordingly, if class activities are emotionally and personally relevant to students' lives, corresponding to the characteristics of emotional intelligence, they would engage learners' attention, encourage cooperative learning and would lead to deeper learning and more commitment to learning processes (Abdolrezapour and Tavakoli, 2012).

As in each subject and context, learners' emotional intelligence was found to be prominent (e.g., Domitrovich et al., 2017; Corcoran et al., 2018), in an online setting, learners' emotion-related personality traits are influentially engaged. So, researchers' attention was attracted to the contributions of learners' and teachers' emotional intelligence to their performance in a language education context (Buzdar et al., 2016; Alenezi, 2020; Li and Dewaele, 2020; Fraschini and Tao, 2021; Zhao and Song, 2022). In this regard, Derakhshan et al. (2021b) confirmed that EFL teachers and students encounter more difficulties in online classes and their teacher participants pointed to the importance of EI in online educational contexts. In the same vein, Buzdar et al. (2016) confirmed the large predictive contribution of students' emotional intelligence in explaining variance in their readiness for online education. Fraschini and Tao (2021), acknowledging the need to investigate EFL learners' emotion in a virtual context, pointed to the link between positive emotions and learning achievements with some teacher characteristics. As for the possibility of enhancing learners' EI in a foreign language learning context, Abdolrezapour (2017b) studied the role of emotions in computer-mediated learning and provided evidence that emotions could be successfully exploited in EFL classrooms through a number of activities presented by the language instructor. Following this line of research, and Zhao and Song (2022), who found differences between learners' emotions of face-to-face classes and those of online learning, the current attempt aimed to shed light on the effectiveness of emotional intelligence in an online education context and its relation to the learners' flow.



Flow

Flow is described as “a subjective state that people report when they are completely involved in something to the point of forgetting time, fatigue, and everything else but the activity itself” (Csikszentmihalyi and Rathunde, 1993, p. 59). It refers to a state of optimal experience or peak performance in which the individual has an intense engagement in an activity. This state has been linked to the feeling of enjoyment and pleasure and has been introduced as the main reason for one's willingness to execute actions which are linked to no external motivation; the leading cause of which was known to be an internal locus of control, a personality construct that refers to people's belief about the action-outcome relationship (Rotter, 1966). According to Goleman (1995), flow state is emotional intelligence at its best and it is the ultimate possible state in harnessing the emotions in the service of performance and learning. In such status, one would experience positive emotions aligned with the task at hand.

This concept has been found influential in various fields including sports (as mentioned in a review by Swann et al., 2012), gaming (e.g., Bressler and Bodzin, 2016), research activities (Hudock, 2015), and work-related activities (e.g., Nakamura and Csikszentmihalyi, 2009). Khan and Pearce (2015) correlated this state with concentration, intrinsic motivation, and enjoyment to perform actions at hand, which would affect learners' perceived learning (Hung et al., 2015) and satisfaction (Buil et al., 2018). Furthermore, in educational contexts, the state of flow has been regarded as a prerequisite of tasks demanding higher-order thinking, in that it provides a higher level of concentration and focus on the task and various studies pointed to its correlation with learning outcomes (e.g., Everett and Raven, 2015).

Following the pioneering study of Egbert (2003), who pointed that the state of flow involves a particularly intense focus in an activity to the extent that one may even lose self-consciousness and a track of time, a number of researchers focused on the efficiency of flow in the foreign language context (e.g., Aubrey, 2017; Dewaele and MacIntyre, 2019; Liu and Song, 2021; Dewaele et al., 2022; Zhao and Khan, 2022). In her study, Egbert (2003) maintained that some preconditions must exist for the flow experience to occur including (a) a balance of skills and challenge, (b) intense concentration, (c) clear goals, (d) immediate feedback, (e) a sense of control, and (f) interest. Later, studying the experience of positive flow and anti-flow by 232 Spanish foreign language learners from around the world, Dewaele and MacIntyre (2019) pointed to more experience of positive flow, which was linked to a higher degree of multilingualism, high relative standing in the group, age, and years of study.

A series of empirical studies also examined flow in the e-learning contexts (Rodriguez-Ardura and Meseguer-Artola, 2017; Li et al., 2021; Liu and Song, 2021; Wang and Huang, 2022; Zhao and Khan, 2022) which shows the importance of providing learning programs that raise the students' flow states as a key feature for academic success in the virtual education environment. In this regard, Pearce (2005) investigated the possibility of making e-learning activities motivating and engaging, yet still productive. He applied two different methods to measure flow experiences and pointed to the dynamic nature of the students' flow experiences. More recently, Wang and Huang (2022) developed a 14-item foreign language flow scale in a Chinese context and found that the flow state is composed of three dimensions including enjoyment, boredom, and anxiety. However, the online education, especially during the COVID pandemic, was found to be more accompanied by students' boredom and different variables have been found influential in this regard including the topics assigned, activity types (i.e., repetitiveness and monotony of activities used), excessive teacher control, lack of learner participation, as well as over-challenging tasks (Derakhshan et al., 2021b; Zawodniak et al., 2021; Kruk et al., 2022).

In general, previous studies have all pointed to the importance of flow in various learning contexts. It was found that it would lead to learners' interest and satisfaction in the tasks and their desire to experience more challenging tasks. However, applying tasks that enhance learners' flow had been a neglected area of study in foreign language learning situations. Flow or the sense of optimal state is linked to the peak performance and subsequent happiness which points to the higher correlation with affective rather than cognitive aspects of flow-related processes. Thus, following Derakhshan et al. (2021b), who proposed adopting livelier class, more teacher-student interactions, and improved interpersonal relationships to lower students' boredom in EFL online classes, incorporating emotional training programs in this investigation is hypothesized to support enhanced flow.



Emotional intelligence and flow

Flow state is clearly a key construct of positive psychology and a highly emotional experience. As already noted, the flow experience is characterized by a condition in which the individual is completely immersed in actions with a high degree of intrinsic motivation and it has been found related to some positive experiences including well-being, enjoyment, affect, and satisfaction. It is now well-established from a variety of studies that EI and flow are linked (Culver and Yokomoto, 1999; Li and Dewaele, 2020; Wang and Shaheryar, 2020; Rakei et al., 2022). In this part of the study, we wish to discuss a number of flow-related studies dealing with a wide range of concepts associated with different components of emotional intelligence as proposed by Petrides et al. (2006), including well-being, self-control, emotionality, and sociability.

There is a consensus among psychologists that emotional psychological well-being (Csikszentmihalyi, 2014; Rankin et al., 2019; Lynch and Troy, 2021) is positively linked to one's experience of flow. Moreover, Kuhnle et al. (2012) pointed that self-control is a good predictor of flow experiences in eighth graders. This being the case, Rivkin et al. (2018) found that higher levels of flow experiences would enhance self-control demands and would ultimately result in higher well-being. The authors also claimed that the experience of flow revealed higher levels of intrinsic motivation (Rivkin et al., 2018). Finally, as for social skills, Walker (2010) examined whether the social flow was preferred to solitary flow and the results of his survey study revealed that social flow was more enjoyable than solitary flow. The author concluded that students like to do the tasks together rather than alone. In addition, social flow experiences were found to be stimulated by positive collective gatherings (Zumeta et al., 2016), which in turn promoted personal well-being and social cohesion.

Considering the context-dependent nature of flow (Ghasemi et al., 2021), there is still a need to investigate EFL learners' flow in the transition to online education during the COVID-19 pandemic. Moreover, the existing body of research suggested the association between emotional intelligence components and flow in various contexts, including the foreign language setting (Dewaele et al., 2022), and studies on boredom in online classes during the COVID-19 pandemic pointed to the paramount importance of individuals' emotional experiences in second language context (Wang and Derakhshan, 2021; Kruk et al., 2022). Nevertheless, the possibility of enhancing EFL learners' experience of flow through EI intervention is unexplored and such relation in an online setting would provide useful insights for the language teachers. Thus, the main objective of this study was to investigate whether EFL learners' engagement with emotional intelligence tasks would be associated with a higher degree of flow. Accordingly, two research questions were posed in the current investigation:

1. Is it possible to nurture learners' emotional intelligence in an online EFL class?

2. What is the effect of using emotional tasks in improving EFL learners' perceived flow?




Methodology


Design of the study

This article is an attempt to enhance EFL learners' perceived flow through applying emotional intelligence activities. To do so, the teacher adopted various strategies to encourage social interaction and cooperative learning, motivate learners, and achieve deeper and more permanent learning. Therefore, the study adopted a mixed-method design to assess the effects of two teaching approaches on the learners' perceived flow in an EFL context. To this aim, we had two groups of learners going through different interventions. Figure 1 below shows the different stages of the study.


[image: Figure 1]
FIGURE 1
 Design of the study.




Participants

A convenience sample of 67 Iranian EFL learners, studying English in a private language institute, participated in the study. They had been enrolled in two different upper-intermediate conversation classes and were randomly assigned to experimental (n = 32) and control (n = 35) groups. There were both male and female participants in both groups and they varied in age from 18 to 23 years old (M = 19.43, SD = 2.57). Participants mostly had studied English for about 6 to 8 years. Though the placement tests taken by the institute could provide enough assurance for their homogeneity regarding their general language ability prior to the study, the students were asked to take a Preliminary English Test (PET) and the results of the independent samples t-test confirmed their homogeneity. The participants were informed that participation was entirely voluntary, and were assured of the confidentiality of their responses.



Instruments

To achieve the purposes of the current study, the following instruments and materials were utilized:

a. Preliminary English Test (PET): To check the homogeneity of the two groups, the listening and speaking parts of the Cambridge PET were used. The test shows the learners' capacity to achieve most goals and express themselves on a range of different topics. The listening section of the test consisted of 24 questions in four parts (namely pictures with multiple-choice questions, long recordings–e.g., interviews, academic lectures, etc.–, multiple-choice questions, complete notes and true/false). The speaking test included three parts (namely short questions and answers between the examinee and the examiner, looking at a visual aid and engaging in a discussion with the other candidate, and speaking about a picture for 1 min). In this study, the reliability of the test was estimated using Cronbach's Alpha and found to be 0.83.

b. Trait Emotional Intelligence Questionnaire-Adolescent Short Form (TEIQue-ASF): The short English version of the TEIQue (Petrides et al., 2006) including 30 items, which is a simplified version in terms of wording and syntactic complexity of the adult short form of the TEIQue, was used to measure learners' EI. All items are sampled from the 15 subscales of the adult trait EI sampling domain (two items per subscale). The test yields scores on four factors, namely well-being, self-control, emotionality, and sociability in addition to global trait EI. Some example items are “I can control my anger when I want to,” “I'm happy with my life,” and “I'm good at getting along with my classmates.” Higher scores on this scale imply higher levels of trait EI. Answers are collected on a 7-point Likert scale ranging from “Completely Disagree (number 1)” to “Completely Agree (number 7).” Cooper and Petrides (2010), applying item response theory, confirmed the validity of TEIQue-ASF. Following previous studies in the Iranian EFL context (e.g., Abdolrezapour and Tavakoli, 2012; Ghanbari and Abdolrezapour, 2021) which confirmed the reliability and validity of the scale, the instrument was validated in the particular context of the study. The reliability of the test was found to be high (Cronbach's α = 0.84).

c. Egbert's (2003) inventory of learners' flow: To measure learners' state of flow, Egbert's (2003) inventory of learners' flow was used (see Appendix A). The questionnaire required students to reflect on experiences during the preceding task and consisted of 14 items in four dimensions: four items for interest (e.g., “When doing this task, I was totally absorbed in what I was doing.”), three items for control (e.g., “This task allowed me to control what I was doing.”), three items for focus (e.g., “I would do this task even if it were not required.”), and four items for a balance of skills and challenges (e.g., “This task made me curious”). Learners were required to rate themselves on a seven-point Likert-type scale with response options ranging from 1 (strongly disagree) to 7 (strongly agree). Four of the questions were reversely scored. The higher score represents a higher level of flow experience and more concentration on learning tasks. In this study, the Cronbach's alpha values of the questionnaire and the four dimensions, i.e., interest, control, focus, and the balance of skills and challenge, were 0.85, 0.78, 0.84, 0.89, and 0.79, respectively. This instrument was supplemented with questions collecting demographic information including the participants' age, gender and self-report level of language proficiency.


Tasks

As the experience of flow differs in different skills, tasks, and activities (Ghasemi et al., 2021), to ensure higher comparability across the responses provided by learners, they were required to answer the items based on their experience of the language tasks and activities during which they had interactions with their friends. Accordingly, an oral narrative task was used, in which subjects were required to narrate a story based on a sequenced set of picture prompts. The tasks were previously piloted with a group of EFL learners of the same level and the expert colleagues confirmed their suitability for these participants based on Egbert (2003) criteria of the conditions facilitating the occurrence of flow, i.e., the perception of appropriate challenges, clear goals, an interesting task, sufficient time, immediate feedback, a sense of control and a chance to focus.



Semi-structured interviews

Following Egbert (2003, p. 508), who posited that “there is no objective way to measure flow precisely,” in addition to the flow questionnaire, to gain a more in-depth understanding of learners' experiences and feelings, an interview guide was developed addressing key issues related to the experience of flow. A significant advantage of this data collection approach is its suitability for revealing situation-specific factors or cultural characteristics of flow (Swann et al., 2012). Thus, seven EFL learners were then required to answer a number of questions in a semi-structured interview (see Appendix B). The incentive behind having semi-structured form of interview was to have a number of open-ended questions with a general guide with. In this way, we let the participants direct the interview and help address issues that were not previously considered by the authors. The interviews were audio-recorded with the consent of the participant and the recordings were transcribed and analyzed.



The EI intervention

As mentioned before, connecting learning tasks and activities to learners' personal lives would lead to deeper learning. Keeping this is mind and following Egbert (2003) who claimed that “teachers can theoretically facilitate the flow experience for students by developing tasks that might lead to flow” (p. 513), a 10-week intervention was developed for the experimental group which was integrated into the regular syllabus. So that the subjects received the regular English instruction in an hour and then 1-hour EII, whereas the control group received their regular 2-hour English instruction. The EII involved storytelling, reflective activities, group discussions, and experience-sharing. Emotional tasks and activities adopted in the study comprised the following components and were based on the five characteristics of EI proposed by Goleman (1995):

1. Helping learners know and manage their feelings: this characteristic of emotional intelligence gains more importance in online education where many learners find it difficult to cope with the many feelings they experience. Thus, learners were taught to identify their emotions and they were instructed to feel them rather than avoid them. So, the teacher encouraged learners to talk about the emotions they had during the hard times in the online education and their friends were encouraged to listen and give directions to them.

2. Guiding learners on strategies to know others and handle relationships: as most relationships are supposed to be limited in online education, there is an urgent need to work on strategies to maintain healthy relationships with peers and the teacher. Thus, to cultivate friendship among the individuals, they were guided to maintain a sense of self. Then, they were asked to discuss strategies they adopted to both stay connected to old relationships and form new ones in online classes. This strategy was hypothesized to help learners stay in tune with the teacher and the peers' conversations.

3. Teach learners monitor their progress: to enhance the learners' self-motivation, they were required to do some goal-setting tasks. They were also guided to revise and adjust the goals if they were not able to meet them.



Data collection procedure

First, the participants were pretested on language proficiency level, EI and flow states to ensure the sample homogeneity in terms of the variables under investigation. Next, those in the experimental group went through the EI intervention and those in the control group received the regular class activities with no special focus on emotional concepts and notions. For each session, the teacher had alternate exercises for both groups so that if the primary tasks were not interesting, a different approach or different tasks could be adopted. In addition, to gain a more in-depth understanding of the participants' classroom behavior and of their classroom learning experiences, seven students from the experimental group were chosen to participate in semi-structured interviews. The interviews were in Persian and were conducted by one of the researchers (a Persian native speaker) and lasted around 30–40 min each. Finally, post-tests (i.e., EI and flow measures) were administered to both groups.



Data analysis

Learners' EI and perceived flow were assessed using the quantitative methods and the SPSS software. So that first descriptive statistics were used and the obtained scores were checked in terms of the normality of distribution using measures such as Kurtosis and Skewness. Then, mixed between-within group ANOVAs were performed on the scores obtained from the pretests and posttests to examine the learners' improvement over time. Then, the learners' interviews were qualitatively analyzed to find the common themes within the transcripts. We adopted a three-step grounded-theory analysis (GTA) (Corbin and Strauss, 2008) of the interview responses, including open coding, axial coding, and selective coding. In the open coding stage, the themes expressed by the participants were coded by each researcher and data were organized based on the phrases and ideas that were stated and re-stated in the interviews. In this stage, if a component was discovered which was not in previous studies, the authors had to discuss it and reach an agreement to whether include it as a main category or a subcategory. Then, in the axial coding stage, relationships among the codes were identified and the links between categories and sub-categories were checked. Finally, in the selective coding stage, the transcripts and the selected codes were checked several times to select the codes underlying the students' perceived flow. To ensure the reliability of the obtained results, both intra-coder (by each researcher) and inter-coder (by both researchers) reliability checks were done. Moreover, to enhance the accuracy of the data, member checking or participant validation was performed, where participants were asked to check the transcripts of their interviews and correct any misinterpretations of their responses.





Results and discussion

First, to check initial homogeneity of the groups, independent samples t-tests were run. The results of descriptive statistics and t-tests on EI and flow pretests are provided in Table 1. As shown, the results confirmed the comparability of the two groups prior to the intervention.


TABLE 1 Descriptive and inferential statistics on pretests.
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The impact of the intervention on learners' EI

To find the effect of the intervention on learners' EI, a mixed between-within group ANOVA was conducted on the pre- and posttest scores of the two groups, with the type of condition or treatment (i.e., experimental or control group) as the between-subjects factor and time (pretest and posttest scores) as the within-subjects factor. Table 2 displays the EI posttest descriptive statistics for each group, which point to the better performance of the experimental group on the posttest (Mean difference 24.72). The results of a mixed between-within group ANOVA showed main effects for time, F(1, 65) = 262.177, p < 0.05, the interaction between the time and treatment condition, F(1, 65) = 246.708, p < 0.05 (Table 3), and also the treatment condition, F(1, 65) = 64.796, p < 0.05 (Table 4). These findings provide evidence that the learners improved over time as a result of the treatment condition and also that the two treatment conditions engendered differential effects on the learners' improvement in EI.


TABLE 2 Descriptive statistics of EI posttest scores.

[image: Table 2]


TABLE 3 Tests of within-subjects effects for EI scores.
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TABLE 4 Tests of between-subjects effects.
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Thus, the mixed between-within group ANOVA confirmed the effectiveness of exposing language learners to emotional intelligence intervention on their emotional states. In other words, while a significant difference was observed between the pre-test and posttest EI scores of the experimental group, the EI scores of the control group did not increase significantly from pre-test to post-test conditions.



The impact of the intervention on learners' perceived flow

As mentioned before, this article was an attempt to enhance EFL learners' perceived flow. So, to find a plausible answer to the second research question which aimed to investigate the impact of the EG activities on learners' perceived flow and to study the potential differences between the two groups of participants as well as the changes in the individual members of each group over time, a mixed between-within group ANOVA was run. Once again, the type of treatment was taken as the between-subjects factor and time was considered as the within-subjects factor. Learners' levels of perceived flow in the posttest are brought in Table 5, which, again, shows the better performance of the experimental group. The results of a mixed between-within group ANOVA showed main effects for time, F(1, 65) = 22.682, p < 0.001 and the interaction between the time and treatment condition, F(1, 65) = 22.355, p < 0.001 (Table 6); as well as the treatment condition, F(1, 65) = 4.559, p < 0.001 (Table 7).


TABLE 5 Descriptive statistics of flow posttest scores.
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TABLE 6 Tests of within-subjects effects for flow scores.
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TABLE 7 Tests of between-subjects effects for flow scores.
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According to the results of this part of the study, the students differed in their flow condition based on the particular group they belonged to. While a significant improvement was found in the flow scores of the students in experimental group, the flow condition of the students in the control group did not differ significantly from pre-test to post-test occasions.



Semi-structured interviews

This part of the article provides the information obtained from interviewing seven EFL learners participating in the experimental intervention. As mentioned in the previous section, the interviews were transcribed and coded applying the GTA. From the in-depth interview data, which aimed to provide insight into the signs of flow experience, several coding themes were identified, including enjoyment, engagement with the tasks, reduced self-consciousness, and intense concentration. Table 8 shows the frequency of the final categories observed in the interview transcript of each single student. It should be pointed that if a student pointed to a particular category several times, it was only counted once.


TABLE 8 Coding categories of the signs of flow experience in interview data with representative extracts.
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Here, the analysis of the interviews along with some excerpts from the participants that showed the existence of flow state after completing language activities would be provided. As noted above, the adopted tasks and activities were mainly based on the Goleman (1995) model of emotional intelligence; however, based on the results of semi-structured interviews, these tasks led to the main dimensions of flow including enjoyment, engagement with the tasks, concentration, reduced self-consciousness and absence of time alertness. However, as stated above, some components were taken as the subcategory, rather than a new category to conform with the literature. Thus, relationships among the codes were identified and absence of time alertness was considered as the sub-category of reduced self-consciousness. Moreover, participants (either implicitly or explicitly) referred to the balance of skill and challenge, clear and focused goals, and the feedback provided by the teacher as the main antecedents of their perceived flow.

In general, the EI intervention was found to engage the learners' interest as some commented that they liked the goals of the tasks and the feedback received made them sure that they were performing the tasks properly as one commented:

I really like to replicate the tasks as the teacher was telling us exactly what we had to do and she said that we should have a goal in listening and speaking tasks. The ongoing feedback that she was giving us made the course much more interesting. We knew whether we are moving toward the goal or we have to revise our performance.

This part was in line with what Egbert (2003) posited, i.e., tasks presented in language classroom should have clear goals to induce learners' flow. Participants also proposed that they were more interested in doing the tasks and experienced loss of self-consciousness which is reflected in the excerpt below stated by another learner:

The activities were connected to our lives so we were more engaged. As for me, I had lower stress and my mind was relaxed and I could perform with much more ease.

Learners also enjoyed the collaborative tasks and the experience of talking about emotions. They liked the degree of challenge they had, which was once again in line with what Egbert (2003) mentioned, i.e., to attain learners' flow, there should be a balance of skills and challenge. An example of such experience can be observed in the following comment provided by one learner:

The tasks were neither hard nor easy; sometimes we had some collaborative tasks for which we had to discuss the answer in the WhatsApp group and share the results with other classmates. In such cases and the times when we were listening to the stories of our friends, we couldn't perceive the passage of time.

Furthermore, the tasks and activities offered to language learners resulted in their intense concentration; an instance is shown in the following comment:

For some tasks, we were given a time to talk together and share our feelings about the things happened to a friend. The thing that I liked about such tasks was that the teacher didn't interrupt us and we could focus on the activity, sometimes we even forgot that we were taking part in a formal class. The tasks were wonderful.




Discussion

As noted above, this study was an attempt to, first, explore the impact of the application of an EI intervention program on the EFL learners' emotional intelligence level, and second, to examine the extent to which this intervention would impact the learners' perceived flow. The results pertaining to the first research question, which concerned the possibility of nurturing learners' emotional intelligence over the 10-week program, showed that exposing EFL learners to the intervention positively affected their emotional intelligence level. The results of this part of study confirmed the literature regarding the possibility of nurturing emotional intelligence in various educational settings (Abdolrezapour, 2017a; Dewaele et al., 2018; Ghanbari and Abdolrezapour, 2021) and were in line with the studies which pointed to the predictive contribution of learners' emotional intelligence in explaining variance in their readiness for online education (Buzdar et al., 2016; Abdolrezapour, 2017b; Fraschini and Tao, 2021). Thus, teaching intrapersonal emotional factors such as managing one's emotions, knowing one's emotions and motivating oneself in addition to the interpersonal emotional characteristics such as understanding others' feelings and strategies to handle ones' emotions would be beneficial to language learners in online educational settings.

The second research question addressed the effect of the EI intervention on nurturing EFL learners' flow. The findings provided evidence that the learners improved over time as a result of the treatment condition and also that the two treatment conditions engendered differential effects on the learners' improvement in flow, which confirmed Pearce (2005) claim of the possibility of making e-learning activities motivating and engaging. In line with the L2 literature that pointed to the task type and task engagement as the common boredom-inducing factors in online education (Derakhshan et al., 2021b; Zawodniak et al., 2021; Kruk et al., 2022) who suggested adopting educational programs with improved interpersonal relationships and more teacher-student interactions, incorporating the EI intervention with the different topics and activities made language learners more willing to participate. Moreover, according to Csikszentmihalyi (1998), when individuals participate in an activity for its own sake, i.e., it is so satisfying that they are inclined to repeat it at higher levels of challenge, their perceived flow would increase. So, it seems that learners' exposure to various emotional tasks and activities made them more interested and eager to participate in activities and this accordingly increased their flow.

Reasons for the difference in learners' perceived flow over a 10-week period were provided in the semi-structured interview sessions with the open-ended questions, which were intended to look into the experimental group's perceptions of the EI intervention and signs of enhanced flow. Our qualitative data showed that participants were more willing to participate in educational tasks and share their feelings and thoughts with their classmates. The intervention applied in this study led to enjoyment, engagement with the tasks, reduced self-consciousness, and intense concentration. So, considering the results obtained in this part of the study and the literature (e.g., Rodriguez-Ardura and Meseguer-Artola, 2017; Dewaele and MacIntyre, 2019; Li et al., 2021; Liu and Song, 2021; Wang and Huang, 2022; Zhao and Khan, 2022) which confirmed the efficiency of flow in the foreign language context, it can be a good strategy to expose language learners to teachable techniques for managing emotions, knowing one's emotions, handling relationships, and motivating oneself.



Conclusion

During traumatic circumstances, such as the COVID-19 pandemic, many individuals might not be in a desired emotional state to focus on educational tasks and activities. In such situations, online educational programs, capable of driving students' interest and effort, lead to higher learning outcomes. Learners who experience flow are more eager to participate actively in learning tasks and have one predetermined learning objective; they set a goal for themselves and feel more pleasure and are much more satisfied. In such a state, they do not consider other thoughts and distractions. Thus, to ensure learning success, it is necessary to develop learning tasks and activities that yield favorable opportunities to all language learners through providing an optimal level of challenge, control, and interest.

Following Goleman (1995), who posited that flow state is resulted from the highest level of emotional intelligence, students' eagerness and performance in online learning can be ameliorated through regulating their emotions and raising their emotional intelligence. And as learners with higher levels of EI have higher self-awareness, self-management, and are more capable of handling social relationships, they can ultimately perform better in online educational courses that inherently abound with internal distractions (including learners' feelings and interference from homes such as younger siblings and parents), and external ones (such as other students and technical complexities such as difficulties experienced in connecting to the net).

In line with previous studies (Abdolrezapour, 2017a,b; Ghanbari and Abdolrezapour, 2021), this study introduced some emotional activities to provide opportunities for language learners to work on emotional intelligence, and such activities can be adopted in various educational contexts. Generally, focusing on learners' emotional states and designing tasks to discuss such issues in the class will allow learners to see the lighter and more humorous side of things, and to regain some qualities as persistence, motivation, willingness, and cheerfulness that characterize successful learners. In addition, it would increase their inner peace and strength, and in doing so, it helps them be able to control and reduce the stresses that accompany some learning contexts, especially virtual ones. When working on learners' emotional intelligence, they can develop their vision and lower their stress, fear, and disappointment. They can have a much more positive attitude and experience lower levels of negative feelings. Thus, considering the teacher's crucial role in setting the conditions for ensuring positive flow (Dewaele and MacIntyre, 2019), it is suggested that teachers apply various educational tools and different tasks to make learners more engaged and interested and increase their motivation.

As with all other studies, this study has a number of limitations that need to be acknowledged. First, we had a small sample for semi-structured interviews and only from the experimental group, which might delimit the generalizability of the study. Future attempts can strengthen the generalizability by conducting similar research with more in-depth investigation of learners' views from both the control and experimental groups. Also, the generalizability of the obtained results is subject to certain limitations as the study used a convenience sample. Finally, to expand the use of emotional intelligence intervention in various educational settings and especially in online settings, the provision of a more comprehensive educational program can also be a productive venue for future research.
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Appendix


Appendix A

Biographical information:

Gender: female () male ()

Age: ___ years

How long have you been learning English? For ___ years.

Language proficiency level: Lower intermediate (), intermediate (), advanced ()

Egbert's (2003) Flow Questionnaire

Please think about the task you have just done. How did you feel during the task?

1. This task excited my curiosity.

2. This task was interesting in itself.

3. I felt that I had no control over what was happening during this task.

4. When doing this task, I was aware of distractions.

5. This task made me curious.

6. This task was fun for me.

7. I would do this task again.

8. This task allowed me to control what I was doing.

9. When doing this task, I was totally absorbed in what I was doing.

10. This task bored me.

11. During this task, I could make decisions about what to study, how to study it, and/or with whom to study.

12. When doing this task, I thought about other things.

13. This task aroused my imagination.

14. I would do this task even if it were not required.



Appendix B

Interview guide

Please answer the following questions

In some situations, you find yourself completely engaged in an activity to the extent that your worries, sense of time, and self-consciousness seem to disappear and you lose track of time.

As for the purpose of this study, we seek the moments in which you lose your sense of time, you're completely enraptured, you're completely caught up in what you are doing in online EFL courses. So, please answer the following questions?

- How did you feel about this class?

- Have you ever had an experience like this in your online classes? Please describe it.

- In as much detail as possible, can you describe what these experiences look like?

- If you were given the opportunity to do this task again, would you?

- Which flow-inducing factors make a difference between online and traditional classes?

- What are the most distinguishing characteristics, or clearest indicators of being in flow?

- What prevents flow? Are there times when the flow is more or less likely to occur?
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Introduction

China has the largest number of international students in Asia. In 2018, 492,200 international students were studying in China (Zhao, 2020). Due to the international travel restriction of COVID-19, the majority of international students are stranded in their own countries after 2019. Giving Indonesian students for example, before the epidemic, there were 15,760 Indonesian students studying in China. From January to February 2020, 14,408 students had returned to Indonesia due to the epidemic, while only 1,352 students were still studying on Chinese university campuses (Min, 2021). Students stranded in their home countries are forced to study online. The stress caused by the epidemic and the sudden change of learning style from offline to online had a significant impact on students’ mental health (Cao et al., 2020). More than three-quarter students considered that online learning is not a positive experience (Min, 2021). Students reported feeling stressed, bored and anxious while studying online during the pandemic (Espino et al., 2021). Increasing Students’ engagement in online learning during the pandemic has become an academic concern.

Kuh (2009) defined learning engagement as time and efforts that students invested in learning activities. Fredricks et al. (2004) divided learning engagement into three dimensions: behavioral engagement, cognitive engagement, and emotional engagement. Some scholars believe that learning behavioral engagement is an important branch of learning engagement. Learning behavioral engagement refers to the time, energy, and effort students invest in learning activities, which can be observed as explicit behavioral performance (Li et al., 2016). For example, attend class on time, listen carefully, answer teachers’ questions actively, submit homework on time, and do not give up when encountering problems. Learning behavioral engagement can be summarized into three categories: actively implementing relevant regulations and requirements, without any violation or destructive behavior (such as skipping class); performance in study or academic tasks, such as effort, persistence, concentration, questioning, participation in discussions, etc.; participation in extracurricular and school-related activities, such as sports or school administration (Fredricks et al., 2004). Research shows that learning behavioral engagement can influence and predict subsequent emotional and cognitive engagement (Li and Lerner, 2013). Learning behavioral engagement is the premise of skill development, positive social interaction, and emotional engagement (Wu and Qi, 2018). Timely feedback and intervention on learning behavioral engagement can effectively improve learning performance. In the long run, learning behavioral engagement can predict learners’ academic failure, graduation, and academic adaptability (Wu and Qi, 2018). Therefore, this article selects “online learning behavioral engagement (OLBE)” as the dependent variable. OLBE refers to Students’ active implementation of relevant regulations and requirements in online learning, as well as their independent learning behaviors in learning and academic tasks, which can be observed as explicit behaviors. Hereinafter refers to as “OLBE.”


Self-compassionate mindfulness and online learning behavioral engagement

Self-compassion is described as the tendency to be kind, loving, and understanding regarding oneself in the middle of one’s pain and shortcomings, as opposed to being self-critical and over-identifying with negative emotions (Neff, 2003b). Self-compassion is comprised of three (bipolar) components: self-kindness (vs. self-judgment); common humanity (vs. isolation); mindfulness (vs. over identification).

During the pandemic, academics have conducted some research on the topic of self-compassion and COVID-19. In Turkey, Deniz (2021) demonstrated that self-compassion not only enhanced citizens’ tolerance for uncertainty, buffering the effects of negative events on happiness but also directly reduced the fear of COVID-19. In Spain, researchers selected 917 participants to study the mental health of citizens during the lockdown and concluded that self-compassion could make individuals less susceptible to anxiety, depression, and stress (Gutiérrez-Hernández et al., 2021). Also in Spain, self-compassion and mindfulness have been found to reduce burnout and compassion exhaustion among healthcare workers during the pandemic (Ruiz-Fernández et al., 2021). At the epidemic peak in Hong Kong, China, the negative side of self-compassion was found to increase citizens’ psychological stress, while the positive side enhanced individuals’ abilities to perceive more benefits from the epidemic (Lau et al., 2020). Chinese researcher Liu and Wu (2020) has also proposed the mechanism and intervention strategies of self-compassion for negative post-traumatic psychological reactions caused by the epidemic.

The preceding research examined the effect of self-compassion on emotional health and the wellbeing of people in the context of the world pandemic. To date, there was no report of self-compassion for students who were forced to take online classes due to the pandemic. Metawee (2020) reported that self-compassion could promote online learning self-efficacy, and finally promote academic flow among students with hearing impairments. However, so far, very little is known as to whether self-compassion promotes online learning engagement. Previous research studies have concluded that self-compassion had a good correlation with intrinsic motivation and learning engagement of nursing students (Kotera et al., 2021), and mindfulness positively predicted job engagement (Malinowski and Lim, 2015; Li and Shen, 2019; Lv et al., 2021). By enhancing the experience of individual immersion and concentration, mindfulness can help the employee focus on the present moment, and improve their understanding of internal and external events, thus they can better understand the meaning of the work itself and participate in the work in a positive and focused state. In terms of learning engagement, Gao (2020) discovered a substantial association between the level of mindfulness of senior high school students and their learning engagement, among which mindfulness had the greatest predictive effect on emotional engagement.

The dimension of self-compassion also includes mindfulness, which is called self-compassionate mindfulness (SCM) by Wang et al. (2019), and it is a core element of self-compassion (Neff and Dahm, 2015). Mindfulness reflects an individual’s non-judgmental awareness of the present situation in general (Bishop et al., 2004; Kabat-Zinn, 2021). While SCM is narrower in scope because it focuses more on the awareness of pain in balance when an individual suffers difficulties or setbacks (Goff, 2011). The SCM scale includes items such as “When something upsets me, I try to keep my emotions in balance.” The COVID-19 pandemic is one of the greatest dilemmas encountered in human history. Being forced to take classes online in a small room can be a frustrating and even painful experience for students. What’s more, they have to deal with negative emotions and drastic changes in their environment caused by COVID-19. SCM is expected to help them stay calm and take a balanced view of such situations. Therefore, in this study, SCM was selected as an independent variable. We speculated that it had a positive predictive effect on the OLBE of international students in China during the epidemic.



Mediating role of self-improvement motivation and online learning behavioral engagement

Self-improvement motivation refers to the psychological process of an individual’s efforts to make the self-perception more positive to gain a sense of progress and growth (Sun and Li, 2012). Self-compassion is a way of relating to the experiencer who is suffering (Neff and Dahm, 2015). It is characterized by increased self-kindness and less self-judgment, increased common humanity, and less isolation, as well as greater mindfulness and less overindulgence in negative thoughts and emotions (Neff, 2003a). Individuals with high levels of self-compassion can alleviate negative emotion caused by painful events (Leary et al., 2007). While buffering negative emotions, self-compassion is not content with the status quo but encourages individuals to constantly improve themselves in difficult situations. Breines and Chen (2012) believed that participants in a state of self-compassion exhibited more positive thoughts toward personal weakness, indicated increased motivation to pay for moral violations, spent additional time learning a challenging task, and demonstrated a tendency for upward social comparisons. In conclusion, self-compassion was connected with increased motivation for self-improvement in a variety of ways and among people. There were also many studies showing that individuals with a higher level of mindfulness exhibited more autonomic motivational behaviors (Levesque and Brown, 2007; Li and Shen, 2019). Kroon et al. (2015) regarded mindfulness as a personal resource, arguing that people with mindful thinking gain a sense of control when facing difficulties and challenges, improve their ability to adapt to the work environment, stimulate their intrinsic motivation, and thus improve their work performance. It can be concluded that SCM positively predicts self-improvement motivation.

In terms of motivation and learning engagement, learning motivation had a substantial positive influence on learning engagement (Zhang, 2016). Lv and Yang (2013) found that learners’ intrinsic interest, desire for cultural exchange, as well as personal development could stimulate their highly engaged learning behaviors. Studies on online learning engagement found that academic self-efficacy, intrinsic motivation, and connected classroom atmosphere had significant impacts on the online learning engagement of college students (Wei et al., 2019). Some researchers examined the effects of autonomous and controlled motivation on online learning engagement and found that autonomous motivation positively predicted their learning engagement behavior while controlling motivation negatively predicted online learners’ academic engagement (Gao et al., 2015).

In conclusion, this study hypothesizes that self-improvement motivation mediates SCM and OLBE.



Mediating role of positive emotion and self-compassionate mindfulness

Self-compassion is positively associated with positive affect (Neff et al., 2007; Rainbow et al., 2022). Both the total score of self-compassion and SCM subscale are positively associated with subjective wellbeing (Hu, 2013). The Broaden-and-Build model of positive emotions (Isgett and Fredrickson, 2004) suggests that the increase in positive emotions would result in the broadening of one’s momentary-thought-action repertoire which, in turn, would lead to increased personal resources and subjective wellbeing. Therefore, we expect that SCM is positively associated with positive emotion. What is more, SCM is a narrower kind of mindfulness which focuses on balanced awareness of negative thoughts and feelings (Neff and Dahm, 2015). Mindfulness meditation training processes attention through a purposeful, open, and non-judgmental attitude. Individuals are educated to retain a transient attitude toward all psychological occurrences, which might result in a high tolerance for unpleasant interior states, thereby increasing happiness. Mindfulness expands attention and strengthens cognitive flexibility, redefines or constructs stressful events, and ultimately triggers positive emotion that relieves stress (Chen et al., 2011). Thus, we predict that SCM would predict positive emotion.

The occurrence and development of motivation involve many physiological and psychological variables, among which emotion plays a central role. Emotion not only restricts the motivation expression of other physiological and psychological variables, but also constitutes a unique motivation power. Meanwhile, the development of emotion directly affects the development of motivation (Qiao, 1993). Pentaraki and Burkholder (2017) showed that emotions (including pride, hope, relief, anger, anxiety, shame, despair, and boredom) were considerably related to academic success, learning strategies, academic motivation, self-regulation, and value evaluation. It is hypothesized that positive emotions mediate SCM and self-improvement motivation.



The current study

Due to the impact of the new coronavirus, most international students in China have not been able to return to campuses to continue their studies. In the great dilemma shared by human beings, individuals need to empathize with others as well as with themselves. However, so far, no research has been conducted on self-compassion and online learning engagement, nor has there been any research on the online learning engagement of international students in China. Based on the above analysis, this study proposes the following hypotheses (Figure 1):
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FIGURE 1
Research model.









	

	H1: Self-improvement motivation mediates SCM and OLBE;












	

	H2: Positive emotion mediates SCM and OLBE;












	

	H3: Positive emotion and self-improvement motivation play a chain mediating role between SCM and OLBE.








Materials and methods


Participants

The method of simple random cluster sampling was adopted, 637 international students from 3 universities in Fujian Province were selected as subjects, and 606 valid questionnaires were effectively recovered. The ages of the participants ranged from 17 to 34 years, with an average age of 20.54years (SD = 1.62). Among them, 144 were male students, 462 were female students, 176 were 1st-year students, 215 were 2nd-year students, 205 were 3rd-year students, and 10 were 4th-year students. Details about the country distribution of the students are shown in Table 1.


TABLE 1    Characteristics of participants.
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Measures

A bilingual survey was conducted because participants may have various levels of English proficiency. The survey included English items from the original scales, as well as a Chinese version translated and back-translated by the researcher and a lecturer in translation.


Self-compassion

Self-compassion was assessed using the self-compassion scale (SCS; Neff, 2003a, adapted into China by Gong et al., 2014.) The SCS consists of three subscales: self-kindness, common humanity, and mindfulness. The items were scored on a 5-point scale, with higher scores indicating a higher level of self-compassion. Sample items include “When things go wrong, I can understand that frustration is part of the life experience,” and “When painful things happen, I try to look at them objectively.” The entire scale obtained a Cronbach coefficient of 0.77, whereas the subscale of mindfulness had a Cronbach coefficient of 0.737. In this study, only the mindfulness subscale was selected, and its Cronbach coefficient was 0.767 in this study.



Positive emotion

Positive emotion was measured using the positive affect subscale in the positive and negative affect scale (PANAS, Watson et al., 1988). Respondents used a 5-point Likert scale (from 1 = totally disagree to 5 = strongly agree). The time indication given was “here and now.” Sample items include “Inspired,” “Proud” etc. The higher the score, the higher the level of positive emotion. This scale has been demonstrated to be reliable. The Cronbach coefficient of the positive affect scale was between 0.84 and 0.87. The Cronbach coefficient of PANAS Chinese version was 0.83, and the Cronbach coefficient of the positive emotion scale was 0.85 (Huang et al., 2003). In this study, the Cronbach coefficient of the positive affect scale was 0.76.



Online learning engagement

Fredricks et al. (2005, 2004) developed online learning engagement (Sun and Rueda, 2012). It is a scale consisting of three types of engagement: behavioral engagement, emotional engagement, and cognitive engagement. The behavioral subscale of online learning engagement includes five items such as “I complete my homework on time,” “I check my homework for mistakes.” The items were scored on a 5-point scale, with higher scores indicating a higher level of. Confirmatory factor analysis was performed. The validity index is shown in Table 2. In this study, the Cronbach coefficient of the scale was 0.788.


TABLE 2    Confirmatory factor analysis results of OLBE.
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Self-improvement motivation

The self-improvement motivation is a single dimension self-rating scale of Breines and Chen (2012). The 7-item was rated on a 7-point scale with a Cronbach coefficient of 0.80. The higher the score, the higher the level of self-improvement motivation. Sample items include “I feel capable of making positive changes,” or “ I would like to discover new strategies for improving myself.” In this study, the Cronbach coefficient of the scale was 0.887.





Results


Strategy for data analysis

Firstly, descriptive statistics, Pearson correlation analysis, and common method bias analysis were performed with SPSS 22.0. Secondly, we used M-PLUS 8.0 to access the model based on the fit indices of the root mean square error of approximation (RMSEA), goodness-of-fit index (GFI), the Tucker-Lewis Index (TLI), comparative fit index (CFI), and chi-square. The model is deemed acceptable when the fit indices meet the following criteria: CFI > 0.90, RMSEA < 0.08, and χ2/df < 3. Finally, we conducted a bootstrap method with 1,000 resamples to test the direct and indirect effect of SCM and OLBE. The premise of mediation analysis is that there is a clear relationship between variables, that is, the correlation coefficient or regression coefficient should be significant, the correlational results between all the variables are all significant, therefore it meets the condition of mediation analysis. Because the two mediating variables emotion and motivation are closely related, we chose the Serial Multiple Mediator Model. The effect is considered significant if the CIs do not contain zero.



Common method bias

All data were self-reported by the participants, raising the possibility of a common method bias in the measurement. The following is how we controlled for such bias. First, participants responded to the scales anonymously and were assured that their responses would be kept confidential and used solely for scientific study. Second, for statistical control, we used Harman’s one-factor test (Zhou and Long, 2004) which examined all variables’ items using unrotated principal component factor analysis. The results demonstrate that the variation explained by the first factor is 23.41%, which is less than the crucial value of 40%, suggesting the absence of a significant common method bias in this investigation.



Correlation analysis

Table 3 displays the findings of the descriptive statistics and correlation analyses. OLBE had a significantly positive correlation with SCM, positive emotion, and self-improvement motivation. Positive emotion had a significant correlation with SCM and self-improvement motivation, thereby meeting the condition of mediation analysis.


TABLE 3    Means, standard deviations, and bivariate correlations.
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Mediation effect test

We used the M-PLUS 8.0 to confirm the mediating model, and the fitting indexes of the whole model were obtained as follows: χ2 = 483.567, χ2/df = 2.642, RMSEA = 0.052,

CFI = 0.942, TLI = 0.933, indicating that the data fits well with the model (Figure 2).


[image: image]

FIGURE 2
The mediation model (N = 606). SCM-1–SCM-5 are five aspects of self-compassionate mindfulness; PE-1-PE-4 are four aspects of positive emotion. SIM-1–SIM-7 are seven aspects of self-improvement motivation; OLBE-1–OLBE-5 are five aspects of online learning behavioral engagement. Standardized path coefficients and standardized factor loading are presented. ***p < 0.001.


The results indicated that while the total effect of SCM on OLBE was significant [βtotal = 0.528, SE = 0.092, 95%CI (0.369, 0.727)], the direct effect was not [βtotal = 0.201, SE = 0.11, 95%CI (−0.014, 0.417)]. Overall, the two mediators fully mediated the relationship between SCM and OLBE. The path coefficients in Figure 2 showed that SCM positively predicted positive emotions (β = 0.673, P < 0.001) and self-improvement motivation (β = 0.607, P < 0.001), while positive emotions positively predicted self-improvement motivation (β = 0.714, P < 0.001) and online learning behavior engagement (β = 0.498, P < 0.001). Self-improvement motivation positively predicted online learning behavior engagement (β = 0.177, P < 0.001). The Bootstrap method was used to verify the mediation effect of the model in Figure 2, and the results are shown in Table 4.


TABLE 4    Bootstrap results of each path coefficient of the model.
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Discussion

To our knowledge, this is the first study investigating SCM in relation to OLBE during the novel coronavirus pandemic period. To a certain extent, the study confirmed the hypothesis that positive emotion and self-improvement motivation exert a mediating influence on the relationship between SCM and OLBE. The more mindful a student was, the higher OLBE tended to be. This study found that SCM had no direct impact on OLBE, which was similar to Malinowski and Lim’s (2015) discovery that positive emotions, such as hope, and optimism completely mediated between mindfulness and work engagement. Though mindfulness in Malinowski and Lim’s (2015) article was measured with the Five Facets of Mindfulness Questionnaire (FFMQ), research showed that self-compassion and mindfulness (measured with FFMQ) were significantly interrelated (r = 0.69; Hollis-Walker and Colosimo, 2011). López et al. (2016) considered that mindfulness and self-compassion are strongly linked constructs that go hand in hand. SCM is a narrower kind of mindfulness focusing especially on suffering and setbacks. While individuals suffer, self-compassion can act as a mood stabling strategy, decrease negative emotion, increase positive emotion, and finally adopt more adaptive behavior (Berking and Whitley, 2014). As universities shifted from offline to online due to COVID-19, learning engagement has been considered as a challenge (Zhang et al., 2021). This study may provide directions for improving the quality of online learning.

The mediating role of positive emotion between mindfulness and engagement was found in this study, which was consistent with the report by Pekrun et al. (2002). This study proposed a cognitive-motivational model of academic emotions, and pointed out that positive classroom academic emotions would promote Students’ learning engagement, while negative emotions (such as depression, sadness, anger, etc.) would reduce Students’ learning engagement. But the predecessors did not involve the field of online engagement. Transiting abruptly from offline to online instruction, more than three-quarter students had negative emotion. Research shows that anxiety, focus, and workload were strongly related, indicating the problems faced by students to maintain focus and do assignments on learning activities while being at home (Espino et al., 2021). Cultivating SCM may be a way to increase positive emotion in the online study during the pandemic. Individuals with high levels of mindfulness are happier, more optimistic, more curious, and more passionate (Neff and Dahm, 2015), and the feeling of happiness persists for the next 1, 3, and 6 months. When facing a dilemma, highly mindful people are able to take a step back, perceive things more peacefully and clearly, reflect the current situation “as it is,” generate more positive emotion. And according to the extension-construction theory, when positive emotions are improved, psychological capital such as hope and optimism will increase, thus enhancing the sense of involvement (Isgett and Fredrickson, 2004).

Most previous research focused on the mediating role of motivation on mindfulness and job engagement. The effect of motivation on mindfulness and behavioral engagement in online learning is still rare. This study found that similar to offline learning engagement (Elphinstone et al., 2021), mindfulness also enhanced online learning engagement by enhancing motivation. Under the background of COVID-19, students forced to study online have less time and depth of interaction with classmates and teachers, less peer comparison pressure and supervision of teachers, and less extrinsic motivation. Autonomous motivation has become an important factor in online learning engagement and academic performance. However, research shows that there was a considerable reduction in the academic motivation of students during the Covid-19 pandemic (Zaccoletti et al., 2020). Motivation plays an important role in the self-regulated environment of university study. Research indicated that higher levels of motivation are connected with greater learning engagement (Elphinstone et al., 2021). The mediating effect of self-improvement motivation between SCM and OLBE provides an alternative way to improve the online learning effect of international students in China.

This chain mediation shows that SCM increases SIM by elevating PE, which ultimately increased OLBE. This result extends the engagement research from the work environment to online learning. Zheng et al. (2018) reported that psychological flourishing strongly mediated mindfulness on work engagement. Promoting personal resources and positive emotion could help people to enhance psychological flourishing, and organizations to increase work engagement. SCM perceives oneself in a peaceful, open, accepting manner when one is in adversity and promotes positive emotional regulation. It also helps individuals leave enough room for the restless mind to return to peace, allow the individual to regain vitality and motivation, and engage in online learning with more positive actions. Since February 2020, the complexity of the epidemic in different countries has prevented a vast number of international students from returning to campus. The lengthy online time tests Students’ academic persistence. Anxiety, irritability, loneliness, worry, and other negative emotions, drag students away from the original intention of hard working. It is particularly urgent to cultivate positive emotion and maintain self-improvement motivation thus promoting OLBE.



Limitations

The exclusive usage questionnaire survey and self-reported data collection technique are considered as one of the major limitations. To properly study the process from SCM- to OLBE, qualitative methodologies such as diary analysis may be used in future research. In addition, this study is a cross-sectional study, so no clear causal relationship between SCM and OLBE can be obtained. The causal relationship between SCM and OLBE needs to be clarified by longitudinal follow-up in the future. Finally, positive emotion and self-improvement motivation were regarded as mediators between SCM and OLBE, another point that deserve exploring is to investigate the relationship between SCM and other dimension of online learning engagement such as emotional and cognitive engagement.



Conclusion

Emotion and motivation are important factors in online learning engagement. Compare with previous research, few studies have investigated the link between self-compassion and learning engagement. The findings of the current study extend our understanding of the relationship between SCM and OLBE by revealing the mediation role of PE and SIM. International students studying in China who have higher SCM also tend to be more positive and show a higher level of SIM, thus more engage in the online study during COVID-19. The result that PE and SIM completely mediated SCM and OLBE has offered a direction to improve the quality of online learning. It is of crucial importance for online learners to practice SCM during boring and lonely online study time.
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In this study, 572 secondary school students aged 15–18 years old stage were selected to study the effect of their cognitive ability and self-discipline and planning on academic achievement. Cognitive ability was classified into memory ability, representational ability, information processing ability, logical reasoning ability, and thinking conversion ability, and analyzed the effects of these five ability values on academic achievement. The mediating effect of self-discipline ability between cognitive ability and academic achievement was analyzed using structural equation modeling (SEM), and the moderating role of planning in the mediating effect was analyzed using planning as a moderating variable. The results showed that cognitive ability can have a significant positive effect on academic achievement, while self-discipline plays a partially mediating role between cognitive ability and academic achievement, and the moderating effect of Planning is significant in the second half of the mediating effect, i.e., the effect of self-discipline on academic achievement changes as the level of planning increases, and the mediating effect is stronger in the condition of higher planning, and the mediating model with moderating effect holds.
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Introduction

According to Zhao (2017), academic achievement refers to the actual performance of students’ mastery of academic knowledge and skills as demonstrated through examinations after systematic knowledge and skills learning. In the Chinese educational student evaluation system, universities usually classify students by academic achievement. Liu (2019) argued that academic achievement, especially in China’s college entrance exams, determines students’ future development, so studying the factors that enhance academic achievement will help each student’s learning and development. Under the educational selection system that is being implemented in China, academic achievement is the measure of students’ academic achievement and the most important reference factor for admission to colleges and universities.

Both cognitive ability and self-discipline have been key factors affecting students’ academic achievement (Liang et al., 2020). Self-discipline has become one of the key factors governing students’ academic achievement, especially since schools adopted online instruction following the outbreak of COVID-19 (Schulz, 2021). However, it is not clear the way in which cognitive ability and self-discipline work together to influence students’ overall academic achievement. Also, planning, an important factor influencing academic achievement (Cao and Cao, 2004), has rarely been examined alongside cognitive ability and self-discipline for its impact on academic achievement.

In this study, the cognitive ability, self-discipline, planning, and academic achievement of high school students were studied, and a structural equation with a moderating mediating effect was constructed with self-discipline as the mediating variable and planning as the moderating variable to analyze the mediating effect of self-discipline between cognitive ability and academic achievement, and the moderating effect of planning under the mediating effect.


The effect of cognitive ability

Cognitive ability refers to the human brain’s ability to store memory, process and extraction of information, includes attention, memory and logical reasoning, and thinking transformation. It is a key factor that research can consistently predict Academic Achievement (Stadler et al., 2016). Past research has centered on the direct effect of personal decent cognitive abilities of students on Academic Achievement (Kuncel et al., 2004; Miriam et al., 2011). Rohde and Thompson (2007) concluded that cognitive ability can directly affect academic achievement with a correlation of 0.38. Ian et al. (2006), in a study of over 70,000 British students A 5-year follow-up study found a correlation between cognitive ability and academic achievement of 0.81. Grass step-by-step analysis through multivariate analysis obtained that logical reasoning skills can significantly affect students’ performance in science and chemistry (Grass et al., 2017). Liu et al. (2021) measured the cognitive abilities of spatial imagination, computation, and information processing in 499 Chinese children and teamed up to analyze the association between students’ academic achievement in mathematics and Chinese for two consecutive school years and found significant correlations between visual-spatial imagination, computation, and information processing abilities and academic achievement. Most such previous studies have examined the single effect of cognitive ability on academic achievement at the individual student level (Kuncel et al., 2004; Miriam et al., 2011). In addition, the above findings support the knowledge process theory (Deary et al., 2006; Xu and Li, 2015), which concludes that when students’ cognitive abilities are high, they are able to encode key information more quickly and accurately in memory, thus enabling the brain to output more and more effective information, resulting in better academic achievement on exams (Liu and Wang, 2000; Zhang and Zhang, 2011). Conversely, at lower levels of cognitive ability, some knowledge is missed in the knowledge process, which further reduces effective information output and leads to lower academic achievement (Miriam et al., 2011). These findings also support the results of previous analyses indicating that cognitive ability usually contributes significantly to academic achievement.

Although there is a significant relationship between cognitive abilities and Academic Achievement, existing research is difficult to model the effect of cognitive abilities on Academic Achievement. In fact, in terms of student learning, cognitive abilities are very important in students’ learning activities, and it is not only about different cognitive abilities, but also relates to the ways in which these different abilities function together (David, 2005). There are many controversies about the pattern of influence of cognitive ability on Academic Achievement in different studies (Formazin et al., 2011). Zhang (2008) found that logical reasoning ability (LRA) had a correlation coefficient of about 0.3 with Chinese and mathematics scores, while thinking transformation ability (TCA) had no significant correlation with scores in these two subjects. However, Xu and Li (2015) found a significant correlation between thinking transformation ability and performance in these two subjects. These results suggest that the complex role of cognitive ability is difficult to reveal comprehensively and systematically when only the effect of a single cognitive factor on Academic Achievement is examined.

Through the research of many scholars, we can find that the effect of students’ cognitive ability on academic achievement is significant, but the complex mechanisms of their influence remain very ambiguous. The importance of cognitive abilities in students’ learning activities is only reflected in the researcher’s predetermined scope of investigation, which contains one or more cognitive abilities specific to the researcher, while outside the scope of investigation, these cognitive abilities still operate in an unpredictable manner (David, 2005), thus, scholars still do not reach a consensus on why cognitive abilities affect academic achievement due to the inconsistent scope of investigation of students’ cognitive abilities (Formazin et al., 2011).

In addition, Past research has tended to examine the impact of a single cognitive ability, while research under the combined influence of multiple cognitive abilities is lacking. Therefore, in this study, according to classification of cognitive abilities by Wo and Lin (2000) and Liang et al. (2020), these researchers conducted numerous studies and explored five categories of cognitive abilities, namely, information processing, logical reasoning, working memory, thought transformation, and representation, getting scientific and valid conclusions and summarizing the test methods for different cognitive abilities. Specifically, they developed a software system to measure these five cognitive abilities, which has measured more than 2 million students in mainland China, and obtained normative data applicable to measure the cognitive ability of students in mainland China at this stage. This cognitive ability assessment system has been fully tested for its reliability and validity, and can assess students’ cognitive ability very accurately. In addition, the Chinese invention patent of this cognitive ability assessment system has been obtained by Wo (2010). Therefore, this study explored the specific effects of different cognitive abilities on academic achievement and proposed the following hypotheses.







	

	
Hypothesis 1: Cognitive ability can positively predict students’ academic achievement.








The mediating role of self-discipline

Many studies are generally agreed by researchers that cognitively competent students have better Academic Achievement (Kuncel et al., 2004; Miriam et al., 2011; Stadler et al., 2016). However, there are several other researchers’ studies that suggest that cognitive ability is only one of many determinants of high academic achievement of students (Shao, 1983). Several studies find that self-discipline is also a factor that influences how well students achieve academically, and self-discipline is the ability of students to manage their self-perceptions, emotions, and behaviors consciously according to learning requirements or their own goal expectations without external supervision or restrictions (Xie, 2009). Dai (2013) examined the correlation between self-regulation, emotional stability, and academic achievement and found a significant positive relationship between self-discipline and academic achievement. Duckworth and Seligman (2010) used American eighth-grade students as studied the effect of self-regulation on academic achievement and found that self-regulation had a positive effect on student achievement. Zhao (2017) found that self-discipline significantly predicted academic achievement in upper elementary school students. Wang (2003) designed his own self-discipline questionnaire and surveyed 885 middle to high school students in Shanghai and showed that self-discipline was a significant positive predictor of academic achievement. Many previous studies have shown a significant positive correlation between students’ self-discipline and academic achievement. However, the mechanism by which self-discipline affects academic achievement remains unclear.

Cognitive ability and self-discipline are both independent and interrelated elements of individual students’ psychology (Li and Zhang, 2015), since cognitive ability and self-discipline are indicators of different dimensions of students in the learning process, many scholars have different opinions about their relevance (James et al., 2006). Most studies have concluded that the correlation between self-discipline and cognitive ability is small, and therefore, cognitive ability and self-discipline are often used as independent variables affecting students’ academic achievement (Roemer et al., 2022); however, some scholars have argued that cognitive ability and self-discipline influence each other (Borghans et al., 2008), and Ruffing, in conducting an analysis of factors influencing academic achievement, found that both cognitive ability and self-discipline can significantly and positively influence academic achievement, and that cognitive ability and self-discipline have a correlation (Ruffing et al., 2015).

In recent years, the correlation relationship between cognitive ability and self-discipline has received more attention, and some researchers have used long-term follow-up survey data to confirm the influence relationship between cognitive ability and self-discipline both theoretically and empirically, and found that cognitive ability can significantly influence self-discipline (Heckman et al., 2018). Self-discipline enables students to focus more on tasks and achieve better academic achievement (Nesayan et al., 2018). Therefore, the following hypotheses were formulated in this study.







	

	
Hypothesis 2: Self-discipline mediates the relationship between cognitive ability and academic achievement.








Moderating effect of planning

Planning is the psychological and behavioral characteristics of an individual’s use of time and has a multidimensional and multilevel psychological structure (Zhang et al., 2001). Planning can directly affect students’ motivation, effort, thought processes and mental processes. Wang (2007) found that planning has a significant effect on the academic achievement of secondary school students. Good planning can better achieve the balance between wanting to learn and personality (Mirzaei et al., 2012), control and arrange their study and life rationally, and improve academic achievement (Li et al., 2016). Cao and Cao (2004) found that the ability to manage and organize time effectively greatly influenced the academic achievement of high school students through a study of their planning. Further research on the relationship between planning and students’ academic achievement found that planning had some predictive power on academic achievement, but it was only modeled from a single-factor perspective, without further research on multi-factor modeling (Zhang et al., 2001).

After considering cognitive abilities and personality traits, it was found that planning does not directly affect academic achievement, but rather acts as a moderator between academic achievement. Claessens et al. (2010) argued that although planning is related to academic achievement, the extent and form of its effect is not in a direct manner. Meanwhile, Claessens found, after a study, that planning, although it can generate a sense of control over time, only moderates academic achievement, because planning was related to factors such as cognitive variables and personality differences, the study found that there was no significant positive relationship between planning and academic achievement (Claessens et al., 2007). In addition, Macan (1994) proposed a time management process model based on an emphasis on task execution mechanisms (time planning, scheduling) and learning goals, and argued that planning as a latent variable moderates learning attitudes within learners.

In terms of self-discipline theory, planning regulates the implementation of individual goals and tasks, and effort management, including perseverance in performing tasks and self-motivation, ensures that goals are accomplished. Malte et al. (2009) also suggest that students regulate their own efforts through planning to achieve better performance. Studies have found that planning is a personality disposition that reflects or regulates cognitive activity (Dickson, 1981) and is a regulation of cognition. Cognitive activities can directly enable cognitive subjects to make progress in cognitive activities; whereas planning can only indirectly make progress in cognitive activities through the regulation of cognitive activities (Wang, 1999). Meanwhile, cognitive theory suggests that cognitive processes determine the production of emotions and behaviors, and changes in emotions and behaviors can also affect cognitive changes (Li, 1999). Based on the above findings, it is hypothesized that planning moderates the effect of cognitive ability on academic achievement when it affects academic achievement.

In addition, laxity in planning is the most obvious external manifestation of academic procrastination (Wu et al., 2014), which is often caused by individuals’ inability to control their own behavior and their inability to plan their time rationally, thus leading to lower learning efficiency and affecting academic achievement. Self-discipline is a stable and reliable personality trait, but self-discipline is a manifestation of students’ internal self-discipline, which cannot be mapped to the external study plan, and the lack of a scientific and reasonable study plan can also lead to academic procrastination and reduce study efficiency. For example, Fang and Wang (2003) found that there was no significant difference in self-discipline between students with good academic achievement and students with poor academic achievement, but there were significant or highly significant differences in five dimensions of time management: conceptual, planning, strategic, integrated, and immediate. Based on the above studies, it is hypothesized that planning moderates the effect of self-discipline on academic achievement when it affects academic achievement. It is hypothesized that planning moderates the effect of self-discipline on academic achievement.

Therefore, this study hypothesizes that self-discipline mediates between cognitive ability and academic achievement, and that planning moderates the mediating effect of self-discipline between cognitive ability and academic achievement, and proposes the following research hypothesis.







	

	
Hypothesis 3: planning can positively moderate the effect of cognitive ability on self-discipline.












	

	
Hypothesis 4: Planning can positively regulate the effect of self-discipline on academic achievement.












	

	
Hypothesis 5: planning can moderate the mediating role of self-discipline ability between cognitive ability and academic achievement.






The main research relationships of the structural equation model are shown in Figure 1.
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FIGURE 1
Structural equation relationship diagram. MA, Memory ability; IPA, Information processing ability; RA, Representation ability; LRA, Logical reasoning ability; TCA, Thinking conversion ability.





Materials and methods


Participants

The ethical examination of this study was approved by the Research Ethics Committee of the School of Humanities and Social Sciences, University of Science and Technology Beijing, and the study was conducted in accordance with the regulations for the protection of human subjects. This study selected 572 students as samples, all aged 15–18 years old, As shown in Table 1.


TABLE 1    Distribution of participating students.
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Procedure

Both the cognitive ability, Self-discipline and Planning measures in this research were conducted on campus. The students who took the test were organized by staff and tested in a separate classroom. The entire test lasted for 2 h.

Structural equation models were developed based on the obtained students’ cognitive ability, self-discipline, planning ability, and academic achievement, and composite achievement models and sub-subject models were developed for Chinese, mathematics, and English, respectively. Each model was first tested for common method bias in the analysis process, and then the fit of the model was tested according to the CFA test procedure. When all tests were passed, the mediating effect analysis process with moderation was followed by first bringing cognitive ability, self-discipline and planning ability into the structural equation model to see the model fit, then bringing the interaction term of planning on cognitive ability and self-discipline ability into the model to compare whether the model fit was optimized, and finally testing the mediating effect of self-discipline ability with the bootstrap method and analyzing the planning with the simple slope test moderation effect.



Measures


Cognitive ability

A stimulus-informed cognitive ability system designed by Wo (2010) was used for the cognitive ability test. The stimulus information cognitive ability value test system adopts the world’s leading EEG ultra-low frequency fluctuation analyzer and ASL504/501 eye movement instrument as the basic research means, from the brain mechanism of individual psychological development, combining laboratory experiments and field experiments, using subtractive reaction time and additive reaction time (accurate to nanoseconds), microgenetics and other techniques, and adopting the form of microcomputer manual operation. The discriminative power and accuracy of the test results were greatly improved, and the accumulated sample norms of more than 2 million people were used to make the individual quantitative indicators of the subjects comparable with their peers.

The test questions of information processing ability include three parts: image selection response, graphic comparison response, and image matching response. Test questions for memory ability included two parts: Number forward and reverse memory and image matching response. Test questions of expressive ability include three parts: Spatial image manipulation, spatial image reasoning, and spatial image comparison. The test question of thought conversion ability is text-image matching test. The test questions for logical reasoning ability are conceptual reasoning and logical method reasoning.

The cognitive accuracy of the tested students was obtained by statistical methods, and their corresponding cognitive ability values were quantified and the quantified values were converted into T-scores to obtain the final cognitive ability values of the tested students. The final cognitive ability values contain five ability values: MA, LRA, RA, IPA, and TCA. The test method has been patented as an invention, and the sample size of the general test exceeds 2 million. The values of students’ cognitive abilities obtained from the test were normally distributed with a range of trends of ± 50 centered at 100, with high discriminant validity. The Cronbach’s alpha of the test ranged among 0.80–0.90.



Self-discipline

This study used the Self-discipline Scale designed by Zhang et al. (2005) for secondary school students. The scale has six questions on self-discipline. The positive questions were evaluated on a 5-point Likert scale: 5 (very much the same), 4 (comparatively the same), 3 (uncertain), 2 (relatively different), and1 (very different)—this test will test the score of each item. For example, the scores for each item of self-discipline were recorded as A1 to A6, where A4 was the reverse-scored questions. The total score for self-control was then A = (A1 + A2 + …… + 6)/6. The calculated total score is then converted into a Z-score based on the mean and standard deviation, and then the Z-score is converted into a T-score with a mean of 50 and a standard deviation of 10, then the T-score is the value of the test student’s self-discipline ability. The Cronbach’s alpha coefficients for the dimensions ranged from 0.60 to 0.93, with a validity of 0.91 and a test regression reliability of 0.85.



Planning

The planning scale was designed by Huang and Zhang (2001). The scale uses a 5-point Likert scale: 5 (very much the same), 4 (comparatively the same), 3 (uncertain), 2 (relatively different), and1 (very different). There were 24 questions. After assessing the students, the corresponding planning values were obtained by accumulating the scores of each question and converting them into T-scores as the values of students’ planning. The Cronbach’s alpha coefficients for the dimensions was 0.88.



Academic achievement

In the current research, in order to reduce the influence due to the level of students’ test performance, the average of the students’ four test scores in the semester when the cognitive ability was tested to be worthy was used as the academic score for each subject, and the raw scores were standardized (scores were assigned according to levels, with the highest score being 100 and the lowest being 0. In this study, three subjects, Chinese, Math and English, were selected for the study, and the composite academic score was the sum of the three subject’s total scores.




Data analysis

This study first analyzed the correlations between cognitive ability, Self-disciplines, planning, and academic achievement, and then analyzed the mediating role of s self-disciplines and the moderating effect of planning using structural equation modeling according to the moderated mediating utility modeling procedure proposed by Wen and Ye (2014), and analyzed the pattern of the moderating role through a simple slope test. SPSS 25.0 and Mplus 8.3 software were used to analyze the data.




Results


Common method deviation test

The Harman one-way test was used to statistically control for common method bias, and the items of all variables were subjected to unrotated principal component factor analysis (Podsakoff et al., 2003), and an exploratory factor analysis of three variables (cognitive ability, Self-disciplines and planning) was conducted. According to the results, the three factors had eigenroots greater than 1 after factor rotation, with the first factor explaining 29.74% of the variance (less than 40% of the critical value) (Wang et al., 2016).



Descriptive and bivariate analyses

The structural equation modeling was used in this study to examine the effects of cognitive ability, self-discipline, and planning on academic achievement, and the results are shown in Table 2. Cognitive ability, Self-disciplines, planning, and academic achievement all showed significant positive correlations. For more data, see Supplementary material.


TABLE 2    Means, standard deviations, and intercorrelations for variables.
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Measurement model check

An exploratory factor analysis was required to check the quality of the model before conducting a moderated mediated effects analysis. This study included one latent variable, namely cognitive ability, and two explicit variables, self-discipline and planning. The results of the test showed a good fit of the model with χ2 (7) = 12.092, CFI = 0.992, TLI = 0.983, SRMR = 0.018, RMESA = 0.050, 90% CI = [0.013, 0.086], indicating that the fitted indicators were within the normal reception range. Table 3 also shows that the latent variable indicators have significant standardized loadings on the corresponding factors (p < 0.001).


TABLE 3    Factor loading coefficient table.
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Moderating model checking

In this study, structural equation modeling was used to examine the effects of cognitive ability, self-discipline, and planning on academic achievement, and the results are shown in Figure 2. The effects of cognitive ability on academic achievement, the mediating role of self-discipline, and the moderating role of planning were analyzed according to the mediated modeling process with regulation proposed by Wen and Ye (2014).
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FIGURE 2
Structural equation modeling results diagram (Comprehensive Academic Achievement). MA, Memory ability; IPA, Information processing ability; RA, Representation ability; LRA, Logical reasoning ability; TCA, Thinking conversion ability. *p < 0.05, **p < 0.01, ***p < 0.001.



Model 1: Impact on comprehensive academic achievement

Referring to the steps of analysis of mediated model with moderation summarized by Wen and Ye (2014) and combined with the hypotheses of this study, Cognitive ability (X), Self-discipline (W), Comprehensive Academic achievement (Y), and Planning (U) were used as variables. In addition, all indicators were standardized to reduce the effect of multicollinearity. First, a direct effect model was developed with Cognitive ability(X) as the independent variable and Comprehensive Academic achievement(Y) as the dependent variable, and the direct effect was tested to see if it was moderated by Planning(U). The results show that the model without the interaction term fits well: χ2/df = 4.71, CFI = 0.942, TLI = 0.909, RMESA = 0.119, and SRMR = 0.065. For the mediated model with the interaction term, AIC = 73948.290, compared to the AIC value of the baseline model (74672.583), which is reduced by 724.293, indicating that the mediated model with adjustment has improved compared with the baseline model; At the same time, For the mediated model with the interaction term, Log Likelihood = –36931.145, which is 370.147 higher than the Log Likelihood of the baseline model (–37301.292), that is, the value of –2LL is 370.147, the degree of freedom of the model is increased by 8, and the chi-square test of –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.

Cognitive ability was a positive predictor of Comprehensive Academic achievement (β = 0.612, p < 0.001), 95% CI = [0.532, 0.681]; the interaction term of Cognitive ability and Planning was a significant predictor of Comprehensive Academic achievement (β = 0.144, p < 0.01), 95% CI = [0.064, 0.226]. It indicates that the direct relationship between Cognitive ability and Comprehensive Academic achievement is moderated by Planning.

Second, the effect of Cognitive ability (X) on Comprehensive Academic achievement (Y) through Self-discipline (W) was tested to see if it was moderated by Planning (U), and the results are shown in Figure 2. The data show that the model fit index is well: χ2/df = 5.15, CFI = 0.935, TLI = 0.899, RMESA = 0.126, and SRMR = 0.073. For the mediated model with adjustment including the interaction term, AIC = 65973.542, compared to the AIC value of the baseline model (74533.415), which is reduced by 8559.873, indicating an improvement of the mediated model with adjustment compared to the baseline model; meanwhile, the Log Likelihood of the mediated model with adjustment = –32943.771, compared to the Log Likelihood of the baseline model (–37230.708), increased by 4286.937, which means that the –2LL value is 4286.937. The increase in the degrees of freedom of the model is 8, and the chi-square test for the –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.

Cognitive ability (X) significantly predicts comprehensive Academic Achievement (Y) (β = 0.337, p < 0.001), 95% CI = [0.251, 0.420]. Cognitive ability (X) can significantly predict Self-discipline (W) (a1 = 0.423, p < 0.001), 95% CI = [0.340, 0.497]. The interaction term (UX) of Cognitive ability (X) and Planning (U) cannot significantly predict Self-discipline (W) (a3 = 0.083, p = 0.218), 95% CI = [–0.052, 0.210], containing 0. Self-discipline(W) can significantly predict Comprehensive Academic achievement(Y) (b1 = 0.622, p < 0.001), 95% CI = [0.550, 0.689]; the interaction term (UX) of Cognitive ability (X) and Planning (U) can significantly predict Comprehensive Academic achievement (Y) (c3′ = 0.090, p < 0.05), 95% CI = [0.007, 0.170]; the interaction term (UW) between Self-discipline (W) and Planning (U) can significantly predict Comprehensive Academic achievement (Y) (b2 = 0.104, p < 0.05), 95% CI = [0.034, 0.191]. In addition, 95% CI for a1b2, a3b1, and a3b2 were calculated using the Bootstrap method and were [0.016, 0.078], [–0.014, 0.050], and [0.000, 0.001], respectively, with only 95% CI for a1b2 not containing 0. Thus, it is evident that the Self-discipline in the mediating effect between cognitive ability and comprehensive academic achievement was significant (mediating effect = 2.884, SE = 0.398, p < 0.001, 95% CI = [2.148, 3.706]), while the discipline was moderated by Planning in the second half of the mediating effect, the effect of Self-discipline on comprehensive academic achievement varied with the level of planning; the first half of the mediating effect of Self-discipline was not moderated by planning. Hypotheses 2 and 4 are valid, but hypothesis 3 is not.

To further explore the moderating effect of Planning, students were divided into “high/low Planning groups” using a positive/negative one standard deviation boundary for Planning. The simple slope test (see Figure 3) showed that Self-discipline was a significant positive predictor of Comprehensive Academic achievement in the “high Planning group” (β = 1.874, p < 0.001); in the “Low Planning group,” although the predictive effect was still significant (β = 1.846, p < 0.001), it was weaker than in the “High Planning group.” In addition, when the process of mediation is moderated, it is required to test whether the mediating effect varies with changes in the moderating variable U, as suggested by Edwards and Lambert (2007), which is to take the value of one standard deviation above and below the mean of U (standard UH = 1, UL =–1) to determine whether there was a difference in the mediating effect between the two groups. In the high planning group, the mediating effect of self-discipline was 2.906, 95% CI = [2.162, 3.732]; in the low planning group, the mediating effect of self-discipline was 2.862, 95% CI = [2.128, 3.681]; the comparison mediating effect was significant (p < 0.01), 95% CI = [0.016, 0.078]. This indicates that the mediation effect is stronger in the higher Planning condition and the mediation model with moderation is validated. Hypothesis 5 is valid.
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FIGURE 3
Simple slope test (comprehensive academic achievement).




Model 2: Impact on Chinese academic achievement

Referring to the steps of analysis of mediated model with moderation summarized by Wen and Ye (2014) and combined with the hypotheses of this study, Cognitive ability (X), Self-discipline (W), Chinese Academic Achievement (Y), and Planning (U) were used as variables. In addition, all indicators were standardized to reduce the effect of multicollinearity. First, a direct effect model was developed with Cognitive ability(X) as the independent variable and Chinese Academic Achievement (Y) as the dependent variable, and the direct effect was tested to see if it was moderated by Planning(U). The results show that the model without the interaction term fits well: χ2/df = 4.63, CFI = 0.914, TLI = 0.867, RMESA = 0.118, and SRMR = 0.056. For the mediated model with the interaction term, AIC = 73863.031, compared to the AIC value of the baseline model (74568.601), which is reduced by 705.570, indicating that the mediated model with adjustment has improved compared with the baseline model; At the same time, For the mediated model with the interaction term, Log Likelihood = –36888.516, which is 360.785 higher than the Log Likelihood of the baseline model (–37249.031), that is, the value of –2LL is 360.785, the degree of freedom of the model is increased by 8, and the chi-square test of –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.

Cognitive ability (X) significantly predicts Chinese Academic Achievement (Y)(β = 0.386, p < 0.001), 95% CI = [0.291, 0.471]; the interaction term of Cognitive ability and Planning was a significant predictor of Chinese Academic Achievement (β = 0.099, p < 0.05), 95% CI = [0.024, 0.178]. It indicates that the direct relationship between Cognitive ability and Chinese Academic Achievement is moderated by Planning.

Second, the effect of Cognitive ability (X) on Chinese Academic achievement (Y) through Self-discipline (W) was tested to see if it was moderated by Planning (U), and the results are shown in Figure 4. The data show that the model fit index is well: χ2/df = 5.01, CFI = 0.906, TLI = 0.854, RMESA = 0.124, and SRMR = 0.060. For the mediated model with adjustment including the interaction term, AIC = 65901.693, compared to the AIC value of the baseline model (74428.485), which is reduced by 8526.792, indicating an improvement of the mediated model with adjustment compared to the baseline model; meanwhile, the Log Likelihood of the mediated model with adjustment = –32907.847, compared to the Log Likelihood of the baseline model (–37178.242), increased by 4270.395, which means that the –2LL value is 4270.395, The increase in the degrees of freedom of the model is 8, and the chi-square test for the –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.
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FIGURE 4
Structural equation modeling results diagram (Chinese Academic Achievement). MA, Memory ability; IPA, Information processing ability; RA, Representation ability; LRA, Logical reasoning ability; TCA, Thinking conversion ability. *p < 0.05, **p < 0.01, ***p < 0.001.


The predictive effect of Cognitive ability (X) on Chinese Academic Achievement (Y) was significant (β = 0.282, p < 0.001), 95% CI = [0.176, 0.381]. Cognitive ability (X) can significantly predict Self-discipline (W) (a1 = 0.423, p < 0.001), 95% CI = [0.342, 0.497]. the interaction term (UX) of Cognitive ability (X) and Planning (U) cannot significantly predict Self-discipline (W) (a3 = –0.089, p = 0.205), 95% CI = [–0.220, 0.052], containing 0. Self-discipline(W) can significantly predict Chinese Academic Achievement(Y) (b1 = 0.249, p < 0.001), 95% CI = [0.161, 0.336]; the interaction term (UX) between Cognitive ability (X) and Planning (U) cannot significantly predict Chinese Academic Achievement (Y) (c3′ = –0.088, p = 0.052), 95% CI = [–0.178, 0.001], containing 0; the interaction term (UW) between Self-discipline (W) and Planning (U) cannot significantly predict Chinese Academic Achievement (Y)(b2 = 0.015, p = 0.637), 95% CI = [–0.049, 0.075], containing 0. In addition, 95% CI for a1b2, a3b1, and a3b2 were calculated using the Bootstrap method and were [–0.003, 0.004], [–85.243, 98.343], and [–1.645, 1.110], respectively, with 95% CI all contained 0. Therefore, the mediating effect of Self-discipline between Cognitive ability and Chinese Academic achievement was significant [mediating effect = 0.343, SE = 0.069, p < 0.001, 95% CI = (0.224.0.504)], but the moderating effect of Planning was not significant.



Model 3: Impact on Mathematics academic achievement

Referring to the steps of analysis of mediated model with moderation summarized by Wen and Ye (2014) and combined with the hypotheses of this study, Cognitive ability (X), Self-discipline (W), Mathematics Academic achievement (Y), and Planning (U) were used as variables. In addition, all indicators were standardized to reduce the effect of multicollinearity. First, a direct effect model was developed with Cognitive ability(X) as the independent variable and Mathematics Academic achievement(Y) as the dependent variable, and the direct effect was tested to see if it was moderated by Planning(U). The results show that the model without the interaction term fits well: χ2/df = 4.72, CFI = 0.909, TLI = 0.858, RMESA = 0.120, and SRMR = 0.059. For the mediated model with the interaction term, AIC = 74066.091, compared to the AIC value of the baseline model (74767.932), which is reduced by 700.901, indicating that the mediated model with adjustment has improved compared with the baseline model; At the same time, For the mediated model with the interaction term, Log Likelihood = –36990.486, which is 358.480 higher than the Log Likelihood of the baseline model (–37348.966), that is, the value of –2LL is 358.480, the degree of freedom of the model is increased by 8, and the chi-square test of –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.

Cognitive ability was a positive predictor of Mathematics Academic achievement (β = 0.278, p < 0.001), 95% CI = [0.180, 0.370]; the interaction term of Cognitive ability and Planning was a non-significant predictor of Mathematics Academic achievement was not significantly predicted by the interaction term between Cognitive ability and Planning (β = 0.036, p = 0.377), 95% CI = [–0.044, 0.118], containing 0. This indicates that the direct relationship between Cognitive ability and Mathematics Academic achievement was not affected by Planning of the direct relationship was not moderated by Planning.

Self-discipline (W) was tested to see if it was moderated by Planning (U), and the results are shown in Figure 5. The data show that the model fit index is well: χ2/df = 5.154, CFI = 0.900, TLI = 0.844, RMESA = 0.126, and SRMR = 0.059. For the mediated model with adjustment including the interaction term, AIC = 66101.190, compared to the AIC value of the baseline model (74628.260), which is reduced by 8527.070, indicating an improvement of the mediated model with adjustment compared to the baseline model; meanwhile, the Log Likelihood of the mediated model with adjustment = –33007.595, compared to the Log Likelihood of the baseline model (–37278.130), increased by 4270.535, which means that the –2LL value is 4270.535, The increase in the degrees of freedom of the model is 8, and the chi-square test for the –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.
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FIGURE 5
Structural equation modeling results diagram (Mathematics Academic Achievement). MA, Memory ability; IPA, Information processing ability; RA, Representation ability; LRA, Logical reasoning ability; TCA, Thinking conversion ability. *p < 0.05, ***p < 0.001.


Cognitive ability (X) significantly predicts mathematics Academic Achievement (Y) (β = 0.110, p < 0.05), 95% CI = [0.002, 0.216]. Cognitive ability (X) can significantly predict Self- discipline (W) (a1 = 0.422, p < 0.001), 95% CI = [0.339, 0.497]. The interaction term (UX) of Cognitive ability (X) and Planning (U) cannot significantly predict Self-discipline (W) (a3 = 0.082, p = 0.221), 95% CI = [–0.053, 0.210], containing 0. Self-discipline(W) can significantly predict Mathematics Academic achievement(Y) (b1 = 0.371, p < 0.001), 95% CI = [0.292, 0.444]; the interaction term (UX) between Cognitive ability (X) and Planning (U) cannot significantly predict Mathematics Academic achievement (Y) (c3′ = –0.015, p = 0.725), 95% CI = [–0.100, 0.065]; the interaction term (UW) of Self-discipline (W) and Planning (U) can significantly predict Mathematics Academic achievement (Y) (b2 = 0.094, p < 0.05), 95% CI = [0.023, 0.178]. In addition, 95% CI for a1b2, a3b1, and a3b2 were calculated using the Bootstrap method and were [0.002, 0.011], [–0.005, 0.022], and [0.000, 0.000], respectively, with only 95% CI for a1b2 not containing 0. Thus, It is clear that the mediating effect of self-discipline between cognitive ability and academic achievement in mathematics was significant [mediating effect = 0.279, SE = 0.130, p < 0.05, 95% CI = (0.001.0.518)], while the discipline’s mediating effect was moderated by planning in the second half, the effect of Self-discipline on Mathematics Academic achievement varied with the level of Planning; the first half of Self-discipline’s mediating effect was not The first half of the mediating effect of Self-discipline was not moderated by Planning.

To further explore the moderating effect of Planning, students were divided into “high/low Planning groups” using a positive/negative one standard deviation boundary for Planning. The simple slope test (see Figure 6) showed that the positive predictive effect of Self-discipline on Mathematics Academic achievement was significant in the “high Planning group” (β = 0.793, p < 0.001); in the “Low Planning group,” although the predictive effect was still significant (β = 0.775, p < 0.001), it was weaker than in the “High Planning group.”
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FIGURE 6
Simple slope test (mathematics academic achievement).


In addition, when the process of mediation is moderated, it is required to test whether the mediating effect varies with changes in the moderating variable U, as suggested by Edwards and Lambert (2007), which is to take the value of one standard deviation above and below the mean of U (standard UH = 1, UL = –1) to determine whether there was a difference in the mediating effect between the two groups. In the high planning group, the mediating effect of self-discipline was 0.282, 95% CI = [0.001, 0.524]; in the low planning group, the mediating effect of self-discipline was 0.276, 95% CI = [0.002, 0.513]; the comparison mediating effect was significant (p < 0.05), 95% CI = [0.001, 0.017]. This indicates that the mediation effect is stronger in the higher Planning condition and the mediation model with moderation is validated.



Model 4: Impact on English academic achievement

Referring to the steps of analysis of mediated model with moderation summarized by Wen and Ye (2014) and combined with the hypotheses of this study, Cognitive ability (X), Self-discipline (W), English Academic achievement (Y), and Planning (U) were used as variables. In addition, all indicators were standardized to reduce the effect of multicollinearity. First, a direct effect model was developed with Cognitive ability(X) as the independent variable and English Academic achievement(Y) as the dependent variable, and the direct effect was tested to see if it was moderated by Planning(U). The results show that the model without the interaction term fits well: χ2/df = 4.64, CFI = 0.911, TLI = 0.861, RMESA = 0.118, and SRMR = 0.058. For the mediated model with the interaction term, AIC = 74024.164, compared to the AIC value of the baseline model (74728.602), which is reduced by 704.438, indicating that the mediated model with adjustment has improved compared with the baseline model; At the same time, For the mediated model with the interaction term, Log Likelihood = –36969.082, which is 360.219 higher than the Log Likelihood of the baseline model (–37329.301), that is, the value of –2LL is 360.219, the degree of freedom of the model is increased by 8, and the chi-square test of –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.

Cognitive ability was a positive predictor of English Academic achievement (β = 0.274, p < 0.001), 95% CI = [0.178, 0.363]; the interaction term of Cognitive ability and Planning was a non-significant predictor of English Academic achievement (β = 0.088, p < 0.01), 95% CI = [–0.022, 0.175], contains 0. This indicates that the direct relationship between Cognitive ability and English Academic achievement is not moderated by Planning of moderation.

Second, the effect of Cognitive ability (X) on English Academic achievement (Y) through Self-discipline (W) was tested to see if it was moderated by Planning (U), and the results are shown in Figure 7. The data show that the model fit index is well: χ2/df = 5.03, CFI = 0.902, TLI = 0.848, RMESA = 0.124, and SRMR = 0.059. For the mediated model with adjustment including the interaction term, AIC = 66061, 794, compared to the AIC value of the baseline model (74588.633), which is reduced by 8526.839, indicating an improvement of the mediated model with adjustment compared to the baseline model; meanwhile, the Log Likelihood of the mediated model with adjustment = –32987.897, compared to the Log Likelihood of the baseline model (–37258.317), increased by 4270.420, which means that the –2LL value is 4270.420, The increase in the degrees of freedom of the model is 8, and the chi-square test for the –2LL value is significant (p < 0.05), so the mediated model with adjustment fits better than the baseline model.
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FIGURE 7
Structural equation modeling results diagram (English Academic Achievement). MA, Memory ability; IPA, Information processing ability; RA, Representation ability; LRA, Logical reasoning ability; TCA, Thinking conversion ability. *p < 0.05, ***p < 0.001.


Cognitive ability (X) significantly predicts English Academic Achievement (Y) (β = 0.135, p < 0.05), 95% CI = [0.027, 0.235]. Cognitive ability (X) can significantly predict Self-discipline (W) (a1 = 0.421, p < 0.001), 95% CI = [0.339, 0.496]. The interaction term (UX) of Cognitive ability (X) and Planning (U) cannot significantly predict Self-discipline (W) (a3 = 0.082, p = 0.221), 95% CI = [–0.052, 0.209], containing 0. Self-discipline(W) can significantly predict English Academic achievement(Y) (b1 = 0.318, p < 0.001), 95%CI = [0.233, 0.397]; the interaction term (UX) between Cognitive ability (X) and Planning (U) cannot significantly predict English Academic achievement (Y) (c3′ = 0.063, p = 0.206), 95% CI = [–0.035, 0.164]; the interaction term (UW) between Self-discipline (W) and Planning (U) cannot significantly predict English Academic achievement (Y) (b2 = 0.047, p = 0.179), 95% CI = [–0.022, 0.117]. In addition, 95% CI for a1b2, a3b1, and a3b2 were calculated using the Bootstrap method and were [–0.001, 0.011], [–0.004, 0.018], and [0.000, 0.000], respectively, 95% CI containing 0. Thus, it can be seen that Self-discipline in Cognitive ability and English Academic achievement was significant [mediating effect = 0.266, SE = 0.096, p < 0.01, 95% CI = (0.068.0.452)], but the moderating effect of Planning was not significant.





Discussion


The direct impact of cognitive ability

In China, the high school level is the best time for students to develop their cognitive abilities, and the intensive learning difficulty and frequent examinations also help students to further improve their cognitive abilities while demonstrating the important role of cognitive abilities in academic achievement. At the high school level, the impact of different types of cognitive abilities on Academic Achievement varies across subjects (Zuo and Wang, 2016; Liang et al., 2020).

IPA (information processing ability) mainly refers to students’ ability to comprehend information after obtaining it through reading and listening, and is closely related to students’ classroom efficiency. Students with higher IPA ability can fully understand and master what teachers teach in class and quickly construct their own knowledge system, thus improving their knowledge mastery and achieving better academic achievement in exams (Yuan and Wen, 2003). The effects of IPA on academic achievement in Chinese and mathematics are comparable because, under the current testing system in China, mathematics exams increase students’ ability to read and extract key information and focus more on their thinking skills, while Chinese exams also increase the amount of reading and require students to have a high IPA to achieve better academic achievement (Lin, 2021). The impact of IPA on academic achievement in English is weaker than that in Chinese and mathematics because the current test focuses on the vocabulary range of students in English, and less on the deeper reading and thinking skills than in Chinese.

TCA (Thinking Conversion Ability) refers to the student’s active thinking in the learning process to understand knowledge, mainly in the speed and accuracy of thinking conversion, therefore, this ability can facilitate learning in various disciplines, especially in mathematics, where students with high TCA ability can more easily summarize existing knowledge and expand new thinking and skills in the problem solving process, and to make analogies in similar problems, thus improving the accuracy of solving novel and difficult problems, and thus improving their academic achievement (Liu, 1988).

MA (memory ability) mainly refers to students’ long term memory ability. the stronger the MA ability value, the more students can remember knowledge quickly and retain it over time (Liang et al., 2020). In addition, MA can interact with IPA to grasp more reading information through memory ability, which leads to faster comprehension of information during reading and significantly improves students’ reading ability, which is especially evident in reading comprehension questions in English and Chinese exams. As a result, academic achievement is also better among students with stronger MA proficiency values (Yu et al., 2014).

LRA (Logical Reasoning Ability) includes both inductive and deductive reasoning types. Recently, higher education entrance examinations in China have begun to focus on students’ reasoning ability, which is also reflected in the addition of a large number of logical reasoning questions in Chinese and English subjects (Hu, 2017); therefore, LRA also has a significant positive impact on academic achievement in Chinese and English examinations.

RA (representational ability) is a key cognitive ability that can effectively help students understand mathematical spatial imagery-like knowledge content (Shao et al., 2004). Also, RA can stimulate associative memory by forming images in students’ minds during the process of reciting knowledge related to Chinese and English, thus making students’ memory of knowledge stronger and longer lasting, and thus improving academic achievement (Lin et al., 2003).



The mediating role of self-discipline

The present study showed that self-discipline partially mediates the relationship between cognitive ability and Academic Achievement. Self-discipline is a behavioral habit, and self-management is the essence of self-discipline. Self-discipline follows certain principles and norms and relies on the student’s own willpower to accomplish the desired goal’s behavioral ability without supervision (Liu, 2020).

A higher level of self-discipline means that students are more able to concentrate and resist external temptations during the learning process, which can help them be more effective in their studies. Especially for high school students, the higher the value of self-discipline, the better they can make the most of their time, the more efficient and independent thinking they can do, thus improving their understanding and mastery of knowledge and leading to improved academic achievement. In addition, according to the teaching schedule in Beijing, school ends at 16:30 every afternoon and students manage the rest of the day by themselves. Students with high self-discipline can fully and rationally use their time, thus consolidating what they have learned, improving their understanding and mastery, and achieving better overall academic results in academic exams.

The stronger the cognitive ability of students, the more efficient students are in their studies, the more focused they are in their studies, and the more likely they are to achieve a sense of academic achievement (Wang, 2011). Therefore, the stronger the cognitive ability of students, the easier it is to immerse themselves in learning, the more willing they are to learn actively and positively, and the more able they are to customer service external temptations, thus continuously improving their self-discipline. When students encounter difficulties and challenges in learning, students with strong cognitive ability have stronger creative thinking ability, such as TCA, RA, and LRA, which can help students solve problems more quickly and efficiently, thus allowing students to stay focused on learning and develop strong self-discipline (Wo and Lin, 2000); when students’ learning is disturbed by the outside world, students with strong cognitive ability This helps students to resist loose learning behaviors and develop stronger self-discipline, so that they can devote more time and energy to their studies, improve their learning efficiency, and enhance their academic achievement (Zheng and Zhang, 2021).

Specifically, self-discipline plays a partially mediating role in overall academic achievement, with a mediating role of 0.263 and a mediating effect of 38.3%; in Chinese academic achievement, self-discipline plays a partially mediating role, with a mediating role of 0.105 and a mediating effect of 27.1%; in mathematics academic achievement, self-discipline plays a partially mediating role, with a mediating role of 0.157 and a mediating effect of The mediating effect of self-discipline in English academic achievement was partially mediated by 0.134, with a mediating effect of 49.8%. As can be seen, the mediating effect of self-discipline is more pronounced in mathematics and English subjects, which is because the examinations of mathematics subjects pay more attention to the assessment of students’ thinking ability, which requires students to think and train for a long time, especially in TCA and LRA, which require students to improve and show these abilities in a long time and highly focused learning process, so for students with strong cognitive ability, the therefore, for students with strong cognitive abilities, the stronger their self-discipline and the longer they focus during the examinations, the more they can show the characteristics of their TCA and LRA abilities, and the more they can achieve better academic results during the examinations. In addition, in the English subject test subjects, the effect of the mediating role of self-discipline in multiple English subjects also appears to be prominent as the test questions become increasingly important in assessing students’ thinking over and above the assessment of mastery of basic knowledge (Lin, 2021) with the advancement of Chinese test reform.



The moderating mediating role of planning

The present study found that planning moderates the second half of academic achievement by influencing academic achievement. Specifically, students with high plannings were more likely to affect academic achievement through cognitive ability compared to students with low plannings, and hypotheses 4 and 5 were tested. Furthermore, in contrast to our expectations, planning did not moderate the direct effect of cognitive ability and the first half of the mediating effect.

The moderating effect of planning was significant in the second half of the mediating effect. planning is an important component of an individual’s self-regulated learning strategy, and as a personality trait, it can stimulate factors such as an individual’s motivation to learn and the ability to self-regulate learning activities, thus facilitating the accomplishment of learning goals (Cao and Cao, 2004), and students who perceive themselves as having a better command of time In addition, the stronger a student’s planning is, the better the student’s ability to manage time, which is a guarantee of high learning effectiveness and high academic achievement (Wang, 2003).

In the first half of the mediating effect, the moderating effect of planning is not significant. The reason for this is that in the stage of influence of cognitive ability on self-discipline, it is mainly through the sense of academic achievement and academic self-confidence built up by cognitive ability that positively influences self-discipline and thus obtains better positive feedback, and this sense of academic achievement does not change with the adjustment of academic plan, so planning is not significant in regulating the influence of cognitive ability on self-discipline.

Also, among the subject-specific subjects, the moderating effect of planning was significant among academic achievement in mathematics, but not in Chinese and English. This is because for mathematics subjects, learning requires more rigorous logical arrangement and reasonable time security in order to fully understand and digest the knowledge learned and to improve one’s thinking ability, so as to improve academic achievement in mathematics. In contrast, Chinese and English subjects are more important to the accumulation of daily knowledge, which requires students to persist for a long time to see the effect, which is not related to the planning of learning arrangements (Lin, 2021), so the moderating effect of planning is not significant.

In addition, the simple slope test revealed that when self-discipline is low, students with low planning ability perform better than students with high planning ability; when self-regulation is high, students with high planning ability perform better than students with low planning ability. This is due to the fact students with weak self-discipline, the stronger their planning ability and the more reasonable their time planning, the more likely they are to put pressure on themselves, which leads to weak execution ability and the inability to complete the planned study tasks, thus leading to lower and lower academic achievement. In contrast, when self-discipline is high, the stronger the planning ability and the more reasonable the time planning arranged, the more it helps students to improve their learning efficiency and give full play to their cognitive ability, thus excelling in academic achievement.



Limitations and future directions

In this study, only the external influences caused by two of the personality traits, self-discipline and planning, were considered in the analysis of the influence of cognitive ability on sustained academic achievement; similarly, the influence of other psychological states of the students on cognitive ability and academic achievement was not considered in the analysis. In addition, one of the most prominent limitations of this study is the small sample size and the single range of students investigated. To further enhance the credibility of the study results, more schools in other Chinese provinces should be selected for study and comparison. Future research could focus on this area to obtain more valuable findings.




Conclusion

This study used structural equation modeling to analyze the moderating effect of panning on the mediating effect of self-discipline on the relationship between cognitive ability and academic achievement. The results showed that cognitive ability can have a significant positive effect on academic achievement, while self-discipline plays a partially mediating role between cognitive ability and academic achievement, and the moderating effect of Planning is significant in the second half of the mediating effect, i.e., the effect of self-discipline on academic achievement changes as the level of planning increases, and the mediating effect is stronger in the condition of higher planning, and the mediating model with moderating effect holds.
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The relationship between metacognition and mindreading was investigated by examining how well one can monitor their own learning (Self) compared to another person’s learning (Other). Here, we used functional near-infrared spectroscopy (fNIRS) to systematically investigate the brain area activation during metacognition and mindreading. The evidence indicated that metacognition and mindreading are underpinned by distinct neural systems. Metacognition is associated with activation in brain regions important for memory retrieval, such as the fusiform gyrus, while mindreading is associated with activation in brain regions important for understanding and reasoning about others’ intentions, such as the right temporoparietal junction (rTPJ).
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Introduction

In many situations in our daily life, people need to monitor their cognitive processes and those of others. When people monitor their own learning and comprehension of the studied material, it is referred to as metacognition. When they monitor other’s learning and comprehension of the studied material, it is referred to as mindreading (Koriat and Ackerman, 2010; Dai et al., 2017). Although metacognition and mindreading do not monitor the same objects, they both involve meta-representations of the mental world (Suddendorf and Whiten, 2001). In metacognition, one’s own mental states are hierarchically categorized into type I (object level) and type II (meta level) mental states. Meta-level mental states are generated when an individual monitors their own object-level mental states. For example, the belief (meta-level) about how well the material will be learned (object level). Accordingly, the mental states attributed to others in mindreading could also be hierarchically categorized into type II levels concerned with object-level and meta-level performance. In this case, meta-level mental states are generated on the basis of monitoring others’ object-level mental states. It can thus be speculated that the main difference between metacognition and mindreading is at the level of object being monitored. Metacognition generally refers to monitoring one’s own mental states, while mindreading generally refers to monitoring the mental states of others. While the meta-level mental states are actually generated by the observer. Therefore, it is still unclear whether metacognition and mindreading rely on the same underlying processes or two separate mental activities.

To explore the relationship between metacognition and mindreading, two theories have been proposed: one-system theory and two-systems theory. The one-system theory posits that the mechanisms underlying metacognition and mindreading are identical. Namely, if someone’s mindreading ability is impaired, then his or her metacognitive ability is also impaired (Happé, 2003). Studies have indicated that autistic children have difficulty representing mental states in others, compared to healthy children. Nicholson et al. (2021) found autistic children were less accurate than healthy children in metacognitive judgments, suggesting that metacognitive and mindreading abilities may share the same cognitive resources. A study investigating the relationship between metacognition and mindreading utilized a picture book reading task with a sample of preschoolers, and the result indicated a significant association between metacognition and mindreading (Lecce et al., 2015). While two-systems theory posits that mindreading and metacognition are two independent capacities, realized in distinct and separable brain networks (Carruthers, 2009). Koriat and Ackerman (2010) conducted a study to explore the differences between metacognition and mindreading. The results showed that in metacognitive condition, metacognitive judgment level for oneself was inversely related to the amount of study time. That is, participants effectively monitored their own learning process, but this trend was not found in the mindreading condition. Elmose and Happé (2014) found that autistic children’s metacognitive monitoring accuracy was higher for non-social memory materials (i.e., building images) than that of social memory materials (i.e., face images). This suggested that the impaired mindreading ability would not affect participants’ metacognitive ability. The research of Tirso and Geraci (2020) showed that participants tend to be more confident in the decisions made by others rather than in their own ability to make decisions. Up to now, at the level of behavioral experiments, there are still controversies between the one-system theory and the two-systems theory. That means the relationship between metacognition and mindreading cannot be accurately explained through behavioral experiments alone. Therefore, in this study, we aim to investigate the differences in brain region activation between metacognition and mindreading from the perspective of brain mechanism, and further elucidate the relationship between metacognition and mindreading.

In order to further clarify the relationship between metacognition and mindreading, some researchers have studied the neural mechanisms of metacognition and mindreading from the perspective of brain mechanisms. Studies have shown that metacognition is associated with activity in the prefrontal cortex. Fleming et al. (2014) found that patients with lesions to the anterior prefrontal cortex showed a deficit in perceptual metacognitive accuracy when compared to healthy participants. Molenberghs et al. (2016) used functional magnetic resonance imaging (fMRI) to explore the brain areas of metacognition and found that individuals activated the anterior medial prefrontal cortex during metacognition, which suggests that this area of brain is involved in higher-order thinking. Lapate et al. (2020) used the face perception paradigm task to explore the neural basis of metacognition, and found the activation of lateral prefrontal cortex to be associated with metacognitive processes. Metacognition has been shown to engage the prefrontal cortex, as well as the fusiform gyrus. Baird et al. (2013) used fMRI technology to explore the neural mechanism of metacognition, and the results showed that metacognitive ability for memory retrieval predicted greater connectivity between fusiform gyrus and precentral gyrus and other regions. Li et al. (2021) also found that the bilateral fusiform gyrus was related to individual metacognitive activities.

Mindreading mainly activates the dorsolateral prefrontal lobe (dlPFC), the temporoparietal junction (TPJ), and the dorsal anterior cingulate cortex (dACC), etc. (Abu-Akel and Shamay-Tsoory, 2011). The right temporoparietal junction (rTPJ) is the core brain region for mindreading (Hill et al., 2017). Tholen et al. (2020) found that bilateral temporoparietal junction, temporal pole, superior temporal sulcus, precuneus, and anterior medial prefrontal lobe were activated during the mindreading task using fMRI technology. A meta-analysis of fMRI studies found that although there was some overlap in the posterior medial prefrontal lobe and precuneus, the overlap was small (Vaccaro and Fleming, 2018). There is evidence to suggest that metacognition and mindreading brain regions are distinct.

Prior research has utilized fMRI technology to investigate the neural underpinnings of metacognition and mindreading. However, the fMRI experimental environment is relatively closed, which differs significantly from real-life situation and has low ecological validity. Functional near-infrared spectroscopy (fNIRS) is a type of non-invasive brain imaging technology that has been developed in recent years. Compared to fMRI technology, fNIRS has several advantages, including low noise levels and greater tolerance of head movement, which can allow participants to conduct experiments in a more naturalistic environment. It is advantageous to monitor the fluctuations of neural activity while participants are engaged in metacognition and mindreading tasks in a naturalistic setting.

Therefore, according to the research of Hill et al. (2017) and Vaccaro and Fleming (2018), we hypothesize that there is a separation between the neural mechanisms of metacognition and mindreading, specifically as follows: (1) The brain regions activated by metacognition and mindreading are significantly different. (2) Mindreading activated the right temporoparietal junction, which was not engaged during metacognition. To verify the hypothesis, similar experimental paradigms for the metacognition and mindreading tasks were used to minimize the inaccuracies brought on by the disparity in experimental paradigms. And, in order to have better ecological validity than previous fMRI studies, fNIRS was used in our study to explore the brain regions responsible for individual metacognition and mindreading in brain mechanisms.



Materials and methods


Participants

Thirty-four undergraduate students (13 men, 21 women; Mage = 21.5, SD = 2.48) were randomly recruited from different departments of the university, including education science, mathematics, physics, and literature. All participants were adults of normal intelligence, native Chinese speakers, right-handed, with normal or corrected vision. Participants were excluded if they reported a history of neurological or psychiatric illness, use of psychotropic drugs or substances. At the end of the experiment, each participant was given informed consent and received appropriate financial compensation. This study was conducted following the approval of the local ethics committee (No. 2022LLSC027), and participants were fully informed about the study purpose upon completion.

We conducted power analyses (one-sample two tailed t-tests) by using G*Power (Faul et al., 2007), setting α to 0.05, effect size to 0.5, which yielded power = 0.81. It meets the statistical requirements.



Materials

Sixty Chinese character words were selected from the Frequency Dictionary of Modern Chinese (Beijing Language and Culture University, 1986). Each word has two characters which are nouns. After random combination, 30 Chinese character word pairs were chosen as the formal experimental materials. To ensure the homogeneity of materials in the experiment and eliminate the interference of irrelevant factors on the participants, the word frequency and stroke number of the word pairs used in the experimental materials were statistically analyzed. Word frequency ranged from 0.14 to 3.38, and there was no significant difference between cue word and target word [M cue = 1.13, M target = 1.31, t(58) = –0.680, p = 0.499]; The number of strokes of word pairs ranges from 7 to 24, and there is no significant difference between the number of strokes of cue words and target words [M cue = 16.13, M target = 15.27, t(58) = 0.811, p = 0.421]. Each word pair consisted of two Chinese characters words, such as “bao bao—ying er” (官官-婴儿), the words on the left were cue words and the words on the right were target words. All word pairs were divided into six groups.



Design and procedure

A single variable (conditions: self or other) within-participants block design was used (Pan et al., 2017). In the analysis of behavioral data, the independent variable was the confidence rating of self and other. The primary index of NIR brain imaging analysis is the relative change of oxygenated hemoglobin (Oxy-Hb) concentration (Xu et al., 2019).

The experiment was conducted by using the E-prime 3.0 software (E-Prime 3.0 Psychology Software Tools, Inc., Pittsburgh, PA, United States). The experimental procedure was completed in a shielded room, and all stimuli were presented with the same brightness on a Windows XP computer with a 21-inch monitor. The computer screen had a resolution of 1,920 × 1,080, and the eye-screen distance was approximately 60 cm. All of the word pairs were displayed in black, 40-point Song typeface font on a white background.

The experiment consisted of five phases: a study phase, a metacognition phase, a mindreading phase, a distraction phase, and a cue-recall phase. The order of the metacognition phase and the mindreading phase was balanced among participants.

A study trial started with a fixation cross (duration: 500 ms). Next, a word pair (e.g., 宝宝 -- 婴儿) was presented on the screen, in which the word on the left of the screen was the cue word (宝宝) and the word on the right of the screen was the target word (婴儿). Each word pair was displayed for a duration of 4 s. There were 30 Chinese character word pairs in total, and all word pairs were divided into 6 groups with 5 pairs in each group. After learning one group, the participants rested for 20 s before moving on to the next pair.

A metacognition/mindreading phase also began with the fixation cross (duration: 500 ms). In the self-condition, participants were asked to make predictions about how well they had learned 30 word pairs. A cue word was presented and, then participants were instructed to predict how likely they were to recall the target word in a later test for the maximum time limit of 4 s. The question was as follows: “How likely you are to recall the target word in the subsequent test (0: not at all confident—10: very confident),” This question was first answered in the task by using mouse. After completing the estimation of one set of word pairs, the participants rested for 20 s, and then entered the estimation of the next set of word pairs. All of word pairs are grouped in the same way as in the study stage.

For the other condition, before estimating others, the participants were required to orally report the name of the person they estimated. After that, they pressed the space bar to start this task. The fixation cross (duration: 500 ms) was presented to participants at the start of the task. Then a cue word appeared in the screen. The participants were asked to predict the likelihood that the person they estimated would recall the target word in the subsequent test (0: not at all confident—10: very confident), and each word pair had 4 s to make a judgment. There were six groups of word pairs to estimate, and the word pairs are grouped in the same way as in the study phase. After completing the estimation of one set of word pairs, the participants rested for 20 s, and then entered the estimation of the next set of word pairs.

After completing the previous phase of the task, participants were required to complete a 3-min successive inverse minus 3 task on paper.

A cue recall stage contained all the word pairs that participants had studied. A cue recall phase was started with a fixation cross for 500 ms, then a cue word was presented on the screen. Participants were asked to write down the target word on paper in 8 s. The target items were balanced.



Functional near-infrared spectroscopy instrument

The fNIRS data were recorded using a multichannel continuous-wave fNIRS system instrument (NIRx Medical Technologies LLC-NIR-Scout, USA) that consists of sixteen LED light sources and sixteen photodetectors and 44 channels (see Supplementary Table 1). The distance between the detector and source is approximately 3 cm. The detector records relative changes in Oxy-Hb and Deoxy-Hb at a sample rate of 7.81Hz at two wavelengths (760 and 850nm). The location of probe placement and arrangement of specific brain regions was according to previous studies. In this study, we primarily study cognitive functions of the prefrontal cortex region and the temporoparietal junction region. Figure 1 shows the set-up of fNIRS channels. The fNIRS transmitters were specially designed to wrap with a tightly black an elastic nylon cap to ensure that there was no extraneous light interference during the task. The locations of NIRS channels were defined at the central zone of the light path between each adjacent source-detector pair.
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FIGURE 1
The locations of optodes and channels. (A) The locations of optodes and channels with respect to the EEG 10/20 system. The locations of sources (red dots) and detectors (blue dots) and 44 channels (green lines). (B) The locations of optical sources and detectors on a standardized 3D head on left view. (C) The locations of optical sources and detectors on a standardized 3D head on left view on right view.


Participants were instructed to sit comfortably in a chair and maintain a calm and relaxed position. They were asked to focus on the screen with their minds blank. The visual of the task was presented on a 21-inch thin-film transistor (TFT) screen.



Data processing

The fNIRS raw data analysis was executed based on SPM with additional modules for a paired samples t-test. First, a low-frequency band-pass filter (0.01–0.2 Hz) was applied to eliminate baseline drift, artifacts, and physiological noise. fNIRS records the changes in Oxy-Hb and Deoxy-Hb concentration simultaneously. However, there are some scientific problems with the selection of signals to analyze brain activation. In this research, it mainly focused on the Oxy-Hb signal changes, as it was normally observed to have a higher amplitude than the deoxygenated hemoglobin (Deoxy-Hb) signal. Furthermore, the signal-to-noise (S/N) ratio of Oxy-Hb is better, and the signal is more sensitive to task response. The behavioral performance and Oxy-Hb data were analyzed in Vision 17.0 SPSS using a paired samples t-test.




Results


Behavioral results

A paired sample t-test was conducted on the confidence ratings of self and others. The paired sample t-test revealed a significant difference in confidence level between the self and other condition [t(33) = –2.298, p < 0.05, Cohen’s d = 0.20], with higher confidence for others than for themselves (see Supplementary Table 2).



NIRX results


Brain regions activated by metacognition and mindreading

A one-sample t-test was performed on the beta value of each channel under the condition of self-estimation and estimation of others, and the test value was 0. The results showed that, compared with baseline, the channels activated in the metacognition condition were CH2, CH11, CH12, CH32, CH34 (uncorrected, p < 0.05), and the corresponding brain regions were inferior central gyrus, right fusiform gyrus, left temporoparietal junction, and left fusiform gyrus (see Figure 2A). CH5, CH7, CH9, CH21, CH36, CH38, CH39, CH40, CH43, CH44 were activated under mindreading conditions (uncorrected, p < 0.05). The corresponding brain regions were the right temporoparietal junction, right dorsolateral prefrontal cortex, left prefrontal cortex, left dorsolateral prefrontal cortex, left inferior frontal gyrus, and left frontal pole (see Figure 2B).
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FIGURE 2
The brain activation under different conditions. (A) The brain activation under metacognition conditions. (B) The brain activation under mindreading conditions. (C) Brain region paired t-test results of metacognition and mindreading. (D) The t-statistic map showing brain regions that had different activation patterns across the two condition.


The paired sample t-test was conducted on the beta values of 44 channels in two types of tasks. After FDR correction, the results showed that: (1) compared with mindreading, CH11 and CH12 were significantly activated during metacognition, corresponding to the right fusiform gyrus; (2) Compared with metacognition, the channels significantly activated during mindreading were CH9, CH21, CH39, CH40, and CH44, corresponding to the right temporoparietal junction, right dorsolateral prefrontal, left inferior frontal gyrus, left dorsolateral prefrontal and left frontal pole (see Figures 2C,D).





Discussion

In this study, the fNIRS technique was used to investigate the differences between metacognition and mindreading. The results show that the participants tend to give higher confidence levels when estimating others, which is consistent with previous research results (Tirso and Geraci, 2020). The reason for this result is that people lack relevant cues when predicting the internal cognitive state of others (Koriat, 1997), and tend to have a positive view of others. So they have higher confidence in the cognitive ability of others. Tirso and Geraci (2020) also found that, when participants have less access to diagnostic cues and information, they tend to provide inflated judgments of others’ cognitive ability. Moreover, their studies also pointed out that this overconfidence in the cognitive ability of others is consistent in different experimental situations (classroom situations or laboratory) and experimental tasks (in-class exams, grammar tests, logic tests, etc.). This result also proved that there were differences between metacognition and mindreading. The blood oxygen concentration index also showed that there were differences between metacognition and mindreading in brain regions.

The metacognition condition activated the fusiform gyrus, which was consistent with previous findings (Baird et al., 2013). The activation of bilateral fusiform gyrus is associated with the activity of metacognitive monitoring (Li et al., 2021). The activation of bilateral fusiform gyrus was also found in this study, which is consistent with previous research (Baird et al., 2013; Li et al., 2021). It is worth noting that the left temporoparietal junction is also activated during metacognition. Kucyi et al. (2012) showed that there were multiple functional asymmetries in the left and right temporoparietal junction, and the left temporoparietal junction is related to memory retrieval (Reyes et al., 2020). This indicates that metacognitive monitoring will be affected by memory retrieval (Tekin and Roediger, 2021). However, the activation of prefrontal cortex was not detected in this study. This is because the prefrontal regions related to metacognition are mainly medial prefrontal (Lapate et al., 2020), while fNIRS technology can only detect the activity on the surface of the cerebral cortex, and some brain regions highly involved in metacognition (such as medial prefrontal) are partially or completely inaccessible. Therefore, no prefrontal activation was detected in the metacognitive condition.

Under mindreading condition, the right temporoparietal junction, dorsolateral prefrontal cortex, left prefrontal cortex, left inferior frontal gyrus, and left frontal pole were activated, which was consistent with previous findings (Tholen et al., 2020). Mindreading involves speculating about the intentions of others, and the right temporoparietal junction is a brain region specific for mindreading. Activation of this region has been observed during a variety of mindreading tasks. The dorsolateral prefrontal lobe is another brain region involved in predicting other people’s intentions, and activation in this region begins early in neural development. The left inferior frontal gyrus is home to mirror neurons, which have been shown to help individuals understand the actions and intentions of others. Activity in the left frontal pole is often associated with reasoning activity (Urbanski et al., 2016).

The results of the paired sample t-test further show a significant separation between metacognition and mindreading. This provides support for the two-system theory. Metacognition activates the right fusiform gyrus more than mindreading, which is consistent with previous findings (Vaccaro and Fleming, 2018). According to the Cue-utilization model (Koriat, 1997), participants will try to extract during metacognitive monitoring, and the fusiform gyrus is related to memory retrieval. Compared with metacognition, mindreading activates the right temporoparietal junction, dorsolateral prefrontal cortex, left inferior frontal gyrus, and left frontal pole more, which is consistent with previous findings (Abu-Akel and Shamay-Tsoory, 2011; Tholen et al., 2020). The right temporoparietal junction is the core brain area for mindreading. Hill et al. (2017) used transcranial magnetic stimulation (TMS) and fMRI to find that the functional connectivity of the right temporoparietal junction and the prefrontal cortex is related to the understanding of others’ decision making. The left inferior frontal gyrus is the distribution area of mirror neurons, mirror neural mechanism match the movements of others to their own motor systems, responding to the movements of others with neural circuits of their own movements (Haosheng, 2016), and frontal pole activation related to reasoning activities, indicating that the participants understand others, which is based on his experience to simulate. On the basis of the simulation, the behavior intention of others is speculated.

Our results provide behavioral and neurophysiological evidence for the two-system theory. In this study, we sought to investigate differences in metacognition and mindreading by employing a similar experimental design. This allowed us to reduce errors that could have been incurred due to differences in experimental paradigms. At the same time, to have better ecological validity than previous fMRI studies, we used fNIRS to demonstrate the difference between the two from the perspective of brain mechanism.

However, there were some limitations to the present study. Firstly, in this experiment, the participants were required to orally report the name of the person they estimated. But it is still different from the real situation. In future research, two participants can be arranged at the same time, and the participants can be required to make predictions about how well others have learned, after observing the whole learning process of others, so that the research can have higher ecological validity. Secondly, in this study, the researchers did not restrict the range of people that participants estimated. In future studies, the person participants estimated may be grouped according to the social distances between participants and the one they predicted. This would allow researchers to explore whether different social distances would affect the relationship between metacognition and mindreading. Thirdly, the participants of this study are relatively limited in scope. In future research, the participants can be extended to children, the elderly, and special groups to explore how different kinds of participants influence the conclusions of this study. This would help to expand and test the conclusions of this study.



Conclusion

The present study used fNIRS technology to compare the brain regions activated by metacognition and mindreading. The results showed that metacognition and mindreading were based on two different neural systems, with metacognition primarily engaging the bilateral fusiform gyrus and left temporoparietal junction, among other brain regions associated with memory retrieval. While mindreading ability activated the right temporoparietal junction, left inferior frontal gyrus and left frontal pole, which were related to understanding and reasoning others’ intentions. This finding provides support for the two-systems theory from a neural perspective.
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Objectives: Under the COVID-19 prevention and control policy, online learning has been widely used. The current study aimed to identify latent profiles of self-regulated learning in the context of online mathematics learning during the recurrent outbreak of COVID-19, and examine the mechanisms underlying the relationship between self-regulated learning and online mathematics learning engagement among Chinese junior high school students using variable-and person-centered approaches.

Methods: A sample of 428 Chinese junior high school students (47.66% female) completed questionnaires on self-regulated learning, perceived academic control, and learning engagement. Mplus7.0 was used to analyze the latent classes of self-regulated learning. A mediation model was conducted using the software SPSS PROCESS macro.

Results: Three profiles of self-regulated learning were identified and named as low self-regulated learning (16.12%), medium self-regulated learning (43.23%), and high self-regulated learning (40.65%). In the mediating analysis, results of the variable-centered approach showed that perceived academic control mediated the effects of self-regulated learning on learning engagement. For the person-centered approach, we selected the low self-regulated learning type as the reference profile, and the analysis revealed that compared with the reference profile, perceived academic control partially mediated the link between the medium self-regulated learning profile and learning engagement; perceived academic control partially mediated the relationship between the high self-regulated learning profile and learning engagement.

Conclusion: This study showed the heterogeneity in the online mathematics self-regulated learning patterns of Chinese junior high school students during the COVID-19 pandemic, revealing the internal mechanisms of Chinese junior high school students’ online mathematics learning engagement using variable-and person-centered approaches. Furthermore, the findings of the study have important implications for promoting online mathematics learning engagement among junior high students during the pandemic.

KEYWORDS
 self-regulated learning, online mathematics learning engagement, perceived academic control, COVID-19, latent profile analysis


Introduction

The COVID-19 outbreak has disrupted traditional classroom teaching (Wijaya et al., 2020). Since the introduction of the Chinese Ministry of Education’s “Home Study” Initiative in mid-February 2020,1 the development of online education has been accelerated. Online learning is a key component of the advancement of education and teaching through information technology. Online learning provides learners with more convenience and autonomy (Mullen, 2020), but the quality of online learning is often inferior to traditional, face-to-face instruction (Spencer and Temple, 2021). Online learning engagement is a significant metric for determining the quality of online education (Moubayed et al., 2020). However, enhancing students’ engagement in online learning and improving the efficiency of online learning has become a difficult problem in teaching management during the epidemic (Park and Yun, 2018). Due to the specificity of learning engagement (Martin, 2008), most previous studies have ignored its characteristics and only investigated learning engagement in general learning situations (Jiang et al., 2018). Mathematics is a fundamental subject of basic education that is highly abstract and relies on stringent logic. Learning mathematics is often one of the most difficult subjects for junior high school students (Stodolsky et al., 1991). It can be quite challenging for all students. Online mathematics learning engagement can not only predict the mathematics achievement of online learners (Phan et al., 2016), but also promote the subsequent integration of offline mathematics classes (Pellas, 2014). And mathematics learning engagement is a sub-field of learning engagement (Greene, 2015), the current situation and influence mechanism of junior high school students’ online mathematics learning engagement is becoming one of the hot issues that online educators pay attention to.

The motivation and engagement wheel model and empirical studies support that self-regulated learning plays an important role in online mathematics learning engagement (Martin, 2007). Most previous studies on self-regulated learning have taken a variable-centered perspective, which does not account for potential variability and differences in variables between individual. Hence, in order to better explore the heterogeneity of self-regulated learning, the current study focused on the context of online mathematics learning and adopted a variable-centered approach to explore the latent classes of self-regulated learning among junior high school students. We also examined whether significant differences existed among profiles with regard to online mathematics learning engagement. There are a few studies into the mediating mechanism of self-regulated learning on online mathematics learning. Based on the social cognitive theory and the motivation and engagement wheel model, this study explored the mediating role of perceived academic control in the relationship between self-regulated learning and online mathematics learning. Using variable-and person-centered approaches, we have found that self-regulated learning is divided into three latent classes, and perceived academic control plays a mediating role between self-regulated learning and online mathematics learning. Our study offered educators and researchers valuable insights into understanding distinctive patterns of junior high students’ self-regulated learning and the impact mechanism of online mathematics learning engagement.



Literature review


Mathematics online learning engagement and self-regulated learning

Mathematics online learning engagement refers to students’ active participation in mathematical learning activities, deep thought, energetic coping with challenges and setbacks, and positive emotional experiences during the learning process (Fredricks et al., 2004; Liu et al., 2018), which mainly involves three dimensions: behavioral engagement, emotional engagement, and cognitive engagement. Among them, behavioral engagement describes the behavior of students involved in mathematics learning activities, such as participation, concentration, and completing motivation and engagement wheelwork on time; cognitive engagement refers to the psychological involvement of students and the cognitive strategies employed to grasp complex concepts; and emotional engagement refers to students’ positive emotional responses to teachers, classmates, and online learning activities. The research on the influencing factors of mathematics learning engagement is still in its early stages (Greene, 2015). In a qualitative study of teenagers’ online learning engagement, it is found that few students can effectively participate in online learning, and most students encounter problems in online learning engagement (Li et al., 2021). Therefore, it is necessary to explore the influencing factors and psychological mechanisms of junior high school students’ online mathematics learning engagement, which has practical significance for improving their mathematics learning engagement.

Recently, researchers have demonstrated that many learner characteristics and external factors can effectively predict student online learning engagement. The factors included the quality of teacher-student interaction (Lu and Churchill, 2014), peer relationships (Shao and Kang, 2022), self-handicapping (Holliman et al., 2018), and self-regulation (Stan et al., 2022), among others. Among the preconditions that influence online mathematics learning engagement, self-regulating learning (SRL) is especially important. Self-regulated learning refers to the process in which learners constantly stimulate learning motivation, improve learning initiative, and use appropriate and effective strategies for learning (Zimmerman, 1989; Wijaya et al., 2020). Typical self-regulated learners often use cognitive and metacognitive strategies to achieve their learning goals; they efficiently manage time and study environment to optimize their academic performance; and they proactively seek support from teachers and classmates when they encounter difficulty (Pintrich and De Groot, 1990; You and Kang, 2014). Numerous theoretical and empirical studies have linked self-regulated learning to online mathematics learning engagement. The impact of self-regulated learning on Engagement in online mathematics learning can be explained by the motivation and engagement wheel model (Martin, 2007). The model was divided into two parts: motivation and engagement, including adaptive behavior, maladaptive behavior, adaptive cognition, and maladaptive cognition. According to Martin, motivation belongs to adaptive cognition, which has a positive impact on the adaptive behavior of learning engagement. A study on learning engagement in online mathematics courses found that learning motivation can promote students’ learning engagement through self-management and control of effort and attention, and adjustment of learning strategies (Kim et al., 2015). Similarly, an empirical study has also found that self-regulated learning has a significant impact on learning engagement (Stan et al., 2022). Based on the above literature, we propose our first hypothesis: There is a significantly positive correlation between self-regulated learning and online mathematics learning engagement among junior high school students.



Investigation of the profiles of self-regulated learning

To date, most studies investigating the relationship between self-regulated learning and learning engagement in online learning environments have employed a variable-centered approach, which does not account for potential variability and differences in variables between individuals (Wang et al., 2021). Instead, as a person-centered analysis technique, the latent profile analysis (LPA) groups individuals into latent classes or profiles or subgroups according to the correlations on self-regulated learning (Luo et al., 2021). This research method helps to provide a clear understanding of the self-regulation learning of junior middle school students in online mathematics classes, which guides intervention work based on the unique needs of each group instead of a single target variable. Previous studies have preliminarily explored the latent classes of self-regulated learning. Using student motivational, regulatory, and contextual variables, the cluster analysis method was adopted to explore different combinations of motivation/self-regulation variables and contextual variables (Cleary et al., 2021). The study found that students mainly were divided into four classes in mathematics learning activities: High SRL-high Support, Solid SRL-low Support, Very Low SRL-low Support, and Low SRL-supported. However, their study mainly explored different combinations of motivation/self-regulation variables and contextual variables but did not explore the latent classes of self-regulated learning in students’ learning activities.

Recently, a study based on the context of a blended learning environment used LPA to analyze the latent classes of self-regulated learning among online learners and found that there are three latent classes of self-regulated learning among online learners: high, low, and moderate self-regulated learning profiles (Vanslambrouck et al., 2019). Blended learning environments combine face-to-face and online learning activities to complement each other (Hrastinski, 2019), suggesting that the latent classes of online self-regulated learning may be analogous to those in blended learning environments. Therefore, we propose our second hypothesis: There are three latent classes of junior high school students’ online mathematics self-regulation learning, which are high, medium, and low self-regulation learning. After identifying the latent classes of self-regulated learning, we compared the differences between different profiles in the perceived academic control and learning engagement in online mathematics learning among junior high school students.



The mediation of perceived academic control

There may be a mediating mechanism between self-regulated learning and online mathematics learning engagement. Perceived academic control is a vital variable. Perceived academic control is an individual’s subjective assessment of their ability to control and predict academic outcomes (Perry et al., 2001). It is a branch of academic self-efficacy (Wang et al., 2017). The motivation and engagement wheel model shows that academic self-efficacy belongs to adaptive cognition (Martin, 2007), and it can also have a positive impact on learning engagement. This indicates that high perceived academic control provides individuals with a stable psychological learning environment and increases their sense of security, which is conducive to improving their confidence in learning, helping individuals to dig their potential more intently, and promoting high-quality learning (Jiang et al., 2018). Similarly, perceived academic control reflects a sense of control over academic outcomes. When people lose a sense of control over the results of their behavior, they are likely to reduce their expectations for the future and generate tired emotional experiences, thus hindering positive learning engagement. The findings of an empirical study showed that primary school students’ perceived academic control not only directly predicted the degree of mathematical learning engagement, but also had an impact on mathematical learning engagement through expectation (Jiang et al., 2018). Moreover, the results of a study found that perceived internal locus of control in an online learning environment significantly predicted learning persistence (Joo et al., 2011).

On the other hand, the motivation and engagement wheel model does not specify the relationship between motivation and efficacy, but the relationship between self-regulated learning and perceived academic control can be explained by the social cognitive theory (Bandura, 1986). The model suggests that self-regulation and self-efficacy are both keys to engagement, and the behaviors related to self-regulation learning, such as task selection and learning strategies, will affect self-efficacy. This indicates that in the process of self-regulated learning, students show a reasonable plan for learning progress and effective use of strategies, which is conducive to promoting perceived academic control. This relationship has been tested in the sample based on middle school students (Jiang et al., 2020). Based on the above findings, we propose our third hypothesis: Perceived academic control plays a mediating role between self-regulated learning and online mathematics learning engagement among junior middle school students. And we will verify the mediating effect of the above hypothesis based on two research methods—variable-centered and individual-centered.




The current study

Combining the motivation and engagement wheel model and the social cognitive theory, the present study sought to explore the online mathematics learning experiences of junior high school students, using variable-centered and individual-centered approaches to data collection and analysis. We identify potential patterns of self-regulation that could influence online learning engagement and explore whether perceived academic control mediates the relationship between self-regulated learning and online learning engagement.



Materials and methods


Participants and procedures

The sample was obtained through random cluster sampling, 454 junior high school students with online mathematics learning experience were conducted on the online survey platform (Wen Juan Xing) from three junior high schools in Hebei Province. The informed consent of the person in charge of the school was obtained before the test was administered, and an anonymous survey was used to ask the subjects to answer truthfully and independently. According to the two criteria of a consistent reaction and a response time outside of the plus or minus 3 standard deviation range, we deleted the waste questionnaires. 428 valid questionnaires were obtained, with an effective recovery rate of 94.27%, including 224 males (52.34%) and 204 females (47.66%).There were 235 (54.91%) seventh grade students and 193 (45.09%) eighth grade students. Informed consent was obtained from all participants and no compensation was provided to participants. This study was approved by the Ethics Committee of Hebei Normal University. All participation in this study was voluntary, and informed consent was obtained from parents in advance. Table 1 shows the complete data on the participants.



TABLE 1 Descriptive statistics of junior high school student respondents.
[image: Table1]



Measurements


Self-regulated learning

The self-regulated learning Questionnaire (SRL) was developed by Barnard et al. (2009), and the Chinese version has been proved to be reliable (Fung et al., 2018). It has 24 items and is a five-point-Likert scale (1 = “strongly disagree,” 5 = “strongly agree”). According to the research purpose and the actual situation of online mathematics learning, this study deleted two questions in the original questionnaire: “I set standards for my assignments in online courses” (Goal setting dimension) and “Although we do not have to attend daily classes, I still try to distribute my studying time evenly across days” (Time management dimension). This revised questionnaire included six subscales: Goal setting (Questions 1-4), environment structuring (Questions 5–8), task strategies (Questions 9–12), time management (Questions 13–14), help-seeking (Questions 15–18), and self-evaluation (Questions 19–22). The Cronbach’s alpha for OSRL was 0.920. For confirmatory factor analysis of this scale, the fit index was as follows: x2/df = 4.823, RMSEA = 0.085，NFI = 0.835，IFI = 0.864, TLI = 0.837, and CFI = 0.863. The above indicators showed that the reliability and validity of the revised scale were acceptable and basically meet the requirements of psychometrics.



Online mathematical learning engagement

A 13-item Mathematical Learning Engagement Scale (MLES) was applied to assess the degree of online mathematics learning engagement (Chai and Gong, 2015). It had three dimensions (cognitive engagement, emotional engagement, and behavioral engagement) rated on a five-point-Likert scale (1 = “strongly disagree,” 5 = “strongly agree”), including two reverse scoring items. According to the actual situation of online mathematics learning, we have added a description of online to each item. The Cronbach’s alpha for MLES was 0.855.



Perceived academic control

An eight-item Perceived Academic Control Scale (PACS) was developed by Perry et al. (2001), and the Chinese version has been proved to be reliable (Ju, 2012). It had two dimensions (external control and internal control) rated on a five-point-Likert scale (1 = “strongly disagree,” 5 = “strongly agree”). According to the actual situation of online mathematics learning, we have added a description of online mathematics to each item. The Cronbach’s alpha for PACS was 0.800.




Statistical analysis

All data were analyzed using SPSS25.0, AMOS24.0, and Mplus7.0. First, descriptive statistics and Pearson correlation analysis were performed on all variables. Second, we performed an LPA analysis based on the item level, identifying self-regulated learning of different clustering patterns; when using Mplus7.0 for LPA, we evaluated one-to five-class groups and compared them based on the fitting index. A good class should have the following conditions: (1) lower Akaike Information Criterion (AIC) values, lower Bayesian Information Criterion (BIC) values, and lower sample size-adjusted BIC values (aBIC); (2) significant Lo–Mendell–Rubin likelihood test (LMR) p values, significant adjusted Bootstrapped Likelihood Ratio Test (BLRT) p values; and (3) higher entropy values with numbers closer to 1; Third, after determining the best class by LPA, using univariate ANOVAs and post-hoc tests to compare differences in perceived academic control, and online mathematics learning engagement among the self-regulated learning profiles. Fourth, a simple mediation analysis of perceived academic control mediating the relationship between self-regulated learning and online mathematics learning engagement was tested using Hayes’s PROCESS 3.2 macro for SPSS (Model 4).

To reduce common method bias due to participant self-report, this study controlled for it procedurally and statistically. In terms of procedures, this study used anonymous surveys and reverse scoring of some items to carry out certain controls; in terms of statistics, we examined common method variance. Harman’s single factor test found that the first variance explanation rate was 35.57%, which is less than the critical value of 40%, indicating no significant common method bias in this study (Zhou and Long, 2004).




Results


Preliminary analysis

First, referring to previous research practices (Wijaya et al., 2022b), we performed descriptive statistics on the measured variables in order to respond to the characteristics of participants’ answers. The mean, standard deviation, skewness, and kurtosis are included in the descriptive statistics results (see Supplementary Table 1, for more details). According to the previous study, the data considered being normal for the range of skewness from −2 to +2 and the range of kurtosis from −7 to +7 (Byrne, 2010; Hair et al., 2010). Skewness and kurtosis in this study were within the acceptable value range.

Second, we analyzed the correlation of the three variables. Table 2 showed the descriptive statistics and correlation matrix for the study variables. The results showed that self-regulated learning was positively associated with perceived academic control and online mathematics learning engagement (p < 0.001). perceived academic control was positively associated with online mathematics learning engagement (p < 0.001). The correlation coefficients between any two of the three variables were lower than 0.8, which indicates that low-to-moderate correlation existed between the variables, and no collinearity was observed (Benesty et al., 2009).



TABLE 2 Means (M), standard deviations (SD), and correlations (N = 428) among the major variables in this study.
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LPA results

The fitting indices of the five LPA models are showed in Table 3. The three-profile model had lower AIC, BIC, and aBIC values than the two-profile model and had significant values of p for BLRT and LMR. Although the four-profile model had lower AIC, BIC, and aBIC values than the three-profile model and had significant values of p for BLRT, the downtrend of AIC, BIC, and aBIC became slow, the entropy was less than that of the three profile model. In addition, according to the parsimonious guideline, the three-profile solution was chosen as the final model. According to the characteristics of the model (Figure 1), the subgroups were named as low self-regulated learning (Profile 1,16.12%), medium self-regulated learning (Profile 2, 43.23%), and high self-regulated learning (Profile 3, 40.65%).



TABLE 3 Fitting index and group size of latent analysis models.
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FIGURE 1
 The three profiles of self-regulated learning by latent profile analysis.




Profile differences in perceived academic control and online mathematics learning engagement

The differences in perceived academic control and online mathematics learning engagement among the three profiles were examined by using ANOVAs. The high self-regulated learning profile had the highest perceived academic control. The medium self-regulated learning profile had middle-level perceived academic control. The low self-regulated learning profile had the lowest perceived academic control. The profiles also differed overall in terms of online mathematics learning engagement. The high self-regulated learning profile had the highest online mathematics learning engagement. The medium self-regulated learning profile had middle-level online mathematics learning engagement. The low self-regulated learning profile had the least amount of online mathematics learning engagement (Table 4).



TABLE 4 Differences in Perceived academic control and online mathematics learning engagement across latent profiles (M ± SD).
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Mediated effects of perceived academic control

Before model fitting, we performed a Z-score transformation on the three variables. The PROCESS3.2 macro in SPSS25.0 was used to analyze the mediation effect of perceived academic control (Hayes, 2018). Simple mediation analysis was used to analyze mediating analysis based on variable-centered, and multi-categorical mediation analysis was used to analyze mediating analysis based on person-centered.



Mediation analyses: Variable-centered approach

Figure 2A showed the results of this test. Self-regulated learning significantly and positively predicted online mathematics learning engagement (β = 0.652, p < 0.001); When self-regulated learning and perceived academic control entered the equation at the same time to predict online mathematics learning engagement, both self-regulated learning and perceived academic control significantly and positively predicted online mathematics learning engagement (β = 0.622, p < 0.001; β = 0.201, p < 0.001). These results suggest that perceived academic control partially mediates the effect of self-regulated learning on online mathematics learning engagement.

[image: Figure 2]

FIGURE 2
 (A) The proposed mediated model on variable level. (B) The proposed mediated model on individual level. ***p < 0.001.


Bias-corrected non-parametric percentile bootstrapping was conducted to test the mediating effect of perceived academic control. An indirect effect value of 0.131 and a 95% CI of 0.085–0.179. The mediating effect accounted for 17.41% of the total effect, which indicates the significance of the mediating effect of perceived academic control.



Mediation analyses: Person-centered approach

Two dummy variables (medium self-regulated learning and high self-regulated learning) were created by using indicator coding to represent the three self-regulated learning profiles. The low self-regulated learning profile served as a reference group. The omnibus mediation effects [F (2, 425) = 248.819, p < 0.001] and the relative mediation effect [F (2, 424) = 102.521, p < 0.001] were significantly different from zero.

The 95% bootstrap CI (0.136, 0.346) of the relative mediation of the relationship between medium self-regulated learning and on online mathematics learning engagement excluded 0, which indicated that the relative mediation effect was significant (a1 = 0.977, p < 0.001; b = 0.241, p < 0.001; a1b = 0.235; Figure 2B). That is, junior high school students with medium self-regulated learning had 0.977 times greater perceived academic control than those with low self-regulated learning (a1 = 0.977), and their online mathematics learning engagement level also increased by 0.241 (b = 0.241) with perceived academic control. The relative direct effect of medium self-regulated learning was significant (c’1 = 1.115, p < 0.001), which indicated that online mathematics learning engagement in students with medium self-regulated learning was 1.115 higher than that of students with low self-regulated learning. Similarly, the 95% bootstrap CI (0.275, 0.603) of the relative mediation of the relationship between high self-regulated learning and online mathematics learning engagement excluded 0, which indicated that the relative mediation effect was significant (a2 = 1.801, p < 0.001; b = 0.241, p < 0.001; a2b = 0.435). That is, junior high school students with high self-regulated learning had 1.801 times greater perceived academic control than those with low self-regulated learning (a2 = 1.801), and their online mathematics learning engagement level also increased by 0.241 (b = 0.241) with perceived academic control. The relative direct effect of medium self-regulated learning was significant (c’1 = 1.707, p < 0.001), which indicated that online mathematics learning engagement in students with high self-regulated learning was 1.707 higher than that of students with low self-regulated learning.




Discussion

Most previous studies on self-regulated learning have taken a variable-centered perspective, which does not account for potential variability and differences in variables between individual. Hence, in order to better explore the heterogeneity of self-regulated learning, the current study focused on the context of online mathematics learning and adopted a variable-centered approach to explore the latent classes of self-regulated learning among junior high school students. Although motivation and engagement wheel model and a large number of empirical studies support that self-regulated learning plays an important role in online mathematics learning engagement, there are a few studies into the mediating mechanism of self-regulated learning on online mathematics learning. Based on the social cognitive theory and the motivation and engagement wheel model, this study explored the mediating role of perceived academic control in the relationship between self-regulated learning and online mathematics learning. Using variable-and person-centered approaches, we have found that self-regulated learning is divided into three latent classes, and perceived academic control plays a mediating role between self-regulated learning and online mathematics learning.


Self-regulated learning profiles

We found the latent classes of self-regulated learning by conducting an LPA. Consistent with our hypothesis, the LPA revealed three profiles of self-regulated learning among junior high school students: low self-regulated learning (16.12%), medium self-regulated learning (43.23%), and high self-regulated learning (40.65%). These profiles differed from one another in terms of perceived academic control and learning engagement. Based on the context of online mathematics learning, this study found that the latent classes of self-regulated learning among junior high school students were partially consistent with the results of previous studies. The number of latent classes of self-regulated learning is consistent with the results of previous studies, but the trend in some dimensions is different from that of previous studies (Vanslambrouck et al., 2019). According to Figure 1, the scores of the three self-regulated learning profiles in the time management dimension were comparable, which was inconsistent with the previous research results. Vanslambrouck et al. (2019) found that low and moderated self-regulated learning profiles used fewer time strategies compared to the overall mean self-regulated learning. The main reasons for this difference were as follows: the previous research was mainly based on a blended learning environment, the learning environment allowed students to have greater autonomy, and students could arrange independently their own schedules. But our study was based on the background of junior high school students’ online learning in which teachers have arranged for online learners’ study plans and schedules (Munastiwi and Puryono, 2021), resulting in similar time management among the three profiles of self-regulated learning. This result was also in accordance with the deletion of relevant questions from the self-regulation questionnaire. It was further found that low and medium self-regulated learning profiles scored similarly on items 17 and 21. However, we could not reach a definitive conclusion as to whether this was consistent with previous studies. Because we conducted LPA on items, rather than dimensions as in previous studies. Further research is needed to analyze the difference.



Relationship between self-regulated learning and online mathematics learning engagement

The current study found a significant positive correlation between self-regulated learning and engagement in online mathematics learning among junior high school students. This is consistent with the motivation and engagement wheel model, which suggests that these two factors are linked. The Chinese mathematics curriculum reform emphasizes the importance of student-centered learning activities, which highlights the importance of student initiative in mathematics learning. And compared to traditional classroom learning, online learning is more student-centered and requires students to manage their own learning (Barnard et al., 2009). Learners who are good at self-regulation can accurately analyze learning tasks, clarify learning objectives, search for relevant information, and evaluate the learning process according to learning objectives, thus effectively increasing the degree of learning engagement.



Mediation of perceived academic control

Based on a variable-centered approach, this study also found that perceived academic control mediates the relationship between self-regulated learning and online mathematics learning engagement, confirming our proposed hypothesis. Self-regulation is a cyclic process, sufficient prior preparation provides the individual with mathematical learning goals and motivation, urges the individual to focus on solving mathematical problems, self-evaluates the target results obtained by himself, and thus affects the subsequent preparation of the individual (Jiang et al., 2020). In this process, online learners with a high level of self-regulation can acquire a stronger sense of goal, and better complete online mathematics learning tasks, which are conducive to improving the individual’s perceived academic control. Faced with the increased difficulty and number of knowledge points in mathematics, junior high school students tend to have negative beliefs about their ability to learn the subject. When an individual has a high sense of control in online mathematics learning, such a high perceived academic control helps the individual to cultivate positive beliefs, which plays an important role in students’ mathematics learning difficulties. Moreover, individuals with high perceived academic control in their studies will promote them to realize their responsibilities in online learning (You and Kang, 2014). The combination of the two makes individuals invest more cognition, emotion and behavior in the learning process; On the contrary, when individuals lose their sense of control, they will lose their interest and confidence in learning mathematics and feel bored (Putwain et al., 2013), and this weariness will limit their attention and damage their cognitive resources. Compared with the learning of other subjects, the learning of mathematics needs more abundant cognitive resources (Putwain et al., 2013). Therefore, when individuals lose their sense of control, it is not conducive to the in-depth processing of mathematical knowledge points, and further hinders students’ investment in mathematical learning.

Another important finding of this study is that the effect of differences between high/medium and low self-regulated learning profiles on online mathematics learning engagement is partly mediated by perceived academic control. Compared with low self-regulated learning profile, high and medium self-regulated learning profile affected online mathematics learning engagement through a higher perceived academic control. Compared with students with low self-regulation learning profile, students with medium and high self-regulation learning profile can better adapt to the online mathematics learning environment, effectively mobilize their own motivation, use effective learning strategies, timely reflect on their learning results and seek feedback, which can improve their perceived academic control. At the same time, the individual’s perceived academic control can directly improve the degree of learning engagement. Thus, higher perceived academic control in the medium and high self-regulated learning profile directly predicted higher engagement in online mathematics learning compared with students in the low self-regulated learning profile.



Implications

Our study has theoretical and practical implications. In terms of theoretical significance, to our knowledge, this is the first time that a combination of variable-centered and individual-centered approaches has been applied in order to determine the self-regulated learning patterns of junior high school students during online mathematics learning, as well as to examine the effect of perceived academic control on the association between the self-regulated learning profiles and learning engagement from a person-centered approach. Then, our study supported and further extended the motivation and engagement wheel model: self-regulated learning as adaptive cognition positively predicted perceived academic control as adaptive cognition.

From a practical point of view, this study provided guidance for interventions to improve the online learning engagement of junior high school students. First, improving students’ self-regulated learning level is an effective way to increase online learning engagement. Schools should consider incorporating students’ self-regulated learning into their curriculum. By using classroom games and dynamic mathematics software (Wijaya et al., 2020, 2022a), teachers can let students develop a better understanding of self-regulation strategies and stimulate their self-regulation learning. Mathematics teachers should provide specialized instruction and related training activities tailored to students with different self-regulated learning profiles. Second, protecting and enhancing students’ perceived academic control is another effective measure to increase students’ engagement in online learning. Schools should create an effective and appealing teaching platform for students (Wijaya and Weinhandl, 2022), which can provide individuals with a stable online learning environment and effectively affect students’ academic control. It is important for mathematics teachers to guide students in developing a positive attribution style, setting course objectives at a level that is appropriate for students’ cognitive development and needs, and improving their ability to predict and influence academic success. Doing so can increase students’ level of perceived academic control.



Limitations and future directions

Despite the theoretical and practical implications, the limitations of our work should be recognized. First, the findings of our research may not be generalizable to all students, as the sample only consisted of those in the first and second grades of junior high school students. Future research can explore the potential types of self-regulated learning profiles for high school or college students, as well as the relationship between self-regulation and online learning engagement. Second, our study was based on a Chinese sample, which may differ in terms of self-regulated learning, compared to other educational contexts. Therefore, it is necessary to compare students’ self-regulated learning across different educational contexts to determine whether our findings are applicable. Third, the research method used in this study is a cross-sectional design, which cannot reveal changes in variables over time. A cross-lagged design can be used in future studies to investigate causal relationships between variables and analyze mediating effects between longitudinal data.




Conclusion

Focusing on the learning context of online mathematics learning, the study found: (1) there were three potential types of self-regulated learning in junior high school students: high self-regulated learning, medium self-regulated learning, and low self-regulated learning; (2) Simple mediation analysis showed that perceived academic control partially mediated the relationship between self-regulated learning and online learning engagement; and (3) Multi-categorical mediation analysis showed that perceived academic control partially mediated the differences in the junior middle school students’ online learning engagement between the high/medium self-regulated learning and low self-regulated learning profile.
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The study explored the multidimensional relationships between educational situation perception, teacher support, online learning engagement and academic self-efficacy in technology-based language learning in a sample of Chinese undergraduate students, and meanwhile examined the mediating effects of academic self-efficacy and teacher support. A total of 392 (126 male and 266 female) Chinese university students reported on their perceived educational situation, teacher support, online learning engagement, and academic self-efficacy. Results showed that educational situation perception was significantly and positively associated with teacher support, online learning engagement and academic self-efficacy; teacher support and academic self-efficacy was positively correlated with online learning engagement. More importantly, academic self-efficacy as well as teacher support mediated the relationship between educational situation perception and online learning engagement. These findings extended previous research by considering both the external factors (i.e., educational situation; teacher support) and the internal factors (i.e., academic self-efficacy) of influencing students’ online learning engagement in technology-based language learning, thereby contributing to enhancing our understanding of the joint drive of the inherent and extrinsic power mechanisms. This study highlighted the following aspects: (1) strengthening the consideration of the key elements of the educational situation; (2) clarifying the pivotal position of intelligent technology in educational situations; and (3) emphasizing the reconstruction of intelligence teaching ecology driven by learning activities. Besides, this study indicated the significance of elevating teachers’ awareness, willingness and capacity of the substantial supports in enhancing students’ online learning engagement and would inform that the future research on the connotation and ways of teacher support should be responding to technology-based learning environments.
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Introduction

With the rapid development of emerging intelligence technology such as big data and artificial intelligence, the intelligent technology as an endogenous variable has been gradually embedded in teaching (Chau et al., 2021). As can be predicted, the future pedagogical ecology will gradually present a developmental trend of intelligence-based situation perceptions and technology-enhanced collaborations, which not only helps teachers leverage technologies to adapt instructional strategies to students’ individualized learning needs (Lawless and Pellegrino, 2007), but also elevates the complexity of the classroom teaching contexts. Thus, how to use the advanced educational theory and intelligent technology to achieve the ecological construction of teaching matrix, and how to clarify the occurrence mechanism of classroom teaching under the background of emerging intelligent technology, has become a pivotal problem that has increasingly been embedded within a social and technological framework (Nevgi et al., 2006; Goodyear et al., 2014; McKenney and Reeves, 2018). For this reason, the related research on the educational situation perception, which attempts to capitalize on the various visible and invisible routes to work out good technical solutions, enhances our understanding of this issue by identifying the influence of technology-based environments on teaching and learning, such as using intelligent perception technology to realize the analyses of the entity elements in intelligent learning space (Olsen et al., 2020), the deconstruction of classroom teaching ecosystem (Castañeda and Selwyn, 2018), the customization of technology-based learning supports (McLoughlin and Lee, 2010; Glover et al., 2016), and the reconstruction of classroom teaching ecology in relation to intelligent technology (Bower and Vlachopoulos, 2018).

One of the fundamental goals of scientific research in language learning is to identify the conditions or factors that drive learners’ language acquisition (Yang, 2018). Arising from these efforts, several theories, and hypotheses have been constructed as frameworks to enable researchers to examine significant variables that can be used to predict and explain language acquisition mechanisms at individual and organizational facets. For instance, the existing literature has a lot to offer in terms of the influence mechanism of language learners’ knowledge skills, cognitive level, learning motivation, learning attitude, and other potential characteristics on the language learning process and learning outcomes, so as to explore the internal mechanism of the occurrence of language learning (Inozu et al., 2010; Benson and Reinders, 2011). There have also been studies focusing on the external educational situations related to language learners, so as to explore how teacher support, teaching resources, learning environments and other educational situation factors exert effects on students’ learning engagement, and reveal the influence mechanism of educational situation factors on students’ learning (Levy, 2009; Reinders and White, 2011). However, the current literature has a spatial of being extended to conduct accurate analyses on the external educational situation related to language learners, to explore how educational situation elements (e.g., teacher support, teaching resources, and learning environments) affect the learners’ inner knowledge construction, cognitive development and emotional state, and to reveal the influence mechanism of educational situation factors on the occurrence of language learning. The current study intends to provide some insights into the issue and thus helps enhance our understanding of the influence of educational situation perception on students’ language acquisitions.

Technology with its fast-moving pace has pervaded the educational aspects in recent years (Garrison and Akyol, 2009; Hung et al., 2010), thus enabling students’ self-initiated, self-constructed, and self-monitored learning experiences in a newly-constructed technology-based ecology of language learning (Lai and Gu, 2011; Reinders and White, 2011). Combing the current research, we found that the related research concerning technology-based learning primarily focuses on the utilization of artificial intelligence technology to analyze and expound learners’ learning behavior, cognition, and emotional state perceptions, or mainly adopts empirical research methods to explore the influence mechanism of the educational situation elements on learners’ academic performance and their emotional state. For instance, exploiting this theory and analysis method, the field of pedagogical research sees the verification and explanation of the purpose of technology use (Teo and Noyes, 2014), the structure equation analysis of the factors influencing students’ network learning (Teo, 2010), the research on the technology use in self-directed language learning beyond the classroom (Lai, 2015; Lai et al., 2016), and the characteristics of students’ technology use for extracurricular language learning (Lai et al., 2018), etc. These studies are the specific applications of intelligent technology in the empirical contexts, but these studies could be further extended by integrating intelligent technology into individual practical problems so as to form a sophisticated understanding of the educational potentials of technological resources, of the variety of technological resources students could utilize and of how to use technological resources effectively for learning (Kennedy and Miceli, 2010; Lai, 2015). For example, in addition to the educational situation constructed by the network ecological environments, students’ academic self-efficacy, learning engagement, and other subjective factors, as well as the external factors of teacher support, will also affect students’ technology-based language learning. Based on this, this study intends to explore the relationships between educational situation perception, teacher support, students’ online learning engagement and academic self-efficacy, aiming to deeply integrate the related researchers on “situational perception,” “teacher intervention,” and “learners’ behavioral engagement,” and to explore the influence mechanism of external educational situation elements (educational situation and teacher support) on learners’ learning engagement by reconciling the frontier technology of educational data mining (Cukurova et al., 2019). Besides, by analyzing the learners’ academic self-efficacy, this study attempts to explore the influence of students’ internal cognition and emotional development, so as to reveal the deep occurrence mechanism of learning behaviors.



Literature review


Educational situation perception

In recent years, the introduction of emerging intelligent technologies such as the networking, big data and artificial intelligence has brought tremendous changes to the lives of the whole people, which is reflected in higher education in the educational ecological environment formed by the integration of the new generation of information technology. The educational situation constructed by the emerging technology not only effectively supports language teaching, but also changes the educational ecology of language teaching. Confronted with the strong penetration of information technology, language learners must adapt to this educational situation. The so-called “situation” usually means any information that can be used to identify entity states like people, objects, environments, and computer programs (Dey, 2001), which is primarily to characterize the existence morphology and evolution patterns of various entity elements under specific spatial and temporal conditions. The concept of situation perception first derives from universal computing which is to acquire the situational parameters in the environment through sensors and related computing devices, obtain useful feedback information to users through machine processing, and realize the interaction and fusion between users and the environment with the help of computing devices.

On the theoretical level, the conception of situation perception holds that knowledge is an interactive state constructed in the process of the interaction between individuals and the environment, contends that learning is the construction of individual meaning completed in authentic situations and practical activities, and meanwhile emphasizes the influence mechanism of the creation of educational situations on the cognitive development of learners (Chu et al., 2010; Healey et al., 2010; Hwang and Chang, 2011). In recent years, in the field of learning science, the study of the influence mechanism of media, resources, environments, learning behaviors and other factors on learners’ cognitive and emotional development also confirmed the complex functional relationship between “situation” and the learning occurrence mechanism of learners (Hung et al., 2013; Martin and Ertzberger, 2013; He and Li, 2019; Cui et al., 2022). This category of study accords with the notion of learning ecology put forward by Barron (2004), who defined as “the accessed set of contexts, comprised of configurations of activities, material resources and relationships, found in co-located physical or virtual spaces that provide opportunities for learning” (p. 6). Based on this, the research on the occurrence mechanism of learning in the intelligent era should pay much more attention to the learners’ internal characteristics such as prior knowledge, intellectual level, and emotional motivation, as well as the complex effect mechanisms of the external environmental factors such as teaching content, teaching media and teaching activities on the learning process and academic outcomes.

At the technical level, the rapid development of intelligent technology provides the underlying technical support for the development of learners’ modeling and educational situation perception research (Papachristos et al., 2013; Dessi et al., 2019), which is specifically manifested in the following aspects. First, various intelligent perception devices are used to realize the intelligent data collection of learners, teachers, teaching resources, environments and teaching activities, and build a multimodal data set for learners and educational situations. Second, technologies such as language processing, computer vision, speech recognition, and physiological information recognition are utilized to attain the effective mining of learners and educational situation characteristics, and to effectively restore the representational forms of things from multiple levels. Third, the method of data mining is adopted to achieve the mining and analysis of the complex correlation between learners and the educational situation, and explore the influence mechanism of the creation of the educational situation on the development of learners’ potential characteristics, so as to promote the in-depth development of relevant research.

The learning behavior research which builds on situation perception emphasizes the influence mechanism of the external educational situation elements on the learners’ cognitive and emotional state, and explores the interaction mechanism between teaching activities and the educational situations (Mavrikis, 2010; Kulik and Fletcher, 2016). In addition, the learning behavior research tries to establish a two-way matching mechanism between educational situation characteristics and learner behaviors, and attempts to explore the association between educational situation elements and learners’ behavior characteristics by analyzing the educational situation and learners’ behavior under multiple learning space and time conditions (Cheng et al., 2016; Waheed et al., 2020). The main difference between the learning behavior research based on situational perception and the traditional learning behavior research is that the traditional learning behavior research pays more attention to the analyses of potential characteristics such as learners’ knowledge structure, cognitive behavior, emotional state, learning preference, and learning motivation, whose goal is to accurately depict the cognitive structure of learners so as to provide personalized learning support services. While the learning behavior research based on situational perception emphasizes more the effect of the educational situation elements on the learners’ inner cognitive and emotional state (Liyanawatta et al., 2021), and constructs the relationship between education situation factors and learners’ characteristics through the data analysis of learning behaviors and education situations (Gu et al., 2019). Fundamentally speaking, the study of learning behavior based on situational perception focuses on the exploration of “educational situation,” “learners,” and “the interactive relationship between learners and educational situation,” aiming to conduct a three-dimensional and comprehensive analysis of the learning behavior process from a broader level (Malmberg et al., 2019).

With the integration and development of modern learning theory and the network technology environment, relevant researchers pay more and more attention to the influence mechanism of educational situation creation on the occurrence of teaching activities and students’ cognitive development, and have made a series of attempts (Miao et al., 2006; Plass et al., 2015; Thorburn and Stolz, 2021). For instance, Yeoman and Wilson (2019) designed situated learning, involving the learner situation and the teaching service situation, and based on this, a ubiquitous learning-oriented learning resource retrieval model was constructed to realize the deep aggregation and dynamic push of teaching resources through the accurate perception of the educational situation. Similarly, by highlighting the support of educational technology, the study of Sharan (2015) was deployed to create a situational learning environment to encourage learners’ participation in a meaningful learning process that allows them to construct knowledge through their experiences, feelings, and collaboration. This was alignment with Gawande and Al-Senaidi (2015) who explored situated learning and constructed a learning resource recommendation system based on situational perception, which divided educational situation elements into learning objectives, learner characteristics, learning facilities, and learning environments. Through accurate perception and integration analysis of educational situation in ubiquitous learning environments, precise, timely and actionable information was provided, helping students learn in a meaningful, relevant context (Plass et al., 2015). Following on from this, Lu et al. (2022) investigated the relationship among situational engagement, personal characteristics and learning environment perceptions oriented to intelligent learning environments, aiming to realize the dynamic optimization of intelligent learning space by using situational perception technology. On the whole, as education situation perception is the hot topic of the field of intelligent education, some applications of these models/theories are found in underpinning the studies examining the construction of the intelligent learning environment (Aleven et al., 2017), the adaptive learning support service based on situational perception (Bligh and Crook, 2017) and the modeling of learners’ learning behaviors based on situational perception (De Corte, 2012). These studies have profound implications for the development of intelligent education. However, in terms of the essence of learning, in addition to the influence of external factors such as teaching environment, learner behavior is also influenced by internal factors such as prior knowledge, intellectual level, learning ability, and learning attitude. In addition, language learners also differ in information technology literacy and self-directed learning engagement, so teachers’ teaching intervention (e.g., teacher support) plays a critical role.



Impact of teacher support on online learning engagement

Teacher support arises from the students’ learning process, which is the supportive behavior obtained by students in their study (Hughes et al., 2008; Roorda et al., 2011). Teachers significantly shape the quality of students’ learning experiences by affecting students’ cognitive, affective and social learning behaviors (Farmer et al., 2011). As a significant social agent, teachers play a critical role in helping students develop autonomy of technology-based language learning beyond the classroom (Reinders and Darasawang, 2012). “In light of these particular research lines, the function of teacher supports should be manifested in helping students to be academically, professionally and psychologically empowered, motivating students’ personal attribute, and facilitating students’ self-initiated use of technological resources to autonomously clutch the reins of self-directed learning process” (Pan and Chen, 2021, p. 3). Despite of different characteristics and functions of teacher supports, researchers have classified teacher support into three categories: (1) teacher affective supports, mainly referring to teacher behaviors which can provide students with the basic knowledge of the strengths of technology as well as the encouragement of using technology in language learning (Xia and Lee, 2000); (2) teacher behavior supports, involving teachers’ capacities of organizations and management that can help students participate in activities and tasks involving technologies (Ertmer, 2005); and (3) teacher capacity supports, mainly helping students to get some useful technological resources and tell them how to select and use technological resources effectively (Gallivan et al., 2005). According to social support theory, support behaviors acquired or perceived by individuals from social relationship networks are generally beneficial and promote individual mental health and development (Hughes et al., 2008). As one of the social support system, teacher support exerts a certain impact on students’ academic performance. Additionally, teacher support, as an external environmental factor of accelerating students’ positive development, was examined to significantly predict learning engagement (Rubin et al., 2015).

The role of teachers is crucial in the online teaching and learning process. Therefore, examining the constituent dimensions of teachers’ support strategies and clarifying their influence on students’ online learning engagement plays a positive role in effectively improving the effectiveness of online teaching. In the context of technology-based learning environments, teacher support constitutes an important influence factor that can determine students’ adoption and utilization of technologies for online learning (Lai and Zheng, 2018; García Botero et al., 2019). Previous studies have explained teacher support functions, such as teacher support into providing emotional encouragement, alternative choices, positive feedback, exchanging views, and allowing students to work in their own way (Hughes and Chen, 2011). Similarly, Lam et al. (2012) explored the positive influence relationship of learners’ perceived teacher support on their learning motivation and academic performance in the bilingual teaching situation.

Learning engagement, as a key factor in the learning process, plays a positive role in improving academic performance. Many researchers have found that the higher the perceived level of teacher support is, the more time and energy students invest in learning (e.g., Carson and Mynard, 2012; Hew, 2016; Jung and Lee, 2018). Kearsley and Shneiderman (1998) proposed engagement theory as a model of technology-based environment learning, and stated that learning engagement can be accomplished through an emphasis on collaborative efforts, project-based assignments, and a nonacademic focus. O’Brien and Toms (2008) sought to critically deconstruct students’ engagement experiences with technology and found a common trajectory, as their technology-based learning engagement partly resulted from collaborative efforts. From the perspective of ecosystem theory, learning engagement is closely related to its learning environment (Coll et al., 2014). The development of network technology has made online learning a new learning paradigm. Online learning engagement refers to the degree of student behavioral, cognitive and emotional participation in the online learning process with the help and guidance of teachers. Students’ physical and mental engagement in online learning significantly affects their academic performance (Fang and Zhang, 2012), so how to improve students’ participation in online learning has always been one of the important issues in the field of education. In the field of second language teaching, Lai (2015) examined the teacher support in the online teaching environment and its interaction with language learners’ learning behaviors, showing that online teacher support mainly consists of affective support, behavioral support, and capacity support, and teacher support has a positive impact on students’ interactive learning engagement. Despite researchers have confirmed the critical role of teacher support for students’ learning, empirical studies which explored the impact of teacher support on students’ learning engagement in online situations are insufficient. Based on this, the analysis of the different effects of students’ perception of teacher support on English learning engagement during online learning is the main focus of this study.



Academic self-efficacy as a mediator between educational situation perception, teacher support, and online learning engagement

According to reciprocal determinism put forward by Bandura (2001), there are relatively independent and causal relationships between individual behaviors, person factors and external environments. Among them, the person factor is characterized as the human physiological response capability, cognitive ability and other physical and mental functions. The reciprocal determinism transcends the “one-dimensional determinism” of traditional cognitive psychology, taking the individual, environment and behavior into account and building a bridge between an individual’s internal cognition and external environment around behavior. In the technology-based educational situation, teacher support plays an irreplaceable leading role. On the one hand, learners have a clear learning task in online learning, whose individual behaviors entail teachers’ supervision, management, and feedback. On the other hand, the person factors of students are easily influenced by teachers, producing two completely different learning behaviors: active participation or negative participation. In terms of students’ main psychological factors, their academic self-efficacy constitutes a key component. Academic self-efficacy derives from the classic psychological concept of self-efficacy, which refers to the students’ confidence and ability to identify whether they can complete a certain task (Schunk, 1991). According to Yesilyurt et al. (2016), self-efficacy consists of the regulation of cognitive, social, emotional, and behavioral skills required in order to perform a task and applying effectively to the situation. Academic self-efficacy is reflected in an individual’s confidence in their ability to successfully complete academic tasks at a specified level. Based on Bandura’s social cognitive theory and the concept of efficacy, scholars have developed many tools for measuring academic self-efficacy, mainly classified into two main categories. The first category is used to measure an individual’s confidence in their ability to perform course-specific tasks, such as the Usher and Pajares (2009)‘s mathematical self-efficacy scale. The second category is the self-efficacy scale suitable for more general academic behaviors, such as the one-dimensional academic self-efficacy scale of Yilmaz et al. (2007). Although the measures were slightly different, they were all developed based on the social cognitive theory and Bandura’s concept of self-efficacy, and thus their connotation was basically alike. Relevant research literature suggests that academic self-efficacy may be an important intermediary variable of student’s perception of teacher support affecting students’ learning engagement for the following two reasons. First, student-perceived teacher support is an important factor that cannot be ignored in the formation of students’ academic self-efficacy. According to the theory of self-efficacy (Bandura, 1997), individuals who feel the respect and encouragement of others can improve their self-efficacy, and respect and encouragement are the specific manifestations of teachers’ support behavior. Some empirical studies also found that all perceived support had positive predictive effects on academic self-efficacy (Affuso et al., 2017; Xu and Qi, 2019). In other words, students who perceive a higher level of teacher support have a higher level of academic self-efficacy. Secondly, academic self-efficacy can affect students’ learning engagement, as self-efficacy is the result of an individual’s ability, which can affect their choices and the result of specific behavior.

Research shows that teacher support can significantly affect students’ academic self-efficacy and play a positive role in their learning confidence and academic ability (Affuso et al., 2017). Positive feedback such as praise and reward can enhance students’ academic self-efficacy, while negative feedback such as criticism and punishment will weaken their academic self-efficacy. In a more caring, challenging, skill-oriented learning environment, and students’ self-efficacy in learning was significantly higher. In short, effective teaching support has a strong impact on academic self-efficacy from multiple aspects. This effect was further reflected in a significant impact of teachers’ effective teaching support on students’ classroom participation (Alivernini and Lusidi, 2011). In teaching, teachers’ incentives and recognition constitute a significant impact on students’ behavior, cognition, emotional engagement, and classroom participation, and can stimulate students to participate in classroom frequency and depth. Meanwhile, students’ academic self-efficacy is closely related to their classroom participation. Studies have found that one of the main reasons for students’ low classroom participation is their lack of confidence in learning (Klem and Connell, 2004). These subjective feelings of the students are the relatively low explicit manifestations of their academic self-efficacy. In addition, in the process of online learning, students’ enthusiasm for independent learning engagement is not high enough, which is caused by the influence of academic self-efficacy factors. Research shows that academic self-efficacy can significantly affect students’ online learning engagement (Bassi et al., 2007). For example, students with high academic self-efficacy will think and discuss more actively to meet the challenge of learning; otherwise, students with low academic self-efficacy will tend to participate negatively or even escape from online learning engagement.

According to the teacher expectation model, teachers’ high expectations to students affect teachers’ instructional behaviors, and then students produce internal psychological changes through their perception of teachers’ behavior, ultimately influencing their learning engagement (Klem and Connell, 2004). Behaviors such as learning support and emotional support offered by teachers are proved to be important factors affecting students’ learning engagement. According to Bandura (1997)‘s point of view, self-efficacy belief is the product of self -persuasion process, which depends on the active, social, and physiological functional information of cognitive processing and functional faith, and thus self-efficacy will greatly promote individual function level and quality. Teachers’ trust of students and positive evaluation/feedback can effectively improve students’ academic self-efficacy. In addition, previous research found a significant positive impact of teachers’ affection, capacity, and behavior support on their academic self-efficacy (Lai, 2015). Longitudinal studies and meta-analytical literature supported that students with higher academic levels of self-efficacy demonstrated higher academic goal setting, greater emphasis on academic performance, more time spent in learning engagement, and higher academic performance (Hughes and Chen, 2011; Roorda et al., 2011).

In recent years, researchers have expanded the research on teacher support based on the vision of intelligent education. Developing a student-centered and intelligent teacher support service system has become an important way to explore intelligent education. In the environment of intelligent education, more concerns should be aroused on learners’ perception of teacher support, and more attention should be paid to teachers’ knowledge guidance, tool navigation, social support and emotional support. Modern network technology imparts infinite possibilities for better integrating the educational situation, improves the learning experience of students, and enhances their perception of the real learning situation. In this context, scholars have actively explored and tried the theory and practice of intelligent education, involving the analysis of the system structure and key technologies of intelligent education from the technical point of view, the interpretation of the practical situation and existing problems, and the discussion of the realization path of intelligent education (Kulik and Fletcher, 2016; Blau et al., 2019). However, it can be found that these studies all weaken the supporting role of teachers as the “core manpower” of the intelligent education environment. In fact, the integration of technology into education is by no means the substitution of technology for teachers, but rather enriches and expands the connotation and function of teachers. In the context of technology use for online language learning, students’ perception of teacher support can enhance students’ self-efficacy, motivate students’ behavioral, cognitive and emotional engagement, stimulate learning motivation, and improve learning adaptability and academic performance (Ertmer, 2005; Reinders and Darasawang, 2012; Lai et al., 2016). From these literatures, teacher behavior, attitude and expectation, teaching methods, pedagogical task design, and learning feedback will affect online learners’ online learning engagement.

In short, under the condition of network technology, the composition of network ecological environment is divided into two parts: “situational environment constructed by technology” and “subject community.” Technology-constructed educational situation is the network ecological environment for learners to develop technology-based language learning; while the “subject community” embodies the behavioral characteristics of the individuals’ acting in the network environment. Self-determination theory put forward by Deci and Ryan (2000) concentrates largely on how the environments affect people’s basic psychological needs for autonomy, competence, and relatedness (Jeno et al., 2019), which can be used to comprehend the enhancement of learners’ online learning engagement through the effects exerted by the educational environments (Chiu, 2021). Besides, responding to the network ecological environment, scholars have conducted the ecological exploration of language teaching, such as focusing on the discourse analysis of teacher-student interaction and peer interaction (Gawande and Al-Senaidi, 2015), the online interactive network structure characteristics of adult learners in the network environment (Sabah, 2016), and the construction and implementation path of personalized intelligent teaching model (Cui et al., 2022), and so on. However, the existing studies rarely discuss the influence of teacher support and educational situation on the online learning engagement and its influence mechanisms. In particular, few studies combined students’ academic self-efficacy with online learning engagement to further explore the mediating role of learners’ internal psychological mechanisms.



Research questions

Informed by the above discussed new visions in technology use for educational research, the overarching research questions for the present study are as follows:

1. What are the contributions of educational situation perception, teacher support, and academic self-efficacy to students’ online learning engagement in technology-based language learning?

2. Will academic self-efficacy and teacher support mediate these relationships?




Methodology


Participants and procedure

The participants of this study are sophomores of college English course from the university where the author works. In response to the utilization of technology in teaching, the college English teaching and research group has actively involved in the initiatives of teaching innovations and adopted a blended teaching method. In addition to normal classroom-based teaching, college English teaching and learning was conducted through a unified network platform, “where teachers and students interact, and teachers give feedback and evaluate students’ learning” (Pan and Shao, 2020, p. 3). Besides, the relatively uniformed standards in teaching guidance and target requirements were formulated. As for the choosing of sophomores as research participants, two main factors are considered: (1) college English, as a compulsive foreign language for non-English majors, has a total of two academic years in Chinese universities; (2) currently, modern network technology is widely used in college English teaching. Through one academic year of technology-based college English learning experience, students have their own understanding of educational situation perception, teacher support, online learning engagement, and academic self-efficacy, which facilitates the development of this research.

This study randomly selected several parallel classes, through on-site face-to-face distribution of paper questionnaires at intervals before class. The questionnaire survey lasted about 10 min, and recycled immediately. In this study, 410 questionnaires were distributed and 398 were collected, with a collecting rate of 97.1%. Among the collected questionnaires, 6 students had missing values when filling in personal background information and answering related survey questions, so their data were deleted during data analysis. Only data from 392 (126 males, accounting for 32.1%) students who responded to the complete items of the questionnaire were analyzed. Before conducting the questionnaire survey, the study obtained the students’ consent and informed them that all the research data collected were anonymized to protect participants’ privacy. Students’ participation was cooperative and voluntary, and thus they carefully completed the questionnaire.



Measures


Educational situation perception

On the basis of the research conducted by Richardson (2006) and Law and Meyer (2011) on students’ perception of classroom environment and the application of network technology in college English teaching, the present study adapted and designed the Educational Situation Perception questionnaire. There are 14 items in the questionnaire, including 4 dimensions: teaching and learning behavior (4 items), teaching resources and service (3 items), physical environment and social environment (3 items) and learning interaction and evaluation (4 items). A sample item is “I knew how to use technology on my own.” A six-point Likert scale was used for the questionnaire items, ranging from 1 (strongly disagree) to 6 (strongly agree). Higher scores indicated higher perceptions of educational situation. The standardized factor loadings (SFLs) of the 14 items range from 0.825 to 0.882, and the Cronbachαvalue and the Kaiser-Meyer-Olkin (KMO) value for validity is 0.955 and 0.930, respectively, indicating that the questionnaire has a good reliability and validity. Finally, the confirmatory factor analysis (CFA) was conducted to determine the validity of educational situation perception as an entire scale. Satisfactory model fits were found with χ2/df = 3.423, TuckerLewis index (TLI) = 0.938, comparative fit index (CFI) =0.957, root mean square error of approximation (RMSEA) = 0.078, and standardized root mean residual (SRMR) = 0.046.



Teacher support

The scale of Teacher Support was adapted from Lai (2015), which was examined and proved to be valid. The scale contained 7 items, involving affection support (2 items), capacity support (2 items), and behavior support (3 items). A sample item is “My language teacher discussed with us how technological resources or tools could enhance language learning.” Participants rated the degree of conformity with their perceptions of teacher support using a six-point Likert scale, ranging from 1 (strongly disagree) to 6 (strongly agree). The SFLs of the 7 items range from 0.806 to 0.848, the Cronbachαvalue is 0.888, and the KMO value for validity is 0.851, indicating that the scale has a good reliability and validity.



Online learning engagement

Schaufeli et al.’s (2002) eight-item Learning Engagement Scale was revised to fit the study context. A sample item is “I was willing to spend time learning English on the network platform.” Participants rated the degree of conformity with their actual learning situation on a 6-point Likert scale ranging from 1 = very inconsistent to 6 = very consistent. Higher scores indicate higher engagement in learning. As the SFLs of the eight items range from 0.807 to 0.868, Cronbach’s α is 0.945, and the KMO value for validity is 0.930, the scale had good reliability.



Academic self-efficacy

This study adopted the five-item Academic Self-Efficacy Scale developed by Greene et al. (2004) to measure the degree of confidence that students have in coping with language learning challenges. The wording of items was modified for the current study so that items were anchored to a university context (e.g., “I felt confident that I can learn college English well in technology-based environments.”). Participants rated items on a 6-point Likert scale ranging from 1 (strongly disagree) to 6 (strongly agree). Higher scores indicate higher academic self-efficacy in learning. Greene et al. (2004) reported adequate internal consistency reliability for the scale (α = 0.91), and in the current sample, the internal consistency reliability of this scale was also good, as the SFLs of the 5 items range from 0.853 to 0.936, Cronbach’s α is 0.941, and the KMO value for validity is 0.892.



Method of data analysis

The descriptive statistics were conducted by SPSS21.0 to examine all free parameters of the four variables for statistical significance. Besides, in this study, structural equation modeling was used, and a two-stage approach to data analysis was adopted (Anderson and Gerbing, 1988). The first step is to analyze the measurement model, which defines the relationship between the latent structure and the observed measurement factors. The second step is to analyze the structural model, which specifically defines the relationship among latent structures. Amos 21.0 was used to analyze the model, and a variance–covariance matrix as input and maximum likelihood as the method for estimation was adopted. Several fitting indices were used to evaluate the overall model fit.





Results


Descriptive statistics

Despite the previous research concerning gender differences was scarce, this study assumed that there may be gender differences in adopting technology to pursue knowledge through network platform. Therefore, independent samples T-test was used to determine whether there were gender differences among the four constructs. The results (see Table 1) indicated that the participants’ gender did not significantly correlate with the four constructs (p > 0.05).



TABLE 1 Independent samples t-test.
[image: Table1]

Table 2 showed the examining results of the mean, standard deviation, skewness, and kurtosis of all the 34 items. All mean scores were far above the mid-point of 3.5, indicating participants’ positive response to the variables in the questionnaire. The standard deviations ranged from 0.713 to 0.982, which was indicative of a narrow spread of participants’ responses. Skewness and kurtosis indices were within the recommended level of [3] and [10], respectively (Kline, 2005), showing the presence of univariate normality. All the measures had acceptable reliabilities (Cronbach α ranged from 0.888 to 0.955).



TABLE 2 Descriptive statistics of the study constructs.
[image: Table2]

Pearson correlation matrices for the relations between variables displayed in Table 3 indicated that there are significant correlations among the study variables. But none of the correlation coefficients exceeded 0.80, excluding the issue of multicolinearity (Tabachnick and Fidell, 2007). Definitely, ESP was significantly and positively correlated to TS (r = 0.792, p < 0.01), OLE (r = 0.719, p < 0.01), and ASE (r = 0.479, p < 0.01). TS was significantly and positively correlated to OLE (r = 0.780, p < 0.01), and ASE (r = 0.540, p < 0.01). OLE was significantly and positively correlated with ASE (r = 0.591, p < 0.01). These results supported the research hypotheses of this study. To further examine the research hypotheses, the following model analyses were conducted to be linked with the above correlations of variables.



TABLE 3 Discriminant validity for the measurement model.
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Test of the measurement model

This study used Amos 21.0 with Maximum Likelihood Estimation to analyze the models and estimate parameters, including the procedures of assessing the reliability of items and variables, the convergent and discriminant validity, the path coefficients and the model predicative power. By Hair Jr. et al. (2010), Cronbach’s alpha, composite reliability (CR) and average variance extracted (AVE) were considered as the main criteria for examining reliability and convergent validity. “Convergent validity, which examines whether individual indicators are indeed measuring the constructs they are purported to measure, was assessed using standardized indicator factor loadings, and they should be significant and exceed 0.7, and average variance extracted (AVE) by each construct should exceed the variance due to measurement error for that construct (i.e., AVE should exceed 0.50)” (Teo and van Schaik, 2012, p. 182). The results of the data analysis in this study indicated that the SFL of all items of the constructs exceeded the minimum value of 0.70, and the AVE values ranged from 0.701 to 0.811, far higher than the threshold value of 0.50. Hence, this measurement model in this study established the convergent validity of all the measurement items. Table 3 indicated that the square root of AVE (shown in parentheses along the diagonal) of each construct was higher (0.837 to 0.901) than corresponding correlation values for that variable in all cases, thereby assuring discriminant validity.

In addition, the model fit was tested by the normed X2 statistics (X2/df), the root mean square error of approximation (RMSEA), Standardized Root Mean Residual (SRMR), the comparative fit index (CFI), and the incremental index (TLI). According to the results of data analysis, there was adequate model fit for the measurement model, X2/df = 2.665, TLI = 0.953, CFI = 0.967, RMSEA = 0.071, and SRMR = 0.047, indicating that the items were reliable indicators of the hypothesized constructs, thus allowing tests of the structural relationships in the various models to proceed (Teo and van Schaik, 2012).



Test of the structural model

Following the recommendations by Hu and Bentler (1999), the model fit was tested by using several goodness-off it indexes, including the ratio of the chi-square to its degrees of freedom (X2/df), RMSEA, SRMR, CFI, and TLI. By Hair Jr. et al. (2010), values of X2/df (<3), CFI (>0.90), TLI (>0.90), RMSEA (<0.08), and SRMR (<0.08) are reflective of a good fit.

The hypothesized research model (Figure 1) was then tested, and was found that the saturated model was not fitted to the data of at least one group. For this reason, only the ‘function of log likelihood’, AIC and BCC are reported. The likelihood ratio chi square statistic and other fit measures are not reported. After deleting the path (TS → ASE with a path coefficient of 0.17, p < 0.05, showing a significant effect of TS on ASE, which is consistent with the previous study of Pan and Chen (2021) concerning this perspective), the final model (Figure 2) was constructed and was found to have good mode fit indices with X2/df = 2.936, CFI = 0.995, TLI = 0.971, SRMR = 0.023, and RMSEA = 0.076.
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FIGURE 1
 The hypothesized research model.
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FIGURE 2
 The final test model.


The association between ESP and TS was vitally significant [β = 0.84, p < 0.001, and 95%CI (0.77, 0.90)]. Similarly, ESP was positively predictive of ASE [β = 0.72, p < 0.001, and 95%CI (0.63, 0.80)]. Also, ESP was significantly associated with OLE [β = 0.44, p < 0.001, and 95%CI (0.29, 0.59)]. ASE was significantly associated with OLE [β = 0.29, p < 0.001, and 95%CI (0.21, 0.39)]. The association of TS with OLE was significant [β = 0.22, p < 0.001, and 95%CI (0.08, 0.37)], and meanwhile TS mediated the relationship between ESP and OLE with a significant effect [β = 0.23, p < 0.001, and 95%CI (0.11, 0.36)], which indicated that TS not only directly correlated with OLE but also played a vital mediational role. Besides, the relationship between ESP and OLE, mediated by ASE, showed a significant effect [β = 0.39, p < 0.001, and 95%CI (0.27, 0.52)], which indicated the vitally important role that ASE played when ESP exerted effects on OLE. Taken together, the results demonstrated that TS and ASE played significant mediational roles in the multivariate relationships, which corroborated the previous research on the significance of teacher support and the effect of psychological needs.



Mediation analysis

The mediation effect was detected using bootstrapping test with structural equation model (Cheung and Lau, 2008). From Figure 2, ASE mediated the relationship between ESP and OLE, and TS mediated the relationship between ESP and OLE. The summary of the mediation analysis shown in Table 4 indicated statistically significance and accorded with the guidelines by Cohen (1988) with medium (0.1–0.5) indirect effect values.



TABLE 4 Summary of mediation analysis.
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Discussion

The present study addressed the roles of educational situation perception, teacher support and academic self-efficacy in Chinese emerging adults’ online learning engagement in university studies. The research findings contribute to better understanding of young Chinese university students’ online learning engagement in technology-based language learning in several ways. First, educational situation perception and teacher support are related to and facilitate students’ online learning engagement. Second, academic self-efficacy was significantly associated with the increase in online learning engagement. Third, academic self-efficacy and teacher support serve as mediating variables between educational situation perception and online learning engagement.


Universal influences of educational situation perception

Consistent with previous studies, the research results confirmed the adaptive benefits of educational situation perception on online learning engagement, the influence on academic self-efficacy, and the association with teacher support in technology-based language learning (Ryan and Deci, 2000; Shadiev et al., 2020). This study found that educational situation perception significantly correlated with students’ online learning engagement, thus verifying the previous research which highlighted the significance of educational situation perception in promoting students’ perception of online learning environments, sense of participation, learning satisfaction, and positive outcomes (Saini and Goel, 2019; Zhao et al., 2014). The findings also confirmed previous researchers’ assertion that educational situation is an accurate representation of the existing state, evolution mechanism and interaction relationship of the entity factors such as human, machine, and environment under the real learning space–time condition, the function of which is to trigger the different dimensions of learning engagement (Lu et al., 2022) and support the learning process (Xie et al., 2019). As such, educational situation perception can help enhance students’ technology-enhanced learning experience and promote trust among group members, an important precondition for computer-supported collaborative learning (Gerdes, 2010). This study highlighted the direct association of educational situation perception with online learning engagement in technology-enhanced language learning, and meanwhile examined the mediational effect of teacher instructional behaviors (e.g., teacher supports) that may accelerate students’ language learning with technology (Reinders, 2010). The results of this study are a useful supplement and expansion of previous studies, as some scholars have put forward an educational situation perception model (Cukurova et al., 2019; Gu et al., 2019) from the collaborative perspectives of “human, machine, object and environment,” aiming at the practical needs of the classroom teaching reform enabled by intelligent technology, the purpose of which is to quantitatively analyze the various components of the intelligent learning space, and to provide empirical support for constructing language learning in a technological environment. Despite that this study examined the influence of educational situation perception on teacher support, future studies may conduct more in-depth exploration on how the perception of educational situation could be formed through different types of cognitive and metacognitive support that teachers provide.

These findings echoed the critical role of computer-supported collaborative learning environment in affecting learning behavior engagement (Hernandez-Selles et al., 2019), as the authentic educational situations perceived by the online learners assist constituting “a sense of ‘realness’, a quality of not being fake or contrived” (Rambe and Mkono, 2018, p. 704). Effective network environment and supportive network systems help to improve the level of behavior engagement of language learners, which is consistent with the existing research conclusion that “social presence was found to evolve from interaction, and an optimal level of social presence encouraged participation and positively shaped the dynamics of interaction, and thereby promoted collaboration” (Zhao et al., 2014, p. 817). The significant function of educational situation perception found in this study corroborated the empirical research from Redmond and Lock (2006) which identified that real context and harmonious e-learning atmosphere help to establish appropriate teaching situations and improve students’ learning participation. The research of Koranteng et al. (2018) demonstrated that the supportive network system environment had a positive impact on learners’ continuous behavioral engagement and the achievement of synergistic interaction led to deeper learning.

This finding also suggested the mediational function of active teacher support to bridge collaborative learning environment and learners’ actual expectations. Thereby, this study highlighted the following three aspects. The first is to strengthen the consideration of the key elements of the educational situation. With the gradual advancement of the scientific research on learning, an increasing number of scholars have paid attention to the research on the mechanism of the influence of the presentation of teaching resources, the organizational mode of teaching activities, the teaching behaviors, and teaching styles of teachers on the learners’ learning process and outcomes. Meanwhile, much more attention was paid to the influence of the interaction mechanism between learners and teachers, teaching content and teaching resources on technology-based self-directed learning. Therefore, the development of the research on educational situation perception needs a comprehensive consideration of the entity elements that constitute the complete educational context from the level of data perception, and the use of intelligent perception technology, to realize the comprehensive evaluation of students, teachers, teaching resources, teaching media, teaching environment and other elements of the state of existence and evolution model, and to achieve the accurate representation of the complete education situation. The second is to clarify the key position of intelligent technology in educational situations. With the deepening of the integration of intelligent technology and teaching, the future learning space will present the developmental trend of ubiquitous intelligence, virtual-real integration and man–machine cooperation (Gu et al., 2019), and the entity of intelligent education will occupy a more and more important key position in the future learning space through the creation of intelligent learning environment, the reconstruction of intelligent analysis method and the overall optimization of educational situations. And the third is to emphasize the reconstruction of intelligence teaching ecology driven by learning activities. According to the activity theory, the achievement of educational goal is the result of individual and group synergy (Engeström, 2001), and the interaction between elements under the network technology environment can be effectively implemented through the development of learning activities. Thus, it is necessary to emphasize the key role of intelligent learning activities in the construction of the whole educational situation, and to strengthen the deconstruction of activity-based teaching process, so as to realize the multidimensional integration of the whole educational context.



Teacher support in online learning engagement

From the results, teacher support directly influenced online learning engagement. This is consistent with the previous research which have reported that the guidance and support from teachers drove students’ engagement in technology-based self-directed language learning (Ertmer, 2005), helped students incorporate learning resources/activities into their learning ecology (Lai et al., 2016), and facilitated students to utilize technology as learning tools (McLoughlin and Lee, 2010). Similarly, Skinner and Pitzer’s (2012) research concerning the multilevel aspects on online learning engagement demonstrated the need for a theoretically driven, psychometrically sound scale to measure learner engagement in technology-enhanced learning environments from the perspective of teacher support (Deng et al., 2020). Practically, students’ online learning engagement in college English course in Chinese universities, to a great extent, builds on their self-directed learning behaviors beyond the classroom. Therefore, this study results suggested that teachers provide support for students’ self-directed learning behaviors in technology-based language learning environments. Autonomy support is an important concept in self-determination theory and a new perspective in current positive psychology research. From the teacher’s point of view, it is also understood as a kind of motivation tendency or style, which is opposite to the “controlling” style or tendency, to promote students’ learning and development in a way that supports students’ self-directed learning motivation. Thus, self-supporting teaching model has become a direction of teaching model transformation, as teachers’ conducting self-supporting teaching can significantly promote the play of classroom functions and enhance the effectiveness of technology-based online teaching and learning.

In addition, this study revealed the pathway that educational situation perception influenced online learning engagement indirectly through teacher support, which extends our understanding of students’ growth and development through teacher support on the journey of technology-enhanced learning experience. Meanwhile, this finding corroborates the previous research that teachers significantly shape the quality of students’ learning experiences by affecting students’ cognitive, affective and social learning behaviors (Farmer et al., 2011) and, as a significant social agent, teachers play a critical role in helping students develop autonomy of technology-based language learning beyond class (Reinders and Darasawang, 2012). In combination with the above research conclusions, this study holds that the Education Administrative Department should coordinate with the school to promote the construction of the mechanism of teacher professional development, enhance the support willingness and capacity of the teachers, and provide the policy guarantee and the intelligence support for the promotion of the teacher support level to the student. On the other hand, this study puts forward the following suggestions for the future development of online teaching: (1) to optimize online teaching design and pay attention to the challenge, authenticity and interest of teaching tasks, as the design of online learning activities is a key factor to ensure the effectiveness of online learning; (2) to promote the feedback literacy of teachers and students, as the multidimensional interactive feedback between teachers, students, and technological environments is helpful to construct effective teaching dialog and promote students’ in-depth learning; and (3) to carry out innovative teaching practice of technical empowerment and promote the effective integration of online and offline teaching. In the post-epidemic period, teachers should make full use of the unique advantages of online and offline teaching and actively develop blended teaching design. Online learning endows learners with more autonomy, and teachers can encourage learners to make full use of online learning resources to develop interest-driven knowledge constructive learning. Immersive virtual reality environment can provide real-time interactive feedback for learners, and help to increase the degree of learning engagement of learners.



Direct and mediating effects of academic self-efficacy

This study found that academic self-efficacy directly influenced online learning engagement. This result is consistent with that of most literature studies. This study indicated that academic self-efficacy has a greater impact on students’ online learning involvement than teacher’s support, which indicates that academic self-efficacy is one of the social psychological constructs highly related to online learning involvement. Students’ efficacy beliefs are the internal factors that motivate students’ positive behaviors, so they have a more direct and strong influence on online learning investment. One explanation for this is that when students are more confident, they tend to show greater self-control, and when faced with failure, they work harder and achieve better grades. Besides, the mediating role of academic self-efficacy in the association between educational situation perception and online learning engagement in technology-based environments has been widely researched (Ratelle et al., 2005; Joussemet et al., 2008; Zuffianò et al., 2013). Consistent with previous research, this study found that academic self-efficacy plays a significant mediating role between educational context perception and online learning engagement. The mediating effect of academic self-efficacy indicates that educational situation perception can enhance students’ academic self-efficacy and promote online learning engagement. According to self-determination theory, the perception of educational context can satisfy three basic needs of students, especially the need for relationship, thus helping students to develop and enhance their academic self-efficacy. According to Yesilyurt et al. (2016), academic self-efficacy is an intermediate variable between perceived interpersonal environment and active learning engagement. Therefore, this study held that it is necessary to strengthen students’ psychological and behavioral training to enhance students’ academic self-efficacy. In particular, teachers need to strengthen the guidance to facilitate students to actively cultivate the sense of academic self-efficacy. Specifically, teachers should help students to establish clear and specific learning goals, so that students have more successful online learning experience. Teachers should provide reasonable role models for students to enhance effective alternative experience and strengthen the attribution guidance, so that students learn to achieve active self-attribution.



Limitations and future directions

This study was not without limitations, which could set avenues for future research. Firstly, the simplex cross-sectional design being applied in this study may result in a common method bias (Teo and Noyes, 2014). For instance, although previous research demonstrated that educational situation perception contributed to various positive achievement-relevant outcomes for students, such as higher academic performance, sense of learning achievement, stronger intrinsic motivation, and self-efficacy (Jelfs and Whitelock, 2000; Kahrimanis et al., 2011; Blau et al., 2019), suggesting a pathway from educational situation perception to students’ online learning engagement; it is still possible that students’ demonstration of online learning engagement might be susceptible to multiple variables (e.g., individual attitude and motivation). Hence, it is suggested that future study adopt multilayered, multidimensional methods (e.g., the combination of cross-sectional design with longitudinal research) to enhance our understanding of the causality as far as possible.

Second, this study focused on the association of educational situation perception with online learning engagement. Although previous studies demonstrated that educational situation perception can be predictive of students’ learning endeavor behaviors (de Barba et al., 2016), the different teaching leadership of educators, the diversity of students’ learning styles and the limitations of network hardware environment may also lead to some differences in the research results. Future research could benefit from investigating how definite environmental elements could influence students’ achievement behaviors in language learning and its potential mechanism.

Third, this study did not form an effective measurement of interactive mechanisms of online learning engagement. With the development of media-based English learning, other potential factors, such as new media literacy, teacher or peer feedback, can be incorporated into the follow-up study to construct a more comprehensive influence mechanism model of online learning engagement. In the future, multimodal data supported by brain science and artificial intelligence can be used to accurately measure and synthetically analyze the online learning engagement, and strengthen the real-time tracking and monitoring of the learners’ online learning behaviors.




Conclusion

Overall, the results of the current research provided evidence of the association between educational situation perception, teacher support, online learning engagement, and academic self-efficacy. The data supported the major hypotheses of educational situation perception’s influence on online learning engagement, and this effect was found to be mediated by academic self-efficacy and teacher support. This research extended our understanding of the consequences of educational situation perception by investigating its influences on students’ experience of technology-based language learning. The results of such study would inform teacher educators and network administrators for curriculum and technological development purposes. Finally, in consideration of globally pervasive technology use in educational landscapes and the complexity of online learning, cross-cultural comparative studies could be conducted to identify the culture-invariant variables that influence students’ educational situation perception and online learning engagement.
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The academic performance of young women is particularly relevant to the success of societies that have only recently begun to address gender inequalities in education and the workforce. The present research examined the performance in a physics course of STEM and non-STEM female freshmen from such a society. It aimed to determine whether the change to online instruction, forced by the pandemic on students who had been accustomed to the face-to-face mode, affected their performance. In the study, performance on lab assignments and tests distributed across the semester (formative assessment measures) differed. Namely, STEM students performed better than non-STEM students on lab assignments and better online than face-to-face on tests. Non-STEM students’ performance on both lab assignments and tests remained insensitive to the mode of instruction. Performance on the final test and course grades, both of which were treated as summative assessment measures, replicated the pattern of effects exhibited by tests distributed across the entire semester. For all students, prior math proficiency made a limited contribution to performance. The findings of this study suggest that young women, who during the pandemic were brought back to the constraints of the home, were resilient in the face of change. According to physics instructors and students, by distributing study efforts more continuously in the online mode and taking advantage of recorded class meetings, they managed to promote performance (as per STEM students) or preserve it (as per non-STEM students).
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Introduction

The pandemic may be an afterthought for many, but a retrospective examination of its impact on performance can offer useful information on how online and face-to-face learning differ, especially for students unaccustomed to the former. Furthermore, in the post-pandemic world, the remnants of the pandemic have not vanished. Most institutions now rely more heavily on the online mode, which they had previously largely shunned for their day-to-day operations (e.g., offering online or blended course options, conducting online meetings, relying on virtual laboratories, etc.), thereby making understanding the impact of mode of instruction on students’ learning even more important.

To assess adaptation to a learning environment that had suddenly changed, a considerable number of studies have focused on self-reports by instructors and students (e.g., Wijaya et al., 2020; Al-Taweel et al., 2021; Biwer et al., 2021; Naujoks et al., 2021). The main assumption underlying these studies has been that academic performance depends on students’ self-regulatory activities (Duncan and McKeachie, 2005; Panadero, 2017; Broadbent and Fuller-Tyszkiewicz, 2018; Biwer et al., 2021), which may broadly include planning, monitoring, and controlling the acquisition of information and skills, as well as applying resource-management strategies (e.g., management of time, attention, effort, and motivation). The ancillary assumption has been that online learning, especially when it is a sudden and forced option, demands more self-regulation than face-to-face learning (Duzgun and Basaran, 2021; Rivers et al., 2022). As such, it may come with the adoption of a more continuous engagement in learning activities (Gonzalez et al., 2020). The evidence brought forth by such studies has suggested that students faced both emotional and cognitive challenges, but also displayed resilience, thereby illustrating different rather than uniform responses to instructional changes (Broadbent and Fuller-Tyszkiewicz, 2018; Biwer et al., 2021). Other studies, also interested in assessing adaptation to a learning environment that had suddenly changed, have examined academic adjustment from the viewpoint of performance, thereby asking if the online mode of instruction had jeopardized learning. The evidence from this line of work has been mixed. Namely, field studies have reported performance improvements (Elzainy et al., 2020; Gallego-Gómez et al., 2020; El Said, 2021; Engelhardt et al., 2021; Iglesias-Pradas et al., 2021; Zheng et al., 2021), declines, or no change at all (AbdelSalam et al., 2021; Foo et al., 2021; Hussain et al., 2021; Zheng et al., 2021). Interestingly, research that has relied on self-reports has tended to highlight individual differences in students’ responses to online learning (Biwer et al., 2021; Pilotti et al., 2022b). In contrast, research that has relied on performance measurements has mostly focused on explaining the observed learning outcomes (including declines, improvements, or stability) by relying upon organizational and technical factors related to the delivery of online courses and their content (Gonzalez et al., 2020; Iglesias-Pradas et al., 2021).

Extant research has also included different educational levels. Concerning high school (a precursor of college-related performance), evidence has been mixed with studies reporting no differences in performance before and after the pandemic, declines, or gains spread across a diverse array of countries. For instance, Tomasik et al. (2021) reported no differences in learning (as measured by formative assessment tools), whereas Kuhfeld et al. (2020) claimed declines in overall performance. Breaux et al. (2022) reported overall performance declines in male but not female students, which they attributed to the higher self-discipline of female adolescents. In a systematic review of the performance of children and adolescents, Panagouli et al. (2021) noticed that although students could experience either declines or benefits, the younger their age, the more likely deficits were to be observed. The examination of particular science-related disciplines has not brought consistency in research findings. For instance, Spitzer and Musslick (2021) and Zhang et al. (2021) found gains in math performance. Turner et al. (2020) found declines in chemistry, and Burkholder and Wieman (2022) as well as Carleschi et al. (2022) reported no difference in physics. Measured against standards of learning outcomes in physics, Melinda et al. (2021) found shortcomings. Yet, Liao et al. (2022) noted that the negative or positive impact of the pandemic on high-school students’ learning was mostly related to parents’ educational level. As the burden of ensuring learning shifted more heavily to parents, the latter’s educational level, through engagement in their children’s academic activities, became quite relevant. Interestingly, compared to the volume of research involving educational levels before college, only a limited number of studies are available that have compared online and face-to-face instructional approaches for university-level introductory physics. Unsurprisingly, their results are mixed. For instance, Fouad et al. (2021) who surveyed students’ performance in a physics course as a function of synchronous (i.e., real-time) online and face-to-face instruction, reported higher performance online. In contrast, Faulconer et al. (2018) reported no significant differences between synchronous online and face-to-face physics in performance, as well as withdrawal rates, and failure rates. Although studies on the impact of the pandemic on learning and teaching have spanned all continents, not much attention has been devoted to college student populations who have lacked prior experience with online learning.



The present study

The present study specifically focuses on students who had received only face-to-face instruction since the start of their educational journey in elementary school, under the assumption that such students would be particularly sensitive to disruptions of their habitual learning environment. Within this population, the study targets female students of a society in transition from a strictly patriarchal order, which did not grant women autonomy and agency, to one that aspires to meet gender-equity standards. In this kind of society, of which Saudi Arabia (SA) is a prototypical example, women had been relegated to the home, with fewer rights and less autonomy of movement and decision-making than men, for as long as anyone can remember. Only recently, through legislative and financial actions from the top, women have acquired a status equal to that of men in educational practices and professional opportunities (Saqib, 2016). These actions have in turn demanded that women, as much as men, contribute to the economic engine of Saudi society (Esmail, 2018). Of course, drastic changes from the top take time to puncture a social fabric that has been defined by women and men having different rights, obligations, and standards of conduct, and being relegated to different physical spaces inside and outside the home (Meijer, 2010). As a result, the remnants of old social practices, illustrating pride in one’s traditions and customs, coexist undisturbed with the newly acquired social practices (Pilotti et al., 2021a). For instance, since gender segregation in public spaces has been removed as a legal requirement, women and men can work together and mingle freely in public spaces. Women can now pursue educational careers and professions in STEM (Science, Technology, Engineering, and Mathematics) fields, once inaccessible to them (Barry, 2021). As such, they are entering STEM fields in greater numbers than men (Islam, 2017; Narasimhan, 2021), and often show higher academic performance than men (El-Moussa et al., 2021). However, some are still reluctant to enter such fields to avoid challenging traditional gender norms (Islam, 2017; Varshney, 2019). It has been argued that systemic changes from the top require time to be processed by their recipients before they become a widespread reality on the ground (Al-Bakr et al., 2017; Pilotti et al., 2021b). Thus, time may be needed for most women to appreciate that choosing one of such fields is not only possible but also an advantageous course of action (e.g., higher demands and compensation packages).

The impact of the COVID-19 pandemic in SA has unique features if one considers the status of women. The pandemic appeared while top-down social changes were beginning to percolate through the entire social fabric of a society known for its uncertainty avoidance (Cassell and Blake, 2012). It restricted mobility, as well as minimized and regulated social interactions. Thus, for women, the experience of the pandemic might have been exemplified by a return to the confinements of the home, once again deprived of freedom of movement and agency. Although the Ministry of Education quickly moved instruction, traditionally offered face-to-face, to the online mode and provided financial, technical, and pedagogical assistance for a smooth transition, the impact of online instruction on Saudi female students’ learning is of particular interest due to the recency of their newly acquired agency.

Our study focuses on female freshmen who have enrolled in physics courses of the general education curriculum. As for all courses offered by the selected academic institution, physics was delivered face-to-face before the pandemic and online during the pandemic. By and large, students did not have prior experience with online courses but differed in whether their major was STEM or non-STEM. The selection of a major entailed a differential exposure to the sciences in the last 2 years of high school. Namely, STEM majors would include students who had received additional instruction in physics, chemistry, math, and computer science, whereas non-STEM majors would include students who had received additional instruction in the humanities and social sciences (Wiseman et al., 2008; Aloraini, 2020). To acknowledge the differential prior educational experiences of such students and the differential needs of their majors, at the selected institution, introductory physics is separated by major into two parallel courses, one open to STEM students and one open to Non-STEM students. Both courses focus on understanding Newtonian physics, and its practical applications (including data collection, analysis, organization, and interpretation). The fundamental difference between the two courses is that the course for STEM students is calculus-based whereas the course for non-STEM students is algebra-based.

The present study asks the following questions, each presented with its rationale:

a. Did STEM students and non-STEM students perform differently in the online and face-to-face modes? It is reasonable to predict that the greater background knowledge in the sciences of STEM students might have better equipped them to deal with changes in their learning environment, thereby promoting adaptation and thus performance. Alternatively, the greater background knowledge in the sciences of STEM students might have fostered overconfidence in the face of changes in the learning environment, thereby preventing adaptation and impairing performance. Evidence exists that overconfidence includes a failure of metacognition (i.e., reflecting on and critically examining one’s own thinking and actions; Hall and Sverdlik, 2016). As such, overconfidence can impair students’ self-regulation of learning activities due to overestimation of how much they have learned. Consequently, they are likely to neglect self-monitoring, reflection, and realistic goal-setting, all of which are critical to academic success (Stone, 2000). Interestingly, overconfident students have been reported to be significantly more prevalent in STEM disciplines than in non-STEM disciplines (Reuben et al., 2017).

b. Did math proficiency matter differently in online and face-to-face courses? In physics courses, an important contributor to performance is assumed to be math proficiency (Hudson and Rottmann, 1981; Konvalina et al., 1983; Hart and Cottle, 1993; Bautista, 2013; Redish, 2021), thereby potentially serving as a relevant buffer for disruptions in the learning format to which both STEM and non-STEM students had been accustomed since an early age. Thus, we first measured the contribution of math proficiency (as measured by prerequisites) to performance in physics and then asked whether the impact of the mode of instruction (face-to-face and online) on students’ performance would change if the contribution of math proficiency were to be statistically removed (via analysis of covariance).

c. Were particular assessment measures differentially sensitive to instructional changes? Physics courses are usually devoted to conceptual knowledge and practical problem-solving activities where conceptual knowledge is exercised through applications. At the selected institution, physics is taught using an inquiry approach. The assessment of students’ course performance involves, by and large, tests and lab assignments (i.e., reports) distributed across the semester, serving as formative assessment measures, and a final examination, serving as a summative assessment measure. Formative assessment tools are used to measure knowledge and skills limited to specific areas covered by a course, as well as to offer periodical feedback to inform students’ self-regulatory activities (Lau, 2016). They are considered critical to learning as they impact students’ self-perceptions regarding the gap between desired and current knowledge as well as the actions taken by students to close the gap (Tay, 2015). As such, they offer a longitudinal, more fine-grained perspective of learning. Summative assessment, instead, is intended to measure students’ learning comprehensively to determine the quality of knowledge and skills acquired across the entire semester (Taras, 2009). As such, summative assessment offers a one-time window into students’ learning. Some evidence exists that formative and summative assessment measures may be differentially sensitive to the mode of instruction (face-to-face versus online; AbdelSalam et al., 2021), but evidence from physics courses is absent.

At the selected institution, all forms of assessment tend to involve higher-order thinking skills, which refer to an array of skills that loosely correspond to the levels of Bloom’s taxonomy that are above mere comprehension (Bloom, 1976). Instances of higher-order thinking skills in physics may consist of the formulation of research questions and related hypotheses, data analysis, and interpretation of data to draw conclusions (Zohar et al., 1998). Yet, lab assignments are reports regarding specific demonstrations or experiments that students have carried out or have witnessed, which require active data collection, analysis, organization, and interpretation. Tests require an understanding of physics and its implications from described experiments and practical scenarios. Furthermore, although assignments have a deadline, they are allocated more time for completion than tests and are usually carried out at home.

It is reasonable to assume that although both lab assignments and tests demand an understanding of key concepts and the exercise of a problem-solving mindset, lab assignments might not be as sensitive to changes in the mode of instruction as tests since they are carried out at home in both online and face-to-face courses (Kennelly et al., 2011). However, tests and the final examination might display more readily the impact of changes because they measure performance within a restricted time frame, and thus they are more likely to induce anxiety in the test taker. Evidence exists (Yerkes and Dodson, 1908; Cofer and Appley, 1967; Wiener et al., 1984; Dickman, 2002; Corbett, 2015; Piefke and Glienke, 2017) that physiological arousal is beneficial to performance when test demands are low (i.e., easy tests), but it is detrimental to performance when test demands are high (i.e., challenging tests). Thus, if students’ acquisition of physics has been impacted by disruptions of their habitual learning environment, test performance rather than lab performance might be likely to display declines.



Materials and methods


Participants

The participants were 813 female students enrolled in either a physics course for STEM majors (PHYS 1421) or non-STEM majors (PHY 1411). Courses were offered either online (during the pandemic) or face-to-face (before the pandemic) to freshmen and sophomores by a Saudi university conforming to a US curriculum and student-centered pedagogy. Students’ prior formal educational experiences did not involve online learning. Both PHYS 1421 and PHYS 1411 are four-credit courses, meeting 3 h per week for lectures, demonstrations, and class discussions, and an additional hour of lab activities. Three semesters were selected for each mode of instruction. Among STEM majors, 263 completed the course online and 277 face-to-face, whereas, among non-STEM majors, 152 completed the course online and 121 face-to-face.

At the selected university, non-STEM majors included students majoring in business, law, and interior design, whereas STEM majors included students majoring in engineering, computer science, and architecture. Instruction, which relied on textbooks imported from the United States, was delivered in English, albeit students were Arabic-English bilingual speakers. Courses were taught face-to-face before the pandemic and online during the pandemic by one of three instructors, all of whom had at least 5 years of prior higher education instruction and advanced degrees in the field. Instructors were a constant across courses and modes of instruction, thereby minimizing the impact of instructors’ idiosyncrasies in comparisons involving major and mode of instruction. Most importantly, the quality assurance policies of the selected university required that instructors for each course conform to equivalent standards in the content and delivery of the curriculum, and in the assessment of learning. The curriculum and the assessment protocol of all general education courses, including introductory physics, had been developed and approved by the Texas International Education Consortium (TIEC), which periodically would perform quality assurance visits. Course coordinators whose responsibilities entailed monitoring teaching and assessment of learning ensured compliance with quality assurance policies.



Materials and procedure

At the selected institution, physics is taught using an inquiry approach that is intended to promote active learning, including critical thinking and problem-solving practices. Both PHYS 1411 and PHYS 1421 rely on the acquisition of theoretical knowledge of physics and require practical problem-solving activities where conceptual knowledge is exercised through applications. Math prerequisites involve an intermediate algebra course for PHYS 1411, and a pre-calculus course for PHYS 1421.

It is important to note that each course was taught exclusively face-to-face before the pandemic and online synchronously during the pandemic. For students, the synchronous virtual classroom was a novel environment, albeit they were familiar with an e-learning platform (e.g., Blackboard), which had been used in face-to-face classes to access and submit course materials. The synchronous virtual space replicated many aspects of the face-to-face space (Dennis, 2003). The virtual classroom and lab were equipped with Blackboard Collaborate, which is a video conferencing tool that allowed students to have real-time interactions as if they were enrolled in a face-to-face course. Online, instructors were required to meet the standards set by Moore (1989) as necessary for successful online education. That is, in the classroom and outside the classroom (i.e., virtual office hours), they were to maximize learner-content interaction, learner-instructor interaction, and learner-learner interaction. As per the face-to-face mode, Blackboard gave students access to study materials and resources, such as study guides, textbooks, and videos. Each lecture was recorded so that students could access it later if they needed reiteration. During online tests, students’ activities were supervised by instructors through cameras. A lock-down browser application (Respondus) was required for tests. All assignments were scrutinized with anti-plagiarism software.

Each physics course was organized into two main categories of formative assessment, each consisting of four lab reports and four tests. A summative assessment, which entailed a final examination at the end of the semester, terminated each course. Class performance was computed as a weighted mean, including lab assignments (25%), tests (50%), and the final examination (25%). Physics grades for labs, tests, final tests, and course grades were obtained from instructors. Prior Math scores were obtained from the Office of the Registrar as letter grades. Because the selected physics courses required the fulfillment of a math prerequisite, all scores involved grades equal to D+ (i.e., the minimum score to pass a course at the selected institution) or greater. Letter grades were translated into numerical values for use in statistical analyses. The middle point of the range of values that each letter grade represented was used as the math grade that a given student received: D+ = 67.5%, C = 72.5%, C+ = 77.5%, B = 82.5%, B+ = 87.5%, A = 97.5%, and A+ = 98.0%. Overall class performance, as measured by class grades, was treated as an indicator of summative assessment, which illustrated students’ performance across a broader timeframe than the 2 h allocated to the final test.

Important to note that for a subset of STEM students (n = 141) and non-STEM students (n = 129) of the current study, data about self-efficacy beliefs (confidence in one’s abilities; Chen et al., 2001) were available from internal assessment protocols instituted by instructors of the general education curriculum to identify suitable interventions for at-risk students. Such students had completed a general self-efficacy questionnaire (Chen et al., 2001) either before the pandemic or during the pandemic. However, records only allowed for the determination of whether they served as participants in our study without links to their performance. Based on the evidence collected from a sub-sample of participants, no difference between STEM (M = 3.75; SD = 0.97) and non-STEM students (M = 3.66; SD = 1.00) was found [range 1–5; F(1, 268) < 1, ns]. The same null findings were obtained in another study involving math learning (Pilotti et al., 2022a). Thus, the variable self-efficacy was not included in the quantitative analyses listed below.




Results

Descriptive statistics of students’ performance by major (STEM and non-STEM), mode of instruction (face-to-face and online), and type of assessment are displayed in Table 1. In the table, prior math performance is reported in the last row.



TABLE 1 Descriptive statistics (means and standard deviations) as a function of major and mode of instruction.
[image: Table1]


Were there performance differences?

The analyses described below were intended to answer the following research questions: Did STEM students and non-STEM students perform differently in the online and face-to-face modes? Were particular assessment measures for such students differentially sensitive to instructional changes? The skewness of the data (Cohen, 2008) was below 2 (Curran et al., 1996).

A 2 (mode of instruction) × 2 (major) between-subjects analysis of variance (ANOVA) was conducted on each assessment measure to determine whether there were group differences. The findings of inferential statistics were considered significant at the 0.05 level. Table 2 illustrates that formative assessment measures behaved differently. Lab assignments only showed the main effect of the major selected by students. Namely, STEM students exhibited higher performance both online and face-to-face than non-STEM students but no sensitivity to the variable instructional mode. Tests, instead, displayed a significant interaction between the mode of instruction and major. Tests of simple effects indicated that the test performance of non-STEM students was not sensitive to the mode of instruction [t < 1.19, ns], whereas the test performance of STEM students was higher online [t (538) = 3.88, p < 0.001].



TABLE 2 The results of the 2 (Mode of Instruction) × 2 (Major) A NOVA on formative and summative assessment measures.
[image: Table2]

Summative assessment measures behaved similarly. Specifically, for the final test, there was a main effect of mode, a main effect of major, and a significant interaction. As per tests distributed across the entire semester, non-STEM students exhibited no performance differences as a function of mode [t < 1.43, ns], whereas STEM students exhibited higher performance online [t (538) = 5.23, p < 0.001].

Course grades displayed a main effect of mode and a significant interaction. As per tests distributed across the entire semester and the final examination, non-STEM students exhibited no performance differences as a function of mode [t < 1.00, ns], whereas STEM students exhibited higher performance online [t (538) = 4.46, p < 0.001].



Did math proficiency matter?

To determine the extent to which prior math scores might modulate physics performance, we first examined the extent to which math proficiency predicted performance in physics. Table 3 illustrates the significant Pearson correlation coefficient between assessment measures and math proficiency as a function of academic major and mode of instruction. The correlations are not very different in magnitude from those reported by Hudson and Rottmann (1981) who focused on students’ performance in algebra-based physics and relied on a diagnostic test of mathematical skills to determine math proficiency. In the present study, coefficients of determination ranged from 2.13 to 14.67%, thereby indicating that the contribution of math proficiency to students’ performance in physics was rather modest.



TABLE 3 Pearson correlation coefficients for each major and mode of instruction.
[image: Table3]

To assess the impact of academic major and instructional mode without prior math scores as a contributor, we then conducted the F tests described above with math proficiency as the covariate (i.e., analysis of covariance, otherwise known as ANCOVA). The pattern of outcomes yielded by ANOVA did not change when math proficiency was statistically removed via ANCOVA. The exception was course performance, which no longer displayed the main effect of academic major [F = 3.12, ns].




Discussion

The findings of the present research were shared with instructors and students to ensure the inclusion of their viewpoints. Comments were anonymized (except for major: STEM versus non-STEM) and organized thematically by two independent raters. The most frequent comments were then used to inform the interpretation of the quantitative results. According to Silbereisen and Tomasik (2011), events that are located in the macro context of a student’s ecosystem become relevant and impactful when they translate into his/her proximal micro-ecosystems, such as the ordinary academic life of the student before the pandemic. Within these micro-ecosystems, the student’s habits and routines are disturbed by such events and require some adaptation. The present study relies on this conceptual framework for assessing performance differences before and during the pandemic (via quantitative analyses of students’ grades) and understanding their sources (via qualitative analyses of comments made by instructors and students).

Findings could be summarized in three main points. First, as expected, lab assignments, which were carried out mostly at home in both online and face-to-face classes, were not sensitive to the mode of instruction. STEM students had higher grades than non-STEM students in both instructional modes, a difference that instructors attributed to the broader coverage of physics that STEM students received in the last 2 years of high school. Indeed, although the first of the last 3 years of high school included instruction in the natural sciences for all students, STEM students devoted the remaining 2 years to the natural sciences, including physics, whereas non-STEM students allocated the same number of years to the humanities and social sciences. The insensitivity of lab performance to instructional mode did not surprise instructors who judged it as illustrating that their efforts to equate the online and face-to-face classes in content and pedagogy had been fruitful. It did not surprise students either since lab reports of in-class experiments and demonstrations were carried out largely at home in either online or face-to-face classes.

Second, test performance was sensitive to the mode of instruction, but not for all students and in a manner that both instructors and researchers did not expect. Namely, only STEM students displayed the effects of mode of instruction on test performance. Furthermore, contrary to the prediction that the online mode would exhibit the effects of disruptions of learning relative to the habitual face-to-face mode, STEM majors’ online performance was found to be higher than face-to-face performance. On the other hand, non-STEM students were largely insensitive to changes in the mode of instruction, even though they were expected to be more sensitive to such changes due to their lower background knowledge in physics arising from their choice of the humanity and social science track in high school.

At first blush, the findings of our research can be said to be consistent with those illustrating that in the presence of substantial institutional and instructional support students may not exhibit evidence of learning declines in the online mode (as per non-STEM students) or may even display gains (as per STEM students; Elzainy et al., 2020; El Said, 2021; Engelhardt et al., 2021; Iglesias-Pradas et al., 2021). They add to the extant literature that has examined the impact of the Covid-19 pandemic on academic success a focus on academic majors, and the inclusion of an understudied population of students who had not been accustomed to online learning. In this respect, our findings offer a window into young women of a society in transition who displayed resilience in the face of the restrictions that the pandemic imposed on them. The women in our sample were not crashed by the pandemic, even though it reminded them of a return to a time of less mobility and agency. Their comments during debriefings contained reports of a more continuous distribution of study activities, often attributed to the extra time that was available to them since they did not have to make laborious travel arrangements, travel to the university, and dress up to meet others (see also Gonzalez et al., 2020; Iglesias-Pradas et al., 2021). In addition, students mentioned that the online mode allowed them to record class meetings and then listen to the recordings for reiteration and clarification of matters. More continuous studying when classes were offered online along with the opportunity for reiteration and clarification arising from recordings of class meetings might have been responsible for preserving performance levels in non-STEM students, whereas it might have improved performance in STEM students as it grew out of a broader knowledge background and interest in the sciences.

Third, math proficiency predicted performance in physics, but its contribution across academic majors and modes of instruction was rather modest. In agreement with Hudson and Rottmann (1981), our findings suggest that besides math competency, other factors are likely to be more influential, such as the general confidence that students exhibit in their abilities to overcome obstacles and complete tasks given to them (i.e., general self-efficacy; Chen et al., 2001; Bouih et al., 2021). In another study involving math learning (Pilotti et al., 2022a), we found no differences in female students’ general self-efficacy between STEM and non-STEM majors. The values that students attributed to themselves as indices of their self-efficacy beliefs were substantial across the board though. The same null outcome was obtained from a subset of students of the current study for whom self-efficacy beliefs were available from internal assessment protocols instituted by instructors of the general education curriculum to identify suitable interventions for at-risk students. Such students had completed a general self-efficacy questionnaire (Chen et al., 2001) either before the pandemic or during the pandemic as part of the aforementioned protocol. Yet, comments made by students and faculty, which were used to inform the interpretation of the quantitative results, implied that self-efficacy beliefs were given a different role depending on the academic major. Namely, for STEM students, it was likely to serve as a motivator to confront challenges that might hurt academic performance (e.g., doing well in an online physics course), thereby accounting for their higher performance in online physics. Instead, for non-STEM students, self-efficacy was likely to serve as a mere buffer against instructional changes that might hurt their performance, thereby accounting for the absence of an impact of mode of instruction on this group of students in physics.

The present research has limitations, which are to be addressed in future research. First, it is noteworthy to mention the lack of a quantitative assessment of students’ test anxiety, albeit anecdotal evidence collected during office hours and debriefing suggests the presence of anxiety related to test performance specifically in the sciences. Second, female college students from SA may be in a privileged position compared to other Middle Eastern students. They receive substantial financial support and are given a considerable range of academic resources to support their educational endeavors (e.g., state-of-the-art facilities, functional online platforms, easy reliance on technical assistance, internet services fitted to their needs, etc.). Thus, the impact of the pandemic on educational activities may be weaker than in other student populations. Third, it may also be weaker due to female students’ engagement, which is driven by their intense desire to succeed professionally. Thus, the impact of engagement on learning needs to be explored further. To this end, it is important to consider three dimensions of academic engagement: academic self-confidence (i.e., self-efficacy), academic self-reliance (i.e., trust in the available resources to accomplish any number of tasks), and connectedness (Coates, 2006), all of which might shape the academic performance of young women in a society attempting to bend patriarchal norms and customs to gender equity standards. Fourth, the role of the acquisition of physics in a second language needs to be considered. The participants of our study belong to a student population for whom Arabic was the primary means of instruction in high school, whereas English became the dominant language in college. At the selected institution, proficiency in the English language is demonstrated at the time of enrollment, and further practice is given in each of the courses offered by the university (either in the general education curriculum or in the curriculum of the selected major). Nevertheless, the challenges that students may face in encountering physics in English for the first time add a burden to the adaptation that freshmen need to make to college life. The challenges of adaptation, including the processing of study materials in a second language, deserve further scrutiny. Fifth, although STEM and non-STEM students differed in the extent of their previous coverage of scientific disciplines in high school, no information was available regarding their actual performance in high-school physics courses. Thus, we were unable to examine the predictive validity of physics pre-college preparation. Evidence supporting the relationship between high-school physics preparation and college performance in physics ranges from a weak or modest relationship (Halloun and Hestenes, 1985; Hart and Cottle, 1993; Alters, 1995; Burkholder and Wieman, 2019; Hewagallage et al., 2022), to no relationship at all (Champagne and Klopfer, 1982). The extant literature offers an array of factors that may modulate this relationship and its strength, including the quality of high-school physics instruction, the extent of physics preparation (e.g., one course or more than one), and even students’ overall high-school achievement (Sadler and Tai, 2001; Bazelais et al., 2018; Lawton et al., 2021). The relationship between high-school physics and performance in introductory college physics is a complex matter that is to be examined in future research.



Conclusion

The findings of the present study illustrate two main issues that are relevant to the literature on students’ adaptation to crises (i.e., sudden changes in the status quo; Biwer et al., 2021) and the learning of physics. First and foremost, it is noteworthy to point out that while the female students of our study, who were accustomed to face-to-face learning, might have experienced challenges in the online mode due to its heavier demands for self-regulation, their responses exhibited resilience. Faculty and students attributed resilience to the institutional and instructional support they received at the onset of and during the crisis. Because the online mode is likely to remain a component of ongoing and future educational formats, responses to crises, such as the one we documented here, may serve as frameworks for introducing changes to educational practices in other parts of the world to ensure their sustainability.

Second, the present findings have implications for the learning of physics by illustrating that math, although a contributor to performance, is not the main one. Thus, they suggest that even physics taught through an inquiry approach relies on learners’ resources that are not assessed by an examination of mathematical skills alone (e.g., motivation to succeed in fields previously the sole domain of men). Since the methodologies and topics of physics are deeply ingrained in all sciences and engineering, learners who cannot complete physics successfully may find other science courses particularly challenging (Hudson and Rottmann, 1981). As such, not only institutional and instructional support but also the identification of individual differences that predict physics performance may ultimately be key to the success of students in STEM fields.
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The purpose of the current study is to propose and examine a comprehensive model that uses motivational and self-regulated variables to explain factors affecting environment management in technology-based physics learning among Chinese secondary school students. Data were collected from 726 grade-eight secondary school students in Southeast China, who were learning physics. Structural equation modeling was used to analyze the relationships among students’ goal orientations, environment management, and time management. Results suggest that students were more likely to manage their environment if they had learning-oriented goals and if they managed their time, but they were less likely to do so if they had social-oriented goals. Implications for teachers’ technology integration in physics class were discussed.
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1. Introduction

The management of studying environment, as an important strategy of self-regulation and volitional control, is crucial to completing learning tasks and realizing learning goals (Zimmerman and Pons, 1986; Zimmerman and Martinez-Pons, 1990; Corno, 1993; Wolters, 1998; Zimmerman, 1998a; Pintrich, 2000b). However, environment management is inherently challenging because external contextual factors such as physical settings and peers often go beyond a learner’s control (Pintrich, 2000b, 2004). Environment management in learning physics can be more challenging because physics is often perceived by learners, especially secondary school students, to be difficult, irrelevant and labor-intensive (Williams et al., 2003; Angell et al., 2004; Barmby and Defty, 2006). Due to the high cognitive demand and lack of interest in learning physics, learners could become distracted more easily if they do not have useful self-regulation skills, especially environment management strategies.

Many teachers use technology to improve learners’ experiences in physics learning, as a result of the increasing technology integration trend in education (Beichner et al., 1999; Jönsson, 2005). For instance, This study by Zhai and Shi (2020) tracked 803 high school students for 5 months as they used 15 mobile functions for physics learning. Pedagogical roles played by students and teachers significantly moderated the relationship between students’ perception of mobile functions and their achievement in physics. More importantly, it found that mobile use frequency mediated the relationship between students’ perception of mobile functions and their physics learning outcomes. Similarly, in his study, Zhai et al. (2018) examined how high school students used mobile devices in physics classrooms and after school, and investigated how their use of mobile devices affected their performance and interest in physics. Mobile technology was found to enhance rather than transform instructional practice in the physics classroom, despite its frequent use and positive outcomes. Further, students perceived the mobile devices as being very useful for their physics learning, and the frequency of their use was positively correlated with their perception of usefulness. In both the classroom and after-school, students’ interest and achievement in physics were positively influenced by the use of mobile technology. Despite its benefits in effectively presenting learning contents and enhancing students’ achievement (Jimoyiannis and Komis, 2001; Owen et al., 2008; Shieh et al., 2011; Shi and Liang, 2012), technology has the potential to make the study environment more complicated and more difficult to manage because technology brings distractions (Sailer and Hassenzahl, 2000; Pool et al., 2003a,b; Fried, 2008; Wurst et al., 2008; Kay and Lauricella, 2011).

Compared to other aspects of self-regulation, learners’ environment management, particularly management in technology-based physics learning environment, has been rarely investigated (Wolters, 2003; Du, 2016). More knowledge of factors that affect environment management in technology-based physics learning can help teachers make use of strategies or resources from motivational and self-regulated learning perspectives to decrease distractions brought by technology integration while maintaining its benefits. Hence, the purpose of the current study is to propose and examine a comprehensive model that uses motivational and self-regulated variables to explain factors affecting environment management in technology-based physics learning among Chinese secondary school students.



2. Literature review


2.1. Environment management in self-regulated learning

Self-regulated learning is “an active, constructive process whereby learners set goals for their learning and then attempt to monitor, regulate, and control their cognition, motivation, and behavior, guided and constrained by their goals and the contextual features in the environment” (Pintrich, 2000b, p. 453). Based on previous models of self-regulated learning (Winne and Hadwin, 1998; Zimmerman, 1998a,b, 2000), Pintrich (2000a,b) proposed a conceptual framework for self-regulated learning, where the regulation is composed of four perspectives, cognition, motivation/affect, behavior, and context, each having four phases, (a) forethought, planning and activation, (b) monitoring, (c) control, and (d) reaction and reflection. It has been tested in a variety of studies and the positive association between learners’ use of self-regulation strategies and their academic performances has been well demonstrated (Richardson et al., 2012; Broadbent and Poon, 2015).

Environment management, also known as environmental structuring (Thoresen and Mahoney, 1974; Zimmerman and Pons, 1986) or environmental control (Corno, 1993), appears in the reaction and reflection phase of both the behavior and context regulations in Pintrich’s (2000a,b) self-regulation model. It refers to learners’ behaviors of applying strategies to decrease distractions from the learning contexts by changing or adapting the environment to make it more conducive to task completion (Pintrich, 2000b; Wolters, 2003). Such attempts are a rather important aspect of self-regulation because all learning happens within certain learning contexts.

With the pedagogical shift from traditional teacher-centered classrooms where learners are passive recipients of teachers’ arrangements, to the popular student-centered classrooms where learners have more autonomy to regulate their studying, including the tasks, learning atmosphere and class structure, the skills in managing the environment are becoming particularly significant (Pintrich, 2004). Meanwhile, as learners grow older, they also gain more freedom and opportunities to manage their studying environment outside the class (Pintrich, 2000b). Researchers found that learners used a wide range of behavioral strategies to regulate their environment or contexts. Some examples include (1) finding more suitable or comfortable locations such as quiet places or personally preferred surroundings, (2) eliminating technology distractions such as turning down the volume of music, movies or TV in the room, (3) decreasing social distractions such as asking friends to be quiet, or (4) listening to light music to avoid distractions from non-removable noises and increase attentiveness (Wolters, 1998, 2003; Bigenho, 2011).

However, environment management can be affected by a variety of factors, one of which is goal-setting from a motivational perspective. To become self-regulated learners, individuals should be able to know how to set up proper goals, what are needed to attain the goals, and how to actually take actions to reach the goals (Dabbagh and Kitsantas, 2012). This implies the guiding position of goals in the planning stage, making that the purpose of using any self-regulated learning strategies, such as environment management, is to facilitate the goal reaching and learning task completion.

There are two types of goals. One is learning-oriented goal, which is the goal to do well with the learning (Xu et al., 2015). It has been found that when a learning goal is clearly set, students are more likely to be motivated to remove obstacles that would potentially prevent them from reaching the goals (Corno, 2001). Another type of goal is social-oriented, which is the goal to seek approval from teachers or peers (Xu et al., 2017a). When individual’s learning-related behaviors are approved and supported by those who are important to them, such as their teachers, peers and parents, it is more likely for these learners to take actions that can assist the completion of their learning activities, such as actively structuring their studying environment (Fishbein and Ajzen, 1975; Ajzen, 1991).

In addition to the influences of learning-oriented and social-oriented goals, time management, which involves making schedules for the learning tasks and allocating time for a variety of activities (Pintrich, 2000b), would also affect study environment management. One interesting point in the self-regulated model is that time management is always listed and measured together with study environment management, inferring some extent of inner links between these two (Pintrich, 2000b, 2004). This is not surprising because when a schedule is well-made, in order to stick to this plan, one needs to ensure the environment is supportive rather than detrimental to the carrying out of the planned schedule.



2.2. Environment management in technology-based learning

Research pertaining to self-regulation in technology-based learning has demonstrated the association between environment management and a variety of other regulative strategies. One example is Whipp and Chiarelli’s (2004) case study of six graduate students studying online courses. Through interviewing students and teachers as well as analyzing students’ reflective journals, Whipp and Chiarelli (2004) found environment management was a frequently used self-regulated learning strategy during their online learning; furthermore, these students’ successful management of their technical and social environment has largely shaped the impact from their motivation (goal orientation) to self-regulation. Besides, quantitative research found a positive relationship between environment management and time management. Specifically, it has been identified that groupwork time management was positively related to students’ efforts in arranging the study environment (Xu et al., 2013, 2017b).

Factors affecting students’ environment management in technology-based learning have also been investigated. For instance, Du et al. (2015) found social-oriented reasons, which mean that learning could bring opportunities to work with, learn from, and get support from peers, were a significant predictor of environment management at both individual and group levels; in contrast, learning-oriented reasons, which include obtaining skills and enhancing productivity, were not significantly related to environment management at any level. However, Du (2016) reached different findings in another study, showing that environment management was positively related to peer-oriented reasons at the individual level, and was positively related to learning-oriented reasons at the group level.

As discussed by these researchers, the significant positive relationship with peer-oriented reasons at the individual level might be a result of the fact that Chinese students do not want to let their group members down when working in a group due to their sense of accountability in a collective culture (Chiong and Jovanovic, 2012). The relationship between peer-oriented reasons and environment management was not significant because in contrast to the western value of learning from peers, Chinese tend to respect teachers and treat them as authority and major sources of knowledge. This makes the concept of learning from peers usually weak. Further, the emphasis of competition with peers in Chinese educational system is innately opposed to learning through collaboration, which would make Chinese learners’ peer-oriented goals less important at the individual level (Zhu et al., 2009). In addition, the value of hard work, personal improvement and academic progress in Confucian culture would make Chinese learners pay special attention to learning-oriented goals (Lee et al., 2003; Wang, 2004; Fang, 2007), which might not be applicable to students in United States.



2.3. Environment management in technology-based physics learning

Physics is one of the science subjects based on experiments, where the core is the understanding and mastery of abstract ideas and concepts (Chandra and Watters, 2012). Traditional physics classes which are often featured with chalk and talk are criticized by students as boring, irrelevant, less interactive and ineffective (Jimoyiannis and Komis, 2001; Williams et al., 2003; Angell et al., 2004). With the facilitation of technical equipment, however, teachers could have more flexible instruction and better draw on learners’ multi-sense when they are interacting with physics knowledge and activities presented by multimedia (Kenny et al., 2006; Shi and Liang, 2012). The use of animations that visualize the concepts would also make learners comprehend abstract concepts more effectively (Linn et al., 2006; Zucker and Hug, 2008) and facilitates students’ connection with prior knowledge and active engagement in reformulating their misconceptions (Jimoyiannis and Komis, 2001).

However, researchers and teachers have also found that the learning environment supported by technology becomes more complicated and have more distractions. Students are often multi-tasking when they have their laptops or mobile phones by their side--messaging, surfing the internet, playing games, listening to music, watching videos, or simply dealing with pop-up windows and low-battery or software update warnings while they are having classes or doing their homework (Hembrooke and Gay, 2003; Fried, 2008; Junco, 2012; Zhang, 2015; Chen and Yan, 2016). As individuals have limited mental resources to process information (Lang, 2000), potential distractions caused by technology equipment, especially that with Wi-Fi-access, would lead to attention shifts and cognitive overloads (Fried, 2008). When attentional demands go beyond the capacity to process information, learners’ performance will be negatively impacted (Posner, 1990; Sana et al., 2013). Such a negative association between learners’ multitasking and learning performance reveals the great need for students to self-regulate their learning through the successful management of the environment with technology devices (Zhang, 2015).

The introduction of technology into education has resulted in different means of utilizing technology for science education, for instance, to use mobile games (Avouris and Yiannoutsou, 2012; Nelson et al., 2017), specific apps (Szklanny et al., 2017; Buongiorno and Michelini, 2021), mobile technology to support collaborative learning (Tinker and Krajcik, 2012; Córdova Martínez and Alfonte Zapana, 2020; Telfer-Mason, 2021) or to enhance learning outcomes (Cahyana et al., 2019; Zhai et al., 2019). However, few studies were conducted to analyze the relationship between learning-oriented social-oriented goals, time management and environment management. Considering the role of physics in various professions and fields (Darma et al., 2019) and scarcity of relevant empirical studies about the aforementioned variables, there is an urgent need to investigate the factors affecting environment management by establishing and verifying a model addressing the relationships between motivational and self-regulated variables environment management in technology-based physics learning context.



2.4. The present study

The present study incorporated two important motivational variables (learning-oriented social-oriented goals) and two important behavioral self-regulation variables (environment and time management) to investigate the potential relationships among them, in the context of technology-based physics learning at Chinese secondary schools. More specifically, it is hypothesized that in line with previous research in other contexts, students’ environment management is positively associated with their learning-oriented goals, social-oriented goals and time management.




3. Materials and methods


3.1. Participants and procedure

Participants of the study were middle school students from one public middle school in south-eastern China. With permission from school superintendents, surveys were distributed by school principals and teachers, and consent forms were sent to students before they took the surveys. A total of 726 students (46.6% were male) from 51 classes participated in this study, with a response rate of 88.9%. Participants who failed to respond to the entire questionnaire were deleted. Since this study requires students to answer questions anonymously, each participant is not identifiable, so we could not get access to the belonged class information, we can only know how many students in total come from 51 classes, but we could not know which class each student came from.

All the students in the study received technology-based physics learning. They were taught physics utilizing online multimedia platforms. Teachers also made physics views more accessible by appropriate pedagogy. For example, teachers use multimedia simulation instead of artificial physics experiment, which can increase the flexibility of the scene. Using such technology-based learning approach can downplay the traditional teaching model that the teacher dominates the classroom. In addition, teachers will teach students according to their ability levels. Multimedia platforms will be used to set teaching content of different ability levels. Students can complete corresponding learning tasks according to their own ability level on the platform, so that they can gradually master the knowledge to be taught.



3.2. Measures

The development of the survey was informed by theory and research related to self-regulated learning and environment management. Several multi-item scales to measure each variable in the research model were used for this study (see Table 1).



TABLE 1 Results of confirmatory factor analysis.
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3.2.1. Environment management

Environment management refers to leaners’ attempt to structure and manage their study environment (Pintrich et al., 1993; Xu, 2008). This variable was measured with three items using a five-point Likert scale (“1” for “never” and “5” for “routinely”). The development of these items was informed by previous research on self-regulation (Zimmerman and Martinez-Pons, 1990; Wolters, 2003). A sample item is, “Find a quiet area.” The internal consistency of these items is 0.75.



3.2.2. Learning-oriented goal

Leaning-oriented goal refers to leaners’ purpose of learning arising from reinforcement of learning and the development of self-regulated attributes. This variable was measured with three items adopted from previous study on homework purpose scale (Xu, 2010) using a four-point Likert scale (“1″ for “strongly disagree” and “4″ for “strongly agree). A sample item was, “Learning and using computer helps me learn to work independently.” The internal consistency of these items was 0.87.



3.2.3. Social-oriented goal

Social-oriented goal refers to learners’ purpose of learning influenced by teachers, parents, and peers. This variable was measured with three items adopted from previous study on homework purpose scale (Xu, 2010) using a four-point Likert scale (“1” for “strongly disagree” and “4” for “strongly agree). A sample item was, “Learning and using computer brings me teacher approval.” The internal consistency of these items was 0.88.



3.2.4. Time management

Managing time refers to leaners’ attempts to plan, monitor, and regulate time use. Its development is informed by previous literature on time management in traditional classroom settings (Pintrich et al., 1993; Xu et al., 2014). This variable was measured with three items using a five-point Likert scale (“1” for “never” and “5” for “routinely”). A sample item was, “Set priority and plan ahead.” The internal consistency of these items was 0.75.



3.2.5. Statistical analyzes

Structural equation modeling (SEM) was applied for data analysis in this study due to its advantage in simultaneously analyzing the relationships between latent and observed variables along with modeling random errors in the observed variables at a greater precision. The two-step approach to SEM (Schumacker and Lomax, 2010) was adopted. Confirmatory factor analysis (CFA) was performed first to estimate how well the observed variables measure the latent ones. In the second phase, the structural part of the SEM, the relationships among the exogenous and endogenous latent variables were estimated. To ensure the reliability in SEM, researchers (Kline, 2010) recommended a sample size of at least 100 to 150. Besides, Hoelter's (1983) critical N, which is the acceptable sample size for the proposed model at the.05 level of significance, was found to be 208 in the current study. Given that the sample size of this study is 726 (larger than 150 and 208), it should be adequate for the use of structural equation modeling.





4. Results


4.1. Descriptive statistics

Descriptive statistics, including the means, standard deviations, skewness, and kurtosis values for the 12 items in the survey were calculated. The means for those measured on a 5-point scale (i.e., Time management and Environment management) ranged from 2.22 to 3.55 and standard deviations ranged from 1.18 to 1.45. The values of the skewness and kurtosis for the 5-point items were from −0.43 to 0.85, and from-1.31 to 0.01, respectively. The variables measured on a 4-point scale (i.e., Learning-oriented goal and Social-oriented goal) had mean values ranging from 2.57 to 2.90 and standard deviations from.80 to 0.88. The values of the skewness and kurtosis for the 4-point items were from −0.57 to −0.02, and from −0.72 to.05, respectively. Since all values of the 12 items were considerably lower than the recommended cut-offs of|3.0|and|8.0|for skewness and kurtosis, univariate normality in the data was assumed (Kline, 2010).



4.2. Evaluation of the measurement model

A confirmatory factor analysis (CFA) was conducted with AMOS 24.0 using maximum likelihood estimation (MLE) and variance–covariance matrices to estimate a congeneric model with uncorrelated errors. As MLE is known to produce distorted results when the normality assumption is violated (Curran et al., 1996), multivariate normality was assessed using the Mardia measure of multivariate kurtosis (Mardia, 1970). The Mardia’s coefficient for the data in this study was 38.041, lower than the value of 168 computed based on the formula p (p + 2) where p equals the number of observed variables in the model (Raykov and Marcoulides, 2008). Accordingly, data in the current study applied the multivariate normality.

The overall model fit was assessed using fit indices commonly reported in SEM studies, namely χ2, the ratio of χ2 to its degree of freedom (χ2/df), Tucker-Lewis index (TLI); comparative fit index (CFI); root mean square error of approximation (RMSEA); and standardized root mean square residual (SRMR). For chi square statistic, a good model fit would provide an insignificant result at a 0.05 threshold (Barrett, 2007). As the Chi-Square statistic (χ2) is a statistical significance test in nature, it is sensitive to sample size, meaning that the Chi-Square statistic tends to reject the model when large samples are used (Bentler and Bonnet, 1980; Jöreskog and Long, 1993). To minimize the impact of large sample size on the model in this research, Wheaton et al. (1977) recommended to use relative/normed chi-square (χ2/df). For the ratio of chi square to its degree of freedom, researchers have different thresholds for the indication of a good model. Recommendations for a good model fit range from 2.0 to 5.0 (Wheaton et al., 1977; Tabachnick and Fidell, 2007). Researchers suggested that values of TLI and CFI in the range of 0.90 through 0.94 may be considered as reasonable indicators of good model fit (Hair et al., 2010). According to Hu and Bentler (1999), a value that is greater than 0.95 is appropriate. The RMSEA with a value close to.06 (Hu and Bentler, 1999) or an upper limit of.07 (Steiger, 2007) tends to be agreed to have good fit, while a slightly larger acceptable range is between 0 and 0.08 is also acceptable (MacCallum et al., 1996; Hooper et al., 2008). The SRMR values between 0 and.1 is acceptable, with those less than.05 indicating well fit (Byrne, 1998; Diamantopoulos and Siguaw, 2000). Considering the large sample size of the model, despite the significant result of Chi square statistic, the measurement model revealed that the proposed model has a good fit to the sample data (χ2 = 227.841, p < 0.001; χ2/df = 4.747; TLI = 0.935; CFI = 0.953; RMSEA = 0.072; SRMR = 0.046). The testing results of the overall model fit are presented in Figure 1.
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FIGURE 1
 The research model.


The reliability and validity of the items and the factors in the proposed model (see Figure 1) were assessed using the composite reliability (CR) and average variance extracted (AVE), respectively. Cronbach’s alpha was not reported in this study because when used with a multi-item scale, as is the case in this study, it was inclined to violating key assumptions (Teo and Fan, 2013). To assess the item validity, the direction, magnitude, and statistical significance of each parameter (t-value) were examined (Schumacker and Lomax, 2010). If the standardized estimate was greater than 0.50, it indicated that an item explained its latent variable well (Hair et al., 2010). Average variance extracted (AVE), which measures the amount of variance captured by the construct in relation to the amount of variance attributable to measurement error, was a more conservative indicator of validity and was computed for each construct. Both the CR and AVE are judged to be adequate when they equal or exceed 0.50 (i.e., when the amount of variance captured by the construct exceeds the variance due to measurement error) (Fornell and Larcker, 1981). The t-values, standardized estimates, CR, and AVE of all items and variables meet the recommended guidelines (Fornell and Larcker, 1981), as shown in Table 1.



4.3. Evaluation of the structural model

Evaluation of the structural model was made using the same model fit criteria for the measurement model. Results indicate that despite the significant chi square statistics, the structural model has a good fit (χ2 = 227.841, p < 0.001; χ2/df = 4.747; TLI = 0.935; CFI = 0.953; RMSEA = 0.072; SRMR = 0.046). 16% of the total variance in EM could be explained by LOG, SOG and TM in this model. As shown in Table 2, two out of three hypotheses in this study were supported by the data.



TABLE 2 Hypothesis testing results.
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5. Discussion

The current study examined factors associated with study environment management in technology-based physics class at the secondary school level. Students’ learning-oriented goals and time management were revealed as positive predictors of environment management. Interestingly, social-oriented goals were found to be negatively associated with environment management. This paper has provided a deeper insight into the mechanism among the variables in technology-enhanced physics learning context in China, especially in light of the global COVID-19 pandemic, under which opportunities for implementing online education at a large scale have been provided (Xie et al., 2020). For learning in technology-enhanced context, one challenge faced by students is difficulty focusing during learning. Self-control from being distracted by various social media platforms, games, and apps available is essential to continue focusing on learning. In addition, in the current era of globalization, it is unavoidable that rapid development of information technology will have a profound impact on education. Educational stakeholders must continue to adapt technological developments to efforts to improve quality (Maruf et al., 2019).

Furthermore, the analysis of the relationship undertaken here, has extended our knowledge of the use of ICT in education, because the research focus is different from prior studies on how to use mobile games (Avouris and Yiannoutsou, 2012; Nelson et al., 2017), specific apps (Szklanny et al., 2017; Buongiorno and Michelini, 2021), mobile technology to support collaborative learning (Tinker and Krajcik, 2012; Córdova Martínez and Alfonte Zapana, 2020; Telfer-Mason, 2021) or to enhance learning outcomes (Cahyana et al., 2019; Zhai et al., 2019). The results provide a basis for future studies that may involve other crucial but less investigated variables in the context of technology-based learning environments.

Firstly, our study showed that learning-oriented goals had a positive influence on study environment management. This is consistent with findings in the study by Whipp and Chiarelli (2004) that students’ successful management of study environment was largely influenced by goal orientation. One possible explanation is that learning-oriented goals can help students regulate their learning process by choosing suitable strategies (Winne and Hadwin, 1998; Zimmerman, 1998a; Pintrich, 2000a,b, 2004) and setting up study environment is one of those strategies. In technology-based physics class, students with strong learning goal would pay close attention to the complicated knowledge content by removing things from the table to make enough space to do the calculation. For some individual learning activities such as watching teaching videos or doing virtual experiments, students would find a quiet place so that they can stay focus on the task. Another point to note is that Chinese students are well-known for their strong learning goals and eagerness for academic success (Xu et al., 2017b). Hence, the participants in our study might have stronger motivation to manage their learning environment due to their strong ambitions of achieving learning-oriented goals.

In addition, time management was found to affect environment management in technology-based physics class. This is in consistent with the findings in previous studies (Xu et al., 2013). It makes logical sense that in technology-based physics class, time management is a challenge to get used to technology to conduct different study activities while learning complicated physics knowledge at the same time. Therefore, those students who can effectively manage their time would try to eliminate possible distractions by setting up adequate study environment. External distraction such as family chatting and internal distraction such as students’ negative attitude when facing difficult problems would interfere and slow down learners’ study efficiency. Furthermore, scholars have also pointed out that technology itself might cause distractions because of multitasking behaviors of students when using technology (Junco, 2012; Zhang, 2015). When students have strong motivation to manage their time, they will try their best to ignore irrelevant time-consuming behaviors such as pop-up messages when using technology, to self-regulate internal distraction, and to remove external distractions which therefore lead to better environment management.

Interestingly, results in the present study indicate that social-oriented goals are negatively associated with environment management. This is probably because students who value social-oriented goals would care more about others’ opinions and approval. Their focus might transfer from learning-oriented reasons to social-oriented reasons and this might lead to learning in an environment which is not suitable for students’ individual preferences. As Sun (2017) points out in his study about social-oriented self, under the Confucian culture, Chinese individual would choose to listen to others’ advice and safeguard the interests of others when they were in conflict situations. Although they have the good intention to learn in the first place, they would be impacted by social diversity of others’ opinions and lose their independent critical thinking. Hence, in this scenario, social-oriented reasons might become distraction that is not good for environment management. Another possible explanation is that in an educational system that emphasizes competition (Zhu et al., 2009) and hard work (Li, 2005), learners may receive huge amount of pressure from their parents and teachers. Since adolescents can easily develop rebellious attitudes toward their parents’ and teachers’ high academic expectations (Luthar and Ansary, 2005), they might also go to the opposite direction by not regulating their learning to show their rebellion.

Two possible limitations that are needed to be addressed in our study. First of all, we only used cross-sectional data, which may not represent a causal relationship among the tested variables. Then, we only adopted a self-report survey in the study, which may be biased by one’s socially desirable bias.



6. Implications and recommendations

The findings of this study have important implications for teachers who use technology to teach sophisticated subject knowledge such as physics. Due to the complexity of such an environment, which is represented by high cognitive demands in content comprehension (Williams et al., 2003; Chandra and Watters, 2012) and great challenges in dealing with environmental distractions from technology (Kay and Lauricella, 2011), teachers’ efforts in improving learners’ motivation to learn knowledge and skills and at the same time decreasing their overly concern about other people’s opinions on them could help them better concentrate on learning itself and promote their management of studying environment. In the meantime, if the negative relationship between social-oriented goals and environment management comes from adolescents’ rebellion, teachers and parents should make changes so as not to overly put pressure on the students.

In addition, because learners have limited cognitive resources, when making teaching plans, teachers are recommended to take both the teaching content and mode (e.g., the use of technology) into consideration by weighing their challenging levels. For example, if the content is cognitively demanding, students’ attention would be more likely to be attracted by technology in their environment, which looks interesting with less cognitive loads (Fried, 2008). Accordingly, when the challenging content is part of the class goals, it would be helpful if teachers split it into a series of steps to teach to decrease the possibility of technological distractions.

Future studies may consider continuing this important line of research by incorporating other significant but less investigated variables (e.g., emotion management, help seeking) in the context of technology-based learning environments. Multiple data sources could also be drawn on to obtain a more comprehensive understanding of learners’ self-regulated learning. It would also be interesting to test if the relationships identified in this study could apply to other less challenging content courses supported by technology, so as to study whether the difficulty level of subject content could influence learners’ goals and further the relationships between goals and self-regulation strategies. Furthermore, it requires further investigation whether there are competitive relationships between variables that are associated with the same variable (e.g., learning-oriented goals and social-oriented goals in the current study). This will add up understanding about how to adjust different types of goals to enhance their joint positive effects on learners’ application of useful self-regulated learning strategies.
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With the further development of Internet technology, online learning has become an important way for learners in the digital age. As an important learning strategy, self-regulated learning plays an important role in e-learning. Whether learners can succeed in the network learning environment largely depends on their online self-regulating learning ability. This research reviews the theories and models of self-regulated learning, and analyzes the influences of individual factors and external factors on second language self-regulated learning in the online learning environment. And some implications in learning and teaching are given, as well as suggestions for future research.
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1. Introduction

Online learning has become an important way for people to learn in the digital age, thanks to the development of intelligent technologies such as the Internet and the popularization of distance education. Because of the COVID-19 epidemic, online language learning has become the new normal in recent years. Online language learning is a highly autonomous learning mode, with a significantly higher drop-out rate than face-to-face courses. One of the key reasons is that online students lack the ability to self-regulate their learning (Kulusaklı, 2022). As there are differences between online language learning and traditional in-class learning, self-regulation in the context of online foreign language education needs to be measured separately (Wang and Zhan, 2020).

Self-regulated learning (SRL) is an important factor in determining the effectiveness of online language learning for language learners (Cho and Jonassen, 2009; Lin et al., 2021). Paying attention to SRL is beneficial for allowing learners’ subjectivity to be fully expressed in the learning process, as well as for assisting them in developing good learning habits in language learning. When compared to traditional classroom learning, online learning requires more autonomy from students. The online platform, on the other hand, can record learners’ traces (such as learning content and duration) and provide accurate feedback information for SRL. As a result, understanding learners’ self-regulation in second language online learning is critical. SRL is associated with learning and academic achievement, and can guide learners’ future paths to study and work (Viberg et al., 2020). SRL can be trained (Raaijmakers et al., 2018) and controlled by the learners (Chang et al., 2018). Therefore, it is necessary for teachers to provide students with SRL support.

This research will conduct a brief review of the existing literature, mainly discusses two aspects: one is the theory and model of SRL, the other is about the influence factors of SRL on second language online. Finally, based on the above two aspects, also puts forward some implications and suggestions.



2. Review of the literature


2.1. Theories and models of self-regulated learning

The study of self-regulation originated from the social cognitive theory represented by Bandura (1997). Zimmerman proposed the concept of “self-regulated learning” (SRL) for the first time in Contemporary Educational Psychology in 1986. Since then, educational psychology researchers have explained this concept from various perspectives. Self-regulated learning, according to researchers, occurs when learners take the initiative to set learning goals and then monitor, adjust, and evaluate their cognition, motivation, emotion, behavior, and environment in order to achieve them (Zimmerman and Schunk, 1989; Schunk and Zimmerman, 1994). Despite the fact that its definitions vary, they all emphasize the importance of learners’ initiative and goal setting.

Self-regulated learning is an important concept in the field of learning psychology, especially in the field of learning strategy research, and a core conceptual framework for understanding the cognitive, motivational, and emotional aspects of learning. Researchers have analyzed SRL from different perspectives. Zimmerman (1989) believed that SRL is a process in which learners actively participate in their own learning activities from metacognitive, motivational, and behavioral aspects in order to achieve learning goals. Winne (1995) also believed that language learning is a process of learners’ internal construction and self-orientation. Pintrich (2000) explained more specifically: SRL is an active and systematic learning process in which learners first define their learning goals and then make adjustments according to specific goals to control and monitor their cognition, motivation, and behavior. Numerous studies have shown that effective learning regulation is essential for success (Lawson et al., 2019). SRL is a self-directed process for learners to transform their mental abilities into academic skills. In other words, SRL is the process of helping students manage their thoughts, behaviors, and emotions in order to successfully direct their learning experience (An et al., 2021).

The emergence and development of SRL involve different fields. In the field of educational psychology, researchers apply SRL to different environments for analysis, such as classroom learning (Pionera et al., 2020; Robbins et al., 2020), higher education (Wolters, 1998; Lee, 2002; Fukuda, 2019; Yüce, 2019), and network environment (Azevedo and Cromley, 2004; Gravill and Compeau, 2008; Puntularb et al., 2021; Gambo and Shakir, 2022). Most researchers believe that in order to promote the development of SRL, it is necessary to deeply understand the internal mechanism. How to support and facilitate SRL can be defined only when the relationship between the process and components of SRL is clear.

There are four classical models in the field of educational psychology that describe the process of students’ self-regulating learning. Although all four models believe that SRL is a cyclic process, the stages and focuses of SRL in different models are not consistent. Self-regulation empowerment program model (Zimmerman, 2000) and learning conceptual framework model (Pintrich, 2000) describe the whole process of SRL, and the core components of them are feedback and regulation. Pintrich (2000) also stressed the importance of motivation. Information processing model highlights the role of monitoring at the level of metacognition (Winne and Hadwin, 1998), while dual processing model based on behavior control theory emphasizes the importance of emotion (Boekaerts and Corno, 2005).

Furthermore, new models are constantly being released. The metacognition and emotion model proposed by Efklides (2011), for example, divides SRL into macro and micro levels. Some scholars have tried to integrate new elements into the SRL model, such as integrating epistemic belief (Muis, 2007), epistemic emotion (Muis et al., 2018), and academic emotion (Ben-Eliyahu, 2019).

Language learning strategies have a significant impact on SRL in second language learning (Rose et al., 2018). Dörnyei (2005) pioneered the incorporation of SRL into the field of second language teaching. He emphasized that the definition of language learning strategies was debatable and that the measurement method was not rigorous. His model distinguishes five types of SRL ability: commitment control, metacognitive control, satiation control, emotion control, and environmental control. Based on this model, Tseng et al. (2006) created the questionnaire “Self-regulation ability of vocabulary learning,” which aims to break down the barriers of traditional language learning strategies and measure students’ self-regulation ability to use strategies rather than specific strategies.

In response to criticism of language learning strategies of Dörnyei (2005) and Oxford (2017) redefined and attempted to integrate language learning strategies using SRL and other theories. Language learning strategies, according to her model, are a component of SRL and a means of achieving self-regulation. Although researchers have attempted to propose a SRL model with second language teaching characteristics, its influence remains insufficient. Self-regulation empowerment program model by Zimmerman is still widely used in SRL research in second language teaching. When the models in the two fields are compared, it is discovered that the models in educational psychology have broader and more complete dimensions, richer theoretical perspectives, and are constantly innovating and developing, whereas the models in second language teaching are not only few in number, but also focus on language learning strategies.

In this study, online learning refers to how learners systematically learn a second language through the network using computers and mobile phones in and out of class. Learners’ autonomy in an online learning environment is greater than in an offline learning environment. According to some researchers, self-regulation in online learning differs from that in traditional learning environments (Barnard et al., 2009). Because SRL is a key skill that influences the success of computer-assisted learning (Adeyinka and Mutula, 2010), it is essential to research self-regulation in online learning. Self-regulation in second language online learning can be defined as a self-guided process that allows second language learners to activate and maintain cognition, emotion, and behavior while learning a second language online. SRL in second language online learning shares characteristics of the general self-regulation learning process as well as second language acquisition and the online learning environment. Paying attention to SRL in second language online learning is critical for understanding second language learners’ psychological, cognitive, and behavioral processes, as well as assisting learners in improving their second language level and autonomous learning ability through the use of online learning resources and tools.



2.2. Factors influencing self-regulated learning in L2 online learning

Academic achievement is positively related to SRL, particularly metacognitive regulating behaviors like monitoring and planning. A good SRL ability also benefits second language learners’ online learning (Dent and Koenka, 2016). There is also a positive correlation between self-regulation ability and language achievement of second language learners in online environment. So, what factors contribute to differences in SRL ability among learners? The internal individual factors of learners, as well as external training and intervention, will be examined.


2.2.1. Individual factors

Individual motivation to learn is a significant influencing factor. Learners with a clear vision for foreign language learning and an interest in the target language culture can self-regulate more effectively. Motivation is positively correlated with SRL and can predict outcomes (Lim and Yeo, 2021). Hromalik and Koszalka (2018) compared the logs of second language learners at various levels and discovered that those who achieve good online learning results have strong intrinsic motivation, particularly personal emotional motivation. They can better manage their time and will consider and adjust their own learning methods as they reflect. Learners with poor learning outcomes exhibit greater practical motivation and obvious procrastination, and they attribute their poor learning outcomes to external factors. Self-regulation and learning motivation reinforce each other. On the one hand, strong learning motivation can promote second language learners’ self-regulation ability; on the other hand, improving SRL ability also helps to improve learning motivation. When learners have both mastery learning goals dominated by internal motivation and achievement learning goals dominated by external motivation, they typically perform relatively well academically.

Another major influence factor is the language proficiency of the learners. Learners who have been studying foreign languages for a long time will be more inclined to use technology for learning as their language level improves. Research on middle school students’ mobile English vocabulary learning of Liang (2016), for example, discovered that students with higher English proficiency have higher self-regulation ability in mobile vocabulary learning than students with lower English proficiency, particularly in metacognitive control and boredom control. There is a significant positive correlation between the English vocabulary level of middle school students and the self-regulation ability of mobile vocabulary learning. Some students with low language proficiency are hesitant to use social media for language practice because they are “afraid of making mistakes or not being understood by the other party.” Higher-level learners, on the other hand, look for ways to practice their language after class and will use technology more actively to adjust their language learning and achieve their learning goals. Saito (2020) studied the use of L2 strategies and influencing factors of Japanese college English learners, and the research showed that learners’ SRL ability is related to more use of L2 strategies and higher language level.

In addition, self-efficacy influences SRL. Self-efficacy refers to an individual’s belief in his or her ability to accomplish certain tasks and goals (Bandura, 1997). Learners who have a higher sense of self-efficacy are more likely to engage in self-regulating behaviors and devote themselves to learning (Csizér and Tankó, 2017; Sardegna et al., 2018). The ability of self-assessment predicts learners’ self-efficacy in listening, speaking, and reading skills, the ability of environmental organization affects their speaking and writing efficacy, and the factor of goal setting affects their writing efficacy (Su et al., 2018).



2.2.2. External factors

External factors such as guiding and intervening in the online learning process of second language learners will have an impact on their ability to self-regulate. Students who can self-regulate their learning perform better academically, so assisting students in developing this ability is critical. Studies have proved that providing learners with learning strategy guidance can improve self-regulation and academic performance (Bandalos et al., 2003).

Chang (2007) asked Chinese college students learning English to consciously self-monitor in the form of online guidance, and found that students with monitoring strategy guidance were significantly better than students in the control class in terms of reading comprehension and motivation belief, especially for lower-level learners. Deng (2012) took two college English classes as the experimental class and the control class, and cultivated the students’ self-regulating learning ability in the experimental class from five aspects: learning plan, monitoring of learning process, self-evaluation, motivation orientation and reinforcement, and the ability to regulate learning environment. After three semesters of experimental teaching, the experimental class’s final exam and English proficiency test results were clearly superior to those of the control class. Kondo et al. (2012) compared the experiences of Japanese college students learning English listening and speaking in two ways: one through mobile phone software with SRL guidance function, and the other through SRL in a traditional learning environment. According to the study, learners’ language achievement skills improved more noticeably in a mobile learning environment.

Prompt intervention for learners can significantly improve their SRL ability in problem-solving scenarios. It is an effective intervention method to remind students to use specific SRL strategies that they have mastered but have forgotten to use during the learning process (Bannert and Reimann, 2012). Daumiller and Dresel (2019) investigated the effects of metacognitive cues and motivational cues on SRL in students and discovered that motivational cues are more effective. Whipp and Chiarelli (2004) also pointed out that interventions in motivation, self-efficacy, interest, attribution, teacher support, peer assistance, curriculum design, and other factors can improve learners’ online SRL level and learning performance. Bai et al. (2021) regulated and intervened the English writing situation of primary school students in Hong Kong in an online environment, and the research found that the use frequency of four self-regulated learning strategies of students was significantly increased. Chang et al. (2019) studied primary school students in Taiwan who learned English vocabulary on mobile phones and found that students in the experimental group who used the English vocabulary learning APP with self-directed learning mechanism (evllap-srlm) had significantly better academic performance and motivation than those in the control group.





3. Implications and suggestions for further research

Although SRL has been shown to be an important factor influencing online learning, learners are not always able to successfully regulate themselves for a variety of reasons, including a lack of good strategy use, a lack of metacognitive knowledge, or a lack of experience in an online learning environment (Li et al., 2018). Besides, according to the social cognitive perspective, SRL is influenced not only by individuals, but also by the interaction of environment and behavior (Zimmerman, 1989). As a result, how to encourage the development of learners’ SRL ability has emerged as a critical issue in research and practice.

To begin with, the research findings indicate that individual factors of learners have a significant impact on self-regulation. As a result, second language online learners should be aware of their own psychological state, adjust their learning motivation, and maintain positive learning beliefs and self-efficacy. For example, learners should encourage themselves and give positive psychological suggestions, believe in their learning ability, and reduce the negative impact of the change of learning style on self-efficacy. Second language learning is a long-term process that requires more self-monitoring and self-regulation from learners. Learners should use goal setting to maintain learning motivation, improve online SRL level, and then improve online language learning effectiveness.

Second, previous research has demonstrated that external intervention and training can significantly improve SRL ability. Without teacher support in teaching, students may overestimate their ability to understand learning materials (Baars et al., 2018), which may have a negative impact on the subsequent learning process. Teachers should provide targeted training and intervention to students, such as combining classroom teaching activities with online learning practice, strengthening SRL strategy training, increasing students’ awareness of SRL strategies, improving effectiveness, assisting students in developing a clear vision of second language online learning, and encouraging and stimulating students’ cultural interest (Zheng et al., 2018).

Last but not least, teachers should pay attention to the evaluation and feedback of students’ self-regulation abilities, as well as recommend more self-regulation resources and methods to students. Teachers can introduce some improvement methods to primary language learners, such as website tools for adjusting speech speed, to help learners make full and efficient use of learning resources (Lai and Gu, 2011). Teachers can also ask students to make more self-observation, self-assessment, and reflection on their online learning process, and conduct detailed analysis and feedback on the results of students’ reflection, so as to help students improve their ability to self-regulate learning.

Based on the above analysis, future research should be carried out from the following aspects: In terms of research content, it is necessary to strengthen the research on the characteristics of online second language learning and SRL mechanism. The forms of second language online learning have become more diverse as educational technology has advanced. The key factors influencing learners’ second language acquisition may differ across learning environments and forms. To find and solve problems in the self-regulation process, an organic combination of SRL theory, language teaching process, and language learning mechanism research is required. Researchers should conduct more specific empirical research, thoroughly investigate the self-regulation process and related influencing factors in second language online learning, and then provide learners with support. In terms of research application, the transformation from research conclusions to teaching application should be enhanced, especially the use of technology to enhance SRL in the online environment, develop more technical tools to support learners to self-regulation, and carry out action research and design-based research in teaching for continuous optimization.
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As an attempt to shed more light on the utility of blogs in educational contexts, the current research set out to explore the effectiveness of blog-based writing instruction on the writing skill and writing motivation of Chinese English-as-a-Foreign Language (EFL) students. Forty-nine Chinese EFL students from two intact classes in a language school were selected as the participants through convenience sampling. Then they were assigned to an experimental (26 students) and a control condition (23 students) randomly. The students of the experimental group utilized blogs for posting their writing assignments whereas the control group were taught traditionally with no use of blogs or other technology devices. The IELTS writing tasks and L2 writing motivation scale were used for the data collection as pre-and post-tests. The findings revealed that although both groups improved their writing skill and motivation, the participants of the blog group performed better than those in the control group, confirming that the blog-based teaching substantially enhanced the writing skill and writing motivation of the EFL students. These findings may have notable implications for EFL instructors.
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Introduction

Nowadays, the arrival of novel technology applications has triggered a renewal of surge of attention to the use of technology in education contexts (Smith et al., 2020). The widespread internet growth has affected a considerable increase in technology use recently. Numerous studies have proven technology used to be an effective tool for improving students’ motivation, autonomy, and creative thinking (Bain and Ross, 2000; Annetta et al., 2009; Arslan and Şahin-Kızıl, 2010; Sabzian et al., 2013; Yurtseven et al., 2015; Liu et al., 2022; Vu et al., 2022). In light of the positive impact that technology has had on students, the integration of technology in education has been the primary concern of many instructors (Hew and Brush, 2007; Hung et al., 2022; Teo et al., 2022; Yang et al., 2022). Communication is one of the key aspects of using technology, as it provides worldwide connections among friends, classmates, and experts. As a result of the growth in communication, students are exposed to greater learning opportunities (Sun, 2010).

Recently, the use of technology has undergone pioneer expansion in L2 learning (Du and Wagner, 2007; Kukulska-Hulme et al., 2017; Fathi and Rahimi, 2022). With the aid of technology, learners become active content creators (Du and Wagner, 2007). Technology also helps learners have access to an unlimited range of authentic materials with no restrictions (Hubbard et al., 2004). It fosters genuine communication among peers and teachers and increases the sense of responsibility and ownership (Murray and Hourigan, 2008; Dippold, 2009; Sun, 2009; Arslan and Şahin-Kızıl, 2010). Owing to the arrival of Web 2.0 technologies and widely uses of various applications, students’ exposure to L2 materials has increased (Wang and Vásquez, 2012; Lee and Markey, 2014). Therefore, students’ motivation and learning attitudes are enhanced (Fathi et al., 2019), and students with busy schedules make better use of their time by being able to work at home (Raja and Nagasubramani, 2018). Web 2.0 technology provides language learners with an effective and cooperative context in which they access unlimited information and feel a sense of responsibility for their own learning (Campbell, 2003; Lee, 2008). Eventually, the prevalent use of the internet in this age of technology has made educators more aware of the crucial role of blogs in education (Liu, 2016; Su et al., 2018).

As far as educational technology devices are concerned, a notable example of web 2.0 technology is blogs. Blogs are one of the most widely used websites for language learning. These blogs are easy to use with a convenient and easily accessed design (Bartlett-Bragg, 2003; Lee, 2008; Elola and Oskoz, 2017). Blogging websites provide learners with unlimited opportunities to get involved in authentic communication (Ducate and Lomicka, 2005; Richardson, 2006; Arena, 2008; Murray and Hourigan, 2008; Lee, 2020). In addition, with the help of blog-based writing, teacher feedback and peer feedback are enhanced (Campbell, 2003; Murray and Hourigan, 2008; Lee, 2010). Concerning L2 learning, a number of researchers have underscored the usefulness of blogging in enhancing writing competencies (e.g., Sun, 2010; Chen, 2016; Lee, 2017; Yousefifard and Fathi, 2021). In L2 writing context, blogs can provide convenient access to various online resources, foster greater writing practice, offer a real audience for the essays, enhance cooperative learning, generate a sense of community, ownership, as well as autonomy among L2 learners, and increase teacher–student and peer interactions in and outside the classroom (Armstrong and Retterer, 2008; Dippold, 2009; Chen, 2016; Özdemir and Aydin, 2020). It is also worth noting that WordPress, Blogspot, and Blogger are well-known website creation platforms used for L2 learning. By the use of blogs, learners can upload files and comment on the uploaded files. Commenting feature improves learners’ writing skills according to teacher feedback and peer feedback, and it additionally enhances self-confidence and self-efficacy. As a result of increasing interest in blogging, learners become aware of their strengths and weaknesses through receiving feedback, revising their writings, and finally, learners become creative writers (Murray and Hourigan, 2008; Lee, 2010). Although a significant body of studies has investigated the use of blogs in education in general and in L2 writing in particular (Armstrong and Retterer, 2008; Pham and Usaha, 2016; Lee, 2017; Yousefifard and Fathi, 2021), this research area calls for further empirical studies. Additionally, due to the complexity of writing nature as well as various topics, teaching methods, and wide scope, carrying out replication studies are much needed in L2 writing research (Porte and Richards, 2012). Furthermore, concerning writing skill, motivation is deemed an effective psychological construct that affects L2 writing significantly (Kormos, 2012; Wang and Guan, 2020). However, L2 writing motivation seems to be less researched in the body of related literature (Waller and Papi, 2017; Yousefifard and Fathi, 2021). As a result, to bridge the gap, this research is set to investigate the contribution of blog-based writing instruction to enhancing the writing performance and writing motivation of EFL learners. Therefore, the following two research questions were addressed in this study:

RQ1: To what extent does blog-based writing instruction affect writing performance of Chinese EFL students?

RQ2: To what extent does blog-based writing instruction affect writing motivation of Chinese EFL students?



Review of literature

The theoretical framework guiding the effectiveness of Web 2.0 technology in L2 learning in the present study is Vygotsky’s (1978) socio-constructivist theory of learning. According to this theory, learners are able to perform learning tasks more effectively when they collaboratively or jointly construct knowledge (Pavlenko and Lantolf, 2000). According to this theory, when students complete a task, they act as peers and either implicitly (indirectly) or explicitly (directly) intervene and scaffold each other’s learning performance. This mechanism can aid peers in developing through their zone of proximal development (ZPD) where learning and advancement are connected (Lee, 2008). From Vygotsky’s (1978) stance, ZPD is concerned with the distance between individuals’ actual level of autonomous performance without receiving help or guidance and their potential development achieved under guided direction or as a team member with additional proficient peers.

Mediated learning or other-regulation is also essential and interconnected notions in Vygotsky’s (1978) theory of learning. Based on Lantolf and Thorne’s (2006) views, mediated learning is concerned with a cycle wherein learners or teachers control other students’ or their own social and mental abilities through socially developed ideas and activities. Learners are believed to be at first mediated by other social and group individuals as well as actions which in Vygotsky’s conceptualisation is known as other-regulation. The skills which initially lie in learners’ social collaborations slowly become internalized through which learners can self-mediate or self-control their cognitive capacities (Vygotsky, 1986). Blog, as a kind of Web 2.0 technology, provides the participants of this study to have collaboration and interaction in exchanging ideas about their essays, thereby fostering mediated learning or other-regulations among EFL writers. More particularly, through such a social joint effort/collaboration, learners can co-build L2 information; for instance, L2 composing with different peers, a process which improves L2 writers’ cognitive functioning and assists them with arriving at their possible level of functioning (Neumann and McDonough, 2015; Hung and Nguyen, 2022).


Blogs in second language learning

During the last few years, Web 2.0 technology has become increasingly prevalent in L2 learning and instruction. A large and growing body of literature has investigated the effectiveness of blogs in L2 writing pedagogy (Stevenson and Liu, 2010; Amir et al., 2011; Trajtemberg and Yiakoumetti, 2011; Wang and Vásquez, 2012; Vurdien, 2013; Hansen, 2016; Lee, 2020; Yousefifard and Fathi, 2021; Zhang and Zou, 2021). The use of blogging to enhance teaching and learning has grabbed the attention of many language experts (de Almeida Soares, 2008). The purpose of this section is to review a few more relevant studies that examine blogging approaches in L2 writing.

For example, Lee (2010) used blogs as out-of-class assignments to develop learners’ language abilities. Seventeen university students at advanced levels kept blogs for 14 weeks as part of the study. The data was collected from blog pages and in final interviews, participants reported the advantages and challenges of using blogs for personal expression and interactions on a collaborative basis. As a result of regularly creating blog entries, learners’ writing fluency and motivation to write for various audiences are enhanced. Additionally, peer feedback led to further discussion, and feedback from the trainer led to more focus on language accuracy. Finally, the results showed that students’ critical thinking is crucial for applying blogging to the learning process.

In another study, Vurdien (2013) carried out a study to explore how a blog as a computer-mediated tool engages a group of EFL learners at a language school in Spain in reflective and collaborative learning. This study lasted for 5 months and the participants were 11 students preparing for the Cambridge examination. Activities like letter writing, proposal, and article writing were given to students. According to the collected data from discussions, feedback, and questionnaires, students’ collaborative interaction and self-reflection were fostered. Ducate and Lomicka (2008) carried out a one-year study to examine the students’ overall perceptions of blogging and their improvement in both reading and writing blogs. The collected data from blogs, reports, and interviews indicated that blogging enhanced students’ ownership and ingenuity in a peaceful situation.

To elaborate more on the studies concerning blogging, Trajtemberg and Yiakoumetti (2011) investigated the interaction strategies bloggers use by exploring both teacher-initiated and student-initiated interactions. The participants of this study were from an EFL undergraduate class at the University of Chile. Posts and comments were analyzed and the findings suggested that students’ self-awareness and self-reflection were fostered, moreover, their language learning enhanced. To increase the existing knowledge of blogging in second language learning, Amir et al. (2011) carried out a mixed methods study to investigate the use of blogs as an aid to develop students’ collaborative writing. The participants of this study were 4 classes of 80 students majoring in English Language Studies (ELS) programs and Literature programs. The results of this investigation showed that blogging gives students numerous options to write, interact and promote their sense of self-governance. In addition, different learning skills are given to students to foster self-confidence and keep learning in an authentic and peaceful place.

Conducting a quasi-experimental research, Arslan and Şahin-Kızıl (2010) verified the effectiveness of blog-based writing, using a process writing approach, on the writing skills of EFL students. Likewise, Vurdien (2013) investigated the impact of blogging technique in the writing course for EFL students who were requested to use blogs for posting their assignments and give feedback to their peers. The findings revealed that blog-based writing teaching improved the writing motivation of EFL learners. By the same token, Lee (2010) confirmed the utility of employing blogs in enhancing the writing skills and motivated behavior of EFL learners. In another study, Fathi et al. (2019) carried out an explanatory sequential design to probe the effects of blogs on writing affective variables of EFL learners. The results indicated that blog-based writing teaching was effective in enhancing writing motivation and writing self-regulation of the EFL learners. However, they found that blog-based writing courses diminished the writing self-efficacy of the participants. Özdemir and Aydin (2020) also averred the effectiveness of blog-based writing instruction on L2 motivation in a Turkish EFL context. Regarding affective variables, Chen (2016) also found that blogging failed to have a substantial effect on the writing motivation and anxiety of EFL learners although it improved their writing self-efficacy significantly. Yousefifard and Fathi (2021) also found that blog-based writing instruction significantly improved writing abilities and the ideal writing self, as a key component of writing motivation, among EFL students.

Also, Fageeh (2011) investigated the implementation of blog in an intermediate EFL writing class and its influence on students’ insights and writing instruction. A triangulated research strategy was conducted to study the effects of blogging on writing proficiency and attitude through a combination of an experimental and descriptive research design. The participants of this study were college students majoring in language translation. Twenty-five students were involved in the experimental group and the other 25 students were assigned to the control group. According to the results, the students viewed Weblog as a way to improve their writing skills and attitudes toward writing. Generally, students showed positive perspectives toward weblogs and they also believed that weblogs give them numerous opportunities to improve autonomy, self-governance, and creative writing.

According to another study by Hansen (2016), the effectiveness of blog-style writing tasks in comparison with more traditional writing tasks was analyzed. A technical analysis was conducted to compare the two different writing styles. Also, a self-assessment analysis was conducted to determine whether the tasks influenced further interest in the topic and whether they were engaging with the class’s learning objectives. In addition to that, as a part of the evaluation process, the amount of spent time on each task, the number of prepared drafts, and the types of the sources being used were analyzed. Despite the data collection limitations in this study, preliminary evidence suggested that blogs and essays work best when combined as supplementary writing assignments, while each encourages students to develop different abilities.

To elaborate more on the studies concerning blogs, further research on this topic was conducted by Lee (2020), to investigate the effect of using blogs in enhancing L2 writing skills in online language courses. The participants of this study were 48 beginner students who used blogs for writing tasks for 2 years. The data involved both qualitative and quantitative data and it was gathered from blog posts, comments, and last interviews. The findings of this research showed that students perceived blogging as a powerful method for enhancing their writing abilities. Additionally, the results revealed that students’ efforts to boost both form and content were affected by feedback scaffolding. It is also concluded that in order to encourage reflective thinking and collaborative learning, sufficient time should be allocated for feedback interaction, and strategies for effective use of feedback.



Writing motivation

The findings obtained from numerous studies have indicated that motivation counts as a significant part of language learning (Oxford and Shearin, 1994; Williams and Burden, 1997; Williams et al., 2002; Waller and Papi, 2017; Bui and Nguyen, 2022). Motivation in L2 writing is based on the general construct of motivation in L2 education (Waller and Papi, 2017; Fan and Wang, 2022). Dörnyei (2001) describes motivation as a dynamic process susceptible to continuous change as an integral part of successful L2 learning. Williams and Burden (1997) indicated that L2 motivation is influenced by external factors relevant to a learner’s sociocultural background and internal factors which are unique to each individual learner. Moreover, learning motivation is a combination of effort and a desire to learn plus favorable attitudes toward learning (Gardner et al., 1985; Fu and Wang, 2022). Writing motivation is important since writers express themselves, communicate with others, and appeal to people (Chen, 2016). Some researchers have explored the factors contributing to L2 writing motivation. For instance, Shen et al. (2020) found an intricate interconnection between task value and self-efficacy, as two key motivational constructs, with regard to EFL writing among Hong Kong primary students. They considered these two constructs as the significant predictors of writing motivation which in turn could enhance L2 writing outcomes. Additionally, some researchers have attributed L2 writing motivation to such factors as feedback type, proficiency level, students’ attitudes, and learning experience (Han and Hyland, 2015; Zheng and Yu, 2018; Yu et al., 2020). Likewise, Han and Hiver (2018) found that that L2 writers’ motivation could be improved using the genre-based writing teaching. Lee et al. (2018) reported that proficiency level and grade were among the factors that contributed to writing motivation of EFL students in Hong Kong. Also, having carried out a large-scale research, Yu et al. (2019) found that EFL motivation as well as engagement of Chinese undergraduate students was relatively high and individual differences were influential in affecting writing motivation of these participants.

Concerning the effect of blogging on L2 writing motivation, several studies investigating writing motivation have been carried out that will be reviewed here. For example, Fathi et al. (2019) investigated the effects of blogging on L2 students’ writing motivation. The participants of this study were 46 Iranian EFL students. A number of 21 students were assigned to the control group, and the other 21 students were in the experimental group. This study lasted for 16 weeks, and the control group received traditional writing instruction, on the other hand, the experimental group received blog-mediated writing instruction. By the use of writing instructions and interviews data were collected; afterward, ANCOVA and data coding was administered for data analyses. The results of this research showed that blogging helped EFL students have more writing motivation; however, blogging reduced students’ writing self-efficacy. In another study, Montero-Fleta and Pérez-Sabater (2010) carried out research to investigate the effect of blogging on language skills. The participants were 38 Spanish students with an average age of 23.6 and intermediate level. The control group contained 19 students receiving traditional instruction and the experiment group contained 19 students receiving blog-based writing practices. The results approved the positive effects of blogging as mentioned by Arena (2008). Moreover, the results firmly confirmed the increase in motivation while blogging. As a result of blogging, students become motivated to creatively write for a large amount of authentic audience.

Additionally, Chen (2016) conducted a quasi-experimental study to analyze the EFL learners’ metalinguistic and affective performance as a result of blogging. The results indicated that in terms of metalinguistic strategy use, there were no significant differences between the two groups, but in terms of metalinguistic awareness, there were significant differences. Among the affective variables, writing motivation and writing anxiety were identical between groups. In terms of self-efficacy, however, the control group significantly outperformed the experimental group. Furthermore, Özdemir and Aydin (2020) investigated the effect of blogging on Turkish EFL learners’ writing motivation. The participants of this study were 48 language learners who were given a questionnaire that inquired about their demographics and a pre-test and post-test that assessed their writing ability. According to their findings, blogs alone were not sufficient to enhance students’ writing motivation; however, a process-based writing approach significantly enhanced motivation.




Methodology


Participants

To accomplish the goals of this research, a quasi-experimental design was used. Forty-nine intermediate Chinese EFL students were selected using convenience sampling. This method of sampling was used as the researchers were not able to use probability sampling methods and they had more access to these available participants who were also willing to participate in the research. These participants were, in fact, students from two intact classes in the central part of the Chinese Mainland. The classes included mixed-gender students and were assigned to an experimental (26 students) and a control condition (23 students) randomly. The age of these EFL learners varied from 19 to 25 and they had the learning experience of English ranging from 6 to 12 years. The participants had enrolled in a preparation English program whose aim was to foster the writing skills required on IELTS test tasks. Both groups were instructed by the same practitioner who was an experienced IELTS teacher and familiar with educational blogging. Nevertheless, the participants mentioned that they had never used blogs for learning purposes before.



Instruments


English homogeneity test

The English proficiency of the participants was assessed via an online DIALANG test. DIALANG is a test of general language proficiency which evaluates the testees language proficiency from A1 to C2, in line with the Common European Framework of Reference for Languages (CEFR). This online test measures the three skills of reading, writing, and listening. It also measures grammar and vocabulary components. The mean scores of the two groups on the DIALANG test were compared by running an independent samples t-test whose results indicated that there was no significant difference between the groups, revealing their homogeneity in general English proficiency.



Writing performance test

IELTS samples of academic writing task 1 were used to measure EFL students’ academic writing competencies, as pre-test and post-test. The writing tasks were selected from ‘Collins writing for IELTS’ (Williams, 2011). In addition, the academic writing competencies of the participants were rated against the IELTS academic writing scale and descriptors (University of Cambridge ESOL Examinations, 2011). To ensure the inter-rater reliability of the scoring, an independent rater who was familiar with IELTS writing tasks marked the written tasks of the students. The agreement coefficient between the two raters’ scores on academic writing tasks was high (r = 0.88).



Writing motivation scale

Participants’ L2 writing motivation was measured using the questionnaire developed by Waller and Papi (2017). This self-report scale evaluates EFL learners’ motivation and efforts in writing, writing desire, motivational intensity for L2 writing, teaching feedback, organization and content, and peer feedback. This questionnaire includes seven items which are assessed on a 5-point Likert scale from 1 (never) to 5 (always). The internal consistency of the scale in this research, as estimated by Cronbach’s Alpha formula, turned out to be high (r = 0.88).




Procedure

The first session of the course was devoted to administering the pre-tests and the English proficiency test (i.e., DIALANG). After making sure about the homogeneity of the participants in terms of English proficiency test, the two intact classes were randomly assigned to an experimental and a control group.

The purpose of this writing course was to enhance students’ academic writing as discussed earlier. Within a course of 12 weeks, the participants were provided with practical strategies and content to boost their writing skills. In sum, they were instructed on how to develop ideas, write different types of paragraphs, outline a text, and revise it.

As regards the experimental group, the teacher created a class blog for the students and held a trial session for them to familiarize them on how to use the blog and post their essays on it. There were hyperlinks of the useful ESL websites on the class blog and the students could use these websites to get exposed to various types of paragraphs and the useful supplementary vocabulary and grammar materials they could use in doing their written tasks. The students of the experimental group were required to publish their written tasks on the blog regularly, share ideas on the writing tasks, and give feedback to their classmates. More precisely, each student was requested to post at least two writing tasks on the class blog and also publish at least five comments per week. The tasks ranged from 350 to 800 words and were assigned by the instructors based on the coursebook as well as the covered content of each session. The students’ comments were also concerned with content, organization, and language use of the posted tasks on the class blog. The teacher monitored and checked the posted tasks, students’ comments, and gave general feedback to the whole class.

On the other hand, the same teacher covered the same topics and course content for the students of the control group. In fact, the same materials were used for these students except for the fact that they did not use educational blogging as the experimental group did. The three stages of process writing including drafting, redrafting, and editing the texts were applied for these students. Unlike the experimental group who had the opportunity to receive feedback outside the class via blogging, the students of the control group only received regular, face-to-face feedback inside the class and they could not use the Internet or technology devices inside the class. They did not receive peer feedback on their texts either and their feedback modality was traditional paper-and-pencil feedback. At the end of the course, the students of the two classes were given the posttests including the IELTS writing task and the L2 writing motivation scale.



Results

To examine the contribution of the blog-based writing instruction on the writing skill of EFL learners and their writing motivation, the analysis of covariance (ANCOVA) was conducted to measure the effects of the two types of instructions employed in the control group and the experimental group on the dependent variables (i.e., writing performance and writing motivation).

Before inferential statistics (i.e., ANCOVA), descriptive statistics including means and standard deviations were computed. Then preliminary checks were made regarding the ANCOVA assumptions (e.g., normality, linearity, homogeneity of regression slopes; among others). The results indicated that the ANCOVA assumptions were not violated.

Regarding the effect of the blog-based writing instruction on the writing skill of EFL learners, as Table 1 shows, the mean score of the experimental group was raised from 56.11 (SD = 9.36) on the pre-test to 76.46 (SD = 8.72) on the post-test. Likewise, the mean score of the writing skill for the control group increased from 59.34 (SD = 9.42) on the pre-test to 68.91 (SD = 7.16) on the post-test. However, after adjusting for the pre-test scores, there was a statistically significant difference between the two groups on post-test scores of writing performance, [F(1,46) = 9.44, p = 0.004, partial eta squared = 0.170; see Table 2]. This result reveals that the EFL students of the experimental group enhanced their writing skill significantly more than the control group participants, suggesting that the blog-based instruction effectively enhanced the writing performance of the EFL students.



TABLE 1 Descriptive statistics.
[image: Table1]



TABLE 2 ANCOVA results for writing skill.
[image: Table2]

Concerning writing motivation, the descriptive statistics (see Table 1) shows that the experimental group’s mean score on writing motivation was 18.80 (SD = 4.59) in the pre-test and this value increased to 24.86 (SD = 4.08) in the post-test. Also, the writing motivation mean score for the control group was raised from 19.02 (SD = 3.25) on the pre-test to 21.10 (SD = 3.21) on the post-test. After adjusting for the pre-test scores of writing motivation, the results of ANCOVA (see Table 3) revealed that there was a substantial difference between the two groups in terms of writing motivation, [F(1,46) = 12.84, p = 0.001, partial eta squared = 0.231]. This outcome showed that blog-based writing instruction was useful in enhancing the writing motivation of the EFL participants.



TABLE 3 ANCOVA results for writing motivation.
[image: Table3]




Discussion

The purpose of the current study was to investigate the usefulness of using blogs EFL writing instruction on writing performance and writing motivation of EFL students in a Chinese context. The findings indicated that blog-based writing instruction significantly improved L2 writing performance. The findings of this study are consistent with those of numerous other studies published in the literature (Montero-Fleta and Pérez-Sabater, 2010; Stevenson and Liu, 2010; Amir et al., 2011; Fageeh, 2011; Trajtemberg and Yiakoumetti, 2011; Wang and Vásquez, 2012; Vurdien, 2013; Chen, 2016; Hansen, 2016; Lee, 2020; Yousefifard and Fathi, 2021; Zhang and Zou, 2021; Gao et al., 2022). According to the findings of Arslan and Şahin-Kızıl (2010), the use of blog-based instruction helps students to get exposed to a huge number of various materials and writing input. Exposure to more language input possibly contributes to improving the writing performance of the EFL students. In other words, as a result of posting writing assignments on blogs, students can easily practice writing and be extensively exposed to writing input. The positive impacts of blogging on enhancing writing with extensive exposure to language input have been widely discussed by many researchers (Zhang, 2009; Wang and Vásquez, 2012; Lee and Markey, 2014; Chen, 2016). Moreover, according to Campbell (2003) blogging help learners have the opportunity to communicate with friends, give and receive feedback, and recognize their strengths and weaknesses in writing skill. The cooperative nature of blogs is in line with the concept of collaborative learning (Vygotsky, 1978) which states that learning is enhanced through peer work. With the help of blogging, students’ classroom limitations are removed as they can keep in touch with a huge number of audiences worldwide (Bransford et al., 2000; Bhattacharya and Chauhan, 2010; Sun, 2010). In addition to improving writing performance, blogging makes learners more self-reliant (Murray and Hourigan, 2008; Chen et al., 2011).

Furthermore, the outcomes revealed that participants’ writing motivation was significantly improved because of blogging. There is a strong relationship between the findings of this study and the reported findings in the literature (Montero-Fleta and Pérez-Sabater, 2010; Chen, 2016; Fathi et al., 2019; Rahimi and Fathi, 2021; Fan and Wang, 2022). As mentioned before, learning motivation is a combination of effort and desire to learn plus attitudes toward learning (Gardner et al., 1985), and writing motivation is essential for self-expression and communication among people (Chen, 2016). All these reasons possibly motivated the participants to make more prolonged efforts to enhance their L2 written performance. As mentioned by some researchers, students achieved satisfying outcomes and gained positive perceptions as a result of the increased motivation and confidence (Lin and Yang, 2011; Bikowski and Vithanage, 2016; Zhang and Zou, 2021). The use of blogging in the writing course might have encouraged the participants to enhance their self-regulatory strategies in L2 writing, acquire positive perceptions regarding L2 writing, boost their sense of competence in doing written tasks, and expect further success in L2 writing, all of which might have contributed to increasing writing motivation of EFL participants. According to the findings of a study by Ducate et al. (2011), technology enhanced students’ motivation to learn the target language as well as their confidence to write in a second language, enabling them to hold positive attitudes toward collaborative learning tasks. Furthermore, the same positive effects of technologies were observed by Bikowski and Vithanage (2016), who argued that improved motivation and confidence could be transferred to individual writing activities, thus resulting in improved writing skills.



Conclusion and implications

Overall, the outcomes of this empirical study offered support for the effectiveness of blogs in improving the writing skills and writing motivation of Chinese EFL learners. A growing amount of L2 learning takes place outside of class, facilitated by technology (Lee, 2010). The findings of this study provide significant pedagogical implications as further support for the previously done bulk of research. For example, before implementing blog-based instruction, students’ knowledge of technology use should be evaluated, and accordingly, they must be provided with related training and instruction. Since many researchers reported that their participants had difficulty using technologies, it is not appropriate to assume all students are able to use them conveniently (Elola and Oskoz, 2010; Chao and Lo, 2011; Teo and Zhou, 2014; Zhang and Zou, 2021). As in a study done by Kessler (2009), students’ technological knowledge was assessed. In this study, students completed an online orientation, and their performance was analyzed by Kessler via screen-recording their mouse clicks. The researcher evaluated students’ abilities to use digital tools and access online resources. It is important for teachers to give students training on technology if they have difficulty using it before they implement specific instruction (Kessler, 2009; Li and Zhu, 2017; Li, 2018; Zhang and Zou, 2021). Trainers should provide learners with further instruction on blogging. Many authors have noted that technology enabled many “new” forms of collaborative writing not previously possible in traditional face-to-face settings, such as convenient drafting, planning, and revising (Cumming, 2009; Hsu and Lo, 2018; Zhang and Zou, 2021). Technologies may prove ineffective without related practices for using them and students may perceive them as less useful (Li and Zhu, 2017; Hsu and Lo, 2018; Zhang and Zou, 2021). Consequently, as a result of related training, students’ awareness and ability to write and collaborate could evolve along with technology as suggested by Kim and Cho (2017), Kessler (2009), and Zhang and Zou (2021). It is worth noting that applying blog-based instruction to guarantee the success of learning outcomes is not sufficient. The quality of writing and the level of interaction among students are significantly influenced by tasks that are linguistically and cognitively appropriate for L2 learners (Lee, 2008; Murray and Hourigan, 2008; Lee, 2010). Moreover, in order to encourage deeper reflection, instructors should guide students through peer commenting and provide them with strategies for critical thinking (Richardson, 2006; Murray and Hourigan, 2008; Lee, 2010).



Limitations and suggestions for further research

Although the outcomes of this study provided a better understanding of how blogs can be used as a teaching tool for EFL instruction, further research is still needed to reach more conclusive results. With regard to the findings of this research, several limitations can be mentioned. First, since the participants had never already taken any blog-based writing courses, it may have been due to the Hawthorne effect that the participants were more motivated to participate in the writing class. Second, despite the fact that it was attempted to provide both groups with equal instruction, the experimental group had greater chance to revise their own composed tasks, view the essays of their peers, and share comments as well as feedback outside the classroom. This issue might make writing teaching for the two groups become unparalleled. This was so on the grounds that the asynchronous feature of the blogging approach allowed the experimental group students to expand their endeavors in having further writing practice beyond the classroom walls. Nevertheless, this limitation was partially mitigated by encouraging the control group students to carry out extra writing assignments outside the classroom. Additionally, the present study failed to account for computer anxiety’s intervening effects on the results of the study, despite the fact that all participants reported sufficient experience and familiarity with computers and technology devices before the study began. Also, investigating instructors’ opinions about blogs as a teaching tool, and using participants of different ages, genders, and levels of proficiency would be worthwhile. Finally, given the fact that the participants of this study were selected from the Chinese EFL context, the results may not be generalized to other EFL contexts. In light of the mentioned limitations, future researchers are invited to replicate such studies with larger number of participants from various age groups and selected from other EFL contexts. They also can investigate the role of technology anxiety and gender as the moderator variables in their studies. Last but not least, collecting qualitative data and uncovering students’ perceptions will help prospective researchers to shed more light on the findings and alleviate the potential problems caused by Hawthorne effect or unequal instructions.
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As many schools remain closed during the COVID-19 pandemic, various courses have to be migrated online. Previous studies have showed that students’ satisfaction of the courses could reflect the quality of online learning, which is determined by students’ perception of online courses. Although the community of inquiry (CoI) framework provided an effective tool for measuring students’ perception in online learning, the mechanisms between the CoI and satisfaction, especially the role of academic emotion and self-regulation, still need to be investigated in the online context. The present study aimed to (1) explore the relationships among three elements of the CoI framework; and (2) explore the relationships between the CoI and satisfaction, as well as the mediating role of academic emotion and self-regulation. The data was collected from 461 university students who were taking online courses in China. The results of Structural Equation Modeling showed that teaching presence significantly and positively predicted social presence and cognitive presence; both positive and negative academic emotions played the mediating roles between teaching presence, social presence and satisfaction; self-regulation played the mediating role between teaching presence, cognitive presence and satisfaction. The present study provided empirical evidence for the dynamics among the CoI framework as well as mechanisms between CoI and satisfaction in the online education environment.

KEYWORDS
 community of inquiry, satisfaction, academic emotion, self-regulation, online learning


1. Introduction

According to the data provided by UNESCO (2020), since 2020, many educational institutions have been temporarily closed in order to contain the spread of the COVID-19 pandemic, impacting millions of students around the globe. During this hard period, schools and universities in China were fully closed from February to April in 2020 and partially opened from May to October (UNESCO, 2020), during which time they employed creative approaches to promote distance education and shifted from F2F (Face-to-Face) mode to online mode using Ding Ding, Tencent Meeting, and other office meeting softwares (Chen et al., 2020). In face of the challenge that teaching and learning must be migrated online, all the teachers and students had to adapt to online education mode quickly (Bao, 2020; Holme, 2020; Moorhouse, 2020). In an attempt to ensure the quality of online mode during this period, whether online courses could meet the requirements of teachers and students, whether teaching tasks could be completed with high quality, whether the online learning could be effective (Chen et al., 2020) and other issues are particularly important. The answers to the questions above are directly related to students’ satisfaction which could serve as the feedback on the development and improvement of online courses. According to the Online Learning Consortium (Alqurashi, 2019), one of the most important factors in determining the quality of online courses is satisfaction (Allen and Seaman, 2010; Moore and Kearsley, 2012), which is defined as the success and good experience that students have in online learning (Moore, 2011). In the process of online learning satisfaction is also determined by students’ perception of online courses. The community of inquiry (CoI) is one of the theoretical frameworks for exploring the complexities and measuring student’s perception of online learning. It is not just the guideline for designing courses and delivering online experiences, for instance, Tan et al. (2020) structured their online courses using the CoI framework. Also, it can function as a good measurement of students’ perception of online courses (Garrison et al., 2010; Hosler and Arend, 2012), even for the courses migrated online in a such short notice that were not designed according to the CoI framework due to the limits of the subjects, the size of classes or software (Zhang et al., 2020). The CoI framework can provide lens through which we could not only explore the dynamics of presence and learning in the context of the pandemic but also analyze the ways in which the students’ physical, psychological, and social presence interacted in the virtual learning environment. The present study aimed to explore students’ perception of online courses under the framework of CoI, the relationship between the CoI and satisfaction as well as the core mechanisms underlying this relationship.



2. Literature review

The CoI framework consists of three elements: teaching presence, social presence and cognitive presence (Garrison and Arbaugh, 2007). First, teaching presence is described as the design, facilitation, and direction of cognitive and social processes, with the purpose of realizing personally meaningful and educationally worthwhile learning outcomes (Anderson et al., 2001). It is composed of three components: (1) instructional design and organization, including the planning and design of the structure, process, interaction and evaluation aspects of the online courses; (2) facilitating discourse, containing the means by which students are engaged in information provided by the course instructional materials; and (3) direct instruction, which refers to how the instructor presents the content, the types of feedback given to the students, and the types of questions posed during the discussions. Due to physical separation, face-to-face communication, instant feedback and direct instruction are reduced in online learning. Under the limitations of tools, the form of teachers organizing classrooms changes. The second element of the CoI framework, social presence, is described as the ability of learners to project themselves socially and emotionally thereby being perceived as “real people” in online learning (Short et al., 1976; Gunawardena et al., 1997). Social presence can be classified as (1) affective expression, for instance, self-disclosure, humor, and the expression of feelings related to learning; (2) open communication, which means that others recognize and respectfully attend to an individual’s contributions, enabling risk-free exchanges; and (3) group cohesion, which can be exemplified by activities that build and sustain a sense of group commitment (Borup et al., 2012). Learning environment shifted to online, the most immediate change is the learning environment. It seems that affective communication, and open communication between instructor and learner could be affected in online learning environment. At last, cognitive presence reflects the process of learning and inquiry. Garrison et al. (2001) argued that cognitive presence in online learning is developed through a four-phase process: (1) a triggering event, where the desire to explore further knowledge; (2) exploration, where students can actively explore learning knowledge; (3) integration, where students can analyze, integrate and summarize knowledge; and (4) resolution, where students can use knowledge to solve problems. Since there is no physical space to attend to and no instructor to report to face-to-face, it is up to the student to take charge of their learning, follow the syllabus, and find ways to solve learning problems resulting from the lack of traditional, face-to-face education. The students suffered from cognitive challenges, such as experienced a lack of motivation and concentration and reported difficulties accessing the internet to complete their assignments (Borkotoky and Borah, 2021).

The relationships between satisfaction and three elements in the CoI framework have gained a lot of attention in previous research. Numbers of studies have reported the positive relationships between satisfaction and teaching presence (Garrison et al., 2010; Kranzow, 2013; Ladyshewsky, 2013; Khalid and Quick, 2016), social presence (Harrison et al., 2014; Richardson et al., 2017; Martin and Bolliger, 2018), as well as cognitive presence (Hosler and Arend, 2012; Kang et al., 2014). Kucuk and Richardson (2019) proposed that teaching presence was the dominant determinant of satisfaction, implying that effective instructional design and participatory teaching activities were extremely important in ensuring online learners’ satisfaction. However, consistent with Wise et al. (2004), Joo et al. (2011), Kang et al. (2014), and Kucuk and Richardson (2019) found that social presence was not a significant predictor of satisfaction, even though it was significantly correlated with satisfaction, suggesting that social presence and satisfaction share a correlation rather than causal relationship. Likewise, we speculated that similar results would appear in online educational environment. Hence, we proposed the hypotheses between three elements and satisfaction:


H1a: Teaching presence is positively correlated with and predicts satisfaction.

H1b: Cognitive presence is positively correlated with and predicts satisfaction.

H1c: Social presence is positively correlated with satisfaction but not positively predict satisfaction.
 

Garrison et al. (2010) proposed that the CoI framework attempted to outline not only the three elements, but also the dynamics of online educational experience, which means that the relationships among the three elements and their overlaps provided a key perspective to understand the deep and meaningful online learning experiences. In terms of the relationships among the three elements, the CoI framework suggested that teaching presence functions as the “glue” which combines the other two presences, creating and sustaining them (Garrison et al., 2010; Bissessar et al., 2020). Some previous empirical studies have provided supportive evidence for the central role of teaching presence. For instance, by bivariate correlation analysis, researchers found that there are high correlations between teaching presence and cognitive presence as well as teaching presence and social presence (Akyol and Garrison, 2008; Shea et al., 2010; Kozan and Richardson, 2014). Based on the observed data, Çakıroğlu and Kılıç (2020) found that students with high teaching presence scored high on social presence and cognitive presence as well. Several studies used Structural Equation Modeling (SEM) to examine the relationships among three elements, showing the significant direct effects of teaching presence on cognitive presence (Garrison et al., 2010; Hosler and Arend, 2012). As noted above, teaching presence in the form of structure (e.g., design) and leadership (e.g., facilitation and direction) is essential for instructive and informative learning approaches, which is related to cognitive presence. Also, teaching activities are critical in establishing social presence by engendering an atmosphere of trust, open communication and group cohesion (Garrison et al., 2010). Combined together, we proposed the hypotheses of the relationships among three elements:


H2a: Teaching presence is positively correlated with and predicts social presence.

H2b: Teaching presence is positively correlated with and predicts cognitive presence.
 

Further, it is a challenge for researchers to get a comprehensive understanding of the inter-dependence of the three presences. In different educational contexts, the specific nature of this impact t varies depending on discipline, objectives, prior knowledge, and the nature of the communication (Garrison and Arbaugh, 2007). On one hand, the intersections of three elements including selecting content, supporting discourse, and setting climate are mainly carried out by teachers to achieve a meaningful and successful educational experience (Garrison et al., 2001). Bissessar et al. (2020) collected students’ perception of the CoI by open- and close-ended questions, demonstrating that assignments and feedback are included in the cognitive and teaching presences, while cooperation, help, and flexibility are involved in both the social and teaching presences. On the other hand, several researchers argued that the complexity of online learning might not be fully captured by the CoI framework, proposing that the autonomy presence and the emotional presence might be the core variables at the intersection among three elements. More specifically, Akyol and Garrison (2011) found the essence of the metacognitive construct at the intersection of the cognitive and teaching presences. Especially, self-regulation is the core element of the metacognition. Likewise, Cleveland-Innes and Campbell (2012) defined emotional presence as the outward expression of emotion, affect, and feeling within individuals and among individuals, which is related to the interaction with students and instructor, implying the intersection of teaching presence and social presence. Hence, compared to complex phenomenon, self-regulation and emotion are variables with clear definition which might be at the intersection between teaching presence and cognitive presence, as well as teaching presence and social presence to better understand the specific nature of the CoI framework.

More specifically, the emotions that students experienced in learning, classroom and testing contexts were defined as academic emotion (Pekrun et al., 2002). Zembylas et al. (2008) found both positive emotions (e.g., excitement for the flexibility of online learning methodology) and negative emotions (e.g., stress for the inability to fulfill other obligations) co-existed and formed particular emotional climates that influenced students’ learning experiences. Enjoyment and boredom were two of the most intensely and frequently experienced academic emotions in the online learning environment (Putwain et al., 2018). The relationships between academic emotion and teaching presence as well as social presence have received growing theoretical and empirical attention. First, academic emotion was the reflection and result of teaching presence. Academic emotion was expressed in relation to the various aspects of an online course such as design and organizational issues (O’Regan, 2003). It also reflected students are experiencing the new technologies which are employed in online class and adapting to the transition of learning method and environment (Cleveland-Innes and Campbell, 2012). Dweck (2007) proposed that teachers could decompose complicated learning activities into different and attainable parts and guide students with a clear standard for helping learners experience success. Next, the relationship between social presence and academic emotion was proposed by the CoI framework (Cleveland-Innes and Campbell, 2012) and supported by previous studies. For instance, lack of social presence could lead to a high level of frustration, as well as an unreasonably critical attitude toward the instructor’s effectiveness (Garrison et al., 2010; Ke, 2010). Angelaki and Mavroidis (2013) found that approximately 86.2% of the students associated the social presence with positive emotions (e.g., joy, satisfaction), while 48.9% of the students did not connect them at all with negative feelings (e.g., stress, anxiety) during online learning. Zembylas et al. (2008) suggested that students who began to communicate more often and more systematically with their classmates and their instructor would feel enthusiasm more gradually. Furthermore, researchers found that academic emotion was closely related to satisfaction. For instance, both enjoyment and boredom have a strong impact on course satisfaction (Luo et al., 2019). Therefore, it can be concluded that academic emotion plays a mediating role between two presences and satisfaction in both positive and negative directions. Given the central role of teaching presence, we proposed the hypothesis of the mediating role of academic emotion:


H3a: Positive emotion mediates the relationship between teaching presence, social presence and satisfaction.

H1b: Negative emotion mediates the relationship between teaching presence, social presence and satisfaction.
 

Moreover, students need to improve their self-regulation ability in online learning (Broadbent and Poon, 2015), which is consistent with the goal of teaching and cognitive presence to facilitate learning experiences and outcomes. Kilis and Yıldırım (2018) suggested that self-regulation plays the important role among the three presence types of the CoI framework, which contribute to create a better community of online learning. Morosanova (2013) defined self-regulation in online learning by a self-regulation profile, including indicators of cognitive functional processes (e.g., goal planning, modelling of significant conditions, programming of actions, results evaluation) and instrumental personal-regulatory features (e.g., flexibility, independence, reliability, responsibility, etc). The relationships between self-regulation and teaching presence as well as cognitive presence have been well addressed in both theoretical and empirical levels. With regard to the relationship between self-regulation and teaching presence, it is responsible for instructors to provide structured and supportive guidance for students to improve control of their learning (Garrison, 2003), suggesting that the role of teaching presence maps directly onto self-regulation process (Akyol and Garrison, 2011). In addition, empirical studies provided support for the positive correlation between cognitive presence and self-regulation. Reisoglu et al. (2016) and Shea and Bidjerano (2010) found that cognitive presence was positively correlated with effort regulation. Shea et al. (2012) also found the level of cognitive presence increased with the level of students’ self- and co-regulation. Furthermore, previous empirical studies suggested that self-regulation was positively correlated with satisfaction and attitudes (Artino, 2007; Puzziferro, 2008). To be concluded, self-regulation might play the mediating role between two presences and satisfaction. Given the central role of teaching presence, we proposed the hypothesis:


H4: Self-regulation plays the mediating role on the relationship between teaching presence, cognitive presence and satisfaction.
 

In summary, we argue that the CoI framework is a convenient tool to measure the quality of online courses, even for the online courses that are not designed according to the CoI framework. The present study stands in the position of students, aiming to (1) explore the relationships among three elements of the CoI framework; and (2) explore the relationships between the three elements and satisfaction, as well as the mediating role of academic emotion and self-regulation underlying the relationship between the CoI and satisfaction. A representation of the model tested in this study is illustrated in Figure 1.

[image: Figure 1]

FIGURE 1
 Assumption model.




3. Methods


3.1. Participants and procedure

The study sample included 711 university students in Beijing and Suzhou who were participating in online courses in March 2020. Participants were required to complete the online questionnaire anonymously and voluntarily. The participants who did not pass the items with fixed answers, had the monotonous pattern in answering all items, as well as spent less than 4 min were removed from the samples. Only 461 of 711 participants were valid for data analysis, forming a usable case of 64.8%. There were 103 (22.3%) male and 358 (77.7%) female participants. The majority of the participants (93.9%) were between 19 and 22 years old. 47.1% participants attended online courses for the first time. Table 1 details the information of online courses.



TABLE 1 Information of online courses.
[image: Table1]



3.2. Measures


3.2.1. Community of inquiry

The scale was adapted from Shea and Bidjerano (2010), which contains three dimensions. Teaching presence (13 items) has 3 sub-dimensions: design and organization (4 items), facilitation (6 items) and direct instruction (3 items). Social presence (9 items) has 3 sub-dimensions: affective expression (3 items), open communication (3 items) and group cohesion (3 items). Cognitive presence (12 items) has 4 sub-dimensions: triggering event (3 items), exploration (3 items), integration (3 items) and resolution (3 items). Participants rated the items using a 5-point Likert scale (1 = “strongly disagree,” 5 = “strongly agree”). In the present study, the Cronbach’s alpha coefficients of the three subscales and total were 0.95, 0.91, 0.94 and 0.97, respectively.



3.2.2. Academic emotions

Two subscales were adapted from the Achievement Emotions Questionnaire (Pekrun et al., 2011), including a five-item boredom subscale and a four-item enjoyment subscale. Participants rated the items using a 5-point Likert scale (1 = “strongly disagree,” 5 = “strongly agree”). In the present study, the Cronbach’s alpha coefficients of the two subscales were 0.92 and 0.93, respectively.



3.2.3. Self-regulation

The self-regulation scale was adapted from the Metacognitive self-regulation subscale in the MSLQ developed by Pintrich et al. (1993), including 12 items. It assesses the extent to which the planning, monitoring, and regulating strategies learners utilized during learning. Participants rated the items using a 7-point Likert scale (1 = “strongly disagree,” 7 = “strongly agree”). Two items were reverse scored, but their factor landings were smaller than 0.3, so they were deleted (Hair et al., 2019). The Cronbach’s α coefficient after deleting items was 0.90.



3.2.4. Satisfaction

The satisfaction scale was adapted from Kuo et al. (2014), including 5 items. Participants rated the items using a 5-point Likert scale (1 = “strongly disagree,” 5 = “strongly agree”). In the present study, the Cronbach’s alpha coefficient was 0.94.




3.3. Data collection

In March 2020, the questionnaire was distributed to learners in China through an online social communication platform. Participants were told to answer questions according to their online learning experience. After completing the questionnaire, participants were entered in a lottery to win a random amount of money ranging from 5 to 20 RMB as an incentive. Participants should answer all questions before submitting the questionnaire. In the introduction of the questionnaire, the purpose, duration, and anonymity of the survey were explained. A total of 711 questionnaires were collected. The participants who did not pass the items with fixed answers, had the monotonous pattern in answering all items, as well as spent less than 4 min were removed from the samples. Only 461 of 711 participants were valid for data analysis.



3.4. Data analysis

First, the Statistical Package for Social Sciences (SPSS) Version 26.0 was used for the data analyses of descriptive statistics and correlation. Then, SEM was performed using Mplus 7.4 to assess the fitness of the proposed model including seven endogenous variables: teaching presence, social presence and cognitive presence, enjoyment, boredom, self-regulation and satisfaction (Wang and Wang, 2019). At last, we performed multiple mediation analysis to examine the mediating role of academic emotion and self-regulation between the CoI and satisfaction. We used 2,000 bootstrap samples and biases were corrected at 95% confidence intervals to calculate the indirect effect of each variable. If the confidence intervals of the indirect effect do not include zero, the indirect effect is significant at p = 0.05 (Hair et al., 2019).




4. Results


4.1. Descriptive statistics and correlations of the variables

The descriptive statistics (the means, standard deviations, and correlations for all variables) are presented in Table 2. All study variables were normally distributed and the results supported the univariate normality assumption, which met assumptions of normality for the purposes of SEM. The results of correlation showed significant positive correlations among three CoI elements, and between enjoyment and three CoI elements, self-regulation, satisfaction, as well as significant negative correlations between boredom and three CoI elements, self-regulation and satisfaction. Moreover, the results revealed that three elements of the CoI were positively correlated with satisfaction, which is partially consistent with H1a, H1b and H1c. Also, teaching presence was positively correlated with social presence (r = 0.555), and cognitive presence (r = 0.659), which is partially consistent with H2a and H2b.



TABLE 2 Descriptive statistics and correlation coefficients between variables.
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4.2. Assessment of measurement model

First, four confirmation factor analysis (CFA) were conducted to verify the factor structure of observed variables. All factor loadings were significant at p < 0.001 level. The fit indices of the three-factor model for the CoI (χ2/df = 3.177, CFI = 0.911, TLI = 0.904, RMSEA = 0.069, and SRMR = 0.048), of the two-factor model for the academic emotions (χ2/df = 3.613, CFI = 0.980, TLI = 0.971, RMSEA = 0.087 and SRMR = 0.021), of the one-factor model of self-regulation (χ2/df = 4.563, CFI = 0.951, TLI = 0.932, RMSEA = 0.088 and SRMR = 0.038), and of the one-factor model for satisfaction (χ2/df = 0.894, CFI = 1.000, TLI = 1.000, RMSEA = 0.000 and SRMR = 0.004) indicated a good fit of the collected data and the model (Hair et al., 2019). The full measurement model included seven latent constructs (teaching presence, social presence, cognitive presence, enjoyment, boredom, self-regulation and satisfaction) and 58 observed variables. Standardized factor loadings which represented the relationships between each indicator and the corresponding latent variable ranged from 0.532 to 0.929, indicating that all the latent constructs were well represented by their indicators. Then, to keep the multidimensional nature of the construct explicit and allow the unique component of a facet to relate to other constructs in the model, we divided the items into three or four parcels according to three presences of the CoI framework using an internal-consistency approach (Little et al., 2002). Also, in order to control for inflated measurement errors due to multiple items for the latent variables, we divided the items for self-regulation into three parcels using an item-to-construct balance approach (e.g., successively assigning highest and lowest loading items across parcels; Little et al., 2002). A latent variable SEM was run upon the hypothetical model illustrated in Figure 1. Hair et al. (2019) proposed model-fit indices for estimating the measurement model. They are: (1) Chi-square/degree of freedom (χ2/df); (2) Tucker-Lewis index (TLI); (3) Root mean square error for approximation (RMSEA); (4) Comparative fit index (CFI); and (5) Standardized root mean residual (SRMR). The final model fitted well, χ2/df = 2.341, RMSEA = 0.054, CFI = 0.909, TLI = 0.903, SRMR = 0.046.



4.3. Testing hypotheses

Figure 2 displays the final model with standardized path coefficients. The path coefficients between latent variables were all significant, except for the relationship between teaching presence and satisfaction (β = 0.066, p = 0.124). As shown in Figure 2, the direct effects of social presence (β = 0.262, p = 0.015) and cognitive presence (β = −0.243, p = 0.007) on satisfaction were statistically significant. Hence, although three presences of the CoI were positively correlated with satisfaction, they did not predict satisfaction like the hypotheses. H1a, H1b and H1c were all unsupported. The direct effects of teaching presence on social presence (β = 0.617, p < 0.001) and cognitive presence (β = 0.708, p < 0.001) were statistically significant. Therefore, H2a and H2b were fully supported.
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FIGURE 2
 Structural equation model.


The standardized direct and indirect effect values of the determinants on satisfaction are presented in Table 3. The results of the mediation analysis showed that the relationship between teaching presence, social presence and satisfaction was completely mediated by academic emotion. The mediating effect of enjoyment (β = 0.304, p < 0.001) and the mediation effect of boredom (β = 0.074, p < 0.001) between the two presences and satisfaction were significant. Hence, H3a and H3b were supported. Likewise, the results of the mediation analysis showed that the mediating effect of self-regulation (β = 0.042, p = 0.027) between teaching presence, cognitive presence and satisfaction was significant. Hence, H4 was supported.



TABLE 3 Standardized direct and indirect effect values of the determinants on satisfaction.
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5. Discussion


5.1. The relationships between the community of inquiry framework and satisfaction

Teaching presence, social presence and cognitive presence were all found to be significantly and positively correlated with satisfaction. However, the results of SEM revealed that the direct effect of teaching presence on satisfaction was non-significant, social presence had a significant positive direct effect on satisfaction, and cognitive presence had a significant negative direct effect on satisfaction, which were inconsistent with previous studies (e.g., Khalid and Quick, 2016; Richardson et al., 2017; Kucuk and Richardson, 2019). First, the direct effect of teaching presence on satisfaction might be weakened by indirect effects through social presence and academic emotion as well as through cognitive presence and self-regulation, implying that the dynamic relationships among three elements might affect the relationship between teaching presence and satisfaction. Second, the direct effect of social presence on satisfaction was significantly positive, which was contrary to our hypothesis but consistent with several previous studies (e.g., Harrison et al., 2014; Richardson et al., 2017; Martin and Bolliger, 2018). Actually, Richardson et al. (2017) indicated a strong, positive relationship between social presence and satisfaction and found that the strength of the relationship was moderated by the course length, discipline area. More specifically, the correlation between social presence and satisfaction tended to be stronger with the longer duration of courses (more than 6 weeks) and varied across discipline area. Likewise, in the present study, students’ perception of the online courses was collected based on all discipline areas they had been participated. Also, online mode might last in a long term because of the COVID-19 pandemic. As such, social presence is particular important for satisfaction under this condition. At last, contrary to our hypothesis and previous studies (e.g., Hosler and Arend, 2012; Kang et al., 2014), cognitive presence had a significant negative direct effect on satisfaction. A possible explanation for the result is that some subjects and teaching activities are not suitable to migrate online. For instance, Tan et al. (2020) claimed that for courses involving complex instruments and systems, laboratory work or field visits, one’s physical presence still provides an unparalleled advantage over online classes. The substitute of online physical experiment demonstration for hands-on experiment and lack of opportunities to practice might influence the satisfaction about course arrangements. Indeed, students’ perception of the CoI framework in the present study was collected based on all types of online courses they participated during this period, which might consist of subjects that were not appropriate for online mode. Besides, participants in the present study reported heavy academic assignments. Under this condition, cognitive presence might strengthen the stressful experience leading to the opposite direction of satisfaction. To sum up, although the relationships between three elements and satisfaction were not consistent with our hypotheses, the results could be explained by combining with information of our sample, and also suggested that it is possible to explore mechanisms between the CoI and satisfaction.



5.2. Understanding the dynamics among three elements of the community of inquiry framework

Consistent with the CoI framework and previous studies (e.g., Garrison et al., 2010; Ju et al., 2011; Law et al., 2019), results in the present study showed that teaching presence was significantly and positively correlated with and predicted social presence and cognitive presence, supporting the central role of teaching presence in establishing and maintaining social and cognitive presence (Garrison et al., 2010). Indeed, teaching presence encompasses the design and implementation of the online environment to ensure critical thinking and social processes happen meaningfully, more specifically, to maintain a good online teaching atmosphere of open communication and groupwork as well as to enhance deep and meaningful learning (Bissessar et al., 2020). Bissessar et al. (2020) took a participant’s statement as an example, suggested that experienced instructor is good at leading the learning and discussion session with high atmosphere and giving systematic guidance to students to help them make improvements through their feedback and comments. Likewise, in face of the sudden challenge of online learning, instructors in the present study who were dominant in the design and implementation of the online courses, structured content in a better way to understand, and created group discussion to simulated the atmosphere like in regular classroom, pursing to make courses suit for the online mode. Therefore, instructors should realize the importance of themselves in the online context, pay more attention to organize the content, offer clear directions, promote learners’ active participation and conversation (Ju et al., 2011), and increase the quality of the interaction between students and instructors (Law et al., 2019). Moreover, Akyol and Garrison (2008) suggested that the role of teaching presence could be seen as a process by showing that although teaching presence did not change over time in general, direct instruction of teaching presence increased over 9 weeks while facilitating discourse of teaching presence decreased between the first and second weeks. They explained that during the first 3 weeks, students needed more encouragement and support to express their opinions, and then the need decreased and stabilized after they recognize the expectations of online discussion. Hence, the dynamics among three presences need to be better understand over a long period of time, which should be further investigated in the future.



5.3. The mediating role of academic emotion

Zembylas et al. (2008) claimed that there co-existed positive and negative emotions in online learning, forming particular emotional climates that influenced students; learning experiences throughout the course. Likewise, the result revealed that the effect of teaching presence and social presence on satisfaction was positively mediated by enjoyment, while negatively mediated by boredom.

Consistent with previous studies, emotional experience was tightly associated with teaching presence (e.g., O’Regan, 2003; Dweck, 2007) and social presence (e.g., Garrison et al., 2010; Ke, 2010). Interestingly, the mediating effect of enjoyment was much stronger than boredom, suggesting that social presence might be more tightly associated with positive emotions. It suggested that well-designed courses and proper instructions can encourage students to engage more in social interaction and communication, thus creating an active and positive atmosphere and bring students more enjoyable experiences. Indeed, Angelaki and Mavroidis (2013) found more than 85% of the students associated the elements of social presence with positive emotions while less than 50% did not relate them at all with negative feelings. Some interviewers in Ke (2010) study reported that social interactions increased the enjoyment of the class. Therefore, academic emotion which is influenced by teaching and social presence might be an important variable influencing students’ satisfaction. For practice, instructors should pay more effort on the two presences to encourage positive emotions during the process of online learning, for instance, making the learning materials more appealing and organizing interesting learning activities.



5.4. The mediating role of self-regulation

Although the direct effect of cognitive presence on satisfaction was negative, the results revealed that teaching presence and cognitive presence had a significantly positive effect on satisfaction via self-regulation. This was consistent with the assertation made by Cho et al. (2017) that self-regulated learners participate in the learning process actively and support teaching efforts by responding to the questions raised by the instructors. Also, Pellas (2014) suggested that the self-regulation in online courses was positively correlated with students’ cognitive engagement, which refers to students’ active participation and intellectual efforts to construct new knowledge in the learning process using cognitive and metacognitive strategies. Therefore, under the instruction and help of teachers, students could understand their learning environment, construct knowledge and manage resource through cognitive presence (Kucuk and Richardson, 2019), which would help them develop self-regulated learning and increase satisfaction.

It is worth noting that in the present study, students not only took time to participate in online courses, but also faced heavy academic assignments after classes. Setting clear goals of the courses and structuring learning materials would help students use the skills of self-regulation to make schedule and have positive experiences (e.g., satisfaction, success) in online learning. For example, self-regulation skills, such as time management, have been proved to be extremely critical for students’ success and engagement in learning during their university career (Krause and Coates, 2008). Therefore, teaching presence, cognitive presence and satisfaction could be bridged by self-regulation which plays a critical role in online learning. Instructors could design instructional and inspirational teaching content that lead students to employ self-regulated learning strategies. Also, any sub-process of self-regulation could be intervened to stimulate student motivation (Eom and Ashill, 2016).




6. Conclusion

The present study aimed to explore students’ perception and satisfaction of online courses, as well as the core mechanisms underlying it when universities in China were fully closed due to the COVID-19 pandemic. We tested our hypotheses by running a SEM model to explore the relationships among three elements of the CoI framework and the mediating role of academic emotion and self-regulation between three presences and satisfaction. The results revealed the central role of teaching presence that teaching presence was positively correlated with and predicted social presence and cognitive presence. Moreover, both enjoyment and boredom played the mediating roles between the teaching presence, social presence and satisfaction, respectively. Self-regulation played the mediating role between teaching presence, cognitive presence and satisfaction. The results of the study showed high value of the CoI framework to evaluate the quality of online courses in the position of student. Also, the present study provided empirical evidence for the dynamics of the CoI framework as well as core variables associated with the intersection among three presences.



7. Limitations and future study

Several limitations of the present study should be noted and addressed by future research. First, the data was collected from February to March in 2020, at the beginning of the spring semester in China. Longitudinal study during the whole semester could be conducted to explore the dynamic change of the three elements over time. Second, participants in the present study took various courses online simultaneously. Different teachers, classmates, class atmospheres and teaching modes might exert possible effect on learners’ responses to the CoI questionnaire. Future study should examine how these potential factors affect students’ perception of online courses. Third, only enjoyment and boredom were selected as representative positive and negative academic emotions, respectively, in the present study. In fact, students often feel mixed feelings and complex emotions in the online educational context. Future study could take these factors into account to broaden the understanding of academic emotions. Finally, in the future study, it would be valuable to further show how the forms of social, teaching and cognitive presences emerged.
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The retrieval practice effect refers to the fact that one or even multiple retrievals of memory content during the same period are more effective than repeated studying to promote future memory retention. It is effective for numerous declarative knowledge learning materials. However, studies have demonstrated that retrieval practice does not benefit problem-solving skill learning. This study used worked examples from math word problem tasks as learning materials, considering the retrieval difficulty as the main factor. Experiment 1 explored the effect of retrieval practice on acquiring problem-solving skills under different initial testing difficulties. Experiment 2 manipulated the difficulty of materials as a variable to ascertain the effect of retrieval practice on problem-solving skills under different material difficulty levels. Experiment 3 introduced feedback variables to facilitate the generation of the retrieval practice effect and examined the effects of various difficulty feedback levels on problem-solving skills learning. Results showed that, compared with restudying examples (SSSS), the example-problem pairs (STST) did not promote delayed test performance. As for the retrieval practice effect, as no differences or advantages were found in the repeated study group on the immediate test, the retrieval practice group generally outperformed the repeated study group on the delayed test. However, across the three experiments, we found no evidence of retrieval practice affecting results during an enhanced delayed test. Therefore, there may be no retrieval practice effect on acquiring problem-solving skills from worked examples.
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1. Introduction

The retrieval practice effect demonstrates that one or even multiple retrievals of memory content during the same period are more effective than repeated studying in future memory content retention (Roediger and Karpicke, 2006b). The scope of the retrieval practice effect has not been fully clarified. Recent research has suggested that the benefits of retrieval practice are found in numerous declarative knowledge learning materials such as the free recall of word lists (Tulving, 1967), foreign language vocabulary (Carrier and Pashier, 1992; Karpicke and Roediger, 2008), paired-associate learning (Carpenter et al., 2008), anatomical facts (Grimaldi and Karpicke, 2014), scientific facts (McDermott and Naaz, 2014), GRE test preparation materials (Roediger and Karpicke, 2006a), text passages (Chan et al., 2006; Roediger and Karpicke, 2006b; Kang et al., 2007; Agarwal et al., 2008; Weinstein et al., 2010; Blunt and Karpicke, 2014), videos (Butler and Roediger, 2007; Cranney et al., 2009), and taxonomic vocabularies (Zaromb and Roediger, 2010). However, the application of retrieval practice to solve procedural knowledge problems in chemistry, mathematics, and physics is rarely addressed in practical educational and teaching activities.

Studies have demonstrated that retrieval practice does not benefit problem-solving skill learning (Van Gog and Kester, 2012; Leahy et al., 2015; Tran et al., 2015; Van Gog et al., 2015). Worked examples are important to establish, given the key role problem-solving plays in, for instance, math and science education. The so-called worked-example learning refers to a kind of learning method in which learners acquire problem-solving skills from examples that illustrate general principles, concepts, and procedures. Van Gog and Kester (2012) used examples (diagnosing circuit faults) as learning materials. A restudy examples group represented the group under the repeated studying condition (SSSS). An example-problem pairs is a study-test condition (STST), that is, a similar problem tackled immediately after studying the example (Kalyuga et al., 2001). Compared with the restudy examples group, the delayed test (1 week later) score of the example-problem pairs group (that is, the retrieval practice group) was not significantly higher than the immediate test, meaning that there was no retrieval practice effect. The three experiments of Leahy et al. (2015) also studied the application of retrieval practice on worked examples. Using worked examples as materials, primary school students were selected and divided into two groups: one for repeated study examples and the other for example-problem pairs. Experiments 1 and 2 showed that there was no retrieval practice effect on the immediate test (the performance of the simple restudy worked example was better than the example-problem pairs). As no differences or advantages were found in the repeated study group for the immediate test, the retrieval practice group generally outperformed the repeated studying group if the delayed test was used (Wheeler et al., 2003; Roediger and Karpicke, 2006a). Thus, Leahy et al. (2015) conducted Experiment 3, which used a delayed test with a one-week interval and still found no retrieval practice effect. Similarly, Van Gog et al. (2015) used worked examples (diagnosing circuit faults) as materials under initial test conditions (restudy example vs. example-problem pairs vs. example free recall), a final test (delayed vs. immediate + delay), and a final retention test (same vs. similar), without finding a retrieval practice effect.

Retrieval practice after a worked example study does not enhance delayed problem-solving performance compared to restudy. Learning from worked examples involves procedural knowledge; thus, for novices, it poses a high learning challenge, has a heavy cognitive load, and is difficult to understand. Therefore, the retrieval practice effect is promoted by reducing learning difficulty. There are two types of connection methods between examples and problems. In addition to the example-problem pairs, an incomplete example (that is, lack of some problem-solving procedures or steps, which need to be supplemented by the learner) may be added (Van Merrienboer et al., 1992). Studies have shown that incomplete examples can effectively support the acquisition of cognitive skills (Paas, 1992; Stark, 1999; Renkl, 2014). Furthermore, the quality of self-explanation in the incomplete example group was higher, and the problem-solving methods could be transferred. As the literature shows that incomplete examples have similar effects to learning examples on problem-solving tasks, they can be used as a form of testing. Similar to the two conditions of recall and recognition in the initial test, the initial test is different in form and difficulty, and the results will vary (Karpicke et al., 2014). Experiment 1 improves the research design of Van Gog et al. (2015) and explores the application of retrieval practice in worked examples. The improvement content is as follows. First, the selected materials are primary school mathematics Olympiad problems. Second, in the initial test conditions, the incomplete example condition is added to the two conditions of study example (restudy) and example-problem pairs (retrieval practice).

Paas and Van Merriënboer (1994) demonstrated that variation in examples promotes learning although other studies do not agree (Renkl et al., 1998). The participants in Experiment 1 studied similar examples rather than restudying the same material. If the similar materials used in Experiment 1 do not show a “pure” restudy condition, compared to the same materials (with the same structure and surface characteristics), the issue is whether the same materials can generate the retrieval practice effect in problem-solving. Simultaneous consideration of different materials (both structural and surface characteristics) may lead to varying results. Therefore, Experiment 2 introduces material variables, in which the same/similar/different materials refer to Example 2 being the same/similar/different from Example 1, while Example 4 being the same/similar/different from Example 3, that is, the same/similar/different problems were solved, and the example-problem pairs solved the same/similar/different problems as the learning example, except that the participants were required to solve the problems themselves.

In addition to reducing the difficulty, feedback can promote the retrieval practice effect (Carpenter and DeLosh, 2006; Kang et al., 2007; Butler and Roediger, 2008; Carpenter et al., 2008, 2009; Pyc and Rawson, 2010, 2012; Tse et al., 2010; Roediger et al., 2011; Putnam and Roediger, 2013; McDermott and Naaz, 2014). Giving feedback after acquiring problem-solving (retrieval practice condition) presents the problem-solving step and enables students to restudy examples of their problems, which resembles the restudy after an initial test. as research demonstrates an increased retrieval practice effect (Rawson and Dunlosky, 2012). Research on studying worked examples suggests that feedback/restudy can promote learning (Baars et al., 2014). Baars et al. (2014) asked students to learn example-problem pairs and then created a standard group (response feedback on correct problem-solving steps) to compare problem-solving performance with a non-standard group (no feedback on correct answers). They found that feedback helped with students’ self-assessment of performance and could improve the learning effect. In addition, Mullet et al. (2014) established that retrieval practice on problem-solving tasks resulted in better test scores following delayed feedback than immediate feedback. Nevertheless, none of the above research used restudy as a control condition (Baars et al., 2014; Mullet et al., 2014). Hence, Experiment 3 provides feedback to promote the generation of the retrieval practice effect in skill learning.



2. Experiment 1

Experiment 1 investigated the effect on the immediate and delayed retention test performance of the restudy example, example-problem pairs, and incomplete examples. As compared to the restudy example condition, the retrieval practice condition (example-problem pairs, incomplete example) required more mental effort and time (Bjork, 1994). So potential differences in invested mental effort across conditions were explored among the three initial test difficulties.


2.1. Methods


2.1.1. Participants and design

The participants were 120 Minnan Normal University students (43 men; age M = 19.58, SD = 3.85) who did not take part in similar experiments before. They were randomly assigned to one of six conditions (n = 20 per condition) resulting from a 3 × 2 factorial design with between-subjects factors initial test conditions (restudy example, example-problem pairs, and incomplete example) and final test time (immediate, five mins; delayed, 1 week). The dependent variables were the final test scores and mental effort scores.



2.1.2. Materials

Select Primary School Math Olympiad (Grade six) concepts were used as examples in the study. The learning conditions were divided into three groups: the restudying examples, the example-problem pairs, and the incomplete example. The learning material was four similar examples. “Similar materials” refer to the same structure but different surface features. It means that the problems described in the text are different, but the calculation steps are same (i.e., Example 1: A pasture is covered with grass, which grows at a uniform speed every day. This pasture can feed 10 cows for 20 days, or 15 cows for 10 days. How many days can 25 cows eat? Answer: suppose that the daily grass consumption of each cow is 1, (1) The daily growth rate of grass is: (10 * 20 − 15 * 10) / (20 − 10) = 5. (2) The initial grass amount is: (10 − 5) * 20 = 100. (3) Suppose 25 cows can eat for x days: (25 − 5) * x = 100, x = 5. Example 2: A piece of pasture has a certain stock of feed, and an equal amount of feed is purchased every day. Five sheep can eat the feed for 20 consecutive days, or six sheep can eat the feed for 15 consecutive days. If it is required to eat all the sheep in 6 days, how many sheep do you need at least? Answer: Suppose that each sheep eats 1 feed per day, (1) The rate of feed increase per day is: (5 * 20 − 6 * 15) / (20 − 15) = 2. (2) The original feed quantity is: (5 − 2) * 20 = 60. (3) How many sheep do you need at least? (x − 2) * 6 = 60, x = 12).


2.1.2.1. Conceptual prior knowledge test

The conceptual prior knowledge test consisted of three open-ended questions about the primary school math Olympiad problem (“cow eating grass”). Before the experiment, each participant was tested for the conceptual prior knowledge level to exclude the influence of the participants’ original knowledge and experience regarding the experiment.



2.1.2.2. Formula sheet

Explained the problem-solving ideas, principles, and corresponding formulas of the example (“cow eating grass” problem) [such as grass growth rate = (grazing speed 1 * time 1 − grazing speed 2 * time 2) / (time 1 − time 2)], presented separately via E-prime.



2.1.2.3. Acquisition phase

In the acquisition phase, regarding the restudy example condition, Examples 1 and 2 on the one hand, and Examples 3 and 4 on the other, contained the same problem-solving steps. In the condition of the example-problem pairs, Examples 1 and 3 were for learning in the form of examples, while Examples 2 and 4 were for solving problems. In the incomplete example condition, Examples 1 and 3 were for learning in the form of examples, while Examples 2 and 4 were for the supplementing solving steps.



2.1.2.4. Retention tests

The retention test comprised two questions, one of which was similar to what appeared in the initial test task (i.e., Q1: A ship has a leak. The water entered the ship at a uniform speed, and some water had already entered when the leak was found. If 12 people to pour water, they can finish it in 3 h; If only 5 people pour water, it will take 10 h to finish. How many people need to pour water in 2 h?); the other was different and would increase in difficulty, but both had come up before (i.e., Q2: There is a piece of grass on the pasture, which grows at a uniform speed every day. This pasture can feed 16 cows for 20 days, or 80 sheep for 12 days. If one cow eats as much grass as four sheep, how many days can 10 cows and 60 sheep eat together?).



2.1.2.5. Mental effort rating scale

The participants were required to complete the Mental Effort Rating Scale after the acquisition phase and the retention tests. The scale was developed by Paas (1992) and was a 9-point scale ranging from (1) very, very low effort to (9) very, very high effort, to examine the problem-solving skills learning of diverse participant groups at the level of mental effort invested.




2.1.3. Procedure

The experimental process was divided into the acquisition phase and the retention tests. Experiments were carried out in a quiet environment. Before the formal experiment, participants were asked to complete the conceptual prior knowledge test, and they were randomly assigned to each condition, then the computer presented the basic process and precautions of the experiment. In formal experiments, each group consisted of four similar examples. The computer presented each example individually for a maximum of 4 min per example.


2.1.3.1. Acquisition phase

This phase was mainly for example study only. For the example study only, each participant group did not have to solve the problem alone, all the solution steps will be given, and the participants only needed to learn the steps. In the restudy examples condition, the participants continued to study the following example only after studying an example, until they finished four examples. For the example-problem pairs condition, after completing the example study only, the participants were presented with the problem of similar materials without a solution step, and required to answer on the answer sheet until they completed four examples. In the incomplete example condition, after completing the example study only (including the problem and specific problem-solving steps), the participants were presented with similar but incomplete examples (the problem-solving steps of the examples lacked the last step). The “incomplete problem” manipulation in Experiment 1 are shown below. At first, present an example. Then, the incomplete problem needed to be completed by the participants. There are three steps to solve the problem. Give the first two steps, and the third step needs to be completed by the participants themselves (i.e., Example 2: A piece of pasture has a certain stock of feed, and an equal amount of feed is purchased every day. Five sheep can eat the feed for 20 consecutive days, or six sheep can eat the feed for 15 consecutive days. If it is required to eat all the sheep in 6 days, how many sheep do you need at least? Answer: suppose that each sheep eats 1 feed per day, (1) The rate of feed increase per day is: (5 * 20 − 6 * 15) / (20 − 15) = 2. (2) The original feed quantity is: (5 − 2) * 20 = 60. (3) How many sheep do you need at least?). Participants complete the answers on the answer sheet until they completed four examples.



2.1.3.2. Retention tests

The retention test had two questions, each was presented separately, and the participants needed to answer on the answer sheet. For the retention test answer score, each question consisted of three solution steps, three points for complete correctness, one and two points for partial correctness, and zero points otherwise. The points awarded based for the correct strategy use, considering the correct solution is reached for each step. As long as the strategy is correct, even if the result is wrong, points will be given. After completing the retention test, the participants in the immediate test were also required to perform a five-minute distraction task (watch a video); while those in the delayed test had to perform a distraction task. After a week, the participants on the delayed test took the retention test, while those on the immediate test completed a distraction task. The participants were required to rate their mental effort levels both during the study period and after the retention test.





2.2. Results

Through the conceptual prior knowledge test, the difference between the participants in each group did not reach a significant level, F(2,117) = 0.104, p > 0.05. In terms of retention test results, the main effect of different initial test conditions was not significant, F(2,118) = 0.493, p = 0.612, ηp2 = 0.008; that is, the difference in the scores of the three conditions of restudy example, example-problem pairs, and the incomplete example did not reach a significant level. Meanwhile, the main effect of different test times was also not significant, F(1,118) = 0.042, p = 0.837, ηp2 = 0.000; that is, the participants in the immediate retention test and the delayed retention test were not significantly different. The interaction difference between the initial test conditions and test time did not reach a significant level, F(2,118) = 0.332, p = 0.718, ηp2 = 0.006 (Table 1).



TABLE 1 The effect of retrieve practice on problem-solving under different initial test conditions.
[image: Table1]

In terms of the degree of mental effort, the main effect of different testing times was not significant, F(1,118) = 2.28, p = 0.134, ηp2 = 0.019. The main effect of different initial test conditions was significant, F(2,118) = 3.66, p = 0.029, ηp2 = 0.059. The results of the LSD multiple comparisons revealed that the difference between the incomplete example and the example-problem pairs reached a significant level. The interaction difference between the initial test conditions and test time did not reach a significant level, F(2,118) = 2.888, p = 0.06, ηp2 = 0.048 (Table 2).



TABLE 2 The mental effort of retrieve practice on problem-solving under different initial test conditions.
[image: Table2]



2.3. Discussion

Experiment 1 found that there was no retrieval practice effect. Compared with the restudy example group, the difference in retention test scores (immediate or delayed test) was insignificant, whether it was the example-problem pairs or the incomplete example group. The results were consistent with previous findings (Van Gog et al., 2011).

Van Gog and Kester (2012) discovered a significant difference between the example-problem pairs group and the restudy example group in the delayed retention test. However, these outcomes did not align with those from our experiment. It may be due to Van Gog and Kester's (2012) test time variable using a within-group design; that is, the process of immediate retention test affected subsequently delayed test scores. Our study employed a between-group design to test the time variable. Meanwhile, similar examples used in this study as experimental materials may result in different experimental results. In this experiment, the restudy example group learned similar examples during the acquisition phase; therefore, the variability of examples may have facilitated learning compared to restudying identical examples (Paas and Van Merriënboer, 1994).

Moreover, the incomplete example group was added to the initial test difficulty of this experiment. The incomplete example group and the example-problem pair group belong to the two example-problem connection methods, and both belong to the problem-solving group (retrieve practice group). However, the former belongs to the hierarchical level task, while the latter belongs to the whole level task. While both belong to the problem-solving method, their difficulty in solving the problem is different—the former is weaker, and the latter is stronger. Incomplete examples require the learner to complete/supplement solving steps (i.e., a decreasing strategy, Paas, 1992; Renkl and Atkinson, 2003). This problem-solving style is viewed as a hierarchical task in the test style and is effective in acquiring problem-solving skills from examples (Renkl, 2014). However, its effect on the delayed retention test was less studied compared to the restudy example or the example-problem pairs. Our study found that in terms of the difficulty level of problem-solving tasks, compared with the example-problem pairs, the incomplete example had lower retrieval difficulty, while there was no retrieval practice effect. Nevertheless, the effect of this retrieval practice (hierarchical task) might be superior to those of the complete task.

For the input of mental effort, the main effect of different initial test difficulties was significant; that is, there was a large difference in effort between the example-problem pairs and the incomplete example. As such, the effort input under the incomplete example condition was significantly lower than that of the example-problem pairs condition. It means the example-problem pairs require the highest mental effort. The incomplete example condition and the example-problem pairs condition were both parts of the retrieval practice. However, they brought about notable differences, which may be due to the complexity of the task (the participants could not fully understand the learning task) or the different participant motivations.




3. Experiment 2

Paas and Van Merriënboer (1994) demonstrated that variation in examples promotes learning although other studies do not agree (Renkl et al., 1998). The participants in Experiment 1 studied similar examples rather than restudying the same material. If the similar materials used in Experiment 1 do not show a “pure” restudy condition, compared to the same materials (with the same structure and surface characteristics), the issue is whether the same materials can generate the retrieval practice effect in problem-solving. Simultaneous consideration of different materials (both structural and surface characteristics) may lead to varying results.

The purpose of Experiment 2 was to examine the effect of retrieval practice on problem-solving under different material conditions. It also explored possible differences in mental effort input under each condition.


3.1. Methods


3.1.1. Participants

The participants were 120 Minnan Normal University students (33 men; age M = 19.98, SD = 3.45) who did not participate in similar experiments before. They were randomly assigned to one of the conditions. However, because some participants did not continue to participate in the delayed retention test, so there were only 111 participants left: different material example-problem pairs group (n = 18), the different materials restudy example group (n = 18), the same materials restudy example group (n = 16), similar materials example-problem pairs (n = 19), same materials example-problem pairs and similar materials restudy example groups (n = 20).



3.1.2. Materials

The materials are identical to those used in Experiment 1, except for the acquisition phase learning materials with different properties. The learning material consisted of four examples that were the same, similar, or different. “Same materials” refers to the same structure and surface features (overview, numbers); “similar materials” refers to the same structure but different surface features; “different materials” refers to the variability of examples with dissimilar structures and surface features. It does not mean any example, but also belongs to the “cow eating grass” problem. The different examples are as follows: the Example 1 and 2. They have different structures and surface, but all belong to the “cow eating grass” problem. Example 1: A pasture is covered with grass, which grows at a uniform speed every day. This pasture can feed 10 cows for 20 days, or 15 cows for 10 days. How many days can 25 cows eat? Answer: suppose that the daily grass consumption of each cow is 1, (1) The daily growth rate of grass is: (10 * 20 − 15 * 10) / (20 − 10) = 5. (2) The initial grass amount is: (10 − 5) * 20 = 100. (3) Suppose 25 cows can eat for x days: (25 − 5) * x = 100, x = 5. Example 2: As the weather gets colder, the grass on the pasture decreases at a uniform speed every day. The grass can feed 20 cows for 5 days, or 16 cows for 6 days. How many days can 11 cows eat? Answer: suppose that the daily grass consumption of each cow is 1. (1) The rate of grass reduction per day is: (20 * 5 − 16 * 6) / (6 − 5) = 4. (2) The initial grass amount is: (20 + 4) * 5 = 120. (3) Suppose 11 cows can eat for x days? (11 + 4) * x = 120, x = 8. In the acquisition phase, regarding the restudy example condition, if the same material is used, then Examples 1 and 2, on the one hand, as well as Examples 3 and 4, on the other contain the same problem-solving steps. If similar or different materials were selected, Examples 1 and 2, on the one hand, as well as Examples 3 and 4, on the other, contained similar or different problem-solving steps. In the example-problem pairs condition, Examples 1 and 3 were for learning in the form of examples, while Examples 2 and 4 were for solving problems. The steps for solving the problem in Examples 2 and 4 are the same if the same materials were utilized as in Examples 1 and 3, respectively. If similar or different materials were selected, the problem-solving steps of Example 2 were similar or different from those of Example 1, and those of Example 4 were similar or different from those of Example 3.



3.1.3. Design

A mixed experimental design of 2 (initial test conditions: restudy example, example-problem pairs) × 3 (material: similar, same, different) × 2 (test time: immediate, delayed) was adopted. The initial test conditions and materials were manipulated a between-subjects design, and the testing time was manipulated a within-subjects design. The dependent variables were the final test scores and mental effort scores.



3.1.4. Procedure

The procedure was identical to that used in Experiment 1, except the acquisition phase removed the incomplete example and learned materials with different properties. Acquisition phase: this phase was mainly to learn about similar, same, or different examples. For studying examples only, each group of participants did not have to solve the problem alone, all the solution steps would be given, and the participants only needed to learn the steps. For the same materials, in the restudying example condition, the participants continued to study the same examples after studying the example, until they had studied four examples; In the example-problem pair condition, after the example was studied, the problem of the same materials (with no solution steps) were presented, and the participants responded on the answer sheet until they were completed. The same process was followed for similar materials and different materials.




3.2. Results

For conceptual prior knowledge level, the difference between the participants in each group did not reach a significant level, F(2,107) = 0.355, p > 0.05. Repeated measures analysis of variance was performed on initial learning conditions × material properties × testing time. In terms of final scores, the main effect of learning conditions was not significant, F(1,107) = 0.735, p = 0.393, ηp2 = 0.007; the main effect of material properties was not significant, F(2,107) = 2.13, p = 0.124, ηp2 = 0.038; the main effect of test time was significant, F(1,107) = 5.24, p = 0.024, ηp2 = 0.047, that is, the participant’s performance on the immediate test was significantly lower than the delayed test; the interaction between learning conditions and test time did not reach a significant level, F(1,107) = 1.378, p = 0.243, ηp2 = 0.013, the interaction difference between material properties and testing time did not reach a significant level, F(2,107) = 0.532, p = 0.589, ηp2 = 0.01. The interaction between learning conditions and material properties did not reach a significant level, F(2,107) = 1.442, p = 0.241, ηp2 = 0.027. The interaction of three variables did not reach a significant level, F(2,107) = 1.953, p = 0.147, ηp2 = 0.036 (Table 3).



TABLE 3 The effect of retrieve practice on problem-solving under different material properties.
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For mental effort level, the main effect of the learning conditions was not significant, F(1,107) = 0.003, p = 0.957, ηp2 = 0.00; the main effect of the material property was also not significant, F(2,107) = 0.49, p = 0.614, ηp2 = 0.009; the main effect of test time was significant, F(1,107) = 4.312, p = 0.04, ηp2 = 0.039, that is, the mental effort of the participants in the immediate test was significantly higher than that in the delayed test; the interaction difference between learning conditions and test time did not reach a significant level, F(1,107) = 1.435, p = 0.234, ηp2 = 0.013; the interaction of material properties and test time did not differ significantly, F(2,107) = 1.68, p = 0.191, ηp2 = 0.03. The interaction between learning conditions and material properties reach a significant level, F(2,107) = 4.409, p = 0.015, ηp2 = 0.077. The similar materials reach a significant level, p = 0.021. The interaction of three variables did not reach a significant level, F(2,107) = 1.055, p = 0.352, ηp2 = 0.02 (Table 4).



TABLE 4 The mental effort of retrieve practice on problem-solving under different material properties.
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3.3. Discussion

Experiment 2 demonstrated that there was no retrieval practice effect in studying examples under the three material properties. Potentially, retrieval practice is ineffective in promoting long-term memory storage for acquiring problem-solving materials. It may be because the participants did not fully understand or successfully answer the questions (although it involved studying the same examples).

The final scores and mental effort input had significant main effects on test time. The immediate test scores were significantly lower than those under the delayed test, and the mental effort input in the immediate test was significantly higher than that under the delayed test. It indicates that the final scores and mental effort may be inversely proportional; that is, the higher the performance, the lower the mental effort input.

In terms of difficulty, different materials were more challenging than similar materials, which were more difficult than the same materials. Theoretically, the same materials should have the best scores, and the different materials would be the worst; however, in some cases, particularly when restudying, the opposite may be true. In contrast to the example-problem pairs condition, the participants under the restudy example condition frequently overestimated their performance and did not engage in continuous study, which led to lower scores. However, due to its higher material difficulty, the restudy example under different materials may enhance the participants’ learning motivation.




4. Experiment 3

The purpose of Experiment 3 was to examine the effect of retrieval practice on acquiring problem-solving skills under different feedback times. As retrieving could be assumed to be more effortful than restudying, potential differences in the mental effort were explored.


4.1. Methods


4.1.1. Participants

The participants were 80 Minnan Normal University students (20 men, age M = 20.98, SD = 3.45) who had not engaged in similar experiments before. They were randomly assigned to any of the four conditions (n = 20). As the participants under some conditions did not take part in the delayed test 1 week later, group size varied as follows: the immediate feedback example-problem pairs group (n = 12), the immediate feedback restudy examples group (n = 19), the delayed feedback example-problem pairs group (n = 14), the delayed feedback restudy examples group (n = 17).



4.1.2. Materials

The materials were identical to those used in Experiment 1.



4.1.3. Design

A mixed experimental design of 2 (initial test conditions: restudy example, example-problem pairs) * 2 (feedback time: immediate, delayed) * 2 (test time: immediate, delayed) was adopted. The initial test conditions and feedback time used a between-subjects design, and the testing time was manipulated a within-subjects design. The dependent variables were the final test scores and mental effort scores.



4.1.4. Procedure

The procedure was identical to that used in Experiment 1, with the following exception: removed the incomplete example condition and added feedback (immediate, delayed) during the acquisition phase.

Acquisition phase: This stage was mainly to learn from similar examples. For study only, the participants in each group did not have to try to solve the problem by themselves, all the solution steps were given, and they merely had to learn the steps. In the example-problem pair condition, if immediate feedback was given, after the participants had answered Examples 2 and 4, they presented all the steps to solve the problem, respectively; that is, the material presentation method was Example 1 − Example 2 − Feedback (The problem-solving steps of Example 2) − Example 3 − Example 4 − Feedback (The problem-solving steps of Example 4) until four examples were completed. The presentation time of feedback (problem-solving steps) was 1 min. Then they took the immediate test and a delayed test a week later. If delayed feedback was given, it was after completing the four examples, taking part in the instant test, and giving feedback a week later. This process occurred when the problem-solving steps of Examples 2 and 4 were presented completely, and the presentation time was 1 min, respectively, and followed by the delayed test. In the restudy examples condition, the participants continued to study similar examples after studying an example, until they finished four examples; if immediate feedback was given, to maintain balance, the participants only study were extended the study time. The total time was the same for both study conditions. Then they would take the immediate test and a delayed test a week later. If delayed feedback was given, it was after completing four examples, participating in the immediate test, and receiving feedback a week later. They then restudied Examples 2 and 4, and the presentation time was 1 min, respectively, and subsequently, they took part in the delayed test again.




4.2. Results

Through the survey of conceptual prior knowledge level, there was no significant difference among the participants in each group, F(2,59) = 0.075, p > 0.05. An ANOVA was performed on the learning conditions, feedback, and test time. In terms of the final score, the main effect of the learning conditions was not significant, F(1,59) = 0.406, p = 0.527, ηp2 = 0.007; the main effect of feedback was not significant, F (1,59) = 0.31, p = 0.58, ηp2 = 0.005; the main effect of test time was also not significant, F(1,59) = 1.725, p = 0.194, ηp2 = 0.028; the interaction difference between learning conditions and test time was not significant, F(1,59) = 0.976, p = 0.327, ηp2 = 0.016; the interaction difference between the feedback and test time was not significant, F(1,59) = 2.967, p = 0.09, ηp2 = 0.048. The interaction between the learning conditions and the feedback did not reach a significant level, F(1,59) = 0.307, p = 0.582, ηp2 = 0.005. The interaction of three variables did not reach a significant level, F(1,59) = 3.964, p = 0.051, ηp2 = 0.064 (Table 5).



TABLE 5 The effect of the different difficulties of retrieval feedback on problem-solving.
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For the level of mental effort, the main effect of the learning conditions was not significant, F(1,59) = 0.071, p = 0.0791, ηp2 = 0.001; the main effect of feedback was also not significant, F(1,59) = 0.023, p = 0.879, ηp2 = 0.000; the main effect of test time not significant, F(1,59) = 1.489, p = 0.227, ηp2 = 0.025; the interaction between learning conditions and test time did not reach a significant level, F(1,59) = 0.573, p = 0.452, ηp2 = 0.01; the interaction between the feedback and the test time was not significant, F(1,59) = 1.345, p = 0.251, ηp2 = 0.022. The interaction between the learning conditions and the feedback did not reach a significant level, F(1,59) = 0.043, p = 0.836, ηp2 = 0.001. The interaction of three variables did not reach a significant level, F(1,59) = 0.27, p = 0.606, ηp2 = 0.005 (Table 6).



TABLE 6 The mental effort of different difficulties of retrieval feedback on problem-solving.
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4.3. Discussion

Experiment 3 further found that there was no retrieval practice effect under different feedback difficulty levels on problem-solving skills learning. The results in Experiments 1 and 2 may be explained by the fact that the retrieval practice after the studying example process during the acquisition phase cannot generate the retrieval practice effect, and the studying example process (procedural knowledge acquisition) was more inclined to have its characteristics. The example effect of this knowledge system is structured, non-declarative knowledge (without structural association before and after), and thus, creates the opposite result of the retrieval practice effect (under the condition of delayed feedback). However, it did not occur under the condition of immediate feedback, which may be because the difficulty of retrieval of immediate feedback is lower than that of delayed feedback. Furthermore, the experiment used similar materials, and the combination of the two feedback types did not generate the effect of retrieval practice.

Studies have shown that feedback contributes to the retrieval practice effect (Carpenter et al., 2008, 2009; McDermott and Naaz, 2014). For those with no previous retrieval practice effect, giving delayed feedback can promote this effect (Pyc and Rawson, 2010, 2012; Tse et al., 2010; Roediger III et al., 2011; Putnam and Roediger, 2013). Although interpreted from its definition, the so-called retrieval practice effect can be obtained even when testing is performed without feedback (Carrier and Pashier, 1992). However, when the effect of retrieval practice cannot be obtained, giving feedback can promote its generation; additionally, adding feedback after retrieval practice can further promote long-term memory retention on the original basis. However, the reason why retrieval practice improves learning is that it can be successfully retrieved. If the tester does not retrieve the correct answer and does not restudy it, it will adversely affect the retrieval practice effect (Roediger and Marsh, 2005). Therefore, the results of Experiment 3 may also correlate with whether the participants actually understood or successfully retrieved the examples.




5. General discussion

The three experiments delineated above jointly find that the retrieval practice effect may not apply to acquiring problem-solving skills. The restudy examples only were used for repeat studying. The example-problem pairs with only questions and no problem-solving step results were used as retrieval practice, that is, the participants were asked to retrieve content. This study was mainly carried out by retrieving three aspects of the difficulty of practice, namely, initial test difficulty, material difficulty, and feedback difficulty. The difficulty of the initial test was divided into learning conditions: restudy example, example-problem pairs, and incomplete example. The difficulty of materials was divided according to the properties of materials: similar, same, and different. The difficulty of feedback was divided based on timing: immediate feedback (after 5 min) and delayed feedback (after 1 week). Through a step-by-step experiment, it was found that the retrieval practice effect cannot be realized in the example.

As the students were primarily in the cognitive framework or mode of the learning step procedure during the study of the example, they appeared to benefit less from the learning effects of problem-solving. Recent studies have shown that the combination of studying examples and problem-solving yields little benefit (Baars et al., 2014; Van Gog et al., 2015). Baars et al. (2014) mentioned that students who learned the right problems from the three examples did not perform better than those who studied the three examples, and the advantage of problem-solving learning is that it helps students to self-assess their performance more accurately. Problem-solving learning has fewer overestimated test scores than learning by example. Therefore, perhaps the example retrieval practice does not promote learning or memory retention, but it may enhance the accuracy of students’ metacognition or motivation and the persistence of learning behavior.

Regarding the mental effort input, Experiment 1 demonstrated that under the immediate test, the example-problem pairs group was more invested than the incomplete examples group, and the difference was significant. Studies have established that the effort value of example-problem pairs will be more than that of restudy examples (Van Gog et al., 2015). However, few studies on mental effort input use incomplete examples. Thus, the example-problem pairs group may be motivated significantly more than the incomplete examples group. The reason may be that students are not aware of whether they have successfully mastered this skill during the repeated restudy example process; therefore, they may overestimate themselves and their mental effort will be reduced. In the process of retrieving, students in the example-problem pairs group were constantly trying to solve problems; thus, they could make more objective self-judgments (metacognition), and more mental effort would be invested. The incomplete examples group is similar to the restudy examples group in terms of mental effort. While Experiment 2 confirmed this fact, the differences in Experiment 3 did not reach a significant level. In addition, Experiment 2 showed that the students’ scores were inversely proportional to their mental effort input; on the contrary, this result was not obvious in Experiments 1 and 3.

Restudying/feedback after testing, according to Rawson and Dunlosky (2012), can boost the retrieval practice effect. Our experiments, however, were not able to confirm this aspect. However, it has not been verified in the examples. Recent studies suggested that restudy/feedback may promote examples of studying (Baars et al., 2014). Baars et al. (2014) compared grades by having students examine example-problem pairs with no feedback and standard feedback (correct answers for each step). The results demonstrated that providing feedback to students increased their learning outcomes and ability to self-evaluate their grades (compared to no standard feedback). However, no real restudy was involved in the research. It is, therefore, unknown whether feedback (not having standard answers or restudying after a test) can improve scores. The study has also shown that feedback following problem-solving may just lengthen learning time rather than achieving learning outcomes (McLaren et al., 2014). Therefore, the real effect of feedback in Experiment 3 cannot be effectively defined.

The failure of the retrieval practice effect on the example study may be relatively due to the short acquisition phase (Van Gog et al., 2015). The participants probably believed that practicing the problem-solving procedure was more effective than studying when analyzing the effect of retrieval practice (compared to the restudy group) during the long study period. Therefore, the retrieval practice effect (compared to restudy) obtained in a long sequence task requires further study, whether it is the retrieval practice effect or the product of advanced guidance, that is, studying examples reaches a certain level and the participant’s knowledge level reaches a point, gaining the ability to solve problems on their own (no need to examples study; Kalyuga et al., 2001, 2003; Kalyuga, 2007).

Provided the critical prompt in the acquisition phase, retrieval practice enhanced analogical problem-solving (Hostetter et al., 2019). However, Peterson and Wissman (2018) revealed no effect of retrieval practice on analogical problem-solving. They discussed the impact of learning styles on analogical problem solving, using the same learning materials, but got varying results. The difference was that the prompt appeared in the acquisition phase or the test period. Their investigation revealed that the position of the prompt was very important. Eglington and Kang (2018) reported that retrieval practice could improve deductive inference through the presentation format of the material. The material format and prompt could enhance the accuracy of initial learning. Only by ensuring the success rate of initial retrieval can participants benefit from retrieval (Karpicke et al., 2014).

The key takeaway from our study is that procedural knowledge, one component of skill knowledge acquisition, produces the least significant effects. According to current research, this type of information, which is more closely related to working memory than declarative knowledge, was highly correlated with context or structure. However, neither the division of procedural knowledge nor the division of experimental materials has an operational definition. There are no quantitative measures, even though Van Gog and Sweller (2015) classified “complexity” and “material component interaction” as low, medium, and high. It is therefore necessary to quantify these aspects in future studies.
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This study proposed and tested a model adapted from Biggs’ 3P model that quantifies the behaviors of students who completed MOOCs (Massive Open Online Courses) in order to design intervention measures for low retention rates. Psychomotor domain data from 300 MOOC learners was analyzed in a covariance-based structural equation model (CB-SEM) to analyze the direct and indirect effects of various factors. Results show the basic psychological needs theory (BPNT) in the presage stage significantly positively correlated with engagement in the process stage. Meanwhile, the process stage exhibited a significantly positive correlation with the product stage, representing persistence intention (PI). Furthermore, a full mediation effect was observed among the presage, process, and product stages. The mediating effect demonstrates that higher student engagement leads to more positive exertion on BNPT and PI to complete the course. Moreover, results show bolstering students’ behavioral, emotional, and cognitive engagement strengthens their PIs.
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1. Introduction

The average dropout rate of students who take MOOCs has been reported as high as 90% (Vitiello et al., 2018; Xing and Du, 2019). Such a low completion rate has raised concerns among course providers, educators, and researchers (Cobos and Ruiz-Garcia, 2020; Dai et al., 2020). While most researchers have focused on learner behaviors, cognitive and intentions (Wong et al., 2019; Lambert, 2020; Li and Zhao, 2021; Tao et al., 2022), regardless of courses type, the current study asserts that MOOCs including psychomotor topics should be discussed independently. The difficulty in implementing courses in the psychomotor domain lies in teachers’ inability to directly supervise learners in person. Therefore, this study addressed this gap by focusing on such courses–account for ~10% of all MOOCs. The online learning modes of such courses have evolved along with technology advances. The psychomotor domain has been explored by a few scholars (Yang and Su, 2017; Tien et al., 2020); however, such studies are not supported by extensive research evidence or widely reported. Although this type of MOOC is in the minority of class designs (Shah, 2021). By better understanding the mechanisms of how students in a psychomotor domain class decide to learn, engage with the course, and persist to completion, improvements can be made to course design and by implication student completion and uptake.

Badali et al. (2022) reviewed attempts to add new constructs based on classic theoretical models, such as the technology acceptance model, self-determination theory, expectation confirmation theory, theory of planned behavior, and unified theory of acceptance and use of technology. Such previous work attempted to identify influencing factors of intentions to keep learning among students, pointing out attention should be paid to phased and persistent behaviors among students when learning. The learning process (e.g., timelines) should be incorporated to better identify elements affecting learning behaviors across cause, process, and result. Taking this into consideration, Biggs’ 3P (presage, process, and product stages) model has been modified into a classic model with fixed elements (de la Fuente et al., 2015; Chan and Yeung, 2020; Deng et al., 2020). Kanashiro et al. (2020) surveyed 46 publications related to the 3P model from 2002 to 2017. The authors highlighted that despite criticism for being outdated and oversimplified, the 3P model appears to be the most prominent in higher education by showing that the teaching context and students’ background (presage factors) affect students’ approach to learning (process stage), which can range from surface learning to deep learning (product stage). The classic model gathers all phenomena and covers all influence factors based on timelines. Such factors are not constant and can adapt according to the actual research environment that contributes to examining the causes of a certain teaching or learning phenomenon (Albelbisi et al., 2018; López-García et al., 2019). However, the 3P theoretical model has not been universally adopted for solving the problem of low MOOC completion rates within the psychomotor domain. Therefore, this research gap needs to be addressed, which we discuss next.

In determining a student’s motivation to enroll in a MOOC, the learner’s internal motivation of pleasure and expectation of personal accomplishment should be first quantified (Li et al., 2013; Rump et al., 2017), which also involves satisfying their basic psychological needs (Sun et al., 2019; Ryan and Deci, 2020). The Basic Psychological Needs Theory (BPNT) posits human behaviors are under the influence of incentives of internal motivation. BPNT highlights three basic psychological needs: perceived autonomy, perceived competence, and perceived relatedness, which are the common needs everyone is born with (Deci and Ryan, 1985; Dincer et al., 2019) and have been widely discussed in various online learning contexts by many researchers (Jeno et al., 2019; Hsu, 2021). Satisfying students’ basic psychological needs is considered a prerequisite of classroom engagement (Reeve, 2012), while engagement is regarded as a prerequisite to learning (Guo et al., 2014), which in turn affects the completion rate of students (Appleton et al., 2008). It is worth mentioning that behavioral, emotional, and cognitive engagement are dynamically interrelated, rather than isolated processes (Fredricks et al., 2004). The rare combination of the 3P theory, BPNT, and engagement is also worth exploring; hence, the second key point of this study. Based on the above premise, this study employed persistence intention (PI), as specified by Jung and Lee (2018), as an indicator of students’ completion of courses. It is valuable to probe the relationships among basic psychological needs, classroom engagement, and student PI.

In this regard, the current study integrated the learning contexts of MOOCs into Biggs’ theoretical model. As such, the presage stage stands for BPNT, the process stage stands for engagement, and the product stage stands for PI. The current study has several objectives. The first objective is to quantify the factors—as well as their mechanisms—that affect students’ behavior to persist in finishing MOOCs during the entire learning process. The second is to qualify how members recognize the presage stage of psychomotor MOOCs while examining how such recognition may affect persistence intention. Furthermore, this research explored the process stage of MOOCs and examined the effects on the links between the presage stage and persistence intention.



2. Hypothesis development

In Bloom’s taxonomy of educational objectives (Bloom et al., 1956; Andreatta and Dougherty, 2019), educational activities in the psychomotor domain focus more on fostering students’ psychomotor abilities (Harrow, 1972). Psychomotor ability is the ability to control motor actions proceeding a psychological process (including brain activity). Studies have shown that courses in the psychomotor domain can help students learn to make clothes, perform surgical operations, machine materials, cook, and master other psychomotor activities (Andreatta and Dougherty, 2019; Tien et al., 2020).

Studies using Biggs’s (1993) model of students’ learning approaches suggested three stages—the presage-process-product (3P) mode in non-traditional learning environments. They propose interaction among factors forms a dynamic learning model that influences learning outcomes (Lee and Chan, 2018). These three stages represent pre-, learning in, and post-learning (Biggs and Tang, 2003). The presage stage emphasizes that the teachers are central to the learning process, and building the sustainability and legitimacy of teachers requires a combination of personal beliefs and external verification (Maloni et al., 2012). In addition, on the student side, it highlights the importance of the student’s experience and expectations for learning approaches. Furthermore, it requires constant educational institutional support (Barth, 2013). The process stage describes how teaching and students’ experience are integrated, and teaching effectiveness appears to be a critical factor in this stage (Kanashiro et al., 2020), such as classroom engagement (Pilli and Admiraal, 2017). The final stage – product, generally refers to any outcome related to teaching and learning. The assessment of learning outcomes may be complex but can be considered in quantitative and qualitative methods, such as academic achievement, dropout or completion of schooling (Pilli and Admiraal, 2017; Deng et al., 2020).

Taking a MOOC learning experience as the main factor in the presage stage (BNPT), this study found that the basic psychological needs for perceived autonomy can be satisfied by allowing students to browse course units or develop their own learning plans at will. This way, the students are allowed to be in control when studying in a MOOC context. As a result, a learner’s basic psychological need for perceived competence can be met, and such a student can share their knowledge with or seek help from lecturers and other students, addressing their basic psychological need for perceived relatedness (Lan and Hew, 2018). Once those three psychological needs are met, students will have a strong basis for motives that make them more active in learning behavior (Deci and Ryan, 1985; Ryan and Deci, 2017; Dincer et al., 2019). Taking MOOC learning engagement as the main factor in the process stage, this study consists of three interrelated components: behavioral, emotional, and cognitive engagement (Reeve and Tseng, 2011). The current study found that through the three categories of engagement, all possible types of engagement could be explained from a more comprehensive perspective (Reeve, 2012). Further, according to Núñez and León (2019), if students’ basic psychological needs are satisfied, they will be more active in taking part in learning activities. As a result, those three needs are considered sufficient conditions for learner engagement behaviors. Moreover, Benlahcene et al. (2020) indicated students’ psychological needs for perceived competence and perceived relatedness could be used to predict engagement in the process stage. Therefore, the current research proposed the following hypothesis:


H1: The presage stage (BPNT) positively affects the process stage (engagement).
 

This study set MOOC learning performance as the critical factor in the product stage (persistence intention). According to Khalil and Ebner (2014), when a MOOC stimulates positive motivations to learn, the proportion of learners who keep learning increases. Among those motivations, the internal motivation of learning is more effective. Hence, cultivating internal motivation was considered an excellent method to stimulate students to complete their courses (Xiong et al., 2015). The quality of internal motivation is mainly influenced by the positive effects of a learner’s basic psychological needs (Sørebø et al., 2009; Han et al., 2017). Assuming these basic needs are satisfied, students’ internal motivations positively correlate with their intentions to complete a MOOC (Han et al., 2017). Therefore, the interaction of these factors determines learning outcomes–referred to as the product. Thus, this research proposed the following hypothesis:


H2: The presage stage (BPNT) positively affects the product stage (persistence intention).
 

Classroom engagement has been proven to be an effective predictor of persistent learning (Jung and Lee, 2018; Dincer et al., 2019). Furthermore, Oh and Lee (2016) and Yu et al. (2020a,b) pointed out that the dominant contributory factor is a prerequisite to persistent learning. Similarly, Dincer et al. (2019) found cognitive engagement is negatively correlated with dropout rate, implying higher cognitive engagement leads to lower dropout rates. Therefore, this study proposed the following hypothesis:


H3: The process stage (engagement) positively affects the product stage (persistence intention).
 

Previous research has generally confirmed that perceived autonomy, competence, and relatedness are at the core of learning motivation through persistence intentions (Sun et al., 2019). When BPNT puts members in a good learning motivation environment, it fosters both their engagement and persistence intention. In other words, there is a relationship among the three basic psychological needs, engagement, and persistence intention, in which engagement serves as the link between the three basic psychological needs and persistence intention. The individual’s basic psychological preferences affect both the member’s engagement and persistence intention (Jung and Lee, 2018). Thus, a learner’s engagement affects their persistence intention (Yu et al., 2020a,b). Therefore, we hypothesized that engagement would play a mediating effect between the three basic psychological needs and persistence intention. In addition, based on the Motivation Theories on Learning, engagement can contribute to a learner’s persistence intention by fostering a long-lasting learning motivation (Lerdpornkulrat et al., 2018). Therefore, the following hypothesis is proposed:


H4: The process stage (engagement) mediates the association between the presage stage (BPNT) and the product stage (persistence intention).
 



3. Materials and methods


3.1. Research framework

The current research proposed that the presage stage (including perceived autonomy, perceived competence, and perceived relatedness) positively impacts the process stage (including behavioral, emotional, and cognitive) and the product stage (including persistence intention). Meanwhile, the process stage mediates the association between the presage stage and the product stage (Figure 1).

[image: Figure 1]

FIGURE 1
 Research framework.




3.2. Measures

The first part of the questionnaire includes four demographic questions about age, gender, educational background, and the times of logging into the MOOC platform every week. The second part of the questionnaire has 10 questions about perceived autonomy, competence, and relatedness to basic psychological needs. Further, based on Standage et al. (2005), and Reeve and Sickenius (1994), 15 questions on behavioral, emotional, cognitive, and agentic engagement were included (Skinner et al., 2008, 2009; Mameli and Passini, 2019). An additional three questions about persistence intention in completing MOOCs were also included based on Kalz et al. (2015) to measure students’ views on these seven potential variables when taking psychomotor domain courses on the learning platform. The questionnaire was designed using a seven-point Likert formula to measure the interviewees’ degree of consent to each question.



3.3. Subjects and data collection

Deleting invalid responses resulted in a total of 300 valid questionnaires. Participants all attended MOOC courses offered by the TaiwanLIFE and Ewant learning platforms. These courses included one course in food processing (with a sample size of 44), three courses in cooking (with a sample size of 20, 33, and 29, respectively), three courses in basic and intermediate 2D animation (with a sample size of 69, 41, and 66 respectively), and one course in Chinese calligraphy (with a sample size of 4). Common across these courses is their psychomotor component that requires learners to practice while learning by observing and imitating the behavior of teachers and sharing their finished work made with their own hands. The instructional duration of each course ran from 9–13 weeks. In the middle stage of the courses (weeks 4–6), researchers released online questionnaires through the course’s bulletin board and gave participants 2 weeks to complete. Leaners completed the questionnaires voluntarily with no impact on their grades.

The SPSS version 25 software was employed to perform descriptive statistics on the questionnaire demographic section. Results showed 72 (24.0%) participants were male and 228 (76.0%) female. The largest number of participants, 98, were under the age of 20 (32.7%), followed by 77 (25.7%) aged 21–30, and 53 (17.7%) aged 41–50. In terms of educational background, 141 (46.7%) participants graduated or were enrolled in a high school or vocational high school, followed by 82 (27.3%) who graduated or were enrolled in a university or college. Weekly logging into the MOOC showed 146 (48.7%) learners logged in 1–2 times, 79 (26.3%) learners logged in 3–4 times, and 48 (16.0%) logged in 5–6 times.



3.4. Data analysis

The two-step approach of structural equation modeling (SEM) was suggested by Anderson and Gerbing (1988) to estimate the measurement model and structural analysis. Descriptive analysis was used to describe the profile of the participants, and path analysis was then applied to test the relationships among the independent variables of the presage, process, and product stages, including the mediating effects of the process stage. Structural equation modeling using AMOS version 24 was employed to establish the nature of the relationship between the independent and dependent variables. With the use of the maximum likelihood estimation (MLE), a confirmatory factor analysis of the fit was conducted. Next, a relative path analysis was combined to define the model. All statistical analyses were conducted at a significance level of p ≤ 0.05.




4. Empirical analysis and results


4.1. Confirmatory factor analysis

As shown in Table 1, the composite reliability values of the constructs ranged from 0.864 to 0.948, exceeding the 0.7 value recommended by Nunnally and Bernstein (1994) and indicating that all constructs are internally consistent. All average variances extracted (AVE) ranged from 0.674 to 0.845, exceeding the suggested level of 0.5 (Hair et al., 2010) and demonstrating adequate convergent validity.



TABLE 1 Reliability and validity analysis results.
[image: Table1]

For each construct to be discriminately valid, the square root of the average variance extracted (AVE) of a given construct must be larger than its correlations with any other constructs (Hair et al., 2010). As shown in Table 1, all bold numbers in the diagonal direction, representing the square roots of AVE of each construct, are larger than the correlations with other constructs, supporting discriminant validity.



4.2. Model fit

When there are more than 200 samples in SEM, the chi-square value (χ2 = (n − 1) FMIN) may be too large. FMIN refers to the minimum value of the difference between the sample matrix and the expectation matrix. When a chi-square value is too large due to an excessive number of samples, the value of p is likely to be considered unacceptable (Hsu and Yen, 2013). Therefore, based on the suggestions of Bollen and Stine (1992), this study adopted the Bootstrap method to revise the chi-square value from 670.844 to 357.336 and re-estimate it. As shown in Table 2, the obtained major indices of model fit are χ2/DF = 1.412 < 3; RMSEA = 0.045 < 0.08; GFI = 0.950 > 0.9; AGFI = 0.934 > 0.9; NFI = 0.950 > 0.9; TLI (NNFI) = 0.978 > 0.9; CFI = 0.980 > 0.9. All indices showed a good level of model fit. A more detailed illustration is presented in the Discussion section.



TABLE 2 Model fit indicators.
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4.3. Analysis

Path analysis results show the presage stage (β = 0.793, t = 9.193) significantly affected perceived value. The process (β = 0.635, t = 6.043) and presage stages (β = 0.145, t = 1.356) significantly affected persistence intention. These findings support H1 and H3. As shown in Table 3 and Figure 2, the presage stage (β = 0.145, t = 1.356) had no significant impact on persistence intention; hence, H3 is not supported. Lastly, the mediating effect (β = 0.56, t = 9.193) among the presage stage, the process stage, and PI was significantly positive. Therefore, H4 is supported.



TABLE 3 Path relationship test table.
[image: Table3]
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FIGURE 2
 Path analysis stage of presage, process, and product.


To sum up, owing to the significant indirect effects (H4) and the insignificant direct effects (H3), this type of mediation can be classified as full mediation as maintained by previous scholars (Baron and Kenny, 1986). In other words, the process stage strongly affects the presage stage and persistence intention. Besides, this study also found the values of R2 of the process stage and persistence intention were 0.628 and 0.570, respectively. Meanwhile, according to the recommended standard from Chin (1998), the value of R2 between 0.33 and 0.67 represents a moderate explanatory power. Therefore, the model in this study exhibits moderate explanatory power.

Perceived autonomy is most strongly associated with learners’ basic psychological needs (coefficient of 0.895), followed by perceived competence (0.839) and perceived relatedness (0.697). On the other hand, emotional engagement contributes the most to the learners’ engagement (coefficient of 0.942), followed by cognitive engagement (0.884) and agentic engagement (0.591), as shown in Figure 2.



4.4. Mediation analysis

To examine whether the process stage mediates the effect of the presage stage on MOOCs’ persistence intention, this study conducted a mediation analysis using the bootstrapping method proposed by Preacher and Hayes (2008). Bootstrapping has been widely employed in mediation analysis to determine whether the relationship between an independent and a dependent variable is due to the mediating variables—either fully or partially. The effect of each potential variable is presented in Table 2. First, PRE showed both direct (β = 0.318, p < 0.05) and indirect (β = 0.330, p < 0.05) effects on persistence intention. Thus, the total effect of the presage stage on persistence intention was β = 0.648 (p < 0.05), indicating the significance of the indirect effect of the process stage on the relationship between the presage stage and persistence intention. Second, the direct effect size of the presage stage on persistence intention was 0.452. The presage stage had a direct positive effect on the process stage (β = 0.730, p < 0.05). Third, the process stage had a direct positive effect on persistence intention as well (β = 0.318, p < 0.05).




5. Discussion and conclusions


5.1. Index of model fit

The chi-square value is generally used as an index of the absolute fit between the model and data. One example of a statistic that minimizes the impact of sample size on a better model fit is χ2/DF (Wheaton et al., 1977). While there is no consensus on an acceptable ratio for this statistic, the suggested range is from 5.0 (Wheaton et al., 1977) to 2.0 (Tabachnick and Fidell, 2007); 3.0 was selected for this study (Kline, 2005). Meanwhile, the chi-square value of this model was 1.579, suggesting a good fit.

Other indices of the absolute fit index include the goodness-of-fit (GFI), adjusted goodness-of-fit (AGFI), and root mean square error of approximation (RMSEA). The GFI and AGFI describe the proportion of variance accounted for by the estimated population covariance, analogous to R2. The closer the GFI and AGFI value is to 1, the larger the value indicates a better fit; otherwise. Generally, researchers suggest that a GFI and AGFI value >0.9 indicates a good fit (Hu and Bentler, 1999). The GFI and AGFI values of the current model are 0.949 and 0.934, respectively, showing the data match the model well. According to its definition, the RMSEA measures the discrepancy due to the approximation per degree of freedom (Steiger, 1989). MacCallum et al. (1996) used 0.01, 0.05, and 0.08 to indicate excellent, good, and mediocre fit, respectively, while the RMSEA of the current model is 0.044—somewhat below the good fit level of 0.05.

Another index used to assess model fit is the incremental fit index, which compares a chi-square for the model with a null model (also called a baseline model or independence model). There are several incremental fit indices, including the comparative fit index (CFI), normed fit index (NFI), and Tucker-Lewis index [TLI, also called the non-normed fit index (NNFI)]. All of these indices exhibited values ranging between ~0 and 1.0. However, the CFI, NFI, and TLI values were between 0.90 and 0.95, which are now considered marginal—above 0.95 is good and below 0.90 is considered a poor fit (Hu and Bentler, 1999). The CFI, NFI, and TLI of the current model were 0.981, 0.949, and 0.978, respectively. CFI and TLI were more significant than the traditional standard. Though NFI did not reach the high standard level of 0.95, it met the recommended value of Bentler and Bonett (1980), which should be >0.9. Therefore, NFI also met the acceptable fit threshold. In sum, these results show the model is a fair or reasonable representation of the data.



5.2. Academic implications

This study quantified how psychological needs of MOOC learners, in a psychomotor domain, significantly affected engagement and persistence intention. In other words, addressing those psychological needs in the first encounter between learners and the online course is key to learner success. This finding is especially applicable to courses in the psychomotor domain where students are object-oriented, such as courses focused on skills with a physiological component. When students’ autonomy, competence, and relatedness are encouraged, their internal motivations are stimulated. As a result, they participate in learning activities across behaviors, emotions, and cognition (Lan and Hew, 2018; Núñez and León, 2019).

Noteworthily, the influence of Perceived Autonomy (PA), as shown in Figure 2, is greater than Perceived Competence (PC) and Perceived Relatedness (PR). Thus, if a course intends to encourage students to present PA, such as sharing experiences, asking questions, expressing opinions, and creating study-related topics, instructors should supply positive comments to learners, which encourages the positive cycle of autonomous learning. Figure 2 also shows the influence of Emotional Engagement (EE) is greater than Cognitive Engagement (CE) and Behavioral Engagement (BE), demonstrating that BNPT encourages emotional engagement. Therefore, instructors and online instructional videos should provide a sense of emotional communication, such as occasional synchronous online classes to promote emotional interactions with and among learners (Marulanda, 2022). Our results show such activity would be beneficial in improving learner engagement. Furthermore, engagement has a positive effect on persistence intention. Such results are consistent with the previous findings of Oh and Lee (2016), Dincer et al. (2019) and Yus’ et al. (2020a,b). For example, students’ experiencing negative emotions (i.e., due to repeated failures or learning burnout) should be encouraged by instructors connecting the knowledge they learned with the experience they gained.

According to the mediating effect, BNPT directly influences persistence intention through engagement. Students are thus willing to persist in completing courses when the learning environment satisfies their BNPT and their engagement is encouraged. In other words, the three basic psychological needs of learners should be met first. Doing so encourages participation in learning activities, such as viewing instructional videos, participating in discussions, submitting homework, and completing tests. Such learning behaviors also include their attention and efforts. When students respond to their courses with positive emotions, including enjoyment, affection, fun, flow, and immersion, their emotional engagement improves. Many studies support the role of engagement as a mediator on the relationship between basic psychological needs and continuous learning behaviors (Skinner et al., 2008, 2009; Dincer et al., 2019).



5.3. Practical implications

Engagement centers on experience and interaction, exhibited through interactions between learner and learning environment (Lan and Hew, 2018). Teachers can support the three basic psychological needs and assist students in building their confidence. In terms of perceived autonomy, teachers should try to avoid a domineering teaching style in which students are required to complete learning activities within a short period (1–2 weeks; Alamri et al., 2020; Chiu, 2021). Indeed, it is difficult to manage and control homework submissions in the MOOC design considering the high level of learner autonomy. One of the participating MOOC instructors (teaching the animation courses) participating in this study required homework submissions on schedule with missed deadlines resulting in score deductions (Ihantola et al., 2020; Denny et al., 2021). Yet, when a more flexible practice was adopted, where students could submit their homework before the course completion, the submission rate and the quality of homework was higher.

We have observed three different interactions. First, student-content interaction is mainly based on the performance of students. This interaction involves “behavioral engagement” and “cognitive engagement.” From the “behavioral engagement “in the questionnaire, we know that the highest score is “When I watch the intructional martial video, I will concentrate on listening to the content.” A score of 6.21 out of 7, which can reflect the learners’ attitude toward video views, course access, and reading text satisfaction, especially video watching is the most valued and used resource for MOOC learners (Gregori et al., 2018). In addition, from the “cognitive engagement” in the questionnaire, the highest score is “When I study this course, I will try to connect what I have learned with my experience.” A score of 6.21 out of 7. In general, multimedia can stimulate students’ interest and promote course retention and learning.

Second, student–student interaction is mainly about students seeking help, peers’ feedback, and students share for other resources. These behaviors can be seen in one of the courses we investigated, the 2D animation series courses, where students will share notes and experiences. And some students volunteer to assist teachers in answering questions. There is another cooking course, where students are primarily working people. They have the same background and social experience, so the issues discussed can resonate.

Third, student-lecturer interaction is mainly for teachers to provide emotional support and encouragement to students. The specific method is like teachers posting information in the discussion area or answering students’ questions. This interaction involves “Emotional Engagement.” From the “emotional engagement” in the questionnaire, the highest score is “I like to learn new knowledge in this course.” With a score of 6.25 out of 7. Teachers can release more autonomy to students, helping students succeed in learning, building self-confidence, and creating a positive classroom atmosphere.

The question, “I am close to the teaching assistant of this course,” in the questionnaire received the lowest score of 4.92 (of a maximum 7). Given the basic need for perceived relatedness, this finding implies that two to three live broadcasts can be arranged during the courses to compensate for such a lack of close contact. Synchronous online sessions supply instructors an opportunity to exhibit interest in students’ learning and recognize their performance (Phan et al., 2016; Vollet et al., 2017). More attention should be paid to teacher-student interaction in the MOOC context when learning involves the psychomotor domain (Hew, 2014). Finally, in terms of the basic need for perceived competence supported by teachers, each learning task assigned by teachers should be linked to specific training objectives and purposes. Tasks should also adopt peer assessment accompanied by criteria to achieve learning results (Huisman et al., 2018; Gamage et al., 2021).

When designing courses in the psychomotor domain, teachers can consult with the taxonomies of educational objectives proposed by Dave (1970). Taxonomies provide five levels of practice modes for one type of exercise, which allows students to develop a skill at the levels of imitation, manipulation, precision, articulation, and naturalization (Begam and Tholappan, 2018). For instance, in the cooking courses included in this study, the cooking process was video recorded from multiple angles with the recipe displayed for demonstration. Simultaneously, a group of students were arranged to imitate the process and raise questions, helping learners feel telepresence. Furthermore, students were encouraged to comment on the learning experience, take notes and report other related experiences. In this way, learners interacted with each other, increasing engagement and improving the three basic needs. In particular, a sense of belonging from interaction effectively motivates students in the psychomotor MOOC context.



5.4. Limitations and future directions

This study presents some limitations. First, Biggs’ 3P model addresses how teaching and students’ contextual experiences integrate and interdependency to explain students learning outcomes. In addition to behavioral, emotional, and cognitive engagement, the process stage can add agentic engagement (Benlahcene et al., 2020; Chiu, 2021) to further explore the differences in the antecedents and consequences of different engagements.

Second, the MOOCs in the psychomotor domain in this study come from the same learning platform, so there may be a need for common method variance. It is suggested that future researchers can cover the multiple MOOCs in psychomotor domain of the platform to analyze the 3P model for persistence intention more comprehensively and accurately.

Third, most of the previous engagement research has focused on classroom observations (Jung and Lee, 2018; Dincer et al., 2019; Benlahcene et al., 2020). This study is one of the few that focuses on engagement in the MOOCs context. In the future, it should be possible to use the teaching mode of SPOCs (Small Private Online Courses) to add engagement issues, so that you can observe both the intention of online courses and the behavior in the classroom.




6. Conclusion

The research model presented in this study was adapted from the 3P theoretical model to clarify the behavioral processes that motivate learners to persist in completing a MOOC. This study also employed the CB-SEM method to analyze and examine relationships among BNTP in the presage stage, engagement in the product stage, and persistence intention in the product stage throughout the learning process.

Furthermore, the current study demonstrated that satisfying students’ basic psychological needs improves their engagement. Results have shown that incentives meeting psychological needs for perceived relatedness improve emotional engagement and initiative to engage. In addition, the results of the examination of the mediating effects showed that students’ engagement influenced BNPT and persistence intention. Finally, this study has proven that measures that bolster students’ behavioral, emotional, and cognitive engagement can promote their persistence intentions.

In summary, the above findings are conducive for educators, teachers, and course designers, who consider providing courses in the psychomotor domain through MOOC platforms to reassess the importance of students’ BNPT and engagement in class and encouraging persistence intentions. Meanwhile, these findings also provide a significant academic reference for online teaching strategies that improve the completion rates of online courses in the psychomotor domain.
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Influential work has confirmed screen inferiority in reading tasks that reading on screen is less productive than reading on paper. Recent researches suggest that poor cognitive performance in screen environments may be primarily due to cognitive defects rather than technological flaws. Although some studies have explored screen inferiority in reasoning tasks from cognitive and metacognitive perspectives, related theories have yet to be enriched. Here, we found that screen inferiority exists in reasoning performance regardless of the test format (multiple-choice VS. open-ended), which may result from shallow processing consistent with the previous findings. However, meta-reasoning monitoring showed screen inferiority only in the multiple-choice test format. Our results indicate that the screens exhibit robust inferiority in reasoning scores, while the influence of the media on meta-reasoning may vary with external triggers. Our research may shed light on how to conduct efficient reasoning in the screen age.
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 reasoning, meta-reasoning, screen inferiority, medium, test format


Introduction

In today’s education, online learning is becoming an increasingly popular mode. Millions of students worldwide have switched to online courses during the current COVID-19 pandemic. However, previous studies have shown that, compared to paper-based learning, learners tend to perform worse and have poorly calibrated self-assessments of their knowledge when learning on screen (Ackerman and Lauterman, 2012; Singer and Alexander, 2017; Kong et al., 2018; Clinton, 2019; Ronconi et al., 2022). This difference is often defined as screen inferiority.

Screen inferiority has been found in a large number of studies in recent years that have examined the effects of the media on reading comprehension and meta-comprehension. Specific phenomena include lower test scores, poorer calibrated metacognitive monitoring, and less effective effort regulation (Ackerman and Goldsmith, 2011; Ackerman and Lauterman, 2012; Lauterman and Ackerman, 2014). Although early researchers suggested that technological flaws contributed to this inferiority, recent studies have found that cognitive causes are more likely (Mizrachi, 2015; Jian, 2022; Lizunovaa et al., 2022). Specifically, it is the electronic devices that provide contextual cues that lead people to shallower processing, resulting in inferior cognitive performance.

However, screen inferiority is not always observed. Ackerman and Goldsmith (2011) chose participants with a strong paper preference to study the effect of time frame on screen inferiority. No significant differences between media were found under a limited time frame. In addition, Ackerman and Lauterman (2012) also replicated this experiment, selecting participants with a low preference for paper, and found that screen inferiority was only found when the time limit was known in advance and not when participants were unexpectedly interrupted after the same amount of study time.

Notably, in studies that have used reading comprehension tasks to examine the effects of the media on metacognition, texts often take up an entire page or even several pages. Such long texts often cause confusion about technical disadvantages and in-depth processing. To address this issue, Sidi et al. (2017) employed short problem-solving tasks (6 logical questions with a success rate of less than 20%) to examine whether screen inferiority remains when the reading burden is minimized. These tasks are briefly phrased to minimize reading burden and substantially reduce technology disadvantage while preserving required cognitive effort. Sidi et al. replicated Ackerman and Lauterman's (2012) time frame procedure using long texts, selecting a high cognitive population (SAT scores in the top 20%) as participants. This experiment found that solvers in the screen group had lower success rates under time pressure and were significantly overconfident. In addition, one remarkable finding of this experiment was the superiority of working on the screen under the ample time condition in terms of success and efficiency. This finding undoubtedly has important insights. However, the finding is limited to one condition in their Experiment 1.

The above studies suggest that the existence of screen inferiority is conditional; for example, the effects of the media change with the time frame. However, more conditions remain to be investigated. In previous studies, the task material was mostly misleading cognitive conflict problems or challenging logical problems. So, does the screen inferiority still exist for simple, non-misleading reasoning tasks? The current study will test the effects of the media on reasoning problems of varying difficulty, using conflict and non-conflict cognitive questions. Moreover, realistic educational needs were taken into account in the selection of reasoning tasks with different levels of difficulty. Given that learning to solve problems is an integral part of the curriculum in many school subjects, especially STEM (science, technology, engineering, and mathematics; van Gog et al., 2020), whether online reasoning learning differs from traditional paper-based reasoning learning is a question worth exploring. A meta-analysis (Clinton, 2019) found that the inferential reading tasks showed the same screen inferiority as the literal reading tasks, although inferential reading tasks were considered more complex than literal reading tasks (Basaraba et al., 2013). Therefore, we hypothesized that performance on both conflict and non-conflict questions would be worse on the screen than on paper.

In addition, the screen inferiority was reduced under certain conditions, especially when directing participants to recruit more intensive mental effort to the task than they would engage spontaneously. For example, Lauterman and Ackerman (2014) replicated the screen inferiority found by Ackerman and Lauterman (2012) under time pressure. They then demonstrated two easily applicable methods for overcoming screen inferiority: gaining experience with the difficult learning task and a requirement to generate keywords summarizing the essence of the text after a delay. This study suggests that simple task characteristics that encourage in-depth processing may help reduce screen inferiority.

Task characteristics are one level of heuristic cues, which are information and beliefs about factors affecting performance in a task as a whole (Ackerman, 2019). Examples include test type (open-ended vs. a multiple-choice test format), time frame (pressure vs. loose), and environment (e.g., computer vs. paper; indoor vs. outdoor). Assuming that the presence of screen inferiority disregards question type, the current study will examine other task characteristics that may reduce screen inferiority. Given that learners often take different types of chose to manipulate test type as a task characteristic that would be helpful in educational practice. Furthermore, for critical thinking questions, a multiple-choice test format (MCtf) was used to ease challenges compared to an open-ended test format (OEtf; Stanovich, 2009). In other words, the OEtf requires more cognitive effort than the MCtf. Therefore, we hypothesize that the OEtf will reduce the screen inferiority.


The present study

To test our hypotheses, we evaluated the effects of the media, screen versus paper, and conflict versus non-conflict questions on performing problem-solving tasks. Conflict questions use the Cognitive Reflection Test (CRT; Frederick, 2005). This type of task contains both cognitive and metacognitive challenges. Such problems are designed so that the first solution that usually comes to mind is a wrong but predictable one. We constructe non-conflict version in which the first intuition was the correct answer (see Experiment 1, Materials section for problem descriptions; see Appendix for specific problems).

To delve into the metacognitive processes involved, we used the meta-reasoning framework (Ackerman and Thompson, 2015). Ackerman & Thompson proposed a meta-reasoning model based on meta-memory research and dual processing theories (DPT) and defined meta-reasoning as the monitoring and control of reasoning tasks and problem-solving. The meta-reasoning process is divided into two sub-processes: meta-reasoning monitoring and meta-reasoning control. Meta-reasoning monitoring collects relevant clues to reasoning and integrates them into judgments that assess any sense of rightness and falseness, after which meta-reasoning control evaluates these right and wrong perceptions against thresholds to determine subsequent responses (Ackerman and Thompson, 2017).

Considering the intuitive misleading nature of the CRT and meta-reasoning monitoring, we employed the two-response paradigm, a common paradigm for meta-reasoning studies, in the current study. The paradigm requires participants to respond twice to each question in a series of reasoning questions. First, participants are required to provide a quick intuition-based answer to the reasoning question. After participants have given their initial answer, the question is presented again with sufficient time to reconsider it and give a final answer. After the participants have provided each response, they are required to report their metacognitive judgment of the answer. The judgment after providing the initial answer is the feeling of rightness (FOR), whereas the judgment after giving the final answer is the final confidence judgment (FJC; Thompson et al., 2011; Ackerman and Thompson, 2015, 2017).

The two-response paradigm was chosen for this experiment for several reasons. First, the paradigm allows us to observe differences in the performance of the same subject at different stages of reasoning processing. Because in the time-limited initial response phase, participants were encouraged to engage in intuitive, shallower processing, while in the unlimited final response phase, participants were encouraged to engage in analytical, deeper processing. Second, the paradigm can capture the performance of participants’ meta-reasoning judgments at different stages of reasoning processing. In the current experiment, we collected data for both FOR and FJC. Finally, the paradigm allowed us to observe, to some extent, the effect of the time frame on the same participant. Specifically, the initial response was time-limited, in which participants were under previously known time pressure. The final response was completely unlimited, which can be considered as a completely relaxed state with no time pressure.

In summary, we used the two-response paradigm in Experiment 1 to examine reasoning and meta-reasoning performance on different problem-solving tasks of varying difficulty on screen and paper. As previously stated, if the existence of screen inferiority was found in Experiment 1, the current study will test whether the task characteristic (test format) reduces screen inferiority. Therefore, Experiment 2 replicated Experiment 1 but changed the test format intending to diminish the screen inferiority by encouraging in-depth processing.




Experiment 1

In Experiment I, we aimed to explore the effects of media on reasoning and meta-reasoning monitoring. Since working in computerized environments is associated with shallower cognitive processing that leads to inferior cognitive performance (Sidi et al., 2016), participants may show screen inferiority in reasoning tasks. In addition, studies have demonstrated that screen-related contextual cues are associated with inferior metacognitive processes (Ackerman and Goldsmith, 2011), suggesting that participants’ meta-reasoning judgments may be unreliable on screen. We hypothesized that the participants might show impaired performance in the success rate and the meta-reasoning on the screen.


Methods


Participants

Thirty-eight individuals were recruited from the local university and received monetary compensation for participating in this experiment. Four participants were excluded as they did not answer the questions as required, resulting in a sample of N = 34 (26 females; Mage = 20, SDage = 1.40). We determined the sample size based on a power analysis that indicated 30 subjects would be sufficient to detect a medium-sized effect (d = 0.25) with 90% power. All participants had normal or corrected visual acuity and were computer literate. All participants provided written informed consent approved by the ethics committee of Zhejiang Normal University.




Materials

Reasoning task materials were adapted from Ackerman and Zalmanov (2012). They include 16 conflict and 16 non-conflict questions, averaging 35 characters per question. The conflict questions refer to the problems in which the intuition and heuristic thinking induced by the topic information (i.e., the intuitive initial response) conflicts with the actual logic, probability, mathematics, or other rules. In conflict questions, people are prone to false or misleading answers. For example, the famous bat and ball problem (Frederick, 2005). “A bat and a ball cost $1.10 in total. The bat costs $1 more than the ball. How much does the ball cost?” Most people’s initial answer is $0.1, but upon reflection, the correct answer is $0.05 (Kahneman, 2011). The corresponding heuristic responses were consistent with the correct logical-mathematical responses in the non-conflict questions. For example, a non-conflict version of the ball and racket problem: “A bat and a ball cost $1.10 in total. The bat costs $1. How much is the ball?” For each question, a four-alternative multiple-choice test format version was constructed using one correct option (for example, the above question is $0.05), one misleading distractor (for example, the heuristic wrong answer is $0.1), one common distractor ($0.5), and “no correct answer.” The “no correct answer” option was set up to reduce participants’ guessing.

To determine the difficulty of the questions, 20 college students were recruited online for a pre-experiment. They completed 16 conflict questions and 16 non-conflict questions without time pressure. The correct rate of conflict questions was about 68%, and the correct rate of non-conflict questions was about 87%, showing that the question types are discriminative. These questions were divided into two versions equally, each consisting of 8 conflict questions and corresponding 8 non-conflict questions. The comprehensive difficulty and question type of each part were similar, and there was no significant difference in the number of words in these questions, which were 560 Chinese characters and 551 Chinese characters, respectively.



Procedure

To determine the initial response time, 28 participants were recruited for a reading test. The procedure was adapted from Bago and De Neys (2017), in which participants read reasoning questions and options and then quickly picked an option at random. Different types of questions require additional reading times, and there is no precise time limit for the initial response in the dual-response paradigm (Kruglanski, 2013). Therefore, using the “average reading time” criterion to determine the time limit for the initial reaction is a practical solution. The average reading time of the participants was 6.77 s per question (SD = 2.38 s), and we took the nearest integer reading time, 7 s, as the initial response time limit.

Given the nature of the experiment, participants were tested individually in a quiet laboratory space. Half of the participants answered 16 questions (8 conflict; 8 non-conflict) on a computer screen and then 16 on paper, and the other half was the opposite. Questions in each version and the order of the versions were randomly counterbalanced across participants. Before starting the formal experiment, the participants practiced 2 questions unrelated to the formal experiment to familiarize themselves with the procedure. Each experimental session lasted approximately 30 min. The experiment was administered via Psychopy (Peirce, 2007) and consisted of an initial and final responses (Figure 1).
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FIGURE 1
 Example of the single-trial procedure in Experiment 1.


In the initial response, each item was presented individually, displayed in the center of a computer screen or on paper. Participants were asked to come up with an initial answer that immediately came to mind in 7 s based on intuition. After responding, a new screen or a new piece of paper appeared where participants made FOR judgment by typing in the appropriate number, ranging from 0 (certain I’m wrong) to 10 (certain I’m right), on the keyboard or writing on the paper.

In the final response, each item was presented the same way as in the initial test, except that there was no time limit for the participants to answer the questions. Participants answered each item, then made FJC after their response using the same scale as FOR.

In terms of time control, the screen group was controlled by the Psychopy program, while the paper group was timed by the experimenter. In the timed phrase, participants in the paper group started the timer by pressing the button before beginning to respond and stopped responding after the timer expired. During the unlimited phrase, participants were not required to operate the timer. The timer had been fixed for 7 s, and participants only had to press the start button. The experimenter was present for both screen and paper groups to supervise the whole process.



Results


Success rate

Table 1 shows the average proportion of correct answers under each experimental condition. We conducted a 2 (Medium: screen, paper) × 2 (Question type: conflict, non-conflict) repeated-measures ANOVA on the proportion of correctly answered initial questions and showed the results in Figure 2A. The analysis revealed that the main effect of the medium was significant, F(1,33) = 15.96, p < 0.001, η2 p = 0.326, such that the paper group significantly better answered the questions than by the screen group. In addition, the main effect of question type was significant, F(1,33) = 152.50, p < 0.001, η2 p = 0.822, such that the success rate of the non-conflict questions is significantly higher than that of the conflict questions. Furthermore, there was a significant interaction between the medium and the question type, F(1,33) = 4.90, p = 0.034, η2 p = 0.129. Follow-up simple effects analysis revealed that the screen group reasoning performance was significantly lower than the paper group in the non-conflict questions, F(1,33) = 25.18, p < 0.001, η2 p = 0.433, while there was no significant difference between the screen group and paper group in the conflict questions, F(1,33) = 0.471, p = 0.497, η2 p = 0.014.



TABLE 1 Descriptive statistics (M ± SD) in Experiment 1.
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FIGURE 2
 Success rate in Experiment 1. (A) The initial (R1) success rate. (B) The final (R2) success rate. (C) The probability of changing the initial answer. Error bars represent the standard error of the mean. ***p < 0.001.


For the proportion of the final correctly answered questions (Figure 2B), a repeated-measures ANOVA showed that the main effect of the medium was significant, F(1,33) = 34.38, p < 0.001, η2 p = 0.510, questions were also significantly better answered on paper than on screen. As expected, the main effect of question type was also significant, F(1,33) = 28.77, p < 0.001, η2 p = 0.466. However, there was no significant interaction between the medium and the question type, F(1,33) = 1.26, p = 0.27, η2 p = 0.037.

Considering the null effect, we computed Bayes factors (BFs), which measure the strength of evidence for a given hypothesis (either the null or the alternative) based on both a priori hypothesis and the observed data (see Wagenmakers et al., 2018a,b for the benefits of using a Bayesian approach). Here, we report BF01 for any observed null effects, which provides a measure of the null hypothesis’s strength. Wagenmakers et al. (2018a) compiled guidelines for interpreting Bayes Factors adjusted from Jeffreys (1961) and reported that BFs of 1–3 indicate anecdotal evidence for the hypothesis, BFs of 3–10 indicate moderate evidence, and BFs >10 indicate strong evidence for the given hypothesis. BFs were calculated in JASP. The BF01 for the two-way interaction was 2.79, indicating weak support for the null hypothesis. This means that the data were 2.79 times more likely if the null hypothesis was true than if the alternative hypothesis was true. In subsequent analyses, BF01 will be reported for null effects.



Answer change

Participants were considered to have changed their answers if their final answers did not match their initial answers. The answer change rate is the number of questions with revised answers divided by the total number of questions. We conducted a repeated-measures ANOVA on the change in answer (Figure 2C) and found a significant effect on the question type, F(1,33) = 46.69, p < 0.001, η2 p = 0.586, and a non-significant effect on medium, F(1,33) = 1.85, p = 0.183, η2 p = 0.0535, BF01 = 2.62. Medium significantly interacted with question type, F(1,33) = 13.09, p = 0.001, η2 p = 0.284. Follow-up simple effects analysis revealed that there was no significant difference between the screen group and the paper group in the non-conflict questions, F (1,33) = 3.77, p = 0.061, but the paper group changed more questions than the screen group in the conflict questions, F (1,33) = 9.58, p = 0.004, η2 p = 0.225.



Meta-reasoning monitoring

We used the FOR and FJC to measure meta-reasoning monitoring in the current study. In the meta-reasoning framework, FOR is the prediction of the correctness of the initial answer, and FJC is the judgment of the possibility that the final answer is correct. The higher the FOR is, the more confident the participants are in the initial answer and the lower the possibility of changing answers. The original data (0–10) were converted by percentages (0–100%), and the descriptive statistical results are shown in Table 1.

We conducted a repeated-measures ANOVA on FORs (Figure 3A). The results revealed that the main effect of question type was significant, F(1,33) = 59.32, p < 0.001, η2 p = 0.643, such that the participants felt that the non-conflict questions were more likely to be correct than conflict questions. The main effect of the medium was not significant, F(1,33) = 2.80, p = 0.103, η2 p = 0.078, BF01 = 1.45. There was a significant interaction between the medium and the question type, F(1,33) = 21.03, p < 0.001, η2 p = 0.389. Follow-up simple effects analysis revealed that there was no significant difference between the screen group and the paper group in the non-conflict questions, but FOR on screen was significantly higher than that on paper in the conflict questions, F(1,33) = 12.44, p = 0.001.
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FIGURE 3
 Meta-reasoning performance in Experiment 1. (A) FOR. (B) FOR accuracy. (C) FJC. (D) FJC accuracy. Error bars represent the standard error of the mean. **p < 0.01. ***p < 0.001.


We conducted a repeated-measures ANOVA on FJCs (Figure 3B). Results showed that participants gave higher confidence ratings to the non-conflict questions than to the conflict questions, F(1,33) = 29.88, p < 0.001, η2 p = 0.475, but showed no difference between the screen and the paper, F(1,33) = 1.50, p = 0.229, η2 p = 0.043, BF01 = 2.93. The two-way interaction was significant, F(1,33) = 12.71, p = 0.001, η2 p = 0.278, and follow-up simple effects analysis revealed that FJC on screen was significantly lower than that on paper in the non-conflict questions, F(1,33) = 5.33, p = 0.027, η2 p = 0.139, while the FJC on screen was significantly higher than that on paper in the conflict questions, F(1,33) = 7.74, p = 0.009, η2 p = 0.190.



Meta-reasoning monitoring accuracy

The current study used the absolute accuracy of overall performance prediction as an indicator of the meta-reasoning monitoring accuracy. Specifically, the absolute accuracy is computed by subtracting the actual accuracy rate from the judgment values (FOR - R1; FJC - R2) of the performance prediction. A positive value indicates overconfidence, while a negative value indicates underestimation. Furthermore, the closer the value is to 0, the more accurate the monitoring is.

We conducted a repeated-measures ANOVA on the FOR accuracy (Figure 3C). The analysis revealed that the main effect of the medium was significant, F(1,33) = 23.61, p < 0.001, η2 p = 0.417, in which the screen group showed a greater degree of overestimation. The main effect of question type was also significant, F(1,33) = 72.30, p < 0.001, η2 p = 0.687. However, the interaction of medium and question type was not significant, F(1,33) = 0.07, p = 0.788, η2 p = 0.002, BF01 = 4.09. To assess the FOR accuracy, we performed one-sample t-tests under each condition with 0. It turns out that the FOR accuracy values are significantly greater than 0 (ts > 3, p < 0.004) for all conditions except when participants answer non-conflict questions on paper instead (t = −2.10, p = 0.043).

To analyze the FJC accuracy, we also conducted a repeated-measures ANOVA (Figure 3D). Like FOR, the main effect of medium, F(1,33) = 40.00, p < 0.001, η2 p = 0.548, and question type, F(1,33) = 21.12, p < 0.001, η2 p = 0.390, were both significant. Furthermore, there was a significant interaction between the medium and question type, F(1,33) = 6.39, p = 0.016, η2 p = 0.162. Follow-up simple effects analysis showed that participants were more overconfident of the conflict questions, F(1,33) = 36.71, p < 0.001, η2 p = 0.527, than of the non-conflicting questions, F(1,33) = 10.59, p = 0.003, η2 p = 0.243, although they were overconfident of both question types on screen. Notably, the overestimation degree of the conflict questions on screen was significantly higher than that of the other conditions, all ts > 4, p < 0.001.We also performed one-sample t-tests under each condition with 0 to assess FJC accuracy and found that the FJC accuracy values are significantly greater than 0 (ts > 4.6, p < 0.001) for all conditions except when participants answer non-conflict questions on paper (t = 1.7, p = 0.098).




Discussion

In experiment 1, we found that the reasoning performance on screen was significantly lower than that on paper in both phases, regardless of question types, which is consistent with the findings of screen inferiority in the field of reading (e.g., Mangen et al., 2019).

In addition, the results for the FOR accuracy indicated that the participants experienced a greater degree of overestimation on the screen. The FJC accuracy analysis showed that participants’ overconfidence was significantly higher on screen than on paper. These results show that the participants’ metacognitive monitoring of their reasoning process on screen is inaccurate, which means that the meta-reasoning monitoring process also has screen inferiority.




Experiment 2

In Experiment 1, a multiple-choice test format (MCtf) was used to test participants. Researchers may argue that MCtf cannot make full use of in-depth cognitive processing and higher-order thinking, and there are higher guessing components (Cronbach, 1988; Pennycook et al., 2015). However, solvers must generate their answers using a macro-level strategy when deciding how to construe the problem in an open-ended test format (OEtf; Ackerman and Zalmanov, 2012). In other words, OEtf encouraged solvers to put more cognitive effort into in-depth processing compared to MCtf. Besides, previous work has found that compared to MCtf (or recognition), OEtf (or free recall) can better utilize valid cues as metacognitive judgment clues (Kelley and Jacoby, 1996). To reduce screen inferiority, we replicated Experiment 1’s question type and medium manipulation but used an open-ended test format (OEtf), which requires in-depth cognitive processing, in Experiment 2. Considering that in-depth processing was associated with improved test scores and improved reliability of metacognitive monitoring in text learning (Thiede and Anderson, 2003; Lauterman and Ackerman, 2014), there would be no significant difference between screen and paper in reasoning performance and meta-reasoning monitoring accuracy. In other words, screen inferiority would not occur when a more cognitive effort is required.


Methods


Participants

Participants were 35 local university students aged 18–25 (M = 20.4 years, SD = 1.42 years; 23 females) and received monetary compensation for their participation. All participants had normal or corrected visual acuity and were computer literate. All participants provided written informed consent approved by the ethics committee of Zhejiang Normal University.



Materials and procedure

The materials and procedure were identical to those used in Experiment 1 except that the test format was changed from MCtf to OEtf and scratch paper was allowed. Specifically, in Experiment 1, each question was presented with four options, while in Experiment 2, each question was presented with no options.




Results


Success rate

Table 2 shows the average proportion of correct answers under each experimental condition. We conducted a 2 (Medium: screen, paper) × 2 (Question type: conflict, non-conflict) repeated-measures ANOVA on the proportion of initial correctly answered questions. As shown in Figure 4A, the main effect of question type was significant, F(1,34) = 167.74, p < 0.001, η2 p = 0.831, such that the success rate of the non-conflict questions was significantly higher than that of the conflict questions. There was no main effect of medium [F(1,34) =0.27, p = 0.610, η2 p = 0.008, BF01 = 3.53] nor a two-way interaction effect [F(1,34) =0.13, p = 0.721, η2 p = 0.004, BF01 = 3.84].



TABLE 2 Descriptive statistics (M ± SD) in Experiment 2.
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FIGURE 4
 Success rate in Experiment 2. (A) The initial (R1) success rate. (B) The final (R2) success rate. (C) The probability of changing the initial answer. Error bars represent the standard error of the mean. ***p < 0.001.


For the proportion of final correctly answered questions, we also conducted a repeated-measures ANOVA (Figure 4B). There was a significant main effect on the medium, F (1,34) = 7.30, p = 0.011, η2 p = 0.177, and participants performed significantly better on paper than on screen. The main effect of question type was significant, F (1,34) = 23.85, p < 0.001, η2 p = 0.412, and the success rate of the non-conflict questions were still significantly higher than that of the conflict questions. But there was no significant interaction between the medium and the question type, F(1,34) =0.32, p = 0.576, η2 p = 0.009, BF01 = 2.00.



Answer change

We conducted a repeated-measures ANOVA on the change in answer (Figure 4C) and found that the main effect of question type was significant, F(1,34) = 115.69, p < 0.001, η2 p = 0.77. However, the main effect of medium [F(1,34) = 0.352, p = 0.560, η2 p = 0.010, BF01 = 3.62] and the two-way interaction [F(1,34) = 1.02, p = 0.320, η2 p = 0.029, BF01 = 2.46] were not significant.



Meta-reasoning monitoring

We examined meta-reasoning monitoring in the same way as in Experiment 1, and the descriptive statistical results are shown in Table 2. As depicted in Figure 5A, a repeated-measures ANOVA on FORs revealed that the main effect of question type was significant, F(1,34) = 83.61, p < 0.001, η2 p = 0.711, such that participants felt that the non-conflict questions were more likely to be correct than the conflict questions. However, there was no main effect of medium [F(1,34) = 0.20, p = 0.657, η2 p = 0.006, BF01 = 3.95] nor a two-way interaction [F(1,34) = 0.71, p = 0.407, η2 p = 0.020, BF01 = 2.88].
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FIGURE 5
 Meta-reasoning performance in Experiment 2. (A) FOR. (B) FOR accuracy. (C) FJC. (D) FJC accuracy. Error bars represent the standard error of the mean. ***p < 0.001.


We next examined FJC with a repeated-measures ANOVA on FJCs (Figure 5B) and found a significant main effect on the question type, F(1,34) = 16.60, p < 0.001, η2 p = 0.328, and participants were more confident in their responses to the non-conflict questions. There was no significant main effect on the medium, F(1,34) = 2.60, p = 0.116, η2 p = 0.071, BF01 = 1.49, and no significant interaction between the medium and question type, F(1,34) = 1.65, p = 0.208, η2 p = 0.046, BF01 = 1.92.



Meta-reasoning monitoring accuracy

Experiment 2 used the same indicator of the meta-reasoning monitoring accuracy as Experiment 1. We also conducted a repeated-measures ANOVA on the FOR accuracy (Figure 5C) and found that the main effect of question type was significant, F(1,34) = 82.43, p < 0.001, η2 p = 0.708. However, the analysis revealed that the main effect of the medium was not significant, F(1,34) = 0.09, p = 0.770, η2 p = 0.003, BF01 = 4.13, and the two-way interaction was not significant, F(1,34) = 0.87, p = 0.357, η2 p = 0.025, BF01 = 2.89. Then, we performed one-sample t-tests in the same manner as in Experiment 1. It turns out that the screen group was underestimated in the non-conflict questions, t(34) = −2.43, p = 0.021, and the FORs in the conflict questions were overestimated in both media, all ts > 5, ps < 0.001.

We conducted a repeated-measures ANOVA to assess the FJC accuracy (Figure 5D). Like FOR, the main effect of question type was significant, F(1,34) = 20.19, p < 0.001, η2 p = 0.373. Neither the main effect of medium [F(1,34) = 0.93, p = 0.342, η2 p = 0.027, BF01 = 3.10] nor two-way interaction [F(1,34) = 0.48, p = 0.495, η2 p = 0.014, BF01 = 3.62] was significant. We also performed one-sample t-tests and found that confidence judgment was overestimated under all conditions, all ts > 0, ps < 0.008.




Discussion

Although there was no difference in the initial answers between the screen and the paper in experiment 2, participants’ final answer success rate on paper was better than on screen. In addition, the answer success rate of the non-conflict questions was higher than that of the conflict questions, regardless of the initial or final answer. One explanation for this finding is the attentional account that attention and comprehension affect people’s reasoning performance (Mata, 2020). Although forced to invest more cognitive effort in the OEtf, participants may not notice the traps (or detect the conflicts) in the conflict questions, leading to labor-in-vain.

However, in terms of the accuracy of meta-reasoning monitoring, consistent with our hypothesis, there was no difference between the screen and the paper. In other words, the screen inferiority of meta-reasoning monitoring may diminish by in-depth processing. Similarly, Sidi et al. (2017; Experiment 1) found no significant difference in overconfidence between the screen and the paper when solving problems without time pressure in OEtf.




General discussion

Screen inferiority has been shown to exist in reading; specifically, electronic reading comprehension is poorer and less efficient than paper-based reading (Ackerman and Lauterman, 2012; Daniel and Woody, 2013; Lauterman and Ackerman, 2014; Delgado et al., 2018; Clinton, 2019). However, studies on how the media affects reasoning performance and meta-reasoning process are relatively rare. In the current study, we extended previous studies to reasoning tasks of varying difficulty and conducted two experiments that varied in test format to investigate the conditions under which screen inferiority occurs.

In Experiment 1, we compared participants’ answer performance and meta-reasoning accuracy on screen and on paper across different types of reasoning tasks. Our analysis showed that the participants’ success rate and meta-reasoning accuracy were inferior in the computerized environment regardless of question type, consistent with the hypothesis that screen inferiority exists in both reasoning performance and meta-reasoning process.

There are a few possible explanations for why the screen impaired reasoning performance and meta-reasoning accuracy. As previously indicated, research in the field of reading suggests that shallower processing on the screen may lead to a negative impact on reading performance (Ackerman and Lauterman, 2012; Lauterman and Ackerman, 2014; Sidi et al., 2016). This can be supported by the answer change rate. Changing one’s initial answer implies further deep thinking. In Experiment 1, the answer change rate of conflict questions on the screen was lower than that on paper, but there was no significant difference in the non-conflict questions. Generally speaking, conflict questions are misleading and require further processing through analytical thinking, while non-conflict questions are not misleading and can be answered correctly based on intuitive experience in a relatively short time. The lower answer change rate of conflict questions which required more cognitive effort provided evidence that people were performing shallower processing on the screen.

Another potential explanation is that inaccurate meta-reasoning judgments on the screen affected people’s subsequent reasoning performance. The relationship between metacognitive monitoring and cognitive processing depth is bidirectional. On the one hand, the reliability of metacognitive monitoring is related to the recruitment of cognitive effort (Thiede and Anderson, 2003; Lauterman and Ackerman, 2014); on the other hand, meta-reasoning monitoring is the core component of meta-reasoning that affects how people allocate cognitive resources and control subsequent reasoning (Dewey, 2022). Based on the feedback from the meta-reasoning monitoring process, the reasoner controls his or her object reasoning process, such as abandoning reasoning or changing the initial response. Previous studies have shown that when FOR is high, people tend to believe that the intuitive answer they gave the first time is correct without re-answering (Martin and Sloman, 2013; Ackerman and Thompson, 2017). It can be seen that FOR may play a role in regulating the level of effort in subsequent tasks, similar to Feeling of Knowing (FOK) and Judgement of Learning (JOL).

In Experiment 1, the analysis of FOR accuracy found a greater degree of overestimation on screen. It might be the overestimation that led to less in-depth processing. Participants were overconfident in their intuitive answers and tended to keep their initial answers, resulting in a lower success rate on screen. This was evidenced by the results of the FJC accuracy test, which showed that participants were significantly more overconfident on the screen than on paper. However, it should be noted that although there was no screen inferiority in the meta-reasoning monitoring accuracy in Experiment 2, the final answer performance on screen was lower than on paper. Therefore, the inaccuracy of metacognitive monitoring in the screen environment is the reason for the screen inferiority to some extent, but not decisive. More research is needed to determine the impact of meta-reasoning monitoring processes on people’s object-reasoning processes and how to improve reasoning performance through meta-reasoning processes.

As mentioned above, Experiment 2 did not completely eliminate screen inferiority for reasoning scores, although it did eliminate screen inferiority for meta-reasoning. Specifically, the analysis of Experiment 2 revealed that there was no significant difference in the initial answer success rate between the screen and the paper, but the final answer success rate on the screen was still inferior to that of the paper. Although we adopted the OEtf, which removed the distraction of misleading options, and provided scratch paper for participants to encourage in-depth processing. A possible explanation for this phenomenon is that attention and comprehension of the question were associated with reasoning performance (Mata, 2020). Delgado and Salmerón (2021) found that reading on a screen leads to distraction and more mind wandering when exploring the effects of reading medium and time frame on attention. They further argued that this unfocused reading leads, at least in part, to shallow reading and lower comprehension. People may not be able to sustain their attention on a screen for as long as they can on paper. In addition, the simple interview after the experiment showed that the participants had a preference for paper, which has been found in previous studies as well (Jeong and Gweon, 2021; Hargreaves et al., 2022). When they solved the questions on paper, they could concentrate more quickly and did not wander easily, whereas when they solved the questions on screen, they could not concentrate and could not respond to the answers immediately after reading the questions. This may also have contributed to the difference. Future research could further explore the role of attention in how the medium affects reasoning decisions.

From the time frame perspective, if the initial response phase is regarded as a time pressure condition, solvers in the screen group in Experiment 1 showed a lower success rate under time pressure, consistent with previous research (Ackerman and Lauterman, 2012; Sidi et al., 2017). In Experiment 2, We speculate that the lack of misleading/inspirational options in the OEtf resulted in no significant difference in success rates under the time pressure. The final response phase, in which we did not manipulate any time constraints, can be regarded as a loose time frame. However, we did not find that the screen group was superior in success rate, which differs from the conclusion of Sidi et al., 2017 (Experiment 1). This result should be treated with caution, as the present study was not an exact replication of Sidi et al., 2017.

Overall, as hypothesized, screen inferiority exists in the reasoning task regardless of question type and can be reduced by using simple task characteristics, which is well in line with previous research results (Lauterman and Ackerman, 2014). When asked to perform the screen-based MCtf, participants were more likely to allocate fewer cognitive resources to complete the task, resulting in poorer reasoning and meta-reasoning performance. However, when asked to complete the screen-based OEtf, which required more in-depth processing, participants focused their limited cognitive resources more on the task, and their reasoning and meta-reasoning performance did not show significant inferiority. Current research points in the direction of reducing screen inferiority. Returning to education, students are increasingly studying and testing online. To minimize the impact of screens on learners, instructors can add open-ended tests to their courses to increase students’ mental effort or add open-ended questions to online exams to improve students’ performance. It is worthwhile to further explore in future research how to sustain efficient learning in the screen age.
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Appendix. A version of the questions used in experiments 1 and 2

1. A bat and a ball cost $1.10. The bat costs $1.00 more than the ball. How much does the ball cost?

2. A phone and a headphone cost $1,100. The phone costs $1,000. How much does the headphone cost?

3. If it takes 5 machines 5 min to make 5 widgets, how long would it take 100 machines to make 100 widgets?

4. In a lake, there is no lotus now. Every day, a new lotus blossoms. If it takes 48 days for the lotus to cover the entire lake, how long would it take to cover half of the lake?

5. A frog falls into a 30-meter-deep well. Every day, it climbs 3 m, but at night it falls 2 m. How many days would it take for the frog to climb out of the well?

6. In an examination, Xiao Ming ranked 5th in the class but 47th from the bottom. How many students are there in this class?

7. A phone and a headphone cost $1,100. The phone costs $1,000 more than the headphone. How much does the headphone cost?

8. In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 48 days for the patch to cover the entire lake, how long would it take for the patch to cover half of the lake?

9. In the Animal Games, the rabbit ranked 3rd. If there are 21 players behind her, how many players are there in the Games?

10. A goldfish and a fish tank cost ¥66. The goldfish cost ¥6. How much does the fish tank cost?

11. If it takes 1 machine 5 min to make 5 widgets, how long would it take 1 machine to make 100 widgets?

12. A frog falls into a 30-meter-deep well. Every day, it climbs 3 m. How many days would it take for the frog to climb out of the well?

13. 400 grams of flower seeds are needed to spread a circular bed 10 meters in diameter. How many grams of flower seeds are required in order to spread a circular bed 20 meters in diameter?

14. A circular flower bed with a diameter of 3 meters needs 180 bricks for its fence. How many bricks are required in order to fence a circular flower bed with a diameter of 6 meters?

15. Ten apple trees can be planted in a square orchard with a side length of 5 meters. How many apple trees can be grown in a square orchard with a side length of 10 meters?

16. It takes a worker 3 days to fence a square yard with a side length of 60 m. How many days does it take to fence a square yard with a side length of 120 m?

Note: There are differences between Chinese and English. The above questions are translated versions. The Chinese version is used in the actual experiments, and the number of characters counted is based on Chinese characters.
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Introduction: The development of high-quality physical education curriculums is required in the information age. Interdisciplinary literacy and student learning behavior are two significant factors that affect the quality of teaching and learning. This study explores the relationship between interdisciplinary literacy (IDL) and learning effects (LE) among Chinese college students during the COVID-19 pandemic, as well as the mediating effects of online physical education learning behaviors (OPELB). This research aims to provide a reference for the development of high-quality online physical education.

Methods: The study involved 691 college students from 10 general universities in Shaanxi Province as research subjects. Descriptive statistics, Pearson correlation analysis, multiple regression analysis and Bootstrap testing were used to evaluate the mediating effects.

Results: There was a significant positive relationship between the three variables of IDL, OPELB, and LE (p < 0.001). Multiple regression analysis found that IDL significantly and positively predicted LE and OPELB (p < 0.001), and OPELB predicted LE (p < 0.001). IDL among college students had a total effect of 0.816 on LE, with OPELB accounting for 22.67% of the mediated effect.

Discussion: This study demonstrates that OPELB has a partial mediating effect on IL and LE, and stable IDL and OPELB improve LE. Therefore, teachers should pay attention to improving students’ IDL while encouraging them to develop better OPELB to achieve satisfactory learning outcomes.

KEYWORDS
 interdisciplinary literacy, learning behavior, learning effect, mediating effect, physical education


1. Introduction

The Coronavirus disease 2019 (COVID-19) pandemic severely disrupted the pace of education and teaching development. The state issued an emergency notice to “stop classes without stopping teaching; stop classes without stopping learning.” In other words, comprehensive online teaching would be conducted to minimize the negative impacts of the COVID-19 pandemic in terms of delaying the process of university education. A new chapter in higher education was thus opened through comprehensive online teaching. The study of physical education in the online setting has revealed issues around dissatisfaction among students and a lack of assurance of quality learning effects. Learning evaluations show that when it comes to online learning, students tend to have decreased learning autonomy, decreased physical health, and are more prone to distraction (Xiong and Wu, 2020; Huang et al., 2021). Online physical education expects students to assimilate knowledge and master certain movement-based skills in an information-based environment using human-machine collaboration. Students’ online physical education studies should not only emphasize physical literacy but should also include a certain degree of supplemental information literacy. Physical literacy is a special quality and ability specific to the subject of physical education. Physical literacy reflects the core nurturing function of physical education and is the most important ability for students to gradually accept and master through physical education at all stages of schooling. It serves as the foundation for students to develop a lifelong awareness of physical movement, physical behavior, and overall physical health (Ren, 2022).

Physical literacy provides a stable and cohesive intrinsic motivation for students to engage in physical education courses and activities. Information literacy is an important preparatory skill for learners to engage in online learning and relates closely to online learning behavior and learning effects. To properly integrate “internet plus body,” students require interdisciplinary literacy which involves gathering information, data, and perspectives around a specific problem from two or more disciplines to achieve a certain outcome and improve learning effects (Committee on Facilitating Interdisciplinary Research, 2004). This paper examines the interdisciplinary combination of information literacy and physical literacy and explores how this interdisciplinary co-education model could effectively enhance learning behavior and outcomes. Previous research (Xiong and Wu, 2020; Xing and Li, 2021) has established that students with poor interdisciplinary literacy experience a significant sense of psychological burden and emotional anxiety, and exhibit problematic learning behaviors when studying online. A student’s ability to study physical education online could be indicative of both their learning awareness and learning competence. Interdisciplinary literacy enables students to modulate their learning behavior to achieve satisfactory learning effects. The theory of planned behavior provides a useful account of how online physical education learning behavior can improve the overall quality of online teaching and learning. However, there has been little discussion about the influence of online physical education learning behavior (OPELB) as a mediating variable between interdisciplinary literacy (IDL), and learning effects (LE), and therefore this notion needs further verification. This paper explored the relationship between IDL and LE among Chinese college students during the COVID-19 pandemic, as well as the mediating effects of OPELB. The goal is to provide a reference for the development of high-quality online physical education.



2. Theoretical basis and research hypothesis

With the implementation of ‘Information Technology Education 2.0’ in 2018, education in China officially entered a new era of the wide-ranging transformation of educational concepts, methods, and resources. Yu (2019) proposed that the boundaries between different educational subjects tend to blur and overlap in the digital environment and that interdisciplinary integration and collaborative research involving information literacy research is a fast-growing trend. Massive online open courses (MOOCs), teaching involving new forms of media, big data analytics, and artificial intelligence are ways to assist with physical education. The integration of information literacy and interdisciplinary literacy are increasingly important skills for students. Shen and Wu, 2020 found that access to technology and basic internet skills are positively correlated with learning effectiveness and learning satisfaction in the process of online learning; therefore, improving students’ information processing and knowledge construction abilities is the key to enhancing students’ online learning effectiveness and satisfaction. Chen and Jia (2020) found that students’ online learning experience was highly influenced by their proficiency in using online learning platforms. The more proficient students were in using these platforms, the better their online learning experience was. Physical literacy is a necessary competency for students to engage in physical education studies. Physical literacy provides a stable intrinsic motivation for students throughout the learning process to enroll in physical education courses. This guides and supports their future career development. Sun and Zheng (2021) confirmed that an essential core competency is students’ ability to effectively manage their learning independently. Research has shown that students with strong core competencies and efficacious learning strategies have significantly improved learning outcomes (Patil et al., 2014, Li and Zhang, 2019). Several studies have highlighted that various factors associated with interdisciplinary literacy are predictive of positive learning effects. This leads us to the first research hypothesis proposed in this paper (H1), namely, that college students’ interdisciplinary literacy has a direct positive impact on learning effects.

Alongside the development of information technology and digital learning platforms, online learning is gradually becoming the primary medium for college students to acquire physical education knowledge (Liang, 2019). For students to effectively engage in online learning, the ability to collect and organize digital resources and skillfully use common digital learning platforms is essential (Xing and Li, 2021). Online resources are characteristically abundant, which gives students access to richer and higher-quality informational resources to better meet their learning needs and understand what they have learned. Zhou et al. (2020) showed that the use of multiple digital technologies not only expands and enriches students’ capacity for knowledge and information, but also motivates students to create opportunities for independent learning. The ability to effectively navigate the online learning environment triggers active learning as can be seen by analyzing the sequence of students’ operating behaviors (Jiang et al., 2018). Physical literacy is a demonstration of competence from the student’s point of view. Physical literacy can be defined as the intersection between the student’s self-directed physical education learning needs and the actual learning process. A certain degree of intrinsic motivation can facilitate the student’s practical physical experiences and more effectively meet their physical education learning needs (Choi et al., 2021). There is a mutual relationship between self-directed learning competency and core literacy which enables students to engage in lifelong learning (Sun and Zheng, 2021). There are significant differences in the distribution of learning behaviors among students of different levels of competence (Wang et al., 2021). More competent students tend to be more active in online learning and have more clearly-defined learning intentions (Schweder, 2019; Wang and Huang, 2020). The above studies show that information literacy and physical literacy have a positive and profound impact on students’ learning behavior. Therefore, the second hypothesis (H2) proposed in this paper is that college students’ interdisciplinary literacy has a direct effect on their online physical education learning behavior.

The COVID-19 pandemic forced physical education to move to fully online teaching and learning. The online learning process necessitates students’ independent learning ability, and their online physical education learning behaviors directly affect the effectiveness of their home exercise. Hsiao et al. (2019) found that students’ online learning behaviors positively influence long-term learning effects across all groups, and effective online learning behaviors were positively correlated with academic performance. Wang et al. (2021) found that student participation in classroom interactions and discussions significantly increases learning effects and that students’ interaction styles significantly influenced their online learning satisfaction (Cai and Li, 2021). Hsu (2019) found that interactive behavior in online courses increases students’ enthusiasm to participate in learning and facilitates a meaningful learning cycle and novel learning effects. Li et al. (2020) demonstrated that longer amounts of time spent on practical learning behaviors have significant positive influences on learning effects among students Miller and Bernacki (2019) found that the degree of students’ self-awareness and learning ability effectively increases the formation of subsequent learning behaviors which give rise to improved learning effects. Several lines of evidence suggest that online physical education learning behaviors have a direct impact on learning effects, which brings us to the third hypothesis (H3) proposed in this paper, namely that online physical education learning behaviors mediate the relationship between interdisciplinary literacy and learning effects.

The above hypotheses were used to construct the following model (Figure 1).

[image: Figure 1]

FIGURE 1
 Hypothetical model of the relationship between interdisciplinary literacy, online physical education learning behavior, and learning effects among college students.




3. Methods


3.1. Participants

A stratified random sampling method was used to select college students from 10 universities in Shaanxi province who were not majoring in physical education but who participated in online physical education courses during the COVID-19 pandemic. A total of 80 freshmen, sophomore, and specialist students were sampled from each university for a total sample size of 800, with a 1:1 ratio of male to female students. Questionnaires were distributed using Questionnaire Star. 800 questionnaires were collected of which 109 invalid questionnaires were excluded, totaling 691 valid questionnaires with an efficiency rate of 86.4%. Among the valid questionnaires, 330 (47.8%) were from male students and 361 (52.2%) from female students. The valid questionnaires included 522 (75.5%) freshmen, 142 (20.5%) sophomores, and 27 (4%) specialist students.



3.2. Instruments


3.2.1. Interdisciplinary literacy scale

The questionnaire section on interdisciplinary literacy among college students consists of two components, namely, information literacy and physical literacy. Information literacy involved three question items, namely, college students’ proficiency in the use of electronic devices; the operation of digital learning platforms; and the use of digital platforms in general. Physical literacy involved 12 question items that measured students’ mastery of knowledge and skills related to physical education as well as their sentiment and willingness to enroll in physical education courses. The interdisciplinary combination of information literacy and physical literacy included a total of 18 question items (see Table 1). A 5 point Likert scale was used for this section, with a score of 1 indicating ‘very low compliance’ and a score of 5 indicating ‘very high compliance.’ Higher scores indicated that the participants have better interdisciplinary literacy.



TABLE 1 Variable composition of each scale.
[image: Table1]



3.2.2. Online physical education learning behavior scale

According to research conducted by Yan (2019), online physical education learning behavior consists of seven aspects, namely, listening, observation, interaction, practice, demonstration, competition, and problematic behavior. In the questionnaire, The ‘listening’ behavior consisted of three question items, the ‘observation’ behavior consisted of three items, the ‘interaction’ behavior consisted of four items, the ‘practice’ behavior consisted of four items, the ‘demonstration’ behavior consisted of three items, the ‘competition’ behavior consisted of two items, and the ‘problematic’ behavior consisted of six items (see Table 1). These seven aspects of online physical education learning behavior involved a total of 25 question items. A 5 point Likert scale was used for this section, with a score of 1 representing ‘never,’ and a score of 5 representing ‘always.’ Higher scores indicated better performance in online physical education learning behaviors among the participants.



3.2.3. Learning effects scale

Physical education learning effects are evaluated across five aspects (Liu et al., 2017; Hu et al., 2020), namely, physical emotion, physical knowledge, physical skill, physical health, and the subject’s performance after participating in online physical education courses during the pandemic. Each aspect involved one question item, for a total of five questions (see Table 1). A 5 point Likert scale was used for this section, with a score of 1 representing ‘highly inconspicuous’ and a score of 5 representing ‘highly conspicuous.’ The results were finally analyzed by calculating the mean scores, with higher scores indicating better online physical education learning outcomes among the participants.




3.3. Data collection and analysis

SPSS 26.0 was used to perform descriptive and correlation analyses on the data collected in this study, with the significance level set at α = 0.05 for all indicators. Since the sociodemographic variables of gender, grade score, and place of residence differed significantly among the study participants, these three variables were included as control variables in the subsequent analysis. Multiple regression analysis was conducted using Model 4 of SPSS PROCESS Macro (version 3.5), as designed by Hayes (2013). The bias-corrected percentile bootstrap method (at 5000 replicate samples) was applied to estimate the 95% confidence intervals (CI) for the testing of the mediating effects. If the 95% CI of the mediating effect did not contain the value 0, this indicated a significant mediating effect (Wen and Ye, 2014). The mediating effects of online physical education learning behaviors between interdisciplinary literacy and learning effects were analyzed while controlling for gender, grade score, and place of residence.




4. Results


4.1. Common method deviation test

This study used self-reporting to collect data which may give rise to common method deviation. Therefore, the Harman one-way test was used to identify potential common method deviation after data collection (Zhou and Long, 2004). The results of the unrotated exploratory factor analysis indicated a total of 12 factors with characteristic roots greater than 1. The maximum factor variance explained by all the components was 31.059% which is lower than the critical criterion of 40%, indicating that the common method deviation was within acceptable limits. Therefore, the self-reporting data collecting this study contained no significant common method deviation.



4.2. Descriptive statistics for each variable

The descriptive statistics for OPELB, IDL, and LE are shown in Table 2. The mean value for the OPELB of college students was 3.86, indicating that college students generally performed well in the online physical education learning process. A small amount of problematic behavior was present, but this was within the controllable range of teacher instruction. The mean value was 3.51 for physical literacy, 4.19 for information literacy, and 3.74 for IDL. This indicates that college students have good digital platform usage skills, but their physical literacy in online physical education courses needs improvement. Overall, there was much room for improvement in terms of IDL. LE are the expectations and results in terms of specific learning, development, and performance criteria. The LE value of the study participants’ self-assessments was 3.66, indicating the participants were satisfied with the learning effects that their online physical education courses offered.



TABLE 2 Differences in demographic variables for each variable.
[image: Table2]

Reliability and factor analyses were conducted to evaluate the questionnaire. The Cronbach’s α was 0.903 for the IDL section, 0.937 for the OPELB section, and 0.948 for the LE section. The Cronbach’s coefficients of the three sections were all greater than 0.9. A Cronbach’s coefficient value closer to 1 indicates a higher degree of credibility for each section, and a higher overall quality of the questionnaire.



4.3. Analysis of the mediating effects of online physical education learning behavior

The results of the regression analysis (Table 3 and Figure 2) showed that IDL was a significant positive predictor of LE (β = 0.816, t = 18.165, p < 0.001). A regression equation with OPELB as the outcome variable, IDL as the independent variable, and gender, grade score, and place of residence as control variables showed that IDL significantly and positively predicted OPEBL (β = 0.570, t = 18.438, p < 0.001). After including OPEBL and IDL as independent variables and LE as dependent variables in the equation, OPEBL (β = 0.325, t = 6.004, p < 0.001), and IDL (β = 0.631, t = 11.772, p < 0.001) both significantly and positively predicted LE.



TABLE 3 Regression analysis of mediating effects.
[image: Table3]
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FIGURE 2
 Analysis of the mediating effect of online physical education learning behavior between interdisciplinary literacy and learning effects (p < 0.001).


First, the analysis of the direct effect between IDL and LE (see Table 4) showed that the total effect of IDL on LE was 0.816. The Bootstrap 95% CI had an upper limit of 0.904 and a lower limit of 0.728; the CI did not contain the value 0, indicating that the total effect of IDL on LE was significant. Second, the direct effect of IDL on LE was 0.631 with a Bootstrap 95% CI upper limit of 0.736 and a lower limit of 0.526; the CI did not contain the value 0, indicating a significant direct effect. Finally, the mediating effect value of OPELB in IDL on LE was 0.185, with a Bootstrap 95% CI upper limit of 0.269 and a lower limit of 0.109; the CI did not contain the value 0, indicating a significant mediating effect. Specifically, IDL among college students can enhance OPELB in online learning and thus promote LE. The mediating effect explained 22.67% of the total effect, which indicates that OPELB as a mediator plays a significant role in improving LE in the process of online learning among college students.



TABLE 4 Analysis of the mediating effect of online sports learning behavior.
[image: Table4]




5. Discussion


5.1. The advantages of interdisciplinary literacy

Interdisciplinary literacy supports students’ online physical education learning process. The results of this study confirm the second hypothesis (H2) of this paper that interdisciplinary literacy among college students has a direct effect on online physical education learning behavior. The process of online learning requires students to have stable physical abilities, emotions, and excellent information literacy. A high level of interdisciplinary literacy directly supports more effective online learning and more satisfactory learning outcomes. In the new era of deep integration between information technologies and physical education, cultivating students’ interdisciplinary literacy is essential for the high-quality development of physical education.

Since the 21st century, the global acceleration of digitization and the rapid development and spread of the internet has made it necessary for students to develop comprehensive interdisciplinary literacy to support the learning process. Interdisciplinary literacy reflects the competence of students across several different aspects and is a significant focus for schools and the state in terms of effective educational development. Nowadays, learning in so-called ‘flipped classrooms’ requires an adequate level of information literacy Newby (2011). Perez-Stable et al. (2020) have shown that information literacy is necessary for information integration, i.e., the effective use of information technology to retrieve relevant information eventually leads to the integration of knowledge of a given subject, thereby facilitating effective learning. When information technology is integrated into the physical education classroom, it facilitates physical activity factors such as culture, rituals, and traditional values. Furthermore, it facilitates the subjective construction of students’ tacit knowledge and a multi-dimensional teaching approach, leading to better teaching and learning experiences for both teachers and students (Yang, 2016). Zhao et al. (2019) and Yu (2017) emphasized the need to accelerate the effective development and evaluation of physical literacy in physical education. Edwards et al. (2017) suggested that physical literacy is both a precursor to physical activity and is developed through physical activity. Research conducted by McGregor et al. (2018) and Longmuir et al. (2017) showed that physical literacy triggers students’ motor behaviors which, in turn, positively influenced learning effects in physical education courses. Interdisciplinary literacy (involving the use of both information literacy and physical literacy to achieve the purpose of solving certain problems in the online classroom setting) is essential to adapting to learning in modern times and may give rise to new perspectives and new ways of thinking. This study confirms that interdisciplinary literacy is a primary variable that both directly and indirectly triggers certain learning behaviors and learning effects. Therefore, teachers should devote attention to the development of students’ interdisciplinary literacy. The highly transferable and sustainable developmental characteristics of interdisciplinary literacy would enable students to integrate various forms of knowledge across multiple disciplines. It is also necessary to improve students’ online physical education learning behaviors to achieve satisfactory learning outcomes for both students and teachers.



5.2. The important role of online physical education learning behaviors

Online physical education learning behavior plays a crucial mediating role between students’ interdisciplinary literacy and learning effectiveness. The results of this study show a significant positive relationship between interdisciplinary literacy and students’ online physical education learning behaviors and learning effects. Further results from the regression analysis and mediating effect analysis revealed an explanatory strength of 22.67% for the mediating effect of interdisciplinary literacy on the learning effects of online physical education learning behaviors. Students’ online learning behaviors positively influenced long-term learning effects across all groups. Online learning behaviors were positively correlated with good outcomes and were significant predictors of learning effects. Thus, students’ online learning behaviors are critical to achieving positive long-term learning effects. Positive online learning behaviors enable students to achieve more favorable future learning effects and outcomes. In conclusion, online learning behaviors are positively correlated with learning effects, especially in terms of future learning effects (Hsiao et al., 2019). This is consistent with previous findings and confirms the three research hypotheses (H1, H2, and H3) proposed in this paper. With emerging technologies such as the internet, big data, artificial intelligence, and virtual reality taking the world by storm, modern college students generally have an adequate level of overall information literacy as the new generation of internet users (Wang et al., 2013). They can easily complete various online learning tasks, preparations, operations, virtual classroom interactions, and online searches as required by course instructors. These practical actions all constitute online physical education learning behaviors. Physical education core literacy for college students can be described as students’ ability to learn and study the subject independently, i.e., a stable and lasting ability to participate in physical education courses and activities. Schweder (2019) confirmed that students with high degrees of self-control, learning ability, and self-efficacy tend to exhibit better learning behaviors in their studies.

Advances in information technology have given rise to new developmental paths in education. Learning has evolved from the traditional classroom involving direct dialogue with teachers to the online dissemination and exchange of knowledge. Learning styles have become more diversified, technical, and fragmented, and students’ learning behavior has transitioned from the teacher-led approach towards a more independent learning approach. The learning process of students engaging in online physical education is dominated by individual learning, with an emphasis on developing independent learning skills and interdisciplinary literacy awareness. Interdisciplinarity is the simultaneous study of multiple disciplines or collaborative participation in a joint effort to solve a particular problem. In the new information environment, the boundaries between different educational subjects tend to blur and overlap, hence collaborative research involving the integration of information literacy research is a major trend (Yu, 2019). Teachers should not only view the improvement of students’ interdisciplinary literacy as a key teaching objective but should also pay attention to developing students’ metacognitive abilities. They should tailor their teaching to meet the needs of different students and encourage behavioral adjustments to improve interdisciplinary literacy and design interdisciplinary co-education models (Han et al., 2020).



5.3. Limitations and prospects

There are some limitations and shortcomings to this study. First, research involving online physical education learning behaviors among college students is still in the very early stages and a solid theoretical foundation has not yet been formed. Therefore, comprehensive research into the relevant concepts, classifications, and influencing factors is needed in the future to provide a reference for online physical education. Second, this study focused strictly on the mediating role of online physical education learning behavior. Other potential mediating variables such as self-efficacy, motivation, and personality characteristics need to be further explored. Third, a questionnaire involving students’ online physical education learning behavior provided the quantitative data analyzed in this study. Students’ responses may have been influenced by factors such as their comprehension of the questions, their willingness to answer, and the authenticity of their answers, thus potentially resulting in slight deviations between the study results and the actual situation. Fourth, since the study was conducted during the COVID-19 pandemic, the applicability of the results in the post-pandemic era needs to be further verified through longitudinal studies. Finally, the study used self-reported measures of variables and thus may be subject to bias. More objective indicators should be included in the future to more accurately measure the research variables.




6. Conclusion

This study explored the mechanisms that influence college students’ online physical education learning behaviors in the relationship between interdisciplinary literacy and learning outcomes. The results of the study confirm the first proposed hypothesis (H1) that interdisciplinary literacy among college students positively predicts learning outcomes. Interdisciplinary literacy is a cornerstone of college students’ participation in online courses, and a high degree of interdisciplinary literacy can directly contribute towards satisfactory learning outcomes. The results of this study also confirm the second proposed hypothesis (H2) that interdisciplinary literacy among college students positively predicts learning behavior in online physical education. Interdisciplinary literacy supports students’ participation in online physical education and motivates them to develop appropriate and effective learning behaviors. In addition, a partial mediating effect of online physical education learning behavior between interdisciplinary literacy and learning effects was confirmed. Specifically, interdisciplinary literacy among college students can enhance their online physical learning behavior and thus promote their online learning effectiveness. In the process of online physical education, students’ learning behavior serves as a mediating factor for improving the online learning effect. The above results suggest that stable interdisciplinary literacy and online physical education learning behaviors can lead to better online learning outcomes for college students. Therefore, attention should be paid to improving students’ interdisciplinary literacy and encouraging them to develop better online physical education learning behaviors to achieve satisfactory learning outcomes.
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Based on previous literature, the present study examines the effects of background music on English reading comprehension using eye tracking techniques. All the participants, whose first language was Chinese, were selected from a foreign language college and all of them were sophomores who majored in English. The experiment in this study was a 2 (music tempo: fast and slow) × 2 (text difficulty: difficult and easy) × 2 (background music preference: high and low) mixed design. Both musical tempo and English reading passage were within-subjects factors, and the level of music listening preference was a between-subjects factor. The results showed that the main effect of the music tempo was statistically significant, which indicated that participants read texts more quickly in the fast-tempo music condition than in the slow-tempo music condition. Furthermore, the main effect of the text difficulty was statistically significant. Additionally, the interaction between the text difficulty and music tempo was statistically significant. The music tempo had a greater effect on easy texts than on difficult texts. The results of this study reveal that it is beneficial for people who have a stronger preference for music listening to conduct English reading tasks with fast-tempo music. It is detrimental for people who have little preference for background music listening to complete difficult English reading tasks with slow-tempo music.
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1. Introduction

It is common for people to listen to music while conducting daily activities in contemporary society. Furthermore, reading a text is always prone to take place with plenty of potential distractions. There are a number of researchers who have investigated the interplay between background music listening and reading comprehension. These studies to some extent provide evidence that reveals the effects of background music on reading comprehension.

Reading, a high-level cognitive performance, plays an important role in our daily life. Also, reading is a significant means of knowledge acquisition. Reading, more or less, happens every day, but not always in quiet surroundings. That is, reading performance may be disturbed by irrelevant sounds. Reading, a complex cognitive task, requires word recognition and semantic integration to acquire information (Cauchard et al., 2012). Music also plays a very important role in today’s society. An experiment performed by Gorn (1982) showed that subjects were willing to choose a specific color of pen if the pen was paired with joyful music instead of displeasing music. Since then, Gorn’s research has become rather popular, and relevant studies of the effects of background music on our daily lives increased. Background music permeates our daily lives. It is probable that people might not perceive the effects of background music when they perform daily tasks, such as driving, eating, reading, working, and even studying. How does background music influence people who listen to it by coincidence or on purpose? There are three kinds of primary findings regarding previous research on the effects of background music. That is, background music may have beneficial, detrimental, or no effect on behaviors.

There are some studies which reveal that background music has a positive effect on task performance. Hall (1952) explored the possible application of music in school education, and he found that students’ comprehension was greatly improved when they listened to music. All the participants were divided into four groups in his study. The four groups of students read a long passage in jazz music, pop music, classical music, and silent conditions. The results showed participants in the classical music condition performed the best among all four conditions. There was no difference between the jazz music condition and silent condition. However, participants listening to pop music performed worst compared with the other three conditions. Additionally, Hurst (2011) investigated the effects of background music on reading comprehension by asking 20 students to finish reading comprehension tests in a classical music condition or non-music condition. He found that participants did a little bit better in the classical music condition than in the silent condition. But the difference between the two conditions was not significantly obvious.

Recently, McDonald (2013) investigated the link between preferred music genre and extroversion on reading performance. The result of his study showed that music could facilitate reading performance if the music which was listened to was what they preferred. On the other hand, conclusions of a negative or null effect of background music on task performance have been drawn by a number of researchers. Etaugh and Michals (1975) carried out an experiment to investigate the effects of background music on reading comprehension. Thirty-two participants were required to finish reading comprehension tests in two conditions: a familiar music condition or non-music condition. The result revealed that there was a main effect for gender differences. Females performed more poorly in the music condition than in quiet surroundings and the performances of males in the two conditions were not largely different.

Perham and Sykora (2012) discovered that performance in silent conditions was better than those both in preferred music conditions and disliked music conditions. In addition, participants performed better with preferred music than with disliked music. However, Roger et al. (2011) examined the effects of background music on reading comprehension using eye tracking techniques. In his study, 24 university students were asked to read four different articles in four different conditions. Participants read while listening to their preferred music, read with music that they did not prefer, read with a recording of noise from a coffee shop, and read in a silent condition. The results revealed that there was no significant difference between the conditions, which was found using the main eye-movement measures for reading. More recently, An-Che and Chen-Shun (2013) found that there was no statistical difference between the test scores and heart rates of participants during reading comprehension and mathematical computation with different kinds of background music.

The technique of eye tracking has unique advantages in exploring the effects of background music on English reading comprehension. For example, the movement of the subjects’ eyes while they read materials can be recorded in real-time using eye tracking, which is more objective and natural than other techniques. Furthermore, high ecological validity of the experiment is ensured if the technique of eye tracking is used. Therefore, the technique of eye tracking is widely applied in the studies of cognition. Moreover, every stage of the effects of background music on task performance can be reflected in the differences among the targets of eye movement that are tracked by an EyeLink. This contributes to exploring the mechanisms of factors driving the effects of background music on reading.


1.1. Definition of background music

There have been numerous studies investigating the effects of background music, so the definition of background music should accordingly be set forth. Radocy and Boyle (1988) suggested that background music could be defined as any kind of music which is played while the listener’s primary attention is focused on another task or activity. Similarly, Furnham et al. (1999) held that background music involves music which is played in the workplace, such as factory and offices, accompanying tasks which require varying levels of skill and concentration.

Previous studies have indicated that the effects of different kinds of background music on human activities vary from each other. When background music is a variable in the experiment, factors of the music that should be considered become an important issue for the researchers to think about. Generally speaking, there are three factors that researchers have most investigated regarding background music. They are the type of the music, the music tempo, and the information in the music.

First, the tempo of music is a crucial element in the studies of the effects of background music on cognitive tasks. From the point of view of the musical profession, music with 60 beats per minute is classed as slow-tempo music, whereas music with 120 beats per minutes is regarded as fast-tempo music. Kari (2002) investigated the tempo effects of background music on reading comprehension. He examined the effects of background music on reading business news in a crowded cafeteria environment. Measures were taken in three reading conditions. They were no background music, fast-tempo music, and slow-tempo music. The results indicated that the reading condition notably influenced both the reading measures and the emotional evaluation of the news content. Moreover, the reading rate and efficiency was significantly lower in the slow-tempo music group than in the fast-tempo music group.

Conversely, Thompson et al. (2011) examined the effects of background music on reading comprehension by manipulating variables to create four repeated-measures conditions: slow/soft (110 bpm, 60 dB); slow/loud (110 bpm, 72.4 dB); fast/soft (150 bpm, 60 dB); and fast/loud (150 bpm, 72.4 dB). In their study, tempo and intensity were manipulated using ProTools software (version 7.3). Baseline performance was established by having the subjects complete the reading task in silence. The findings indicated that listening to background instrumental music was most likely to impair reading comprehension when the music was fast and loud. Because of this greater intensity, music listening might consume more of the listeners’ finite attentional resources when it comprised a greater number of auditory events per unit time that were difficult to ignore. By comparison, slow-tempo music might allow for continuous and spontaneous recovery from acoustic interference, permitting simultaneous verbal comprehension even when the music is loud. It was noted that the tempo of music had various effects on English and Chinese reading performance: the faster the background music was, the slower the reading speed. By contrast, Chinese reading speed was faster than that of English reading when it came to faster background music. These experiments reached different conclusions on account of the disparate variables. Additionally, Kari (2002) used no background music, fast music, or slow music as the background music, which could not exclude the effect of the positive mood of the music. In addition, the music material in Thompson et al. (2011) was originally from Mozart’s Sonata for Two Pianos in D major, which might have been familiar to the subjects (Plantinga and Trehub, 2014). To our knowledge, more reliable evidence is necessary to support the ideas obtained in previous studies.

The type of background music is another issue that influences the effects of background music on task performance. Musical genres that have been used in these kind of studies can roughly be classified into five genres: popular music, rock music, jazz music, natural sounds, and classical music. The reason why researchers take these kinds of music as the variables is that they are so common that the majority of people like to listen to them. Numerous researchers have investigated how music genre affected cognitive function. Furnham and Stephenson (2007) demonstrated that performance of reading comprehension, free recall, mental arithmetic, and verbal reasoning tasks while listening to calm music was better than while listening to upbeat music. At the same time, Cassidy and MacDonald (2007) examined the effects of background music and background noise on the task performance of introverts and extroverts. They found that performance of comprehension and free recall were better while listening to slow-tempo music compared with fast-tempo music. Two major categories of study activities were examined in four different conditions of background music genre. The study activities were reading comprehension and mathematical computation. The music conditions were soft music, rock music, heavy metal music, and no music. The results suggested that the performance without background music was relatively poor while the performance during soft music was the best. Music type had a statistically significant effect on test performance. From the perspective of all the previous findings, it is noted that negative or positive effects of background music on reading comprehension probably relies on the characteristics of the music.

The amount of information in the music itself also influences the effects of background music on task performance. The information that exists in the music includes the complexity of the instrumental music and lyrics in the songs. According to neuropsychological research, when an individual listens to music, the brain processes the lyrics and melodies independently (Besson et al., 1998). This supports the notion that not only do these two types of listening compete with each other in having different functions, but they are likely to compete with additional demands on the brain. Similarly, Broadbent (1958) cited the limited capacity model as a framework to explain the negative effects of competitive tasks on concentration. Pool et al. (2003), who were proponents of the limited capacity model, held that attempting to carry out two tasks that draw on inherently limited cognitive resources would work to the detriment of one or both. They demonstrated that trying to complete two tasks simultaneously exceeded a person’s capacity for attention. However, Bourke et al. (1996) argued that the fatal factor was not whether the cognitive capacity was exceeded, but rather that performance declined when both tasks involved processing the same type of information.



1.2. Background music preference

Previous studies have focused much attention on the effect of the information in background music on reading comprehension, that is to say, individual differences have often been neglected in previous studies. Huang and Shih (2011) suggested that the influence of background music on daily activities was mostly determined by personal preference. According to educational psychology, the habit of studying while listening to music is regarded as a type of learning style. A great deal of studies of music preferences were carried out in the last century (Heyduk, 1975; Steck and Machotka, 1975), and there have been several good reviews and theoretical integrations which, though vastly different in breadth, were all helpful for a better understanding of preference (Meyer, 1956). Deems (2005) studied the effects of background music on reading comprehension by examining two groups of participants, those who preferred studying while listening to music and those who did not. The conclusions showed that the former group performed better than the latter. Because of the inconsistent findings, the effects of background music preference requires further investigation.

In short, the relationship between reading and listening to music has been discussed in many studies and from a variety of perspectives. However, this research has brought about diverse and conflicting results which indicate that the effects of background music is very complicated and tough to investigate. The purpose of the present study is to reveal the effects of music listening more accurately. The present study will re-examine the interplay between music and text difficulty by taking individual factors concerning music preference into consideration.




2. Methods


2.1. Participants

A total of 130 participants with normal visual and hearing capabilities were recruited from the College of Foreign Languages, Fujian Normal University. All were willing to participate in the experiment. They were given a gift for their attendance. They were sophomores majoring in English and they were paid for their participation after the experiment. There were 100 participants who finished the music preference questionnaire. The principal experiment was finished by 77 participants who were selected from the 100 participants. It must be noted that the other 30 subjects were assigned to take part in a pilot study conducted to verify the difficulty and familiarity of the reading test passages for the principal test. The 30 subjects in practice were not involved in the principal experiment. Seventy-seven students participated in the principal experiment. None of them were exposed to any portion of the test materials which were employed in this study. However, during the last part of the experiment, only the data of 60 participants were analyzed because of missing or excluded data.



2.2. Instruments

The instruments used in this study included a background music preference questionnaire, which was utilized to group the participants into two parts. One group had a high level of background music listening preference and the other had a low level of background music listening preference. An Eyelink 1,000 eye tracker (SR Research Ltd) used to record the trace of the reading was also adopted in this study. The sampling rate was 1,000 Hz and the eye movement trajectory was recorded every millisecond. The English reading materials appeared on a 17-inch Dell LCD monitor which was 75 centimeters away from the participants and had a resolution of 1,024 × 764. Although the participants read the passages with their natural eyes in a natural way, only the movement of the left eye was monitored by the eye tracking technique. In addition, a post-test questionnaire was used to make sure that all the participants were unfamiliar with the English test materials and music stimuli. Additionally, SPSS 25.0 was used to analyze the data. Furthermore, two computers were applied in this study, one of which was a desktop used as the display screen and the other one was to play the music stimuli.



2.3. Materials

The materials were composed of English reading test materials, music stimuli, a music preference questionnaire, and a post-test questionnaire.


2.3.1. English Reading test materials

The reading test materials for the principal experiment differed in test difficulty. The more difficult ones were selected from reading passages in Science magazine, and the simpler ones were from reading comprehension tests in practice tests of the College English Test Band Four in China. There were five passages each with about 70 English words from each difficulty level. The number of the passages was ten, two of which were for the practice experiment, and eight were for the principal experiment. In order to distinguish the difficulty of those selected passages, a pilot study was conducted using the 30 participants who did not take part in the principal experiment. All the reading test materials were expositions with one judgment question. The function of the question here was to remind the participants to read the passages carefully. The question was a main idea question. All the English reading materials were assessed by a college teacher who taught participants English writing. Participants’ familiarity with the reading passages was also examined. The evaluation of readers’ familiarity with the reading materials was made on a 5-point scale, where 1 meant that readers were not familiar with the reading materials at all and 5 meant that the readers were very familiar with the reading materials. The difficulty of the reading materials was also evaluated on a 5-point scale, where 1 referred to the easiest reading passage and 5 represented the most difficult reading passage. Estimations of the difficulty of the reading materials and readers’ familiarity with the experimental reading materials are shown in Table 1.



TABLE 1 Descriptive statistics of the familiarity and difficulty of the reading materials.
[image: Table1]



2.3.2. Background music stimuli

There were three kinds of music which were applied in this study. The first one was selected from the prelude of Bach’s Piano Sonata in G. The other two were also based on the same piece of music. These three kinds of background music were exactly the same except for the music tempo. The tempo of the original music is 72 beats per minute. The original music was applied in the practice experiment. The other two versions were used in the final experiment. The tempo of the last two were 60 and 120 beats per minute, respectively, of which the faster version was called fast background music and the slower version was called slow background music. Familiarity with the three kinds of background music was examined on a 5-point scale, where 1 meant participants did not know the music at all and 5 meant that participants were very familiar with the music. The music familiarity evaluation is shown in Table 2.



TABLE 2 Descriptive statistics of the music familiarity.
[image: Table2]



2.3.3. Background music preference questionnaire

The background music preference questionnaire was used to evaluate the level of music preference of the participants. This questionnaire included 13 items, each with five levels. In order to make sure the background music preference questionnaire was effective, 100 participants finished the questionnaire. Twenty-three of the 100 participants did not attend the principal experiment. The final credibility of the questionnaire was 0.901, which was achieved using the SPPS 25.0 for Windows.



2.3.4. Post-test questionnaire

It was required that none of the test materials in this study had been previously read or completed by participants, so a post-test questionnaire was needed. Participants were asked to complete a short exit questionnaire, inquiring whether they were familiar with the English reading materials and the background music stimuli. It also required participants to evaluate the difficulty level of the English reading materials.




2.4. Experimental design

The experiment was a 2 (music tempo: fast and slow) × 2 (English reading text difficulties: difficult and easy) × 2 (music preferences in reading: high and low) mixed design. Both music tempo and English text difficulty were within-subjects factors, and the musical preference during reading was a between-subjects factor.



2.5. Research procedure

There were three steps in the research procedure, which included the pilot study, the selection of the participants, and the principal experiment.


2.5.1. The pilot study

The study was held in a sound-attenuated classroom with 30 participants. All the participants were asked in Chinese to verify the difficulty of the English reading materials and their familiarity with the English reading materials. The test paper was composed of 14 English reading passages, each of which had a judgment question. The English reading materials contained seven difficult passages and seven easy passages. The degree of text difficulty was evaluated by an English teacher from the Foreign Language College first. After reading each passage, the participants had to evaluate the difficulty and their familiarity with each English reading article from one to five points. The higher the score they gave, the more difficult the reading passage was and the more familiar they were with the English reading passage. The participants were required to finish the test paper within 30 min.

Thereafter, all the test papers were collected to analyze the results. The degree of difficulty of the 14 English reading passages and the participants’ familiarity with the reading passages were counted and compared. Also, the answers to the true-false questions were examined. As a result, it turned out that all the participants were unfamiliar with the English reading materials. In addition, the reading materials were grouped into two parts according to the scores that all the participants gave. Furthermore, 80% of the answers to the judgment questions were correct, which to a great extent suggested that the participants read the materials carefully. Finally, 10 of the 14 English reading materials were chosen for the final experiment. Five English reading passages were difficult, and the other five were relatively easy. The difficult ones were of the same difficulty level. Similarly, the simple ones also shared the same level of difficulty. Finally, all the English reading materials selected were suitable for the principal experiment.



2.5.2. The selection of participants

One hundred participants were asked to complete the background music listening preference questionnaire within 10 min. According to the result of the questionnaire, 77 of the 100 participants were selected to attend the final experiment. The 77 participants were classified into two groups on the basis of the scores that they received in the background music listening preference questionnaire. Generally, participants with higher scores had stronger preferences for music listening and were grouped into the high level of preference for music listening during reading category. At the same time, participants who showed less interest in listening to music during reading were grouped into the low level category.



2.5.3. The principal experiment

All 77 participants received a list of English words and expressions which would appear in the final experiment. The participants were requested to remember the word list so as to avoid failure in reading because of poor understanding of words and expressions. The experimenter would check that each participant had a good understanding about the word list so that the participant could attend the final experiment. In the principal experiment, each participant was tested individually. They were instructed to sit in front of the desktop and put on earphones. The experimenter played music to the participant and asked whether they were satisfied with volume of the music. The volume of the music was regulated according to the participants’ habits. At the very beginning, the participants were told to rest their chin on a holder and read the instructions on the screen carefully and silently. The participants were encouraged to voice any doubts if they had any question about the procedure of the final experiment, and the experimenter would clarify the key points. The participants were asked to press any button on the keyboard to enter the calibrate stage as soon as they were clear about the experimental procedure.

The calibration was validated after the participant looked accurately at five different points which appeared one after another in five varying positions on the screen. Prior to the presentation of each stimulus, a black dot would appear on the middle left of the screen to guide the participants’ eye movements. After valid calibration, two practice reading passages were presented to familiarize the subjects with the procedure. After that, there was the critical session. The critical session was divided into two periods: one was the fast music period, in which four English reading passages were presented. The difficulty sequence of the four reading passages was: difficult, easy, difficult, and easy. The other period was the slow music period. The pattern of the four reading passages in the slow music condition was the same as that of the fast music period. The participants were directed to read the passages at their own personal pace. When the critical session was completed, participants were given a post-test questionnaire to ask them about their familiarity with the reading materials and the music stimuli. Participants were also queried about the perceived text difficulty. The whole procedure lasted about 25 min.



2.5.4. Data analysis procedure

Subjects were all engaged during the experiment and grasped the meaning of the reading passages, with a mean correct rate of more than 84% for the judgment questions. According to the established practices, some data were trimmed before the final analysis (Rayner, 1988). Specifically, (1) the eye movement data from subjects were discarded on account of some serious data missing; (2) fixations that were shorter than 80 ms or longer than 1,200 ms were eliminated in that excessively short fixations could not be a sign of mental processing and unduly long fixations were usually due to equipment errors; (3) a single test where the count of fixations was less than 4 was discarded; (4) outlying data were eliminated; and (5) data were excluded where the tracker failed to log the trajectory of the eye. The data which lay three standard deviations from the mean were regarded as outliers. The removal of this data was 22% of the total. The eye movement data of 60 participants were exported from Data Viewer (SR Research Ltd) and processed in Microsoft Excel and IBM SPSS Statistics 25. Primarily, three-factor analysis of variance was carried out to reveal the effects background music exerted on reading performance; tests of within-subjects effects were added to show the significance of the facilitation and interference of music tempo and the text difficulty. Taking background music listening preferences into consideration, a mixed repeated-measures ANOVA was conducted to examine the main effects and interactive relationships among the levels of the preference for listening to music while reading, text difficulty, and music tempo.

Five eye-movement measures were collected in this experiment. They were average saccadic amplitude, fixation count, total fixation duration, saccade count, and pupil size mean. The whole reading passage in a single test was treated as the area of interest. We were interested in the reading duration of the whole passage. The definitions and ways of measurement were as follows: (1) Average saccadic amplitude. This is the average size (in degrees of visual angle) of all selected saccades. The amplitude of saccade is influenced not only by the difficulty of the reading materials but also by the length of words in the texts (Phillips and Edelman, 2008). A larger saccadic amplitude means participants have grasped more information in the fixation before the saccade happens. (2) Fixation count. This is also called the total number of fixations. It computes the number of times that the eyes view the interest area. It indicates the cognitive burden of the material in the interest area. More fixations in the interest area means a heavier load of cognitive processing. (3) Total fixation duration. This is equivalent to what is named total viewing time by some academics. As the name indicates, total fixation duration is calculated as the summation of the length of all the fixations in the interest area. (4) Saccadic count. This refers to the total number of saccades in the interest area. (5) Pupil size mean. Changes in pupil size can be regarded as a good indicator of cognitive load changes in speech processing.

The reason why we choose the five eye-movement indexes as the measurement in the present study was decided by the benefit of those eye-movement measurements. First, the higher the fixation count is, the lower the efficiency of task performance. That is, the fixation count number reveals the efficiency of the task performance. However, the increasing amount of the fixation count in a specific interest area can also be explained in that more attention is being paid to it. The second measurement is total fixation duration. There are two explanations for a longer total fixation duration. On one hand, when it is more difficult to extract information from the reading materials, a longer total fixation on the reading materials will happen; on the other hand, people will fixate something longer if it is interesting. Third, the saccade count number of specific areas represents the research process of this area. The higher the saccade count is, the longer it takes for information processing. Next, a larger average saccadic amplitude can be explained by the interest that people have in the next interest area. Lastly, it is concluded that cognitive load leads to larger pupil size. Reading is a complex cognitive task, which places demands on cognitive resources. Difficult English reading comprehension requires more cognitive resources than easy ones.





3. Results

The data have been obtained from the experiment. The data of total fixation duration and pupil size means were chosen for analysis. Data analysis was divided into two parts. One is the descriptive analysis, and the other is the main effects and interactive effects of the three variables in this study.


3.1. Descriptive statistics


3.1.1. Total fixation duration

As is shown in Table 3, participants spent more time on the difficult reading passages. However, the time spent in the fast background music condition was less than in the slow background music condition. In addition, the participants with high background music listening preferences spent less time on the reading comprehension compared with participants with low listening preferences.



TABLE 3 Descriptive statistics of total fixation duration.
[image: Table3]



3.1.2. Pupil size mean

As is shown in Table 4, the mean pupil size of participants with high music listening preferences in the fast background music condition were obviously smaller than that of participants with low levels of music listening preference. However, in the slow-tempo music condition, the pupil size of participants who reported that they had a stronger preference for background music listening while reading was larger than those who had lower levels of preference for reading with music.



TABLE 4 Descriptive statistics of pupil size mean.
[image: Table4]




3.2. Main effect analysis and interactive effect analysis


3.2.1. Total fixation duration

For the total fixation duration, the within-subjects effects are described in Table 5 and show that the main effect of text difficulty was significant, F (1,58) =238.79, p = 0.00 < 0.05, and the main effect of music tempo was observed, F (1,58) =44.99, p = 0.00 < 0.05. What is more, there was an interactive effect between text difficulty and music tempo. Table 6 report the tests of between-subjects effects and show that there was no main effect in background music listening preference while reading, F (1,58) =1.12, p = 0.29 > 0.05. There was no interactive effect between the three factors including text difficulty, music tempo, and the levels of preferring to listening to music while reading.



TABLE 5 Tests for within-subjects effects of total fixation duration.
[image: Table5]



TABLE 6 Tests for between-subjects effects of total fixation duration.
[image: Table6]



3.2.2. Pupil size mean

For the pupil size mean, the results of all the main effects of all the three factors are shown in Table 7. Specifically, the main effect of the text difficulty was not significant, F (1,58) =0.85, p = 0.35 > 0.05. Additionally, there were no interactive effects between the text difficulty and the level of preference for listening to music while reading. However, the main effect of the tempo of background music was significant, F (1,58) =101.25, p = 0.00 < 0.05. The interactive effect between the tempo of the background music and the levels of preference for listening to music while reading was also significant, F (1,58) =78.77, p = 0.00 < 0.05. But the interactive effect between the two within-subjects factors was not significant, F (1,58) =2.02, p = 0.16 > 0.05. There were no interactive effects between the three factors, F (1,58) =0.14, p = 0.70 > 0.05. Table 8 report the tests of between-effects of the pupil size mean. There was no main effect on the pupil size mean, F (1,58) =2.08, p = 0.15 > 0.05.



TABLE 7 Tests for within-subjects effects of pupil size mean.
[image: Table7]



TABLE 8 Tests for between-subjects effects on pupil size mean.
[image: Table8]





4. Discussion

In response to the belief that reading comprehension is impaired by the tempo of background music, and to the suggestion that reading performance is only enhanced when the participants tended to listen to preferred music while reading, the present study was conducted to assess the effect of the tempo of music and the level of preference for music listening while reading on English reading comprehension.


4.1. The effect of music tempo

The main effect of the music tempo in this study was statistically significant. In particular, the performance in the fast-tempo music condition was better than that in the slow-tempo music condition, which was inconsistent with previous studies (Kari, 2002; Thompson et al., 2011). Music of 120 beats per minute was chosen as the fast music in the present study. According to the arousal and mood hypothesis, music listening affects arousal and mood, which in turn impacts task performance of cognitive skills. The explanation of this result can be concluded as follows: task performance could be influenced by mood and emotions, and the cognitive-motor benefits are associated with enhanced mood and heightened arousal. Furthermore, mood and arousal can be enhanced by music of 120 beats per minute, so the music of 120 beats per minutes used in this study, being fast-tempo music, could facilitate English reading comprehension.



4.2. The effect of background music listening preference

In the eye movement measurements, participants with a higher level of background music listening preference did better in task performance than those of a lower level of preference, which contradicted with previous studies (Stacey and Gerald, 2010). Previous studies have shown that the harmful effect of background music on reading comprehension was more pronounced for students who had a stronger preference for music listening while learning and most students who showed a preference for music listening while studying performed more poorly with background music than those who preferred to study without background music. There are several possible explanations for the result of this study. According to the affective filter hypothesis, motivation, anxiety, and self-confidence are three factors that impact second language learning. self-confidence can enable better language learning. The preference for music listening while studying is good for foreign language learning. Good task performance in English reading comprehension can be achieved by having a high preference for music listening, because the efficiency of second language learning can be influenced by the affective factors. Participants who had a stronger preference for music listening while studying were accustomed to reading with music, and listening to music while reading could ease stress and anxiety to make them happier and more willing to read English texts, which could also facilitate English reading comprehension. But the reverse effect might occur for those students who prefer reading in quiet surroundings.



4.3. The interaction between music tempo and text difficulty

Text difficulty had a main effect in the eye-movement measurements, which meant that the more difficult the reading material was, the more time or strength would be put on it to process it. What is more, the interactive effect between text difficulty and music tempo was statistically significant. That is, the effect of music tempo was affected by the text difficulty. The music tempo had a greater impact on easy texts than on difficult texts. This effect was also revealed in the eye measurements. The explanation for this effect was that the difficult texts in this study were difficult for the participants, so the participants did not read them carefully, but when the easy texts were exposed to the participants, they were more willing to read the simple texts carefully, so the tempo of the music had a greater influence on the reading comprehension of easy texts compared with complex texts.



4.4. The interaction between music tempo and background music preference

The interactive effect between background music listening preference and music tempo was statistically significant, which was shown in the eye measurements of pupil size mean. The effect of music tempo was affected by the preference for music listening. Background music tempo had a greater influence on the reading of participants with a lower level of music listening preference than that of participants with a higher level of preference. Studying with background music is a kind of habit. This kind of habit might to some extent reduce the effect of music tempo, so it can be concluded that, in general, the effects of music tempo would be diminished because of the habituation effect. Moreover, the pupil size of participants who had a stronger preference for reading with music in fast-tempo music surroundings was smaller than those of participants of a lower level of preference. However, in the slow-tempo music condition, pupil size was larger for the high level of preference participants than the lower ones. What was the underlying reason for this kind of interaction? The index of pupil size can reveal one’s tension of pressure. The smaller the pupil size, the more pressure the participants may bear. In the fast-tempo music condition, a higher level of preference for reading with music listening can make participants more relaxed than a lower level of preference, and their pupil size mean is also smaller. However, in the slow tempo music condition, the effect of music tempo played a more important role than the effect of music listening preference.




5. Limitations

Similar to other studies exploring background music and cognitive tasks, there are also some limitations to this study. First, the effect of background music on English reading comprehension is also affected by the ability of the participants in English reading comprehension. However, the recruitment of participants for the experiment was more difficult than previously planned, which resulted in an uneven and small sample size. Actually, the recruitment of the participants for the experiment was based on their score from the College English Test Band Four, so the ability of English reading comprehension of all the participants was not scientifically similar. What is more, because of the fact that there were more females than males in the foreign language college, the number of male participants was smaller than that of female participants. Previous studies have found that the effect of background music on reading may be on account of gender differences (Kari, 2002; Stacey and Gerald, 2010).



6. Conclusion

To sum up, this study investigates the effects of background music on English reading comprehension from three perspectives: text difficulty, music tempo, and background music listening preference. This study was implemented on the basis of previous studies, but it differs from previous research. Firstly, the present study is the first attempt at examining the influence of background music on English reading comprehension from three perspectives, which has scarcely been covered in previous studies. Secondly, from the perspective of individual differences, the factor of background music preference was used in this study. Lastly, the effect of background music on task performance is also regulated by the difficulty of the task. As the results of the study are discussed above, the conclusion can be drawn below.

People who had a preference for studying while listening to music performed better in the task performance than those who showed little or did not show preference for music listening while reading. This is one of the main findings of the study; thus, students who do not have a strong preference for reading to music should not often perform reading tasks with background music.

Furthermore, the music tempo also influenced the reading activities. Fast-tempo music could improve English reading comprehension. The population of EFL learners in China becomes larger and larger, so the topic of how to improve English language teaching and learning becomes particularly crucial for both teachers and students. Music is an important tool for foreign language teaching and learning. Fast-tempo music can activate students’ arousal and mood so that students may have a good mood and be more willing to engage in the activities of English classes. Therefore, teachers can apply fast-tempo music to English language classes.

In addition, the interplay between the factor of background music preference and music tempo is clear in this study. People with a high level of background music listening preference perform better than those of a low level of background music listening preference. On account of this result, it is wise for people who report that they have a stronger preference for background music listening to perform reading tasks in a music condition.

Lastly, the findings on music tempo indicate very clearly that it is necessary to study the effects of the structural properties of the background music in detail. The inconsistent results of previous research may be due to the factors that are taken into consideration. In the investigation of the effects of background music on reading comprehension, there are three main factors that should be examined. They are the background music, individual differences, and the difficulty or properties of the reading tasks. The results of this study could be further investigated by consideration of all these factors. It is beneficial for people who have stronger preference for music listening to conduct English reading tasks with fast-tempo music. It is detrimental for people who have little preference for background music listening to complete difficult English reading tasks with slow-tempo music.
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With the normalization of the COVID-19 epidemic, online learning has gained prominence in the post-epidemic era. Gaining a comprehensive understanding of how online learning influences learning outcomes is essential for the success of large-scale online education initiatives. This study proposed a conceptual model based on an ecosystem theory to investigate the impact of K-12 online learning on academic achievement. A survey was conducted among 1,625 K-12 school students in Shenzhen, China, utilizing Structural Equation Modeling (SEM) for data analysis. The results indicate the following: (1) online learning engagement directly predicts academic achievement and mediates personal and environmental factors; (2) Family involvement and school support have similar impacts, with family involvement slightly stronger; (3) The Big Five Personality, especially conscientiousness, openness, and emotional stability, mediate the influence of family and school investment; and (4) School support affects academic achievement through online learning engagement, with emotional engagement being most significant. Our model illuminates the mediating role of online learning engagement, the impact of family involvement and school support, and the significance of Big Five Personality traits in K-12 online learning. This study contributes to the theoretical and practical understanding of the online learning ecosystem in the post-pandemic era, seldom explored in K-12 settings.
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1. Introduction

Owing to technological advancements and the benefits it offers in terms of convenience and cost (Welsh et al., 2003; Ally, 2004), online learning has experienced substantial growth over the past two decades. This growth has been marked by market expansion (Need for LMS in HEO Driving Market Growth, 2018) and recognition from authoritative official institutions (Yeld, 2016). In recent years, the global spread of COVID-19 has led to strict social health measures, including school closures (Dreesen et al., 2020), further accelerating the prosperity of online learning (Liang et al., 2020). As a result, the significance and widespread application of online learning has been further reinforced in the post-pandemic era, garnering widespread attention from researchers in the community. Online learning presents both opportunities and challenges in the educational field after the COVID-19 pandemic (Greenhow et al., 2022).

Amid the surging tide of inquiries into online learning, a significant portion of research has gravitated toward adult college students. These inquiries have yielded insights spanning diverse domains, encompassing the design of learning activities (Rapanta et al., 2020), the identification of sustainable online learning factors (Chu et al., 2021), and the integration of interactive technologies to augment the learning experience (Ayu, 2020). Nevertheless, a conspicuous void persists in our understanding of the experiences of K-12 school students— a group of paramount significance in the post-pandemic educational landscape. Our research takes a purposeful stride in bridging this gap by delving into the intricate interplay connecting online learning and K-12 students’ learning outcomes.

Furthermore, the current academic discourse has indeed delved into the mechanisms through which online learning reverberates across educational outcomes. This exploration has encompassed dimensions such as self-directed learning approaches and attitudes (Shao et al., 2022), the influence of online learning technology (Gupta and Yadav, 2023), and the modes of teaching delivery (DeArmond et al., 2023). Although each of the aforementioned studies has delved into the impact mechanism from its respective perspective on singular and individual factors, to our knowledge, a systematic approach is lacking, leaving the underlying processes in a “black box.” Consequently, interactions among factors, mediation effects, and complex influence pathways remain understudied and undisclosed.

The Ecosystem Theory, proposed by Bronfenbrenner (2005), serves as a developmental psychology framework. It emphasizes intricate, reciprocal interactions between individuals and their surroundings. Increasing empirical evidence supports the notion that education operates as an organic, complex, and interconnected ecosystem, wherein student development outcomes are influenced by the interaction between individuals and their environment (Smith, 2013; Jelas et al., 2016). Drawing inspiration from the ecosystem theory, this paper aims to explore the factors that impact students’ learning outcomes in online learning by conducting empirical research. Thus, the research constructs a conceptual model of the online education ecosystem rooted in the ecosystem theory. Structural Equation Modeling (SEM) is employed to validate the model, utilizing data collected from K-12 students engaged in online learning in China. Our research endeavors encompass two main objectives. Firstly, it endeavors to decipher the complex interactions interweaving environmental and individual-level factors within the online learning ecosystem. Secondly, our study delves into personal factors at the individual level and the interplay between these personal factors and environmental influences.



2. Theoretical foundations


2.1. Online learning

Online learning encompasses various forms of education and training services delivered through Internet technology and platforms. It includes distance learning, e-learning, and other similar approaches. The terms “online learning” and “network learning” are often used interchangeably and are synonymous with “e-learning” and “remote learning” in English. This educational model stands in contrast to traditional face-to-face learning. Initially rooted in the field of distance learning, online learning primarily catered to adult learners and corporate training, enabling them to pursue studies remotely through network and information technology. However, with the advancement of digital technology, online learning has expanded its reach to encompass school education, becoming an indispensable and significant learning method for students (Harris, 2004).



2.2. Learning outcomes

Assessing the quality of online learning requires a careful examination of learning outcomes. Learning outcomes are statements that define what learners should know, understand, or demonstrate upon completing a learning process (Adam, 2004). It is crucial to focus on learners’ achievements rather than solely relying on teacher expectations, as highlighted by Kennedy (2006). Measuring learning outcomes offers numerous benefits to stakeholders such as students, teachers, and academic advisors, facilitating the optimization of the learning experience (Mahajan and Singh, 2017). However, in the realm of large-scale online learning, the concept of learning outcomes lacks uniformity among students. Cognitive and emotional variables are often employed as indicators to evaluate the overall quality of distance online learning projects (Paechter et al., 2010). Among cognitive variables, the paramount significance of academic performance is unmistakable (Lim et al., 2006). Thus, acknowledging its centrality and objectivity, this study positions academic performance as a faithful reflection of learning outcomes.



2.3. Ecosystem theory

Central to our theoretical framework is the concept of ecosystem theory, introduced by psychologist Urie Bronfenbrenner (Bronfenbrenner and Morris, 2007). This paradigm posits that individuals are not isolated entities but rather are sculpted by their interactive environmental milieu. Human development unfolds as an ongoing consequence of the dynamic interplay between individuals and their immediate surroundings. The ripple effect of distal factors reverberates through proximal factors, ultimately shaping the contours of individual development (Bronfenbrenner and Ceci, 1994).

The examination of learning influence mechanisms has been partially shaped by the ecosystem theory. Scholars generally categorize factors affecting learning outcomes into two groups—individual factors and environmental factors. Environmental factors encompass social and cultural elements like family, schools, and communities (Chen, 2005). Individual factors refer to personal traits and performants such as student characteristics (Furnham et al., 2003), learning participation (Lei et al., 2018), and so on. Additionally, within individual factors, individual student characteristics (such as psychological processes) often play a crucial mediating role in interactions between external factors and other personal aspects (Jelas et al., 2016). Research by Li et al. (2010) discovered that students’ personal characteristics impact their learning participation, including perceptions of learning, investment in behavior, emotional engagement, and self-efficacy (Figure 1).
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FIGURE 1
 Conceptual model.


Based on prior research, this study’s construction of a comprehensive model for the online learning ecosystem entails integrating environmental factors, personal characteristics, learning participation, and learning outcomes. The model depicted in Figure 2 is presented as a foundational representation that highlights the interactive essence of environmental factors, personal attributes, and process factors. These elements collectively exert influence on learning outcomes. It’s important to note that this visualization simplifies the intricate nested nature intrinsic to ecological systems, and we acknowledge that the actual interactions could be more complex. Moreover, we recognize that this model is one of many possible representations, and its purpose is to offer a conceptual roadmap that guides our investigation. In light of this, we clarify that the framework is a “conceptual model” rather than a “comprehensive theoretical framework.” We appreciate the evolving nature of this field and acknowledge that our conceptual model captures salient factors while recognizing the potential for refinement and expansion as our understanding evolves.

[image: Figure 2]

FIGURE 2
 Conceptual roadmap.





3. Literature review and hypotheses development


3.1. Individual factors

According to the conceptual model established in this study, both learning participation and personal characteristics fall under the category of individual factors.


3.1.1. Learning participation

In traditional learning, the roles of teachers and families are crucial in facilitating learning. However, the advent of online learning has transformed this dynamic. Online learning grants learners greater autonomy and flexibility, but it also demands a higher level of engagement from them. Learning participation, also referred to as learning engagement, pertains to the extent of effort students invest in learning, as well as their interest and connection to the courses (Axelson and Flick, 2010). Fredricks et al. (2004) categorized three distinct forms of learning engagement: behavioral engagement, which involves active participation in courses and fulfilling course requirements; cognitive engagement, which encompasses the formulation of self-regulated learning strategies; and emotional engagement, which involves cultivating positive or negative affective states toward learning. In this study, online learning engagement serves as a representation of the learning participation process, with behavioral, cognitive, and emotional engagement serving as three specific dimensions of online learning engagement.

Several studies have highlighted the significance of learning engagement in predicting online learning outcomes. Lei’s research team (2018) conducted a meta-analysis of 69 independent studies and found a positive correlation between learning engagement and academic achievement. They discovered that all three types of learning engagement—behavioral, cognitive, and emotional—were positively associated with academic achievement. Building upon this, the present study proposes Research Hypothesis 1:


H1. Online learning engagement has a significant positive impact on academic achievement.
 

Furthermore, when considering the various forms of learning engagement that influence academic achievement, it is reasonable to hypothesize that these specific subsets within online learning engagement can also positively impact academic achievement. Therefore, we propose the following hypothesis:


H1a, b, c. Behavioral engagement, Emotional engagement, and Cognitive engagement in online learning engagement has a significant positive impact on academic achievement.
 



3.1.2. Personal characteristics

With the popularity of online learning, researchers have turned their attention to individual differences and the specific needs of online learners. On a personal level, factors such as motivation and self-efficacy (Peng and Fu, 2021; Rorimpandey and Midun, 2021) have been acknowledged as influential contributors to learning outcomes. However, for a comprehensive understanding of the multifaceted nature of student development in the online learning environment, we have opted to incorporate the Big Five Personality traits as potential mediators. The Big Five personality model has gained prominence for its comprehensive and cross-cultural understanding of personality traits (De Raad, 2000). While motivation and self-efficacy are undoubtedly relevant, the inclusion of personality traits provides an additional layer of insight into the complexity of online learning outcomes. Costa and McCrae (1992) identified the five factors of the Big Five model as Extraversion, Agreeableness, Conscientiousness, Neuroticism, and Openness. These factors represent distinct aspects of an individual’s personality: sociability and energy in social interactions, interest in and empathy for others, organizational skills and self-discipline, emotional stability and response to stress, and receptiveness to new ideas and experiences. This study adopts the Big Five personality model to represent personal characteristics.

Studies examining the application of the Big Five personality traits in education have revealed their relationship with learning outcomes. Longitudinal research with British university students (Furnham et al., 2003) found that the Big Five traits are more important than cognitive ability, intellectual beliefs, and gender in predicting academic achievement. Conscientiousness positively correlates with academic achievement, while extraversion negatively correlates. Meta-analysis across different educational levels (Poropat, 2009) indicates significant associations between academic achievement and agreeableness, conscientiousness, and openness.

The Big Five personality traits of learners not only predict learning outcomes but also influence students’ learning participation. De Feyter et al. (2012) conducted analyses on longitudinal data from 375 Belgian college students, revealing that conscientiousness indirectly impacts academic achievement through learning motivation, and neuroticism positively affects academic achievement for students with higher self-efficacy. In a study by Quigley et al. (2022), extraversion predicted participation and performance, neuroticism predicted participation skills, emotional engagement, and performance, and agreeableness and openness predicted engagement and emotional engagement, respectively.

Through an extensive review of relevant literature, it becomes evident that there is a correlation between the Big Five personality dimensions and the learning outcomes and learning participation in online learning. This relationship has been widely discussed and examined in previous research. To ensure consistency in the impact direction of the theoretical framework, some scholars have reversed the interpretation of neuroticism within the Big Five personality traits, referring to it as emotional stability (Meng et al., 2021). Considering the aforementioned factors and taking into account the different facets of the Big Five personality traits, it is logical to posit that the Big Five, along with their specific subcategories, can have a positive influence on both academic performance and online learning engagement. Consequently, we present the following hypothesis:


H2. The Big Five has a significant positive impact on academic achievement.

H2a, b, c, d, e. Responsibility, openness, emotional stability, agreeableness, and extraversion have a significant positive impact on academic achievement.

H3. The Big Five has a significant positive impact on online learning engagement.

H3a, b, c, d, e. Responsibility, openness, emotional stability, agreeableness, and extraversion have a significant positive impact on online learning engagement.
 




3.2. Environmental factors

This study defines environmental factors as encompassing both family environment and school environment factors. While other environmental factors, such as the social environment, are undoubtedly relevant to online learning, the reduction of physical interaction in the online learning process leads to a decrease in the frequency of interactions among students and these environmental factors. In this context, we emphasize that the influence of family and school environments holds particular significance.


3.2.1. Family environment

With the rapid development of internet technology, online learning has become mainstream. The COVID-19 pandemic has led to the adoption of online learning at home, turning formal learning into distance learning (Garad et al., 2021). Home-based online learning transforms the learning approach from group-oriented face-to-face instruction to self-directed learning with technological support. In this novel instructional model, the family plays a significant role as an immediate learning environment. Teachers provide remote supervision, while parents closely monitor and support their children’s learning (Wang and Yang, 2020). The growth of large-scale online learning has emphasized the importance of family involvement in education. Hence, this study considers family involvement as an indicator of the family environment.

On the one hand, scholars, especially Chinese research teams, have made progress in researching the relationship between family education involvement and students’ online learning outcomes. It has been found that family education involvement, including academic counseling, creating a conducive learning environment, and resource allocation, significantly predicts students’ online learning outcomes (Zhao et al., 2022). For instance, Bai’s research team (Bai et al., 2021) conducted an analysis based on 1,440 family questionnaires during the period of “suspended classes and non-stop learning” to examine the impact of family support factors on primary school students’ home learning outcomes. They found a significant positive correlation between family education involvement and home learning outcomes.

On the other hand, online learning presents unique challenges that require students to demonstrate self-management and self-motivation. Home learning support plays a crucial role in influencing students’ learning engagement, as family involvement can significantly predict students’ level of engagement. A longitudinal study focusing on education revealed that parents’ educational expectations for their children and home-school interaction positively impact various aspects of students’ learning engagement, including learning participation, self-efficacy, and intrinsic motivation (Fan and Williams, 2010). Similarly, in the context of online learning, scholars have observed that high parental involvement among elementary and junior high school students helps alleviate academic and emotional burnout symptoms (Zhao et al., 2022).

Furthermore, numerous studies have highlighted the substantial positive influence of family education involvement on students’ learning outcomes. However, this relationship is not a simple linear one, as it encompasses various factors, including students’ personal characteristics. Steinmayr et al. (2010) examined the mediating role of children’s intelligence and personality in the relationship between family background and children’s learning. Their findings revealed that certain personality traits, such as openness and conscientiousness, partially mediate the connection between parents’ educational background and children’s academic achievement. Notably, even after controlling for children’s intelligence, the mediating effect of personality traits persisted.

Based on the analysis of relevant literature, it is evident that there exists a certain correlation between family involvement with learning outcomes, learning engagement, and the Big Five personality traits. However, further research and discussion are needed to explore the specific nature of this relationship, the degree of correlation, and the underlying mechanisms. Also considering the specific forms of the Big Five and learning engagement, this study proposes research hypotheses 4, 5, and 6, which are as follows:


H4. Family involvement has a significant positive impact on academic achievement.

H5. Family involvement has a significant positive impact on online learning engagement.

H5a, b, c. Family involvement has a significant positive impact on behavioral engagement, emotional engagement, and cognitive engagement.

H6. Family involvement has a significant positive impact on the Big Five.

H6a, b, c, d, e. Family involvement has a significant positive impact on responsibility, openness, emotional stability, agreeableness, and extraversion.
 



3.2.2. School environment

Online teaching has revolutionized the learning experience for students; however, it has not altered the fundamental relationship between teaching and learning (Stone and Springer, 2019). Despite the shift to online learning, effective teaching practices and learner engagement remain critical for achieving meaningful learning outcomes (Hodges et al., 2020). Schools continue to serve as the cornerstone of education. Within the realm of online learning, student learning outcomes are influenced by various factors associated with school support, including the quality of teachers, principal leadership, and the utilization of instructional platforms and tools (Rahman, 2021; Zhou et al., 2022). This study adopts school support as a measure of the school environment.

School support directly influences students’ learning outcomes. In an online learning study conducted by Baber (2020) among undergraduate students during the COVID-19 pandemic, it was discovered that classroom interaction, student motivation, course structure, teacher knowledge, and facilitation all positively influenced students’ perceived learning outcomes and satisfaction. Additionally, Cai (2021) developed a structural equation model based on the control-value theory and found that teachers’ preparation for online teaching significantly predicted the effectiveness of online learning among undergraduate students.

School support can influence students’ learning outcomes by affecting their learning engagement. Wan et al. (2021) conducted a quantitative study involving 4,841 Chinese college students, which revealed that perceived teacher support and online learning platform experience have an impact on college students’ online learning engagement. Similarly, Guo and Hu (2021) conducted a questionnaire survey with 635 Chinese college students to investigate the relationship between teachers’ behavior, students’ learning engagement, and learning outcomes. The findings indicated that learning engagement in online teaching partially mediates the relationship between teachers’ caring behavior and learning satisfaction.

Behavioral genetics research has demonstrated that both genes and the environment contribute to individual variations in personality traits among children and adolescents (Heiman et al., 2004). Considering the school environment as one of the environmental factors, it should play a role similar to family input in shaping academic learning outcomes through the joint effect with students’ personality characteristics. For instance, in a study conducted by Gina (Pancorbo et al., 2022) with middle school students, it was found that when teachers exhibit similar character traits to students, they are more likely to be liked by students and foster active interactive learning.

Based on the relevant literature, a correlation has been observed between school support and learning outcomes, learning engagement, and the Big Five personality traits. Referring to the research hypothesis on family involvement, this study presents research hypotheses regarding school support:


H7. School support has a significant positive impact on academic achievement.

H8. School support has a significant positive impact on online learning engagement.

H8a, b, c. School support has a significant positive impact on behavioral engagement, emotional engagement, and cognitive engagement.

H9. School support has a significant positive impact on the Big Five.

H9a, b, c, d, e. School support has a significant positive impact on responsibility, openness, emotional stability, agreeableness, and extraversion.
 

In summary, based on the established research hypotheses, this study has developed a conceptual model, as depicted in Figure 2.





4. Method


4.1. Procedure and participants

Most of the current empirical research on large-scale online education encounters several issues, including time limitations, survey perspective limitations, and sample limitations (Huck and Zhang, 2021). The studies conducted during the early stages of the epidemic face time constraints, as participants may have adapted to online distance education behaviors, potentially leading to changes in their learning attitudes and behaviors. Sample limitations refer to small or non-diverse survey sample sizes, which hinder generalizability. The perspective limitation stems from researchers using online surveys, which inherently exclude individuals who may face challenges in filling out online questionnaires.


4.1.1. Procedure

To overcome the aforementioned challenges, this study has devised a well-thought-out research plan. Taking into account the policy implementation background, it is evident that primary and secondary schools in Shenzhen began implementing online education in December 2022 and continued until the end of the semester. The survey took place in March 2023 following the completion of final examinations. The research survey was conducted at the conclusion of the large-scale epidemic prevention and control, ensuring that the participants had already gained online education and learning experience. The sample included students from primary schools, junior high schools, and high schools, representing a diverse range of school types, including private, public, and international overseas schools, thus exhibiting characteristics of sample diversity. To mitigate the perspective limitation caused by technical constraints, the questionnaires were distributed and filled out uniformly by students in the school computer room during their information classes.



4.1.2. Participants

The research participants included students from various types of schools: public, private, and international overseas schools. The surveyed schools encompassed elementary, junior high, and high school levels, excluding students in grades 1–3 due to their cognitive abilities. Data cleaning involved assessing the validity of questionnaires based on response times and answer similarities. In total, this survey included 1,625 valid student questionnaires from 132 classes. The participants consisted of 517 (31.8%) public school students, 888 (54.7%) private school students, and 220 (13.5%) international school students. Among them, there were 735 male students (45.2%) and 890 female students (54.8%). The sample included 791 primary school students (48.7%), 445 junior high school students (27.4%), and 389 senior high school students (23.9%).




4.2. Instruments


4.2.1. Learning outcomes: academic achievement

This study measures student learning outcomes using their academic performance in Chinese, Mathematics, and English final exams, such as “Online learning at home made my Chinese performance regress.” A seven-point Likert scale questionnaire with reverse scoring is used to assess students’ perceptions of online education’s impact on their academic performance. SPSS 26.0 is utilized for factor analysis, employing the principal axis factorization method and optimal oblique rotation (kappa = 4). The obtained KMO value is 0.734, and Bartlett’s spherical test is significant. The scale demonstrates a high level of internal consistency reliability with a Cronbach’s α coefficient of 0.866. The academic performance variables are evaluated as saturated models without RMSEA, CFI, TLI, and SRMR values.



4.2.2. Learning participation: online learning engagement

This study assesses students’ Learning Participation using Guo’s (2018) “Students’ Online Learning Engagement Scale” comprising three dimensions: behavioral investment, cognitive investment, and emotional investment. The scale consists of 19 items rated on a Likert seven-point scale, such as “I consistently attend online courses on time,” “I maintain a positive attitude even when facing learning difficulties,” and “I feel a strong sense of accomplishment during online learning.” SPSS 26.0 is used for exploratory factor analysis, and AMOS 24.0 is used for confirmatory factor analysis. The scale demonstrates good reliability (Cronbach’s α = 0.947) and validity (χ2/df = 10.271, RMSEA = 0.076, CFI = 0.934, TLI = 0.924, SRMR = 0.0376).



4.2.3. Personal characteristic: the Big Five

This study assesses personal characteristics using a measurement scale adapted from Meng et al.’s (2021) “Big Five Personality Scale.” Items include statements such as “I can easily make new friends in my daily study and life,” “I prepare well in advance for my studies,” “I remain calm when faced with study pressure,” “I have a rich imagination in my daily study and life,” and “I show concern when others encounter problems in their daily study and life.” The questionnaire uses a seven-point Likert scale, with 1 indicating “completely disagree” and 7 indicating “completely agree.” Higher scores indicate a higher level of personality fit. SPSS 26.0 is used for exploratory factor analysis, and AMOS 24.0 is used for confirmatory factor analysis. The scale demonstrates good reliability (Cronbach’s α = 0.901) and validity (χ2/df = 6.180, RMSEA = 0.056, CFI = 0.946, TLI = 0.937, SRMR = 0.0453).



4.2.4. Family environment: family involvement

In this study, student family involvement represents the influence of the family environment on students. The measurement scale is adapted from Wu and Yao’s (2013) “Parents’ Engagement Scale.” It includes four dimensions: home-school communication, home tutoring, participation in decision-making, and life care. The scale consists of 25 items that assess various aspects of family involvement in online education, such as parental consultation with teachers, homework supervision, monitoring academic progress, and providing a reliable internet connection for online learning. The questionnaire employs a seven-point Likert scale. Exploratory factor analysis and confirmatory factor analysis were conducted to establish reliability and validity. The results indicate good reliability (Cronbach’s α coefficient = 0.924) and validity (structural validity indices: χ2/df = 9.798, RMSEA = 0.074, CFI = 0.890, TLI = 0.878, SRMR = 0.0618), reaching an acceptable level.



4.2.5. School environment: school support

This study examines school support as a representation of the school environment’s impact on students. The measurement scale, developed through focus group deduction, assesses various aspects such as network platform usage, school management and services, teacher teaching, and learning task arrangement. The questionnaire employs a Likert seven-point scoring method. Exploratory factor analysis, using the principal axis factorization method and optimal oblique rotation (kappa = 4), was conducted to establish reliability and validity. The results demonstrate good reliability and validity, as evidenced by the Cronbach’s α coefficient (0.944) and confirmatory factor analysis (χ2/df = 6.563, RMSEA = 0.059, CFI = 0.994, TLI = 0.990, SRMR = 0.0112).




4.3. Data analysis

This study utilizes SPSS 26.0 and AMOS 24.0 for data analysis, employing structural equation modeling to examine the impact mechanism of online learning outcomes. Additionally, the Bootstrap regression path analysis method is employed to test the significance of the model’s mediating effects.




5. Results


5.1. Descriptive statistics

The descriptive statistics, including the mean, standard deviation, and correlation coefficient, of the main variables in this study are presented in Table 1. The five main variables, namely academic achievement, school support, family involvement, the Big Five, and online learning engagement exhibit positive correlations with each other, aligning with the expectations of this study and providing initial support for the research hypothesis.



TABLE 1 Mean, standard deviation and correlation coefficients.
[image: Table1]



5.2. Common method variance

In this study, the Harman single-factor test was employed to assess common method bias (Fuller et al., 2016). Exploratory factor analysis was conducted on all measurement items related to the variables in the model, using principal component analysis without rotation. The first factor explained 29.080% of the total variance, which is below the 40% threshold, indicating that the issue of common method variance is not significant (Xiong et al., 2012).

To further examine the common method bias problem, confirmatory factor analysis was conducted. The model fit indices for this study were less than ideal: χ2/df =17.123, RMSEA = 0.100, CFI = 0.478, SRMR = 0.096, NFI = 0.464, TLI = 0.463. These results suggest that there is no substantial common method bias in the data of this study (Malhotra et al., 2006).



5.3. Question 1: the SEM model of the online learning ecosystem

To address research question 1, which investigates the interaction between environmental factors, personal characteristics, learning participation, and students’ learning outcomes in the context of online learning, this study constructs an online learning ecosystem mechanism and presents a structural equation model. The model is illustrated in Figure 3.

[image: Figure 3]

FIGURE 3
 The SEM model of online learning ecosystem. *p < 0.05; **p < 0.01; ***p < 0.001.


The structural equation modeling (SEM) analysis of the online education ecosystem yielded favorable model fit indices: χ2/df = 4.019, RMSEA = 0.043, CFI = 0.898, SRMR = 0.0902, PNFI = 0.837, TLI = 0.894. The results show a good fit of the model to the data. Table 2 presents the path relationships between variables, confirming the consistency between the assumed theoretical paths and the actual measurement data. The structural model construction and assumptions are ideal, supporting the online learning ecosystem model as a strong theoretical hypothesis model.



TABLE 2 The adaptation results of the online learning ecosystem model.
[image: Table2]

The standardized regression path coefficients of the model are presented in Table 3. Through the joint significance test, it is observed that the coefficients for H2 (the influence of the Big Five on academic achievement), H4 (the influence of family involvement on academic achievement), and H7 (the influence of school support on academic achievement) are not significant. Thus, the assumptions H2, H4, and H7 are not supported by the data. In this study, the mediation effects were tested and analyzed using the Bootstrap method, with 3,000 repeated samples conducted at a 95% confidence interval. The results of the mediation effect test are presented in Table 4. The hypotheses H1, H3, H5, H6, H8, and H9 were supported, confirming the consistency of the model test results with the theoretical framework established in this study.



TABLE 3 The path test of the online learning ecosystem model.
[image: Table3]



TABLE 4 The bootstrap test of the mediation effect.
[image: Table4]

The study revealed that family Involvement accounted for 50.45% of the total effect, with 42.08% attributed to the indirect pathway of “Family Involvement → The Big Five → Online Learning Engagement → Academic Achievement,” representing 83.41% of the overall effect of family involvement. These findings highlight the significant relationship between family involvement with the Big Five and students’ academic achievement.

Furthermore, school support accounted for 49.55% of the total effect, with 29.64% arising from the pathway of “School Support → The Big Five → Online Learning Engagement → Academic Achievement,” accounting for 60.27% of the effect. Additionally, 19.68% of the effect was attributed to “School Support→ Online Learning Engagement → Academic Achievement,” accounting for 39.73%. These results demonstrate the close association between school support with the Big Five, online learning engagement, and student’s academic achievement.



5.4. Question 2: mechanisms of different individual forms and learning participation factors in the online learning ecosystem


5.4.1. School environment: school support

Since the Big Five plays a crucial mediating role in the relationship between family involvement and school support with students’ academic achievement, this study aims to explore the specific mechanisms of action within this chain mediation effect. Given that the personality traits of different dimensions are subsets of the Big Five, the mediating role of the general concept of the Big Five in the online learning ecosystem can be extrapolated to the personality traits of each dimension. Consequently, this study will exclude the insignificant path effects from the existing online learning ecosystem model, independently examine the five specific personalities within the Big Five, and establish a structural equation model, as depicted in Figure 4.

[image: Figure 4]

FIGURE 4
 The SEM model of the Big Five in different dimensions.


The SEM fitting indices for the interaction of the Big Five in different dimensions within the online learning ecosystem are as follows: χ2/df =4.269, RMSEA = 0.045, CFI = 0.890, SRMR = 0.0961, PNFI = 0.828, TLI = 0.885. These indices indicate a good fit between the model and the data, as shown in Table 5. The model demonstrates that the assumed path relationships align well with the measured data, confirming the soundness of the structural model and its underlying assumptions. Therefore, this model serves as a solid theoretical foundation for the study.



TABLE 5 The model fitting results of the Big Five in different dimensions.
[image: Table5]

The standardized regression path coefficients of the model are presented in Table 6. Through the joint significance test, it is observed that the hypothesis test coefficient of H3e (indicating that extraversion in the Big Five personality contributes to online learning engagement) is negative. This finding contradicts the original hypothesis, suggesting that hypothesis H3e is not established.



TABLE 6 The path test of the Big Five in different dimensions.
[image: Table6]

In this study, the same Bootstrap procedure as described above was employed to test and analyze the mediating effect, and the specific results are presented in Table 7.



TABLE 7 The bootstrap test of the mediation effect.
[image: Table7]

The study found that the effects of agreeableness, emotional stability, openness, and responsibility in the chain mediation of family investment and the specific personality traits of the Big Five increased sequentially.

Similarly, in the chain mediation of school investment and the Big Five personality traits, the effects of agreeableness, emotional stability, openness, and responsibility also increased sequentially.



5.4.2. Different forms of online learning engagement

In the context of online learning, school support plays a crucial role in influencing students’ academic achievement through its mediation effect on online learning input. This study aims to examine the specific mechanism of different dimensions of online learning engagement in this chain mediation effect. As various forms of learning engagement are subsets of online learning engagement, the mediating role of the general concept of online learning engagement in the online learning ecosystem can be applied to each form of learning engagement. Thus, insignificant path effects are omitted in the existing online learning ecosystem model, and a separate structural equation model is developed to represent the three methods of online learning engagement, as depicted in Figure 5.

[image: Figure 5]

FIGURE 5
 The SEM model of Online Learning Engagement in different dimensions.


The SEM model for the interaction of different forms of online learning engagement in the online learning ecosystem demonstrates favorable model fit indices: χ2/df =4.042, RMSEA = 0.043, CFI = 0.897, SRMR = 0.0904, PNFI = 0.836, TLI = 0.893. Table 8 provides detailed information on the model fit results. The findings indicate that the assumed path relationship aligns well with the measured data, confirming the appropriateness of the structural model construction and assumptions. Thus, the model for the interaction of different forms of online learning engagement in the online learning ecosystem aligns with sound theoretical assumptions.



TABLE 8 The model-fitting results of different Online Learning Engagement form.
[image: Table8]

The results of the standardized regression path coefficients of the model are presented in Table 9. Based on the joint significance test, it was found that the hypothesis test coefficient of H1c (cognitive engagement in online learning engagement is beneficial to academic achievement) is not statistically significant, indicating that hypothesis H1c is not supported by the data.



TABLE 9 The path test of Online Learning Engagement in different dimensions.
[image: Table9]

In this study, the mediation effects were tested and analyzed using the Bootstrap method, with 3,000 repeated samples conducted at a 90% confidence interval, and the specific results are presented in Table 10.



TABLE 10 The bootstrap test of the mediation effect.
[image: Table10]

The study revealed that in the chain mediation effect of school support and different forms of online learning engagement on academic achievement, the proportion of behavioral engagement and emotional engagement effect increased sequentially. Specifically, 32.50% of the effect can be attributed to the intermediary path of “School Support → Behavioral Engagement → Academic Achievement,” while 67.50% of the effect can be attributed to the intermediary path of “School Support→ Emotional Engagement → Academic Achievement.”





6. Discussion

Our investigation, rooted in ecosystem theory, has yielded significant insights into the intricate web of factors influencing learning outcomes in K-12 online education. By aligning our findings with the tenets of the theoretical framework and existing literature, we can unravel the nuanced dynamics at play.


6.1. Direct and indirect influences on learning outcomes

As proposed by our model, learning outcomes in the online learning ecosystem are shaped by direct and indirect influences. Online learning engagement emerges as a potent direct predictor of learning outcomes. This underscores the pivotal role of active participation and engagement in maintaining students’ enthusiasm and commitment within the flexible realm of online education. In contrast to the traditional classroom environment, the online learning setting is distinctive, offering greater freedom and enhanced flexibility. As a result, students participating in online learning need to possess heightened self-management and self-control abilities (Wang et al., 2013), a contention further substantiated by the findings of our study.

Furthermore, our findings highlight the intricate indirect pathways through which individual characteristics and environmental factors influence learning outcomes. The Big Five personality traits and living environment exert their impact not through direct channels, but via the mediating role of “online learning participation engagement.” This resonates with the personalized nature of online learning, which values individual differences and caters to specific student needs (Theobald et al., 2018; Costa et al., 2020).

In the investigation of both direct and indirect factors influencing learning outcomes in online education, the perspective of ecosystem theory (Bronfenbrenner and Morris, 2007) offers a comprehensive multidimensional lens for our research. By integrating individual and environmental factors into an integrated framework guided by this theory, we unveil the intricate interplay among these diverse dimensions. While various previous studies have delved into influencing factors, many have primarily focused on single-dimensional exploration rather than embracing a multi-dimensional approach. The outcomes yielded by our model not only confirm the existence of the multidimensional framework we constructed, but also validate the applicability of ecosystem theory within the domain of online education.



6.2. Family and school environments

In our study, the examination of family and school environments offers novel insights into the dual influences shaping students’ learning outcomes in the online realm. Our findings demonstrate that both the family environment and the school environment have similar effects on students’ learning outcomes during online learning. Remarkably, the influence of the home environment on learning outcomes even marginally surpasses that of the school environment. This phenomenon may stem from the fact that in traditional educational settings, schools often leverage tangible resources such as infrastructure (Alexander and Eckland, 1977), human capital in the form of teachers (Aaronson et al., 2007), and peer effects (Rumberger and Palardy, 2005). These mechanisms synergistically contribute to students’ educational attainment. However, the distinct learning approach of home-based online education underscores the significance of electronic resources, necessitates the adaptation of teachers from offline to online modes, reduces face-to-face interactions, and thereby transforms the traditional dynamics of school education. Consequently, the potency of family-related factors in influencing children’s learning and overall growth is amplified. This outcome aligns with the conclusions drawn by Liu et al. (2022) that parents possess a pivotal role in their children’s online learning journey. Moreover, this finding concurs with the research outcomes of Tao and Xu (2022), who underscore that students often require the combined support of teachers and parents to navigate the self-regulation process inherent to online learning.



6.3. The role of Big Five personality traits

The nuanced relationship between the Big Five personality traits and learning outcomes offers intriguing insights. This study examined the mediating effect of each dimension of the Big Five personality traits and identified conscientiousness, openness, and emotional stability as having a primarily significant positive impact on the established online learning ecosystem model. These findings show slight deviations from research outcomes in traditional education (Poropat, 2009), where conscientiousness, openness, and agreeableness were identified to exert significant positive effects on learning outcomes within conventional school environments. In contrast, our study reveals that the impact mechanism of online education learning outcomes places an emphasis on emotional stability. In fact, emotional stability has been confirmed to play a crucial role in online education (Ninggal et al., 2020). In comparison to the conventional learning setting, the heightened flexibility of the online learning process introduces additional challenges for students’ learning. Participants engaged in online learning are required to adeptly manage stress, and those possessing high emotional stability are more likely to maintain a composed emotional state, thus enhancing their stress management abilities (Gagani et al., 2021).



6.4. Emotional engagement in online learning

Our findings underscore the substantial role played by emotional engagement within the online learning ecosystem. This prominence can be attributed to the virtualized learning environment that students encounter in the realm of online education. In stark contrast to traditional education, the avenues for face-to-face communication and interaction are constrained in online learning, thereby accentuating the pivotal role of emotional engagement for students. This finding aligns with the research findings of Yu et al. (2020), who demonstrated that by mediating the dynamics among student-teacher interaction, student-content interaction, and sustained learning commitment within the online learning environment, emotional engagement emerges as a critical factor in facilitating effective student engagement. Therefore, schools can enhance students’ emotional engagement by fostering their learning enthusiasm, stimulating their interest in learning, and creating a positive learning atmosphere, ultimately leading to improved learning outcomes (Zhen et al., 2017).

In conclusion, our study not only contributes empirical insights but also aligns these findings with the ecosystem theory and existing literature. The interplay between direct and indirect influences, the impacts of family and school environments, the role of personality traits, and the significance of emotional engagement collectively underscore the intricate dynamics that govern learning outcomes in the evolving landscape of K-12 online education.




7. Contributions and implications


7.1. Theoretical contributions

The study unfolds several noteworthy theoretical contributions that emanate directly from the insights garnered through rigorous analysis of the data. These contributions are as follows:


7.1.1. Bridging the gap in K-12 online learning research

This study holds paramount significance as the first systematic exploration into the impact mechanism of K-12 online learning. The prevailing discourse on online learning predominantly centers around higher education, inadvertently sidelining the pivotal role of K-12 students in the post-epidemic era. Our research rectifies this oversight by delving into the impact dynamics specifically within the K-12 context, offering insights that are inherently relevant to the core of online learning’s evolution. To some extent, our exploration, which might not be categorized strictly as a theoretical contribution, serves as a crucial foundation for understanding the dynamics involved in K-12 online education.



7.1.2. Developing a holistic conceptual model based on ecosystem theory

This study employs the ecosystem theory to comprehensively scrutinize the impact mechanisms of learning outcomes in online education. Unlike conventional studies that often focus on singular factors within specific categories, our model, constructed on the foundation of ecosystem theory, seamlessly integrates the learning process, personal characteristics, and environmental factors. This comprehensive approach addresses a gap in the understanding of impact mechanisms on learning outcomes in online education. Crucially, the empirical validation of this framework reinforces its potency in explicating learning outcomes within the K-12 online learning milieu. It is important to underscore that our model represents one plausible interpretation, and we acknowledge the potential for other researchers to propose new and refined models in the future. The value of our model lies not only in its current application but also in its potential to inspire further advancements in the exploration of online learning outcomes.



7.1.3. Offering novel insights into learning outcome mechanism

Our investigation into the relationship between individual factors, learning participation process factors, and environmental factors has provided insights into a previously unknown mechanism of K-12 students’ learning outcomes in the context of online learning. On one hand, our study builds upon existing qualitative research by quantitatively analyzing the combined effects of the family and school environments, demonstrating that they have almost equal impacts on online academic achievement. On the other hand, our findings highlight the disparities between traditional offline learning and online learning. Specifically, conscientiousness, openness, and emotional stability among Big Five Personality traits significantly and positively influence the established online learning ecosystem model, while emotional engagement from school support in online learning has the most significant impact.

In essence, our theoretical contributions are firmly rooted in the empirically-derived insights that our study provides. By bridging the gap in K-12 online learning research, proposing a comprehensive framework, and revealing the nuances of learning outcome mechanisms, our study enriches the theoretical landscape. Importantly, our model is a stepping stone, inviting further exploration by future researchers.




7.2. Practical implications

This study offers valuable strategic guidance to families and schools in navigating future learning scenarios characterized by uncertain combinations of on-campus learning, online learning, and blended learning.

Family involvement in these variables should prioritize the cultivation of their children’s responsible and open personality traits. In the context of online learning, family involvement primarily influences students’ academic achievement through two intermediary pathways: their responsibility and openness personality traits. It is important to note that children’s personality traits are closely linked to the nurturing behavior of parents (Muris, 2006). When the family support environment remains stable, individual personality traits tend to remain stable as well. However, in the face of changing environments, personality traits have the tendency to shift in the same direction (Branje et al., 2004). Therefore, establishing a family environment that fosters the development of responsible and open personality traits becomes an effective approach to harnessing the influence of the family context on learning outcomes.

When schools support online learning, it is essential for them to enhance the quality of teachers and prioritize emotional education. Within the context of online learning, the influence of school investment on academic achievement is closely associated with two mediating paths: students’ responsibility and openness personality traits, as well as students’ emotional engagement. Teachers play a significant role in shaping students’ personalities (Ulug et al., 2011). Therefore, schools should prioritize the training and professional development of teachers. Some key areas of training include online learning tools, teaching strategies, and student psychological and emotional support. This will enable teachers to effectively guide students’ personal growth and enhance academic achievement. Additionally, schools should focus on fostering students’ emotional engagement. This can be achieved through encouraging innovative teaching methods, creating a positive learning environment, and providing opportunities for students to experience positive emotions while learning and socializing. By doing so, schools can effectively stimulate students’ enthusiasm and passion for learning.



7.3. Limitations and future directions

First and foremost, it is important to note that the results of this study are solely derived from a self-reported questionnaire survey completed by students. Consequently, there may exist a self-leniency tendency that could impact the determination of causal relationships. Therefore, future research endeavors should aim to incorporate non-self-reported data and collect information from multiple sources to measure the same variables. This approach would allow for a comprehensive examination by combining subjective and objective data, thereby enhancing the effectiveness of the questionnaire method and achieving a more robust analysis of the research subject.

Secondly, it is important to note that this study conducted a questionnaire survey in April 2023 to investigate the academic impact of online learning in December 2022. Although the final exam for the fall semester of 2022 was rescheduled to the spring of 2023, the survey was conducted immediately after the release of the exam results. However, it is worth considering that there was a Spring Festival holiday between the final exam and online learning, and it cannot be ruled out the possibility that students’ learning behavior during the holiday may have influenced the research findings. Therefore, future research in the field of online education for basic education should take measures to eliminate the potential interference of this factor and strive to maintain the continuity of online learning and learning assessment.

Finally, it is crucial to acknowledge the limitations of this study in terms of research design. Because the sample of this study includes elementary school students, junior high school students, and high school students from different types of schools, the research results do possess a certain degree of representativeness and wide applicability. However, due to the limited space of the article, the focus remains on analyzing the impact mechanism of online education on learning outcomes. As a result, a specific comparative analysis across school stages and types was not conducted. The school stage and type may impact online learning adaptability, learning habits, and outcomes. Differences in the learning environment and motivation across school stages and types may influence students’ learning outcomes. In the future, it would be beneficial to conduct further studies to explore these differences in more detail.
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Retrieval practice can enhance learning but is rarely used in self-regulated learning. Although explicit retrieval practice guidance (RPG)—which helps students use retrieval correctly—can improve learning outcomes, however, task difficulty and differences in academic self-efficacy (ASE) may influence retrieval practice decisions and learning performance, which were not considered in previous researches. The purpose of this study was to explore whether RPG produces different effects due to task difficulty and ASE. In Experiment 1, participants studied tasks with varying difficulty levels, some of which were guided. Results showed that RPG could enhance learning through increased retrieval practice, and participants engaged in more retrieval for difficult tasks. In Experiment 2, participants with different degrees of ASE learned tasks under guidance. Participants with high ASE persisted better on different tasks. Hence, task difficulty can affect retrieval practice decisions, and ASE increases persistence in retrieval practice. The implications of the findings for students’ use of RPG are discussed in this article.
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1. Introduction

The effectiveness of retrieval-based learning has been confirmed by numerous studies (Adesope et al., 2017; McDermott, 2021). When learning has reached a certain level, retrieval practice can promote learning better than more elaborate strategies such as concept-mapping or learning-by-teaching (Karpicke and Bauernschmidt, 2011; Koh et al., 2018), and long-term retention is aided by frequent retrieval during learning (Rawson and Dunlosky, 2011; Vaughn and Rawson, 2011).

However, learners use self-tests primarily to assess their mastery of knowledge rather than to improve their memory (Kornell and Bjork, 2007). People may experience frustration due to the effort of retrieval (Bjork et al., 2013), and are unlikely to discover the direct effectiveness of retrieval practice through their own experiences (Tullis et al., 2013), which often cause learners to avoid retrieval practice and to prefer re-reading on memory tasks (Carpenter et al., 2020; Tullis and Maddox, 2020). Given a lack of metacognitive knowledge, explicit learning strategy guidance may be warranted (Dignath and Veenman, 2021). While interventions have all yielded mixed results. Ariel and Karpicke (2018) provided college students with instructions for retrieval practice, informing them of the advantages of retrieval strategies and how to use them correctly to increase their frequency of use in the learning process. The results showed that students under guidance practiced retrieval significantly more than the control group and were less likely to stop learning after their correct retrieval, they also outperformed the control group on a cued-recall test. The hopeful results encouraged some researchers that are interested in finding out whether these effects could be generalized in an authentic education environment. However, the intervention had no positive effects on self-regulated use of retrieval practice (except for transfer session) and test performance (Broeren et al., 2021), which was the same with another intervention occur in the context of courses (Rodriguez et al., 2021). While some interventions showed that participants reported they had enhanced knowledge of the effective learning strategies and increased the use of practice testing (Biwer et al., 2020; McCabe et al., 2021), but there was still a gap between knowledge and actual use (Biwer et al., 2020). Therefore, some researchers separated the intention to use retrieval practice from its actual use, provided students procedural metacognitive knowledge (that retrieval practice can be implemented flexibly in various formats) and reduced participants’ perceived cost, compared to only declarative metacognitive knowledge, there were also no effects of their intervention on reported use of retrieval practice in the long term (Wang et al., 2023). Broeren et al. (2023) provided students either strategy instructions on retrieval practice (RP condition), strategy instructions and metacognitive email support (RP++) or no support (control), results showed a small but significant effect on retrieval practice use for the RP++ condition as compared to control, no significant differences were found between RP++ and RP.

Until now there is limited evidence to show what affects students’ retrieval practice decisions under guidance. We have to acknowledge that the effect of interventions could be influenced by environment(online, classroom or lab-experiment), we also notice that the materials in these interventions are different in difficulty, like word-pair, key concept etc. However, previous researches did not consider the aspect of task difficulty; it remains unknown whether retrieval practice decisions would be influenced by task difficulty. Since easy concepts/ideas often require fewer successful retrieval practice trials than difficult concepts/ideas to attain similar retention advantages, researchers assumed that students would engage in more retrieval practice for subjectively harder materials than for subjectively easier materials (Vaughn et al., 2013). A few studies presented participants with items of varying levels of difficulty and found that participants were inclined to choose testing more often for easier items and tended to re-study difficult items more often (Karpicke et al., 2009; Toppino et al., 2018; Tullis et al., 2018). This may be because learners feel more confident in retrieving easy items and avoid retrieving difficult items that could lead to failure. Hence, retrieval practice guidance (RPG) and the level of task difficulty may simultaneously impact the learning effect. Based on the positive influence of retrieval practice strategies on learning, it is necessary to carry out research to understand and increase students’ use of retrieval practice strategies on tasks with different levels of difficulty. In view of this, Experiment 1 addressed the impact of task difficulty on the effect of RPG. Additionally, one potential limitation of previous interventions is that learning strategy use was measured by self-report only, which have been questioned that could not know the actual use of participants when they are studying, due to potential demand characteristics. And one of them was lack the baseline group without intervention. It seems that a learning-strategies-only intervention (only declarative metacognitive knowledge) about retrieval practice make no differences with conditions (i.e., additional procedural metacognitive knowledge, RP++, a learning-strategies-plus-behavior-change intervention) that aimed to behavior change of participants, which may because the conditions caused high cognitive load. In view of this, we utilized behavioral measures and set a no-intervention control group, experiment 1 addressed the impact of task difficulty on the effect of RPG, the guidance was based on the instructions from Ariel and Karpicke’s experiment.

Moreover, during the self-regulated learning (SRL) process, metacognitive strategies interact with motivational and cognitive processes (Boekaerts, 1999). After providing learners with repeated retrieval guidance at the metacognitive level, whether they decide to adopt the cognitive strategy of repeated retrieval depends on their motivation to a certain extent. Dunlosky and Rawson (2015) asserted that participants may become less engaged over time, motivation for repeated retrieval may decline, and students with different beliefs and orientations may act differently in terms of persistence. By affecting the initiation and persistence of learning activities, motivational processes including self-efficacy and goal setting contribute to SRL (Efklides, 2011).

According to social cognitive theory, people’s decision-making, perseverance, and attitudes toward challenges are all influenced by their level of self-efficacy. Students with high academic self-efficacy (ASE) have greater task persistence than students with low ASE (Pajares, 2002). As a specific application of self-efficacy in the learning field, ASE can significantly predict learning engagement (Lin and Xuji, 2020). So far, no research directly exploring whether and how retrieval practice decisions can be influenced by learners’ academic self-efficacy. Recent studies have examined the connection between retrieval practice and self-efficacy. The findings show that, in comparison to neutral feedback, negative feedback diminishes self-efficacy, which in turn results in worse memory performance. Reduced self-efficacy results in less perseverance (e.g., decreased memory search), which causes poor learning outcomes (Frankenstein et al., 2022). Wang et al. (2023) measured self-efficacy ratings of using retrieval practice in their own studying after interventions, and found that reported intention to use was positively predicted by students’ self-efficacy for engaging in retrieval practice in the short term, but the intervention did not increase the self-efficacy or reduce perceived cost in the long term. One issue is that the study did not conduct a pretest of participants’ self-efficacy, so we cannot directly compare changes within the group, nor understand the stable self-efficacy (e.g., ASE) of participants themselves. There were participants with different levels of self-efficacy, that short term metacognitive interventions may not be sufficient to change in the long term. Thus, it is pertinent to explore whether ASE would affect decision-making about retrieval during SRL. Retrieval practice is considered a desirable kind of difficulty (Bjork et al., 2013) as it informs learners while they retrieve information at least three times; this is different from the usual “one-and-done” method whereby students cease studying content after only briefly recalling it once. Retrieval practice requires higher motivation, confidence, and energy. In addition, the challenge of retrieval varies for tasks with different degrees of difficulty. For word pairs with higher associated strength, the availability of the target word is stronger; for word pairs with lower association, more effort is required, and retrieval failure is more likely to occur. In the context of providing guidance, it is unclear whether learners with different levels of ASE would act differently when performing tasks with different levels of difficulty. The answer to this question relates to the prediction that students are more likely to use a self-testing strategy when RPG is applied to the classroom. Based on this, in Experiment 2, we further investigated whether guidance applies to individuals with different levels of ASE.

We aimed to explore whether RPG can significantly increase learners’ use of self-testing and whether the difficulty of the task would influence the guidance effect, as well as to better understand whether learners with different levels of ASE would display differences in learning under the guidance provided. The findings provide evidence for educators about how to guide students to use retrieval practice more effectively while taking into account the role of individual differences in ASE and laying a foundation for developing unique interventions for different students.



2. Experiment 1


2.1. Method


2.1.1. Participants

The sample comprised 60 undergraduates with a mean age of 20.82 years (SD = 1.41, range = 18–24 years). After completing the experiment, the participants received a small gift as a reward.



2.1.2. Design

The experiment involved a 2 × 3 mixed design with RPG (guidance vs. no guidance) and task difficulty (easy, medium, difficult). We manipulated the guidance between participants; half studied under guidance, whereas the other half did not. Additionally, we manipulated task difficulty among the participants, all of whom learned tasks with different degrees of difficulty. The participants were randomly assigned to the experimental groups.



2.1.3. Materials

A total of 45-word pairs were used. The specific selection process was as follows: We chose 100 pairs of neutral words (word frequency: 0.89–0.30%) from the Modern Chinese Frequency Dictionary and randomly selected 74 college students (not participating in the formal experiment) to rate the materials. The participants evaluated the association of each word pair using a 7-point scale. We identified three groups of related words and performed a one-way analysis of variance (ANOVA) for the association of word pairs. The associations between the three groups were significantly different [F(2,72) = 482.529, p < 0.000].



2.1.4. Procedure

The experimental materials were randomly presented on a computer, which the participants were told to operate according to the instructions. The group under RPG received guidance translated from the research used in Ariel and Karpicke (2018). RPG informs students through picture and text that the mnemonic benefits of retrieval practice over restudy, and how to use retrieval practice in self-regulated learning to maximize their performance, that is, each word pair should be correctly recalled three times. The control group did not receive guidance; the participants in this group were only asked to remember the words they had learned as much as possible during the final recall test. At the beginning of the experiment, a white gaze signal, +, was displayed in the center of the screen for 1 s; then, 45 pairs of related words were presented at a rate of 8 s per word. After the word pair disappeared, the participants could choose to take a retrieval, reread, or drop items that they would not practice any more by pressing a button. The learning phase was entered until all word pairs were presented. If the participants chose to re-study an item, the word pair would be displayed for 8 s. If they chose to retrieve, they would only be shown clue words; participants were required to write the target words (6 s) on paper and to review the feedback for 2 s. They would not learn the word pair in the learning phase if they chose to abandon an item. All word pairs were presented in a random order for each trial. In this phase, participants could also choose the method of learning word pairs in the next trial until all word pairs were dropped and the learning phase ended. Participants then needed to watch a 15-min video before taking the final recall test; the video was irrelevant to the memory task and was designed to serve as a distraction. In the final test, the cue words were displayed and participants were asked to recall the target words within an unlimited time frame.




2.2. Results


2.2.1. Number of retrieval attempts during learning

Table 1 portrays the number of retrieval practice attempts for each group of items during the learning phase. A repeated measures ANOVA with the factors of RPG (guidance vs. no guidance) and task difficulty (easy, medium, difficult) revealed significant main effects of RPG, F(1,57) = 37.06, p < 0.05, ηp2 = 0.39. Participants under guidance chose to test themselves more than participants who received no guidance. We also found a main effect of task difficulty, F(1,57) = 7.23, p < 0.05, ηp2 = 0.11; the number of retrievals under the medium and difficult conditions were significantly greater than the number of retrievals for simple tasks, while the differences in retrievals for medium versus difficult conditions were not significantly different. No interactions were reliable [F(1,57) = 0.11, p > 0.05, ηp2 = 0.002].



TABLE 1 The number of retrieval practice attempts as a function of retrieval practice guidance and task difficulty.
[image: Table1]



2.2.2. Final recall rates

Table 2 depicts the final correct recall rates under different states of RPG (guidance vs. no guidance) and levels of task difficulty. We conducted a repeated measures ANOVA on the final recall data with the factors of RPG (guidance vs. no guidance) and task difficulty (easy, medium, difficult). RPG had a significant main effect on final recall, F(1,57) = 13.32, p < 0.05, ηp2 = 0.19; the group under guidance recalled significantly more target words than the control group. We also found a main effect of task difficulty, F(1,57) = 15.42, p < 0.05, ηp2 = 0.21; the correct recall rate of the easy task was significantly higher than that of the medium and difficult tasks, and the correct recall rate of the medium task was significantly higher than that of the difficult task. We detected no interaction [F(1,57) = 1.98, p > 0.05, ηp2 = 0.03].



TABLE 2 The final correct recall rates as a function of retrieval practice guidance and task difficulty.
[image: Table2]

Consistent with the results found in the original study by Ariel and Karpicke (2018). In brief, the results of Experiment 1 indicated that retrieval practice instructions effectively increased participants’ use of retrieval and boosted their learning performance, which is in line with the intention of the tactics. Simultaneously, task difficulty affected the learners’ retrieval decisions. Specifically, they tended to retrieve more during the medium and difficult tasks, but their learning effect was worse than during the easy task.

To further predict the use of retrieval practice by learners with different levels of ASE under guidance conditions, in Experiment 2, we investigated the learning situation of individuals with different levels of ASE on tasks with different degrees of difficulty.





3. Experiment 2


3.1. Method


3.1.1. Participants

Sixty undergraduates participated in Experiment 2; their mean age was 21.15 years (SD = 1.44, range = 18–24 years), and none of them had participated in Experiment 1. After completing the experiment, they received a small gift as a reward.



3.1.2. Design

Experiment 2 involved a 2 × 3 mixed design, with the factors of ASE (high vs. low) and task difficulty (easy, medium, difficult). We manipulated ASE between the participants and task difficulty within the participants.



3.1.3. Materials

The 45-word pairs were the same as in Experiment 1. We introduced one difference in the materials and used an ASE questionnaire (Yusong, 2000). The questionnaire covered the relevant dimensions of the ASE questionnaire developed by Pintrich and De Groot (1990), which includes two dimensions: self-efficacy of learning ability (competence efficacy) and self-efficacy of learning behavior (behavioral efficacy). The questionnaire was validated for university students; the Cronbach’s α of the competence efficacy and behavioral efficacy subscales were 0.820 and 0.752, respectively. The questionnaire had a total of 22 items rated on a 7-point scale, with no reverse scoring: the higher the score was, the greater was the learner’s sense of ASE.



3.1.4. Procedure

Before the experiment, we randomly selected 200 college students to respond to the ASE questionnaire, which was administered online. After excluding invalid responses, we obtained a total of 185 valid responses. We added the scores of each item to obtain the total scores, which were then sorted in descending order. The top (bottom) 27% in terms of total scores were classified in the high (low) ASE group. The other procedures were the same as those used in Experiment 1.




3.2. Results


3.2.1. Number of retrieval attempts during learning

Table 3 outlines the number of retrieval attempts among participants with different levels of ASE for the tasks performed during the learning phase. We conducted a repeated measures ANOVA with the factors of ASE (high vs. low) and task difficulty (easy, medium, difficult). ASE had a significant main effect on the number of retrieval attempts [F(1,57) = 8.70, p < 0.05, ηp2 = 0.13] and task difficulty [F(1,57) = 20.60, p < 0.05, ηp2 = 0.26]. Participants with high ASE chose to self-test more than those with low ASE did, and the number of retrievals during the medium and difficult tasks was significantly greater than the number of retrievals for the easy task, while there were no significant differences between retrievals for medium and difficult tasks. ASE had no interaction with task difficulty [F(1,57) = 0.08, p > 0.05, ηp2 = 0.001].



TABLE 3 The number of retrieval practice attempts among participants with different levels of academic self-efficacy on tasks with different levels of difficulty.
[image: Table3]



3.2.2. Final recall rates

Table 4 displays the recall performance rates on the final test for participants with different levels of ASE. A repeated measures ANOVA on the final recall data revealed a significant main effect of ASE, F(1,57) = 5.87, p < 0.05, ηp2 = 0.09; the correct recall rate of participants with high ASE was significantly higher than that of participants with low ASE. The main effect of task difficulty was significant, F(1,57) = 4.75, p < 0.05, ηp2 = 0.08, and the correct recall rate of the easy task was significantly higher than that of the medium and difficult tasks, whereas there were no significant differences in the correct recall rates between medium and difficult tasks. We did not observe any interaction, F(1,57) = 0.53, p > 0.05, ηp2 = 0.009.



TABLE 4 The final correct recall rates of participants with different levels of academic self-efficacy on tasks with different levels of difficulty.
[image: Table4]

The results of Experiment 2 suggest that ASE has an impact on the effect of RPG. Compared to learners with low ASE, learners with high ASE tended to retrieve more items with varying levels of difficulty and recalled a greater proportion of items which is partially consistent with the viewpoint of Wang et al. (2023), that is to say, learners with high ASE not only had higher intension of retrieval practice, but also more actual use.





4. Discussion

We examined the effect of RPG on learning as well as the role of different levels of task difficulty and ASE. Three major findings emerged from the two experiments. First, RPG can significantly enhance students’ learning. Second, given sufficient time, learners tended to perform more retrievals on the difficult tasks than on easy ones. Third, under RPG, learners with high ASE engaged in more retrieval practice and had better recall performance. These outcomes signal that the RPG intervention may be more effective for learners with high ASE; however, at the same time, the impact of task difficulty on retrieval decisions should be considered. These results are consistent with the finding that retrieval practice intervention can improve SRL (Ariel and Karpicke, 2018). Indeed, compared to learners who did not receive additional guidance, the learners who received guidance were more likely to continue studying after successful retrieval. This was mainly because RPG might correct the learner’s understanding that “retrieval is a self-assessment tool” at the metacognitive level, and help them to realize that repeated retrieval can enhance memory retention.

Table 5 displays the number of retrieval practice attempts and final correct recall rates of all participants. Both experiments indicated that learners preferred to test themselves more on difficult tasks than on easy ones, which is inconsistent with previous research. The discrepancy-reduction model may explain this outcome (Thiede and Dunlosky, 1999; Son and Metcalfe, 2000). According to the model, when learners have sufficient time and opportunities for self-pacing, they will allocate more time to studying difficult tasks to optimize test performance. If we infer from the results of Experiment 1, from the perspective of materials, previous research used key concepts, which require more understanding rather than memorization, as they can be described using other vocabulary and are relatively simple in terms of difficulty, students rarely engage in precise repeated retrieval in their daily learning (Broeren et al., 2021, 2023).Furthermore, providing immediate feedback increases the likelihood that learners will choose to test themselves instead of repeatedly reading (Rivers, 2021). This is because feedback enables learners to self-assess their level of mastery. On the one hand, feedback affirms the learner’s correct recall; on the other hand, if the learner experiences mistaken recall, there is still a chance to recode. Hence, repeated retrieval with feedback can increase intrinsic motivation to continue studying, potentially by providing a person with the impression of learning progress and the experience of competence (Abel and Bäuml, 2020), can increase students’ decisions to use it (Carpenter, 2023). And it also points to the opportunity for more automated/reactive testing techniques to be used in instruction, online instruction, in particular. Furthermore, providing immediate feedback increases the likelihood that learners will choose to test themselves instead of repeatedly reading (Rivers, 2021). This is because feedback enables learners to self-assess their level of mastery. On the one hand, feedback affirms the learner’s correct recall; on the other hand, if the learner experiences mistaken recall, there is still a chance to recode. Hence, repeated retrieval with feedback can increase intrinsic motivation to continue studying, potentially by providing a person with the impression of learning progress and the experience of competence (Abel and Bäuml, 2020).



TABLE 5 The number of retrieval practice attempts and final correct recall rates of all participants.
[image: Table5]

Dating back to previous SRL research on retrieval practice, although learners chose their own learning strategies, there were restrictions on the learning time, such as only one learning opportunity, which made it difficult for learners to estimate the direct benefits of retrieval practice and the risk of retrieval failure, especially in the case of difficult tasks. Repeated reading can increase learners’ confidence in maintaining memory, making them more inclined to re-read (Toppino et al., 2018; Tullis et al., 2018). We did not design the present study to investigate the impact of learning time and feedback on decisions regarding retrieval practice. Future research should continue to explore whether differences in learning time and feedback in SRL will lead to different retrieval practice choices. Additionally, although the learners performed more retrieval on the difficult and medium tasks, their final correct recall rates were significantly lower than that in the case of the easy task. This finding is in line with other studies (Vaughn et al., 2013; Lima et al., 2020) and refers to the item difficulty effect, which means that in a multi-sequence learning paradigm, after individuals learn related word pairs, they recall the target words with the hint of clue words; when the difficulty of items is distinguished, learners will find that compared to difficult items, there is a greater RPG for easy items. In the present study, even if the learning time was increased for difficult items, the final recall rate of easy items remained higher than that of difficult items. This outcome does not support the retrieval effort hypothesis, according to which more effort is required for a difficult task. As such, a better final correct recall rate should be produced. Therefore, Vaughn et al. (2013) argued that it is challenging to generate an effective mediator directly to connect the target words with the cue words. This suggests that for difficult items, we need additional encoding strategies (e.g., encoding items into meaningful sentences or using homophonic methods) to achieve the desired level of mastery.

While direct guidance may help learners to leverage the advantages of multiple retrieval practice entirely, the current study indicates that individual differences in ASE levels would affect learners’ persistence in repeated retrieval for tasks, thereby influencing final recall performance and confirming social cognitive theory’s point of view. Some researchers maintain that the performance of memory retrieval leads to cognitive pressure, which was called desirable difficulty; when learners find the RPG to be not direct and immediate or the task to be too hard, they may lose their motivation to learn (Parker and Roessger, 2020). In the present study, repeated retrieval made the retrieval tasks more difficult, especially, learners may realize that even they retrieved difficult items multiple times, it was still difficult to remember, but learners with different levels of ASE may have different perceptions. Learners with high self-efficacy are more willing to regard learning tasks or difficulties as challenges and to actively react to them; hence, they have higher engagement (Bates and Khasawneh, 2007). In contrast, learners with low ASE are prone to self-doubt or become bored when facing obstacles, which reduces the persistence of repeated retrieval. As for the motivation mechanism, horizontal and vertical studies have suggested that expectations affect academic achievement, while subjective value largely impacts choice, effort, and persistence (Nagengast et al., 2011; Guo et al., 2015). Learners with high ASE have greater task value and academic expectations for themselves, believing that they will have a positive impact on results; they are thus more driven to make learning choices and to perform better (Doménech-Betoret et al., 2017), which is reflected in tasks with different levels of difficulty. By contrast, in the present study, even if the participants were told that repeated retrieval could effectively promote memory, because of their low subjective evaluation of their own learning ability and low task value, learners with low ASE did not think they had a positive influence on the learning outcomes; they were less likely to practice repeated retrieval and, hence, their final recall performance was relatively poor. And we need to further consider what are the core beliefs behind these ideas? Wang et al. (2023) believed that when participants endorsed the belief that “effort and difficulty are indispensable in learning”, they were more confident in using retrieval practice effectively. And the more they believed that “effort, failure, and difficulties are signals of impossibility”, the less confident they became. The former believe that one can learn from failure and continue to persevere without hesitation, which is called growth mindset. Learners of growth mindset may have more intrinsic motivation to learn how to learn, better understand their memory, and adopt at least one effective intervention strategy (McCabe et al., 2021). This indicates that for learners with low ASE, the metacognitive level of instruction is not enough to encourage them to use cognitive strategies efficiently; it is necessary to boost their sense of efficacy in completing learning tasks to promote effective learning like growth-mindset training prior to teaching students about learning strategies and behavior change.

Overall, the findings demonstrate that RPG can improve learners’ SRL for tasks with different levels of difficulty, especially for learners with high ASE. To our knowledge, this research is the first study to explore the influencing factors of RPG in a laboratory experiment, which not only replicated the Karpicke’s research, also enriched the study of SRL of retrieval practice. The study helped us to understand learners’ retrieval practice decisions to some extent from a cognitive psychology perspective, increased the predictability of the actual use of retrieval practice and the impact of individuals with different ASE on RPG from an educational psychology perspective. The results provide valuable insights into factors that hinder or promote use of retrieval, and provide some support and suggestions for educational practice.



5. Limitations

The present study has some limitations, which also offer some prospects for future research. First of all, this study did not conduct a long-term recall test after a week, it is still unknown whether the recall performance after seven days remains the same as the performance after 15 min. A seven day interval recall may be better than a 15 min interval recall to test the retrieval effort hypothesis, according to which, the result of the cued-recall test would be an advantage for difficult tasks. Another issue is that we did not conduct a transfer session after a week without RPG, we do not know whether the effect of guidance could last, which future research can explore.

Secondly, there was no subjective survey to obtain participants’ views after completing the experiment, such as how effective they thought the RPG was and what made them persist or not persist in retrieving more than three times, what they mean when they report time and effort cost, what changes will happen to their attitudes when interventions occur in a laboratory or a classroom environment. Such a survey could have yielded a more intuitive understanding of students with different ASE, then we might be able to motivate them to optimize their use of retrieval practice.

Finally, we did not conduct experiments in the class context. Since retrieval practice strategies are often used by learners in self-testing before the exam, will students with low ASE be more active in retrieval practice in the context of exams? In addition, the materials used in this study differ from the learning materials in a class context. Interestingness may also affect the number of retrieval attempts by learners, thereby affecting recall performance. Those should be addressed in future research.



6. Conclusion

This study started from the intervention studies to enhance learners’ use of extraction exercises. Among numerous intervention studies, the results were inconsistent, therefore, it is necessary to consider influencing factors when providing interventions. The purpose of this research was to explore factors that may affect the effectiveness of RPG, including the difficulty of tasks and learners’ own ASE. The results indicated that RPG can effectively increase learners’ use of retrieval practice strategies and enhance learning effects. Under the conditions of providing sufficient time and immediate feedback, learners tend to perform more retrieval practice on a difficult task to maximize learning. At the same time, RPG is more effective for high ASE learners. Under the condition of providing guidance, learners with high ASE have higher persistence in repeated retrieval of tasks of different difficulty, and the learning effect is better.

The findings suggest that educators should provide students with timely and correct guidance on retrieval practice in regular education, to correct the misconception that retrieval practice is only a method of evaluating memory at the metacognitive level and “one-and-done” habit, also provide relatively sufficient time for difficult tasks to help them establish learning habits of repeated retrieval. At the same time, strengthen students’ self-efficacy, such as providing immediate feedback to let them know their progress, help them to experience a sense of achievement and control, and accurately monitor their mastery. It is also necessary to help students perceive and correct their automatic thinking and beliefs about difficulties, failures, and efforts, forming a growth mindset orientation. In other words, it is necessary to combine motivation, emotion, cognition, and metacognition for intervention, aiming to help students adopt efficient learning strategies (i.e., repeated retrieval practice) for more effective SRL.
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Background: The convenience of online learning helps physical education teachers overcome geographic barriers and promotes safe, accessible, high-quality education. This three-stage study developed an evaluation index system for online learning literacy of physical education (PE) teachers (OLLPET).

Methods: Using two rounds of the Delphi method and one round of the Expert ranking method, consult with 15 PE experts from universities, primary and secondary schools, and teaching-research staff to draw up, revise, and finalize an evaluation index system for OLLPET.

Results: Our OLLPET evaluation index system includes three first-level indicators, seven second-level indicators and 30 third-level indicators. The first-level indicators includes online learning values (OLV), online learning essential character (OLEC), and online learning key competencies (OLKC)–with equal weighting given to OLV (0.367) and OLKC (0.367) and slightly less given to OLEC (0.267).

Conclusion: The OLLPET evaluation index system is a theoretical yet practical tool that governments, schools, and teachers can use to evaluate PE teachers’ online learning literacy to improve their learning capacity in a targeted manner.
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 physical education teachers; core literacy; online learning literacy; values; essential character; key competencies


1 Introduction

With the globalization of education, international educational exchanges and competition have become more frequent, and countries worldwide have increased their attention on teachers’ literacy–including online literacy. At the same time, information technology (IT) penetrated all corners of our lives (Yue 2017; Rao 2018). The COVID-19 pandemic fueled a shift from purely offline learning to blended online and offline learning to make student and teacher education safe, accessible, and convenient (Comas-Quinn 2011). Physical education (PE) teachers must also reinforce their core literacy through online learning to renew teaching methods and approaches in PE classrooms (Li and Yao 2019). Although a full understanding of the online learning literacy of physical education teachers (OLLPET) could enhance the quality of PE teaching (Greenhill 2010), current research on OLLPET is limited. Therefore, we constructed an online learning literacy assessment tool applicable to PE teachers to provide scientific evaluation and feedback to advance PE teachers’ online learning.

The Strategic Plan for Teachers (2022–2025) published by the United Nations Educational, Scientific and Cultural Organization (UNESCO) proposed using multiple approaches, including information and communications technology (ICT), to enhance the quality of teaching and learning and to foster teachers’ professional development (UNESCO, 2023). Economic growth has led to an increase in global IT and changes in learning styles, expanding the popularity of online learning and making theoretical research on online learning support a hot topic. The rising need for inter-regional exchanges has driven people to seek ways of learning that transcend time and space constraints. PE teachers’ endogenous demand for online learning is the fundamental driving force behind the construction of online learning literacy assessments (Eirín-Nemiña 2015). The current level of IT use among PE teachers remains inadequate, and their online learning literacy is particularly important in the face of major public crises like the COVID-19 pandemic, which caused a global health crisis and created barriers to offline communication (Yin et al., 2020).

Online learning is highly efficient and immediate, breaking through the time and space constraints of traditional learning in ways that align with the work-related characteristics of primary and secondary school teachers. Online communication and training allow for new experiences but also place great demands on teachers’ online learning skills. Trends in the macro environment and PE teachers’ fundamental need for online learning urgently call for an in-depth study of PE teachers’ online learning literacy (Zhou 2017). Based on our search of the EBSCO and China National Knowledge Internet (CNKI) databases for articles on learning literacy, research on learning literacy has become increasingly popular since 2007. However, most relevant studies have focused on students’ learning literacy; relatively few have examined teachers’ learning literacy. Fewer still have focused on PE teachers, despite the importance of evaluating online learning for PE teachers. Thus, there is a real need for more research on OLLPET.

Research on learning literacy, teachers’ literacy, and PE teachers’ literacy has evolved from defining concepts and connotations to building assessments (Dongming et al., 2012). Constructing an evaluation index system for OLLPET has several benefits. First, it would enrich the theoretical research on PE teachers, refine research on their core literacy, lay the foundation for evaluating their learning, and provide a reference for future research on their learning literacy. Second, an assessment would help government departments and schools evaluate OLLPET while fostering PE teachers’ self-perceptions of their online learning literacy. Finally, it would help identify suggestions for PE teachers to strengthen their online learning skills and optimize their learning styles, enhancing their teaching skills and abilities. Thus, we constructed an evaluation index system for OLLPET to provide a basis for evaluating and promoting the development of OLLPET. It should be noted that the daily work of primary and secondary school PE teachers is different from that of university PE teachers, and the evaluation index system constructed in this study is mainly applicable to primary and secondary school PE teachers.



2 Materials and methods

To develop an assessment for OLLPET, we needed to divide the study into three stages. In the first stage, we established a definition of OLLPET through a literature search; we also had to select evaluation indicators for OLLPET. In the second stage, we sought expert advice using the Delphi method to identify the evaluation indicators. In the third stage, we determined the weights of the evaluation indicators via the expert-ranking method (Figure 1). The Ethics Review Committee of East China Normal University (#HR 096–2021) approved the study’s protocol.

[image: Figure 1]

FIGURE 1
 The research design of developing an evaluation index system for OLLPET.



2.1 Stage 1: clear definitions and initial indicators


2.1.1 Defining OLLPET

This study’s core concept is the relatively new concept of OLLPET. Giving OLLPET a clear and practical definition is crucial and directly determines the research direction. A literature search revealed no standard definition for OLLPET. However, the concepts that are similar to OLLPET, online learning and learning literacy, have been well defined. Even more surprisingly, online learning for PE teachers is also mentioned in the PE teachers’ development key competency, which became the main basis for the definition of OLLPET. We integrated those to synthesize a working definition for OLLPET, described below.



2.1.2 Initial screening of the evaluation indicators

At the early stage of the construction of the evaluation indicators, the evaluation indicators or frameworks in the literature were summarized, and the first draft version of the evaluation indicators for online learning literacy of PE teachers was constructed based on the frequency of key words, but the problem was that it did not have the relevance to the physical education discipline and the work characteristics of PE teachers. After a small-scale expert discussion, it was decided to decide the first-level indicators of OLLPET based on the work characteristics of PE teachers, the core literacy framework for student development issued by the Ministry of Education of China, and the definition of core literacy for PE teachers, described below. Referencing the above points, we identified online learning values (OLV), online learning essential character (OLEC), and online learning key competencies (OLKC) as the first-level indicators of OLLPET. By reviewing the literature and China’s national policies, we determined that OLLPET has three levels of indicators: The first- and second-level indicators should be concise and precise, reflecting a strong sense of framework and logic, and the third-level indicators should be detailed and specific, reflecting the characteristics of OLLPET. We selected 43 initial indicators: three first-, seven second-, and 33 third-level.




2.2 Stage 2: using the Delphi method to identify indicators

The Delphi method, also known as the expert survey method, uses anonymous feedback from experts to reach expert consensus and develop professional guidelines. After several rounds of consultation and feedback, the expert members’ opinions gradually converge, resulting in a collective judgment with a high accuracy rate. The Delphi method relies on rotational iteration; the investigation is incomplete until the experts reach a consensus. The Delphi method helped us ensure the objectivity and accuracy of the OLLPET evaluation indicators. We used an online survey approach, identifying the evaluation indicators through two Delphi rounds, described below.


2.2.1 Selecting the experts

We needed PE teaching or research experts, preferably university research scholars, primary and secondary school PE teachers, or PE teaching-research staff. The detailed criteria for selecting the experts were these: (1) the university research scholars and teaching-research staff had to have published at least two papers on PE; (2) the primary and secondary school PE teachers had to have more than 5 years of teaching experience; and (3) all the experts had to be familiar with the core literacy research process and actively support the study.

The survey included a section for the experts’ essential information; we asked them to rate their familiarity with the indicators and provide the basis for their judgments. Each option had a corresponding score (Table 1) that we used to calculate the level of the experts’ authority as follows (Eq. 1):

[image: image]



TABLE 1 Evaluation criteria for factors of experts’ authority.
[image: Table1]

The general rule is that when an expert’s authority coefficient is at or above 0.70, the expert’s opinion regarding the survey is authoritative.



2.2.2 First round of the Delphi method

In a Delphi survey, the study’s background and relevant research materials need to be explained to the experts, who then judge and select the importance of each indicator. Using a five-point Likert scale, our experts classified the indicators into five levels of importance (5 = very important, 4 = important, 3 = somewhat important, 2 = unimportant, and 1 = very unimportant). We measured the indicators’ scores using three kinds of data: the average score, the standard deviation, and the coefficient of variation. By reviewing master’s and PhD theses and statistical references, we found that if an indicator score satisfied the criteria of a “mean score greater than 3.0, [a] standard deviation [of] less than 1, [and a] coefficient of variation [of] less than 0.2,” it had a high level of confidence and could be retained (Zha 2014).



2.2.3 Second round of the Delphi method

After counting and analyzing the results of the first round of the survey administered to the experts, we screened and eliminated indicators that did not meet the requirements, revised indicators with reference to the experts’ comments, and prepared and distributed the second survey to the experts. After recovering and collating the results of the second survey, we needed to verify the convergence with the results of the first round. If there was convergence at this stage, the survey was closed; otherwise, it was necessary to conduct another survey until the results converged.




2.3 The third stage: using the expert-ranking method to determine weights

The expert-ranking method also uses surveys to elicit experts’ opinions on indicators. Experts do not need to give specific values for each indicator; they only need to rank the importance of the peer indicators. Our formula for calculating the indicator weights was as follows (Eq. 2):

[image: image]

Where M was the number of experts participating in the survey and N was the number of indicators at the same level; aj denoted the weight of the indicator; and Rj represented the rank-sum of the jth indicator. The rank sum was the sum of the ranking numbers of m experts for a given indicator. In the case of two or more indicators of equal importance, we used the same ranking number, deferring the ranking number of the indicator that came after it (Liu et al., 2022). For example, if an expert ranked five indicators as 1, 2, 3, 3, and 5 (i.e., two indicators were tied as the third-most important), we recorded the ranking number of both tied indicators as 3.5 because (3 + 4)/2 = 3.5. This juxtaposition did not affect the calculation of the indicator weights; the sum of the weights of all indicators at each level was always equal to 1.

We performed two rounds using the Delphi method and one round using the expert-ranking method. We distributed 20 surveys in the first Delphi round and received responses from 15 experts. We sent the second Delphi round surveys only to the experts who participated in the first round; all 15 experts completed the second-round surveys and the expert-ranking method surveys. Thus, 15 experts fully participated in the two rounds of the Delphi method and the single round of the expert-ranking method (Table 2). The expert authority coefficient was 0.78, demonstrating a good level of authority across the community of experts.



TABLE 2 Basic information of experts.
[image: Table2]




3 Results


3.1 Stage 1: clearly defined and primed indicators


3.1.1 Contextualizing and operationalizing the concept of OLLPET

Many scholars worldwide have defined the concept of online learning relatively clearly. Online learning is distinguished in a broad and a narrow sense. Broadly speaking, online learning refers to browsing information or digital content on the internet to gain knowledge or experience. Narrowly speaking, it means purposeful and planned learning activities that learners undertake over a fairly concentrated period to complete a specific task or goal (Jing and Li 2020). Scholars have studied learning literacy far longer than online learning. Learning literacy refers to the systematic and profound qualities that individuals develop during the learning process through repeated, ongoing practice (Qi 2013). Thus, it means the combination of competencies and qualities individuals exhibit when faced with complex learning situations. It helps individuals identify their learning needs, choose appropriate learning methods and strategies, and adjust and evaluate their learning processes.

Further sorting out research in the discipline of physical education, Fu et al. wrote that PE teachers’ core literacy was the most critical quality they could possess in the 21st century because it promotes lifelong development and teaches correct values, essential character, and essential competencies (Lingyi et al., 2019). Yin et al. (2022) constructed a theoretical model of PE teachers’ development key competency through rooted theory, and in the category of learning and reflective competence, it was clearly stated that physical education teachers should have the ability to carry out online learning related to physical education, which provided a direct theoretical basis for the definition of OLLPET. Based on this, this study views OLLPET as a subcategory of PE teachers’ development key competency.

Having clarified the notions of online learning and learning literacy, and figuring out the close connection between OLLPET and the PE teachers’ development key competency, we needed to assign a clear definition to OLLPET that was detailed and practical. The main purpose of online learning for physical education teachers is to improve their own core qualities, thus furthering the development of their students. In order to better adapt OLLPET to the job characteristics of physical education teachers, its superordinate concept had to be the PE teachers’ development key competency (Jinpeng 2017). Ultimately, we defined OLLPET as the comprehensive competencies or qualities PE teachers demonstrate by accessing learning resources and refining knowledge online. OLLPET helps PE teachers identify their learning needs, select learning strategies, and adapt and evaluate the learning process in three critical areas: values, essential character, and key competencies.



3.1.2 Preliminary construction of the evaluation indicators for OLLPET

At the initial stage of the construction of the evaluation indicators, the relevant literature was reviewed with the keywords “teacher learning,” “learning literacy” and “online learning” respectively. The evaluation indexes or frameworks in the literature were summarized, and the first draft of the evaluation indexes for OLLPET was constructed based on the frequency of keywords. In the first draft, the online learning literacy of physical education teachers contains five first-level evaluation indicators, namely “learning preparation, learning methods and approaches, learning process management, learning evaluation and reflection, and learning quality.” The first draft of this version was in line with the description of the learning process, but the problem was that it was not specific to the discipline of physical education. Through careful reflection, it was found that this version of the evaluation indicators could not reflect the differences between online and traditional learning, nor could it characterize the values of PE teachers as social beings.

PE teachers’ work revolves around various teaching activities, and the logical starting point for educational work is developing students’ core literacy (Zhihua 2014). In 2018, China’s Ministry of Education defined subject core literacy as correct values, essential character, and key competencies that students gradually acquire about a given subject (Ministry of Education of the People’s republic of China 2018). Yin et al. (2022) constructed a theoretical model of core literacy for PE teachers’ development key competency through rooted theory, proposed that the core competency framework for the new era of PE teachers included three first-level indicators: correct values, essential character, and key competencies (Yin and Tian 2020; Yin et al., 2022). After referring to the work characteristics of physical education teachers, the core literacy framework for student development issued by the Ministry of Education, and the definition of PE teachers’ development key competency, and combining with some informal expert discussions in the process, this paper finally defines the “Online Learning Values, Online Learning Essential Character, and Online Learning Key Competencies” as the first-level indicators of OLLPET. Developing second-level indicators requires considering PE teachers’ ideological awareness, learning process, and practical workplace demands. OLV describe the value perspective and identification of PE teachers with online learning activities; OLEC reflects the extent to which PE teachers adhere to online learning and maintain their learning character; and OLKC reflects the knowledge, skills, and execution capabilities required for PE teachers to conduct online learning activities successfully (Kirby et al., 2010). In addition to considering the first-level indicator framework, we also referred to the results of the preliminary word frequency analyses, and finally we identified seven second-level indicators of OLPET: (1) career view (CV); (2) learning view (LV); (3) learning spirit (LS); (4) learning character (LC); (5) ability to discover learning resources (ADLR); (6) ability to plan the learning process (APLP); and (7) ability to apply learning outcomes (AALO). The first draft of the OLLPET evaluation system encompassed three first-level, seven second-level, and 30 third-level indicators. The three first-level indicators were OLV, OLEC, and OLKC, the 7 s-level indicators were CV, LV, LS, LC, ADLR, APLP and AALO. We followed these indicators with several rounds of surveys with the experts involving changes; therefore, we will not present the third level of evaluation indicators in detail here.




3.2 Stage 2: screening evaluation indicators using the Delphi method


3.2.1 The first Delphi round

After distributing the survey and receiving the experts’ ratings of the importance of the indicators, we calculated the Average Score (AS), Standard Deviation (SD), and Coefficient of Variation (C.V) of the scores for each indicator (Table 3).



TABLE 3 The result of round 1 Delphi method.
[image: Table3]

By comparing the criteria for the retention of indicators, we found that all the first- and second-level indicators met the conditions for retention after the first round of the Delphi method; thus, we did not adjust the first- and second-level indicators. Regarding the third-level indicators, the two indicators’ coefficients of variation of scores were greater than 0.2, which did not meet the statistical requirements (Table 4). After analyzing the specific expressions of these two indicators, we found that the first one on promoting PE teachers’ professional development was too general and failed to reflect the requirements of concision and specificity; the indicator for the skill of using PE IT was more closely related to the teaching work of PE teachers and might be somewhat less relevant to online learning. After careful consideration, we decided to remove those two indicators.



TABLE 4 Third-level indicators that did not meet the statistical requirements.
[image: Table4]

In addition to the two indicators that did not meet the statistical requirements, the experts suggested making three types of changes to the indicators: (1) strengthen the correlation between indicators at different levels and reinforce the linkage between upper- and lower-level indicators; (2) clarify logical relationships and avoid inclusion relationship between indicators at the same level; and (3) revise the language to make them clearer. The Kendall coordination coefficient W for the first survey (0.327; p = 0.000 < 0.01) left room for improvement since it was between 0 and 1; the larger the coefficient, the higher the expert consensus. Combining the experts’ comments, we refined the indicators once more, eventually removing four third-level indicators, adding one new third-level indicator, and revising the statements of some indicators, as detailed below.



3.2.2 The second round of the Delphi method

After the first round of the Delphi method, we removed four third-level indicators (two did not meet the statistical requirements, and two were not logically related) and added one new third-level indicator. We also revised the presentation of the third-level indicators to make them more concise and specific. We compiled the revised three first-level, seven second-level, and 30 third-level indicators into a survey and sent it to the experts a second time. Analysis of the second-round Delphi data showed significant improvement in the indicators’ mean scores. Also, the standard deviations and coefficients of variation were significantly lower than in the first round, implying a significant increase in the experts’ consensus. The results of the second survey demonstrated that the mean, standard deviation, and coefficient of variation of all indicator scores met the retention requirements and had more desirable scores and stability. The Kendall coordination coefficient W for the second survey was 0.460 (p = 0.000 < 0.01), which was acceptable; the experts did not suggest making further changes to the indicators. Thus, we concluded the Delphi method surveys and determined the OLLPET evaluation indicators (Table 5).



TABLE 5 The result of round 2 Delphi method.
[image: Table5]




3.3 Stage 3: determining the weights using the expert-ranking method

The survey format for the expert-ranking method was slightly different than for the Delphi method, which asked experts to judge the importance of indicators. In the expert-ranking method, the experts ranked the peer indicators in order of importance. We explained the calculation of the indicator weights earlier. Here, we provide an example of calculating indicator weights using the first-level indicator OLV. From the survey data, we can calculate the rank-sum (Rj) of OLV as 27, where the number of first-level indicators N is 3, and the number of experts M is 15:

[image: image]

This calculation produced a weighting of 0.367 for OLV. We computed the weight of the second-level indicator CV (0.600) using the same method. However, since CV was a subordinate indicator of OLV, the final weight of CV was 0.367 × 0.600 = 0.220. We used Equation (3) to compute the weights for the remaining indicators. The Kendall coordination coefficient W for the survey of the expert-ranking method was 0.679 (p = 0.000 < 0.01), meaning there was strong consistency in the experts’ indicator rankings.

After calculating the indicator weights, we outlined the overall indicator framework and checked the arithmetic results. In the correct framework, the sum of the weights of all indicators at the same level should be equal to 1; otherwise, they should be recalculated. Thus, we derived the complete evaluation indicators and weights for OLLPET (Table 6).



TABLE 6 The OLLPET index system.
[image: Table6]




4 Discussion

After two Delphi rounds and one expert-ranking round, we determined the evaluation indicators and weights for OLLPET. We divided the final index system into three levels with 40 indicators that met the requirements for developing an evaluation index system with weighted indicators for the different levels.

OLV is the value content and ideals that individuals hold in relation to online learning that is positive or meets certain accepted standards; it reflects individuals’ motivations or innate drive for online learning and their awareness of online learning (Qinhua et al., 2013). In the final evaluation index system, the weight of OLV was 36.7%, reflecting the vital role of OLV in online learning. PE teachers’ online learning behaviors usually have two goals: (1) professional development and self-improvement; and (2) solutions to a specific task or problem. Thus, we included two secondary indicators under the OLV dimension: CV and LV. CV related to online learning’s contribution to professional growth or enhancing professional skills and work quality. LV related to PE teachers’ conscious (versus instinctive) self-directed learning. CV contained three third-level indicators: PE teachers’ development of their teaching skills, access to cutting-edge information in teaching, and improving teaching quality through online learning. LV contained four third-level indicators: PE teachers’ interests, attitudes, awareness, and inclinations toward online learning.

OLEC is an individual’s spirit, habit, or character that facilitates or enhances the effectiveness of their online learning; it is a stable characteristic or performance. The learning characteristics of teachers and students are universally linked and present in teaching and learning (Qingshun 2020). OLEC comprised 26.7% of the evaluation index system, which was slightly lower in weight than the other two first-level indicators but still reflected its integral role in individuals’ online learning behaviors. OLEC expressed people’s spiritual cultivation and moral character in online learning, so we divided it into two dimensions: LS and LC. LS means PE teachers’ ability to critically question and reflect over time to fulfill the strenuous demands of long-term online learning; overcome difficulties in online learning; and enhance the effectiveness of online learning. LC means PE teachers’ compliance with rules, preserving a sense of social responsibility, and promoting academic ethics in the online learning process. LS contained five third-level indicators used to demonstrate the strength of individuals’ spirit to persist in online learning and maintain communication and critical questioning while reflecting on the challenges of online learning. LC contained three third-level indicators used to demonstrate PE teachers’ sense of social responsibility, academic ethics, and the ability to apply resources properly in online learning.

OLKC encompassed the competencies individuals needed to respond to online learning situations, solve problems in online learning, and complete online learning behaviors successfully. We divided OLKC into general knowledge, information survival, and subject integration. OLKC required basic competence for applying information equipment, general learning, and the ability to learn with the support of modern information equipment (Yang and Wang 2017); its weight was 36.7% in the evaluation index system, meaning it was as crucial as OLV. We can roughly divide online learning activities according to time processes into discovering learning resources, planning the learning process, and applying learning outcomes. Thus, OLKC comprised three second-level indicators. ADLR means the capacity to find and access online resources to analyze, judge, and extract information. This determines the source and quality of online learning materials. APLP means designing and managing the online learning process, which directly determines learning outcomes. AALO means linking online learning behavior to work and society, which determines the application of learning outcomes (Dille and Røkenes 2021). ADLR comprised four third-level indicators describing an individual’s capacity to access and acquire cutting-edge online learning resources for sports and join learning communities. The APLP comprised five third-level indicators that focused on controlling learning objectives, content, plans, and outcomes. AALO comprised six third-level indicators describing PE teachers’ ability to apply online learning resources and learning outcomes in various teaching contexts, research, and lecture exchanges.

In sum, we identified the evaluation index system for OLLPET. The overall expression is OLLPET = OLV (0.367) + OLEC (0.267) + OLKC (0.367). The expression for evaluating primary indicators are OLV = CV (0.220) + LV (0.147); OLEC = LS (0.166) + LC (0.101); OLKC = ADLR (0.179) + APLP (0.106) + AALO (0.081). We also considered further applications, in terms of assessment, we can directly use the 30 third-level indicators as the question items of the assessment, and investigate the group of primary and secondary school physical education teachers. Using self-assessment or other assessment methods to get the score of each third-level indicator, and then combined with the weights of the third-level indicators to calculate the score of OLLPET. Alternatively, we can further develop the assessment scale on the basis of the indicators, and after item analysis, exploratory factor analysis, validation factor analysis and reliability test to get a perfect online learning literacy assessment scale for primary and secondary school physical education teachers, which facilitates the large-scale assessment of physical education teachers’ online learning literacy. In terms of cultivation, the government, schools and individuals can develop targeted online learning literacy cultivation measures against the evaluation index system of online learning literacy, to improve the learning behaviors of physical education teachers, promote the professional growth of physical education teachers, and help students obtain better physical education development.



5 Limitations

This study had some limitations. First, the primary selection of the initial indicators was based on China’s national policies and literature; thus, our assessment tool might not be generalizable to other cultures or countries without refinements. Furthermore, the use of more normative interviews or rooted theory could be considered a validation. Second, all our experts (e.g., teachers and researchers) were from Chinese cultural backgrounds. Future research should replicate the study with experts from other cultures and countries and experts from more diverse backgrounds. Third, the evaluation index system constructed in this study is mainly applicable to primary and secondary school PE teachers, although the evaluation indicators underwent a standardized screening and weighting process, actual measurement of OLLPET has yet to be carried out to verify their impact.



6 Conclusion

The assessment indicator system of OLLPET is a theoretical tool that can be used for practical measurements. To the best of our knowledge, this is the first study to evaluate OLLPET in China. This study’s OLLPET covered three first-level indicators—OLV, OLEC and OLKC, with equal weighting given to OLV (0.367) and OLKC (0.367) and slightly less given to OLEC (0.267); seven second-level indicators–CV (0.220), LV (0.147), LS (0.166), LC (0.101), ADLR (0.179), APLP (0.106) and AALO (0.081); and 30 third-level indicators, all weighted by level. Governments, schools, and teachers can use this system to evaluate primary and secondary school PE teachers’ online learning literacy to enhance their learning capacity in a targeted manner.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

HT, ZY, and FL: conceptualization and study design. HT and HL: data collection. HT and ZY: manuscript. MS: supervision. All authors contributed to the article and approved the submitted version.



Funding

This research was funded by the Later funded key projects of the China National Social Science Foundation, grant no. 23FTYA004; Key Projects of institute of curriculum and textbook research, Ministry of Education, grant no. JCSZDXM2022002; Open Projects of Key Laboratory of Adolescent Health Assessment and Exercise Intervention of Ministry of Education, East China Normal University, grant no. 40500-23204-542500/006/012; and Special Fund for Basic Research Operating Costs of Central Universities, grant no. 2112027-2023027.



Acknowledgments

The authors acknowledge the valuable time and insightful feedbacks provided by all the experts that took part in the Delphi study.



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.



References

 Comas-Quinn, A. (2011). Learning to teach online or learning to become an online teacher: an exploration of teachers’ experiences in a blended learning course. ReCALL 23, 218–232. doi: 10.1017/S0958344011000152 

 Dille, K. B., and Røkenes, F. M. (2021). Teachers’ professional development in formal online communities: a scoping review. Teach. Teach. Educ. 105:103431. doi: 10.1016/j.tate.2021.103431


 Dongming, M., Qinhua, Z., and Li, C. (2012). A review of international research on lifelong learning literacy. Mod. Distance Educ. 139, 3–11. doi: 10.3969/j.issn.1001-8700.2012.01.001


 Eirín-Nemiña, R. (2015). The professional development of physical education teachers. J. Teach. Phys. Educ. 27, 85–98. doi: 10.1080/13573322.2020.1816540


 Greenhill, V. 21st century knowledge and skills in educator preparation. Washington, DC: ERIC Clearinghouse (2010).


 Jing, Y. J., and Li, X. (2020). Characterization of teachers’ online learning behavior supported by learning analytics technology. China Educ. Technol. 397, 75–82. doi: 10.3969/j.issn.1006-9860.2020.02.011


 Jinpeng, H. (2017). The connotation and practical exploration of core qualities of excellent physical education teachers. J. Phys. Educ. 24, 91–95. doi: 10.16237/j.cnki.cn44-1404/g8.2017.02.014


 Kirby, J. R., Knapper, C., and Egnatoff, W. J. (2010). Development of a scale to measure lifelong learning. Int. J. Lifelong Educ. 29, 291–302. doi: 10.1080/02601371003700584 

 Li, C., and Yao, L. (2019). Construction of a structural model of core literacy of secondary school physical education teachers in China based on rooting theory. J. Beijing Sport Univ. 42, 117–127. doi: 10.19582/j.cnki.11-3785/g8.2019.10.013


 Lingyi, F., Mingzhu, S., and Zhihua, Y. (2019). The origin and practical significance of the construction of core literacy in physical education teacher development. Phys. Educ. Rev. 38, 11–14. doi: 10.3969/j.issn.1004-2644.2019.04.006


 Liu, H., Yin, Z., Chen, S., Yang, Y., and Tian, H. (2022). Development of an assessment of ethics for Chinese physical education teachers: a study using the Delphi and expert ranking methods. Int. J. Environ. Res. Public Health 19:11905. doi: 10.3390/ijerph191911905 

 Ministry of Education of the People’s republic of China
. (2018). Focusing on the implementation of moral education and the consolidation of disciplinary Core literacy; Ministry of Education. Beijing, China: Ministry of Education of the People’s republic of China.


 Qi, Y. X. (2013). Design of a PISA-based learning literacy assessment system; East China Normal University: Shanghai, China.


 Qingshun, X. (2020). Teachers’ core literacy and its cultivation in the era of artificial intelligence. J. Tianjin Acad. Educ. Sci. 177, 21–27. doi: 10.16137/j.cnki.cn12-1303/g4.2020.01.004


 Qinhua, Z., Dongming, M., and Li, C. (2013). The construction of theoretical model and evaluation dimensions of adult lifelong learning literacy. Mod. Distance Educ. 150, 3–12. doi: 10.3969/j.issn.1001-8700.2013.02.001


 Rao, C. (2018). Improving the status of teachers and teacher education, promoting the revitalization of teacher education. J. East China Norm. Univ. 36, 34–36. doi: 10.16382/j.cnki.1000-5560.2018.04.003


 UNESCO
. (2023). Teacher Task Force. International Task Force on Teachers for Education 2030. Paris: UNESCO. Available at: https://www.sdg4education2030.org/international-task-force-teachers-education-2030.


 Yang, D., and Wang, H. C. (2017). Constructing and exploring the core literacy model of preservice physical education teachers. J. Higher Educ. Res. 40, 34–41.


 Yin, Z. H., Fu, L. Y., and Sun, M. Z. (2022). Exploration on the structure of physical education teachers' development for key competency: a qualitative study based on the grounded theory. J. Phys. Educ. 29, 104–111. doi: 10.16237/j.cnki.cn44-1404/g8.2022.04.004


 Yin, Z. H., and Tian, H. X. (2020). Core qualities and promotion strategies of physical education teachers in the new era. China Sch. Phys. Educ. 39, 33–36.


 Yin, Z. H., Zhang, G. Y., and Sun, M. Z. (2020). Caring for health: challenges, responsibilities and future direction of physical education and health curriculum under the major epidemic situation. J. Sports Adult Educ. 36, 20–25. doi: 10.16419/j.cnki.42-1684/g8.2020.02.004


 Yue, H. A study on the current situation of learning literacy of high school teachers. Wuhan, China: Wuhan University (2017).


 Zha, M. Y. (2014). Construction of college students’ sports literacy evaluation index system and development of self-test scale. Nanjing Normal University: Nanjing, China.


 Zhihua, Y. (2014). Physical education teacher standards in China: an exploratory study; East China Normal University: Shanghai, China.


 Zhou, Y. J. (2017). Learning literacy: a cornerstone of teacher professionalism. Teach. Educ. Res. 29, 30–35. doi: 10.13445/j.cnki.t.e.r.2017.02.005



Copyright
 © 2024 Tian, Sun, Yin, Liu and Li. 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: 09 May 2024
doi: 10.3389/fpsyg.2024.1296333








[image: image2]

Differential socioemotional and educational profiles in early childhood and primary education students in a lockdown situation

Noemí Serrano-Díaz1, Estíbaliz Aragón2* and Rosario Merida-Serrano3


1Department of Didactic, Faculty Science of Education, University of Cadiz, Puerto Real, Spain

2Department of Psychology, Faculty Science of Education, University of Cadiz, Puerto Real, Spain

3Department of Didactic, Faculty Science of Education, University of Cordoba, Cordoba, Spain

Edited by
 Cheng Yong Tan, The University of Hong Kong, Hong Kong SAR, China

Reviewed by
 Gül Kadan, Cankiri Karatekin University, Türkiye
 Ioakim Boutakidis, California State University, Fullerton, United States

*Correspondence
 Estíbaliz Aragón, estivaliz.aragon@uca.es 

Received 18 September 2023
 Accepted 16 April 2024
 Published 09 May 2024

Citation
 Serrano-Díaz N, Aragón E and Merida-Serrano R (2024) Differential socioemotional and educational profiles in early childhood and primary education students in a lockdown situation. Front. Psychol. 15:1296333. doi: 10.3389/fpsyg.2024.1296333
 

Recent lockdown situations have highlighted social relationship deprivation of schoolchildren and the need to develop the teaching-learning process in informal contexts. The aim of this study was to analyze differential socioemotional and educational profiles in Early Childhood and Primary Education students using variables relating to academic performance during the COVID-19 pandemic. Correlational, descriptive, and inferential statistical analyses were performed that yielded differential explanatory models depending on the stage of education. The results reveal statistically significant differences in all the variables except for family-school relationship. In the linear regression models, the most statistically significant variable for school performance in both stages was family-school relationship. However, differences were found between both profiles: emotional impact for Early Childhood Education students and social impact for Primary Education students. Lastly, leisure activities at home were included as an explanatory variable only in the Primary Education regression model. The final conclusions highlight the need to attend to the evolutionary characteristics of students in each stage to improve school performance in similar lockdown situations.
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1 Introduction

In theory and in practice, student education involves much more than acquiring conceptual learning, given that teaching should also provide developing children with comprehensive and holistic education. In essence, the aim, along with conceptual learning, should be to transmit other practical “to do” learning as well as values, i.e., teaching how “to be” (or attitudinal content) (Case, 2020; Ponomariovienė and Jakavonytė-Staškuvienė, 2022). The aim behind such education is to build a knowledge base for a changing society to instigate transformation of social reality (Batista et al., 2017).

Many authors agree that it is important to focus on emotional education for future generations: an aspect that is essential for social education in the early stages of human development (Petrides et al., 2018; Alwaely et al., 2021; Martí et al., 2022). Therefore, it is imperative that children cultivate relationships with their peers, and learn how to recognize, monitor and regulate their emotions. They also need to establish pro-social behaviors and behavioral patterns that are effective in future adult relationships (Bisquerra-Alzina, 2019; Flook et al., 2019). Social interactions between peers were transformed by the COVID-19 pandemic leading to a drastic change in lifestyle that generated consequences at both a social and an emotional level. In Spain, the state of emergency declared in March 2020 (Government Spanish, 2020) meant that people were confined to their homes to prevent the spread of the virus (Siqueira et al., 2020). This culminated in a series of consequences for schoolchildren, their teachers, their education and their families (Chandra, 2020). Interruption to face-to-face educational activities had a socioemotional impact on children due to social distancing and peer relationship deprivation (Álvarez-Zarzuelo, 2020; Balluerka-Lasa et al., 2020; Chandra, 2020; Sandín et al., 2021). School activities took place at home, where they were combined with leisure activities. Studies on the impact of the COVID-19 situation on academic performance have recently been published which reveal that at least half an academic term has been lost, specifically in mathematical education in public schools (Arenas et al., 2022). Teachers were forced to adapt telematics and distance learning from one day to the next, which highlighted the need for training in the use of technology in EDTECH education (Sánchez-Mendiola et al., 2020; Sandín et al., 2021). Families were also faced with the need to make huge efforts. Parents had to take on new roles as teachers, as well as establishing a closer relationship with schools, albeit online, which highlighted the gap (digital divide) in terms of socioeconomic inequalities (Lloyd, 2020). This underlined the need for more frequent and efficient communication, demonstrating, once again, the importance of the family-school relationship in schoolchildren’s performance.

School success depends largely on family support. This dependency was increased by the confinement situation during the COVID-19 pandemic. Furthermore, according to Sánchez and Dávila (2022), parents’ expectations are directly related to the support they provide to their children; consequently, the confinement situation facilitated interactions between parents and children, increasing their participation and, therefore, their satisfaction and expectations toward school performance (Manzano-León et al., 2022; Somogyi et al., 2023). All of this confirms the determining role of parental involvement in school performance during the pandemic (Serrano-Díaz et al., 2022).

The exceptional situation suffered by society led to an interest in determining how the teaching-learning process was approached by families and the impact of COVID-19 on education at different stages of development in Early Childhood and Primary Education school children.

Due to students’ particularities and different levels of maturity, both stages of education differ from each other in their methodological principles. The great psychology theorists of the 20th century highlight that social relationships, initially with adults and later with peers, are evident in children’s formation and development. Specifically, students learn in society not only by trial and error but by imitation owing to the activation of so-called “mirror neurons”. Thus, children’s learning comes from interaction with their physical and social environment (Piaget and Inhelder, 1973; Vigotsky, 1979; Bandura, 1986).

Consequently, Early Childhood Education students aged 3–6 are at a stage where family and parents exert the greatest influence, which highlights the need for adult role models (Feldman and Bishop, 2005; Calmaestra et al., 2018). In contrast, the development of Primary Education students places greater emphasis on their dependence on peers, who provide them with emotional support. The emotional and social needs for effective development vary between both stages. On the one hand, children in Early Childhood Education are in a stage of basic learning that requires a close relationship with reference adults. On the other hand, primary school children need greater openness to other learning contexts (Feldman and Bishop, 2005; Páramo, 2008; James, 2021). Therefore, the school is considered a social institution that trains people and offers the opportunity to establish interpersonal relationships and bonds beyond the family context (Jara-Parra and Jara-Parra, 2020; Ravens-Sieberer et al., 2022).

On the other hand, play is also an important activity for children’s physical and psychological wellbeing. The game is considered a learning vehicle since it favors development in the different areas of the educational curriculum. Furthermore, it can be considered as an instrument for the comprehensive development of the child. Therefore, we can distinguish between play with pedagogical intention induced by the teacher and free game that is necessary in both stages and that contributes to the construction of the individual’s identity (Taylor and Boyer, 2020; Kvintova et al., 2022).

Time dedicated to play and leisure is fundamental at such young ages, even more so in periods of lockdown where schoolwork and leisure often concur in the same space. A challenging situation for both activities with the latter trying to fulfil its role as a work break and much needed resting period needed to recharge energy levels (Gallardo-López and Gallardo-Vázquez, 2018; Varela et al., 2021). For many authors, the importance of play as an educational tool is paramount owing to its many benefits to the integral development of the person (Gallardo-López and Gallardo-Vázquez, 2018; Varela et al., 2021).

The aim of this study was to perform an in-depth analysis of the impact of lockdowns on students in Early Childhood and Primary Education in order to compare both groups and analyze differential aspects that could contribute to better intervention strategies in future situations similar to the COVID-19 pandemic.

To this end, the following objectives were set:


O1. Analyze the differences between Early Childhood and Primary Education students using variables considered relevant for coping with academic performance during periods of lockdown (social impact, emotional impact, leisure activities, co-responsibility and family-school relationship).

O2. Analyze the correlations between the set of variables relating to education in situations of lockdown in Early Childhood and Primary Education students.

O3. Determine differential explanatory models based on the stage of education that reveal the contribution of the predictor variables to variability in academic performance.
 

The study is based on three hypotheses:


H1. The predictor variables (social impact, emotional impact, leisure activities, co-responsibility and family-school relationship) will show significant differences in favor of Early Childhood Education students that will explain better coping mechanisms for their academic performance in lockdown.

H2. The variables analyzed (social impact, emotional impact, leisure activities, co-responsibility, family-school relationship, academic performance at home) will correlate for both Early Childhood and Primary Education students.

H3. Differential explanatory models will reveal the contribution of predictor variables to variability in academic performance depending on the stage of education and its intrinsic characteristics.
 



2 Materials and methods


2.1 Participants

The participants in this study were adults distributed by gender given that women more than men are generally more involved in the supervision and care of their children, which increases the burden of family responsibilities that make work-life balance difficult (Álvarez et al., 2019). There were 529 participants aged 20–63 (Mage = 39.94 SD = 6.33). A total of 64 participants were male (Mage = 43.58; SD = 6.15) compared to 465 who were female (Mage = 39.44; SD = 6.02).

Of the total number of schoolchildren whose relatives were surveyed, 25.5% were in Early Childhood Education (n = 135) and 74.5% (n = 394) Primary Education. In Spain, where the study is carried out, the Early Childhood Education stage is divided into two substages of 0–3 years and 3–6 years, specifically this study is carried out in the 3–6 years stage. On the other hand, Primary Education covers the period from 6 to 12 years. The perceptions of the parents of students in Primary Education correspond to the three stages of formal primary education in Spain. Therefore, the groups are proportional in accordance with the educational stage. Consequently, the students considered in the study range from 3 to 12 years.



2.2 Instruments

An ad-hoc questionnaire, the Childhood Educational Impact Questionnaire Impact of COVID-19 on Education (CIEN) was used. The CIEN questionnaire is the result of a pilot study performed with 400 participants, which was validated by peer review (Pedrosa et al., 2013). After a factor analysis, a final questionnaire was obtained consisting of 63 items grouped into 6 dimensions:

• Co-responsibility: understood as the sharing of family commitments, responsibilities and chores relating to school and leisure-time, as well as domestic and care issues.

• Emotional impact: refers to participants’ perceptions of their children’s feelings of joy, sadness, fear, anger, nervousness, etc.

• Social impact: the participants’ perception of their children’s attitudes to feelings of loneliness, boredom, situations of family tension and nostalgia for school, friends and non-cohabiting family members.

• Impact on activities at home: understood as hours spent on supervised leisure activities (family play, reading, collaboration in household chores, etc.) and digital devices, both alone and supervised.

• Impact on school activities (performed at home): the perception of learning and its development under the guidance of teachers (quality and relevant use of online tools, appropriate homework assignments and motivation).

• Impact on the family-school relationship: refers to the communication between families, teachers and students. This dimension also addresses the monitoring of online class attendance, the learning pace and the perception of accompaniment.

The reliability of the questionnaire was calculated using Cronbach’s alpha which gave α = 0.81.

The questionnaire was given individually to parents with the aim of determining their perception on the socioemotional state of their children, the relationship between family and school, and the type of both leisure and school activities.



2.3 Data analysis

In order to perform the study on differences between Early Childhood and Primary Education students in a lockdown situation and the psychoeducational variables involved, descriptive and inferential statistical analyses were performed using the SPSS version 22 statistical package (descriptive statistics, correlations, Mann–Whitney U test and effect size). Linear regression analyses were also performed to study the models that best explained the variability in school children’s performance according to parents’ perceptions. There were no missing cases in the study given and the data was collected at a single point in time and an ex post facto design was used.




3 Results

The results were obtained from correlational, descriptive and inferential statistical analyses of the educational stages studied.

Table 1 shows that there were significant differences between the Early Childhood and Primary Education stages in the different variables analyzed, except in family-school relationship.



TABLE 1 Descriptive statistics, results of the inferential Mann–Whitney U test and effect size for the early childhood and primary education groups for the different variables analyzed.
[image: Table1]

Similarly, the correlations between the different variables were calculated according to the stage of education.

Table 2 shows the correlations between the different variables studied in Early Childhood Education. It can be seen that the most significant correlation was obtained between parents’ perception of the family-school relationship and academic performance at home (r = 0.510). Similarly, a significant correlation was also observed between social and emotional impact (r = 0.426) followed by the correlation between negative emotional impact and academic performance at home (r = 0.385). Lastly, less significant correlations were obtained between leisure activities at home and family-school relationship (r = 0.285), and between the latter and co-responsibility (r = 0.255).



TABLE 2 Pearson’s bivariate correlations for the different variables relating to the impact of COVID-19 lockdowns on early childhood education.
[image: Table2]

In turn, Table 3 shows the values of the correlations between the variables analyzed at the Primary Education stage. As with the Early Childhood Education stage, the most significant correlation was obtained between parents’ perception of the family-school relationship and academic performance at home (r = 0.592). This was also followed by the correlation between the social and emotional impact (r = 0.526). To a lesser extent, significant correlations were found between academic performance at home and leisure activities (r = 0.293), leisure activities and family-school relationship (r = 0.267), social impact and academic performance at home (r = 0.262) as well as emotional impact and academic performance at home (r = 0.229). More correlations were found between the variables for the Primary Education stage than those for the Early Childhood Education stage, but those with more significant values were similar in both groups.



TABLE 3 Pearson’s bivariate correlations for the different variables relating to the impact of COVID-19 lockdowns on primary education.
[image: Table3]

In order to contrast whether parents’ perception of academic performance at home varied according to school stage, a stepwise regression analysis was performed. The dependent variable was parents’ perception of academic performance at home, and the independent variables were co-responsibility, emotional impact, social impact, leisure activities at home and family-school relationship. Two different models were generated depending on the children’s stage at school.

The results of the linear regression analysis showed differentiated cognitive profiles depending on the stage of education. First, we present the results obtained in the stepwise regression analysis performed for the Early Childhood Education stage (Table 4). This analysis was performed in order to determine the significance of the different variables in the explanation of the dependent variable, in other words, in the perception of academic performance at home.



TABLE 4 Results of the stepwise linear regression analysis for the early childhood education stage.
[image: Table4]

Two models emerged from the regression analysis, with one offering greater explanatory power than the other. For Early Childhood Education, the multiple correlation coefficient was R = 0.604 and the coefficient of determination R2 = 0.365 which was adjusted to R2 = 0.355. The Durbin-Watson D statistic was calculated to determine the validity of the model giving a value of D = 1.86, which confirmed the absence of positive (values close to 0) and negative (values close to 4) autocorrelation. The dependent variable that better explained the variation was family-school relationship (β = 0.463) followed by emotional impact (β = −0.332) (Table 5).



TABLE 5 Coefficients of the proposed models for early childhood and primary education.
[image: Table6]

In turn, an attempt was made to determine which variables explained the variability of academic performance at home in Primary Education students (Table 6).



TABLE 6 Results of the stepwise linear regression analysis for the primary education group.
[image: Table5]

The stepwise regression analysis yielded three models, of which the third offered the greatest explanatory power. The multiple correlation coefficient was R = 0.640 and the coefficient of determination R2 = 0.410 which was adjusted to R2 = 0.405. The third model showed that the independent variable with the most impact on the dependent variable was family-school relationship (β = 0.544), as was the case in the Early Childhood Education stage. Similarly, social impact (β = −0.147) and leisure activities at home (β = 0.139) explained the positive perception of academic performance at home during COVID-19 lockdowns (Table 5). In order to ascertain the validity of the model, the Durbin-Watson D statistic was calculated, which gave a value of D = 1.92 [according to Durbin and Watson (1951), a value close to 2.0 is considered valid].

In short, two different psychoeducational profiles were determined according to students’ stage of education. In Early Childhood Education, 35.5% of the variability in academic performance at home was explained by the quality of the family-school relationship and the emotional impact of lockdowns. However, in Primary Education, 40.5% was explained by the family-school relationship, the social impact, and the time and quality of leisure activities at home during COVID-19 lockdowns.



4 Discussion

This study sought to shed light on whether the impact of lockdowns on certain psychological and contextual variables gives rise to differential profiles in Early Childhood and Primary Education students. Similar correlations were found between the variables analyzed for both student groups, the most significant being that between academic performance at home and family-school relationship, followed by the correlation between emotional and social impact (Cachón-Zagalaz et al., 2020; Pozzoli et al., 2022). This trend was observed in both Early Childhood and Primary Education students, which highlights that despite the differences attributed to students’ stage of development, they show similar relationships in the contextual and psychological variables analyzed.

Related to the first hypothesis (H1), significant differences between Early Childhood and Primary Education students were observed in all the variables analyzed except for family-school relationship. This variable did not show a differential effect due possibly to the fact that communication between families and teachers was essential for the monitoring of online teaching and support when implementing home-schooling. However, families of Early Childhood Education students did indicate that they were more satisfied with the role of teachers (Cachón-Zagalaz et al., 2020; Tal et al., 2022).

Regarding effect size, the variable that showed a differential effect between the two stages was supervised leisure activities and collaboration at home. Younger students usually receive more one-on-one attention from adults and are supervised more. Consequently, the quality and frequency of interactions between parents and children is more conducive to children’s development by creating a motivating and stimulating learning environment (Oktaviana and Srianggita, 2021). Small effect sizes were shown in the other variables, whose direction showed greater resilience in Early Childhood Education students during lockdown (Giménez-Dasí et al., 2020; Egan et al., 2021).

In reference to correlations (hypothesis H2), the link between variables can be observed that show a similar direction in both stages. The most significant correlations were observed equally in both groups between family-school relationship and academic performance, followed by the correlation between social and emotional impact. It should be highlighted that the results are unsurprising given that the family-school relationship was key in the development of school activities outside the classroom, with teachers providing guidelines and support throughout the educational process (Pozzoli et al., 2022). The correlation between social and emotional impact in both stages was also expected given that although the variables are interdependent, they ultimately compose a single psychological construct.

In addition to those mentioned above, similar correlations were obtained between leisure activities and family-school relationship; co-responsibility and family-school relationship, and emotional impact and academic performance. The results are supported by evidence that the family-school relationship is an indicator of family involvement in the educational process, which is generalized in other informal educational contexts, resulting in higher academic achievement and cognitive stimulation (Oktaviana and Srianggita, 2021). Furthermore, co-responsibility in the family evidences a sense of shared responsibility for education in both formal and informal settings. Lastly, given that one’s emotional state influences cognitive performance, the fact that emotional impact was directly related to academic performance in both girls and boys who experienced lockdown was the expected result.

Related to the third hypothesis (H3), differential profiles in the evolutionary characteristics of Early Childhood and Primary Education students were shown between the two. The differences were characterized by the significance of the variables in relation to academic performance. The most significant differences found revealed that Early Childhood Education students exposed to the atypical circumstances and better coping mechanisms than Primary Education students were used.

The variables that were predictors of academic performance in Early Childhood Education students were family-school relationship and emotional impact. From a developmental perspective, it was expected that both variables would have a determining influence on the younger students. Regarding the family-school relationship, understood as the perception of the communication flow between teachers and families, and the support received to implement academic activities at home, it was also expected that both variables would have a decisive influence on the academic performance of the younger students (Tan et al., 2021).

In relation to the socioemotional impact of lockdown on schoolchildren, the variables social and emotional impact, taken independently, played a differential role in the results for academic performance at both stages. On the one hand, school experiences during the Primary Education stage contribute to the development of social skills due to the characteristics of group work and the relationships established in the classroom (Blair et al., 2018; Setiadi, 2020). Transferring school activities to the home environment inhibits the development of pro-social relationships that are cultivated in both curricular and play activities (Timmons et al., 2021). In contrast, emotional development in the Early Childhood Education stage focuses on the expression of affection toward family members which, in turn, leads to a positive attitude in relationships with others (Johnson et al., 2017). Many authors emphasize the importance of the role of parents and, more specifically, their behavior in relation to the emotional socialization of their children, which is significantly associated with behavioral problems in minors, especially in the case of negative emotions. This study has highlighted how emotional impact acts as a predictor of academic performance, based on the consequences of transferring teaching to the home, which entails greater parental involvement. The significance of the variable emotional impact on academic performance can be seen in the results of those children who had a higher score in the variable but lower academic performance. Owing to the fact that the family is paramount in the creation and development of a child’s first affective bonds and responsible for their security and protection (Guzmán et al., 2019; Orgilés et al., 2020), it could be expected that an atypical and problematic situation of change, such as COVID-19 lockdowns, would have a greater emotional impact on children who might cope less effectively with changes produced in the school environment.

The primary conclusions of the study highlight that socioemotional impact has a greater influence on Primary Education students in situations of lockdown. Situations that lead to deprivation of social development in habitual contexts could also be due to circumstances other than COVID-19, such as natural disasters (volcanic eruptions, hurricanes, etc.). Socioemotional wellbeing should not be limited to interaction with the family, given that peer experiences also contribute to the wellbeing and construction of children’s social identity (Balluerka-Lasa et al., 2020; Cheng, 2020; López-Bueno et al., 2020). Students aged 6–12 can benefit from the use of telematic tools that put them in communication with their peers and foster the social interaction needed to ensure socioemotional development even in atypical situations.

These findings highlight the role of parents in their children’s school performance. Beyond confinement situations, it has been shown how the involvement of parents in school activities improves both their expectations and their satisfaction (Sánchez and Dávila, 2022). Likewise, the improvement in performance and the evolutionary differences require of different support needs at each stage. Likewise, it is the family’s responsibility to provide a balance between shared leisure moments and school activities for a good socio-affective adaptation in confinement.

The results of the study lead to the conclusion that Early Childhood Education students, compared to Primary Education students, were less affected by the situation of lockdown in the factors studied. This could be due to the fact that at this early stage, children acquire their first learning experience in the family, which is the foremost context for their development and upbringing. They benefit from closer interaction between their family and their school, which fosters more meaningful learning.

Among the limitations of the study, it is found that the instrument did not allow student’s experience information to be collected directly. Due to the evolutionary and cognitive characteristics of the students, a hetero-informed questionnaire was used. In addition, an overrepresentation of female informants was found since mothers are more involved in reconciling work and family (Fernández-Freire et al., 2019).

Likewise, it would be advisable to evaluate other influential factors in socio-emotional development, such as self-concept. This information can guide the implementation of strategies that contribute to the comprehensive development of the student.
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p<0.05, **p<0.01, **p<0.001; SS refers to School Support, AA refers to Academic Achievement, OLE refers to Online Learning Engagement, Behavioral refers to Behavioral engagement,
Emotional refers to Emotional engagement.
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The brain activation under metacognition conditions.

Channel Region ! p Corrected p

metacognition> 11 R fusiform gyrus 3.206 0.003 0.032

mindreading 12 R fusiform gyrus 3.136 0.004  0.032

9 R superior Temporal Gyrus  2.979 0.005 0.040

21 .  mddle Temporal gyrus 3.225 0.003 0.032

mindreading> 39 L inferior frontal gyrus 3.426 0.002 0.032
metacognition

40 L dorsolateral prefrontal 2.874 0.007 0.044

44 L frontal pole 3.141 0.004 0.032

Brain region paired 7-test results of metacognition

and mindreading.

The brain activation under mindreading conditions.

?\ 3 a
@y =

The z-statistic map showing brain regions that had different
activation patterns across the two condition.
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M SD 1 2 3 4 5 6 7 8 9 10
1.MA 106.5751748 13.39039096 1
2.IPA 105.1678322 11.39636837 0.478** 1
3.RA 107.9003497 6.811872803 0.431** 0.463** 1
4.LRA 106.1153846 7.937186042 0.382** 0.429** 0.302** 1
5.TCA 97.3548951 14.69771038 0.484** 0.590** 0.516** 0.483** 1
6.PLANING 103.3741259 14.72003395 0.217* 0.227* 0.066 0.012 0.158* 1
7.SELFCONTROL 107.1748252 14.27037625 0.424** 0.488** 0.220%* 0.359** 0.421* 0.096 1
8.CHINESE 57.81797666 25.72765725 0.431* 0.489** 0.298** 0.377% 0.456** 0.578** 0.560** 1
9.MATHEMATICS 50.47993002 28.91223569 0.390** 0.474** 0.257** 0.352** 0.430** 0.499** 0.568** 0.082 1
10.ENGLISH 52.20492511 28.08333079 0.387** 0.389** 0.171** 0.350** 0.384** 0,527*% 0.549** 0.300* 0.028 1
11.TS 160.5028318 58.07603715 0.574** 0.644** 0.344** 0.513** 0.604** 0.562** 0.599** 0.531* 0.689** 0.681**

N =572,%p < 0.05,%p < 0.001.
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Change statistics

Adjusted R2 2‘;?';222
1 0.606* 0.367 0.365 6.09 0367 203.93 0.000
2 0.626b 0.392 0.389 598 0.026 14.82 0.000 1.926
3 0.640¢ 0410 0.405 5.90 0.018 10.52 0.001

. Predictors Variables: (Constant), Family-school relationships b. Predictors Variables: (Constant), Family-school relationships Social Impact (negative); c. Predictors Variables: (Constant),
Family-school relationship; Social Impact (negative); Leisure activities at home. d. Dependent Variable: Educational activities and performance at home.
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1 05072 0257 0251 580 0.257 412 0.000

2 0.604b 0365 0355 538 0.108 2016 0.000 1861

. Predictors Variables: (Constant), Family-school relationships b. Predictors Variables: (Constant), Family-school relationships Emotional Impact (negative); . Dependent Variable:
Educational activities and performance at home.
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Constructs ESP TS OLE ASE
ESP (0.858)

TS 07925 (0.837)

OLE 07194 0.780%* (0:850)

ASE. 0.479% 0.540%* 0.591%% (0.901)
N'=392. Diagonal in parentheses: square root of average variance extracted from

observed variables (items); and off-diagonal: correlations between constructs.

*p <0.01
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Gender

Year

Country

Age

Total

Male
Female
First year
Second year
Third year
Fourth year
Thailand
Indonesia
Philippine
Laos
Myanmar
Peru
Pakistan
Vietnam
17-21
22-26
27-34

144
462
176
215
205
10
237
246
47
44
22

499
94
13

606

Percentage (%)

23.7
76.1
29.0
354
33.8
1.6
39.11
40.59
7.76
7.26
3.63
0.5
0.33
0.83
82.35
15.51
2.14
100
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Source Pillai’s trace Type III sum of squares Df Mean square F Sig.

0259 522.108 1 522.108 22682 0.000

TimeTime*Group
514585 1 514.585 22355 0.000

0256

Level of significance is considered as p < 0.05.
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Category

Enjoyment

Engagement with the tasks
Loss of self-consciousness

Intense concentration

Representative extracts

This enjoyable experience was one of a
‘The task was interesting and manageable.

T was willing to do the activity several times.
I knew what [ was expected to learn.
Iwasn't worried about making mistakes.
Twas lost in the activity. I eltlike time flew.

Twas totally absorbed in the tasks.

Frequency Percentage
100%
6 86%
71%
6 86%
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51.11% 110
46.63% 95
55.03% 76
50.87% 281

Proportion
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53.37%
44.97%
49.23%
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