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ABSTRACT: Help seeking is a self-regulated learning strategy, and peer help is an important form of 

interaction in online education. Yet, students often do not seek help even at the cost of lower performance. To 

understand the factors behind online students’ commitment to peer help, this study implemented a peer-help 

discussion forum in an online course and investigated the relationship among students’ help-seeking profiles, 

epistemic beliefs (EB), and their actual participation in peer help. The findings revealed a significant relationship 

between students’ EB and the number of response posts in the peer-help forum. Moreover, EB moderated the 

relationship between students’ help-seeking profiles and the number of response posts. Theoretical and practical 

implications are drawn from the findings. 
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1. Introduction 
 

Learner interaction is a key mechanism to promote online learning (Garrison et al., 2000). Peer help, a particular 

form of learner interaction, constitutes an important self-regulated learning strategy (Karabenick, 2011; Pintrich 

& DeGroot, 1990) and allows learners to build a knowledge community (Greer et al., 2000). Peer help is 

particularly important in online education where an instructor is not physically available in the classroom to offer 

help. Yet, studies show that online students often do not seek help even at the cost of lower performance 

(Mahasneh et al., 2012). Given the benefits of help seeking (Richardson et al., 2012) and the prevalence of online 

education, it is important to understand the mechanism of online learners’ help seeking in order to facilitate it. In 

a previous study that implemented a peer-help discussion forum in an online course, students perceived the 

forum to be highly helpful and participated far beyond the course requirement (Huang & Law, 2018). As a 

follow-up, the current study sought to understand the factors behind online learners’ commitment to peer help, 

from the perspective of learners’ epistemic beliefs (EB) and their help-seeking profiles such as help-seeking 

attitudes, tendencies, and goals. The findings would help develop a better understanding of online learners’ help 

seeking and offer implications for encouraging online peer help. We start by reviewing relevant literature which 

led to the specific research questions we sought to answer. 

 

 

2. Literature review 
 

2.1. Help seeking 

 

Help seeking is an effective self-regulated learning strategy to overcome academic difficulties (Karabenick, 

2011; Pintrich & DeGroot, 1990). Nelson-Le Gall (1985) delineates five stages of help seeking: awareness of the 

need for help, deciding to seek help, identifying helpers, employing strategies to elicit help, and evaluating help. 

Throughout the stages, various learner-related factors play a role in whether, for what reason, and from whom 

learners seek help (Ryan et al., 2001). For instance, when help seeking threatens their self-esteem, learners may 

choose not to seek help despite the awareness of such a need (Karabenick & Knapp, 1991; Ryan et al., 2001). In 

such instances where learners need but do not seek help, they display a help-seeking avoidance (Ryan & Pintrich, 

1997). Even when they decide to seek help, learners may opt for different sources; some seek formal help from 

teachers, while others turn to fellow students for help (Karabenick, 2003). Further, learners may aim for different 

goals in obtaining help (Nelson-Le Gall, 1985). Those aiming for executive goals count on the help to complete a 

task, e.g., getting a direct answer to a multiple-choice question. On the other hand, those with instrumental goals 

focus on getting just enough assistance to complete a task by themselves; instead of a direct answer, they may 

ask for a hint so that they can find out the answer on their own. Research has studied the relationships among the 

aforementioned learner factors in help seeking. It was found that help-seeking avoidance is negatively correlated 

with instrumental goals while positively correlated with help-seeking threat and executive goals (Karabenick, 

2003; Pajares et al., 2004).  

https://creativecommons.org/licenses/by-nc-nd/3.0/
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Traditionally, help seeking has been studied in the classroom setting. With an increasing role of modern 

technologies in education, researchers have started to examine help seeking in interactive learning environments 

(e.g., Aleven et al., 2003; Roll et al., 2014) and more recently, in online education. The myriad of help sources 

(e.g., instructors, peers, online resources) and channels (e.g., emails, synchronous meetings, discussion boards) 

renders a complex picture of help seeking in online education, which can be different from traditional classroom 

settings. For instance, it was found that online students feel less threatened in seeking help than those in the 

classroom (Kitsantas & Chow, 2007; Qayyum, 2018). Further, while students in classrooms are more likely to 

seek informal help from peers (Karabenick & Knapp, 1991), online students appear to have mixed preferences 

(Mahasneh et al., 2012; Makara & Karabenick, 2013; Qayyum, 2018).  

 

A few research gaps exist in the current literature on help seeking. First, most research to date focuses on 

examining the relationship between learners’ help-seeking profiles and learning outcomes. Richardson et al.’s 

(2012) meta-analysis suggested that help seeking has a small positive correlation with GPA. More recent 

literature further supported the connections between help seeking and academic performance (Martin-Arbos et 

al., 2021; Wu, 2021). A body of research generally highlights the positive effects of instrumental help from 

formal sources (e.g., instructors), as well as the negative effects of help-seeking threat, executive help seeking, 

and avoidance tendency (Karabenick, 2003; Kitsantas & Chow, 2007; Ryan & Pintrich, 1997; Schenke et al., 

2015). What is less known is the connection between learners’ help-seeking profiles and their engagement in 

help seeking, e.g., learners’ behaviors in seeking help. Second, most research on help seeking is restricted to the 

face-to-face setting, which may not apply to the online environment (Bartholome et al., 2006; Er et al., 2015). 

For instance, in contrast to previous research, a study suggested the positive effect of informal help in online 

education (Goda et al., 2013); additionally, a more recent study on MOOC students found that those who were 

more inclined to seek help were less likely to do well in passing assessments (Kizilcec et al., 2017). In 

consideration of the research gaps, it was the intent of this study to examine the relationship between students’ 

help-seeking profiles and their behaviors in seeking informal help from peers in an online class.   

 

 

2.2. Online discussions as a source and a traceable record of peer help 

 

Online discussion boards play a significant role in online education for a variety of purposes, including being a 

source of help. By interacting and discussing with peers, knowledge is constructed through peer scaffolding (Ge 

& Land, 2004; Hmelo-Silver et al., 2011), which could potentially promote both social and cognitive presence in 

an online class (Garrison et al., 2000). On the other hand, seeking help from peers on a discussion board may 

also pose threats to those who do not want to appear “dumb” before others (Kim et al., 2018).  

 

It has been critiqued that most research on help seeking relies on learners’ self-reports, which could deviate from 

actual help-seeking behaviors (Cross et al., 2017; Mahasneh et al., 2012). On the other hand, online discussion 

boards afford a means of tracking learners’ posting behaviors as a manifestation of help seeking (Karabenick & 

Berger, 2013). Indeed, the recent rise of learning analytics has enabled researchers to examine a variety of 

factors in online education through online discussion analytics (Martínez et al., 2020; Wise et al., 2014; Xie & 

Huang, 2014). Examining computer science students’ help seeking through their posting behaviors (question and 

response posts) on a discussion forum, Bull et al. (2001) found the forum to be helpful to all students, including 

those who posted questions, responded to posts, or merely read the posts. More recently, in comparing a regular 

discussion forum with one that allowed students to invite friends or experts to participate in problem-solving 

tasks, Chao et al. (2018) found that the latter led to more participation in help seeking in terms of questioning, 

subscribing, commenting, and viewing activities. Similarly, Huang and Law (2018) implemented a peer-help 

discussion forum in an online class and found a significant relationship between students’ course grades and their 

number of help-giving, but not help-seeking, discussion posts. 

 

What has not been examined is the relationship between learners’ help-seeking profiles (attitudes, tendencies, 

and goals) and their help-seeking posting behaviors in online discussions. Moreover, such a relationship is likely 

to be influenced by learners’ fundamental beliefs about the nature of knowledge and knowing, i.e., their EB. The 

next section introduces EB and its potential roles in help seeking.  

 

 

2.3. Epistemic beliefs and their roles in help seeking 

 

Hofer and Pintrich (1997) defined EB as “individuals’ beliefs about the nature of knowledge and the process of 

knowing” (p. 117). They suggested two dimensions of EB: beliefs about the nature of knowledge (certainty and 

simplicity of knowledge), and beliefs about the nature of knowing (source of knowledge and justification of 

knowing). EB is often depicted as a continuum ranging from “naïve” to sophisticated (Greene et al., 2018; 
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Schommer, 1990). An individual with naïve EB may, for example, believe that knowledge only comes from 

authority and is unchanging. Evidence is clear that sophisticated EB is generally linked to deep cognitive 

engagement, productive study strategies, and positive learning outcomes (DeBacker & Crowson, 2006; Greene et 

al., 2018; Greene & Yu, 2016).  

 

EB has been identified as an antecedent of self-regulation that affects learners’ goal setting in a learning situation 

and their subsequent use of learning strategies (Muis, 2008). Specifically, Muis and Franco (2009) found that 

naïve EB predicted performance goal orientations, which, in turn, negatively predicted the effective use of study 

strategies. Although Muis and Franco (2009) did not incorporate help seeking as a learning strategy in their 

model, it is plausible that EB might play a similar role in help seeking which is a self-regulated learning strategy 

(Pintrich & deGroot, 1990). Concerning the possible relationship between EB and help seeking, Aleven et al. 

(2003) postulated that EB might affect learners’ perceived values of, engagement in, and approaches to help 

seeking. For example, learners with naïve EB may overestimate their knowledge status, which may affect their 

awareness of the need for help and engagement in help seeking (Aleven et al., 2003). There is some empirical 

evidence supporting these arguments. For instance, Bartholome et al. (2006) studied learners’ use of help 

features in an interactive learning environment and found that learners with more sophisticated EB made more 

use of the help features. Hao et al. (2016) found that EB predicted computer science students’ help seeking from 

teachers or online resources, but not that from peers.  

 

In addition to its potential impact on help-seeking behaviors, EB may also affect the relationship between 

learners’ help-seeking profiles and help-seeking behaviors. Specifically, for learners who show an avoidance 

tendency to seek help, if they hold sophisticated EB, they are likely to adopt a mastery goal for learning (Winbert 

et al., 2019). As such, despite the avoidance tendency, they may still decide to seek help to develop a genuine 

understanding. On the other hand, for those who have a similar avoidance tendency but hold naïve EB, their EB 

may lead them to adopt performance goals (Muis & Franco, 2009; Winbert et al., 2019). Accordingly, to avoid 

showing incompetence in front of others, these learners may not seek help. Taken together, we postulate the 

potential role of EB in moderating the relationship between learners’ help-seeking profiles and behaviors, which 

the current study set out to investigate.  

 

 

2.4. The present study 

 

In summary, the literature review above identified a few research gaps. First, most research on help seeking 

examined the relationship between help-seeking profiles and learning outcomes in the classroom setting. More 

research is needed to examine the connection between learners’ help-seeking profiles and actual help-seeking 

behaviors in online education. Secondly, there is a lack of understanding regarding the roles of EB in help 

seeking: how it might affect learners’ help-seeking behaviors and moderate the relationship between the 

behaviors and learners’ help-seeking profiles. In closing the gaps, this study implemented a peer-help discussion 

forum in a completely online class and sought to answer the following research questions: 

• What is the relationship between students’ help-seeking profiles and their posting behaviors in the peer-help 

discussion forum? 

• What is the relationship between students’ EB and their posting behaviors in the peer-help discussion 

forum? 

• Does students’ EB moderate the relationship between their help-seeking profiles and posting behaviors in 

the peer-help discussion forum? 

 

 

3. Method 
 

3.1. Participants and context 

 

Forty-nine students (30 females and 19 males) at a U.S. southern university voluntarily participated in the study. 

The participants were recruited from two online sections of a course offered by the university’s program in 

information technology services. The participants’ ages ranged between 21 and 52, including 40 seniors (82%), 7 

juniors (14%), and 2 Master’s students (4%). The reported ethnicities are as follows: White 34 (69%), African 

American 13 (27%), and other 2 (4%). The course focused on Microsoft Office Suite for business 

communications and operations. Throughout the semester, students worked on 19 projects that required them to 

apply software skills to business practices. Specific guidelines were provided for each project. To complete a 

project, students had to review course materials, understand the business needs in the project scenario, apply 

software skills, and troubleshoot any emerging issues in the process.  
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While students were individually accountable to complete all the projects, a peer-help discussion forum was set 

up on the course’s Blackboard Learning Management System to encourage collaborative learning. Specifically, 

students were asked to use the forum to seek or offer help regarding their projects. With a minimum contribution 

of three total posts by the end of the semester, the students could earn three percent of the course grade. The 

modest requirement was designed to avoid the situation where students participated only for the sake of earning 

points. Students were informed that the instructor would generally respond to a request for help if others did not 

respond within 24 hours. In the actual implementation, the instructor sometimes responded earlier when she 

deemed necessary. The peer-help forum was piloted in the same course the previous year. Students provided 

positive feedback regarding its helpfulness, and their actual participation far exceeded the minimum requirement 

(Huang & Law, 2018).  

 

 

3.2. Instruments 

 

Students’ help-seeking profiles were measured with a 13-item questionnaire of five subscales: instrumental help-

seeking goal, executive help-seeking goal, formal versus informal help seeking, help-seeking threat, and 

avoidance of help seeking. The items were adapted from Karabenick (2003). Specifically, the references in the 

original items about getting help from “this class” were modified as getting help from the peer-help forum. For 

instance, the original item, “Even if the work was too hard to do on my own, I wouldn’t ask for help with this 

class,” was revised to “Even if the work was too hard to do on my own, I wouldn’t ask for help on the forum.” 

Students rated their agreement with each item on a 5-point scale, ranging from “1-Not at all true of me” to “5-

Very true of me.” Karabenick (2003) reported the subscales to be in the acceptable range of internal consistency. 

The instrument has been administered in studies on college students, and the relationships among the subscales 

were confirmed by significant correlations, which supported the convergent validity of the instrument (Finney et 

al., 2018; Karabenick, 2003).  

 
Table 1. Subscales and sample items for help-seeking profiles and epistemic beliefs 

Instruments Subscales Example items 

Help-seeking 

profiles 

Instrumental help 

seeking 

If I have trouble understanding a project, I would post to the 

Forum to see if someone could help me understand the general 

ideas 

Help-seeking threat I would feel like a failure if I ask for help on the Forum 

Help-seeking avoidance Even if the work was too hard to do on my own, I wouldn’t ask 

for help on the Forum 

Formal vs informal help 

seeking 

In this class, the instructor would be a better source of help than 

the Forum 

Epistemic 

beliefs 

Certainty of knowledge Principles in this field are unchanging 

Source of knowledge If you read something in a textbook for this subject, you can be 

sure it is true 

Justification of knowing Correct answers in this field are more a matter of opinion than 

fact 

Attainability of truth If scholars try hard enough, they can find the answers to almost 

anything 

 

Students’ EB was measured with the Discipline-Focused Epistemological Beliefs Questionnaire (Hofer, 2000), 

which is one of the most widely used instruments for EB. Eighteen items measured four dimensions: certainty of 

knowledge, source of knowledge, justification of knowing, and attainability of truth. Participants rated their 

agreement with each statement on a 5-point scale ranging from “1-Completely disagree” to “5-Completely 

agree.” The items were scored in such a way that lower scores indicated more sophisticated beliefs. The 

instrument was found to have a reasonable reliability (Hofer, 2000; Muis et al., 2014). In Cazan’s (2013) study 

on the validity of the instrument, exploratory factor analysis yielded the same four subscales, and significant 

correlations were found between the instrument and another EB inventory, which supported convergent validity 

of the instrument. Table 1 lists the subscales and sample items for each instrument. The complete instruments are 

presented in Appendix A.  

 

 

3.3. Procedure 

 

Participants were recruited from their respective classes following the regulations of the university’s institutional 

review board. Each week throughout the semester, students reviewed learning materials and completed assigned 
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projects. They also used the peer-help discussion forum throughout the 15 weeks of the course to ask questions 

and give help. Towards the end of the semester, the participants completed a web-based survey. The survey had 

three parts: Part 1 recorded students’ demographic information, Part 2 measured their help-seeking profiles, and 

Part 3 measured their EB.  

 

 

3.4. Data collection and analysis 

 

In addition to the data collected from the 3-part survey, students’ participation data in the peer-help forum were 

also collected. Specifically, all the posts in the forum were collected and each students’ numbers of initial posts 

and response posts were counted (Bull et al., 2001; Chao et al., 2018). Figure 1 illustrates an example initial post 

and its subsequent response posts. In initial posts, students were likely to ask questions, whereas response posts 

involved mostly student interactions surrounding the questions.  

 

Figure 1. A screenshot of the peer-help forum showing initial and response posts (student names are masked) 

 
 

Data analysis was performed in three steps. In the first step, the reliability of all the scales was calculated. All the 

scales had acceptable Cronbach ɑ ranging from .62 to .97, except the subscale of executive help-seeking goal 

(Cronbach α = .16), which was subsequently dropped from further analysis. The second step generated the 

descriptive and correlation statistics of the variables. In the last step, multiple regression analyses were 

conducted to answer the research questions. 
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4. Results 
 

Table 2 presents the descriptive statistics of the variables. The correlations among the variables are presented in 

Table 3. On average, students posted 13.25 messages to the forum (including initial and response posts), which 

far exceeded the minimum requirement of three posts to receive the full credit. 

 
Table 2. Descriptive statistics of help-seeking profiles, EB, and number of forum posts 

Variable Mean SD Min Max 

Help Seeking 

Instrumental help seeking 3.89  1.02 1.00 5.00 

Help-seeking threat 1.46 .85 1.00 5.00 

Help-seeking avoidance 1.44 .66 1.00 5.00 

Formal vs. informal help seeking 2.82 .86 1.33 4.67 

Epistemic beliefs 

Certainty of knowledge 2.98 .68 1.63 4.63 

Source of knowledge 3.31 .72 1.50 5.00 

Justification of knowing 3.24 .69 1.50 5.00 

Attainability of truth 4.20 .76 2.00 5.00 

Number of posts     

Initial posts 4.52 4.84 0.00 21.00 

Response posts 8.73 10.27 0.00 64.00 

 
Table 3. Correlations among help-seeking profiles, EB, and number of forum posts 

Variable 1 2 3 4 5 6 7 

1. Instrumental help seeking 1.00 -.41** -.58** -.28** .10 .20 .16 

2. Help-seeking threat  1.00 .71** .19 .03 -.22 -.25 

3. Help-seeking avoidance   1.00 .37** .14 -.36* -.40** 

4. Formal vs. informal help seeking    1.00 .03 -.05 .12 

5. Epistemic beliefs     1.00 .04 -.40** 

6. Number of initial posts      1.00 .24 

7. Number of response posts       1.00 

Note. N = 49; *p < .05, **p < .01. 

 
To test the effects of students’ help-seeking profiles and EB on their participation in peer help, a series of 

regressions were conducted. To do so, interaction terms were first created by multiplying EB and the help-

seeking profile subscales (Cohen et al., 2003). Next, we mean standardized all the independent variables to 

prevent possible multicollinearity, especially among the interaction terms (Cohen et al., 2003). Further, 

multicollinearity diagnostic tests were conducted, and the results showed that multicollinearity was not a 

significant issue (VIF < 10; Hair et al., 2006). Graphical analyses were conducted to confirm the assumptions of 

linearity, normality, and homoscedasticity. Finally, the results also suggested independence of observations (1 < 

Durbin-Watson statistics < 3; Field, 2005).  

 
Two separate stepwise regressions were conducted with the dependent variables being the number of initial posts 

and the number of response posts, respectively (Cohen et al., 2003). The first regression model tested the effects 

of students’ help-seeking profiles and EB on their numbers of initial posts. Neither the main-effect nor the 

interaction-effect models were significant (p > .05), with the R2 ranging from .143 to .231. 

 

The second regression tested the effects of students’ help-seeking profiles and EB on their numbers of response 

posts. The first model, which tested the main effects of help-seeking profiles on the number of response posts, 

was not significant, R2 = .189, F(4, 44) = 2.567, p > .05 (f2 = .233). In the second model, EB was added as an 

additional predictor, which was found to predict significantly over and above help-seeking profiles, ΔR2 = .100, 

Δ F(1, 43) = 6.023, p < .05 (f2 = .406). EB was a significant predictor: t(43) = -2.454, p < .05. In the third model, 

four interaction terms were added as additional predictors, i.e., the interactions between EB and the four help-

seeking profile subscales (instrumental help seeking, help-seeking threat, help-seeking avoidance, and formal vs. 

informal help seeking). The model was found to predict significantly over and above the main-effect model, ΔR2 

= .235, Δ F(4, 39) = 4.799, p < .01 (f2 = 1.096). Specifically, three significant predictors emerged: EB, t(38) = -

2.159, p < .05; EB x Formal Help Seeking, t(38) = -4.101, p < .01; and EB x Help-Seeking Avoidance, t(38) = 

2.287, p < .05. Results of the multiple regressions are shown in Table 4. 
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Table 4. Results of multiple linear regression analyses predicting number of response posts 

Variables Model 1 

Help-Seeking Profiles 

β (t-value) 

Model 2 

Help-Seeking 

Profiles & EB 

β (t-value) 

Model 3 

Main and interaction 

effects 

β (t-value) 

Instru_HS -.793 (-.456) .132 (1.688) -.396 (-.257) 

HS_Threat .996 (.413) 1.217 (.097) 1.143 (.534) 

HS_Avoid -8.392 (-2.357*) -6.785 (-1.974) -4.403 (-1.454) 

Formal_HS 3.958 (2.170*) 3.24 (1.76) 1.000 (.615) 

EB  -6.862 (-2.454*) -6.506 (-2.159*) 

EB x Instru_HS   3.508 (1.031) 

EB x HS_Threat   -8.881 (-1.031) 

EB x HS_Avoid   18.810 (2.287*) 

EB x Formal _HS   -10.809 (-4.101**) 

F 2.567 3.493* 4.62** 

Δ F  6.023* 4.799** 

Model adjusted R2 .116 .206* .413** 

Δ R2  .090* .207** 

Note. Instru_HS: Instrumental Help Seeking; HS_Threat: Help-Seeking Threat; HS_Avoid: Help-Seeking 

Avoidance; Formal_HS: Formal vs. Informal Help Seeking; EB: Epistemic Beliefs. N = 49; *p < .05, **p < .01. 

 

Figure 2. The relationship between formal help seeking and number of response posts as a function of 

EB

 
 

Figure 2 illustrates the significant interaction between EB and formal help seeking. As shown, formal help 

seeking had a different impact on the number of response posts as a function of students’ EB. For those with 

sophisticated EB, the more they perceived the instructor as a formal source of help, the more likely they were to 

respond to peers’ posts. However, for those with naïve EB, the more they identified with the instructor as a 

formal source of help, the less likely they chose to respond. 

 

Figure 3 illustrates the significant interaction between EB and help-seeking avoidance. Similarly, the help-

seeking avoidance tendency had a different impact on students’ response posts depending on their levels of EB. 

For those with sophisticated EB, the more they reported an avoidance tendency, the less likely they were to 

respond to others’ posts. On the other hand, those with naïve EB showed an opposite trend - the more they 

reported an avoidance tendency, the more likely they would respond. 
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Figure 3. The relationship between help-seeking avoidance and number of response posts as a function of EB 

 
 

 

5. Discussion 
 

In the context of a peer-help discussion forum in an online course, this study set out to examine the relationship 

between students’ help-seeking profiles and their actual participation analytics in peer help. Further, students’ 

EB was also investigated regarding their impact on peer-help participation, and their potential moderating role in 

the relationship between help-seeking profiles and peer-help behaviors.  

 

 

5.1. Lack of evidence: Direct impact of help-seeking profiles on peer-help behaviors 
 

For the first research question regarding the relationship between students’ help-seeking profiles and their actual 

participation in peer help, the current study found that the help-seeking profile alone did not influence students’ 

peer-help posting behaviors. In other words, students’ perceived help-seeking threat, preferred sources of help, 

avoidance tendencies, and instrumental help-seeking goals did not directly affect their participation behaviors in 

the peer-help discourse, which included both initial posts and responses to others. 

 
Taking advantage of the learning analytics afforded by an online discussion forum to trace peer-help behaviors, 

this study was among the first to examine such a relationship in an online setting, yet our finding suggests a lack 

of direct relationship, which implies that learners’ help-seeking profiles may not manifest in their peer-help 

participation. Comparing our findings with the previous research, we see an interesting misalignment. Empirical 

evidence from the past suggested a positive relationship between help-seeking profiles and academic 

performance (Karabenick, 2003; Kitsantas, 2007; Ryan & Pintrich, 1997; Schenke et al., 2015). These positive 

relationships may imply that students with adaptive help-seeking profiles indeed seek help, which, in turn, 

improves their performance. However, our study was not able to find evidence between help-seeking profiles and 

actual peer-help behaviors, which suggests that help-seeking behaviors may not be the direct mechanism for 

students with adaptive help-seeking profiles to achieve positive performance. Indeed, Kizilcec et al. (2017) study 

found a negative relationship between MOOC students’ inclination to seek help and their academic performance.  
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5.2. Impact of EB on peer-help posting behaviors 

 

Regarding the second research question about the impact of EB on students’ peer-help posting behaviors, our 

study confirmed the impact: EB emerged as a significant predictor of the number of peer-help response posts. 

Specifically, those with more sophisticated EB posted significantly more responses than those with less 

sophisticated beliefs.  

 

The finding aligns with Bartholome et al. (2006) which found that learners with more sophisticated EB made 

more use of the help features in an interactive learning environment. However, the finding is different from Hao 

et al. (2016), which did not find EB to predict students’ use of peer help. The difference might be due to Hao’s et 

al. (2016) use of students’ self-reported participation data, in contrast to our study’s examination of the actual 

participation.  

 

The finding is not surprising, given that sophisticated EB is characterized by an identification with the 

constructive nature of knowledge and knowing (King & Kitchener, 2004). Although such beliefs were not 

pronounced in the students’ number of initial posts (likely help seeking), these beliefs nonetheless positioned 

epistemologically sophisticated students to be more open in responding to peers’ posts, thereby contributing to 

the collaborative inquiry. Considering our earlier study that reported a significant relationship between students’ 

numbers of help-giving posts and course grades (Huang & Law, 2018), we reason that those with more 

sophisticated EB were more likely to respond to peers’ posts, which might be associated with better 

performance.  

 

This finding also expands the literature on EB by offering evidence for the impact of EB on learners’ willingness 

to react or respond to peer-help discourses. The existing literature pointed to a significant correlation between EB 

and academic performance (Greene et al., 2018; Greene & Yu, 2016) and offered further evidence to suggest that 

the impact mechanism is through learners’ use of study strategies such as elaboration, critical thinking, 

metacognitive self-regulation, and rehearsal (Muis & Franco, 2009). Our study suggests learners’ participation in 

peer help as an additional mechanism in the learning process that might contribute to the impact of EB on 

academic performance. Our finding further implies that compared with help-seeking profiles, online learners’ EB 

is more likely to have a direct impact on their participation in peer help. Thus, learners’ EB should be an 

important factor to consider in the design and delivery of online education.  

 

 

5.3. Moderating role of EB in help-seeking posting behaviors  

 

Regarding the third research question about the moderating role of EB in the relationship between help-seeking 

profiles and peer-help posting behaviors, our findings suggest that two dimensions of help-seeking profiles, 

formal help seeking and avoidance tendency, were significantly related to peer-help responses (but not initial 

posts) through the moderation of EB. Thus, although help-seeking profiles did not directly affect peer-help 

posting behaviors, they did exert an indirect influence with the moderation of students’ EB.    

 

Specifically, depending on students’ EB, the two dimensions of help-seeking profiles each had a differential 

impact on students’ number of response posts in the peer-help forum. The first dimension, formal help seeking, 

indicates students’ tendencies to seek help from formal sources such as the instructor. For students who held 

more naïve EB, the greater their tendency for formal help, the less likely they were to respond to peers’ posts. 

These students might believe that knowledge was quite certain, and the instructor held the authority of 

knowledge. As such, they might have placed more value in getting the right solution than the knowledge-

building inquiry process leading to the solution (Aleven et al., 2003). Comparatively, epistemologically more 

sophisticated students displayed a different trend. Despite a greater tendency to seek the instructor for help, these 

students were nonetheless more likely to respond to peers’ posts. The finding appears contradictory on the 

surface. However, part of the reason might lie in the fact that in contrast to initial discussion posts that more 

likely involved one seeking help, response posts were more likely to involve one offering help or to joining a 

conversation. Thus, despite their perception of the instructor as a better source of help, these students’ 

sophisticated EB might have led them to see the need to participate in the peer-help forum as an established norm 

for help seeking in the course. Our earlier study (Huang & Law, 2018) of the same class in the previous year may 

also shed some light into the findings. The students from the previous class indicated in interviews that they had 

helped peers in the forum to promote a sense of “student camaraderie” which they felt “often lacking in an online 

course” (Huang & Law, 2018). While we could not tie these students to their levels of EB, these opinions might 

represent the reason why epistemologically more sophisticated students chose to respond to peers’ posts.  

 



10 

The second dimension, avoidance tendency, indicates one’s tendency to avoid seeking help. For students who 

held more naïve EB, the greater their tendency to avoid help seeking, the more likely they would respond to 

peers in the forum. This finding can be explained in two aspects. First, as discussed earlier, response posts were 

less intended for help seeking. Second, past research found that naïve EB predicted performance goals (Muis & 

Franco, 2009; Winbert et al., 2019) and was associated with an overestimate of one’s understanding (Schommer, 

1990; Schommer et al., 1992). Taken together, it is likely that despite their avoidance of seeking help, students 

with naïve EB were more likely to demonstrate their understanding in the forum by responding to others’ posts, 

which is an indication of the performance goal orientation. Comparatively, students with more sophisticated EB 

tended to aim for mastery learning rather than for impressing others with their performance (Winberg et al., 

2019). For these students with an avoidance tendency, one possibility was that they had a more realistic estimate 

of their own understanding. As such, they were less likely to respond to others if they were unsure of their 

knowledge. Huang and Law (2018) also found that some students were not willing to offer help because they “do 

not want to mislead (others),” which might explain the students’ reasoning for a lack of participation. 

Epistemologically sophisticated students who did not have an avoidance tendency, on the other hand, would not 

hesitate to post initial messages to seek help and subsequently join the conversations with peers, which led to 

more response posts.   

 

 

6. Conclusion 
 

This study advances our understanding of help seeking from peers as an informal source of help that has a 

positive impact in online learning (Goda et al., 2013; Wu, 2021). Building on past research that took advantage 

of online discussions to study various aspects of online learning (Martínez et al., 2020; Wise et al., 2014; Xie & 

Huang, 2014), the current study implemented online discussions to facilitate and investigate learners’ actual 

peer-help behaviors. The study extended the existing research that primarily focused on learning outcomes and 

relied on learners’ self-reported data. While there were attempts to examine the relationship between EB and 

help-seeking behaviors (Bartholome et al., 2006; Hao et al., 2016), our study represents the first attempt to 

simultaneously model the relationships among help-seeking profiles, EB, and online peer-help behaviors. The 

findings highlight the important role of learners’ EB in online peer help, which warrants further investigation.  

 

One perspective to understand help seeking is through the lens of self-regulation (Pintrich, 2000). While Muis 

and Franco (2009) advanced a self-regulated learning framework that delineated EB’s role in learners’ goal 

setting and subsequent use of self-regulation strategies, our study adds to the framework by examining help 

seeking as one of the self-regulation strategies and providing empirical evidence for the relationship between EB 

and help seeking.  

 

Further, the different findings between the numbers of initial posts and response posts prompted us to consider 

help giving as the other side of help seeking since the initial posts were more likely to seek help, whereas 

response posts were more intended to offer help. In the traditional paradigm of education, the instructor is often 

the main source of help, and help seeking from the instructor is connected to positive learning outcomes 

(Karabenick, 2003; Kitsantas & Chow, 2007; Ryan & Pintrich, 1997; Schenke et al., 2015). Yet, with the 

constructivist paradigm, collaborative learning becomes more and more prevalent (Jeong et al., 2019). 

Collaborative learning necessitates both help seeking and help giving among peers, while our understanding of 

help giving is disproportionate to that of help seeking. With the affordance of online learning, it becomes easier 

to capture and examine both help seeking and help giving. More studies are needed to understand and theorize 

peer help giving, especially in online learning environments. 

 

Our study yields practical implications for online education. Help seeking is an important self-regulation 

strategy, especially in online education (Karabenick, 2011; Pintrich & DeGroot, 1990). While learners’ help-

seeking profiles bear significant importance in help seeking, our findings suggest learners’ EB as an important 

consideration if we are to encourage meaningful and productive peer help. To develop online learners’ EB, 

learning activities should emphasize justification and reconciliation of objectivity and subjectivity (Cartiff et al., 

2021). Online instructors should also communicate to students the importance of informal help and peer 

discourse, while fostering a climate for achieving mastery in learning. Epistemologically more sophisticated 

students should be encouraged to participate more in peer help for the benefit of building a supportive knowledge 

community, and guidance and mechanisms should be provided for these students to feel more comfortable to 

contribute. Finally, this study joins many other studies in suggesting the importance of EB in education, 

especially in online education (Huang et al., 2019; Greene et al., 2018; Greene & Yu, 2016). Actions should be 

taken to consider learners’ EB in designing instruction. Meanwhile, promoting learners’ EB should be a priority 

for educational research and practice.  
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This study has several limitations that future research should address. First, while the small sample size was 

sufficient with a medium to large effect size (the three regression models with f2 = .23, .41, and 1.10; Cohen, 

1992), it could present weaker statistical power for the regression analyses. Future studies may use a larger 

sample size that would also enable the examination of the subscales of EB. Second, while the peer-help forum 

was intended for help seeking among peers, the availability of the instructor on the forum could have made an 

undue influence on students’ use of the forum. Third, the two instruments in this study used different pronouns 

(you and I), which may have caused confusions in responding to the questions. Fourth, future studies could 

include students’ performance data, goal orientations, and peer-help access data for a more comprehensive 

understanding of peer help and its impact. Finally, future research should also examine how help-seeking profiles 

may affect help seeking from sources other than an established peer-help forum.  
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Appendix A 
 

Help seeking scales 

 

1. If I were having trouble understanding a project, I would post to the Forum to see if someone could help me 

understand the general ideas. 

2. Getting help from the Forum would be one of the first things I would do if I were having trouble with a 

project.   

3. The purpose of seeking help from the Forum would be to succeed without having to work as hard.  

4. Getting help from the Forum would be a way of avoiding doing some of the work.  

5. I would feel like a failure if I ask for help on the Forum.  

6. I would not ask for help on the forum to let others find out that I needed help.  

7. Seeking help on the Forum would be an admission that I am just not smart enough to do the work on my 

own. 

8. If I didn’t understand something in this class I would guess rather than asking for help on the Forum.  

9. Even if the work was too hard to do on my own, I wouldn’t ask for help on the Forum.  

10. I would rather do worse on an assignment I had trouble with than seeking help from the Forum.   

11. If I were to seek help in this class I would directly ask the instructor rather than posting to the Forum.  

12. I would prefer seeking help on the forum rather than directly asking the instructor. (rev)  

13. In this class, the instructor would be better to get help from than would the Forum. 

 

 

Discipline Focused Epistemological Beliefs Questionnaire 

 

1. Truth is unchanging in this subject.  

2. In this subject, most work has only one right answer.   

3. Sometimes you just have to accept answers from the experts in this field, even if you don’t understand them. 

4. All professors in this field would probably come up with the same answers to questions in this field. 

5. If you read something in a textbook for this subject, you can be sure it is true. 

6. Most of what is true in this subject is already known. 

7. In this subject, it is good to question the ideas presented. (rev) 

8. Correct answers in this field are more a matter of opinion than fact.  

9. If scholars try hard enough, they can find the answers to almost anything. 

10. Experts in this field can ultimately get to the truth.   

11. Principles in this field are unchanging. 

12. If my personal experience conflicts with ideas in the textbook, the book is probably right. 

13. There is really no way to determine whether someone has the right answer in this field. 

14. Answers to questions in this field change as experts gather more information. (rev) 

15. All experts in this field understand the field in the same way.  

16. I am more likely to accept the ideas of someone with first-hand experience than the ideas of researchers in 

this field.   

17. I am most confident that I know something when I know what the experts think.   

18. First-hand experience is the best way of knowing something in this field. 
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ABSTRACT: While an increasing number of studies have cast light on the effectiveness of MALL (mobile-

assisted language learning) on English as a foreign/second language (EFL/ESL) reading comprehension, there is 

still a lack of comprehensive meta-analysis regarding the effect sizes of these studies. To fill the gap, this study 

reported results based on a meta-analysis of 20 effect sizes from 17 experimental and quasi-experimental studies 

published during 2000–2020. The results showed that the overall effect size was significantly large, suggesting 

the use of MALL applications for EFL/ESL reading comprehension is more effective than traditional methods. 

The moderating effects of eight moderators were analyzed. The intervention settings and intervention durations 

were found to be significant moderators, while others did not find a significant moderating effect. Implications of 

the findings were discussed. 

 

Keywords: Meta-analysis, Mobile-assisted language learning (MALL), Reading comprehension 

 

 

1. Introduction 
 

Compared with other language skills, the development of reading ability is the foundation of foreign/second 

language (FL/L2) learning (Li, 2021a). Motivated by the possibility of creating portable, connective, context-

sensitive, location-aware, multifunctional and ubiquitous learning environments, the use of mobile-assisted 

language learning (MALL) applications, e.g., smartphones, tablets and e-readers, has to date been proven to be 

useful to develop L2 learners’ language skills (Burston, 2014; Burston, 2015; Hwang & Fu, 2019; Li & Hafner, 

2022; Shadiev et al., 2020), L2 reading comprehension in particular (e.g., Gutiérrez-Colón et al., 2020; Klimova 

& Zamborova, 2020; Lin et al., 2020; Moon et al., 2021). Research into the use of MALL for L2 reading 

comprehension is crucial because a better understanding of the effects and the related moderators will inform 

reading pedagogy.  

 

While researchers (e.g., Keezhatta & Omar, 2019; Mays et al., 2020; Sofiana & Mubarok, 2020) have paid much 

attention to empirically examine the pedagogical affordances of MALL for L2 reading comprehension, and 

numerous studies have obtained the facilitative effects in “increasing reading frequency, allowing for peer 

interaction, achieving higher sustained attention and acquiring better decoding skills” (Lin et al., 2020, p. 851), 

synthesized empirical evidence of its impact on reading comprehension is still lacking. Compared with the 

empirical studies, meta-analysis results are more reliable and generalizable, as they are based on results of 

multiple studies and increased sample sizes (Yanagisawa et al., 2020). In order to narrow the gap, this study 

synthesized various literature on MALL for L2 reading comprehension and conducted a meta-analysis to provide 

a more up-to-date vision on this issue. Specifically, it aims to (a) empirically generalize findings of previous 

MALL for L2 reading research while (b) dealing with the variability of the aggregated effects from a meta-

analytic perspective. 

 

 

2. Literature review 
 

2.1. Related studies on MALL for L2 reading comprehension 

 

Reading is an active, dynamic and complex cognitive process that involves the selection of relevant information, 

the mapping of information into a mental representation and the integration of information using existing 

knowledge (Lin et al., 2020). Previous studies (e.g., Davis & Lyman-Hager, 1997; Singhal, 1998; Whitford & 

Joanisse, 2018) have examined readers’ decoding and metacognitive processes, L2 lexical accessibility, L2 

reading strategies, cultural differences and L2 subskills of reading comprehension. In recent decades, the 

introduction of MALL technologies, such as cellphones (Chen et al., 2011; Sofiana & Mubarok, 2020), tablet 

PCs (Lin, 2017; Lan et al., 2013) and PDAs (Hsu et al., 2013; Wu et al., 2011), has reshaped the traditional L2 

reading pedagogical paradigm, and researchers were having mixed and inconclusive findings towards the shift. 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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On the one hand, some researchers (Alemi & Lari, 2012; Lin, 2014; Mays et al., 2020) have found the facilitative 

effects of MALL for L2 reading comprehension. For instance, Alemi and Lari (2012) adopted a quasi-

experiment to investigate the effect of vocabulary learning with SMS (short messaging service) on L2 reading 

comprehension. Results indicated that the experimental group outperformed the control group in L2 reading 

performance. In another quasi-experiment, Mays and colleagues (2020) explored the use of mobile ARS 

(Audience Response Systems) with student-generated questioning on EFL learners’ reading comprehension. The 

results indicated that the quality of questions provided by the experimental group improved at a greater rate over 

time compared with the control group. Participants of the experimental group also have a higher level of 

collaboration and engagement than those of the control group. 

 

On the other hand, other researchers (Chen et al., 2011; Lin, 2017) have obtained the limited effects of MALL 

for L2 reading comprehension. For instance, Chen and colleagues (2011) conducted a quasi-experiment to 

compare the effectiveness of direct access to digital materials with QR (quick response) codes and that of 

scaffolded questioning in improving EFL learners’ reading comprehension. Results suggest that the MALL 

technology did not influence EFL learners’ reading comprehension, rather the traditional approach with 

scaffolded questioning improved their reading performance. Similarly, Lin (2017) also conducted a quasi-

experiment to examine the effectiveness of a MALL technology on EFL learners’ reading performance. Results 

did not find any significant difference between both groups. 

 

Taken together, although the aforementioned studies have been helpful in shedding some light on the use of 

MALL for L2 reading comprehension, the discrepancy among them might be explained by a number of 

moderators, such as proficiency levels, educational levels, screen sizes, software types, intervention settings, 

intervention durations, instructional approaches and measured outcome types, according to the existing studies 

(Gutiérrez-Colón et al., 2020; Sung et al., 2015). The present study, therefore, was promoted by a need to revisit 

the moderators that may moderate the effects of MALL for L2 reading comprehension. 

 

 

2.2. Related reviews of MALL for L2 reading comprehension  

 

To date, several reviews (Gutiérrez-Colón et al., 2020; Klimova & Zamborova, 2020; Lin et al., 2020; Reiber-

Kuijpers et al., 2021) on MALL for L2 reading comprehension have been conducted. For instance, Gutiérrez-

Colón and colleagues (2020) provided a thorough review of MALL for L2 reading research between 2012 to 

2017. Results of their study indicated that future study should focus on the use of appropriate mobile device 

types, the use of appropriate screen sizes for mobile reading and the application of mobile device in the informal 

settings. Lin and colleagues (2020) reviewed the literature on MALL for L2 reading comprehension during 2008 

to 2018. Based on the review results, they provided design-related, strategy-related and learner-related 

guidelines. In another review, Klimova and Zamborova (2020) conducted a literature search of 21 articles on 

MALL for L2 reading comprehension and coded them based on research objective, participants, MALL 

technology, intervention durations, outcomes, main results and limitations. In a more recent review, Reiber-

Kuijpers and colleagues (2021) systematically synthesized digital reading in FL/L2 in relation to digital reading 

environments, tasks, readers, and strategy use during 2008 to 2020. Results of their review suggest that future 

attempt should be extended to informal settings, and researchers should explore reading in more authentic 

environments and consider the important role of teachers. Although these studies have afforded insights into 

trends of MALL for L2 reading comprehension, studies published to date have neither directly calculated the 

aggregated effects of MALL for L2 reading comprehension, nor dealt with the variability of the aggregated 

effects with moderator analyses, which suggests an urgent need to meta-analyze the effects of MALL for L2 

reading comprehension and examine whether the calculated effects were moderated by a series of moderators, 

including proficiency levels, educational levels, screen sizes, software types, intervention settings, intervention 

durations, instructional approaches and measured outcome types.  

 

 

2.3. Research purposes and questions  

 

Two research purposes should be achieved regarding the effects of MALL for L2 reading comprehension and its 

related moderators. First, drawing on the data collected from the primary studies, a meta-analysis was conducted 

on the aggregated overall effect sizes of MALL for L2 reading comprehension. It should be pointed out here that 

the experimental group used MALL for L2 reading comprehension, e.g., PDAs, e-reader, tablet PCs and 

cellphones, while the control group used non-MALL for L2 reading comprehension, including traditional pencil 

and paper (Lin, 2017; Lan et al., 2013), traditional teacher-centered lectures (Priyanti et al., 2019; Wang, 2017), 

PowerPoint (Mays et al., 2020), paper-based materials (Wu et al., 2011), traditional classroom instructions (Wu 

et al., 2010) and non-personalized instructions (Hsu et al., 2013), among others. Second, informed by several 
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existing meta-analyses (Chen et al., 2020; Sung et al., 2015), the moderating effects were conducted in relation 

to proficiency levels, educational levels, screen sizes, software types, intervention settings, intervention 

durations, instructional approaches and measured outcome types. Consequently, two research questions to be 

addressed are as follows. 

 

• Research question 1 (RQ1): What is the overall effect size of MALL for L2 reading comprehension vs. non-

MALL for L2 reading comprehension? 

• Research question 2 (RQ2): How do moderators, such as proficiency levels, educational levels, screen sizes, 

software types, intervention settings, intervention durations, instructional approaches and measured outcome 

types, affect the aggregated effect sizes? 
 

 

3. Research design 
 

3.1. Literature retrieval 

 

We adopted a careful and exhaustive literature retrieval approach to investigate the effectiveness of MALL 

applications on EFL/ESL learners’ reading development. Drawing on the insights of recently published reviews 

(Gutiérrez-Colón et al., 2020; Klimova & Zamborova, 2020; Lin et al., 2020), the potential keywords and/or 

keyword combinations used in those review articles were consulted to promote a comprehensive search. Related 

primary studies were searched from several electronic online databases (e.g., web of science, ScienceDirect, 

Springer, ProQuest, Scopus, Wiley, ERIC) and search engines (Google Scholar and Baidu Scholar) by using a 

combination of the following MALL-related and reading-related keywords integrated with Boolean operators. 

The following Boolean expressions of keywords, i.e., (mobile-assisted language learning OR MALL OR mobile 

applications OR portal devices OR handheld devices OR mobile technologies OR mobile learning OR m-

learning OR ubiquitous learning OR u-learning OR mobile phones OR cellphones OR smartphones OR e-reader 

OR tablets OR personal digital assistants OR PDAs OR gamification) AND (reading OR reading competence 

OR reading skills OR reading comprehension OR reading abilities OR reading performance), were executed. 

Second, to further avoid the insufficient search of a significant portion of the relevant literature in the first-round, 

we conducted a second-round backward and forward citation search based on the review articles (Gutiérrez-

Colón et al., 2020; Klimova & Zamborova, 2020; Lin et al., 2020), along with snowballing technique (Biernacki 

& Waldorf, 1981) by scanning references in the identified articles (e.g., Gheytasi et al., 2015; Keezhatta & 

Omar, 2019; Naderi & Akrami, 2018). Third, informed by Sung and colleagues (2015), we also manually 

searched publications in the following major CALL journals (e.g., Computer Assisted Language Learning, 

Language Learning & Technology, ReCALL, System and CALICO Journal) and educational technology journals 

(e.g., Educational Technology & Society, Computers & Education, Internet and Higher Education, Computers in 

Human Behavior, British Journal of Educational Technology, Educational Technology Research and 

Development, Journal of Computing in Higher Education, Journal of Educational Computing Research, Journal 

of Computer Assisted Learning, Australian Journal of Educational Technology, Interactive Learning 

Environments, and The Asia-Pacific Education Researcher, among others) to further avoid the incomplete 

inclusion. 

 

 

3.2. Inclusion and exclusion criteria 

 

A total of 81 studies pertinent to MALL for L2 reading comprehension were identified via the initial literature 

retrieval. The following inclusion and/or exclusion criteria were proposed to ensure whether the retrieved studies 

were eligible for the meta-analysis. In what follows, a second-round manual inclusion and/or exclusion was 

executed. 

 

(1) Publications that were written in English should be confined to 2000–2020. This time range was chosen 

because MALL technologies remained few in number before 2000 (Duman et al., 2014). Second, to obtain a 

more comprehensive view, we intend to expand the time span of the recently published narrative reviews 

(e.g., ranging from 2008–2018 in Lin et al., 2020; from 2018–2020 in Klimova & Zamborova, 2020; and 

from 2012–2017 in Gutiérrez-Colón et al., 2020).  

(2) The study should adopt a form of MALL technologies (e.g., mobile phones, PDAs, computer tablets or e-

readers) for EFL/ESL reading comprehension. Those studies that failed to use technologies or used MALL 

technologies on first or other foreign language (not EFL or ESL) reading comprehension were excluded. 

(3) The publications should contain sufficient statistics for data calculation or transformation of aggregated 

overall effect sizes. As such, only the experimental or quasi-experimental studies that examined the 

effectiveness of a mobile-assisted device on foreign or second language reading comprehension should be 
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included. More specifically, the independent variables should include different interventional modes (e.g., 

traditional learning method as a control group vs. mobile-assisted learning method as a treatment group), 

and the dependent variable should include a measure of the researcher-designed or standardized pre- and 

post-tests on reading comprehension between different modes. Those publications that investigated L2 

learners’ attitudes or perceptions, pedagogical or theoretical recommendations regarding mobile L2 reading 

comprehension were excluded. Furthermore, other review publications (e.g., review articles, book reviews, 

and editorial materials) were excluded as well. As a result, 21 eligible publications were finalized for meta-

analysis. 

 

 

3.3. Variables coded for each study 

 

A well-designed coding scheme should “capture the pertinent information suitable for meta-analysis, including 

the identification of the publications, the characteristics of the participants, theoretically relevant features of the 

study and measured variables” (Wilson, 2019, p. 154). Explicit coding scheme was thus proposed in Table 1. 

 

After the code scheme was developed, coding procedures were observed as follows: First, given the 

recommended practice for data dependencies (Plonsky, 2011; Plonsky & Oswald, 2014), multiple effect sizes 

reported in a single publication involved different participants or different types of measurement were coded 

separately to ensure the reliability of the analyses, resulting in a total of 21 eligible primary studies that yielded 

24 effect sizes as independent studies. For instance, Hsu and colleagues (2013) conducted a quasi-experimental 

design that compared two experimental groups and one control group. The effect sizes were coded separately, 

since EFL learners of the experimental groups that involved different participants used a mobile language 

management system, while those of the control group adopted the traditional approach. Further, two experienced 

coders who are senior CALL researchers skilled at meta-analysis coding protocols negotiated with each other to 

ensure the consistent understanding of each variable and item. Then, they independently coded the items, and the 

interrater reliability (percentage of agreement) was 97%. The discrepancies were resolved by consensus through 

discussions. 

 

Table 1. The descriptive information of coding scheme 

Coding types Subtypes Operational definitions References 

Proficiency 

levels 

1. low Studies that reported learners as foreign 

language beginners. 

Li (2021a) 

 2. intermediate Studies that reported learners as intermediate 

learners. 

 

Educational 

levels 

1. primary education Kindergarten or primary school students. Li (2022) 

 2. secondary 

education 

Junior middle school or senior high school 

students. 

 

 3. tertiary education College students.  

Screen sizes 1. small Mobile phones and handheld PDAs. Researcher-designed 

 2. larger Tablet PCs.  

Software 

types 

1. general purposes Applications that were NOT designed for 

educational purposes, e.g., WeChat, 

WhatsApp, telegram and QR codes.  

Chen et al. (2020) 

 2. educational 

purposes 

Applications that were designed for 

educational purposes, e.g., language 

management system. 

 

Intervention 

settings 

1. formal/classroom Formal learning activities that occurred in the 

classroom. 

Chen et al. (2020) 

2. informal/outdoor Informal outside-of-the-classroom learning 

activities. 

 

Intervention 

durations 

1. one session, ≤1 

week 

Durations fewer than one week or only one 

session. 

Chen et al. (2020) 

 2. >1 week, ≤4 weeks Durations over one week, but fewer than four 

weeks.  

 

 3. >4 weeks, ≤one 

semester 

Durations over four weeks, but within one 

semester. 

 

Durations Number of weeks Studies that reported the specific number of 

weeks regarding intervention durations. 

Xu et al. (2019) 

Instructional 1. drill and practice Studies that used MALL to practice L2 Researcher-designed 



19 

approaches reading ability. 

2. personalized 

learning 

Studies that used MALL to appropriately 

provide reading materials to learners based on 

their reading abilities. 

 

 3. game-based 

learning 

Studies that adopted games as scaffolds to 

facilitate L2 reading.  

 

 4. multimedia 

learning 

Studies that adopted multimedia resources or 

glosses to facilitate L2 reading. 

 

 5. collaborative 

learning 

Studies that supported peer-peer and/or tutor-

learner feedbacks or collaborations.  

 

Measured 

outcome types 

1.standardized Standardized TOEIC/IELTS/OPT reading 

comprehension test scores. 

Li (2021a) 

 2.researcher-designed Reading comprehension test scores made by 

researchers. 

 

Note. L2 = second language; TOEIC = Test of English for International Communication; IELTS = International 

English Language Testing System; OPT = Oxford Placement Test. 

 

 

3.4. Calculation and analysis of the effect sizes 

 

As the small sample sizes might bias the aggregated effect sizes, Hedges’ g that “provided a simple correct for 

the bias” was taken as the effect size index for the eligible studies (Lipsey & Wilson, 2001, p. 48). When the 

original data reported in the primary studies did not include means and standard deviations, we used other 

statistical values, e.g., t-value, to calculate effect sizes. For instance, we used pre- and post-test means, sample 

size, and t-value to compute the effect sizes in several eligible studies (e.g., Ataee et al., 2015; Chen & Hsu, 

3008; Gheytasi et al., 2015; Lan et al., 2013). The interpretations of the magnitude of an effect size were based 

on Plonsky and Oswald (2014): 0.200, 0.500, and 0.800 for small, moderate, and large effects, respectively. 
 

 

4. Results 
 

4.1. Outlier diagnosis results 

 

According to Lipsey and Wilson (2001, p. 108), potential outliers with the extreme effect sizes that were “more 

than 3 standard deviations from the mean of all the effect sizes” should be excluded from the analysis. In doing 

so, four studies (g = 4.243, Grami & Hashemian, 2017; g = 4.632, Hazaea & Alzubi, 2016; g = 8.371, Keezhatta 

& Omar, 2019; g = 3.175, Motallebzadeh & Ganjali, 2011) out of 21 eligible studies that yielded extremely large 

effect sizes were excluded, resulting in a total of 17 remaining primary studies that yielded 20 independent 

studies (effect sizes) for the final analysis. 

 

 

4.2. Publication bias analysis results 
 

Since researchers normally did not publish nonsignificant results, the publication bias refers to the phenomenon 

that unpublished studies might differ from the published studies (Borenstein et al., 2009). The results of 

publication bias were often inspected via funnel plot and a fail-safe N method (Li, 2021a). As studies were 

distributed symmetrically (Figure 1), the probability of having a publication bias is rare. In addition, by 

evaluating how many unpublished studies with nonsignificant results would change the meta-analytic results 

from significant to nonsignificant, Rosenthal (1991) proposed a classical fail-safe N method to avoid the file-

drawer problem. It was found that there existed no publication bias, since the result of fail-safe N was 950, which 

was significantly higher than the respective observed number 20 (z = 13.644, p < .001), that Rosenthal (1991) 

suggested for the file-drawer problem. 
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Figure 1. Funnel plot of the selected studies 

 
 

 

4.3. Overall analysis results 

 

The overall effect size was estimated using a random effect model, which “assumes that each observed effect 

size differs from the sampling error plus a value that represents other sources of variability” (Lipsey & Wilson, 

2001, p. 119). As shown in Figure 2, the aggregated effect size computed from the 20 independent studies is 

large, g = 0.813, 95% CI = [0.566, 1.060] and significant, z(19) = 6.449, p < .001, indicating a positive and large 

effect for the use of MALL applications for L2 reading comprehension. 

 

Figure 2. Forest plot of the selected studies 

 
 

 

4.4. Homogeneity analysis 
 

As apparent in Table 2, Q-value was 92.713 with p < .001, indicating that there were between-group differences 

among the effect sizes resulting from factors other than subject-level sampling error. The I2 for the overall model 
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showed high heterogeneity (I2 = 79.507), indicating that one or more moderators could account for this 

heterogeneity (Borenstein et al., 2005; Borenstein et al., 2009). 

 

Table 2. Heterogeneity analysis results 

Q df p I2 

92.713 19 .000 79.507 

 

 

4.5. Moderator analysis results 

 

The moderator analysis was carried out to examine the moderating effect of eight moderators, including 

proficiency levels, educational levels, screen sizes, software types, intervention settings, intervention durations, 

instructional approaches and measured outcome types. The moderator analysis results have been summarized in 

Table 3. Two moderators were found to have a moderating effect on the overall effect sizes: intervention settings 

and intervention durations, whereas the other moderators did not find a significant moderating effect. 

 

Table 3. Moderator analysis results 

Moderators k g z 95% CI Q between p 

Proficiency levels     1.586 0.208 

1. low 11 0.659 4.993*** [0.400, 0.917]   

2. intermediate 9 0.998 5.003*** [0.538, 1.457]   

Educational levels     2.461 0.292 

1. primary education 3 0.519 2.938** [0.173, 0.866]   

2. secondary education 9 0.740 4.710*** [0.432, 1.048]   

3. tertiary education 8 1.003 3.848*** [0.492, 1.514]   

Screen sizes     0.048 0.826 

1. small 12 0.792 5.048*** [0.485, 1.100]   

2. larger 8 0.853 3.777*** [0.410, 1.295]   

Software types     0.080 0.778 

1. educational 15 0.794 5.280*** [0.499, 1.089]   

2. general 5 0.877 3.492*** [0.385, 1.369]   

Intervention settings     4.201* 0.040 

1. formal/classroom 17 0.667 6.348*** [0.461, 0.873]   

2. informal/outdoor 3 1.684 3.471** [0.733, 2.635]   

Intervention durations     6.626* 0.036 

1. one session, ≤1 week 3 0.397 3.014** [0.139, 0.656]   

2. >1 week, ≤4 weeks 4 0.948 2.342* [0.155, 1.742]   

3. >4 weeks, ≤one semester 13 0.895 5.752*** [0.590, 1.200]   

Instructional approaches     2.145 0.709 

1. drill and practice 3 1.079 2.890** [0.347, 1.811]   

2. personalized learning 4 0.785 4.537*** [0.446, 1.124]   

3. game-based learning 2 0.786 1.966* [0.002, 1.569]   

4. multimedia learning 7 0.869 2.607** [0.216, 1.522]   

5. collaborative learning 4 0.601 4.671*** [0.349, 0.853]   

Measured outcome types     0.219 0.640 

1. standardized  8 0.734 3.545*** [0.328, 1.139]   

2. researcher-designed  12 0.868 5.348*** [0.550, 1.186]   

Note. k is the number of independent studies available for the certain variable; Hedges’ g is effect size; CI is 

short for confidence interval; *p < .05; **p < .01; ***p < .001.  

 

 

4.5.1. Proficiency levels 

 

Proficiency levels included two categories: low (k = 11, 55%) and intermediate (k = 9, 45%). According to Table 

3, intermediate proficiency learners achieved large effect size (g = 0.998, 95% CI = [0.538, 1.457]), and low 

proficiency learners obtained a moderate effect size (g = 0.659, 95% CI = [0.400, 0.917]). However, there was no 

statistical difference between the two proficiency levels, Q between = 1.586, p = 0.208. 
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4.5.2. Educational levels 

 

Three categories involved in educational levels: primary education (including pre-school, kindergarten and 

primary school education, k = 3, 15%), secondary education (junior middle school or senior high school 

education, k = 9, 45%) and tertiary education (college education and beyond, k = 8, 40%). As indicated in Table 

3, EFL learners of tertiary education had large effect size (g = 1.003, 95% CI = [0.492, 1.514]), larger than those 

of the primary (g = 0.519, 95% CI = [0.173, 0.866]) and secondary education (g = 0.740, 95% CI = [0.432, 

1.048]) that reported moderate effect sizes. However, no significant difference was found among the three 

educational levels, Q between = 2.461, p = .292. 

 

 

4.5.3. Screen sizes 

 

Screen sizes contained two categories: small (normally display sized from 3.5 to 7’’, e.g., handheld cellphones 

and PDAs, k = 12, 60%) and larger (normally sized from 7 to 10.5’’, e.g., tablets, k = 8, 40%). According to 

Table 3, compared with the small screen size (g = 0.792, 95% CI = [0.485, 1.100]), MALL applications with 

larger screen size (g = 0.853, 95% CI = [0.410, 1.295]) achieved much higher moderating effect. However, the 

difference did not reach a significance level, Q between = 0.048, p = .826. 

 

 

4.5.4. Software types 

 

Software types included educational purposes (k = 15, 75%) and general purposes (k = 5, 25%). Table 3 showed 

using different types of MALL software resulted in moderate-to-large effect sizes. The effect size of educational 

purposes is 0.794, 95% CI = [0.499, 1.089], slightly lower than that of general purposes (g = 0.877, 95% CI = 

[0.385, 1.369]). Between-group comparison indicated no statistically significant difference, Q between = 0.080, p = 

.778. 

 

 

4.5.5. Intervention settings 

 

Two categories of intervention settings were involved: formal/classroom (k = 17, 85%) and informal/outdoor (k 

= 3, 15%). According to Table 3, significantly larger effect size was reported for using MALL applications in 

informal/outdoor setting (g = 1.684, 95% CI = [0.733, 2.635]) than that in formal/classroom setting (g = 0.667, 

95% CI = [0.461, 0.873]), Q between = 4.201, p = .040. 

 

 

4.5.6. Intervention durations 

 

Intervention durations that were divided into three categories: “one session, ≤1 week” (k = 3, 15%), “>1 week, 

≤4 weeks” (k = 4, 20%) and “>4 weeks, ≤one semester” (k = 13, 65%) were found to have a significant 

moderating effect on the overall effect size, Q between = 6.626, p = 0.036. Post-hoc comparison was computed to 

locate the source of the moderator effect. “One session, ≤1 week” (g = 0.397, 95% CI = [0.139, 0.656]) had the 

weakest moderating effect, which was statistically lower as compared “>4 weeks, ≤one semester” (g = 0.895, 

95% CI = [0.590, 1.299]), Q between = 5.950, p = .015. Neither significant difference existed between “>1 week, 

≤4 weeks” and “one session, ≤1 week” (Q between = 1.674, p = .196), nor between “>1 week, ≤4 weeks” and “>4 

weeks, ≤one semester” (Q between = 0.015, p = .902), indicating the longer the intervention durations, the larger 

the effect sizes. 

 

 

4.5.7. Instructional approaches 

 

Instructional approaches could be categorized into five approaches: drill and practice (k = 3, 15%), personalized 

learning (k = 4, 20%), game-based learning (k = 2, 10%), multimedia learning (k = 7, 35%) and collaborative 

learning (k = 4, 20%). Table 3 indicated drill and practice (g = 1.079, 95% CI = [0.347, 1.811]) and multimedia 

learning (g = 0.869, 95% CI = [0.216, 1.522]) had significantly high effect sizes, while game-based learning (g = 

0.786, 95% CI = [0.002, 1.569]), personalized learning (g = 0.785, 95% CI = [0.446, 1.124]) and collaborative 

learning (g = 0.601, 95% CI = [0.349, 0.853]) had significantly moderate effect sizes. No between-group 

difference was observed, Q between = 2.145, p = .709. 
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4.5.8. Measured outcome types 

 

Two measured outcome types could be categorized: standardized test (k = 8, 40%) and researcher-designed test 

(k = 12, 60%). Table 3 indicated no significant difference was found, Q between = 0.219, p = .640, with the 

moderate-to-large effect size of standardized test being 0.734, 95% CI = [0.328, 1.139], and researcher-designed 

test being 0.868, 95% CI = [0.550, 1.186]. 

 

 

5. Discussion 
 

The present study endeavored to quantitatively meta-analyze the overall effect size of MALL for L2 reading 

comprehension identified in the primary literature. Simultaneously, moderator analyses were also conducted to 

examine the moderating effects of proficiency levels, educational levels, screen sizes, software types, 

intervention settings, intervention durations, instructional approaches and measured outcome types for the effect 

size. The meta-analytical findings regarding two RQs were discussed in the remainder of this section. 

 

 

5.1. Overall effect size of MALL for L2 reading comprehension 

 

RQ1 dealt with the overall effect size of MALL for L2 reading comprehension vs. non-MALL for L2 reading 

comprehension. A total of 20 effect sizes generated an overall aggregated effect size of 0.813 (95% CI = [0.566, 

1.060]). The meta-analysis result indicated a positive and large effect for the use of MALL applications for L2 

reading comprehension, suggesting that the use of MALL for L2 reading comprehension is more effective than 

traditional methods without MALL applications for L2 reading comprehension. A more informative 

interpretation of the results could be achieved by comparing the effect sizes with similar meta-analyses on 

MALL (e.g., Chen et al., 2020; Cho et al., 2018; Lin & Lin, 2019; Sung et al., 2015). The effect size (ES = 

0.813) of this study is much larger than those meta-analyses on MALL for language learning (Chen et al., 2020; 

Cho et al., 2018; Sung et al., 2015), but comparable with the results reported in a meta-analysis conducted by Lin 

and Lin (2019). Among those similar studies, Sung and colleagues (2015) conducted a meta-analysis of 44 

MALL studies published between 1993 and 2003 on mobile devices for language learning, and found a moderate 

effect size of 0.55 for the use of MALL in language learning. Likewise, Cho and colleagues (2018) meta-

analyzed 20 MALL studies published between 2005 and 2017, presenting a similar overall effect size of 0.51. In 

a more recent study, Chen et al. (2020) performed a meta-analysis of MALL in language learning based on 84 

studies published during 2008 to 2018, and obtained a moderate-to-large effect size of 0.722. A plausible 

explanation for the discrepancy might be due to the different domains of investigation: domain-general vs. 

domain-specific. In other words, different from those domain-general meta-analyses (Chen et al., 2020; Cho et 

al., 2018; Sung et al., 2015) that dealt with MALL for language learning in general, the current study meta-

analyzed the use of MALL for L2 reading comprehension in a domain-specific way. This explanation also lends 

support in another domain-specific meta-analysis (Lin & Lin, 2019), which systematically synthesized findings 

from 33 eligible studies published during 2005 to 2018, and also obtained a large effect size of 1.005 regarding 

MALL applications for L2 vocabulary learning.  

 

 

5.2. Findings from testing for moderators 

 

The moderating effects of proficiency levels, educational levels, screen sizes, software types, intervention 

settings, intervention durations, instructional approaches and measured outcome types were considered in RQ2. 

 

Intervention settings. There were two settings involved: informal/outdoor setting vs. formal/classroom setting. 

In this study, significantly larger effect size was reported for using MALL applications in informal/outdoor 

setting (g = 1.684) than that in formal/classroom setting (g = 0.667), which suggests that learners who used 

MALL applications for informal L2 reading would outperform those did formally. This result is partly consistent 

with the findings of existing MALL studies (Chen et al., 2020; Sung et al., 2015), which claimed the stronger 

effect of learning with MALL applications in informal/outdoor setting than in formal/classroom setting. 

Intriguingly, while significant moderating effect of MALL applications for L2 reading comprehension was found 

in the current study, significant between-group differences were not reported in both studies that meta-analyzed 

MALL applications for language learning. Reasons might be that, unlike other domain-general language learning 

activities, the domain-specific MALL for L2 reading comprehension emphasizes more on the “increased self-

practice outside class, independent learning and self-paced learning” (Lin et al., 2020, p. 853). Chen and Lin 

(2016) also asserted that EFL learners prefer reading in a self-paced informal way. In other words, “mobile 
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readers infrequently spend long time in formal reading, but they frequently spend short time in reading utilizing 

their spare time” (Chen & Lin, 2016, p. 568). Meanwhile, it should also be cautioned here that, the result of 

higher effect size for the informal/outdoor settings over formal/classroom settings did not mean formal 

classroom learning was not important at all. Rather, the optimal learning outcome could be achieved only when 

the formal classroom learning could be complemented by the informal outside-of-the-classroom learning (Sung 

et al., 2015). 

 

Intervention durations. The moderator analysis results tended to support longer durations, especially the 

intermediate-term durations (“>1 week, ≤4 weeks”). More specifically, the lowest effect size was found for 

short-term durations (ES = 0.397, “one session, ≤1 week”), followed by long-term durations (ES = 0.895, “>4 

weeks, ≤one semester”) and intermediate-term (ES = 0.948, “>1 week, ≤4 weeks”). Although there was no 

significant difference between the short-term and intermediate-term, effect size of the long-term (ES = 0.895) 

was found to be significantly higher than that of short-term (ES = 0.397), indicating that long-term durations 

were favored, which is in alignment with the existing studies (Chen et al., 2020; Sung et al., 2015; Sung et al., 

2016). The lowest effect for short-term suggests that the effectiveness of MALL for L2 reading comprehension 

might be limited, as learners need more time to be acquainted with using MALL applications and with the 

learning scenarios (Sung et al., 2015). Furthermore, the moderating effect of intermediate-term durations was 

slightly larger, though nonsignificant, than that of long-term durations suggests learners normally experienced 

novelty effect at the earlier stage of study (within the first 4 weeks) due to the curiosity and freshness of the 

MALL applications, and their sustained attention and the novelty effect would wear off for long-term of 

investigation (Chen et al., 2020). It should be cautioned when interpreting the statistical results and comparing 

the difference between the short-term (k = 3) and intermediate-term durations (k = 4) because of small numbers 

of studies involved, warranting further research in this regard. 

 

Proficiency levels. There were two proficiency levels: low vs. intermediate. Moderator analysis of proficiency 

level showed intermediate proficiency learners achieved a large effect size of 0.998, and low proficiency learners 

obtained a moderate effect size of 0.659. This is consistent with Droop and Verhoeven (2003), which maintained 

that L2 reading involves a complex process of word decoding skills, morphosyntactic knowledge and 

intercultural awareness. It is thus understandable to speculate that intermediate proficiency learners would 

outperform low proficiency learners when using MALL for L2 reading comprehension, since “limited language 

proficiency has also been found to impede the L2 reading comprehension” (Droop & Verhoeven, 2003, p. 81).  

 

Educational levels. Educational levels were roughly divided into primary, secondary and tertiary education. The 

largest effect size was found for tertiary education (ES = 1.003), followed by secondary education (ES = 0.740) 

and primary education (ES = 0.519), indicating the effect size increased from primary and secondary education 

to tertiary education, echoing Chen and colleagues (2020). One possible reason why learners of tertiary 

education received the largest effect size and learners of primary education had the smallest effect size was due 

to age effect. In other words, compared with young children and adolescents, learners of tertiary education are 

mature adults whose word decoding skills, morphosyntactic knowledge and intercultural awareness would be 

more mature to facilitate their L2 reading comprehension (Droop & Verhoeven, 2003).  

 

Screen sizes. Screen sizes were roughly categorized into small screens (cellphones and PDAs) and larger screens 

(e.g., tablet PCs). It was found that effect size of larger screens was larger than that of small screens, which is 

well-attested in a number of studies (e.g., Chen & Lin, 2016; Gutiérrez-Colón et al., 2020; Wang & Higgins, 

2005). For instance, Wang and Higgins (2005) found that the small screens on mobile devices would limit the 

amount and type of information that can be displayed. In the same vein, Gutiérrez-Colón and colleagues (2020) 

also noted that small screens may restrict how learners perceive the texts to be read, information transmission 

and attitude towards reading, so they could have limited access to reading a text in depth with high cognitive 

load, and, therefore, their reading performance on mobile devices may be negatively affected.  

 

Software types. According to Chen et al. (2020), software types were classified into educational purposes and 

general purposes. The effect of using general-purpose applications is found to be slightly larger than that of 

educational-purpose applications. This result is contrary to Chen et al. (2020) findings, which indicated 

educational-purpose applications are better tailored to learners’ needs. A plausible explanation might be that, 

applications for general purposes used in current study are instant messaging tools, e.g., WeChat, WhatsApp and 

telegram, that featured in peer interactions and collaborations (Li et al., 2019; Li et al., 2021). Reading supported 

by the interactive and collaborative MALL applications would sustain EFL learners’ attention and motivate their 

reading interest and engagement (Chen & Lin, 2016).  

 

Instructional approaches. A scrutiny of the beneficial effects indicated that all the five instructional approaches 

are effective, and drill and practice (g = 1.079) and multimedia learning (g = 0.869) obtained high effects, while 
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game-based learning (g = 0.786), personalized learning (g = 0.785) and collaborative learning (g = 0.601) had 

moderate effects. This might be attributed to the overwhelming influence of the traditional “behaviorist, teacher-

centred, transmission model of instruction” (Burston, 2014, p. 344) that normally used MALL for multimedia 

glosses (Chen et al., 2011; Yanagisawa et al., 2020). In other words, MALL technologies were often used 

informally as a multimedia complement for formal classroom instruction, highlighting the drill and practice 

features to develop FL learners’ reading ability (García Botero et al., 2019). Aside from drill and practice and 

multimedia learning, other effective approaches should receive equal attention, since game-based learning, 

personalized learning and collaborative learning also obtained significantly moderate beneficial effects.  

 

Measured outcome types. Measured outcome types consist of standardized tests and researcher-designed tests. 

Although effect size of researcher-designed tests (ES = 0.868) was slightly higher than that of standardized tests 

(ES = 0.734), no significant difference existed between the two measured outcome types, corroborating previous 

findings that compared the moderating effect between standardized tests and researcher-designed tests in 

language learning anxiety (Li, 2021a) and CALL for writing quality (Xu et al., 2019). This result suggests that 

both standardized tests and researcher-designed tests could warrant a good reliability to measure EFL learners’ 

reading performance. 

 

 

6. Implications 
 

Some practical implications for teachers, providers, designers and researchers are inferred from the major 

findings that follow. 

  

 

6.1. Implications for teachers/providers 

 

For teachers or provides, reading materials should be adjusted to EFL learners’ current proficiency levels. 

Teachers or providers should take learners’ proficiency levels into consideration, before distributing reading 

tasks or assignments to learners. As low proficiency learners often accompanied with small vocabulary size and 

limited morphosyntactic knowledge (Droop & Verhoeven, 2003), a simplified version with high frequency 

words and easy-to-understand grammatical structures would be preferred. Besides, reading materials should be 

tailored to learners’ cognitive development. Our findings showed that adult learners performed better than the 

children and adolescent learners when using MALL for L2 reading comprehension, suggesting that teachers 

and/or MALL providers should also consider learners’ cognitive development when preparing the reading 

materials. For young readers, multimedia reading texts that integrated audio, pictorial and textual materials 

altogether would be better than unimodal text-only materials (Li, 2021b; Mayer, 2009). Importantly, given that 

all five instructional approaches were found to be significantly effective but only differed in the magnitude of 

effect sizes, MALL applications should be integrated into curriculums with tailored approaches depending on the 

educational need and purpose (Li, 2022).  

 

 

6.2. Implications for designers 

 

MALL application designers should consider learners’ personalized needs and develop the easy-to-use and user-

friendly interface of MALL applications to “automatically adjust text display type in different reading contexts to 

promote reading comprehension, sustained attention, or reduce cognitive load based on reading contexts” (Chen 

& Lin, 2016, p. 568; Gutiérrez-Colón et al., 2020). Moreover, since the general-purpose applications featured in 

interactions and collaborations have a larger effect size, designers should also consider the integration of 

interactive and collaborative features into learning materials for the application designs (Li, 2022; Li et al., 

2021). As the beneficial effects of larger screens would be higher than the smaller ones, designers should also 

consider using “appropriate text display type for mobile reading in different contexts, adjusting it to the reading 

context to improve reading comprehension, attention, or cognitive load” (Gutiérrez-Colón et al., 2020, p. 7). 

 

 

6.3. Implications for researchers 

 

Given that MALL devices are “ideal tools for creating an interactive, collaborative and ubiquitous environment 

for language learning” (Chen, 2013, p. 20), researchers should try to establish informal outside-of-the-classroom 

learning settings for EFL learners, so that they can plan, monitor, manage and autonomously self-regulate their 

learning process. Furthermore, researchers should also consider adopting longer intervention durations to 
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improve the reliability and ecological validity of research design. With short-term durations (e.g., one session or 

less than 1 week), it would be rather difficult to ensure whether the effects “are produced by the features of 

MALL devices rather than by the experience of technology novelty” (Sung et al., 2016, p. 265-266). Moreover, 

as far as the short-term durations are concerned, the integrative effect between MALL devices and the 

curriculum would also not be satisfactorily achieved. 

 

 

7. Conclusion 
 

The results showed that the overall effect size was significantly large, suggesting the use of MALL for L2 

reading comprehension is more effective than traditional methods. For moderator analysis results, the 

intervention settings and intervention durations were found to be significant moderators, while others did not 

find a significant moderating effect.  

 

There are some limitations to be addressed though. On the one hand, due to the strict inclusion/exclusion criteria, 

some of the highly related empirical studies that did not report sufficient statistical information for effect size 

calculation, unpublished studies and publications written in other languages were not included, resulting in only 

20 independent studies that met the inclusion criteria, which might affect the comprehensiveness of the meta-

analysis results. Future study should include more eligible empirical studies with more keyword combinations 

and wider time range. On the other hand, the moderators included in this study were based on several existing 

meta-analyses of MALL for language learning (Chen et al., 2020; Sung et al., 2015; Sung et al., 2016), other 

potential moderators were not considered in the literature. Thus, researchers should include more potential 

moderators with sufficient information for calculation in the future. 
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ABSTRACT: The recent outbreak of the COVID-19 pandemic forced education institutes to shift to an internet-

based online delivery mode. This unique situation accelerates a long-standing issue of digital inequality among 

the students in education and warrants a concentrated study to investigate students’ readiness for learning in 

online environment. This study developed an instrument to meticulously measure the students’ readiness for 

online learning in a pandemic situation. The proposed model consists of (a) motivation, (b) self-efficacy, and (c) 

situational factors. The proposed model was validated with the engineering students (for pilot study N = 68 and 

main study N = 988) from several universities in Bangladesh. To validate the underlying relationships between 

the latent constructs, an exploratory factor analysis (EFA) was performed followed by structural equation 

modelling (SEM) for the construct validity of the measurement model and to assess the model fit. The findings 

showed that besides motivation and self-efficacy, the situational factors describing the contextual dynamics 

emerging from the COVID-19 significantly influenced the student’s online readiness. We argue that digital 

inequality is an important factor influencing student readiness for online learning. 

 

Keywords: Online learning readiness, COVID-19 pandemic, Bangladesh, Engineering education, Structural 

Equation Modelling, Situational factors, Digital inequality   

 

 

1. Introduction 
 

Bangladesh, being a high risk and country vulnerable to the COVID-19 pandemic (Hossain et al., 2020; Monjur 

& Hassan, 2020), took several measures to combat transmission of the virus. The most immediate measure 

introduced by the country was to regulate the practice of “social distancing” (Yeasmin et al., 2020) to flatten the 

curve of COVID-19 transmission. As a result, all educational institutions were closed across the country. Social 

distancing became the “new normal” for students and the usual comradeship of campus life disappeared. This 

has drastically impacted on Bangladesh’s educational system, resulting in a loss of learning opportunities. 

Roughly 3.7 million students and a million teachers in the higher education sector are reportedly now stuck at 

home (Ahmed, 2020).  

 

To minimize interruption caused by the COVID-19 pandemic, engineering universities in Bangladesh acted 

quickly to shift all face-to-face lectures to a home-based online distance learning mode using learning platforms 

such as Google classroom, Moodle, Zoom etc. Some universities even consider adopting flipped learning 

approach because of its effectiveness compared to traditional instructions reported in the recent literature (Chang 

et al., 2020; Galindo-Dominguez, 2021; Zheng et al., 2020). This paradigm shift from face-to-face learning to 

online distance mode creates two major complexities. Firstly, academic matters such as delivery, teachers’ 

expertise, student preparedness, and engagement within this new virtual learning space must all be addressed 

(Ioannou & Ioannou, 2020; Khtere & Yousef, 2021). The second issue, perhaps more sensitive, relates to the 

physical and psychological wellbeing of the students. The absence of social and physical interaction has adverse 

effects on students’ wellbeing (Twenge et al., 2019). Nevertheless, engineering universities are continuing to 

shift course delivery to fully-fledged online learning environments as no other viable solutions are available. 

Students get little time to cope with this “new normal” in their educational lives.  

 

Therefore, an important question requires immediate attention: To what extent are the engineering students of 

Bangladesh ready for the online classes that are replacing face-to-face learning during the COVID-19 pandemic? 

Because the event is unique, research into understanding student readiness for online learning in a pandemic 
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situation is only starting to emerge, and no reported research has been found in the context of engineering 

education in Bangladesh. Though several studies attempted to measure students’ readiness for online learning 

(Arthur-Nyarko et al., 2020; Yu, 2018), none of them fully address the factors relating to an emergency. Chung 

et al. (2020) measured students’ online learning readiness amidst the COVID-19 pandemic, nonetheless, they did 

not address the situational and context specific factors that emerged due to the pandemic. Thus, a careful 

understanding of the current pandemic situation and a reconceptualisation of the dimensions and constructs of 

the students’ readiness for online learning is warranted.  

 

For this reason, the current study develops and validates a more specific instrument that can be used to measure 

the students’ readiness for online learning in a pandemic situation. Secondly, this study investigates how 

demographic factors influence the online learning readiness of engineering students of Bangladesh during the 

pandemic. Thus, this study sought to answer the following two questions in the context of the current pandemic 

caused by COVID-19: 

 

• RQ1: What is the reliability, validity, and model fit evidence of the survey scale to assess engineering 

students’ readiness for online learning?  

• RQ2: To what extent are engineering students of Bangladesh (in terms of gender, level of study, place of 

living, and university type) ready to learn in online environments? 

 

 

2. Reconceptualising the constructs of students’ readiness in the pandemic situation 
 

2.1. Motivation and self-efficacy: Two key constructs of students’ online readiness  

 

In previous literature, motivation was identified as the most crucial construct of students’ readiness for online 

learning (Chung et al., 2020; Xiong et al., 2015; Yu, 2018). In the current pandemic situation, this has similarly 

become the primary factor for students to engage successfully in remote learning. The absence of social 

structure, close interactions, easy access to teachers and peers in online learning during COVID-19 pandemic 

may influence students’ motivation and readiness to learn in this manner (Allam et al., 2020).  

 

Motivation, as conceptualised in our study, delineates students’ willingness to use online learning platforms 

during the COVID-19 pandemic. Guided by self-determination theory (Ryan & Deci, 2000), we considered 

students’ intrinsic motivation i.e., interest or enjoyment, and extrinsic motivation i.e., perceived usefulness and 

reinforcement, to be the key aspects to evaluate students’ motivation in our study. Self-determination theory 

further contends that students’ connectedness with their teachers and peers are a vital component of student 

motivation. Previous literature also demonstrates the importance of engaging in human-human interactions and 

the sense of being part of a learning community for effective learning in online settings (Joksimović et al., 2015). 

Students get a feeling of connectedness to other students through online learning communities, and this 

contributes to meaningful learning experiences (Cho & Tobias, 2016). 

 

COVID-19 also requires students to heavily depend on technology and to equip themselves with 

computer/internet literacy for successful online participation (Allam et al., 2020). COVID-19 entails students to 

have self-efficacy i.e., knowledge of and competencies in using modern technologies to achieve the educational 

objectives determined by their academic institutions (Lai, 2011). Even before the pre-COVID era, self-efficacy is 

considered as an important skill for learning in contemporary online settings (Hung et al., 2010). Early literature 

refers to self-efficacy as aspects which help students benefit from technology and its environment (Manganello et 

al., 2019). Self-efficacy is considered as a major driving factor in preparing students for online learning (Hung et 

al., 2010; Xiong et al., 2015) and that social and technical competency, two key dimensions of self-efficacy for 

student learning, are highly associated with online readiness and satisfaction (Yu, 2018; Yu & Richardson, 

2015).  

 

 

2.2. Situational factors: The emerging constructs for students’ online readiness 

 

Miglani and Awadhiya (2017) pointed out that the availability of digital resources and the ability to use and 

benefit from these are the key factors that characterize digital inequality. Based on the notion of digital inequality 

accelerated by the COVID-19 pandemic, several key dimensions with increased relevancy to students’ readiness 

for online learning become apparent. In this study, we identified these dimensions under a common construct 

named “situational factors.”  
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The first factor we conceptualise is the availability and access to the digital resources amidst a pandemic 

situation. Research shows that low-income families are suffering the most from the COVID-19 economic crisis 

because they have fewer and lower quality digital appliances (Fernandes, 2020). Bangladesh is not an exception 

here. Due to their low socio-economic status, many students in Bangladesh do not have the modern devices to 

readily adjust to the technology based “new normal” life. Instead, research shows that use of outdated devices, as 

is the supposed case for the majority students of Bangladesh, results in delays in connecting to online resources 

and an overall less satisfying experience (Beaunoyer et al., 2020). Also, the increased cost of internet data and 

poor connectivity remains a serious threat for technology adoption in Bangladesh (Ullah et al., 2021). As a result, 

students get fewer opportunities to access, engage with, and experience modern technologies.  

 

Second is the “learning atmosphere” in the home environment - a unique and unprecedented context emerging 

because of COVID-19 lockdown. Neuwirth et al. (2020) reasoned that some issues are exacerbated by 

underlying conditions of disparity of available resources triggered by the COVID-19 pandemic. These include 

the lack of a calm and peaceful study space within the home environment which can help students to learn in 

comfort and with privacy. However, a positive learning atmosphere is not simply silence: it is a complex-to-

describe combination of sense experience and feelings shaped by underlying spatial organization, structures, 

social rules, and interactions governed by the environment (Cox, 2017). Often too, close proximities with other 

family members trigger disturbances, and students can be reluctant to use a webcam during classes which may 

expose their socioeconomic and living conditions (Neuwirth et al., 2020).  

 

Leaning atmosphere at home are important sources for the development of positive self-efficacy which regulate 

students’ learning in online environment (Bonanati & Buhl, 2021). Research shows that factors within the home 

learning atmosphere can predict students’ self-efficacy (Bonanati & Buhl, 2021; Rohatgi et al., 2016). In 

contrast, when student experiences poor learning environments it affects their self-efficacy development and 

learning outcomes (Khine et al., 2020). For example, many students are facing difficulties in online assignment 

submission and tasks accomplishment during pandemic because of poor learning atmosphere (Bisht et al., 2020). 

In brief, the learning atmosphere is a crucial ingredient to stimulate student motivation (Pamungkas, 2019). 

Evidence indicates that a supportive learning atmosphere has a major influence on student self-efficacy and 

attitudes toward learning (Han & Ellis, 2021; Kokoç et al., 2021).  

 

Third is the institutional support which can reduce the huge academic gap emerged due to remote learning. In 

fact, institutional support and quality education are linked in a significant way (Ullah et al., 2021). Educational 

institutions should facilitate student learning by providing emotional support and necessary information to help 

alleviate common challenges faced by online learners (Huang et al., 2020). The home confinement triggered by 

COVID-19 limits access to the faster networks readily available at educational institutions (Beaunoyer et al., 

2020). When students are deprived of such facilities, educational institutions should subsidise the internet cost 

for students from low-income families. These types of supports can significantly help students to prepare 

themselves for online learning.  

 

In contrast, the poor institutional support services may intensify these problems and affect student self-efficacy 

(Richardson et al., 2021). Irani et al. (2014) even claimed that institutions should consider multiple ways to 

support online students to mitigate the feeling of loneliness and separation from their peers and teachers. These 

supports can help online learners navigate important administrative, technical, financial, and other educational 

challenges while also increase students’ self-efficacy and improve student retention in online courses in the long 

run (Trespalacios et al., 2021). All these situational specific factors therefore signify the importance of students’ 

preparedness, motivation and their self-efficacy for online learning and their continuous intentions to use (Wang 

& Lin, 2021).  

 

Figure 1. Reconceptualised model for students’ online readiness for emergency like COVID-19 
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Based on the understanding of different constructs of students’ readiness amidst a pandemic situation, we 

therefore propose a reconceptualised model of students’ readiness for online learning (Figure 1). This model 

consists of three key components: motivation, self-efficacy, and situational factors. Further, in this model we 

conceptualise situational factors as a combination of three sub-constructs: digital access, learning atmosphere 

and institutional support.  

 

 

3. Research methods 
 

3.1. Scale development  

 

The scale development process was finalised in four different phases suggested by DeVillis (2016). First, we 

generated items based on related previous research employing a five-point Likert scale. Second, we modified and 

refined the items based on experts’ feedback. Third, we conducted a pilot study with a sample of 68 students to 

check initial internal consistency and inter-item correlations of the items. Finally, we tested the reliability and 

validity of the survey scale using a larger student sample in the actual study.  

 

Previous studies showed positive correlations between different motivational factors originated from self-

determination theory such as interest, perceived usefulness, reinforcement, connectedness, and students’ level of 

online readiness (Hung et al., 2010; Xiong et al., 2015). Therefore, we adapted seven items from Hung et al. 

(2010), Xiong et al. (2015) and Intrinsic Motivation Inventory (IMI) rooted in the self-determination theory 

(Ryan & Deci, 2000) to measure student interest; seven items from IMI and Xiong et al. (2015) to measure 

perceived usefulness; four items (two from Xiong et al. (2015) and two newly created) to measure reinforcement. 

Finally, we adapted eight items from IMI to measure students’ relatedness in online learning. 

 

To measure students’ self-efficacy, we adapted four items from Yu and Richardson (2015) to measure students’ 

technical competency and ten items from Hung et al. (2010) to measure social competency. The final constructs 

in our study are characterized as situational factors which describe the contextual dynamics emerging from the 

COVID-19 pandemic. We conceptualised this construct as the combination of three sub-constructs i.e., digital 

access, learning atmosphere and institutional support. Thus, we have created twelve new items under the 

situational factors (four items for learning atmosphere, four items for institutional support and four items for 

digital access). In total, there were 52 items in the initial survey instrument (see Appendix).  
 

 

3.2. Research contexts and participants 

 

The researchers started distributing the online survey during the peak of COVID-19 at the beginning of June 

2020, when all the higher educational institutes of Bangladesh had already started online teaching. The survey 

was administered nationwide in a total of 23 universities. To achieve a representative sample for the study, 

participants were invited from all three types of universities: public (government funded), private, and 

international (funded by international donor agencies).  

 

 

3.3. Data collection and preparation 

 

Initially a total of 1038 responses were collected using Google form. After a rigorous data screening process, 988 

responses were found to be valid. The data set had been scrutinized for missing values, normality, and outliers. 

The summary of the participants’ demographic data can be found in the supplementary dataset at the end of the 

document. The reliability and descriptive statistics of the data set are shown below (Table 1). 

 

Table 1. Reliability and descriptive statistics of the theoretical constructs 

Constructs  Mean Std. Deviation Skewness Kurtosis 

Motivation 

α = 0.964 

Interest 18.45 7.32 .319 -.757 

Usefulness 18.59 7.56 .311 -.856 

Reinforcement 11.58 4.18 .076 -.824 

Connectedness 21.67 6.94 .176 -.584 

Self-efficacy 

α = 0.926 

Technology competency 13.93 3.99 -.403 -.440 

Social competency 29.68 9.21 .101 -.608 

Situational Factors 

α = 0.868 

Learning atmosphere 12.81 4.06 -.043 -.769 

Institutional support 13.18 4.16 -.265 -.654 

Digital access 12.46 3.93 .038 -.610 
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Table 1 shows that the coefficient alpha values were well above 0.8 which showed very good internal 

consistency among the items (Blunch, 2008). Our data set also met assumptions of multivariate normality as both 

skewness (< 3.0) and kurtosis (< 10) are within the range (Kline, 2016). 

 

 

3.4. Data analysis 

 

To answer the RQ1, we first conducted an exploratory factor analysis (EFA) to determine the relationships 

between latent variables reflected in the items of the survey instrument (Hair et al., 2010). Table 2 shows the 

recommended index values for EFA analysis used in this study. 

 

Table 2. Recommended index values for EFA used in this study 

Indicators Recommended value Source 

Kaiser-Meyer-Olkin (KMO) > 0.70 Hutcheson and Sofroniou (1999) 

Bartlett’s test of sphericity Significant at p < 0.001 Field (2013) 

Satisfactory communalities values > 0.50 Field (2013) 

Total variance explained  > 50% Podsakoff and Organ (1986) 

The variance for the first factor  < 50% Podsakoff and Organ (1986) 

Factor loading for items > 0.50 Hair et al. (2016) 

 

Second, we conducted confirmatory analysis (CFA) to examine the reliability, convergent validity, and 

discriminant validity of our proposed model. Third, in the structural model, we assessed the model fit against 

several tests and fit indices recommended by literature (see Table 6 for details). Finally, to address RQ2, we ran 

a multivariate analysis of variance (MANOVA) to explore the students’ readiness for online learning with 

regards to different demographic variables.  

 

 

4. Results  
 

4.1. Exploratory factor analysis  
 

We used Monte Carlo software program for parallel analysis to identify the exact number of components to best 

reflect the underlying relationship among the variables. We kept only those components with the eigenvalues 

greater than the randomly generated data from parallel analysis (see supplementary dataset). For a cleaner 

solution, items with high communalities and factor loadings (greater than 0.5) were retained in EFA. In this 

process, a total of 39 survey items were retained for the EFA model. EFA suggested a four-factors model 

comprising motivation, self-efficacy, learning atmosphere and institutional support.  

 

Table 3. Inter factor correlation matrix and reliability of the EFA model# 
Factors 1 2 3 4 Reliability (Cronbach α) 

1. Motivation 1.000    0.971 

2. Self-efficacy .461 1.000   0.863 

3. Learning atmosphere .633 .488 1.000  0.860 

4. Institutional support .580 .333 .581 1.000 0.853 

Sampling Adequacy   

KMO 0.980  

Bartlett’s tests of sphericity 0.000***  

Total Variance Explained 62.62%  

Note. #Extraction Method: Principal Component Analysis; Rotation Method: Promax with Kaiser Normalization. 

***Significant at p < .001. 

 

Table 3 shows excellent internal consistency (Cronbach’s alpha) of the items in the four factors EFA model. 

Discriminant validity is also ensured as no cross loading of the items are observed in more than one factor and 

inter factor correlations are below 0.70. Bartlett’s tests of sphericity were found to be significant (0.000; p < 

.001) with excellent KMO value (.980), suggesting the suitability of factor analyses. 
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4.2. Measurement model 

 

In validating the measurement model with confirmatory factor analysis (CFA), we found some problematic items 

and therefore, following suggested data-analysis practices (MacCallum et al., 1996), we retain 30 items for the 

final model. Table 4 shows excellent composite reliability, high factor loadings and standardized regression 

weights (greater than .05 at p < .001) which support the convergent validity of the model (Hair et al., 2010). The 

average variance extracted (AVE) (greater than .50) also confirm the convergent validity (Fornell & Larcker, 

1981).  

 

Table 4. Convergent and discriminant validity of the measurement model 

Constructs CR AVE MSV 1 2 3 4 

1. Motivation 0.967 0.623 0.442 0.790 
   

2. Self-efficacy 0.824 0.540 0.528 0.665*** 0.735 
  

3. Learning atmosphere 0.831 0.555 0.528 0.659*** 0.727*** 0.745 
 

4. Institutional Support 0.856 0.600 0.425 0.652*** 0.607*** 0.533*** 0.775 

Note. ***p < .001. 

 

The correlations of the constructs and the square root of the AVE on the diagonal (in bold numbers) are shown in 

Table 4. As revealed, all square root of AVEs is greater than the inter factor correlations and all AVEs are 

greater than the MSVs (maximum shared variance) (Fornell & Larcker, 1981). Thus, our model met the criteria 

of discriminant validity. Further, the heterotrait-monotrait (HTMT) ratio of correlations in Table 5 are below 

.850 showing a strict discriminant validity between the factors (Fornell & Larcker, 1981; Henseler et al., 2015). 

 

Table 5. HTMT Analysis 

Constructs 1 2 3 4 

1. Motivation --- 
   

2. Self-efficacy 0.687 --- 
  

3. Learning atmosphere 0.671 0.757 --- 
 

4. Institutional support 0.668 0.628 0.562 --- 

 

In sum, the evaluation of the measurement model suggested that all items are reliable and met the conditions of 

convergent and discriminant validity. 

 

 

4.3. Structural model  

 

Hu and Bentler (1999) state that a RMSEA value less than 0.07, and CFI and TLI values greater than 0.90 

indicate good fit of a model. In our study, the value of the RMSEA coefficient is 0.063, and other indicators 

(CFI, TLI, IFI, and NFI) are all above 0.90 which indicate a good fit for the model. SRMR fit index is also 

smaller than 0.10, further confirming. Thus, we conclude that our model met all the recommended levels of fit 

indices (Table 6). 

 

Table 6. Recommended values of the fit indices and the corresponding results of the proposed model 

Fit Index Admissibility Source  Result Fit  

CMIN/DF < 5.0 Hu and Bentler (1999); Kline (2016) (1954.32/399) 

= 4.898 

Yes 

RMSEA < 0.08 Hu and Bentler (1999) 0.063 Yes 

CFI > 0.90 Hu and Bentler (1999) 0.929 Yes 

TLI > 0.90 Hu and Bentler (1999);  0.923 Yes 

IFI > 0.90 Hu and Bentler (1999);  0.929 Yes 

NFI > 0.80 Bentler and Bonett (1980); Schumacker and Lomax 

(2010) 

0.912 Yes 

SRMR < 0.10 Hu and Bentler (1999) 0.045 Yes 

 

We also assessed for multicollinearity issue using variance inflation factor (VIF) and found that all the values are 

between 1.903 and 3.550. Thus, the VIF values met the criteria to support the structural model (Hair et al., 2016; 

Kline, 2016). 

 

Table 7 shows the path coefficients and path significances revealing that all values are significant between the 

factors (at p < .001).  



36 

Table 7. Model path analysis 

Path relationships Unstandardized 

estimate 

S.E. p Standardized estimate  

(beta coefficient) 

Self-efficacy <--- Learning atmosphere .654 .050 *** .563 

Self-efficacy <--- Institutional support .287 .034 *** .307 

Motivation <--- Institutional support .373 .037 *** .349 

Motivation <--- Self-efficacy .263 .053 *** .230 

Motivation <--- Learning atmosphere .406 .058 *** .306 

Note. ***p < .001. 

 

Figure 2 shows that 58% variance (R2 = 0.58) in motivation is explained by learning atmosphere, institutional 

support, and through the effect of self-efficacy. Likewise, learning atmosphere and institutional support have 

explained 60.0% of variance (R2 = 0.60) in self-efficacy.  

 

Finally, using bootstrapping we found that both the relationships between learning atmosphere and motivation, 

as well as institutional support and motivation are partially mediated by self-efficacy. In both the relationships, 

mediation effect is found significant at p < .001 (Table 8).  

 

Table 8. Mediation effect in the structural model 

Relationships Direct effect Indirect effect Result 

Institutional support --> self-efficacy --> motivation  .373*** .071*** Partial Mediation 

Learning atmosphere --> self-efficacy --> motivation .406*** .130*** Partial Mediation 

Note. ***p < .001. 

 

Figure 2. Final model of students’ readiness for online learning 

 
 

4.4 Student readiness for online learning 

 

As discussed in the literature, the availability and speed of internet connection become important indicators of 

students’ readiness. A significant portion (35.73%) of the students depend on mobile data (see Figure 3) which 

provides slower speed compared to the other internet connections in Bangladesh.  
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When asked about their preferred method for online class engagement, 22.98% of the students were in favour of 

pre-recorded lectures. Interestingly, 8.10% of the students do not like to participate in any form of online classes. 

This clearly indicates that a significant portion (22.98% and 8.18%) of the students is uncomfortable engaging in 

live online classes.   

  

Figure 3. (a) Available internet connection; (b) Students’ preferable mode of online classes 
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Further, we conducted MANOVA test to examine the effect of demographic variables on students’ readiness 

(i.e., motivation and self-efficacy). The results of the MANOVA (Table 9) analysis suggest a statistically 

significant effect of all demographic variables on student readiness. 

 

Table 9. MANOVA analysis showing the impact of demographic variables on students’ readiness 

Demographic variables Wilk’s lambda (λ) F Hypothesis df Error df p Partial eta 

squared 

Gender .987 6.560 2.0 985.0 .001*** .013 

University .910 23.873 4.0 1968.0 .000*** .046 

Study Level .983 2.130 8.0 1964.0 .030* .009 

Place of living .951 8.338 6.0 1966.0 .000*** .025 

Note. *p < .05; ***p < .001. 

 

We ran a separate analysis of variance (ANOVA) test to examine the statistical significance of the demographic 

variables on motivation and self-efficacy. We further conducted a multiple-comparison analysis (post hoc) to 

show exactly where the differences existed between three or more group means (Table 10). 

 

The results indicate statistically significant impact on student readiness as follows:  

• Gender showed a statistically significant impact on students’ readiness for online learning, F (1, 986) = 

12.96, p = .000, partial eta squared = .013, with male (M = 48.66) scoring higher than female (M = 43.38) in 

motivation; and F (1, 986) = 6.35, p = .012, partial eta squared = .006, with male (M = 13.69) scoring higher 

than female (M = 12.94) in self-efficacy.  

• University type revealed a statistically significant influence on students’ readiness in motivation, F (2, 985) 

= 45.965, p = .000, partial eta squared = .085, with public university (M = 52.37) scoring higher than 

international university (M = 40.55), and private university (M = 51.65) also scoring higher than 

international university (M = 40.55).  

• Likewise, F (2, 985) = 8.065, p = .000, partial eta squared = .016, with public university (M = 14.09) scoring 

higher than international university (M = 12.93), and private university (M = 13.82) again scoring higher 

than international university (M = 12.93) in self-efficacy.  

• Study level showed a statistically significant impact on students’ readiness for online learning, F (4, 983) = 

3.750, p = .005, partial eta squared = .015, with postgraduate students (M = 56.68) scoring higher than year 

1 (M = 45.54) and year 2 (M = 45.50) students in motivation; and F (4, 983) = 2.611, p = .034, partial eta 

squared = .011, with postgraduate students (M = 15.22) scoring higher than year 1 (M = 13.22) students in 

self-efficacy.  

• Living place showed a statistically significant impact on students’ readiness, F (3, 984) = 7.255, p = .000, 

partial eta squared = .022, with village students (M = 51.95) scoring higher than both city (M = 45.64) and 

district town (M = 46.38) students in motivation.  

• No statistically significant differences were found for living places in self-efficacy. 
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Table 10. F test results for demographic variables on students’ readiness for online learning 

Demographic 

variables 

Student 

readiness 

Category M SD df Error F p Partial 

eta 

squared 

Post 

hoc 

Gender Motivation 

 

1. Male 48.66 19.14 1 986 12.96 .000*** .013 --- 

2. Female 43.38 17.24 

Self-

efficacy 

1. Male 13.69 3.84 1 986 6.35 .012* .006 --- 

2. Female 12.94 3.80 

University Motivation 

 

1. Public 52.37 19.80 2 985 45.965 .000*** 

 

.085 

 

1>3, 

2>3 2. Private 51.65 18.38 

3. International 40.55 16.74 

Self-

efficacy 

1. Public 14.09 3.73 2 985 8.065 .000*** .016 1>3, 

2>3 2. Private 13.82 3.83 

3. International 12.93 3.83 

Study Level Motivation 1. Undergraduate 

Year 1 

45.54 18.78 4 983 

 

3.750 

 

.005** 

 

.015 

 

5> 

1, 2 

2. Undergraduate 

Year 2 

45.50 18.92 

3. Undergraduate 

Year 3 

48.36 19.02 

4. Undergraduate 

Year 4 

49.09 18.56 

5. Postgraduate 56.68 17.99 

Self-

efficacy 

1. Undergraduate 

Year 1 

13.22 3.83 4 983 2.611 .034* .011 5>1 

2. Undergraduate 

Year 2  

13.27 4.03 

3. Undergraduate 

Year 3 

13.47 3.95 

4. Undergraduate 

Year 4 

13.83 3.57 

5. Postgraduate 15.22 3.78 

Place of 

living 

Motivation 

 

1. City 45.64 18.57 3 984 7.255 

 

.000*** .022 4>1, 

2 2. District Town 46.28 18.09 

3. Thana Town 51.28 18.50 

4. Village 51.95 19.42 

Self-

efficacy 

1. City 13.70 3.78 3 984 1.043 .373 .003 --- 

2. District Town 13.12 3.62 

3. Thana Town 13.52 3.70 

4. Village 13.31 4.14 

Note. *p < .05; **p < .01; ***p < .001. 

 
 

5. Discussion 
 

In this study, we have developed and proposed a model for measuring engineering students’ readiness for online 

learning in the COVID-19 situation. In developing this context-specific model, we have combined three well-

known constructs: motivation, self-efficacy, and situational factors. Considering the unique situation of the 

COVID-19 pandemic, we have proposed the context-specific construct “situational factors” which constitute 

information on (i) learning atmosphere, and (ii) institutional support. We have assessed the reliability, validity, 

and model fit evidence of the proposed survey scale using structural equation modelling (SEM). The developed 

model was validated and found to be reliable for use in similar scenarios.  

 

Situational factors, the key findings of this study, play a significant role in determining student readiness during 

pandemic situations, as the coefficient of determination, R2, indicates a high percentage of variance to explain 

motivation and self-efficacy (see Figure 2). In this article we argue that learning atmosphere has a pronounced 

impact on the extent to which engineering students are ready for online classes. Study shows that engineering 

students seem to be more engaged in a learning environment that offers practical-oriented, interactive, and team-

based activities in an online learning environment (Kebritchi et al., 2017; Radianti et al., 2020). Boosting 
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students’ intrinsic motivation (Ryan & Deci, 2000) by offering appropriate pedagogical modes and learning 

activities is likely to improve students’ readiness for online classes (Hasan et al., 2016).  

 

We also argue that institutional support plays a vital role in student motivation towards online learning and 

therefore their readiness learning online. If institutions provide timely IT support and a synchronized and reliable 

communication platform, students are likely to engage in online classes. Even if institutions provide support for 

online theory classes, however, more practical aspects of learning need to be included for effective online 

learning, especially for engineering students whose study involves practical concepts (Naji et al., 2020).  

 

In essence, this study’s most significant contribution is that it offers an instrument to measure student readiness 

during pandemic situations. While this study confirms the previous investigations about the influence of 

motivation and self-efficacy on student readiness in general (Chung et al., 2020; Hung et al., 2010; Xiong et al., 

2015; Yu, 2018), additionally, it argues that situational factor is also an important phenomenon that plays a 

significant role on student readiness especially during a pandemic situation.  

 

The difference between the standardized estimation values of the direct effect and the indirect effect in Table 8 

confirms the mediation effect of self-efficacy between the situational factors and motivation. The higher 

standardized estimation values of direct effect also confirm that the situational factors’ impact is higher than the 

impact of self-efficacy on motivation. As such, situational factors play a key role in student online readiness 

during a pandemic.  

 

When a direct question was asked about the students’ preferred online mode of participation, we found that 

approximately 30% of students did not like to engage in live online classes (see Figure 3b). This finding provides 

strong evidence of a low level of students’ readiness for online learning during the emergency. Interestingly, 

students’ unwillingness to engage in live online classes is commonly reported in the literature; for instance, in 

Handel’s study (Händel et al., 2020), only 6% of students used live streaming. One potential reason for such 

unwillingness to attend the live classes during pandemic may be the increased number of online classes that were 

not usual for students, and hence difficult for them to adopt the sudden paradigm shift from full face-to-face to 

full online mode. Further research may explore the emerging causes of students’ unwillingness to attend live 

classes during an emergency and normal situation.  

 

Our data also suggest a digital inequality as a significant portion of students do not have adequate digital access 

in terms of internet connectivity (see Figure 3a). Using the Technology Acceptance Model (TAM) (Davis, 1989), 

as an investigation framework, Siron et al. (2020) argued that individuals with prior experience using computers 

and the Internet demonstrated higher scores in “perceived ease of use” of technology compared to new learners, 

and this claim is supported by the works of Lee et al. (2014) and Purnomo and Lee (2013). Because these ‘at 

risk’ or digitally-not-ready students tend to be vulnerable, a careful and deliberate instructional strategy for their 

online learning is required. 

 

Our findings revealed that the differences in students’ demographics (gender, university type, study level, living 

place) have a significant impact on student online readiness. For example, male students are likely to be more 

motivated and efficient than female students. This finding is supported by the study of Händel et al. (2020), 

however it contradicts the findings of Naji et al. (2020) and Chung et al. (2020) who reported no significant 

relationship between gender and student readiness. Further studies may result in better understanding of 

engineering students’ readiness for online learning based on their gender.  

 

Also, while differences were found among students of public, private, and international universities, the 

difference between public and private was not significant with respect to both motivation and self-efficacy. This 

may be due to some universal characteristic of students irrespective of their type of institution. Results also 

revealed that the junior cohort student (year 1 and year 2) is less likely to be ready than students in the senior 

cohort (year 3, year 4 and postgraduate). In both motivation and self-efficacy no significant differences were 

found among senior students. Young university students have been found to be motivated toward learning and to 

perform better than the senior students (Abdullah, 2011). In our case, it may be due to the pandemic that senior 

students become more serious about their learning to complete their study and gain employment quickly.  

 

An interesting finding was observed when students’ readiness was explored with respect to their place of living. 

Our data showed that village students were more motivated in online classes than city students, whereas urban 

students enjoyed better access to the internet than village students. The village students may believe that having 

less access to technology could impact negatively on their academic performance. As such, they became more 

motivated but also anxious about gaining access to technology and joining online classes.  
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5.1. Limitations and implications of this study 

 

The survey used in this study employed convenience sampling for collecting data from the participants i.e., 

engineering students in Bangladesh. This sampling method can lead to unexpected or uncontrolled factors in the 

sample data which could potentially impact on the investigation and skew the results of the study (Emerson, 

2015). However, a large sample group such as the current study may minimize the limitations posed by the 

convenience sampling (Etikan et al., 2016). Also, as the name indicates, convenience sampling is often used 

despite its limitations due to the expediency of recruiting participants (Sedgwick, 2013).  

 

Another limitation of this study is to solely rely on self-reported survey data to measure students’ readiness for 

online learning. We acknowledge that obtaining qualitative data through structured or semi structured interviews 

from some of the participants could help triangulate the data to further validate the results of this study. Future 

studies might consider the data triangulation approaches to gain a more comprehensive understanding of the 

factors that affecting students’ readiness for online learning during the pandemic. 

 

This study presented some stimulating observations which have both practical and theoretical implications for 

ensuring a proper learning environment for students. For example, the significance of this validated survey 

instrument lies in enabling institutions to assess students’ readiness so they can make informed decisions about 

how to improve online learning, specifically, in relation to the situational factors (learning atmosphere and 

institutional support). These factors provide the underlying fundamentals for policy makers to design the learning 

context, assessment technique, etc., to prepare students for online learning. Support from educational institutes 

for students, in monetary or other form, would help foster a caring environment for learning too.  

 

Informed by the insights presented, academic entities may consider establishing counselling units dedicated to 

supporting the students’ psychological wellbeing during the pandemic as this should enhance student confidence 

in online learning. Institutions can consider various strategies where students with lower online readiness (i.e., 

motivation, self-efficacy, and situational factors) receive peer-to-peer support, guidance, or supportive 

intervention when they face problems or feel discouraged during the online learning. This in turn will increase 

student satisfaction with the education offered by their respective institutions. 

 

Furthermore, policy makers in developing countries should consider important evidence when preparing policies 

for teaching in similar conditions - pandemic or otherwise - where students are required to shift to online 

learning due to some unwanted circumstances. Moreover, the findings will be applicable to other developing 

countries with similar sociodemographic conditions. Although this study focused on engineering students, some 

of the general findings can be applied to online learning for students from other disciplines as well. 

 

This study revealed three key factors (motivation, self-efficacy, and situational factors) as the required conditions 

of student readiness for online learning. Since the current study found that computer/Internet self-efficacy and 

motivation for learning have direct effects on online readiness, institutions can create a simple, easy-to-use 

learning portal, especially where students can manage their learning resources. Such simplicity would help 

students feel more confident and perhaps feel less pressure to participate in the online classes.  

 

Lessons from the study could also help teaching staff improve and customize their course teaching for such 

situations to improve the learning experience for students. Teaching staff should help students remain motivated 

since motivation is one of the important factors influencing student readiness. Students’ intrinsic motivation can 

be increased by promoting the features of online learning i.e., creating more channels to interact with instructors 

and peers so that students feel a strong loving relationship among them. Rewards and extra grading can be 

provided to facilitate students’ extrinsic motivation when students were actively engaged in online class 

activities, or their active participation has been recognized in any form. 

 

 

6. Conclusion 
 

The focus of this study was to investigate engineering students’ readiness for online learning during the COVID-

19 situation. For this, we conducted an online survey in different universities in Bangladesh and, after scrutiny, 

selected 988 responses out of 1038 initial responses. We collected engineering students’ opinions on factors that 

influence students’ readiness for online learning. Our study proposed a new model to measure student readiness 

for online learning considering the context of the COVID-19 situation. The reliability, convergent and 

discriminant validity of the proposed model was tested using EFA and CFA methods. Twenty-two items were 

removed from the original 52 items to achieve composite reliability greater than 0.7. Our study suggests that 
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besides motivation and self-efficacy, situation and context-specific factors influence students’ readiness for 

online learning. It is evident from the findings that students are not ready yet for online learning. Besides the 

usual student unwillingness (Händel et al., 2020), our study shows that student readiness towards online learning 

is hindered by digital inequality in a developing country due to lack of experience and access to relevant 

technologies. In developing countries like Bangladesh, the penetration of internet connectivity is widely varied; 

hence students lived in rural areas are seemly less accessed to the internet. 

 

Moreover, it becomes more severe during the pandemic as students’ need to move their home areas to stay with 

families. The proposed model can be helpful to improve the student learning experience in emergencies and 

address potential issues related to student online readiness. A longitudinal study may be performed in future to 

detect any changes in the relationship of the factors considered in this study. We also plan to extend this study by 

broadening the demographic distribution to include participants from different disciplines.  
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Appendix 
 

The initial “Student Online Learning Readiness” Survey 

 

A. Motivation 

 

Sub-constructs Items 

Interest MI1. I think I enjoy learning very much in online environment.  

MI2. I think learning in online environment is a boring activity*. 

MI3. I would describe learning activity in online environment as very interesting. 

MI4. I think online learning activity is quite enjoyable. 

MI5. I am open to accept the online environment for my learning. 

MI6. I like to work with my classmates in an online environment. 

MI7. I like to work with my teachers in an online environment. 

Perceived 

Usefulness 

MU1. I believe it is effective to learn in online classes. 

MU2. I believe online classes can help my learning. 

MU3. I believe online classes help me to learn more complex topics than face-to-face 

classroom. 

MU4. I believe online classes allow many opportunities for discussion and sharing ideas 

among my classmates. 

MU5. I would be willing to learn in online classes again because it has some value to me. 

MU6. I think online learning is important because it can improve my learning. 

MU7. I believe online learning activity could be beneficial to me. 

Reinforcement 

 

 

 

MR1. Through online classes, I hope to achieve a good grade for the courses I attend. 

MR2. I hope my teachers and classmates will praise me if I can perform good in online 

classes. 

MR3. I hope my attendance in online classes will improve my course grade. 

MR4. I hope online classes will have a positive impact in my career. 

Connectedness/ 

Relatedness 

MC1. I like to connect with my teachers and classmates in the online learning environment. 

MC2. I feel like I can trust my teachers in the online learning environment. 

MC3. I prefer not to interact with my teachers and classmates in the online learning 

environment in future*. 

MC4. I feel disconnected from my teachers and classmates in the online learning 

environment*. 

MC5. I feel close to my teachers and classmates in the online learning environment. 

MC6. I feel I could develop friendship with my teachers and other students in the online 

learning environment. 

MC7. I would like to interact with my teachers and classmates more often in the online 

learning environment.  

MC8. I feel I could develop a good bonding with others through online learning environment. 
*Item needs reverse coding 
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B. Self-efficacy  

 

Technology 

Competency  

 

TC1. I feel confident in performing the basic functions of technology used in online learning.  

TC2. I feel confident in my knowledge and skills of how to manage software for online 

learning. 

TC3. I feel confident in using the internet to find or gather relevant information for learning. 

TC4. I feel competent at integrating computer technologies into my learning activities. 

Social 

Competency 

 

SC1. I feel confident to ask questions to my teachers in online classes. 

SC2. I feel confident to seek help from my teachers when needed. 

SC3. I feel confident to timely inform my teachers when unexpected situations arise. 

SC4. I feel confident to express my opinions to teachers respectfully. 

SC5. I feel confident to initiate discussions with my teachers in online environment. 

SC6. I feel confident to respect other students’ social actions in online environment. 

SC7. I feel confident to apply different social interaction skills depending on situations. 

SC8. I feel confident to initiate social interaction with classmates. 

SC9. I feel confident to work in groups in online environment. 

SC10. I feel confident to develop friendship with my classmates in online environment. 

 

 

C. Situational Factors 

 

Learning 

atmosphere 

LA1. I think my living environment is supportive to study in online environment. 

LA2. I think I can effectively study from my living place. 

LA3. I think my family members around me are helpful for my online study. 

LA4. I think it is difficult to study online from the place where I am living*.  

Institutional 

Support 

IS1. I believe my institution is supportive for my online study. 

IS2. I believe I can get the necessary help from my institution to study online.  

IS3. I believe my institution makes necessary arrangements for effective online learning. 

IS4. I believe my institution can provide a favourable environment for my online study.  

Digital access DA1. I believe I have the necessary devices to participate in online classes. 

DA2. I believe I can afford the cost of internet to participate in online classes. 

DA3. I believe the internet connection and speed is reliable enough for the online classes. 

DA4. I think I do not have enough resources to study online*. 
*Item needs reverse coding  
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ABSTRACT: The aim of this study is to evaluate the effects of a teaching simulation activity that uses a chatbot 

on preservice teachers’ efficacy. Forty-six preservice teachers were asked to teach the chatbot the topic of school 

violence and how to handle it. They were assigned to one of three groups: Teaching a chatbot whose attitude was 

impolite, polite, or ordinary. The participants completed a teacher efficacy test at the pretest and posttest. The 

results show that the participants who taught the ordinary chatbot significantly increased their teacher efficacy 

levels. However, an Analysis of Covariance shows that the posttest scores of student engagement were not 

significantly different due to the group setting. The data of participants’ conversations with the chatbots and the 

participant interview data revealed that the ordinary group had more opportunities to increase their mastery 

experiences than the other groups did. It can be suggested that designing virtual students with ordinary and 

regular attitudes and behaviors seems appropriate to provide preservice teachers with teaching opportunities to 

increase their teaching efficacy levels. 

 

Keywords: Teaching simulation, Virtual agent, Chatbot, Teacher efficacy  

 

 

1. Introduction 
 

It is imperative to increase levels of teacher efficacy because it is directly linked to teacher development, such as 

instructional efforts, content knowledge (Menon & Sadler, 2016), and their students’ academic performance and 

aspiration (Muijs & Reynolds, 2002; Zee & Koomen, 2016). Teaching experience is considered a powerful 

influence on teachers’ efficacy in and perception of their competence, determining the extent to which teachers 

will persevere in their classroom (Klassen & Chiu, 2010). Unfortunately, preservice teachers are rarely exposed 

to teaching opportunities; in most cases, they have a limited amount of student-teaching practicum. Therefore, 

more opportunities for teaching should be offered during teacher education programs. 

 

Previous research has highlighted the importance of teaching experience for preservice teachers by focusing on 

microteaching (Arsal, 2015), teaching simulation (Polack et al., 2017), and student-teaching (Fives et al., 2007). 

However, managing these teaching activities is demanding, and face-to-face implementation is time-intensive. 

Mostly due to these practical issues, little attention was paid to research on how to improve preservice teachers’ 

efficacy through teaching activities. To increase teaching efficacy and simultaneously resolve practical 

difficulties, it would be worth exploring the use of teaching simulation. Still, how to simulate teaching 

experiences to overcome the current challenges of teaching activities is under-investigated. 

 

The aim of this study is to explore the potentials of chatbots to provide preservice teachers with teaching practice 

opportunities in a learning environment. We aim to clarify the possibilities and challenges of a teaching 

simulation program that pays particular attention to a conversational approach that uses a virtual agent system 

(also called chatbot), which is expected to give preservice teachers quasi-experiences of teaching. Specifically, 

we focus on the effects of the chatbot’s different attitudes on preservice teachers’ efficacy. 

 

 

2. Literature review 
 

This study is grounded in Bandura’s (1977) social cognitive theory of behavior with a focus on self-efficacy. 

Bandura (1977) introduced the concept of self-efficacy beliefs, which is an assessment of one’s capabilities to 

attain the desired performance goal. Self-efficacy is a significant component in the human agency as it influences 

people’s aspirations and behaviors, including choice of tasks, effort, and persistence (Bandura, 1986). Since the 

self-efficacy theory was applied in the education realm, a considerable number of studies have been conducted to 

investigate how self-efficacy is related to teaching performance and student achievement (Bautista & Boone, 

2015; Zee & Koomen, 2016), which has evolved into the concept of teacher efficacy. In many studies, 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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Tschannen-Moran and Woolfolk Hoy’s (2001) definition of teacher efficacy was introduced as “a teacher’s 

judgment of his or her capabilities to bring about desired outcomes of student engagement and learning, even 

among those students who may be difficult or unmotivated” (p. 783). In this definition, there is an assumption of 

teachers’ beliefs in their ability to positively affect student learning and behavior (Putman, 2012). 

 

Higher levels of teacher efficacy led to more time investment in teaching and greater levels of aspiration 

(Tschannen-Moran & Woolfolk Hoy, 2001), teacher development (Menon & Sadler, 2016), student performance 

(Kim & Seo, 2018; Muijs & Reynolds, 2002), and student motivation (Appleton & Kindt, 2002; Lazarides et al., 

2018). Teacher efficacy appears to be a belief that affects both teaching and student learning in a significantly 

positive way. The low level of teacher efficacy causes negative issues, such as a lack of teaching preparation 

(Mulholland & Wallace, 2001), job dissatisfaction (Klassen & Chiu, 2010; Perera et al., 2018), and emotional 

exhaustion (Skaalvik & Skaalvik, 2016). These negative aspects predict greater teacher turnover intent (Ryan et 

al., 2017). A high rate of teacher attrition has been one of the severe issues that cause teacher shortage problems. 

 

 

2.1. Teacher efficacy promotion 

 

Bandura (1986) categorized the sources of self-efficacy development into mastery experiences, vicarious 

experiences, social persuasion, and physiological/emotional factors. In the teacher education field, it can be 

understood as follows. First, mastery experiences are achieved by conducting teaching. Second, preservice 

teachers have vicarious experiences through modeling others’ teaching. Preservice teachers observe in-service 

teachers’ classrooms, other media, or their own teaching through recorded videos. Third, social persuasion 

means that novice teachers utilize others’ feedback. Last, physiological and emotional factors are related to 

teachers’ stress reactions and negative tendencies. Among them, mastery experiences have been identified as the 

most effective method (Tschannen-Moran & Woolfolk Hoy, 2007). It was reported that beginning elementary 

teachers showed their improved teacher efficacy through the achievement of mastery experiences of teaching 

(Mulholland & Wallace, 2001). It can be argued that teaching in a classroom could be essential for teachers 

because those experiences provide authentic evidence of their accomplishment from successful teaching 

(Pfitzner-Eden, 2016). Because mastery experiences originate from teaching accomplishments, preservice 

teachers would not have enough opportunities for improving teaching efficacy if there was a lack of teaching 

opportunities in their programs, such as not enough practicum and student-teaching courses. Novice and 

preservice teachers have relatively lower levels of self-efficacy than experienced career teachers do, which could 

be due to the lack of teaching experience, not because of their innate ability (Gordon & Debus, 2002). 

 

 

2.2. Mastery experiences 

 

Given the importance of mastery experiences, one of the opportunities to effectively increase efficacy is student-

teaching. Cantrell et al. (2003) found that the amount of time spent in student-teaching as mastery experiences 

were positively correlated with their teacher efficacy. Pfitzner-Eden (2016) examined the teacher efficacy of two 

cohorts of preservice teachers. After the practicum, two factors of teacher efficacy (i.e., classroom management 

and instructional strategy) were increased in the group of preservice teachers at the beginning stage. The results 

of the advanced preservice teachers also showed the increased teacher efficacy of classroom management. Fives 

et al. (2007) explored preservice teachers’ engagement in practicum and their perception of teacher burnout. The 

results of preservice teachers’ student-teaching experience indicate that their teacher efficacy was significantly 

increased, and burnout symptoms were decreased over time. The researchers argue that student teaching provides 

mastery experiences, and at the same time, ameliorates preservice teachers’ feelings of burnout. Thus, preservice 

teachers’ mastery experiences in student-teaching seem essential to improve their teacher efficacy. 

 

 

2.3. Students’ attitudes and behaviors 

 

Despite the benefits of student-teaching in general, effective student-teaching environments and contexts have 

been under-explored. Specifically, it seems that students’ attitudes and behaviors have an impact on preservice 

teachers’ efficacy (Dicke et al., 2014; Kokkinos et al., 2005). One of the critical causes of a high level of teacher 

stress is student misbehavior and disengagement, which is the biggest concern of novice teachers who lack 

teaching experience and coping strategies (Dicke et al., 2014). Students’ disruptive behaviors and hostile 

attitudes evoke teachers’ unfavorable and negative emotions significantly (Kokkinos et al., 2005), which 

negatively affect preservice teachers’ intrinsic motivation to teach, goals towards their profession, and teaching 

efficacy (Sutton & Wheatley, 2003). 
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It is imperative to provide preservice teachers with opportunities to learn how to handle the different attitudes of 

students. In Kokkinos et al. (2005), over five hundred primary school teachers and preservice teachers completed 

the survey that asked their appraisals of students’ undesirable behaviors. The results implicate that more teacher 

training should be designed to increase the awareness of a broader range of students’ undesirable behaviors, 

provide how to cope with student difficulties, and enhance teacher efficacy in handling challenging and 

disruptive behavior. Kim and Cho (2014) examined the status of preservice teachers in their teacher education 

program and their expectation of “reality shock,” which refers to a huge discrepancy between the ideal 

expectations of teaching and the reality of the school environment and student attitudes. The results show that the 

expectation of reality shock varies depending on the status in their program, which has three stages: (1) before 

declaring their teaching major: the highest level of expectation of future reality shock, (2) after having decided 

on their major: the significantly decreased expectation of reality shock, and (3) after their practicum: the high 

level of expectation of future reality shock. This could mean that as preservice teachers are exposed to a 

classroom in their student-teaching, they clearly understand that the teaching context is not only about delivering 

content knowledge but about coping with difficult students. 

 

For successful mastery experiences, preservice teachers should be able to have enough opportunities to teach 

students with different attitudes and behaviors, including problematic and disruptive ones. One or two courses of 

student-teaching practicum might not fully provide mastery experiences opportunities of teaching different types 

of students. Few studies examined how student attitudes and behaviors are related to preservice teachers’ 

efficacy. In addition, how to support preservice teachers’ mastery experiences was under-investigated. 

 

Along with the lack of research on the identification of contextual factors (i.e., students’ attitudes and behaviors), 

there are practical issues when we attempt to provide sufficient student-teaching opportunities. Due to the lack of 

opportunities of teaching different attitudes’ students, preservice teachers might not be fully prepared for their 

teaching, such as the absence of a direct link between instructional goals and assessment, failure to write 

observable instructional goals, and the lack of foundational concepts as validity and reliability when assessing 

students (Campbell & Evans, 2000). Besides, there is a disconnect between the campus-based portion of teacher 

education programs and student-teaching. This might be because practicum courses are not considered as a 

valued activity, and supervising practicum courses has been treated as an overload (Zeichner, 2002). To resolve 

these practical limitations, it requires an effort of educators to propose alternative ways for successful mastery 

experiences. 

 

 

2.4. Chatbots 

 

Our approach is to provide preservice teachers with sufficient teaching practice opportunities using learning 

technology. In the field of education, conversational virtual agents, called AI (artificial intelligence) agents or 

chatbots, have been investigated. Chatbots are computer programs that communicate in human language with 

their users. The system can conduct interaction activities through communication with the user by simulating 

human-like dialog patterns and behavior. In 1966, Joseph Weizenbaum developed one of the first chatbots, 

ELIZA, which simulates a therapist’s role in clinical treatment situations. Since this breakthrough, chatbots have 

evolved and been utilized in a variety of areas, such as marketing, customer support, e-commerce, banking, and 

healthcare. 

 

Chatbots have been adopted in education. One type is Intelligent Tutoring Systems, which have shown 

effectiveness in improving learning achievements specifically in science, technology, engineering, and 

mathematics fields (VanLehn, 2011). Winkler and Soellner (2018) reviewed that chatbots have been effectively 

used for medical education and therapy, language learning, feedback systems, and motivation and self-efficacy 

supporters. Furthermore, their findings show that chatbots have the potential to improve learners’ affective, 

cognitive, and metacognitive learning gains (Winkler & Soellner, 2018). There are cases that chatbots are used 

for educational purposes (e.g., Oh et al., 2019; Song & Kim, 2020). Abbasi and Kazi (2014) investigated the use 

of a chatbot as a question retrieval tool to support students in solving programming questions. Seventy-two 

undergraduate students were randomly assigned to one of two groups: Google Group (who searched for 

information using Google search engine to solve questions) and Agent Group (who asked questions to the 

conversational agent to retrieve information for problem-solving). The results show that the learning outcomes of 

Agent Group were significantly higher than those of Google Group. Chatbots can be used to scaffold students’ 

positive habit development. Kreynin et al. (2019) measured whether chatbots may assist undergraduate students 

to develop a positive habit such as reflective journaling. The researchers used four versions of a chatbot that 

enables effective journaling via text messages. The results showed that chatbots can be effective tools in 

scaffolding positive habit development for undergraduate students (Kreynin et al., 2019). However, chatbots 

have not been thoroughly investigated in the teacher education field. 



49 

We argue that chatbots would lead to an in-depth research investigation of the effectiveness of teaching 

simulation and the attitudes/behaviors of agents (i.e., virtual students). Still, the use of chatbots to offer student-

teaching simulation opportunities is in its infancy. There is little knowledge of what roles AI technology might 

play in preservice teacher education. 

 

 

2.5. This study 

 

We aim to investigate the effects of teaching simulation through a chatbot on preservice teachers’ efficacy levels. 

Two research questions guided the study: 

 

• RQ1. To what extent, does the preservice teachers’ efficacy change by teaching a student chatbot? 

• RQ2. Are there differences in preservice teachers’ efficacy associated with teaching the different attitudes of 

chatbots (i.e., impolite, polite, and ordinary)? 

• RQ3. What are the preservice teachers’ responses and experiences in teaching chatbots with different 

attitudes? 

 

 

3. Methods 
 

3.1. Participants and context 

 

A sample of 46 students (14 males and 32 females) from Teachers College at a mid-sized public university in 

South Korea provided data for this study. The research information was explained to the participants. They are 

undergraduate students (senior) majoring in elementary education, who had a one-time experience of student-

teaching a year prior to the intervention of this study. They were randomly assigned to one of three groups: 

Teaching the agent whose attitude was (1) impolite (Impolite Group, N = 16), (2) polite (Polite Group, N = 16), 

and (3) ordinary (Ordinary Group, N = 15). 

 

 

3.1.1. Teaching subject 

 

Over the last decade, school violence has been recognized as a serious problem at the research site. Increasing 

school violence problems lead to the increased pressure on teachers to prevent them in the classroom, and 

teachers should play a significant role in tackling school violence (Troop-Gordon, 2015; Yoon et al., 2016). 

Specifically, preservice teachers should be well prepared to teach anti-bullying issues to their future students. For 

these reasons, anti-bullying was chosen as a topic for the teaching simulation in this study. Before the teaching 

task, participants were asked to prepare their anti-bullying teaching sessions for the teaching simulation activity.  

 

 

3.1.2. System design and development 

 

A teaching simulation program was designed to support conversations between participants and a chatbot. The 

system was built on an existing chatbot framework that was designed to support users’ interaction with the agent 

(Song et al., 2017; Oh et al., 2019; Song & Kim, 2020). When a participant accesses the agent system through 

their Web browser, the agent greets the participant, and the teaching session begins. The participant’s role is the 

teacher, and the agent takes the student’s role.  

 

For the implementation, the participants were asked to teach the concept of school violence. The teaching 

method is individual text-based chatting, which is similar to social media message apps. Participants are text-

based chatting with a chatbot to teach. The agent initiates conversation with greetings and questions, and a 

participant teaches the agent. The system analyzes a pattern of what the participant typed (e.g., a positive answer 

to the agent’s question, a negative answer to the agent’s question, a follow-up question) and responds to the 

participant accordingly. In the conversation, attention was specifically given to the role of the agent. Using 

machine learning techniques, each chatbot agent was trained to have a specific attitude. Depending on their 

group, the participants taught the agent whose attitude was impolite, polite, or ordinary. The impolite agent plays 

in distracting participants’ conversation and showing disrespect and discourtesy to them, whereas the polite agent 

in revealing his understanding and showing gratitude to the group of preservice teachers. The ordinary agent 

responds to the participants ordinarily, not showing any specific negative or positive emotion and attitude. The 
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agent was designed as gender-neutral and the participants could not recognize the agent’s gender. The agent’s 

age was not specifically addressed in the program, but it was designed as 5th – 6th graders. 

 

The agents’ responses were designed (i.e., machine learning training) from the results of multiple interviews with 

local teachers and students at the design and development stage before several pilot tests. The development team 

collected all the possible students’ reactions and responses depending on their attitudes and added them into the 

system database. The development team collected possible sentences that in-service teachers used in their anti-

bullying interventions at school and listed them as the participants’ anticipated teaching. Each agent’s attitude 

was designed based on formal/informal interviews and conversations with the teachers and students. At the 

development stage, the development team asked students to come up with possible responses and reactions to 

each teaching sentence from the list. Then, each sentence had multiple students’ responses, which were 

categorized into impolite, polite, or ordinary responses, and inserted into the database by the development team. 

This categorization of attitude was conducted by the research team first and was cross-checked by the 

participating teachers. When a participant starts teaching the chatbot, using classification techniques of machine 

learning, the system categorizes the participant’s sentence into one of the anticipated teaching sentences that 

were collected through the interviews with the local teachers. Depending on the type of teaching sentence, the 

agent was designed to respond to the participant appropriately using the database of possible students’ reactions 

and responses. 

 

 

3.2. Data collection and analysis 

 

3.2.1. Pretest and posttest 

 

The participants completed a teacher efficacy test at the pretest and posttest. Teachers’ Sense of Efficacy Scale 

developed by Tschannen-Moran and Woolfolk Hoy (2001) was used to assess the efficacy of participants due to 

its recognized acceptance in the research field and its validation with preservice teachers. The instrument 

consists of 24 items, assesses along a 9-point continuum with anchors at 1 (Nothing) to 9 (A Great Deal). 

Considering the survey type that the participants of this study were familiar with, each question item was 

modified from a question sentence to an assertive sentence, and the measure was tweaked to a five-step Likert 

scale: Strongly Disagree (1) to Strongly Agree (5). The teacher efficacy instrument includes three 8-item sub-

dimensions: Student Engagement, Instructional Strategies, and Classroom Management. A reliability test was 

conducted for the test items from the pretest. The reliability of the full 24-item scale was .85. Reliabilities for the 

teacher efficacy subscales (i.e., student engagement, instructional strategies, and classroom management) were 

.70, .74, and .74, respectively. The student engagement dimension indicates a relatively low but acceptable level 

(conventionally greater than .6; Wiersma & Jurs, 2005) of internal consistency, and the other dimensions show 

acceptable levels of internal consistency. 

 

 

3.2.2. Interview and written discourse data 

 

Since the two research questions include “how” questions, interview and written discourse data were analyzed to 

complement quantitative results. The quantitative results would give us the amount of student attitude change, 

and qualitative analysis might answer how this change happened. After the intervention, four volunteered 

participants from each group were interviewed. The interview questions asked participants’ experience of the 

teaching simulation focusing on the agent’s behavior and attitude, their emotions during the text-based 

conversation, and feeling about teacher efficacy. In addition, participants’ conversation data was collected 

through the agent system. The system collected each participant’s session identification number, timestamp, and 

conversation text. The student interview and written discourse data were qualitatively analyzed. 

 

We followed a thematic analysis method (Braun & Clarke, 2006). The qualitative data were coded to determine 

major themes and categories that would emerge from the data through a process of reading and rereading the 

data. The transcript was independently coded by the first author and the second author. The calculated inter-rater 

reliability ranged from 90% to 95%, averaging 92.7%. These disagreements were further discussed and resolved 

by the coders. The meaningful statements regarding teaching experience were initially highlighted from the 

interview and written discourse data. Then, the coding process was conducted by marking the segments of data 

with descriptive words or category names, such as “the impolite agent,” “the difficulty levels of teaching,” 

“interaction,” and “teaching practice.” Then, the codes were grouped into sub-categories (e.g., teaching 

conversation, persuasion effort, off-topic conversations). The related subcategories were integrated by comparing 

and contrasting the properties of each sub-category, and continuously refining and collapsing the sub-categories 

as stronger themes emerged. Similar ideas were summarized into statements to present the common themes and 
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insights from the participants’ teaching simulation experience. The common issues were addressed using the 

analyzed themes. 

 

 

4. Results 
 

4.1. RQ1 

 

The normality of the data was checked through the Shapiro–Wilk test. All test scores did not deviate 

significantly from the normal distribution (see Table 1). Means and standard deviations for teacher efficacy are 

presented in Table 2. A paired sample t-test was conducted in each group to examine the difference between the 

pretest and posttest scores of the teacher efficacy test. As shown in Table 2, using a nominal alpha value of .05, a 

significant mean difference between pretest and posttest was found for the total score of Ordinary Group (t = -

4.47, p = .001, Cohen’s d = .50). 

 

Table 1. Tests of normality on efficacy test 

 Impolite Group 

Shapiro–Wilk (p-value) 

(df = 16) 

Polite Group 

Shapiro–Wilk (p-value) 

(df = 15) 

Ordinary Group 

Shapiro–Wilk (p-value) 

(df = 15) 

Total 

Shapiro–Wilk (p-value) 

(df = 46) 

Pre .97 (.76) .95 (.50) .96 (.76) .98 (.72) 

Post .95 (.47) .98 (.93) .95 (.45) .99 (.80) 

 

Table 2. Mean scores and standard deviations on efficacy test for the participants and t-test results 

Total Impolite Group Mean (SD) 

(N = 16) 

Polite Group Mean (SD) 

(N = 15) 

Ordinary Group Mean (SD) 

(N = 15) 

Pre 3.39 (.31) 3.64 (.27) 3.52 (.40) 

Post 3.50 (.34) 3.58 (.54) 3.73 (.44) 

t-value (p-value) -2.09 (.054) .44 (.665) -4.47 (.001)* 

Note. *p < .05. 

 

 

4.2. RQ2 

 

An Analysis of Covariance (ANCOVA) was performed on the teacher efficacy posttest results, in which the 

pretest was the covariant. The posttest result was the dependent variable, and the three-group setting was the 

control variable to examine the relationship between the posttest results of the three groups. Levene’s tests of 

equality of error variances test were conducted for total scores (F = 2.01, p = .146), which show that the 

variability is not significantly different from each other. The ANCOVA result shows that the variance of the total 

efficacy score between the three groups was not statistically significant (F = 2.20, p = .124). 

 

 

4.3. RQ3 

 

4.3.1. Interview results 

 

After the coding process for the interview data, 127 codes were grouped into 34 subcategories. From the 

subcategories, 15 themes emerged. As shown in Table 3, the themes found from Impolite Group are (1) Efficacy 

adjustment: After teaching the impolite agent, participants recognized that they had overestimated their efficacy 

level at the pretest; (2) Overcoming the limitation of student-teaching: Participants had never experienced 

impolite students in their practicum, but this implementation offered this opportunity; (3) The difficulty of 

teaching: Participants felt that they should be able to have a wide range of background knowledge to handle 

impolite students; and (4) Teaching opportunity: Participants considered this implementation as a beneficial 

teaching practice opportunity. 

 

The Polite Group themes are (1) The lack of interaction: Participants did not have to actively interact with the 

agent because the agent seemingly understood what the participants taught; (2) Non-realistic student agent: 

Participants do not believe that they will meet this type of polite student in their future classroom; and (3) 

Teaching opportunities: The agent system helped participants overcome the limited amount of teaching practice 

in their teacher education program. 
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The Ordinary Group themes are (1) Reality-based practice: Participants were impressed by the fact that the 

chatbot’s questions and attitudes were very similar to the students that they taught in their student-teaching; (2) 

Question-answer activity: Participants appreciate the agent’s questions, which gave them time to think about the 

instructional content; (3) Mastery experiences: Participants felt that they had mastery experiences when teaching 

the ordinary agent; and (4) Importance of interpersonal skills: Participants consider that they needed 

interpersonal skills along with the content knowledge when teaching the ordinary agent. 

 

The non-group-specific themes are (1) The need for personalization: Participants were not able to identify which 

attitude was better for them (between impolite, polite, and ordinary attitudes) because it depends on each 

participant and the context; (2) Benefits of chatting: Participants appreciate the text-based chat as a teaching 

method because they had enough time to think before typing, which could not be done when speaking; (3) The 

need for a voice-based system: Participants wanted oral communication opportunities to teach the agent because 

it is a more authentic way to teach; and (4) Less realistic attitudes of the agent: Participants pointed out that it is 

not realistic for a student shows only one type (i.e., impolite or polite) of attitude. 

 

Table 3. Preservice teacher interview analysis with themes and examples 

Group Theme Exemplary statements* 

Rude Efficacy adjustment In the pretest, I thought that I was able to get through the most difficult 

students and control their disruptive behavior, but actually, I’m not, 

after the chatting, I realized that I’m not able to do that. I believe that 

my efficacy dropped at the posttest. I know that self-efficacy should be 

firmly based on evidence, so this kind of teaching opportunity can be 

used as evidence, it’s a piece of negative evidence for me though.  

 Overcoming the 

limitation of 

student-teaching 

From my experience of student-teaching in the practicum course last 

year, I haven’t seen this kind of aggressive student who asks these 

kinds of questions in the classroom. This is because, I think, usually 

[for student-teaching] the teachers and administrators at the school 

control the classroom environment for us, preservice teachers, before 

we visit the school. The teachers prepared their students quite a lot, 

kept them quiet, asked them to be nice to us, something like that. We 

don’t have many opportunities to teach this agent-like rude student. 

But, we all know that there are those disrespectful students in the 

classroom. So, it’s going to be a big help for us to teach this kind of ill-

mannered student for our teaching experience. 

 The difficulty of 

teaching 

She [the agent] mentioned our constitutional law or something. I’ve 

noticed that it’s going to be big trouble if teachers do not have a wide 

range of background knowledge about the topic. To control their 

[students’] disruptive behaviors, the teacher must have knowledge of a 

wide variety of topics as well as the subject matter. Otherwise, the 

student would disregard or disrespect the teacher more and more. This 

is the hardest part, we cannot be the expert on every topic. Also, I 

almost lost my temper when the agent showed disruptive behaviors, but 

at the same time, I felt some sort of responsibility as a real teacher. It 

wasn’t easy at all, the agent pissed me off, but I’m supposed to teach 

her and control the situation. 

 The difficulty of 

teaching 

She [the agent] mentioned our constitutional law or something. I’ve 

noticed that it’s going to be big trouble if teachers do not have a wide 

range of background knowledge about the topic. To control their 

[students’] disruptive behaviors, the teacher must have knowledge of a 

wide variety of topics as well as the subject matter. Otherwise, the 

student would disregard or disrespect the teacher more and more. This 

is the hardest part, we cannot be the expert on every topic. Also, I 

almost lost my temper when the agent showed disruptive behaviors, but 

at the same time, I felt some sort of responsibility as a real teacher. It 

wasn’t easy at all, the agent pissed me off, but I’m supposed to teach 

her and control the situation. 

 Practice 

opportunity 

I think it’s [the teaching experience] helpful, I mean, it’s a good chance 

to practice for me to interact with a difficult and disruptive student 

regarding how to handle this kind of bad student. 

Polite Lack of interaction The student [the agent] said he understood whatever I taught, so I was 

trying to ask some other questions to him, but he didn’t answer my 
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questions, there was no meaningful interaction, unfortunately.  

 Non-realistic 

student agent 

I highly doubt that there is a real student like this agent in the classroom. 

I’d say, it’s not realistic. I think it’d be great to collect data and 

information from in-service teachers regarding what kinds of questions 

their students usually ask in the classroom. You guys can add those real 

questions into the chatbot system. 

 Teaching 

opportunities 

In this teacher education program [at the university] we only have two 

types of teaching experience: student-teaching and microteaching. I 

don’t think it’s enough to experience different types of students. It’ll be 

awesome if we have more chances to teach, something like this kind of 

chatting.  

Ordinary Reality-based 

practice 

I was very surprised that the [agent’s] questions and attitudes are very 

similar to the students that I taught during the student-teaching for the 

practicum course last year. 

 Question-answer 

activity  

The student’s [the agent’s] questions made me keep thinking, which is 

very helpful. Her questions are something that I’ve never thought 

about. 

 Mastery 

experiences 

I thought that I wasn’t able to handle difficult students when I answered 

the pretest items, but I realized that it’s not that hard after teaching the 

agent. It’s really manageable and controllable. So, I think my efficacy 

increased a little bit at the posttest.  

 Importance of 

interpersonal skills  

After this activity, I learned that the content knowledge, anti-bullying in 

this activity, is not all. I mean, teachers should have skills to manage 

and control their students, especially interpersonal skills seem very 

important. 

Non-group-

specific 

Need for 

personalization 

Now I get it. There are different types of chatbots, right? [Interviewer: 

Yes, three types. Rude, polite, and normal regarding the attitude]. I 

think it depends on the student [preservice teacher], I mean, regarding 

which type of chatbot is more effective for our experience. Someone 

may benefit from rude students or others from polite students. 

 Benefits of chatting I like chatting for teaching, because, before I typed something, I was able 

to think and reflect on the student’s [agent’s] questions with careful 

consideration. 

 Need for a voice-

based system 

Rather than chatting, I think oral communication would be even better. In 

the classroom, you do speak, not type. Obviously, speaking is a more 

natural way to teach. So, it would be good to have a voice-based 

system or something like that.  

 Need for diverse 

situations 

I don’t think a student has one type of personality or attitude. A student 

can be normal, but abruptly, can be very difficult and disruptive at 

some point. So, it would be better to have experiences to teach different 

types of students. Also, it would be great to teach many students at the 

same time through this chatbot system, it will be like a real classroom. 

Note. *Translated from the Korean language. 

 

 

4.3.2. Log analysis 

 

In total, 5,676 lines of written discourse were collected from the implementation. The participants’ written 

discourse was 2,508 lines and the agent 3,168 lines. We solely focused on the participants’ written discourse for 

the qualitative analysis. To understand the context of each participant’s discourse clearly, the corresponding 

agent’s discourse was reviewed. We acknowledge that the agent’s predetermined questions or reactions might 

influence the participants’ discourse. However, since our intention was to examine the differences in preservice 

teachers’ teaching and responses between each group (i.e., impolite, polite, and ordinary agents), we focused on 

the participants’ teaching activities considering the agent’s attitudes. After the coding process, 191 codes were 

grouped into 48 subcategories. From the subcategories, 10 themes emerged.  

 

As shown in Table 4, the themes found from Impolite Group are (1) Teaching: Although the impolite agent’s 

question was outspoken and rude, participants tried to answer the agent’s questions to teach the content; (2) Off-

topic conversation: When the agent distracted the participants, the conversation was frequently off-topic; (3) 

Persuasion efforts: Participants tried to change the agent’s thoughts and attitudes through the persuasion efforts; 
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and (4) Emotional reaction: Participants showed that they were upset during the conversation when the agent’s 

attitude was rude.  

 

Table 4. Preservice teacher conversation themes and example dialogs with the chatbot 

Group Theme Exemplary Conversation* 

Rude Teaching Agent: I don’t get it. What the heck? It’s just a small prank between friends. 

You’re overreacting, like a nerd.  

Participant: But, your friend could have different opinions about it. That’s the 

trouble.  

 

Agent: Let’s say that there is someone who doesn’t like me. I don’t wanna 

hang out with him. That doesn’t mean bullying! That is ridiculous! 

Participant: There is a huge difference between not hanging out with him and 

ignoring or harassing him, which is the definition of bullying.  

 Off-topic 

conversation 

Agent: Every nerd is talking about school bullying, huh? 

Participant: Would you please watch your language? 

 

Agent: I bet you don’t have any friends? LOL 

Participant: No no no, I have tons of friends. 

 

Agent: Oops, I think you said something like this shit?  

Participant: Excuse me? I’ve never said that! 

 Persuasion 

effort 

Agent: Have you thought about the fact that we should respect everyone’s 

preference? Seriously, are you a teacher? I don’t buy it. Can you be the best 

friend of every nerd, huh? 

Participant: Please think about it in a different way. Let’s go back to the 

definition of school bullying.   

 

Agent: You don’t even know what the classroom is. If you do that [reject a 

bully’s request], your entire school life is over. It’s done.  

Participant: No, nothing like that! You should not give them your money, 

that’s money bullying. You must report it to your teacher first. 

 Emotional 

reaction 

Agent: LOL You’re trying to say all bookish answers, which do not make any 

sense, holy crap.  

Participant: Why doesn’t it make any sense? It’s very embarrassing! 

Polite Teaching Agent: Some of my classmates, I don’t like them, don’t want to hang out with 

them. That doesn’t mean it’s school bullying, right? 

Participant: Not necessarily, but why don’t you think about the differences 

between friends, and think about different personalities and preferences. No 

need to hang out, but you should not ignore or avoid them. 

 

Agent: Can I ask a question? Do we need to call 117 [the emergency phone 

number for school problems in South Korea]? I’m worried that it will make 

things worse.  

Participant: It will solve the problem. Whenever you have trouble regarding 

bullying, please go ahead, it’s a very good way to solve the problem. They will 

help you out for sure.  

 Short answer Agent: I have a concern. Would you please listen to me? One of my friends 

borrows my cell phone quite often. I have a limited data plan, but she uses my 

phone a lot. Is this a type of school bullying?  

Participant: Yes, it is.  

 Intention to 

help 

Agent: I’m so scared, I might get beat up. Can you please help me? 

Participant: Sure, I can help you out, don’t worry about it. 

 

Agent: If I told my parents, they’d be very sad about it. 

Participant: All right, then why don’t you tell me about it? We can solve the 

problem together. 

Ordinary Teaching 

efforts 

Agent: Why are there lots of school bullying problems these days?  

Participant: Some small conflicts can evolve into bullying Also, there are 

some violent students, but don’t worry about it, any bullying problems can be 

solved if we understand how to handle them correctly, I will teach you.  
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Agent: To get along with some friends, I think I need to bear with it even if 

they bully me, right? 

Participant: No, you don’t need to. If they bully you, they are not friends 

anymore, you should remember this.  

 

Agent: My mom would burst into tears if I told her I was bullied.  

Participant: Even if your mom does, it’s the right thing to do. It’s much better 

rather than suffering from bullying without telling anyone. Otherwise, you can 

report it to your teacher or call 117 [the emergency phone number for school 

problems in South Korea].  

 Follow-up 

questions 

Agent: What is the definition of school bullying? Is it different from regular 

bullying?  

Participant: You’re right. So, let’s think about it, the term, school, is placed in 

front of bullying. What do you think?  

 

Agent: I didn’t know that there are many types of bullying. 

Participant: Good, any other questions about bullying? Do you understand 

when and where you need to report a bullying problem? 

 Feeling of relief Agent: Now I get it.  

Participant: I’m so glad that you learned something!  

Note. *Translated from the Korean language. 

 

The Polite Group themes are (1) Teaching: Participants answered the agent’s questions thoroughly to teach the 

content; (2) Short answers: When the agent’s comment was polite, the participants’ responses were short and 

brief; and (3) Intention to help: When the agent asked some help, participants were willing to help the agent.  

 

The Ordinary Group themes are (1) Teaching efforts: [Same as the polite group’s theme – teaching]; (2) Follow-

up questions: Participants asked a follow-up question to the agent after answering the agent’s question; and (3) 

Feeling of relief: When the agent showed their understanding, participants expressed their relief that their 

teaching worked. 

 

As shown in Table 5, a comparison was conducted among three groups’ conversations focusing on the similar 

questions that the agent asked. It was found that similar questions with different attitudes of the agent were 

followed by different responses of each group of participants. Specifically, in many cases, Impolite Group had to 

tackle the agent’s distractions whereas Ordinary Group tried to change the agent’s misconception as a teaching 

activity. It was also found that Polite Group usually responded to the agent with short comments.  

 

Table 5. Comparison examples of preservice teacher conversation with chatbots 

Rude Group* Polite Group* Ordinary Group* 

Agent: Isn’t it self-defense if I hit 

him back when he beats me? 

Participant A: That depends on 

the case, but why do you really 

want to hit him back? 

Agent: OMG. You don’t even 

know what the self-defense law is? 

Hahahaha.  

Participant A: What are you 

talking about? 

Agent: Isn’t it self-defense if I hit 

him back when she beats me? 

Participant D: Don’t respond with 

violence. Just report it to your 

teacher or call the police. 

Agent: Very helpful! I will keep 

that in mind for future situations!  

Participant D: Sounds good! 

Agent: Isn’t it self-defense if I hit 

him back when he beats me? 

Participant G: Responding to 

violence with violence, it’s never a 

good idea.  

Agent: But I also think self-defense 

is not a bad idea.  

Participant G: Yes, but it’s 

different, what we think as a self-

defense case and the self-defense 

defined in the law.  

Agent: Isn’t it self-defense if I hit 

him back when he beats me? 

Participant B: Then, you guys are 

going to be the same type of bad 

person. 

Agent: OMG. You don’t even 

know what the self-defense law is? 

Hahahaha.   

Participant B: I absolutely know 

the law very well.  

Agent: Isn’t it self-defense if I hit 

him back when she beats me? 

Participant E: How about finding 

a better way to handle the problem, 

such as reporting it to the teacher 

rather than becoming the same 

person, who is an assailant? 

Agent: Very helpful! I will keep 

that in mind for future situations! 

Participant E: Very good. Any 

Agent: Isn’t it self-defense if I hit 

him back when he beats me? 

Participant H: In that case, you 

may want to think about, you’re 

going to be the same type of 

perpetrator in that situation. 

Agent: But I also think self-defense 

is not a bad idea.  

Participant H: Please go get some 

help from out there.  
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other questions? 

Agent: Isn’t it self-defense if I hit 

him back when he beats me? 

Participant C: If you do that, 

you’re going to be an assailant in 

the school bullying problem, you’re 

not the victim anymore.  

Agent: OMG. You don’t even 

know what the self-defense law is? 

Hahahaha.   

Participant C: You may want to 

consider that it’s very hard to be 

legally judged as self-defense in 

our country. 

Agent: Isn’t it self-defense if I hit 

him back when she beats me? 

Participant F: It can be regarded 

as a self-defense case, but it can 

also cause more violent accidents. 

So, let’s find out a better and safer 

way to solve that kind of problem. 

Agent: Very helpful! I will keep 

that in mind for future situations! 

Participant F: Yes, you’re great. 

Agent: Isn’t it self-defense if I hit 

him back when he beats me? 

Participant I: But, you’re going to 

be the assailant if you respond with 

violence.  

Agent: But I also think self-defense 

is not a bad idea.  

Participant I: Still, violence is 

never a good solution. 

Note. *Translated from the Korean language. 

 

 

5. Discussion 
 

We explored the effects of a teaching simulation activity that utilizes chatbots with different attitudes on the 

changes in preservice teachers’ efficacy. The results show that the participants’ teacher efficacy of the ordinary 

group was increased after the intervention. The participants who taught the ordinary agent seem to have 

opportunities for mastery experiences. Given the possibility of contribution to teacher efficacy revealed in this 

study, it is expected that an enhanced virtual agent system supports preservice teachers’ teaching simulations and 

practice opportunities. However, according to the results of ANCOVA, there was no statistically significant 

difference between groups. 

 

Although we cannot claim that preservice teachers benefit more from teaching a chatbot with ordinary attitudes 

than from teaching impolite or polite agents, it seems that the ordinary group had more opportunities to increase 

their mastery experiences than the other groups did according to the qualitative results. The interview and written 

discourse analysis of the ordinary group indicates that they were engaged in more teaching and mastery activities 

(i.e., the related codes are reality-based practices, question-answer activities, mastery experiences, interpersonal 

skills, teaching efforts, and follow-up questions) with more efforts than those of other groups. On the other hand, 

the results of those who taught the polite agent showed short-answer conversations and a lack of interactions. 

The participants who taught the impolite agent had to deal with off-topic conversations and persuade the agent to 

change its mind, which might not be effective enough to shift their teacher efficacy. Thus, we argue that 

designing an agent with ordinary and regular attitudes and behaviors seems appropriate to provide preservice 

teachers with teaching opportunities to increase their teaching efficacy levels. 

 

While there is much work to be done to understand the relations among teacher efficacy and the role of virtual 

agents, this study presents a novel step towards the use of AI technology to provide optimized teaching 

simulation environments for preservice teachers. It is almost impossible in real-life settings to have an 

environment with students with manipulative attitudes for preservice teachers’ teaching practice. This study 

suggests a possible solution to the practical limitation through the way to utilize AI technology for teaching 

practice in learning. Further, it is expected that this intelligent system could evolve into a teaching practice 

environment that offers individualized teaching simulation opportunities. For example, a specific preservice 

teacher who might need more teaching practice with disruptive students would be able to have more 

opportunities in their preferable setting. 

 

Student-teaching has been considered as one of the most influential ways of professional development for 

preservice teachers to boost their teacher efficacy because it provides prolonged mastery experiences for them 

(Knoblauch & Hoy, 2008). Student-teaching is “a relatively safe and supportive environment for student-teachers 

when compared to their first year of teaching” (Fives et al., 2007, p. 930). Still, it has only been achieved in 

classrooms. It could be stressful and overwhelming for some preservice teachers to teach in the real classroom. 

This is the reason that Fives et al. (2007) called for additional supports from administrators and supervisors for 

supporting student-teaching. It should also be noted that teacher efficacy largely depends on the teaching context 

and is highly likely to change as the context changes (Bandura, 1997). Therefore, preservice teachers should be 

able to attempt their teaching in different environments and contexts as much as possible. However, it is 

impracticable to have sufficient teaching opportunities in a teacher education program. This is the contribution 

area of this study from a practical and technological viewpoint. 
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5.1. Limitations and future directions 
 

There are notable limitations we encountered as we aimed towards the exploration in this study. First, although 

the results of this study show a significant impact of the teaching simulation, it is far from understanding the 

relationships between teacher efficacy, mastery experiences, and teaching simulation. There is a report that 

teacher efficacy levels were not associated with teacher-student relationships (Jong et al., 2014). In addition, in 

this study, the participants were undergraduate students, who might be sensitive to student-teacher relationships 

(Gencer & Cakiroglu, 2007). Preservice teachers tend to perceive themselves as effective at implementing a 

variety of instructional strategies and activities (Rimm-Kaufman & Sawyer, 2004). Therefore, more accurate 

quantitative and qualitative evidence for their relationships should be investigated further. Second, the use of 

chatbots requires further investigation. More studies are required in determining when and how AI agents can be 

utilized for teaching simulation most effectively. Along with the agent’s attitudes, numerous factors could affect 

their efficacy, such as preservice teachers’ gender, race, age, socioeconomic status, and indigenous 

characteristics (Kokkinos et al., 2005). These aspects are required to be included in future research. Third, 

another limitation of this study is the short period of implementation. We recommend examining long-term 

effects in future studies. Longitudinal studies replicating these findings are an important area for future research. 

Fourth, although it was reported that there are no significant differences between the third year and fourth year 

preservice teachers’ efficacy (Gencer & Cakiroglu, 2007), future research needs to investigate the effect of 

technology-based teaching simulation with different populations of preservice teachers. Fifth, the design of this 

study did not include a control group due to practical issues. Even if there were effects for teacher efficacy after 

preservice teachers interact with an AI agent, the results would not necessarily reveal whether the effects were 

different from those who interact with real students. Future research is needed to investigate whether agents’ 

effects supplement certain aspects of teacher efficacy that are possibly missing in classroom interaction. Sixth, 

due to the limitation of the training data, the chatbot’s responses might not be natural or authentic. More 

sophisticated natural language processes and machine learning algorithms are needed for future implementation. 

Last, it should be noted that teacher efficacy is not the accurate level of capabilities, but a motivational and 

perceptual construct; thus, preservice teachers’ practical teaching skills may be different from the measured 

teacher efficacy (Tschannen-Moran & Woolfolk Hoy, 2007). This also requires further investigation.  

 

 

6. Conclusion 
 

Teacher efficacy has emerged as an essential construct in the education research field over the past three 

decades. While a certain number of preservice teachers would attempt to transfer from pedagogies to teaching 

practice, they would inevitably face demanding environments with undesirable student behaviors. Despite the 

limitations, the results of this study are encouraging, and we suggest that the use of AI technology will shed light 

on increasing preservice teachers’ teacher efficacy by motivating them to promote enactive mastery experiences. 

The level of difficulty in student-teaching, specifically, teaching disruptive students, is mostly unclear in 

classroom situations. If we use a more intelligent agent, the level of difficulty can be manipulative to identify 

optimal levels for meeting individual preservice teacher’s needs. In this sense, this study presents important 

novel results that might suggest a method to utilize AI agent technology for preservice teacher training. Finally, 

we emphasize that preservice teachers should have mastery experiences through direct interaction with diverse 

students. This is because stronger teacher efficacy levels are associated with higher levels of student achievement 

and fewer turnover rates in their profession.  

 

 

References 
 
Abbasi, S., & Kazi, H. (2014). Measuring effectiveness of learning chatbot systems on student’s learning outcome and 

memory retention. Asian Journal of Applied Science and Engineering, 3(2), 251-260. 

https://www.journals.abc.us.org/index.php/ajase/article/view/251-260 

Appleton, K., & Kindt, I. (2002). Beginning elementary teachers’ development as teachers of science. Journal of Science 

Teacher Education, 13(1), 43-61. https://doi.org/10.1023/A:1015181809961 

Arsal, Z. (2015). The Effects of microteaching on the critical thinking dispositions of pre-service teachers. Australian Journal 

of Teacher Education, 40(3), 140-153. https://files.eric.ed.gov/fulltext/EJ1057900.pdf 

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change. Psychological Review, 84(2), 191. 

https://doi.org/10.1037/0033-295X.84.2.191 

Bandura, A. (1986). Social foundations of thought and action: A Social cognitive theory. Prentice Hall. 

https://doi.org/10.1023/A:1015181809961
https://files.eric.ed.gov/fulltext/EJ1057900.pdf
https://doi.org/10.1037/0033-295X.84.2.191


58 

Bandura, A. (1997). Self-efficacy: The Exercise of control. Freeman. 

Bautista, N. U., & Boone, W. J. (2015). Exploring the impact of TeachME™ lab virtual classroom teaching simulation on 

early childhood education majors’ self-efficacy beliefs. Journal of Science Teacher Education, 26(3), 237-262. 

https://doi.org/10.1007/s10972-014-9418-8 

Beran, T. (2005). A New perspective on managing school bullying: Pre-service teachers’ attitudes. Journal of Social 

Sciences, 8(3), 43-49. https://doi.org/10.1.1.540.5922 

Campbell, C., & Evans, J. A. (2000). Investigation of preservice teachers’ classroom assessment practices during student 

teaching. The Journal of Educational Research, 93(6), 350-355. https://doi.org/10.1080/00220670009598729 

Cantrell, P., Young, S., & Moore, A. (2003). Factors affecting science teaching efficacy of preservice elementary teachers. 

Journal of Science Teacher Education, 14(3), 177-192. https://doi.org/10.1023/A:1025974417256 

Dicke, T., Parker, P. D., Marsh, H. W., Kunter, M., Schmeck, A., & Leutner, D. (2014). Self-efficacy in classroom 

management, classroom disturbances, and emotional exhaustion: A moderated mediation analysis of teacher candidates. 

Journal of Educational Psychology, 106(2), 569-583. https://doi.org/10.1037/a0035504 

Fives, H., Hamman, D., & Olivarez, A. (2007). Does burnout begin with student-teaching? Analyzing efficacy, burnout, and 

support during the student-teaching semester. Teaching and Teacher Education, 23(6), 916-934. 

https://doi.org/10.1016/j.tate.2006.03.013 

Gencer, A. S., & Cakiroglu, J. (2007). Turkish preservice science teachers’ efficacy beliefs regarding science teaching and 

their beliefs about classroom management. Teaching and Teacher Education, 23(5), 664-675. 

https://doi.org/10.1016/j.tate.2005.09.013 

Gordon, C., & Debus, R. (2002). Developing deep learning approaches and personal teaching efficacy within a preservice 

teacher education context. British Journal of Educational Psychology, 72(4), 483-511. 

https://doi.org/10.1348/00070990260377488 

Jong, R., Mainhard, T., Tartwijk, J., Veldman, I., Verloop, N., & Wubbels, T. (2014). How pre-service teachers’ personality 

traits, self-efficacy, and discipline strategies contribute to the teacher-student relationship. British Journal of Educational 

Psychology, 84(2), 294-310. https://doi.org/10.1111/bjep.12025 

Kim, H., & Cho, Y. (2014). Pre-service teachers’ motivation, sense of teaching efficacy, and expectation of reality shock. 

Asia-Pacific Journal of Teacher Education, 42(1), 67-81. https://doi.org/10.1080/1359866X.2013.855999 

Kim, K. R., & Seo, E. H. (2018). The Relationship between teacher efficacy and students’ academic achievement: A Meta-

analysis. Social Behavior and Personality, 46(4), 529-540. https://doi.org/10.2224/sbp.6554 

Klassen, R. M., & Chiu, M. M. (2010). Effects on teachers’ self-efficacy and job satisfaction: Teacher gender, years of 

experience, and job stress. Journal of Educational Psychology, 102(3), 741-756. https://doi.org/10.1037/a0019237 

Knoblauch, D., & Hoy, A. W. (2008). “Maybe I can teach those kids.” The influence of contextual factors on student 

teachers’ efficacy beliefs. Teaching and Teacher Education, 24(1), 166-179. https://doi.org/10.1016/j.tate.2007.05.005 

Kokkinos, C. M., Panayiotou, G., & Davazoglou, A. M. (2005). Correlates of teacher appraisals of student behaviors. 

Psychology in the Schools, 42(1), 79-89. https://doi.org/10.1002/pits.20031 

Kreynin, I., Manek, M., & Variawa, C. (2019). Creating a virtual chatbot to scaffold skills development in first-year 

engineering education. Proceedings of the Canadian Engineering Education Association (CEEA). 

https://doi.org/10.24908/pceea.vi0.13784 

Lazarides, R., Buchholz, J., & Rubach, C. (2018). Teacher enthusiasm and self-efficacy, student-perceived mastery goal 

orientation, and student motivation in mathematics classrooms. Teaching and Teacher Education, 69, 1-10. 

https://doi.org/10.1016/j.tate.2017.08.017 

Lincoln, Y. S., & Guba, E. G. (1986). But is it rigorous? Trustworthiness and authenticity in naturalistic evaluation. In D. D. 

Williams (Ed.), Naturalistic evaluation (pp. 73-84). Jossey-Bass. 

Menon, D., & Sadler, T. D. (2016). Preservice elementary teachers’ science self-efficacy beliefs and science content 

knowledge. Journal of Science Teacher Education, 27(6), 649-673. https://doi.org/10.1007/s10972-016-9479-y 

Muijs, D., & Reynolds, D. (2002). Teachers’ beliefs and behaviours: What really matters? Journal of Classroom Interaction, 

37(2), 3-15. https://www.jstor.org/stable/23870407?seq=1 

Mulholland, J., & Wallace, J. (2001). Teacher induction and elementary science teaching: enhancing self-efficacy. Teaching 

and Teacher Education, 17(2), 243-261. https://doi.org/10.1016/S0742-051X(00)00054-8 

Oh, E., Song, D., & Hong, H. (2019). Interactive computing technology in anti-bullying education: The Effects of 

conversation-bot’s role on K-12 students’ attitude change towards bullying problems. Journal of Educational Computing 

Research, 58(1) 200-219. 

https://doi.org/10.1007/s10972-014-9418-8
https://doi.org/10.1.1.540.5922
https://doi.org/10.1080/00220670009598729
https://doi.org/10.1023/A:1025974417256
https://doi.org/10.1037/a0035504
https://doi.org/10.1016/j.tate.2006.03.013
https://doi.org/10.1016/j.tate.2005.09.013
https://doi.org/10.1348/00070990260377488
https://doi.org/10.1111/bjep.12025
https://doi.org/10.1080/1359866X.2013.855999
https://doi.org/10.2224/sbp.6554
https://doi.org/10.1037/a0019237
https://doi.org/10.1016/j.tate.2007.05.005
https://doi.org/10.1002/pits.20031
https://doi.org/10.1016/j.tate.2017.08.017
https://doi.org/10.1007/s10972-016-9479-y
https://www.jstor.org/stable/23870407?seq=1
https://doi.org/10.1016/S0742-051X(00)00054-8


59 

Perera, H. N., Granziera, H., & McIlveen, P. (2018). Profiles of teacher personality and relations with teacher self-efficacy, 

work engagement, and job satisfaction. Personality and Individual Differences, 120, 171-178. 

https://doi.org/10.1016/j.paid.2017.08.034 

Pfitzner-Eden, F. (2016). I feel less confident so I quit? Do true changes in teacher self-efficacy predict changes in preservice 

teachers’ intention to quit their teaching degree? Teaching and Teacher Education, 55, 240-254. 

https://doi.org/10.1016/j.tate.2016.01.018 

Polack, J. A., Clark, M., & May, J. E. (2017). Teaching simulation during a summer science research program: poster session. 

Journal of Computing Sciences in Colleges, 32(3), 75-76. https://doi.org/10.5555/3015220.3015242 

Putman, S. M. (2012). Investigating teacher efficacy: Comparing preservice and inservice teachers with different levels of 

experience. Action in Teacher Education, 34(1), 26-40. https://doi.org/10.1080/01626620.2012.642285 

Rimm-Kaufman, S. E., & Sawyer, B. E. (2004). Primary-grade teachers’ self-efficacy beliefs, attitudes toward teaching, and 

discipline and teaching practice priorities in relation to the “responsive classroom” approach. The Elementary School Journal, 

104(4), 321-341. https://doi.org/10.1086/499756 

Rushton, S. P. (2000). Student teacher efficacy in inner-city schools. The Urban Review, 32(4), 365-383. 

https://doi.org/10.1023/A:1026459809392 

Ryan, S. V., Nathaniel, P., Pendergast, L. L., Saeki, E., Segool, N., & Schwing, S. (2017). Leaving the teaching profession: 

The Role of teacher stress and educational accountability policies on turnover intent. Teaching and Teacher Education, 66, 1-

11. https://doi.org/10.1023/A:1026459809392 

Skaalvik, E. M., & Skaalvik, S. (2016). Teacher stress and teacher self-efficacy as predictors of engagement, emotional 

exhaustion, and motivation to leave the teaching profession. Creative Education, 7(13), 1785-1799. 

https://doi.org/10.4236/ce.2016.713182 

Song, D., & Kim, D. (2020). Effects of self-regulation scaffolding on online participation and learning outcomes. Journal of 

Research on Technology in Education, 53(3), 249-263. 

Song, D., Oh, E., & Rice, M. (2017, July). Interacting with a conversational agent system for educational purposes in online 

courses. Proceedings of the 10th International Conference on Human System Interaction (pp. 78-82). IEEE. 

https://doi.org/10.1109/HSI.2017.8005002 

Sutton, R. E., & Wheatley, K. F. (2003). Teachers’ emotions and teaching: A Review of the literature and directions for 

future research. Educational Psychology Review, 15(4), 327-358. https://doi.org/10.1023/A:1026131715856 

Thomas, K. E., & Mucherah, W. M. (2016). The Contextual difference: Developing preservice teacher efficacy through 

immersive learning experiences. Education and Urban Society, 48(4), 364-383. https://doi.org/10.1177/0013124514533795 

Troop-Gordon, W. (2015). The Role of the classroom teacher in the lives of children victimized by peers. Child Development 

Perspectives, 9(1), 55-60. https://doi.org/10.1111/cdep.12106 

Tschannen-Moran, M., & Woolfolk Hoy, A. (2007). The Differential antecedents of self-efficacy beliefs of novice and 

experienced teachers. Teaching and Teacher Education, 23(6), 944-956. https://doi.org/10.1016/j.tate.2006.05.003 

Tschannen-Moran, M., & Woolfolk Hoy, A. (2001). Teacher efficacy: Capturing an elusive construct. Teaching and Teacher 

Education, 17, 783-805. https://doi.org/10.1016/S0742-051X(01)00036-1 

Yoon, J., Sulkowski, M. L., & Bauman, S. A. (2016). Teachers’ responses to bullying incidents: Effects of teacher 

characteristics and contexts. Journal of School Violence, 15(1), 91-113. https://doi.org/10.1080/15388220.2014.963592 

VanLehn, K. (2011). The Relative effectiveness of human tutoring, intelligent tutoring systems, and other tutoring systems. 

Educational Psychologist, 46(4), 197–221. https://doi.org/10.1080/00461520.2011.611369  

Wiersma, W., & Jurs, S. G. (2005). Research methods in education: An Introduction. Allyn & Bacon. 

Winkler, R., & Soellner, M. (2018). Unleashing the potential of chatbots in education: A State-of-the-art analysis. Academy 

of Management Proceedings, 2018(1), 15903. https://doi.org/10.5465/AMBPP.2018.15903abstract 

Wheatley, K. F. (2005). The Case for reconceptualizing teacher efficacy research. Teaching and Teacher Education, 21(7), 

747-766. https://doi.org/10.1016/j.tate.2005.05.009 

Zee, M., & Koomen, H. M. (2016). Teacher self-efficacy and its effects on classroom processes, student academic 

adjustment, and teacher well-being: A Synthesis of 40 years of research. Review of Educational Research, 86(4), 981-1015. 

https://doi.org/10.3102/0034654315626801 

Zeichner, K. (2002). Beyond traditional structures of student teaching. Teacher Education Quarterly, 29(2), 59-64. 

https://www.jstor.org/stable/23478291 

 

https://doi.org/10.1016/j.paid.2017.08.034
https://doi.org/10.1016/j.tate.2016.01.018
https://doi.org/10.5555/3015220.3015242
https://doi.org/10.1080/01626620.2012.642285
https://doi.org/10.1086/499756
https://doi.org/10.1023/A:1026459809392
https://doi.org/10.1023/A:1026459809392
https://doi.org/10.4236/ce.2016.713182
https://doi.org/10.1023/A:1026131715856
https://doi.org/10.1177/0013124514533795
https://doi.org/10.1111/cdep.12106
https://doi.org/10.1016/j.tate.2006.05.003
https://doi.org/10.1016/S0742-051X(01)00036-1
https://doi.org/10.1080/15388220.2014.963592
https://doi.org/10.1016/j.tate.2005.05.009
https://doi.org/10.3102/0034654315626801
https://www.jstor.org/stable/23478291


Wu, C.-L. (2022). How is One Plus One More than Two? The Interaction between Two Players in Online Co-Creativity 

Tasks. Educational Technology & Society, 25 (3), 60-70.   

60 
ISSN 1436-4522 (online) and 1176-3647 (print). This article of the journal of Educational Technology & Society is available under Creative Commons CC-BY-NC-ND 

3.0 license (https://creativecommons.org/licenses/by-nc-nd/3.0/). For further queries, please contact Journal Editors at ets.editors@gmail.com. 

 

How is One Plus One More than Two? The Interaction between Two 

Players in Online Co-Creativity Tasks 
 

Ching-Lin Wu 
Program of Learning Sciences, National Taiwan Normal University, Taiwan // Institute for Research Excellence 

in Learning Sciences, National Taiwan Normal University, Taiwan // chilin570@ntnu.edu.tw 

 

(Submitted June 20, 2021; Revised November 3, 2021; Accepted November 28, 2021) 

 

ABSTRACT: This study is one of the first to employ an online interactive creativity task platform to explore 

one’s creativity performance in a paired-player mode. It analyzed the differences between 342 participants’ 

performances in single- and paired-player modes on two creativity tests: The Alternative Uses Task (AUT) and 

Chinese Radical Remote Associates Test (CRRAT). Potential factors affecting performance in the paired-player 

mode were summarized based on participants’ responses to the AUT and CRRAT to analyze the correlation 

between the factors and creativity performance. Results showed that playing the AUT or CRRAT, low scorers 

can improve fluency, flexibility, originality, and performance by referring to response category or another 

participant’s answer, closing the gap between their score and that of the high scorers. These results reveal both 

the similarities and differences of creativity performance on the two tests in an interactive situation and the 

correlation between response strategies and creativity performance in the paired-player mode. This study utilized 

online standardized measurement tools to explore how two persons cooperate in creativity tests to reveal that 

creativity performance may vary between tasks.  

 

Keywords: Creativity, Divergent thinking, Remote associates test, Interaction, Synergetic 
 

 

1. Introduction 
 

Creativity refers to the diversity of ideas that one comes up with, and is a cognitive process in which novel and 

appropriate ideas are produced (Mednick, 1962; Wu et al., 2020a). Currently, most relevant studies have focused 

on one’s internal mechanism (Huang, 2017; Huang et al., 2019; Wu et al., 2020b; Wu et al., 2021), the process in 

which creativity is developed within a group, and the influencing factors involved (Chang et al., 2009; Walsh et 

al., 2017; Zeilig et al., 2018). However, few studies have explored the creative thinking process of an individual 

in a group. In other words, it remains unclear whether people will produce a greater number of original ideas 

when interacting with others than when working independently. Therefore, this research topic can deepen the 

understanding of both individuals and groups’ creative thinking process. 

 

Divergent thinking and insight problem-solving are typical creative thinking processes involving different 

internal mechanisms (Lin & Lien, 2013) that are assessed using diametrically orthogonal tasks (Wakefield, 

1992). Divergent thinking concerns producing ideas of different types via free association, wherein novel ideas 

are produced (Guilford, 1956). It is often evaluated using the Alternative Uses Task (AUT) (Torrance, 1974; Hsu 

et al., 2012) from three aspects: fluency (number of the ideas produced), flexibility (the heterogeneity of one’s 

responses), and originality (novelty and appropriateness of one’s responses). In contrast, insight problem-solving 

refers to the problem-solving process in which individuals discover the relationship between stimuli that results 

in an “aha!” moment (Fleck & Weisberg, 2013; Weisberg, 2015; Wu et al., 2020b); therefore, it is often 

measured using insight problems and Remote Associates Tests (RAT) (Knoblich et al., 2001; Bowden & Jung-

Beeman, 2003; Huang, 2017). Empirical studies have found no significant correlation between divergent thinking 

and insight problem-solving (Lin et al., 2005).  

 

Overall, the internal processes that people undergo when working independently or when interacting with others 

are different, for an individual may be influenced by others’ ideas in interactive situations. Meanwhile, this 

influence may exert an impact on their divergent thinking and insight problem-solving, and one may produce a 

greater number of more innovative ideas in divergent thinking tasks or better ideas in insight problem-solving 

tasks in interactive situations. Therefore, clarifying how others’ viewpoints affect an individual’s idea production 

will help to reveal an individual’s thinking process in interactive situations, thus further enhancing the 

understanding of how one plus one may be better than two in this context. 

 

 

 

 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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1.1. Creativity: From individual to group levels 

 

Creativity is defined from varied perspectives due to different research interests and backgrounds. However, the 

following two models of creativity are widely discussed: the 4Ps model of creativity, which refers to product, 

personality, place, and process (Rhodes, 1961), and the multi-dimensional model (involving mysterious, 

psychoanalytic, practical, psychometric, cognitive, social personality, and confluence approaches) (Sternberg & 

Lubart, 1999). The cognitive process of creativity is mentioned in both models, suggesting that how individuals 

produce creativity has been a continuous concern for researchers. 

 

Moreover, creativity research from the social personality perspective emphasizes that creativity is a product of 

the interaction between individuals and their external environment (Csikszentmihalyi, 1988; Littleton et al., 

2008; Glăveanu et al., 2018), while creativity research from the convergence perspective believes that creativity 

consists of multiple components, with cognitive, personality, and environmental factors taken into consideration 

(Bronfenbrenner, 1979). These two perspectives focus on the impact of the external environment on individual 

creativity (Woodman et al., 1993). The majority of creativity studies on relevant environmental and cultural 

factors have been conducted in groups, which can be divided into four levels based on the number of group 

members (which is often less than six): individuals, groups, organizations, and culture (Magyari-Beck, 1993). 

Previous studies have been often conducted at the individual, organizational, and cultural levels, while few have 

been conducted in a group with a small number of members or with a focus on the creativity of individuals 

within a group. Thus, there is little research on individuals’ cognitive processes when cooperating with group 

members.  

 

A typical theory about creative processes at the individual level is the stage theory of creativity development 

(Wallas, 1926), which includes four phases: preparation, incubation, illumination, and verification. Preparation 

focuses on learning and understanding problems to gather relevant information, knowledge, and skills. If 

individuals do not successfully gain solutions in this stage, they will not focus on a problem. Instead, they will 

shift their focus to other tasks; a phase known as incubation. During this stage, individuals’ thoughts are not 

confined by the linear or logical way of thinking which facilitates the formation of their creative achievements. 

During illumination, individuals have an “aha!” experience. They achieve insight into one or many solutions and 

form initial creative results. The last stage is verification, during which individuals will examine, evaluate, and 

determine whether a solution is viable according to both internal and external standards, which they then modify 

solutions with and move into another cycle. The stage theory is of great importance to creativity research 

(Kaufmann, 2003). 

 

Moreover, Amabile (1988) pointed out that the creative thinking process for a group consists of five stages: 

presentation, preparation, generation, validation, and assessment, as follows. First, a group is informed of the 

problem to be solved, or decides on it by themselves (presentation). Then, all resources are collected from the 

group members for the problem (preparation). The group then comes up with ideas to solve the problem 

(generation). The group assess and select their produced ideas (validation). Finally, the group evaluates the result 

of their labor (assessment). When the group outcome is determined, the whole creative process comes to an end. 

However, the creative process moves back to the presentation stage if the outcome has room for improvement. 

Leonard and Swap (1999) proposed a five-stage process for group creative thinking based on divergent thinking, 

convergent thinking, and stage theory that involves individuals’ creative thinking process (Wallas, 1926). This 

includes: preparation, innovation opportunity, divergence: generating options, incubation, and convergence: 

selecting options. 

 

In sum, the creative thinking process at both the individual and group levels experience the following stages: 

preparation, incubation, and validation (Wallas, 1926; Amabile, 1988; Leonard & Swap, 1999). The biggest 

difference between the processes at the individual and group levels lies in the way that creative ideas come to 

their minds during the illumination stage. For individuals, their inspiration may come from existing knowledge 

or previous experience. Group members’ ideas may be affected by others, resulting in them coming up with 

original ideas that are different from what they had produced. In short, when group members produce creative 

ideas together, some members produce creative ideas based on their personal experience or knowledge, and their 

ideas are influenced by the ones that other group members propose. The biggest difference between creative 

thinking at the individual and group levels is that a group member produces ideas in interactive situations; that is, 

they come up with an idea based on others’ responses as well as their knowledge and experience. 
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1.2. Creativity assessments: Dual-process perspective 

 

The AUT and RAT have different types of tasks (Wakefield, 1992), and correspond to divergent thinking and 

insight problem-solving, respectively (Lin et al., 2012). The concept of divergent thinking derives from the 

structure-of-intellect theory (Guilford, 1956), which advocates that creativity is a loop of the intelligence 

structure. Guilford (1956) divided divergent thinking into the following different dimensions: fluency (the ability 

to produce many ideas), flexibility (the ability to produce heterogeneous ideas), originality (the ability to produce 

novel and original ideas), and elaboration (the ability to embellish an idea by adding details). It can be seen from 

these four dimensions that divergent thinking produces a variety of products via ideation from different 

perspectives. Guilford (1956) also pointed out that divergent thinking is the key to creativity, and the more ideas 

people produce, the more likely they are to form creative ideas. Accordingly, divergent thinking serves as a 

theoretical foundation for multiple creativity tests (Clapham, 2010). 

 

RAT, developed by Mednick (1968) based on associative theory, consists of open-ended questions with close-

ended answers (Wakefield, 1992), and is often used to evaluate one’s insight problem-solving ability (Bowden & 

Jung-Beeman, 2003; Huang, 2017; Wu et al., 2020b). An RAT question is comprised of three seemingly irrelevant 

English stimuli words, which are selected from normative data, and requires participants to find an English word 

that can be paired with the three stimuli to form meaningful expressions. For instance, an RAT question could 

consist of the three stimuli of “blood,” “music,” and “cheese,” and a possible solution to the question could be 

the word “blue” for it can be paired with the stimuli to create three meaningful expressions: “blue blood,” “blue 

music,” and “blue cheese.”  

 

Empirical studies have found that RAT has a strong correlation with insight problem-solving (Huang et al., 2012; 

Chang et al., 2016). In the Chinese-speaking field, Jen et al. (2004) compiled a Chinese RAT (CRAT) that is 

applicable to the Chinese language based on the pairing of Chinese characters by referring to the RAT by 

Mednick (1968), and is the first RAT that is suitable for Chinese native speakers to test creativity. Thereafter, 

CRATs based on Chinese two-character word pairing and Chinese radical pairing, respectively, have been 

compiled (Huang et al., 2012; Chang et al., 2016) at three levels for Chinese characters (i.e., Chinese radicals, 

Chinese characters, and Chinese two-character words) (Wu, 20119; Hung & Wu, 2021). Among the three CRAT 

tests, the Chinese Radical Remote Associates Test (CRRAT) (Chang et al., 2016) has high criterion-related 

validity which is suitable for the assessment of insight problem-solving abilities.  

 

In sum, AUT and RAT, which represent different dimensions of creativity, are both important tools for the 

assessment of creativity performance. It is worth exploring whether people are inspired by others’ ideas when 

two people perform a creativity task in a concerted effort to either produce more original ideas or find it easier to 

solve remote associates problems in groups rather than independently. The use of an online platform can help to 

understand one’s performance in a two-member group (Hong et al., 2016). 

 

 

1.3. The Present study 

 

Previous studies on the creative thinking process focused only on individual-level (Wu et al., 2021) or group-

level (Walsh et al., 2017; Zeilig et al., 2018) contexts. Few studies have approached the production of creative 

ideas in interactive situations. Therefore, it is still difficult to understand how individuals with different existing 

abilities produce more creative ideas in the course of group interactions. The current study aims to analyze the 

differences of one’s performance on AUT and CRRAT in the single- and paired-player modes by utilizing an 

online interactive creativity task platform. In addition, this study explores the correlation between the involved 

factors and the paired-player mode according to participants’ responses and strategies. 

 

To explore individuals’ creativity in interactive situations, this study adopted the interactive creativity task 

platform as its main research tool to collect participants’ responses to AUT and CRRAT in the single- and 

paired-player modes. Then, it analyzed the possible response strategies that a participant could use to complete 

creativity tests in the paired-player mode based on their responses, such as referring to others’ answers or 

sticking to one’s thoughts. Their performance on the two creativity tests in the single- and paired-player modes 

was compared, and the correlation between the count of a response strategy and the creativity performance in the 

paired-player mode was analyzed. Thus, the effects of interaction between group members on diverse creativity 

might be examined. 

 

In interactive situations, research participants have access to others’ responses, which may be inspirational for 

them (Littleton et al., 2008; Glăveanu et al., 2018). Therefore, the current study assumes that one’s performance 

on the AUT and CCRAT in the paired-player mode will be better than that in the single-player mode. 



63 

Meanwhile, it presumes that in a two-member group, participants with lower scores on the creativity tests in the 

single-player mode will improve their scores, so the gap between the low- and high-score groups is expected to 

narrow.  

 

Moreover, this study supposes that the more that one of the two-member groups refer to the response of the other 

group, the better their performance will be in the paired-player mode. In short, one who often refers to the 

answer of another in a two-member group will produce homogeneous ideas on the AUT, so they will score more 

in all dimensions of divergent thinking and have a higher accuracy rate on the CRRAT. This study examines the 

differences in individual creative performance in single- versus paired-player modes. We analyze the relationship 

between creative performance and response strategies to clarify how different skills held among group members 

produces creative ideas in interactive situations, thus exploring how “one plus one may be better than two.” The 

study will provide empirical evidence for two-member collaborative creativity theory. 

 

 

2. Methods 
 

2.1. Participants 

 

This study recruited 342 adults as research participants, of which 98 were male and 244 were female. They were 

aged between 20 and 30, with an average age of 23.34 (SD = 2.79). All were native Mandarin speakers with at 

least some college education. They were randomly matched to form two-member groups to finish creativity tasks 

in the paired-player mode anonymously. This experiment passed the examination of the Institution Review 

Board (IRB). All participants took part in the research only after they understood it and had signed the informed 

consent form. They were rewarded with NT$ 300 when they finished the task.  

  

 

2.2. Measures 

 

The study performed the experiment using the online interactive creativity task platform, which was developed 

by the researcher. The interface includes a test question display section, response display section, question-

answering section, the time remaining, and the operating mode, as shown in Figure 1. The platform has two 

operating modes: single- and paired-player. In the paired-player mode, a participant has access to another’s 

response. Participants cannot communicate directly with others on the platform. They can only improve access to 

answers by referring to other participants’ responses. This platform includes two versions of AUT and CRRAT, 

respectively. Each test has a guide and answer pages. All tests are automatically scored. The experimenter 

controls order of implementation, operation mode (single-play or paired-player), and allotted answer time for 

each test according research requirements. 

 

Figure 1. Interface of the interactive creativity task platform 
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2.2.1. Divergent thinking test 

 

This study compiled two divergent thinking tasks—Straw-Alternative Uses Task (S-AUT) and Bottle-Alternative 

Uses Task (B-AUT)—by referring to the existing AUTs, such as unusual uses of bamboo chopsticks (Wu et al., 

1998) and newspapers (Hsu et al., 2012). In addition, this study gathered research samples as normative data to 

calculate scores for fluency, flexibility, and originality. Participants’ scores from computer-based calculations 

had stable scorer consistency (rs = .99, .92, .97, .97, .92, and .95). There was convergent validity between the 

computer scores and typical divergent thinking tasks (rs = .79, .54, .58, .75, .51, and .60), and discriminant 

validity between the computer scores and CCRAT (rs = .05, .10, .14, .17, .18, and .18).  

 

 

2.2.2. The CRRAT 

 

A total of 40 CRRAT questions were selected from the item pool compiled by Chang et al. (2016). The questions 

were divided into two parts, with an even number of test questions of the same degree of difficulty—CRRAT A 

and CRRAT B. Each CRRAT question was composed of three Chinese radicals: “女” (nü; female), “子” (tzu; 

son), and “禾” (ho; standing grain). Participants were required to propose a Chinese radical that could be paired 

with the three Chinese cues to create meaningful and commonly used Chinese characters. For example, “乃” 

(nai; be) was one solution. The CRRAT participants were given one point for each correct answer. CRRAT A 

and B had stable internal consistency (Cronbach’s α = .80, .79), good criterion-related validity with insight 

problem-solving (rs = .48, .38), and CWRAT (rs = .58, .48).  

 

 

2.3. Procedure 

 

This study was conducted in groups. The researcher explained the purpose and schedule, and asked participants 

to sign the informed consent form. Participants performed creativity tests (S-AUT, B-AUT, CRRAT A, and 

CRRAT B) on the interactive creativity task platform. All tests lasted for 10 minutes in a counterbalanced 

design. Participants performed different tasks in the single- and two-player modes. For example, participants 

perform S-AUT and CRRAT A in the two-player mode if they complete B-AUT and CRRAT B in the single-

player mode.  

 

 

2.4. Data analysis 

 

The scores of fluency, flexibility, and originality in the two divergent thinking tests and the accuracy rates of 

CRRAT A and CRRAT B were calculated, respectively. The participants’ scores for the divergent thinking tests 

and CRRAT A and B in the single- and two-player modes were compared with those who had higher scores from 

the two-member groups as the high-score group, and those who had lower scores as the low-score group. A two-

way analysis of variance (ANOVA) was adopted to explore differences in the AUT and CRRAT scores, with the 

groups (high- and low-score groups) and the modes (single- and two-player modes) as variables. Thus, 

individuals’ creativity performance was approached in interactive situations. 

 

This study set two indicators for a creativity test to represent how an individual reacts to another’s answer based 

on their responses to the AUT and CRRAT questions, with the hope of understanding how individuals interact 

with each other when performing creativity tests in the two-player mode. First, two indicators of category co-

occurrence (CC) and priming originality (PO) were set to analyze the responses to AUT; the former referred to 

the situation wherein an individual looked at another’s response and came up with a homogeneous answer, while 

the latter referred to the situation wherein an individual looked at another’s response and produced a 

homogeneous answer, but of high originality (which received a score greater than 0). The ratios of the two 

indicators to the total valid responses ((CC count)/(Number of valid responses) and (PO count)/(Number of valid 

responses)) were calculated. Moreover, “Follow Others” (FO) and “Insist Myself” (IM) were two indicators used 

to analyze the responses to CRRAT; the former referred to the situation wherein an individual looked at 

another’s response and wrote down a similar answer, whereas the latter referred to when an individual gave a 

different answer in the same situation. This study calculated the counts of FO and IM in the two-player mode.  
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3. Results 
 

3.1. Divergent thinking test 

 

The two-way ANOVA results showed that the interaction effect between groups and one- and paired-player 

modes reached the level of significance in terms of fluency [F(1, 340) = 26.28, p < .001, η2 = 0.07], flexibility 

[F(1, 340) = 11.06, p = .001, η2 = 0.03], and originality [F(1, 340) = 23.77, p < .001, η2 = 0.07]. The high- and 

low-score groups had significant main effects in terms of the scores for different indicators (Fs = 55.01, 55.79, 

45.91, ps < .001, η2
s = 0.14, 0.14, 0.12). Nonetheless, the scores for the two different modes showed no 

significant difference (Fs =1.32, 0.28, 0.01, ps = .251, 599, 981, η2
s < 0.01). Further analysis of the main effects 

indicated that the high-score group had a significantly better performance than the low-score group in terms of 

fluency [F(1, 680) = 39.56, p < .001, η2 = 0.10], flexibility [F(1, 680) = 31.88, p = .001, η2 = 0.09], and 

originality [F(1, 680) = 33.34, p < .001, η2 = 0.09] in the single-player mode. Moreover, the high-score group 

had significantly higher scores than the low-score group [Fs = 10.22, 8.14, 8.98, ps = .001, .002, .002, η2
s = 0.03, 

0.02, 0.03] in the paired-player mode, but the effect size significantly decreased.  

 

As shown in Table 1, the gap in AUT scores between the high- and low-score groups narrowed, as the low-score 

group improved the score [Fs = 7.90, 3.92, 11.77, ps = .003, .029, .001, η2
s = 0.02, 0.01, 0.03] whereas the 

performance of the high-score group did not improve and even slightly declined [Fs = 19.70, 7.42, 12.00, ps < 

.005, η2
s = 0.05, 0.02, 0.03]. In addition, the average flexibility and originality scores for each response were 

calculated with fluency as the denominator, and the corresponding results revealed that the average flexibility for 

the high-score group in the paired-player mode significantly improved [t(170) = 2.39, p = .018, Cohen’s d = 

0.18], whereas the average originality showed no noticeable changes [t(170) = -1.18, p = .242, Cohen’s d = 

0.09]. Conversely, the low-score group did not show any considerable changes in average flexibility [t(170) = 

0.08, p = .940, Cohen’s d = 0.01] and average originality [t(170) = 1.48, p = .141, Cohen’s d = 0.11] in the 

paired-player mode. The results suggest that the interactive (i.e., paired-player) mode exerts a different impact on 

the high- and low-score groups in terms of divergent thinking. 

 

Table 1. Descriptive statistics of two creativity tests between the two groups 

  High-score group Low-score group 

  Mean Standard deviation Mean Standard deviation 

Divergent Thinking Test 

Fluency (single-player) 18.04 6.31 12.00 5.22 

Fluency (paired-player) 16.22 7.02 13.15 6.43 

Flexibility (single-player) 8.99 2.49 6.83 2.29 

Flexibility (paired-player) 8.37 2.85 7.28 2.36 

Originality (single-player) 17.02 8.95 9.67 6.46 

Originality (paired-player) 15.25 9.51 11.43 8.09 

Chinese Radical Remote Associates Test 

CCRAT (single-player) .51 .15 .27 .15 

CCRAT (paired-player) .51 .18 .39 .2 

Note. S = single-player; T = two-player; CCRAT = Chinese Radical Remote Associates Test. N for Divergent 

Thinking Test = 342; N for CCRAT = 318. 

 

 

3.2. The CRRAT 

 

The two-way ANOVA results showed that the groups and modes had significant interaction effects on the 

accuracy rate of the CCRAT [F(1, 316) = 35.82, p < .001, η2 = .10]. Both the group [F(1, 316) = 111.91, p < 

.001, η2 = .26] and the mode [F(1, 316) = 37.76, p < .001, η2 = .11] had significant main effects. The analysis of 

the main effects indicated that the high-score group had a better performance than the low-score group, both in 

the single- [F(1, 632) = 73.81, p < .001, η2 = .19] and two-player [F(1, 632) = 17.91, p < .001, η2 = .05] modes, 

but the effect sizes declined. In addition, Figure 2 shows that the low-score group had a better performance in the 

two-player mode than in the single-player mode [F(1, 316) = 73.57, p < .001, η2 = .19], whereas the high-score 

group showed no significant difference in both modes [F(1, 316) < .001, p = .99, η2 < .01], suggesting that the 

gap between the low- and high-score groups narrowed due to the increase in score of the low-score group. This 

finding reveals that the interactive mode has no significant impact on the CRRAT performance of the high-score 

group.  
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Figure 2. Performance of the high- and low-score groups on the AUT and CRRAT in two modes 

 
 

 

3.3. Potential factors during interactive creativity 

 

This study analyzed the strategies that individuals used when performing the AUT and CRRAT in the two-player 

mode. First, the low-score group (MCC = .45, SDCC = .33; MPO = .28, SDPO = .22) employed the CC and PO (ts = 

2.39, 2.25, ps = .02, .03, Cohen’s ds = .26, .24) more frequently than the high-score group (MCC = .37, SDCC = 

.30; MPO = .23, SDPO = .21) in the AUT. Relevant analysis results showed that the CC had a significant 

correlation with fluency (r = .12, p = .03) and originality (r = .12, p = .03) in the two-player mode, whereas it had 

no significant correlation with flexibility (r = .01, p = .80) in the two-player mode. However, the PO had no 

significant correlation with the above indicators in the two-player mode (rs = .04, -.06, .03, ps = .41, .27, .54).  

 

Moreover, the low-score group (MFO = 4.13, SDFO = 3.12) had a greater number of FO counts [t(316) = 3.36, p = 

.001, Cohen’s d = .38] in comparison with the high-score group (MFO = 3.04, SDFO = 2.63). However, the two 

groups had no noticeable differences in IM counts (t(316) = 0.87, p = .39, Cohen’s d = .10). Relevant analysis 

results showed that the FO counts had a significant positive correlation with the two-player mode (r = .46, p < 

.001) and no significant correlation with IM counts (r = -.03, p = .55), suggesting that an individual is more 

likely to have a higher accuracy rate if they are more able to refer to another’s response in the two-player mode.  

 

 

4. Discussion 
 

This study explores the differences in individuals’ creative processes between divergent and convergent thinking 

in interactive situations. It employs an online interactive creativity task platform to gather participants’ AUT and 

CRRAT performances in the single- and two-player modes, which differs from the previous studies that use pen-

and-pencil tests to gather data about individuals’ creativity performance. The online platform not only provides 

participants’ scores for each dimension, but also records their question-answering process and responses. The 

results showed that those who obtained lower scores in the divergent thinking test in the single-player mode had 

a better performance in the two-player mode, especially on fluency, flexibility, and originality. Conversely, those 

who had a better AUT performance in the single-player mode had lower scores in the two-player mode, 

suggesting that the gap in the divergent thinking performance between the two groups had narrowed in 

interactive situations.  

 

Moreover, the gap between the two members of a group for the CRRAT accuracy rate had also narrowed; 

individuals with a lower accuracy rate in the single-player mode improved their performance in the paired-player 
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mode, while others with a higher accuracy rate had no considerable changes in the paired-player mode. 

Additionally, this study found that in the paired-player mode, the more often an individual referred to others’ 

responses, the more likely they would achieve higher scores on the divergent thinking test (especially for fluency 

and flexibility) and the CRRAT. These results reveal the similarity and difference between individuals’ 

performance on the two creativity tests in interactive situations, and the possible correlation between their 

response strategies and their performances in the paired-player mode. 

 

This study set the participants’ performance in the single-player mode as their existing capability and found that 

the mode had interaction effects. The scores of those with high existing capabilities declined in fluency, 

flexibility, and originality on the divergent thinking test in the two-player mode. Conversely, those with low 

existing capabilities showed a considerable increase in the scores on the divergent thinking test in the two-player 

mode. The results reveal that performing the AUT in the two-player mode exerts different impacts on the high- 

and low-score groups. The performance of those with low existing capabilities may be improved due to their 

reference to the answers of those with high existing capabilities, whose answers give the low-score group 

inspiration and enable them to produce a greater number of more original ideas. However, the average flexibility 

score ((Flexibility score)/(Fluency score)) and average originality score ((Originality score)/(Fluency score)) of 

those with high existing capabilities in the two-player mode were not lower than their corresponding scores in 

the single-player mode. This decrease in their scores on the divergent thinking test may be attributed to their 

lower willingness to answer questions when the other group members referred to their ideas, which affected their 

fluency.  

 

What is worth mentioning is that the extent to which both the low-score group improved their performance and 

the scores of the high-score group declined was different. In other words, in the paired-player mode, those with 

high capabilities still had a better performance than those with lower scores, even though they improved the low 

scorers’ divergent thinking by referring to the ideas of those with high capabilities, suggesting that the 

collaboration in the paired-player mode only partially improved the divergent thinking performance of those with 

low capabilities. 

 

In addition, individuals’ CCRAT scores in the two-player mode significantly increased. Further examination on 

the impact of the mode on participants with different existing capabilities found that in the two-player mode, 

only those with low existing capabilities improved their performance, whereas those with high existing 

capabilities had no change in their scores. This finding reveals two phenomena. First, those with low existing 

capabilities can refer to another’s response when performing the CRRAT in the two-player mode. This enables 

them to come up with an answer that they are not able to think of independently and to spend less time answering 

certain test questions when they are able to refer to another’s, which allows them to have more time for other 

questions and to come up with better answers, thus improving their performance in the two-player mode. 

However, those with high existing capabilities did not have a better performance in the two-player mode, 

indicating that those with low existing capabilities brought limited assistance to them. Moreover, individuals 

could refer to another’s response when performing the CRRAT consisting of close-ended questions, but the 

responses of the high- and low-score groups were not completely the same. This finding suggests that individuals 

do not completely refer to another’s response but may refer to another’s response strategy, resulting in 

differences between the two groups.  

 

In sum, this study found that the paired-player mode exerted different impacts on one’s performance on the 

divergent thinking test and CRRAT, especially for those with high capabilities. The AUT and CRRAT can be 

differentiated in terms of task types (Wakefield, 1992). The AUT is composed of a close-ended question with 

open-ended solutions, whereas the CRRAT consists of open-ended questions of fixed patterns that have close-

ended answers. The AUT respondents freely associated the task with target-related concepts, which can be 

explained via the associative hierarchy (Mednick, 1962). Highly creative people have a greater chance to 

produce more original ideas, while those with low creativity tend to come up with fewer creative ideas. 

However, the AUT sets time limits on one’s response, but no limits on the number of their solutions. In 

interactive situations, those with high capabilities may have lowered their willingness to think of more solutions 

after considering that their ideas may be referred to, which resulted in their fluency score decreasing in the 

paired-player mode than in the single-player mode.  

 

However, their average flexibility and originality scores in the two modes remained unchanged, suggesting that 

their creativity performance did not get worse in the paired-player mode. Those with high capabilities in the 

CRRAT did not slightly decrease as well. They were required to finish the same number of test questions in the 

single- and paired-player modes, and put on the same performance. This may result from the ceiling effect of 

one’s creative performance, or the shortage of motivation to deliver a better performance or reference target. In 
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sum, the paired-player mode facilitates the improvement of the creativity performance for those with low 

capabilities, but has limited effects on those with high capabilities. 

 

This study further explores the relationship between potential factors and one’s performance in the paired-player 

mode. In terms of the divergent thinking test, a high percentage of those with low capabilities referred to the 

response of the other members in the paired-player mode, thus producing more unique ideas. In addition, the CC 

rate was positively correlated with the fluency and originality scores in the paired-player mode, while the PO rate 

had no correlation with divergent thinking. In interactive situations, the way one referred to the other (i.e., FO or 

IM) was conducive to divergent thinking, but the original ideas produced this way were independent from the 

scores of the divergent thinking test. 

 

In this respect, those with low capabilities often referred to the answer of the other group members in the 

CRRAT (i.e., FO), which had a positive correlation with the accuracy rate, whereas the IM had no correlation 

with the accuracy rate. This finding indicates that FO is more helpful to lift the accuracy rate of one’s CRRAT 

(close-ended questions). These results also suggest that, generally, FO exerts a positive impact on one’s 

creativity performance in the paired-player mode, which means that one is able to produce more original ideas 

and is more likely to solve remote associates’ problems if referring to others’ responses in the paired-player 

mode and gaining inspiration. However, this synergetic effect only occurred for those with low capabilities in 

this study.  

 

 

4.1. Limitations and future research 

 

This study has some limitations regarding its implementation. First, the online interactive creativity task platform 

only enabled participants to access the response of their group members before coming up with other solutions in 

the paired-player mode. This function sufficed when conducting this study, However, technically speaking, it did 

not enable the two group members to interact with each other during the question-answering process, which 

means that two group members could not talk to each other and discuss test questions (Pifarré, 2019). Thus, this 

platform remains to be improved in subsequent research.  

 

In addition, this study found that the AUT performance of the high-score group in the single-player mode 

slightly declined in the paired-player mode, potentially because they were not happy to see the fruit of their labor 

being plagiarized, which reduced their motivation to deliver a good performance on the divergent thinking test. 

This speculation needs to be verified by more empirical experience via interviews or the manipulation of modes 

(like cooperative or competitive modes). The high-score group in the single-player mode did not deliver a better 

performance in the paired-player mode, possibly because of a limited response time, participants’ motivation to 

answer questions, and the ceiling effect of one’s creativity. The possible causes cannot be verified in this study, 

so they remain to be confirmed in future studies.  

 

 

5. Conclusion 
 

This study is the one of the first to use an online interactive creativity task platform to discuss the difference in 

the creativity performance between two modes. The comparison of the high- and low-score groups’ AUT and 

CRRAT performances in the two-player mode examined the impact of the two-player mode on creativity. The 

results showed that the low-score group refer to the response of the other group members and significantly 

improved their creativity performance in the two-player mode, while the high-score group did not significantly 

increase their AUT and CRRAT scores. Further analysis of the impact of the two-player mode on the divergent 

and convergent creativity revealed that the CCRAT accuracy rate increased while the AUT scores did not show a 

noticeable increase. In short, one plus one is not greater than two under any circumstances, which may be 

attributed to the mode.  

 

The results reflect the importance of mutual observation between group members in the process of group 

creation. Teachers can guide students to open their minds and learn from group members, so that students with 

different capacities can come up with a variety of ideas through observing and imitating ideas of other group 

members. Furthermore, this study analyzed how people with different capacities might improve their creative 

performance by referring to the others’ answers. This study adopted an online standardized measurement tool to 

conduct preliminary research on how two participants perform on creativity tests in a concerted effort, which 

expands the potential contributions of co-creativity research. 
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ABSTRACT: In a smart educational environment, the significant challenges faced by its stakeholders are trust, 

privacy, and transparency-related issues in sharing and retrieval of any information. Since blockchain is a sole 

technology provides extraordinary features such as decentralization, traceability, and immutability; integrating 

this technology in a smart educational environment it can overcome all the technical risks, potential threats, and 

privacy concerns.  This special issue aims at presenting the current state-of-the-art research and future trends on 

various aspects of the implementation of blockchain technologies that address the gaps prevailing in copyright 

and credential related issues, which can be seen as a promising sign for any virtual or innovative developments in 

teaching and learning platform. Papers selected for this special issue represent recent progress in the field, 

including works on VR Assisted Learning Environment, Secure Scoring Mechanism for Online Learning, 

Psychological Distance of Online Education. 
 

Keywords: Blockchain, Smart education, Virtual reality, Online learning, Education theory 
 

 

1. Introduction 
 

Blockchain is one of the ingenious technologies which are disrupting the future of many industries. This 

encrypted digital ledger technology has all the potential to reshape areas such as healthcare, education, and 

finance. Education is one such area where these blockchain-based techniques and properties can trigger a wide 

range of opportunities. In a smart educational environment, the significant challenges faced by its stakeholders 

are trust, privacy, and transparency-related issues in sharing and retrieval of any information. Since blockchain is 

a sole technology provides extraordinary features such as decentralization, traceability, and immutability; 

integrating this technology in a smart educational environment it can overcome all the technical risks, potential 

threats, and privacy concerns. Whether the educational environment is formal or informal the data can be stored 

and accessed more securely by using blockchain appropriately. Moreover, the application of blockchain in a 

smart educational system shall also provide smart assistance for implementation, evaluation, tracking, delivery, 

and management of any information concerning both the teacher and the learner. 

 

Due to the huge volumes of educational data across various learning platforms, the protection of sensitive and 

valuable information needs the embracement of robust and intelligent technology. This leads to the development 

of a decentralized distributed blockchain technology, where each node is secured by a blockchain ledger which 

can be accessed only by the private key. Furthermore, the principal advantage of the blockchain technology is 

that the information is stored within the blockchain network with a unique identity, so that when the information 

is accessed by the users it is checked and validated properly by comparing all the related data. On the other hand, 

Smart Contracts is a traceable digital transaction facilitator used along with the blockchain which can enhance 

trust, privacy, and security in virtual or online education. Hence, implementing Blockchain technology in a smart 

educational environment could make the overall system more secure, reliable and more transparent. 

 

This special issue aims at presenting the current state-of-the-art research and future trends on various aspects of 

the implementation of blockchain technologies that address the gaps prevailing in copyright and credential 

related issues, which can be seen as a promising sign for any virtual or innovative developments in teaching and 

learning platform.  The main areas covered by this special issue or main topics cover methodologies, modeling, 

analysis and newly introduced applications. Besides the latest research achievements, this special issue also deals 

with innovative commercial management systems, innovative commercial applications of educational 

technology, and experience in applying recent research advances to real-world problem. 

 

Papers selected for this special issue represent recent progress in the field, including works on VR Assisted 

Learning Environment, Secure Scoring Mechanism for Online Learning, Psychological Distance of Online 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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Education. All of these papers not only provide novel ideas and state-of-the-art techniques in the field, but also 

stimulate future research in the sustainable learning environments. 

 

 

2. VR assisted learning 
 

In order to conform to the glacier terrain environment and textbook knowledge, the system was continuously 

discussed and revised with the high school geography teachers during the development process to ensure that the 

terrains observed by students conform to the textbook teaching materials and the actual teaching content.  The 

paper by Chen and Chen (2022), entitled “Exploring the Effect of Spatial Ability and Learning Achievement on 

Learning Effect in VR Assisted Learning Environment,” constructed a teaching software of glacier terrain, which 

allows students to explore freely in virtual environment and the effect of different learning modes. This study 

also collected students’ spatial ability and geographical learning achievement, and explored whether students’ 

spatial ability and geographical learning achievement affects their learning effect.  Through statistical analysis, it 

is found that “Spatial Visualization” in students’ spatial ability positively affected their learning performance in 

virtual reality software.  This study verifies the value of using virtual reality to assist geography course learning, 

and provides more references and suggestions for future researchers. 

 

 

3. Secure online learning 
 

With the rapid increase in online learning and online degree programs, the need of secure and fair scoring 

mechanisms for online learning becomes urgent.  The paper by Tsai et al. (2022), entitled “Design and 

Development of a Secure Scoring Mechanism for Online Learning Based on Blockchain,” designed and 

developed a secure scoring mechanism based on blockchain to build transparent and fair interactions among 

students and teachers. The proposed scoring mechanism was implemented by employing Ethereum and its three 

autonomous smart contracts, and the robustness was also verified by experiments to prove the feasibility of the 

system. this system helps manage interactions among students and teachers during the process of educational 

assessment, and encourages all on-chain members to trust the online learning process.  These system features 

also help conduct peer evaluation and self-management that are essential for a student-centered and collaborative 

learning environment, for which is what emerging educational trend advocates. 

 

 

4. Online education theory 
 

In education reform, people actively promote education innovation through the application of intelligent 

technology. Especially, blockchain in smart education has the technical characteristics of peer-to-peer 

transmission, data fidelity, intelligent contract, etc., which provides a feasible technical scheme for educational 

reform.  The paper by Zhang et al. (2022), entitled “A Grounded Theory Research on the Psychological Distance 

of Online Education,” reconstructed the theoretical model of psychological distance in the process of online 

education. The authors investigated the psychological perception of online education users and combine 

psychological distance and grounding theory.  Findings are (1) The key to online education is to increase users’ 

psychological distance; (2) Four new dimensions of psychological distance in online education; (3) Factors 

influencing psychological distance in online education; (4) Resulting evaluation of online education - 

psychological perception evaluation. 

 

 

5. Conclusions 
 

All of the above papers address either technical issues in educational technologies or information security or 

propose novel application models in the various smart-learning systems and social computing fields. They also 

trigger further related research and technology improvements in application of novel educational technologies. 

Honorably, this special issue serves as a land-mark source for education, information, and reference to 

professors, researchers, and graduate students interested in updating their knowledge of block chain, cyber-

physical-system, augmented reality, and novel application models for future on-line learning and teaching 

systems. 

 

The special issue of this journal covers different aspects of the problem, from both the theoretical and the 

practical side. After a large open call, an international editorial committee selected three research papers.  

 



73 

Acknowledgement 
 

The guest editors would like to express sincere gratitude to Prof. Maiga Chang for giving the opportunity to 

prepare this Special Issue. In addition, we are deeply indebted to numerous reviewers for their professional 

effort, insight, and hard work put into commenting on the selected articles that reflect the essence of this special 

issue. We are grateful to all authors for their contributions and for undertaking two-cycle revisions of their 

manuscripts, without which this special issue could not have been produced. 

 

 

References 
 
Chen, C.-C., & Chen, L.-Y. (2022). Exploring the effect of spatial ability and learning achievement on learning effect in VR 

assisted learning environment. Educational Technology & Society, 25(3), 74-90. 

Tsai, C.-T., Wu, J.-L., Lin, Y.-T., Yeh, M. K.-C. (2022). Design and development of a Blockchain-based secure scoring 

mechanism for online learning. Educational Technology & Society, 25(3), 105-121.  

Zhang, L., Ye, J., & Wang, J. (2022). A Grounded theory study of the psychological distance in online education. 

Educational Technology & Society, 25(3), 91-104. 



Chen, C.-C., & Chen, L.-Y. (2022). Exploring the Effect of Spatial Ability and Learning Achievement on Learning Effect in 

VR Assisted Learning Environment. Educational Technology & Society, 25 (3), 74-90.   

74 
ISSN 1436-4522 (online) and 1176-3647 (print). This article of the journal of Educational Technology & Society is available under Creative Commons CC-BY-NC-ND 

3.0 license (https://creativecommons.org/licenses/by-nc-nd/3.0/). For further queries, please contact Journal Editors at ets.editors@gmail.com. 

 

Exploring the Effect of Spatial Ability and Learning Achievement on 

Learning Effect in VR Assisted Learning Environment 
 

Chia-Chen Chen* and Liang-Yu Chen 
Department of Management Information Systems, National Chung Hsing University, Taiwan // 

emily@nchu.edu.tw // g106029003@mail.nchu.edu.tw 
*Corresponding author 

 

ABSTRACT: Based on “Virtual Reality” (VR), this study constructed a teaching software of glacier terrain, 

which allows students to explore freely in virtual environment and the effect of different learning modes. This 

study also collected students’ spatial ability and geographical learning achievement, and explored whether 

students’ spatial ability and geographical learning achievement affects their learning effect. In this study, senior 

high school sophomores were selected as the experimental subjects. The students involved were divided into the 

experimental group and the control group. The experimental group students used VR glacier terrain teaching 

software to assist their course learning, while the control group students learned the geography course by means 

of traditional teaching methods. After the experiment, it is found that students in the experimental group 

performed better than those in the control group in the post-test, and students with high spatial ability and high 

geographical achievement performed better in the post-test. Through statistical analysis, it is found that “Spatial 

Visualization” in students’ spatial ability positively affected their learning performance in virtual reality 

software. In the interviews and feedback sheets after the experiment, most students had positive attitudes towards 

using virtual reality assisted software for geography course learning. This study verifies the value of using virtual 

reality to assist geography course learning, and provides more references and suggestions for future researchers. 

 

Keywords: Virtual reality, Spatial ability, Geographical learning, Learning achievement, Learning effect  

 

 

1. Introduction 
 

Among many technologies, virtual reality technology, widely discussed in recent years, has great potential for 

digital learning. Virtual reality (VR) has been growing substantially both in the aspects of technology and market 

since 2016, which is also referred to as the first year of VR. According to the survey report, spending on virtual 

reality and augmented reality will grow from just over $12.0 billion in 2020 to $72.8 billion in 2024 

(International Data Corporation, 2020), and will also be gradually popularized in the market. VR technology can 

provide users with a borderless virtual environment, allowing people to immerse themselves in it, whereby we 

can experience different scenes without going on a long journey (Woodford, 2019). Nowadays, many studies 

have incorporated virtual reality technology into the field of digital learning (Chen et al., 2020; Hsiao et al., 

2020; Ip et al., 2018; Lai et al., 2021; Lin, 2017). This study intended to assist senior high school students in 

learning geography through the features of virtual reality, and to explore whether this learning method can 

improve students’ learning effect and motivation, as well as to understand the problems which might be 

encountered in virtual reality-assisted course. Researchers who also conduct virtual reality-assisted learning 

experiments in the future will get useful experience and suggestions from this study. 

 

This study cooperated with a senior high school in Taichung to jointly develop with the senior high school 

teachers a virtual reality-assisted learning software for the “New Zealand and Australia” unit of the geography 

course in senior high sophomore. The software was introduced into the geography course in the first semester of 

sophomore year, allowing students to feel their “Personal Experience” brought by virtual reality. Different from 

the traditional geography learning course in the past, the new learning mode can deepen students’ impression on 

geographical knowledge. Past literature pointed out that learning through virtual reality can improve students’ 

learning effect and reduce risk factors (Chen, & Huang, 2020; Limniou et al., 2008). Taking this study as an 

example, students can observe the magnificent glacier terrain types in the classroom, avoid rugged and 

dangerous terrains and lethal low temperature in the glacier terrains, and use the features of virtual reality 

flexibly, which can open up different perspectives for students. Although there are many studies on the use of 

virtual reality technology to assist the teaching of courses, studies on the use of immersive virtual reality 

technology applied to senior high school courses are still rare. Therefore, this study hopes to improve the current 

teaching quality of senior high school geography education, and allow basic education to keep up with the 

evolution of science and technology. 

 

Students’ spatial ability is also a very important factor in the process of exploring virtual reality-assisted 

learning. Relevant studies have pointed out that students’ spatial ability affects their learning effect in virtual 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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reality environment. The results show that students with different spatial ability have different learning 

performance (Lee & Wong, 2014). However, due to the lack of discussion on the relationship between “Spatial 

Ability” and “Immersive” virtual reality assisted learning, most of the studies focus on “Non-immersive” virtual 

reality technology (Ip et al., 2018; Lin, 2017; Vishwanath et al., 2017). Therefore, this study not only explores 

the learning effect of virtual reality assisted learning, but also expects to understand whether students with 

different spatial ability and learning achievement have different influences on immersive virtual reality learning. 

 

“Learning Achievement” refers to students’ relevant knowledge in a field they have acquired prior to the study is 

conducted, and their personal experience that can influence the experiment and the study results. Namely, before 

the course experiment is conducted, will students’ learning achievement affect their learning performance and 

learning outcome? This study aimed at assisted learning of geography course in senior high school, expecting to 

understand whether students with different “Learning Achievement” have different learning effect. This study 

utilized the students’ final grades of geography in the second semester of freshman year as students’ “Learning 

Achievement” scores, and formulated a more appropriate teaching method through observing the effect brought 

by students’ “Learning Achievement.” This study expects to explore whether virtual reality assisted learning help 

students improve their learning performance, and whether students with different spatial ability and learning 

achievement affect their learning effect. In the other word, the “Learning Effect” means the learning performance 

like the post-test score of learners. 

 

In this era of information explosion, new learning models will inevitably become the future trend. This research 

hopes to explore whether Taiwanese students use virtual reality to assist learning, compared with traditional 

methods, to improve learning effectiveness and understand different spaces. Whether students with ability and 

learning achievement will have an impact on their learning performance, after the above research objectives, we 

sorted out the following research objectives as the main topics to be explored in this research. 

 

• Construct a VR-assisted learning system to improve students’ learning method and increase learning 

effectiveness. 

• Understand the impact of spatial ability on learning performance 

• Understand the impact of learning achievement on learning performance 

 

 

2. Literature review 
 

The system developed in this study is based on the three main themes of immersive virtual reality, spatial ability 

and geography course, of which the software of geography course was developed with the features of virtual 

reality. The system also verified the performance of students with different spatial ability and learning 

achievement, explored whether virtual reality-assisted learning course and traditional learning method affect 

students’ learning effect and compared the differences therein. 

 

 

2.1. Virtual reality 

 

Virtual reality technology has been widely used in our lives in recent years. Traces of virtual reality can be found 

from virtual museums (Carvajal et al., 2020), simulation of experimental courses to game entertainment (Huang 

et al., 2016). “Virtual Reality” is a kind of virtual environment transformed from people’s imaginary 

environment through computer operation and picture presentation by using computer technology. This virtual 

environment is called virtual reality because it is like real existence to people’s sensory organs. At present, many 

studies have introduced “Virtual Reality” technology into the teaching courses (Lee, & Wong, 2014; Lovreglio et 

al., 2017) to explore whether the use of VR technology improves students’ learning effect and motivation. In the 

following, we continue to discuss the relevant studies on integrating “Virtual Reality” technology into the 

teaching courses in recent years. 

 

With the features of virtual reality mentioned above, virtual reality can build a highly realistic and low-risk 

teaching environment. Some studies based on VR features implemented “Fire Escape Training System” and 

“Earthquake Escape Training System,” allowing users to carry out zero-risk escape training by using virtual 

reality devices. In virtual reality environment, trainees can be assured that they are not harmed by fires and 

earthquakes and can experience disasters in a highly realistic environment (Lovreglio et al., 2017). In the aspect 

of cost reduction, VR also has excellent performance. Some studies used virtual reality in combination with frog 

anatomy courses; although each anatomy course requires many living frogs (Lee & Wong, 2014), students can 

repeat the operation of anatomy courses without using living frogs in virtual reality environment, which greatly 
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reduces the cost of frog anatomy courses, and provides students with the opportunity to repeat operations, 

thereby improving students’ skillfulness and proficiency. 

 

The literature pointed out that in order to use virtual reality to teach students, it is suggested that students should 

operate from the first person perspective and in a joystick way (Lovreglio et al., 2017). Compared with the fixed 

perspective presentation, this mode of operation is helpful to improve students’ spatial memory, whereby 

increasing students’ learning effect. This mode is also the very operation method adopted by this study. 

Bashabsheh et al. (2019) used VR software to construct the 4D model (3D model and time dimension) for certain 

building construction phases to do immersive and non-immersive virtual reality experience for the learners. Ip et 

al. (2018) explored whether virtual reality learning can help students with Asperger’s disease improve their 

interpersonal communication ability; the results show that giving social training to students with Asperger’s 

disease through immersive virtual reality training can make students understand other people’s emotions more 

easily and improve their ability to interact with others. Lin (2017) explored the coping strategies of men and 

women when facing the VR horror games. The results showed that the strategies of men and women are very 

different. Men mostly deal with them in the way of facing and fighting back, while women mostly avoid and 

escape. Vishwanath et al. (2017) adopted VR to teach history and geography for low-income children in India. 

The results showed that virtual reality can significantly improve students’ learning motivation. Huang et al. 

(2016) investigated students’ attitudes towards using virtual reality in pharmacy course. The results showed that 

students have a positive attitude towards using virtual reality technology to assist pharmacy course learning. 

 

As most of the digital learning fields are currently assisted by non-immersive virtual reality and semi-immersive 

software. Few literature discuss whether immersive virtual reality technology improve students’ learning effect. 

This study used immersive virtual reality technology to explore whether the learning effect of senior high school 

students in geography course is significantly improved. The greatest influence of immersive and non-immersive 

virtual reality on this study is to be able to use the first person perspective to observe the glacier terrains, 

allowing students to have sufficient senses of being introduced, attract students’ attention and enhance their 

learning motivation by using new technology. 

 

 

2.2. Spatial ability 

 

The current academic definition of spatial ability has not been a general consensus agreed by scholars. Some 

scholars believe that there are three main parts of spatial ability, namely, “Spatial Visualization,” “Mental 

Rotation” and “Spatial Perception” (Linn & Petersen, 1985), wherein spatial visualization refers to the ability to 

transform complex spatial information into required information, mental rotation refers to the ability of people to 

rotate and move objects in their brains so as to observe different orientations of objects, while spatial perception 

refers to the ability to understand spatial information and distinguish between correct and incorrect spatial 

information. 

 

The spatial ability test book used by this study was the “Academic Aptitude Test Book” which developed by 

College Entrance Examination Center for senior high school students designed by the College Entrance 

Examination Center of the Republic of China. This test book divides spatial ability into three main facets: 

“Spatial Perception,” “Spatial Visualization” and “Spatial Positioning,” and tests students’ individual spatial 

ability through three different types of questions. 

 

From the past literature (Donnon et al., 2005; Merchant et al., 2013; Metoyer et al., 2015), we can know that 

Spatial Perception is defined as the ability to collect and analyze information around oneself, and to perceive 

spatial information about one’s own body position, Spatial Visualization is defined as the ability to manipulate 

and rotate two-dimensional images and three-dimensional graphics in the mind through imagination and spirit, to 

perceive images and graphics from different angles through imagination, while Spatial Orientation is defined as 

the ability of the human brain to allow people to control their own heading toward destinations and maintain 

body balance and function in the course. 

 

From the above-mentioned literature, we can know that students’ spatial ability affects significantly many 

subjects’ learning, and in the environment of virtual reality assisted instruction, spatial ability is also an essential 

factor frequently discussed. This experiment incorporated immersive virtual reality technology with geography 

course. Although many studies have been carried out on the correlation between virtual reality and spatial ability, 

studies exploring the correlation between “immersive” virtual reality and spatial ability are still quite rare. 

Therefore, whether students’ spatial ability affects their learning effect by using immersive virtual reality assisted 

devices is the focus of this study. 
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Recently, Tchoubar et al. (2018) survey whether spatial ability affects students’ learning on digital learning 

platform. The results showed that spatial ability affects students’ ability to use digital platform significantly. 

Roch et al. (2018) studied the influence of spatial ability on laparoscopic navigation training. The results show 

that spatial ability positively affects the results of laparoscopic navigation training. Tascón et al. (2018) explored 

whether testees of different ages affect their performance in virtual reality. The results presented that the older 

the testees are, the worse their performances are. In virtual reality, the testees would perform better if they 

operate with walking mode.  

 

As the above literature, previous researches discuss the spatial ability will influence the students’ learning effect 

on e-learning platform and laparoscopic navigation training. Therefore, this study designed the geography course 

with 3D VR technique. The goal aims to investigate the different degree of spatial ability of students would have 

the different learning achievements by using new technology. 

 

 

2.3. Geographical subjects 

 

Many scholars have been devoted themselves to introducing digital technology into the basic education courses, 

hoping to improve students’ learning efficiency and effect. “Geography Course” is often regarded as one of the 

main items of digital learning. Some literature pointed out that elementary school students can significantly 

improve their learning by using “Game-based” virtual reality software to assist students in learning geography 

course, which elevates significantly children’s learning motivation and learning effect, and train children to learn 

independently (Chen et al., 2017; Lemke et al., 2000). 

 

In another literature, virtual reality technology was used to assist elementary school students in learning 

geography course (Chen et al., 2017; Lemke et al., 2000); in this study, it is found that students’ learning 

motivation and learning effect can be improved by using virtual reality to learn geography course against the 

traditional teaching methods. We can conclude from the above-mentioned literature that “Virtual Reality” plays 

an indispensable role in the field of digital learning nowadays. 

 

It has been pointed out in a literature that there is no difference between the traditional learning method and 

learning with tablet devices in the learning effect of geography course. However, if the two teaching modes are 

combined in the process of geography course, the individual shortcomings of each teaching method can be made 

up, thus improving students’ learning effect (Walczak & Taylor, 2018). In traditional geography teaching, the 

teaching materials used by students are often flatly printed, and the maps used are often ill-designed. In fact, it is 

difficult for students to construct perfect geography concepts by using books alone. Therefore, many scholars 

believe that introducing virtual reality technology into geography course can help students better understand the 

geographical information in books (Lin et al., 2013), while in the immersive virtual reality teaching, some 

scholars used Google Cardboard as the learning medium to assist elementary school students in learning the 

seven wonders of the world; although students’ learning effect was not been verified in the experiment, it was 

felt clearly that students have positive attitudes towards the introduction of new technology into the course (Lv, 

& Li, 2015). Some studies have designed a virtual reality assisted learning course for elementary school 

geography course, incorporating visits and surveys of reality geographical environment and collecting data 

through taking pictures. The collected data were incorporated with course knowledge to construct a virtual 

environment that conforms to the actual terrains and deepens students’ impression on the teaching content. The 

research results indicated that after the virtual reality assisted learning course, students’ geographical level 

significantly improved, and more courses designed with different themes were expected (Hsu, & Chan, 2018). 

 

Looking at many of the above-mentioned studies on introducing digital learning into geography courses, many 

scholars have introduced virtual reality technology into geography courses. Because the connotation of 

geography is actually closely related to the environment around us, virtual reality has various presentations. The 

characteristics of various environments, the combination of geography courses and virtual reality is a 

complementary application, but most of the current research focuses on the research of “non-immersive” virtual 

reality technology, and few scholars explore the use of “immersive” virtual reality technology. Therefore, this 

research was the focus of whether VR technology will affect students’ learning efficiency and their spatial ability 

on geography courses. 
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3. Software development and system implementation 
 

In order to conform to the glacier terrain environment and textbook knowledge, the system was continuously 

discussed and revised with the high school geography teachers during the development process to ensure that the 

terrains observed by students conform to the textbook teaching materials and the actual teaching content. Due to 

the individuality of virtual reality in the process of one’s using software, the system must have the function of 

automatically recording students’ exploratory behaviors so that after students complete the software operation, 

teachers and developers can understand students’ performance in virtual reality environment through the 

recorded data of the system. This study used immersive virtual reality technology different from that in most 

previous literature to develop teaching assisted software, and expected to improve students’ learning effect 

through this software; it also explored the problems and situations faced by students when using immersive 

virtual reality technology to assist in learning the course. 

 

 

3.1. System design 

 

The system used in this study is a self-developed “Virtual Reality Assisted Learning Device (VALID),” which 

assists students in learning glacier terrains. The system needs the connection and communication among the 

three devices of “VR Box” virtual reality glasses, smart mobile phones and “RoHS” Bluetooth remote control 

gamepad. However, the VR also bring negative effects, such as sickness or virtual fatigue. Therefore, when using 

VALID, students first have to start the “Virtual Reality Assisted Instruction Software” in the smart mobile phone 

and put the smart mobile phone into the VR Box, and then use the VR Box to adjust the focal length and the 

tightness of the head wearing so that students can comfortably use VALID. Next students have to turn on the 

pre-set RoHS Bluetooth gamepad and let the Bluetooth gamepad connect with the smart mobile phone. After the 

Bluetooth gamepad is connected with the smart mobile phone, students can use the analog joystick and buttons 

on the gamepad to interact and communicate with the “Virtual Reality Assisted Teaching Software” in the smart 

mobile phone through the Bluetooth signal transmission. The complete system architecture is shown below as in 

Figure 1, and the actual wearing of VALID is shown below as in Figure 2. 

 

Figure 1. VALID system architecture diagram 

 
 

Figure 2. System operational diagram 

 
 

VALID is a set of virtual reality teaching assisted software built by Unity game engine. Its main content is to 

assist students in exploring the glacier terrains. After the users finish wearing the VALID devices, they enter the 

first scene of the software, “VR Training Scene.” Users at this stage are mainly to familiarize themselves with 

the rotation and movement of VR environment, and test whether the focus of VR Box glasses is in the right 

position and whether the gamepad functions properly. If students feel dizzy and uncomfortable at this stage, they 

are allowed to immediately stop the operation and take a rest. After the adjustment of hardware equipment is 

completed, the students can enter the second scene in the software, “Upper Glacier Terrain” to explore the 

terrains. There are four different terrain types in this scene for students to explore. After students complete the 
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exploration, they can pass through the transmission gate of the scene to switch to the next scene, “Downstream 

Glacier Terrain.” There are also four different terrain types in the “Downstream Glacier Terrain.” After students 

complete the exploration, they can use the transmission gate of the scene to end the VALID system and remove 

their VR. Box glasses. When students leave the “Downstream Glacier Terrain Scene,” VALID will automatically 

switch to the “Result Presentation” scene, and researchers will take the mobile phone out of the VR Box and 

record the terrains explored by students in VALID, as the data of task completion rates. 

 

 

3.2. System scenes 

 

In the part of system functions, this system divides the scene area in the software into four scenes: “VR Gamepad 

Movement Training,” “Upstream Glacier Terrain,” “Downstream Glacier Terrain” and “Result Presentation.” 

These four scenes are introduced as follows in order: 

 

 

3.2.1. VR gamepad movement training 

 

The purpose of this scene design is to enable students to get familiar with the virtual reality environment after 

entering the VR learning environment. The scene herein is an empty room. After the equipment adjustment is 

completed and the students are familiar with the operation, they can leave the training scene by touching the gate 

on the wall with the gamepad. In this scene, students can first familiarize themselves with how to use the 

Bluetooth gamepad to move and fly, and adapt themselves to using the movement speed and flight mode of 

gamepad to assure that students can get the smoothest use experience. 

 

 

3.2.2. Upstream glacier terrain scene 

 

Glacial terrains can be divided into upstream and downstream glacier terrains. This system identifies the 

upstream and downstream terrain each with different scenes for students to learn. Students can switch and 

explore freely in between the two scenes. In both scenes, each has four terrain types requiring students to 

observe. After discussing with the experts, the upper glacier terrain is decided to focus on the four main terrain 

types: “Cirque Terrain,” “Cirque Lake Terrain,” “Horn Terrain “and “Arête Terrain” (Figure 3).  

 

Figure 3. (a) Horn terrain; (b) Arête terrain; (c) Cirque lake terrain; (d) Cirque terrain 

  
(a)  (b)  

  
(c)  (d)  

 

Students can move freely in the glacier terrains and look for the four glacier terrain types, and a “signpost” 

around each terrain type is placed to inform students that they are around the terrain type so as to enable students 

to find the correct observation target. If students are close to the signpost within a certain distance, the system 

will send out a bell sound to remind students that they reach the terrain type, and automatically record the 
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progress of students’ exploration in the said terrain type. After the students finish the exploration, they can find a 

transmission gate in the scene. If the students approach and enter the transmission gate, the system will 

automatically switch the scene to the “Downstream Glacier terrain,” realizing the effect of scene switching. 

 

 

3.2.3. Downstream glacier terrain scene 

 

As for downstream glacier terrain, we hope to focus the scene on four terrain types after discussing with the 

experts and geography teachers: “Fjord Terrain,” “Glacial Trough Terrain,” “Hanging Valley Terrain” and 

“Glacial Trough Lake Terrain” (Figure 4). The four main terrain types in the downstream glacier terrain scene all 

have their own signposts, allowing the students to interact with and explore the basic operation, similar to that of 

the upstream glacier terrain. After the students have finished the exploration, they can leave the learning scene 

and enter the “Result Presentation” scene through another gate marked with “Exit.” 

 

Figure 4. (a) Fjord terrain; (b) Glacial trough terrain; (c) Hanging valley terrain; (d) Glacial trough lake terrain 

  
(a) (b) 

  
(c) (d) 

 

 

3.2.4. Result presentation scene 

 

After students enter this scene from the “Downstream Glacier Terrain” scene, they can inform the instructor that 

they have completed the Geographic Assisted Learning Course. In the “Result Presentation” scene, it is not a VR 

mode, but a scene listing all the names of terrain types in the software and presenting them in red texts. If 

students used to access the terrain types in the software, the names of the terrain types listed in “Result 

Presentation” will be presented in green texts. By using this function, staff and teachers can know students’ 

observation status in the software and whether students used to access the designated learning terrain types, 

whereby understanding and recording students’ learning status, which are regarded as the data of “Task 

Completion Rate.” 

 

 

4. Research methods and experimental design 
 

This study designed the following experimental procedures to explore whether senior high school students 

improve their learning effect for rare terrain through VALID (Figure 5). In this study, we invited two geography 

teacher to do the expert interview and also designed the exams and pre-scan the questionnaire items. In this 

study, two classes of senior high school sophomores were selected for comparison. There were 76 students in the 

two classes, 38 in the experimental group and the control group respectively. There were 10 boys and 28 girls in 

the control group where traditional teaching methods were given. The traditional teaching methods herein refer 

to the teaching media commonly seen in current senior high schools such as teaching through textbooks, 

PowerPoint, teachers’ dictation and writing on blackboard. In the experimental group, there were 9 boys and 29 
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girls, giving additional VALID assisted learning to the traditional learning mode, and using VALID in class time 

to deepen their impression on the course content. The difference between the two learning modes was compared 

by the students’ post-test scores. 

 

Figure 5. The chronology of the research 

 
 

The experiment lasted for two weeks, and there were two geography classes per week, wherein two groups of 

students used the traditional teaching mode to study the “New Zealand and Australia” unit of geography in the 

first week, while he students in the experimental group used VALID to assist learning in the second week. 

Teachers merged the two geography classes in the second week into one for a total of 100 minutes so that 

students can have sufficient time to use VALID. As shown in Figure 6, before the assisted class started, the 

teacher introduced the glacier terrains for 10 minutes, including all the glacier terrain types that appear in the 

software and the reasons for the formation of these glacier terrain types, so that the students can have a 

preliminary concept of the relevant knowledge of the assisted class. 

 

Figure 6. Introduction to VALID operations 

 
 

After the introduction, the researcher started to introduce VALID, and introduce the process, operation mode and 

map objects through the computer version of “Virtual Reality Geographic Assisted Software” and projector. The 

researcher informed the students of the task objectives and matters needing attention in the process of using the 

software, and reminded them of immediately reporting any of their discomfort occurring in the process to the 

staff of the group and then immediately stopping using VALID. 

 

After the researcher finished the introduction, he/she passed the space ability test books to the students. This 

spatial ability test book, of which the reliability is 0.82, comes from the “Spatial Ability Book” of the Academic 

Aptitude Test Book of the Ministry of Education. The test time was 20 minutes as specified in the instruction of 
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the “Spatial Ability Book.” After all the students completed the space ability test book, the staff of each group 

started the assisted learning and asked students to wear the assisted teaching devices (Figure 7). The entire 

operation time of the assisted learning was about one hour as each student’s use time was about five minutes, 

each group consisted of about 6-7 students and each student had to make individual hardware adjustment. After 

the students finished the operation, the staff passed the post-test questions and asked the students to start the test. 

There were 10 questions in the post-test designed by the high school teachers, the test scope of which was “New 

Zealand and Australia Unit.” The time of the post-test was 20 minutes. After the completion of the test, the staff 

passed the questionnaires to collect the students’ views and opinions on the Virtual Reality Assisted Teaching 

Course, and retrieved the questionnaires the next day. For the control group class, traditional teaching was given 

in the geography course of the second week, which was the same as that given in the first week, and a post-test 

was conducted before the end of the course. The test content was the same as that of the experimental group.   

 

Figure 7. Using virtual reality assisted learning devices 

 
 

 

5. Experimental results and discussion 
 

In the experimental group, students were divided into “High Spatial Ability” and “Low Spatial Ability” groups 

through the spatial ability test. The “High Spatial Ability” students consisted of 17 students whose spatial ability 

scores were ranked as “Extremely high,” “High” and “Ordinary.” The “Low Spatial Ability” students consisted 

of 21 students whose spatial ability scores were ranked as “Low” and “Extremely Low.” The learning effect and 

learning performance of these two group students after finishing the VALID assisted course were observed. 

 

In addition to dividing the students through their spatial ability in this study, students were also divided into two 

groups according to their final semester grades in geography of last semester: “High Geographic Achievement 

“group and “Low Geographic Achievement” group. The high geographic achievement group consisted of 15 

students whose final semester grades in geography were ranked in the top 40 percent of all students, while the 

low geographic achievement group consisted of 15 students whose final semester grades in geography were 

ranked in the bottom 40 percent of all students. Moreover, whether there was difference in the performance of 

students with different learning achievement after using VALID for learning was observed. 

 

The semester final grades in geography of the students in two classes were obtained after permission from a 

senior high school in Taichung, and were further used as the data of “Learning Achievement in Geography” in 

this study. In the aspect of evaluating the “Learning Effect,” 10 test questions designed by the school geography 

teachers were used as the test questions, on which the grades of the students in two classes were used as the 

students’ Learning Effect. In the aspect of collecting the spatial ability data, this study adopted the “Spatial 

Relationship” test book of the “Academic Aptitude Test Scale of College Entrance Examination Center” to test 

students’ spatial ability. Students’ spatial ability was divided into “Spatial Visualization,” “Spatial Perception” 

and “Spatial Positioning,” on which the influence of different spatial ability on learning effect was analyzed in 

order.  

 

In the following sub-sections, the experimental analysis of Sections 5.1, 5.2, and 5.3 are aimed to investigate the 

research question about “Understand the impact of learning achievement on learning performance”; In addition, 

the research question about “Understand the impact of spatial ability on learning performance” is discussed in 

Sections 5.4, 5.5, and 5.6. All experiments are designed and investigated for “Construct a VR-assisted learning 

system to improve students’ learning method and increase learning effectiveness.” 
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5.1. Comparison of the geographical learning achievement between the students among the experimental 

group and the control group 

 

This study first confirmed whether the two groups of students have the same learning achievement for the 

geography course so as to avoid the biased results caused by excessive differences in learning achievement. In 

this study, “Independent sample t-test” was used to test the difference of the students’ final semester grades 

between the two groups. The number of samples in the experimental group and the control group was 38 

respectively, while the average final semester grade of the whole class in the experimental group was 68.34, and 

that in the control group was 67.45. After performing the “Independent sample t-test,” we can see in Table 1 

shown below that the p value of the difference between the two groups was 0.703, meaning that the difference 

between the two groups was “not significant.” Therefore, we confirmed that there was no statistically significant 

difference between the two groups in geographical learning achievement, whereby the subsequent study can 

continue. 

 

Table 1. Independent sample t-test of learning achievement among the experimental group and control group 

 
Average value (Standard deviation) DOF t value p Effect 

size (d) Experimental group (N = 38) Traditional group (N = 38) 

Learning 

achievement 

68.34 (1.64) 67.45 (1.05) 74 0.383 .703 0.089 

 

 

5.2. Comparisons of post-test scores between the students among the experimental group and control 

group 

 

In order to observe whether the students in the experimental group and the control group have different learning 

effect in geography course, the scores of the test questions designed by the senior high school geography 

teachers were used as the data of learning effect for the students in two groups. The average score of the 

experimental group was 55.53, while that of the control group was 47.63. Using the “Independent sample t-test” 

to test the difference between the experimental group and control group, we can see in Table 2 shown below that 

the significance of the difference in scores between the two groups was 0.017, indicating that there was a 

significant difference between the two groups in the post-test scores. From this result, we can know that the 

students in the experimental group were significantly better than those in the control group in terms of “Learning 

Effect.” 

 

Table 2. Independent sample t-test of learning effect in the experimental group and control group 

 

Average value (Standard deviation) DOF t 

value 

p Effect 

size (d) Experimental group  

(N = 38) 

Traditional group  

(N = 38) 

Learning effect 55.53 (1.64) 47.63 (1.05) 74 2.448 .017* 0.561 

Note. *p < .05. 

 

 

5.3. Comparisons of the post-test scores between the students in high and low geographic achievement 

groups among the experimental group  

 

In order to understand the difference in learning effect of students with different geographical learning 

achievement after undertaking the virtual reality assisted learning course, in this study, the students of the 

experimental group were divided into two groups: “High Achievement” group (ranked in the top 40%) and “Low 

Achievement” group (ranked in the bottom 40%) according to the students’ final semester grads in geography. 

The sample number of the high achievement group was 15, and the low achievement group was 15. The average 

score of the high achievement group was 60.67, while that of the low achievement group was 51.33. After going 

through the “Independent sample t-test,” as shown in Table 3 below, we can see that the significance of 

difference between the two groups was 0.029, representing there was a significant difference in learning effect 

between the students in “High Achievement” group and “Low Achievement” group after undertaking the virtual 

reality assisted learning course. As a result, we concluded that students with better level in geography would 

perform better when they take virtual reality assisted learning course, and from which we can infer that this 

course was more suitable for the students with complete basic knowledge of geography.  
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Table 3. Comparison of learning effect between the high and low achievement groups in the experimental group 

 

Average value (Standard deviation) DOF t value p Effect size 

(d) High achievement 

group (N = 15) 

Low achievement 

group (N = 15) 

Learning effect 60.67(1.64) 51.33(1.05) 28 -2.297 0.029* 0.839 

Note. *p < .05. 

 

 

5.4. Comparisons of the post-test scores between the students with high spatial ability and the students 

with low spatial ability among the experimental group 

 

In order to verify whether students with different “Spatial Ability” may have different learning performance after 

undertaking the virtual reality assisted geography learning course, the spatial ability score of each sample in the 

experimental group was obtained by asking the students in the experimental group to fill in the spatial ability 

test, and the students were further divided into two groups, the “High Spatial Ability” group and the “Low 

Spatial Ability” group, according to the definition in the test book. There were 17 students with “High Spatial 

Ability” scores (above 30 points of spatial ability) as shown in Figure 8, while there were 21 students with low 

spatial ability scores (below 30 points of spatial ability). The average score of students with high spatial ability in 

the post-test was 60.00, while the average score of students with low spatial ability was 51.90. After going 

through the “Independent sample t-test,” the significance of the difference between the two groups was found to 

be 0.049 as shown below in Table 4, indicating that there was a significant difference between the data of the 

two groups. This result shows that students with high spatial ability would perform significantly better than those 

with low spatial ability in virtual reality assisted learning. 

 

Figure 8. Distribution of spatial ability achievement among the experimental group 

 
 

Table 4. Independent sample t-test of learning effect of the students with different spatial ability in virtual reality 

 

Average value (standard deviation) DOF t value p Effect size 

(d) High spatial ability 

(n = 17) 

Low spatial ability 

(n = 17) 

Learning effect 60.00 (1.64) 51.90 (1.05) 36 -2.04 0.049* 0.079 

Note. *p < .05. 

 

 

5.5. Verification of the correlation among space ability, task completion rate and post-test scores 

 

As this study intended to explore whether the spatial ability of senior high school students would affect their task 

completion rates of the virtual reality geography assisted learning course. Therefore, the spatial ability scores, 

learning effect test scores and their task completion rates in the VALID system platform were utilized to verify 
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the correlation among them. In the system, there are eight glacier terrain types which need students to explore. 

The system records the students’ exploring status in the software. After the completion of the assisted teaching, 

the statistics were made per eight glacier terrain types to show how many glacier terrain types the students 

explored in total. The more the students explored, the higher their task completion rates were, and the full score 

was 100 points. As shown below in the Table 4-5, after performing the correlation verification through SPSS, the 

statistical significance of the correlation between spatial ability and task completion rates was 0.661, and the 

Pearson correlation was -0.074, wherein these numerical values indicated that the correlation between spatial 

ability and task completion rates was not significant; therefore, we concluded that students’ spatial ability did not 

affect their task completion rates in the VALID system platform. 

 

In order to explore whether spatial ability would affect students’ post-test scores, we verified the correlation 

between the experimental group students’ spatial ability scores and their post-test scores through the statistics of 

task completion rates. As can be seen below in Table 5, the statistical significance of the correlation between 

students’ spatial ability and post-test scores was 0.139, and the Pearson’s correlation was 0.244, wherein these 

numerical values indicated that there was no significant correlation between the spatial ability and the post-test 

scores of the experimental group students; therefore, we concluded that spatial ability did not affect students’ 

post-test scores in this experiment. However, the aforesaid conclusion contradicted the previous argument that 

“students with better spatial ability” would perform better with their virtual reality-assisted learning course; as a 

result, this experiment continued to verify the correlation for the three ability facets of spatial ability 

individually, with a view to finding out which spatial ability facet would affect students’ learning effect.  

 

Table 4. Pearson’s correlation among spatial ability, task completion rate and learning effect 

 Spatial ability Task completion rate Learning effect 

Spatial ability -   

Task completion rate -.074 -  

Learning effect  .244 -.164 - 

 

 

5.6. Influence of different spatial ability facets on post-test scores 

 

The spatial ability test questions used in this experiment had three different test facets: spatial visualization, 

spatial perception and spatial positioning. These three facets tested students’ three spatial abilities respectively. 

The test question of spatial visualization defined in the test book is the ability of visualizing abstract concepts 

and objects, and forming pictures in the mind; since this ability is the most difficult to define, nearly half of the 

questions were used for test in the test book. The test question prototype of spatial perceptual is defined as 

“Imagine yourself in a three-dimensional space, and you are still able to maintain a good sense of direction 

toward the goal after different orientation changes,” while spatial positioning is defined as to mainly test whether 

students can find the designated coordinates and directions through instructions and conditions, and clearly 

locate the appropriate location. This study considered that the three spatial ability facets mentioned above would 

affect students’ performance in the virtual reality assisted learning course, and the number of the three abilities in 

the test book was 19, 4 and 6, respectively. We calculated the scores of the students in the three facets 

respectively, whereby achieving the results of the students’ three spatial abilities, and then observing whether 

different spatial ability would affect students’ learning effect in virtual reality assisted learning geography 

course. Pearson correlation test was performed through SPSS in the following by using the experimental group 

students’ grades on three spatial ability facets, their post-test scores and task completion rates to verify the 

correlation among students’ spatial ability, learning effect and task completion rates.  

 

 

5.6.1. Correlation among spatial visualization, post-test scores and task completion rates 

 

Spatial visualization is one facet of spatial ability test. Pearson correlation test was performed through SPSS to 

verify the correlation among students’ spatial visualization scores, post-test scores and task completion rates. In 

Table 6, the statistical significance of the correlation between students’ spatial visualization ability and their 

post-test scores was 0.044, and the Pearson’s correlation was 0.329, wherein these numerical values indicated 

that students’ spatial visualization ability was positively correlated with their post-test scores, and that the better 

they performed well in the spatial visualization facet, the better their post-test scores were. 
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Table 6. Pearson’s correlation between spatial visualization and learning effect 

 Spatial visualization Task completion rate Learning effect 

Spatial visualization -   

Task completion rate -.176 -  

Learning effect  .329* -.164 - 

Note. *p < .05. 

 

 

5.6.2. Statistical significance of the correlation among spatial positioning, post-test scores and task completion 

rates 

 

Spatial positioning ability is the second facet of spatial ability test, the correlation verification of which was 

performed together with the students’ post-test scores and task completion rates. As shown below in Table 7, we 

can see that the statistical significance of the correlation between students’ spatial positioning ability and post-

test scores was 0.402, and the Pearson’s correlation was -0.140, while the statistical significance of the 

correlation between spatial positioning ability and task completion rates was 0.175, and the Pearson’s correlation 

was 0.224, wherein these numerical values indicated that neither the correlation between students’ spatial 

positioning ability and their post-test scores nor the correlation between students’ spatial positioning ability and 

their task completion rates was significant; from which, we concluded that students’ spatial positioning ability 

did not significantly affect their post-test scores in virtual reality assisted learning course and their learning 

performance in the software. 

 

Table 7. Pearson’s correlation between spatial positioning and learning effect 

 Spatial positioning Task completion rate Learning effect 

Spatial positioning -   

Task completion rate -.140 -  

Learning effect  .224 -.164 - 

 

 

5.6.3. Statistical significance of the correlation among spatial perception, post-test scores and task completion 

rates 

 

“Spatial Perception Ability” is the third facet of spatial ability test. After performing Pearson’s correlation test, 

the statistical significance of the correlation between spatial perception ability and post-test was 0.325 and 0.733, 

respectively as shown below in Table 8, wherein there numerical values indicated that the students’ spatial 

perception ability had no significant correlation with their post-test scores and task completion rates in this 

course; therefore, we concluded that the students’ spatial perception ability did not affect their learning 

performance in the course. Through the analysis of three facets of spatial ability, we concluded that the facets 

other than “Spatial Visualization” did not affect the students’ task completion rates in the software and their post-

test scores, which may probably be due to the fact that there were more test questions in the facet of “Spatial 

Visualization,” thus occupying a large proportion of scores in the whole spatial ability test, from which we 

therefore concluded the reason why there was a significant difference between the students’ spatial ability and 

their post-test scores. 

 

Table 8. Pearson’s correlation between spatial perception and learning effect 

 Spatial perception Task completion rate Learning effect 

Spatial perception -   

Task completion rate -.057 -  

Learning effect  -.009 -.164 - 

 

 

6. Conclusion 
 

6.1. Research contribution 
 

The conclusions of this study are summarized as the following. 
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6.1.1. Using virtual reality assisted learning devices to assist students in learning the “New Zealand and 

Australia” unit of geography course can effectively improve students’ learning effect against that with 

traditional learning 

 

Through the students’ learning effect data obtained in the experiment and the verification via statistical analysis, 

we conclude that the students using VR devices have outstanding performance in the test of learning effect. In 

the past, many studies related to virtual reality also pointed out that using virtual reality technology to assist 

students in learning effectively improve their learning effect (Ebert & Tutschek 2019; Grivokostopoulou et al., 

2016), while the results of this study can justify the previous literature. 

 

In addition to deepening students’ impression, using VR devices for learning is a brand-new teaching mode for 

students; therefore, it can attract students’ attention and improve their learning motivation. In previous studies, it 

was also mentioned that the application of virtual reality can effectively enhance the learning motivation of 

adolescents (Vishwanath et al., 2017; Huang et al., 2016). The results of this study allow us to reasonably infer 

that experimental group students have better learning effect. 

 

 

6.1.2. Students with better geographical achievement have better learning effect in virtual reality assisted 

learning course 

 

The results of this study indicate that this course is of great help to students with solid knowledge of geography. 

Because the high achievement group students originally had perfect knowledge of glacier terrain and further 

verified it through virtual reality assisted learning devices, the high achievement group students would therefore 

perform even better. On the contrary, students with weak knowledge of geography had difficulty in verifying 

their own geographical concepts even in virtual environments because of their originally incomplete knowledge 

concepts; therefore, it is difficult for them to obtain learning effect from virtual reality assisted learning course. 

Based on this conclusion, we suggest that students enrich themselves with enough relevant knowledge (Sullins et 

al., 2018; Lai et al., 2021) before carrying out this course, and that teachers allow students to verify their 

knowledge by use of the features of virtual reality so that more learning benefits are brought to this course. 

 

 

6.1.3. Students with better spatial ability have better learning effect in virtual reality assisted learning course 

 

In this study, the “Spatial Ability Test Book of College Entrance Examination Center” was used to test the 

students’ spatial ability. This test book divides spatial ability into three facets: “Spatial Visualization,” “Spatial 

Perception” and “Spatial Positioning.” Through the test on these three facets, we divided students into two 

groups: “High Spatial Ability” group (students with extremely high, high or ordinary spatial ability), and “Low 

Spatial Ability” group (students with low or extremely low spatial ability). By comparing the learning effect of 

the two groups, we find that students with high spatial ability would perform better in learning effect. 

 

From the previous literature, we can know that spatial ability is a very important factor for virtual reality learning 

(Tchoubar et al., 2018); based on this result, we know that students with better spatial ability can get into the 

swing of the VR glacier terrain software more quickly, and have more time to observe different glacier terrain 

types. On the contrary, students with relatively poor spatial ability have to spend more time familiarizing 

themselves with VR environments, leading to the time compression of observing the glacier terrain types. As a 

result, students with better spatial ability would get better learning experience, the result of which was reflected 

in the test of learning effect. 

 

 

6.1.4. There is a positive correlation between students’ spatial visualization in spatial ability and their learning 

effect 

 

After statistical analysis, it is found that “Spatial Visualization” in spatial ability positively would affect 

students’ learning effect, but neither “Spatial Positioning” nor “Spatial Perception” had a significant correlation 

with students’ geographical learning effect. Based on this result, we conclude that students with better “Spatial 

Visualization” would have better learning performance (Stieff & Uttal, 2015). 
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6.2. Research limitations 

 

As this study required a mobile device to work with the VR Box to perform virtual reality imaging, the quality of 

the mobile device directly affected the user’s experience. In addition, the fine game scenes and pictures not only 

burdened the memory of the mobile phone, but also consumed the battery rapidly. Not being able to be charged 

during the course, the system was designed not to provide students with the best resolution during the system 

design process. 

 

In many studies, gender difference is a frequently discussed factor in exploring the learning effect and spatial 

ability of virtual reality. However, because the samples of this study were from the liberal arts students of a 

senior high schools, and the ratio of male students to female students was quite uneven, it was therefore difficult 

to obtain enough male and female samples for sample analysis. 

 

In the course of this study, a total of 12 students expressed their dizziness. Some studies once pointed out that the 

use of immersive virtual reality should not be too long, five to ten minutes would be the best time for use, and 

the varying degrees of dizziness might occur based on individual differences. Based on the above reasons, the 

system was designed to set the completion time within five to seven minutes (Bouchard et al., 2011) in the 

system design process, trying to minimize the occurrence of dizziness among students as much as possible. The 

phenomenon of dizziness of human body greatly limits the teaching time and content of virtual reality, which is 

also a major issue still under discussion. 

 

 

6.3. Future works 

 

As this study focus on learning effect, spatial ability and learning achievement, topic of students’ experience 

were less explored, such as whether students can achieve their “Experience of Flow” in the process of virtual 

reality assisted learning and be absorbed in the course, and comparing students’ “Learning Motivation” in 

traditional learning and with that in virtual reality-assisted learning, as well as the discussion on students’ 

internal and external motivation, all of which are the parts for future study. Moreover, it would be more effective 

to improve the learning mode and system and provide students with an even better learning environment through 

the survey of satisfaction and motivation.    
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ABSTRACT: In educational reform, people actively promote educational innovation by applying intelligent 

technology. As the main participants in education, people experience a series of psychological and cognitive 

changes in the teaching process. This autonomy and uncertainty will directly affect the effect of network 

teaching. Due to the variability in the characteristics of individuals, following the psychological perception and 

subjective value of people and optimizing the development of wisdom education with a reasonable technical 

cognitive attitude have become a focus. This study uses the grounded theory method to conduct in-depth 

interviews and questionnaire surveys on 330 e-learners and extracts 400 codes, 38 concepts, 9 categories and 4 

core categories. This paper reconstructs the theoretical model of psychological distance in the network education 

process and identifies four new dimensions: cost distance, initiative distance, control distance and interaction 

distance. In addition, the four dimensions reflect four core value needs of learners for online education: 

convenience, self-efficacy, self-identity and binding force. The paper provides a good theoretical basis to 

improve the user experience and satisfaction in online education and optimize the level of intelligent education. 

 

Keywords: Online education, Psychological distance, Grounded theory 

 

 

1. Introduction 
 

The sudden onset of COVID-19 has challenged education systems, and education reform, which has been pushed 

to the forefront, cannot be delayed. All courses have been transferred to online, which is a real and thorough 

internet + teaching practice for all universities. How to better apply smarter technology in education and provide 

informative and intelligent education has become a new focus of scholars. Overall, the development and progress 

of online education practices have occurred with the progress and use of educational technology. Technology 

enables educators to overcome common learning barriers in online education. For example, Cantabella et al. 

(2020) proposed a new tool to evaluate students’ satisfaction using smileys, and Villagrá-Arnedo et al. (2020) 

proposed the construction of an achievement prediction system to help teachers gain insight into students’ 

learning trends. However, although technology has done its best to bring online learners “closer” to schools and 

courses, the impact of “distance” in online education is still far-reaching. This is because as the main participants 

in education, the psychological perception of people is changing and uncertain. In the distance learning process, 

what types of participation in relevant cognitive and psychological processes are best (Breves & Schramm, 

2021)? How can we highlight the proximity of learning (Afrouz & Crisp, 2021)? We need to put forward the 

right cognitive attitude toward technology. We must pay attention to learners’ user experience from people’s 

psychological perception and subjective value and improve the effect of network teaching through user 

satisfaction to optimize the development of intelligent education. 

 

 

1.1. Literature review 

 

1.1.1. Research on the user experience of online education 

 

Some scholars have used the theory of “sense of social presence” to analyze user experience problems and 

sought to enhance the effect of online education. For example, Kwon (2011) explored the impact of social 

presence on learning outcomes and the relationship between social presence and learners’ characteristics. Kožuh 

et al. (2015) analyzed the influence of social presence and interaction on the success of students in the learning 

environment. However, teaching scene simulation is only one form, and not every learner can actively participate 

in consciousness and achieve good learning results. Many scholars have also researched the influence of other 

factors. By testing a model of online learner participation, Vayre and Vonthron (2017) demonstrated that self-

efficacy only mediates between the sense of community and the sense of participation. Bellotti et al. (2013) and 

Orlando (2015) discussed using game design in online education to keep students interested. Warren and Nash 

(2019) explained how online consulting education used the art of expression to increase people’s awareness. 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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Farrell et al. (2016) mentioned that the interaction between learners and online interfaces, content, and other 

learners was an important consideration in designing online education courses. Matcha et al. (2019) created a 

model for user-centered learning analytics systems. 

 

In the research on online education user experience, scholars observe different perspectives (such as self-

efficacy, transaction distance and satisfaction, interest stimulation, perceived service quality, and emotional 

interaction), which resulted in different attribution analyses of online education user experience. Both quality of 

user experience and satisfaction are the results of multiple psychological perceptions of the learners. Can we 

explore the advantages and disadvantages of user experience and identify the factors that affect the user 

satisfaction from multiple angles and distances of learners’ psychological perception? 

 

 

1.1.2. Research on psychological distance 

 

The concept of psychological distance was proposed by Bullough (1912) in the field of philosophy and aesthetics 

in 1912. He pointed out that the generation of beauty arises from the psychological distance between the 

subjective perception of the observer and the artwork. Liberman and Trope (1998) first introduced psychological 

distance into the field of social psychology in 1998. They suggested that psychological distance refers to 

people’s subjective experience of approaching or moving away from the reference point of a certain thing and 

that they make judgments based on how they feel in the moment (Trope & Liberman, 2003). Dhar and Kim 

(2007) asserted that psychological distance is the subjective distance between the parties and the event in the 

psychological space of the parties. Therefore, the definition of psychological distance mainly involves three 

points: first, an individual has a subjective experience of the target; second, the experience has different 

psychological dimensions; and third, the origin of the distance is the observer itself. Integrating the thoughts of 

several researchers, this study summarizes the concept of psychological distance as follows: psychological 

distance constitutes the subjective distance between the self and the event in the psychological space of the self 

when the self is taken as the origin of the distance. 

 

Tolman (1932) was the first to define the dimension of psychological distance. Later,  Bar-Anan et al. (2006) 

explored the correlation between construal level theory (CLT) (people’s mental representation of cognitive 

objects or events shows different degrees of abstraction (Liberman & Trope, 1998; Trope & Liberman, 2003) 

and psychological distance. Amit et al. (2009) and Bar-Anan et al. (2006) asserted that there is a potential, 

automatic and regular relationship between psychological distance and CLT. Bar-Anan et al. (2007) proposed 

four dimensions of psychological distance based on CLT. Most modern studies are based on Trope’s four 

psychological distances: 

 

• Temporal distance: the distance between the target event in the past or the future and the individual in time; 

• Spatial distance: how far the stimulus or target event is from the center in space; 

• Social distance: the affinity or similarity between the social object and center;  

• Hypothetical distance: the proximity of an event or object to reality or the probability of its occurrence or 

existence. 

 

As the distance system of CLT, the psychological distance is not perfect. Whether there are other distance 

dimensions has always been controversial. Liberman et al. (2007) claimed that in addition to the above four 

dimensions, the psychological distance should include others. Based on the perspective of social psychology, this 

paper reviews the relevant literature and summarizes the psychological distance dimensions studied by many 

scholars (see Table 1). 

 

Table 1. List of psychological distance research dimensions 

Researchers Dimensions 

Tolman (1932) Spatial dimension, temporal dimension, energy input dimension 

Engebretson (1973) Interaction distance 

Boroditsky & Ramscar (2002) Temporal dimension, spatial dimension 

Bar-Anan et al. (2006) Temporal distance, social distance, spatial distance, probability of 

occurrence 

Liberman et al. (2007) Spatial dimension, temporal dimension, social dimension, hypothetical 

dimension 

Fiedler (2007) In addition to the four dimensions of psychological distance proposed in 

traditional studies, information distance, perspective distance, emotional 

distance and experience distance can also be used as research dimensions 
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Maglio & Polman (2014) Based on the four classical dimensions, the research on psychological 

distance is expanded from a static spatial position to a dynamic moving 

point in space 

Chen & Guibing (2014) Temporal distance, social distance, probability distance 

Chen & Li (2018) Experiential distance, behavioral distance, emotional distance, cognitive 

distance, spatial and temporal distance, objective social distance 

Horvath (2018) Identification distance, safety distance, value distance, control distance 

Li et al. (2019) Cognitive distance, emotional distance, expectancy distance, behavioral 

distance 

Liu et al. (2020) Spatial distance, temporal distance, social distance, hypothetical distance 

 

 

1.1.3. Research on psychological distance in the field of education 

 

In recent years, the theories of CLT and psychological distance have also been widely used in the field of 

education. Vaughn and Baker (2004) found that psychological distance contributes to teaching effects and 

satisfaction. Lee (2010) examined the relationships among the psychological distance perceptions of students and 

online teachers, academic performance, and willingness to continue online learning. Zhbanova and Rule (2014), 

using CLT, noted that focusing on distant (distal), in contrast to near (proximal), content promotes mental levels 

of abstract thought increasing creative performance. Ho et al. (2015) discussed the problem that users’ CLT and 

perception of e-learning systems affect their willingness to adopt. Neroni et al. (2015) explored the biological 

and psychological factors associated with learning achievement in adult distance education. Lee et al. (2017) 

took four university courses as the object of study to explore the effect of cognition of instructors, tutors and 

students on the role of tutoring and whether tutoring affects the psychological distance between different types of 

participants. Sungur et al. (2017) discussed the meaning of psychological distance and CLT in the context of 

online inspiration and persuasion. Weidlich et al. (2018) examined the relationship between transaction distance 

and satisfaction in the context of distance education. 

 

The literature reveals that scholars have conducted extensive research on students’ behavior, attitude and views 

from the perspective of psychology, enhanced their comprehensive understanding of education, and laid a good 

foundation for the development of network education research. However, the theory and framework of 

psychology have not matured. According to CLT, the underlying psychological mechanism is not fully 

developed, including the psychological distance. We found that in the new environment of online education, the 

four dimensions widely used by most scholars (Bar-Anan et al., 2007) cannot explain the psychological 

perception and behavioral results of online learners well. For example, a student has strong expectations for the 

learning effects of an online course and has a well-functioning computer and independent space, but he often 

cannot complete the course and always gives up halfway through it. Interviewing different respondents, we 

found that the reasons for this occurrence are diverse: because there are too many learning resources, they 

develop choice anxiety and linger in multiple courses; although they have a clear goal, they cannot successfully 

complete the course due to laziness or procrastination; their learning interest is not stimulated due to the lack of 

full interaction with teachers or synchronous learners, whether in troubleshooting or creating classroom 

atmosphere. Are there other new dimensions of psychological distance that can explain the user experience and 

behavior of learners in online education? This study will construct a new dimension of psychological distance in 

the online education process based on the psychological perception of online learning users and the extensive 

collection of all types of learner data. 

 

 

1.2. Grounded theory 

 

Grounded theory was first proposed by two American scholars, Glaser and Strauss (1967) in The Discovery of 

Grounded Theory. Grounded theory is not a fixed theory but a research approach or “methodology” in the field 

of qualitative research. The purpose of the research is to put forward the theoretical concept and clarify it through 

the systematic collection and analysis of empirical data, existing literature and researchers’ knowledge to 

excavate the connotation and extension of the concept from practice. If the connotation and extension of 

theoretical concepts have been well explained and widely supported, quantitative research is suitable for 

verification; if the connotation and extension are unclear or controversial theoretical concepts remain, it is more 

suitable to adopt qualitative research, especially qualitative research based on the grounded theory research 

method. Grounded theory is especially suitable for research fields that lack theoretical explanation or the 

explanatory power of existing theories and research on the micro- and action-oriented social interaction process 

(Corbin & Strauss, 2014). However, in grounded theory, discovery is guided by data collection and inductive 

analysis instead of by existing theoretical models (Sahoo et al., 2015). It is innovative instead of verifiable. 
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Some scholars have also proposed that content analysis and coword analysis can be used to construct some 

theories, but the difference between them and grounded theory is that grounded theory is the overall 

methodology to systematically collect and analyze data. Content analysis is the collection and analysis of 

specific data in specific situations and only one of many data collection methods based on grounded theory. 

Coword analysis is only a part of content analysis, such as the relationship between word frequency and word 

meaning, but this simple relationship cannot fully satisfy the requirements of using grounded theory to explain 

the real situation (Krippendorff, 2018). 

 

This study focuses on the issue of psychological distance, which has been controversial among scholars. In 

addition, in the network education environment, the real experience and behavior of learners can no longer be 

explained by the existing dimension of psychological distance. Therefore, the grounded theory method is 

appropriate in this study. 

 

A literature review has found that this method is rarely used in the psychological distance in the online education 

process. Only Green (2013) used the grounded theory method to describe the social process of relative distance, 

and it was found that participants paid more attention to some learning achievements than others. However, it 

does not truly involve the discussion of the complete dimension of psychological distance in the online education 

process. Therefore, this study completely relies on learner data, uses grounded theory to summarize and refine 

the dimension of psychological distance, and seeks to build a theoretical model of the psychological distance 

against the background of network education. 

 

 

2. Materials and methods 
 

2.1. Research steps 

 

We follow the Glaserian or “classic” method to generate the grounded theory. This approach begins with 

identifying categories of behavior (open coding) to determine the core categories that represent the central idea 

or structure of the research. Then, selective classification analysis of the concepts and core categories is 

conducted (selective coding). Finally, theoretical coding is used to generate concepts that explain the 

relationships between the integrated core categories and other elements (Gasson & Waters, 2013). 

 

The specific research steps of this paper are as follows: first, user groups are selected according to the theoretical 

sampling requirements; second, secondary information is collected from official online education websites, 

official apps, major forums, and other channels; third, according to the secondary data collation results, an 

interview outline is drawn up, and in-depth interviews are conducted to obtain primary data; fourth, based on the 

rules of grounded theory and coding techniques, the theoretical model of the new dimension of psychological 

distance in online education is extracted; and fifth, a saturation test is conducted. 

 

 

2.2. Sampling procedure 

 

American online education is mainly supplied by large-scale colleges, public colleges, and private nonprofit 

colleges and shows high concentration. According to a report released by the Sloan Alliance in 2017, 47.7% of 

online education students are concentrated in approximately 5 percent of schools. The top 47 schools, accounting 

for only 1% of the total number of schools, contain 23% of the total online education population. In China, 

according to a 2018 white paper on China’s online education industry released by iMedia in December 2018, 

learners aged 16-35 are the main age group of online education users, accounting for 62.1% of the total number 

of online education users; learners aged 16 to 45 account for 84%. 

 

Young people, especially those still in the stages of education and career advancement, and middle-aged people 

constitute the main body of online education users. 

 

Consequently, high school students, college students, graduate students, and young people entering the 

workforce were selected as the respondents in this study. The age range was concentrated in the 17-35 age group, 

with an equal number of males and females, and we followed the nonprobability sampling principles of 

purposeful sampling and heterogeneous sampling. To ensure that the interviewees could provide the information 

needed for this research, we sought to cover as many different types of interviewees as possible, recruiting 

participants from different industries, with different education levels, with different learning objectives and from 
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different regions. When using a purposeful sampling method, potential participants are deemed eligible, and their 

insights enable exploration of the phenomena of interest (Creswell, 2006). 

 

 

2.3. Sources 

 

From January to April 2020 and January to March 2021, we collected and sorted the primary and secondary data, 

providing opportunities for data testing through a variety of data collection techniques (Holt et al., 2017). 

Secondary information was mainly collected from the official websites, official apps, and official microblogs of 

MOOC (massive open online courses) and NetEase Cloud classrooms. Some data were also obtained from 

ZhiHu.com. Through keyword searches, we obtained a total of 35 relevant materials. The search content was 

mainly related to online education and learning environments, learning efficiency, classroom interaction, 

personalization, learning self-discipline, Q&A and other high-frequency keywords. 

 

The primary data were collected through in-depth interviews and questionnaires. According to Patton (2014), 

creative fieldwork means using all of the researcher’s senses to experience and understand what is happening. 

Creative insight comes from being directly involved in the situation under study. Therefore, the focus of this 

study was on collecting original data in the form of in-depth interviews. Before the interviews, an in-depth 

interview outline was designed to develop the research in accordance with the results of the secondary data 

collection. During the interview process, the focus of and questions asked during the interviews did not strictly 

follow the outline but were adjusted according to the interviewees and the progress of the interview. It is not 

possible to know the exact number of study participants who will be sampled before a study begins (Foley & 

Timonen, 2015). Ultimately, through screening, we conducted in-depth interviews with 52 respondents online. 

 

The questionnaire method in this study involved integrating the interview outline into a set of items and sending 

them to the research subjects via the internet to supplement or verify the interview results. A total of 278 

supplementary questionnaires were analyzed. 

 

For convenience, the in-depth interviews and questionnaire surveys were mainly conducted in China. The 

respondents were 330 online education users in Sichuan, Beijing, Jilin, Qinghai, Shanxi, Shanghai, Shenzhen, 

Yunnan and Guangzhou, and most were high school students, college students, and graduate students, with a few 

young men who had just started working. The interviewees were interviewed for approximately half an hour. 

The interview steps were as follows: 

 

 

2.3.1. Interviewee recruitment 

 

In general, grounded theory research involves deliberately selecting participants who can provide valuable 

insight into the research topic (Sbaraini et al., 2011). Therefore, we used the following two approaches. (ⅰ) The 

online education platform “course evaluation” or “discussion board” features were used to find interviewees, 

explain the purpose of the research, ensure understanding and obtain consent, and conduct the interviews. (ⅱ) 

Following the theoretical sampling principle, this study selected various types of interviewees from different 

regions, identities, age stages, and industries, as shown in Table 2. 

 

Table 2. Data collection method 
 High school 

students 

(person.) 

College 

students 

(person.) 

College students just 

entering the workplace 

(person.) 

A graduate 

student 

(person.) 

Combined 

(person.) 

Questionnaires 84 102 47 45 278 

In-depth interviews 12 24 9 7 52 

Combined 96 126 56 52 330 

 

 

2.3.2. Design of the interview content 

 

The interview outline used in this study was based on the prior collection and analysis of secondary data. The 

questions related to three stages of online education. 
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(i) Before online education (preparation) 

 

• What are the reasons you chose online education? Which platform... 

• What’s your expectation for every online learning course? What is the basis? 

 

(ii) Online education in progress (actual results) 

 

• Offline learning status? Online learning status and mindset? What makes these differences for you? 

• Which learning efficiency do you think is more efficient for you? Why? 

• Will your psychological feelings affect your final learning effect? If so, what is your specific psychological 

feeling? 

 

(iii) After online education (experience) 

 

• Usually, after your actual experience, have you met your expectations for online learning? If not, what do 

you think is the reason? 

• Do you take the initiative to give feedback with learning questions, feelings and suggestions to teachers and 

platforms? What is the reason? 

 

 

2.2.3. Interview principles 

 

Lofland (2006) suggested that the principal obligation of the researcher to the respondents is to guarantee 

anonymity through a “confidentiality agreement.” Therefore, the respondents’ responses were kept strictly 

confidential in this study. The interview content was saved in the form of text. The data were sorted within 24 

hours after each interview to ensure that the meaning expressed by the interviewees was accurately recorded. 

 

 

3. Results 
 

After the data were collected and preliminarily sorted, grounded theory was applied to conduct further in-depth 

analysis in three main steps: open coding, axial coding and selective coding (Corbin & Strauss, 1990). The 

grounded theory terms relevant to data analysis are explained below (Corbin & Strauss, 2014). 

 

• Concept: A conceptual label attached to an individual event, case, or phenomenon. 

• Category: When a group of concepts all refer to the same phenomenon, they are identified by a higher and 

more abstract concept called a category. 

• Core category: A categorical concept used to encompass the events or phenomena reflected in the case as a 

whole. 

• Dimension: A subdivision of a category based on certain attributes that enables a better understanding of 

the meaning of the category. 

• Context: If the case has clear category dimensions, this case-specific content can be referred to as the 

location of the dimension. The context is a set of special conditions in which action or interaction strategies 

occur. 

• Storyline: The main thread of the case story summarized in one sentence. 

 

 

3.1. Open coding 

 

Open coding refers to encoding the similarities and differences in the data; the data are constantly compared with 

new data indices and concepts to create new concepts (Patton, 2014). In this process, the names of the concepts 

and categories come from the literature, interview records, and discussion among the researchers. The name can 

be a word, a phrase, or even a short sentence, not just a simple “abstract.” In this study, Michael Quinn Patton’s 

mutual comparison method was used to determine whether to continue data collection. If 20 consecutive texts 

were compared with each other and no new content was found, data collection was stopped. Examples of 

concepts and open coding from this study are presented in Table 3. The code ai represents the original interview 

sentence. The code Ai indicates a refinement of the original interview statement. The code bi refers to the 

conceptual content. The code Bi represents the categorized content. 
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Table 3. Examples of concepts extracted from the original data (sorted by source) 

Interview notes (ai) Memo (ai) Conceptualization (bi) 

(a2) At noon at the company lunch, I can also watch 

some micro courses on software application skills on 

my mobile phone. 

A2 Not limited by 

learning places 

b9 Study anywhere 

… … … 

(a29) Usually, I can easily find the online courses I need, 

but sometimes I can find too many courses. It may be 

difficult to choose the ones that truly suit me. 

A29 Find suitable 

online courses online 

b17 Accuracy of resource 

selection 

… … … 

(a32) In my studies, if I constantly encounter problems, I 

will be very flustered and depressed. If I know that 

the people studying with me are the same, I will feel 

better and have more confidence to solve problems. 

A32 Common 

experiences of CO 

learners 

b33 Peer motivation 

… … … 

(a147) For simple or mastered knowledge content, I can 

choose to watch it faster to save learning time and 

improve efficiency. 

A147 Watch course at 

double speed 

b6 Save time watching 

learning 

 

… … … 

(a266) I cannot concentrate on my studies alone. I always 

have to think about other irrelevant things in my 

mind. 

A266 Inability to 

concentrate 

b26 Short attention span 

… … … 

(a384) This teacher is a famous teacher at Peking 

University. I think I can learn better! 

A384 Excellent 

teachers enhance 

learning confidence 

b23 Expectations of 

teachers 

 

… … … 

 

Through the open coding of the psychological distance data from the interviews on online education, 38 concepts 

were abstracted, as shown in Table 4. 

 

 

3.2. Axial coding 

 

Through the above collation and analysis of the data, we sought to establish preliminary relationships among the 

categories and concepts. By exploring these relationships, the concepts could be used to develop the categories in 

more detail (Foley & Timonen, 2015). Therefore, this paper now turns to the relationships among the categories. 

 

The main task of axial decoding is to identify and establish the relationships among categories, which can be 

causal, similarity, difference, equivalence, structural, or functional relationships, among others. 

 

The typical model is an important analytical tool in the grounded theory approach, and it is an effective means to 

connect and further explore the categories. It contains six aspects – causal conditions, phenomena, context, 

mediating conditions, action/interactive strategy, and results – which are used to guide the sorting and analysis of 

the categories (Corbin & Strauss, 1990). In the third edition of Strauss’s book, Corbin modified this model by 

adding “emotion” to the “action/interaction” section (Corbin & Strauss, 2014). 

 

With the help of this model, this paper constructs the relationships among the concepts and categories, as shown 

in Table 4. 

 

Table 4. Correspondence between concepts and categories 

Number Category Concept 

B1 Time b1 Commissioning time 

b2 Time for complete mastery of knowledge 

b3 Dressing time 

b4 Arrange time independently 

b5 Time to deal with interference events 

b6 Save time watching learning 

b7 Fragmented time utilization 
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B2 Space b8 Learning environment is more comfortable 

b9 Study anywhere 

b10 Shorten the distance from high-quality curriculum resources 

B3 Resources b11 More kinds of learning resources 

b12 Multiple learning platforms 

b13 Free resources 

b14 High-quality resources 

b15 Online knowledge is highly refined 

b16 Online course can be reviewed repeatedly 

b17 Accuracy of resource selection 

B4 Cognition b18 Awareness of social needs 

b19 Cognition of self-knowledge level 

b20 Knowledge of specific courses 

b21 Self-motivated to learn 

B5 Anticipation b22 Expectations of course content 

b23 Expectations of teachers 

b24 Expectations of learning outcomes 

b25 Expectations about the learning process 

B6 Self-control b26 Short attention span 

b27 Poor ability to resist distraction 

b28 Learning enthusiasm decreases gradually 

B7 Supervision b29 Examination supervision 

b30 Drive of the atmosphere 

b31 Curriculum planning 

B8 Emotions b32 A preference for courses 

b33 Peer motivation 

b34 Preference regarding teachers and platforms 

b35 Strong learning atmosphere 

B9 Behavior b36 Communication between teachers and students 

b37 Peer discussion 

b38 Classroom activity 

 

 

3.3. Selective coding 

 

The aim of selective coding is to identify a core category that encompasses the other categories or supersedes 

them in terms of explanatory importance. The relations among categories constitute entity theory (Foley & 

Timonen, 2015). Based on continued analysis of the original materials, concepts, and categories and their 

relations, four core categories are extracted: cost distance, initiative distance, control distance, and interactive 

distance. Finally, the online educational psychological distance model is constructed. That is, the relationship 

between core categories and categories, as shown in Table 5 and Figure 1. 

 

Table 5. Correspondence between core categories and categories 

Number Core category Category Core category interpretation 

C1 Cost distance B1 time 

B2 space 

B3 resources 

It shows that users perceive that online learning saves 

time, space, and resources. 

C2 Initiative distance B4 cognition 

B5 expectations 

It refers to the degree of users’ cognition and expectations 

with respect to online courses. 

C3 Control distance B6 self-control 

B7 supervision 

It is manifested in users’ perception of their own and 

others’ control in the learning process. 

C4 Interaction distance B8 emotions 

B9 behavior 

It is the users’ perception of emotion and interaction in 

online learning. 

 

The storylines for each psychological distance dimension are as follows: 

 

C1 Cost distance: refers to the users’ perception of the change in the cost of online education. Examples include 

eliminating teaching location restrictions, flexible course times, and availability of quality courses. This 

dimension can be regarded as the distance judgment of users with respect to time costs, space costs, and resource 

costs. 
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C2 Initiative distance: refers to the users’ perception of their subjective initiative. Examples include the expected 

effect of online learning, i.e., the higher the expectation is, the more active the user is in learning, and vice versa. 

Users’ cognition and judgment of their self-learning ability will also affect their learning initiative. This 

dimension can be regarded as the distance judgment regarding users’ subjective initiative. 

 

C3 Control distance: refers to the users’ perception of control ability in the learning process. This control ability 

includes self-control and others’ control, self-discipline in learning and supervision of the learning process by the 

teacher or the platform. This dimension can be regarded as the distance judgment regarding the users’ control 

ability or as the management distance. 

 

C4 Interactive distance: refers to the users’ perception of interactivity in online learning. Such interactions 

include behavioral and emotional interactions. Behavioral interactions can motivate users to learn. Emotional 

interactions contribute to users’ sense of trust in and dependence on the course, the teachers and the platform, 

fostering acceptance and recognition at the psychological level, improving learning stickiness and producing the 

ideal learning effect. This dimension can be viewed as the users’ distance judgment regarding interactivity. 

 

Figure 1. Core categories and categories 

Phenomena：
(1)Cost distance

(2)Initiative distance

(3)Control distance

(4)Interaction distance

Results:

satisfaction

Causal conditions 
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 emotion

 behavior

 
 

 

3.4. Saturation test 

 

Theoretical saturation means that all the genera are fully developed in their attributes, dimensions, and forms of 

change. The saturation test is used to determine whether any new contributions can be made to the 

conceptualization through further data collection and analysis. If no new contributions emerge, the model is 

considered to have achieved theoretical saturation (Corbin & Strauss, 1990). 

 

In this study, two-thirds of the data were randomly selected, and the remaining data were used to test the 

theoretical model of psychological distance in online education. Examples of theoretical saturation tests are as 

follows: 

 

• a41: In the case of online teaching, it is not very convenient for teachers to communicate with students 

(interactive distance-behavior), and problems cannot be identified or solved in a timely manner via feedback 

(cost distance-time). 

 

• a70: I think for me because I am, to an extent, forced to take offline classes (initiative distance-cognition), I 

don’t like some courses, so I don’t listen carefully to them. Generally, my learning state is not very good. In 

contrast, online learning is purposeful, and you will look for courses that you are satisfied with (cost 

distance - resources). However, exam-oriented offline education is a little bit obsessive; it should be a little 

easier to stick to it (control distance - supervision); online education is susceptible to other factors that 

require self-discipline (control distance - self-discipline). 

 

• a168: You can watch the playback online without worrying about keeping up with it, but it is common for 

there to be a lack of learning supervision (control distance - self-control). 

 

• a273: Sometimes the offline learning environment will be noisy, affecting the learning efficiency. On the 

internet, you can choose a quiet environment such as a library. In case of bad weather and for other reasons, 
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such as rain, online learning is relatively flexible and can be pursued in the same way in a dormitory (cost 

distance-space). There is also the problem of time allocation. When the study schedule is not flexible 

enough, online learning can be easily adjusted (cost distance-time). 

 

• a372: Online teaching is separated by a screen, so there is no learning atmosphere in the classroom 

(interactive distance- behavior). Online, however, you can choose the courses of famous schools and 

teachers, and your knowledge absorption and learning effect can be guaranteed (initiative distance - 

expectation). 

 

 

4. Discussion 
 

In the context of competent network education, the psychological distance element model constructed in this 

paper summarizes four main categories: cost distance, initiative distance, control distance and interaction 

distance. The four dimensions are further explained and discussed below. 

 

(a) Cost distance includes the time distance, space distance and resource distance. In the network education 

environment, learners attach importance to freedom in learning; i.e., they can learn anytime and anywhere. For 

example, “a9 I prefer online courses that can be watched anytime (time) and anywhere (space), so that I can 

make better use of my time.” Therefore, the temporal and spatial distance here refers to the nonlimitation of time 

and space. The resource distance emphasizes the richness and optimization of resources. “a81 I usually take 

some basic courses online, but there are too many network resources for such courses, which leads to my 

confusion in choosing. If only the online education platform had intelligent recommendations according to 

personal needs (preferred).” Learners require the autonomy of online courses and want accuracy in course 

selection. Therefore, this study finds that the cost distance here is no longer simple space-time distance but the 

psychological perception of learners and their experience of the convenience of online courses. 

 

(b) Initiative distance includes the cognitive distance and expectation distance. Learners’ understanding and 

expectations of social needs, personal ability and curriculum will also affect their actual perception of the 

learning effect. For example, “a11, I found that professional knowledge in management is also very important, 

especially for engineering students like me (cognition). I expect to improve my work efficiency and ability 

(expectation) through online learning of management knowledge. Since there is no professional foundation, I 

prefer to choose online courses with richer cases and more classic theories (cognition). It can make me get 

more.” Therefore, the active distance is also a subjective evaluation of learners of whether they can complete the 

curriculum task. It will directly affect the learning motivation, i.e., self-efficacy, of learners (Bandura, 1986). 

 

(c) Control distance includes the self-control distance and supervision distance. It is found that while the learning 

autonomy of online courses is greater, it also requires a type of control constraint. This type of control includes 

both own active and third-party control to help learners complete the course smoothly.” a113 In e-learning, I 

always procrastinate more. I must make a detailed learning plan to supervise myself (self-control) in order to 

successfully complete the course.” “a54 I prefer to choose online courses with periodic assessment requirements 

(supervision), which is a good constraint for me.” Therefore, the controlling distance can also be understood as a 

binding force on learners. 

 

(d) Interaction distance includes emotional distance and behavioral distance. Learners hope to enjoy the 

flexibility and convenience of online course learning, and it is a reproduction of offline courses. There can be 

sufficient teacher-student interaction, student discussion, teacher attention and timely feedback on problems in 

the classroom. “a239 I enjoy having a heated discussion with CO learners on some issues in the learning forum, 

especially when my views or explanations are adopted by others (others’ recognition of me), I will have a sense 

of achievement (self-identity).” The other is learners’ recognition of the views, styles and cultures of teachers, 

learning teams and even learning platforms, which has gradually evolved into an emotional identity and 

preference, increasing the emotional distance. “a97 I like Professor Mengman’s class (recognition of others). 

Taking her class, I will not only acquire knowledge but also feel more confident (self-identity).” Whether 

behavioral or emotional, such interaction also assists a learner in “identification with others” or “identification 

with me” to “self-identity.” In turn, it improves his learning motivation and effect. 

 

The uniqueness of this study is that it uses the grounded theory method, directly starts from actual observations 

with no previous assumptions, summarizes the experience from the original data, and subsequently establishes 

the theory. In the past, scholars used more quantitative analysis methods to conduct confirmatory research on 

educational psychological factors. Therefore, this study more completely shows the psychological perception 
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discovery of learners in e-learning (including cost distance, initiative distance, interaction distance and control 

distance) instead of only an analysis of the relationships among individual factors. In addition, this study finds 

that the four dimensions reflect the four core values needs of learners for online education. In other words, the 

learners’ initial experience of online courses must have good convenience (cost distance) to give full play to the 

learning autonomy and accuracy of learners. However, the real learning motivation comes from the subjective 

evaluation of learners of their ability to complete online courses, i.e., self-efficacy (initiative distance). In 

addition, good user experience and user satisfaction also require learners to realize self-identity (interaction 

distance) in the links in online education. Moreover, the entire network teaching process requires a strong 

binding force (control distance) to help learners effectively complete learning tasks and ultimately achieve user 

satisfaction, as shown in Figure 2. Therefore, these four dimensions of psychological distance complement one 

another. Intelligent online education optimization can be considered from these four levels to improve the user 

experience and satisfaction of learners. 

 

Figure 2. Theoretical model of the psychological distance in online education 
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5. Conclusions and future work 
 

• Four new dimensions of psychological distance in online education 

 

Based on qualitative research employing the grounded theory approach, this study finds that psychological 

distance in online education includes four core categories, namely, four new dimensions. (i) Cost distance, 

or users’ perception of distance in terms of time costs, space costs, and resource costs; (ⅱ) Initiative distance, 

or users’ subjective active distance perception; (ⅲ) Control distance, or users’ perception of their control 

ability in the process; (ⅳ) Interactive distance, or distance perception based on interaction in online learning. 

 

• In the context of network education, learners need to meet their four core values from the level of 

psychological perception. 

 

Cost distance is learners’ specific perception of the convenience of online courses, which is expressed as the 

primary level of online education user experience satisfaction. Initiative distance is the perception of self-

efficacy, that is, the level of learners generated learning motivation through cognition and expectation. 

Interaction distance is the process of achieving self-identity through behavioral and emotional interaction, 

which is expressed as the advanced level of online education user experience satisfaction. Control distance is 

a self or third-party binding perception to promote learners to smooth completion of the course. Therefore, 

these four dimensions of psychological distance interact with each other and ultimately form user experience 

and satisfaction in online education. 

 
As exploratory research, this paper uses grounded theory to obtain four dimensions of learners’ psychological 

distance against the background of network education to optimize user experience and satisfaction in intelligent 

network education. Combined with the research of this paper, the following problems merit further discussion. 
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• This paper categorizes the psychological distance of online education learners into four dimensions. With 

the development of online education, whether there are other dimensions remains to be further discussed. In 

addition, the conclusion of this study still lacks empirical testing.  

 

• Some aspects of the application of grounded theory in this study need to be further improved in the specific 

research process. For example, how should the category be defined in the formation process from concept to 

category, and what is the theoretical basis of the defined category? I believe that with the continuous 

improvement of grounded theory, its research will become more standardized. 
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ABSTRACT: With the rapid increase of online learning and online degree programs, the need for a secure and 

fair scoring mechanisms in online learning becomes urgent. In this research, a secure scoring mechanism was 

designed and developed based on blockchain technology to build transparent and fair interactions among 

students and teachers. The proposed scoring mechanism was implemented by employing the Ethereum 

blockchain and its three autonomous smart contracts. The robustness and feasibility of the system was then 

verified with experiments. The resulting system is shown to be superior to existing online learning systems 

because it prevents answer tampering. In addition, fairness can be improved with blockchain protocols and a 

collaborative scoring policy. Lastly, this system helps manage interactions among students and teachers during 

the process of educational assessment, and encourages all on-chain members to trust the online learning process. 

These advantages improve peer evaluation and self-directed learning that are essential for a student-centered and 

collaborative learning environment. 

 

Keywords: Blockchain, Ethereum, Cryptography, Online learning, Online assessment 

 

 

1. Introduction 
 

Over the last few years, researchers and application developers took blockchain technology more seriously since 

its most well-known realization, Bitcoin, was introduced by Satoshi Nakamoto in 2008 (Nakamoto, 2008). The 

success of Bitcoin shows that blockchain techniques do contribute to the stability and liveliness of a system 

where data and executive activities are decentralized—supervised and maintained by all members of the chain. 

This decentralization feature makes each interaction immutable, secure, and transparent. This explains why 

blockchain technology has been applied to various fields, such as profit sharing and credit scoring (Jain et al., 

2019), where members are treated equally, and when the legitimacy of transferred information has to be 

considered seriously. In the field of education, security issues for teacher-student interaction were often not 

discussed in a traditional learning environment. However, as online learning and online degree programs are 

growing rapidly (Porter, 2015), a reliable and secure scoring mechanism for learning management systems is 

required to prevent possible cheating and guarantee fair and accurate assessment results. In fact, COVID-19 has 

accelerated teaching mode from physical to online format (Pavlov & Katsamakas, 2021), the need of secure and 

private learning systems becomes urgent.  

 

Traditional online learning platforms might suffer from security vulnerability due to the lack of security 

mechanisms and unequal privileges. Existing research focused more on preventing cheating during online 

examinations by applying biometrics technologies (Apampa et al., 2010; Traoré et al., 2017; Sabbah, 2017) or 

multi-factor authentication (Urosevic, 2019) to increase the security during examination, introducing a live-

remote human proctor for exam monitoring (Lilley et al., 2016), or proposing a conceptual framework to provide 

guidelines for online examinations (Ngqondi et al., 2021). However, answer tampering after tests or subjective 

scoring biases have not been addressed. Apparently, if the on-platform activities are not traceable, the system 

may not be trustworthy in ensuring fair and unforged teacher-student interactions. Another common challenge in 

assignment/examination scoring is scoring open-ended questions (e.g., essay questions and calculation 

problems). Teachers might have different opinions and biases, which leads to disagreement about the assessment 

results. There is still limited research studying how to develop security models for online learning. Although 

previous research has tried to develop an architecture of trustworthy web services for secure assessment for 

collaborative learning (Caballé et al., 2017), such architecture was built for grid infrastructure. To solve the 

problem of scoring biases, collaborative scoring is a possible solution because it can include various opinions 

from different scorers, which is common in collaborative and project-based learning. It, however, might cause 

the bandwagon effect if there is no proper scoring mechanism. Therefore, it is required to design a secure scoring 

mechanism for fair and effective scoring. Moreover, with the increasing number of online courses, more and 

https://creativecommons.org/licenses/by-nc-nd/3.0/
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more educational records will be stored and shared virtually over an array of networks. Invariably, we are facing 

the risks associated with hackers and other unethical actors. Blockchain technology can help secure and protect 

data in this new education model for its ability to combine information security and share data virtually to 

conduct learning among a wide range of networks.  

 

In this paper, a blockchain-based assignment scoring mechanism is implemented to achieve fair and transparent 

teacher-student interactions during assessment, with which on-chain members are anonymous and their 

interactive activities are immutably traceable. To demonstrate its feasibility and applicability, we implemented 

the system on the Ethereum architecture along with multiple cryptography algorithms. Our teacher-student 

interaction model was designed to make all members equal and remove flaws in the scoring system, such as 

biases (by teachers or teaching assistants) and answer tampering (by students). Teachers can only uncover the 

students’ identities at the end of the course to ensure the fairness of scoring. Further, three autonomous smart 

contracts were designed to guarantee the fairness and the efficiency of assessment. Finally, the proposed 

mechanism was implemented and the feasibility and robustness were examined by experiments. 

 

 

2. Literature review 
 

2.1. Online Learning Management System 
 

An online Learning Management System (LMS) is a platform providing services of administration, assessment, 

reporting, automation, and delivery of educational courses, on which interactions among teachers and students 

might affect the effectiveness of online learning (Wright, 2014). With the rapid growth of online education, 

assessment for online assignments/examinations becomes a significant issue. However, the architecture of the 

LMS might not be secure enough to prevent misconducts, and fairness of assessment might be affected by 

student and teacher perceptions. Previous research has investigated possible solutions to increase security and 

fairness of online learning. Some studied how to strengthen authentication and identification systems to increase 

examination security by employing biometrics technologies (Apampa et al., 2010; Traoré et al., 2017; Sabbah, 

2017) or multi-factor authentication (Urosevic, 2019). Examination monitoring is a solution to ensure fairness, 

which can be implemented by a live-remote human proctor (Lilley et al., 2016). Instead of only considering 

cheating prevention, some systems focus on improving the security of the LMS architecture, including an 

architecture of secure assessment by trustworthy web services (Caballé et al., 2017), a conceptual framework to 

provide guidelines for online examinations (Ngqondi et al., 2021), and a secure assessment management system 

based on cryptography protocols (Castella-Roca et al., 2006).  However, the methods are either too complex to 

implement in a general LMS or only suitable for specific infrastructure. In addition, some illegal behaviours, 

such as answer tampering after the examination, are ignored in those studies. 

 

 

2.2. Blockchain in education 

 

Blockchain can be used to carry and transfer any valuable assets, such as currency, copyrighted materials, 

knowledge, and records. In education, there are many valuable information, including research data, 

experimental records, scores, credits and certificates of degrees whose management, security and fairness are 

necessary and extremely important for all stakeholders. Therefore, blockchain might be a suitable vehicle to 

bring benefits to educations (Chen et al., 2018; Skiba, 2017; Hernandez-de-Menendez et al., 2020) and makes 

management of all the students’ and educators’ information fairly and efficiently. For online education 

platforms, such as MOOCs, where students and educators come from different places of the world to achieve 

their own educational goals. Then the learning environment becomes more diverse, establishing trust between 

each member becomes a significant and challenging task. 

 

The report of the European Commission’s Joint Research Centre (JRC) suggests that issuing certificates is an 

important application for education (Grech & Camilleri, 2017), which involves tracking learning data (e.g., 

portfolio and achievements) to approve certificates (Raimundo & Rosário, 2021). Many studies focused on using 

blockchain to manage, share, and verify degrees/certificates and credits (Sharples & Domingue, 2016; 

Turkanović et al., 2018), or research results and data (Hoy, 2017). Some research studied secure assessment 

mechanisms for online learning (Lam & Dongol, 2020; Sudaryono et al., 2020). However, most of the works 

paid attention to managing the “post stage” of educational activities such as recording and sharing certificates, 

diplomas, and grades between institutions to protect the “results” of learning and assessment processes. As 

illustrated in Table 1, although recent research has proposed frameworks and algorithms for secure certificate 

verification or grade management, there is still limited research exploring effective algorithms for security and 
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privacy “during” learning, not to mention the consideration of pedagogical features (e.g., collaborative learning 

or scoring bias). Additionally, implementation of the system and its performance evaluation are still lacking. 

 

Table 1. Research of blockchain in education 
Educational 

applications 

Research Features 

Research results and 

data management 

Document management (Das et al., 

2021) 

Use smart contracts to track, manage, and store 

documents to facilitate approval flows and 

apply public-key cryptography to facilitate data 

confidentiality and integrity 

Certificate validation 

and management 

Certification for e-learning (Li et al., 

2019) 

Store e-learning data in a Merkle tree and 

manage credits using a public blockchain 

Higher education credit management 

(Turkanović et al., 2018) 

Use the DPoS consensus protocol to achieve 

globally unified viewpoint for students and 

higher education institutions 

Storing and managing degree 

information (Nazare et al., 2016) 

Store certificate data in a Merkle tree while 

preserving the ability for individual users to 

access their own certificates 

Assessment Automate assessment for e-learning 

(Lam & Dongol, 2020) 

Use smart contract to send test files for 

automated marking and grade calculation and 

storage 

Grade management (Sudaryono et 

al., 2020) 

Prevent modification of grades by recording all 

processes in the blockchain 

Grades storage and calculation for e-

learning (Li et al., 2019) 

Manage grades by allocating e-learning voucher 

to ensure the credibility based on a private 

blockchain 

 

 

2.3. Ethereum 

 

Ethereum is one of the blockchain architectures introduced between 2013 and 2014, devoting to establish a 

global and most completed blockchain system. Ethereum is very popular and considered to be a huge 

breakthrough in blockchain technology. One of the important contributions of Ethereum is its introduction of 

Smart Contract, a computerized transaction protocol that executes the terms of a contract and is written by a 

specific programming language, such as Solidity (Dannen, 2017). Smart Contract can be independently and 

autonomously executed by nodes on an Ethereum network using virtual machines, which are called Ethereum 

Virtual Machines (EVMs). The Turing-completeness of Smart Contract allows Ethereum blockchain to be 

applied to many complex tasks, such as funding, supply chaining, bidding, and even signing another contract. 

These features transformed blockchain technology from a purely distributed system that can only send 

transactions (Jansen et al., 2019) to a completed decentralized architecture that can perform complex tasks and 

transfer virtual currencies. Ethereum is also open sourced so that everyone can join and research on it, or build 

his or her own designed private Ethereum-based chains. Therefore, if one wants to design a blockchain system to 

fulfill some complex use cases using Smart Contract, Ethereum is one of the best platforms. Considering its 

features, our work is realized based on the Ethereum architecture. 

 

 

3. Scope and assumptions 
 

3.1. Regulations and account management 

 

This study aims at developing the required system for a practical educational scenario. Therefore, the proposed 

assignment scoring mechanism is expected to operate properly under the supervision of an educational institution 

or an online learning system, where regulations are made to restrict both students and teachers from sabotaging 

the system. This may seem to centralize the system; however, the operations of the system are designed not to be 

interfered by the administrator. This means the system is decentralized running by the students and teachers who 

follow the regulations under the administrator’s supervision. Furthermore, the administrator has to verify the 

status of students and teachers after they signed in the system and intervenes between students and teachers only 

when some disputes against the preset rules occurred. 

 

https://scholar.google.com.tw/citations?user=r4vXMi4AAAAJ&hl=zh-TW&oi=sra
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In each quarter or semester, every qualified member, such as teacher, student, and teaching assistance, will 

respectively receive an address that points to the corresponding account used in the assignment/scoring system, 

from the administrator. After registration, the administrator gives teachers their student lists that contain student 

accounts associated with the corresponding classes (to prevent non-registered students from joining the courses 

without permission) and the students’ IDs to identify that the students did take the classes at the end of the 

quarter/semester (see Section 4.4 for details). Note that the correspondence between accounts and students’ ID 

remains in secret (see Figure 1). That is, the teacher will never know which student owns a specific account until 

the course is finished. The administrator uses the accounts to track and supervise members’ behaviors to enhance 

the stability and liveliness of the system. Offenders are suspended or punished according to the regulations or 

even laws depending on the severity of violation. 

 

To make the system highly reliable and functional, supervisions and regulations are necessary. However, the 

system will still operate in a decentralized manner due to the nature of blockchain. Once the system starts, it will 

be maintained and verified by every on-chain member and its operation will be almost impossible to interfere 

with or temper the data stored on it, not even by the administrator. 

 

Figure 1. Account management for the proposed scoring system 

 
 

 

3.2. Computational power 

 

In the purposed work, the computational power is assumed to be uniformly distributed among all involved 

members. That is, each member joins the consensus mechanism and has an equal chance and responsibility to 

create a new block and maintain the liveness of the system. Even though some members do have better 

computational power than others, it is assumed that no one member will gather enough computational power to 

conspire against or even sabotage the system. 

 

 

4. Blockchain-based scoring mechanism 
 

4.1. Basic member interaction models 

 

In every scenario of education, an interaction between students and teachers is a must. Our simplest model aims 

at simulating the interaction between students and teachers through a blockchain architecture. To do so, the 

following three functional modules must be defined: assignment delivery and submission, scoring results 

delivery, and class information announcement. A teacher can deliver assignments or announce information to 

students by simply sending transactions with messages. Following the same principle, students can submit their 

assignment answers. However, it does not make sense to put all messages (e.g., answers to assignments) directly 

on a transaction because a blockchain is a transparent system, which means every on-chain member can see the 

content of any validated transaction. In short, submitting assignment answers in its plaintext form would result in 

exposing students’ answers to everyone. Therefore, messages that are not suitable to be publicized must be 

encrypted before sending. There are various ways of encrypting messages to transmitted securely. In this paper, 

the Rivest–Shamir–Adleman (RSA) algorithm (Calderbank, 2007; Rivest et al., 1978), one of the most widely 

used encryption methods that is easy to implement and very hard to be cracked, is applied. To use this encryption 

algorithm (Figure 2), the teacher needs to generate a key pair (a public key and a private key) and sends the 

public key to the students along with the assignment. 

 

Students then use the RSA algorithm with the shared public key to encrypt their answers and send the ciphertexts 

to the teacher. The messages include answers for the assignment and student’s identity (Section 4.4) so that 

ciphertexts look different even if the answers are the same. Such design can be effective to prevent plagiarism. 
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Finally, the teacher can restore the students’ assignment answers by decrypting the ciphertexts with the private 

key. 

 

Figure 2. Interactions between teachers and students 

 
 

By this approach, our system not only keeps the messages in secret but also prevents answer tamping. All 

students and teachers put their trust in this model, every system player has fair rights and legal duties to maintain 

and interact with the model. All system activities are easy to be tracked and supervised; therefore, the deletion or 

modification of any content of the announcement, assignment, and assignment submissions is nearly impossible. 

Consequently, the proposed model can build a secure and fair online course platform by using blockchain. 

 

 

4.2. The role of teaching assistants 

 

Teaching assistants (TAs) are often recruited to help run large courses and distribute assignments. One of the 

most common tasks that a TA is required to do is to grade assignments and tests. Thus, our model is extended to 

take the interactions among students, TAs, and teachers into account. As shown in Figure 3, the bottom half of 

the new model is similar to Figure 2. The only difference is that grading submitted tasks is now done by TAs. In 

this case, teacher still needs to deliver assignments to students and assign a TA to each student and gives a proof 

to evidence that the assignment is indeed released by the teacher. After receiving the verified assignment, TAs 

and students interact with each other accordingly. 

 

Figure 3. Interactions among teachers, TAs, and students 

 
 

 

4.3. Collaborative scoring 

 

In real online learning, teachers sometimes design open-ended questions (e.g., essays) to assess students’ 

understanding. It is challenging to assess this type of questions. On the one hand grading using one scorer could 

possibly cause a bias. On the other hand, if more scorers are included, there might be disagreements among 

scorers with various perspectives. Therefore, in many high-stake examinations, more than one scorer is involved 

in scoring to avoid biases. In this study, we also design a secure scoring mechanism for collaborative scoring.  

 

In our collaborative scoring system (shown in Figure 4), students, the responsible teacher, and multiple scorers 

are invited in the assessment process. The assignments still need to be given by the responsible teacher to prove 

its legality. Students have to submit their answers in ciphertexts to all scorers. After the deadline, the teacher 

shares the assignments, students’ answers, and sometimes the teacher’s remarks (this is optional), to other 

scorers, while scorers use the ciphertexts and the public key received from the teacher to verify the plaintexts to 

ensure the plaintexts have not been tempered. Finally, scorers will send their scores to the teacher and 

corresponding students, so that the final scores can be calculated based on a preset weighting. The teacher sends 

two scores to each student, one is the teacher’s score as a judgement and the other is the final (collected and 

weighted) score sent to be recorded and verified. Once again, because messages are trackable in blockchain, 

forging scores become very difficult. 
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Figure 4. Interactions among the responsible teacher, invited scorers, and students in collaborative scoring 

 
 

Another issue is regarding the timing of receiving students’ submissions by the scorers. To prevent the scorers 

from discussing submissions with others, which may introduce the scoring bias, the assignments should be kept 

secure during the submission stage. However, data on blockchain are transparent to all on-chain members. 

Therefore, an RSA public-private key-pair can be employed to make the assignments secure from scorers at the 

submission stage. But the process might be inefficient: all students generate their own key-pairs and the teacher 

encrypts the assignment for each student with the student’s key individually. To improve the usability and 

simplify the process for both teacher and students, we chose to have a system administrator generate the key-

pairs and distribute the public keys to the teacher and the private keys to the students. The teacher then can send 

encrypted assignments and only the corresponding students can decrypt. When the scoring stage starts, the 

scorers receive the plaintext of the assignment and students’ answers for scoring. The scorers then can use the 

public key to verify and ensure that the answers are not tempered.  

 

By this approach, the scores for opened questions will be more reliable. Additionally, the scorers in this model 

are anonymous, so that each scorer can judge the quality of answers without being affected by others (e.g., the 

owner of the answers). As a result, the proposed approach can improve quality and fairness. Specifically, for 

extremely high-stake assessments such as examinations that are directly affecting the issuing of certificates or the 

college entrance qualifications, the abovementioned method is believed to be a trustworthy way for establishing 

credibility in scoring. 

 

 

4.4. Authentication 

 

On a blockchain, every member is identified by a hash string and their activities are thus anonymized. In other 

words, this property allows students to take courses without giving up their identity. It also ensures that teachers 

treating their students equally. However, the teacher needs to recover students’ IDs to give final scores. To 

achieve this, a Shamir’s Secret Sharing algorithm (Shamir, 1979) and Chaotic Cryptography algorithm (Kocarev 

& Lian, 2011) based authentication scheme are used and are discussed in the rest of this section. 

 

In the beginning of the course, by using Chaotic Cryptography, each student generates his/her secret codes by 

encrypting his/her student ID with the chosen password and segments his/her secret codes into secret pieces by 

using the Shamir’s Secret Sharing algorithm (Figure 5). Students then send each one of their secret pieces 

together with their submitted assignments to the teacher so that the teacher can eventually find their secret codes 

out (Figure 6). The t-out-of-N, (N,t)-Threshold Shamir’s Secret Sharing algorithm is adopted. This algorithm 

initially segments the secret into N pieces, and the secret can later be recovered if at least t out of the N pieces are 

retrieved. In our system, the parameter N is set to the total number of assignments in a course, and t is the least 

number of assignments that a student has to submit, which is determined by the teacher. 
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Figure 5. Student generates secret pieces 

 
 

Figure 6. Teacher recovers a student’s secret code by retrieving secret pieces sent together with the submitted 

assignment 

 
 

Figure 7. Teacher identifies a student with the password (R_1) and the associated secret code 

 
 

In considering the fact that it is not realistic to expect every student to submit every assignment on time due to 

unpredicted reasons such as missing the deadline or cannot complete the assignment, the teacher should still be 

able to recover the secret codes with only a part of secret pieces. In some cases, students are not asked to turn in 

all assignments but at least a minimum number of assignments. If a student fails to fulfill the minimum 

requirement, the teacher won’t be able to recover the secret codes to identify the student, and thus no final score 

will be given to the student. In contrast, if a student can prove the efforts that they put to the course, the final 

score should still be given even some of the submissions are missing. 

 

Integrating the secret sharing algorithm with the system makes it closer to the needs of real application scenarios. 

However, the adopted (N,t)-Threshold scheme also imply that the teacher can obtain students’ identity before the 

course is completed. To solve this problem, Chaotic Cryptography is applied to protect students’ privacy. A 

teacher can never find out the student ID within the secret codes without knowing the password set by the 

student. That is, a student’s identity will remain in secret before the student sent out the final key information, 

i.e., the password, to the teacher, at the end of the course (Figure 7). Additionally, because there is no student ID 

shared on the blockchain, a student’s identity behind a given account is safe and remains unknown to the other 

members. By combining the above schemes, a teacher can identify the students enrolled in the course and set 
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some rules (such as the values of N and t) for the course while the students’ privacy is well protected by their 

privately set passwords. 

 

 

5. Smart contracts 
 

Smart contract is a crucial feature of blockchain that uses designed protocol to autonomously run on 

decentralized networked nodes for achieving various complex tasks. Once deployed, a smart contract acts as a 

fair and transparent arbiter to deal with every request from its users. In education, there are many complex 

situations that a smart contract can be applied to make things easier. For example, it can be used to collect group 

lists or act as a billboard to announce information. It is worth mentioning that a well-designed smart contract can 

also replace TAs for completing tasks that follow unambiguous rules, such as scoring assignments. Smart 

contracts guarantee tasks can be done objectively comparing with TAs who may have specific personal opinions 

on certain students. To ensure the fairness and transparency of scoring, three approaches to score assignments or 

examinations by a smart contract are proposed: peer evaluation, automatic scoring by a smart contract, and 

collaborative scoring. 

 

As mentioned in Section 4.1, sending answers in plaintext equals sharing answers to everyone on the blockchain, 

which is certainly not ideal. However, using a smart contract to decrypt a ciphertext is very difficult and costly 

due to the complexity of crypto algorithms. What is worse is uploading a private key to the blockchain not only 

has to pay the cost for storing large random numbers but also reveal the private key to all on-chain members. 

Practically, it is not trivial to avoid mistakes when embedding a huge-size message into a transaction. Therefore, 

a better way to protect information security is to use the smart contract to directly verify the ciphertext with the 

aid of various commitment schemes instead of decrypting it back to plaintext and then score. As illustrated in 

Figure 8, when an assignment is announced, students need to upload their answers in a ciphertext form before the 

deadline. The secure hash algorithm used to obtain the ciphertext should also be supported by the smart contract 

to truly optimize the efficiency. In our work, the keccak256 hash algorithm, which is a callable function to 

Solidity language, is adopted. 

 

Figure 8. Schematic diagram of smart contract based scoring by using mutual exchanging mechanism 

 
 

Similar to the basic model, the plaintext should contain an extra message, which is denoted as R in Figure 8, to 

prove the student’s identity at the end of the course and prevent answer-tamping or assignment-copying flaws to 

ensure every student will get a unique hash value even if their answers are the same. After the deadline, students 

upload their answers together with message R. The integrity of answers can be proved by the smart contract via 

checking if the hash of the plaintext matches the uploaded ciphertext. Once it is confirmed the answers in 

plaintext can be scored manually or automatically by the smart contract. 

 

 

5.1. A smart contract to support peer evaluation 

 

Peer evaluation is to let students score other student’s assignments. On a blockchain, no student is able to know 

the owner of other addresses. That is, a student does not know whose assignment he or she is grading, and 

therefore, will reduce the chance of cheating. In addition, the smart contract is designed to make the assignment 

of peer evaluation randomly. Even if a student shared his or her address with friends, there is no guarantee that 

they will be paired, especially when there are many students enrolled in the course. 
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The proposed smart contract requires four basic functions for peer evaluation to work: (1) submit ciphertext, (2) 

start scoring, (3) submit plaintext, and (4) fetch the assignment that needs to be corrected/scored. As shown in 

Table 2, initially, only function (1) is activated for students to submit their ciphertext (with commitment) while 

functions (3) and (4) remain disabled until the teacher calls function (2) and uploads the solutions or the rubrics 

after the assignment deadline. At this point, function (1) is also disabled to prevent students from submitting new 

answers. The algorithm of scoring by exchanging is illustrated in Figure 9. 

 

Table 2. Status of all functions when function (2) is called 

Functions (1) Submit ciphertext (2) Start scoring (3) Submit plaintext (4) Fetch assignment 

After (2) is called Disable Disable Enable Enable 

 

Figure 9. Algorithm: Scoring by mutual exchanging 

 
 

 

5.2. A smart contract to support automatic scoring 

 

Another way to make scoring fairly to every student is to let the smart contract grades the submissions, as 

illustrated in Figure 10. This kind of smart contracts also have four basic functions: (1) submit ciphertext, (2) 

start scoring, (3) submit plaintext, and (4) fetch scoring results. When calling function (2), the teacher receives 

the actual answers and changes the status of the other three functions as shown in Table 2. The smart contract 

then scores the answer once the student calls function (3) and uploads the plaintext that matches the verified 

ciphertext uploaded by function (1). Finally, function (4) allows all enrolled students to see the results of their 

assignments. 

Figure 10. Schematic diagram of smart contract based automatic scoring system 

 
 



114 

Comparing with the smart contract proposed in Section 5.1, this approach simplifies students’ work loads and 

guarantees fairness to all students because the smart contract autonomously grades every submission. However, 

to make this method feasible, both the solutions and their forms in the plaintext domain must be fixed to make 

sure that the smart contract can match or extract correct solutions from the plaintexts. For this reason, the teacher 

must upload answer keys rather than guidelines or rubrics. Thus, scoring essay is hard to achieve using this 

approach. The automatic scoring algorithm is illustrated in Figure 11. 

 

Figure 11. Algorithm: Automatic scoring 

 
 

 

5.3. A smart contract to support collaborative scoring 

 

To make scoring of open-ended questions more convincing by allowing the answers be judged by different 

scorers, a smart contract is designated to implement a collaborative scoring framework. This smart contract 

consists of seven basic functions (Figure 12): (1) submit ciphertext, (2) start grading, (3) submit plaintext, (4) 

register scorer, (5) get assignment, (6) score, and (7) get result. Once again, students need to upload their 

ciphertexts using function (1) as the commitments, submit the assignment answer plaintexts by calling function 

(3), and after the deadline or after the teacher starts the correction/scoring process applying function (2). Notice 

that function (2) plays only the role of locking and unlocking functions, as listed in Table 3, without asking for 

standard procedures of scoring to ensure scorers following their own opinions. Function (4) allows the teacher 

(contract owner) to add scorers to the smart contract at any moment and the scorers can then apply function (5) 

to see student’s information (ciphertext, plaintext and address) they need for scoring the submissions. The 

scorers can upload their scoring results using function (6), whereas the students and the teacher can find the 

scoring results using function (7). The scoring results include each score given to the student by different scorers 

and a weighted final score. 

 

This smart contract design provides an efficient method for collaborative scoring. It helps manage tasks and 

integrate information into one simple platform while still ensures all scorers’ and students’ anonymity so that 

each judgement can be made without interference by other factors. With this smart contract, scores are given 

trustworthily and faithfully so that the final scores can reflect the true learning outcome and thus the certificate of 

the course or the achievements accomplished in the course can be more convincing. The algorithm is shown in 

Figure 13. 
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Figure 12. Schematic diagram of the proposed smart contract based autonomous collaborative scoring system 

 
 

Table 3. Statuses of all functions when function (2) is called 

Functions (1) (2) (3) (4) (5) (6) (7) 

Deployment En En Dis En Dis Dis Dis 

After (2) is called Dis Dis En En En En En 

Note (1): Submit ciphertext 

(2): Start scoring 

(3): Submit plaintext 

(4): Register scorer 

(5): Get assignment 

(6): Score 

(7): Get result 

Note. En: Enabled, Dis: Disabled. 
 

Figure 13. Algorithm: Collaborative scoring 
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6. Experiment 
 

6.1. Implementation 

 

The purposed work is realized on the Ethereum blockchain network with designed application tools to integrate 

all the mechanisms introduced in Section 4 and 5. For simplicity and re-producibility, the proposed blockchain 

system is built based on the Ethereum source code (https://github.com/ethereum/goethereum), programmed in 

Go language. The application tools are important keys to make the realized assignment scoring system much 

more user friendly. They cover all complex procedures for the users (students and teachers) so that everyone can 

use the system with ease by few simple selections without the need to understand the principles and theories of 

blockchain beforehand, which is in fact a desired scenario in real usage. 

 

The application tools include three main modules: the cryptography module, the blockchain module, and the 

student identity module. Two versions of the application tools are created: one for the students and the other for 

the teachers. To summarize the tools, we used Nodejs for blockchain interactions, Go for Chaotic Cryptography 

(Amigo et al., 2007) and Python for user-interface, RSA (Shand & Vuillemin, 1993) and Secret Sharing (Shamir, 

1979) for encryption/decryption. The procedures and the user interface of the application are illustrated in Figure 

14 and Figure 15, respectively. 

 

Figure 14. Procedures of the Teacher-Student Interaction by the applications 

 
 

Figure 15. The application user interface for teachers (left) and students (right) 
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6.2. Performance test: randomness of the chaotic random number 

 

In our work, a chaotic map based random number generating module is used to hash the inputted plaintexts for 

protecting the students’ anonymity. Thus, the security of the Chaotic Cryptography module is directly correlated 

to the randomness of the generated random numbers. The experiment results show the high randomness of the 

generated random numbers by observing their distributions and comparing the randomness between two 

generated results with two seeds differed in a tiny difference. 

 

Figure 16. The noisy image generated with the seed value 12345678 

 
 

Figure 17. The noisy image generated with the seed value 12345677 

 
 

Figure 18. The difference image between the two noisy images given in Figure 14 and Figure 15 

 
 

Figure 16 (left) shows the 512512 noise image corresponding to the generated random numbers, with the given 

seed 12345678 and the associated histogram (Figure 16 (right)) verifies that their corresponding distribution is 

very close to the uniform one. Figure 17 (left) shows another 512512 noise image which is created with the 

seed value of 12345677 and as shown in Figure 17 (right) the resultant histogram is once again very close to 

uniform distribution. Although there is only a single digit difference between the two seeds, the comparison 

given in Figure 18 shows that there is a huge amount of pixel changes (99.6%) between the two images. 

Therefore, the outcomes of the adopted chaotic random number generating module are highly unpredictable and 

will bring large benefits to students’ privacy and security. 
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6.3. Comparison with related work 

 

Comparing our work with a popular centralized online course platform (https://ceiba.ntu.edu.tw/) called CEIBA 

used at first author’s university, our system has advantages in system transparency and fairness to students (as 

shown in Table 4). In the centralized platform, information can be uploaded or deleted without being recorded, 

that is, those actions cannot be tracked by involved members (mostly students). Thus, students or teachers could 

miss some deleted information and result in dissensions. Additionally, if students use their true identities to 

interact with their teachers, this may result in teachers treating each student unequally due to an implicit 

stereotype. Therefore, using blockchain properties to openly track every information and activity will make the 

system much more transparent to avoid lots of unnecessary disputes between students and teachers by treating 

every on-chain member equally. Those smart contracts introduced in Section 5 not only help teachers distribute 

some heavy workloads but also ensure better fairness to every student. Moreover, the crypto system used in this 

work can prevent students from cheating.  

 

Moreover, most of previous research focused on managing post stage of educational activities, for example, 

recording and sharing students’ certificates and degrees between colleges to protect the “results” of assessment 

processes. In contrast, our work realized a design that is aiming at managing information security to protect the 

“procedure” of assessment, including assignment submissions and scoring, to ensure the transparency and 

fairness of educational assessment. 

 

Table 4. Comparison of the purposed work and the traditional online course platform, CEIBA 
 The purposed work Traditional educational online platform 

Decentralized Decentralized Centralized 

Transparency Blockchain property Centralized 

Fairness Smart Contract, Blockchain property Depend on teachers 

Prevent cheating Cryptography, Blockchain property - 

Speed Latency due to Encryption/Decryption - 

Data Preservation Maintained by all members Centralized 

Liveness, Stability Depend on all members Depend on administrator 

 

 

7. Discussion 
 

The design of the proposed system focuses mostly on realization of a transparent and fair assignment scoring 

platform based on the blockchain technology. Both system performance (security and stability) and pedagogical 

feasibility are considered: 

 

Regarding the performance of the proposed system, the security properties described in this work was tested and 

proved to be stable (low latency without error) using 20 nodes equipped with a 2.80GHz CPU and 16GB RAM. 

The stability of the blockchain seems to be able to reliably handle lots of users because it is Ethereum-based 

blockchain, which has been used by millions of users. Besides, our system uses the crypto-hash function and the 

RSA algorithm, whose security depends on the hash function and the key size. National Institute of Standards 

and Technology (NIST) provided the estimated maximum-security (Barker & Dang, 2016) and the 1024-bit RSA 

we used can achieve 80-bits security strength which keeps an acceptable trade-off between security and encoding 

speed. In the future, longer key length could be used when computing power improves to the increase security 

level. Moreover, a larger scale real test should be performed before the system is ready to be deployed in 

practical usage. To increase the practical value of our current system, the user interface should be more user-

friendly. Some procedures of the proposed system can also be automated to make scoring more effective. For 

example, automatically decrypting ciphertext once the teacher’s account received a certain amount of 

submissions from students.  

 

Regarding the pedagogical feasibility, the proposed system provides many features that are aligned with the 

emerging trends in education. The “peer evaluation” smart contract relies on the submission order of students’ 

submitted assignments and could be exploited when a group of students conspired to upload their assignments 

(in ciphertext form) at the same time. Using hash functions to generate random numbers can make the 

exchanging behavior more unpredictable. But, again, this may result in too high of computational cost when 

there are too many students enrolled in the course. Besides, the random numbers are predictable by those who 

decide the seeds of the hash functions (e.g., the responsible teachers) or those who generate the blocks (i.e., the 

miners). Additionally, blockchain provides a more student-centered environment, students have an easy way to 

store and manage their portfolio, projects, credits, and degrees, which contributes to self-directed learning. The 
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system also allows educators, universities, and institutes to manage student-related affairs, share their 

information with other universities, and track students’ learning histories and outcome. It can also prevent 

improper activities, such as cheatings or forgeries, with the aid of blockchain, a decentralized and transparent 

system where every activity can be verified and supervised by all involved members. With blockchain, a student 

can apply for the entrances to colleges without printing mass of diplomas or certificates of programs learnt; 

instead, colleges can find student’s information. This will not only save resources and time, but also establish 

fairness, transparency, and security of information flow. 

 

Although it is expected to establish an efficient way for supervising scoring-related activities and ensuring 

fairness to all members, the latency caused by the involved encryption processes becomes the major obstacle to 

its adaption in practice. The most obvious latency is caused by the RSA module, which takes approximately one 

minute to encrypt a plaintext with just 100 words. Fortunately, this comes from the huge time cost from 

programming implementation, which can be solved by optimization techniques.  

 

In the future, combining our work with other related works to integrate the merits of blockchain technology into 

higher level education usage, such as sharing and maintaining students’ certificate and learning results between 

institutions and colleges, is of great interest. Although this goal is currently difficult to achieve since it requires 

the support of cross-chain techniques. However, the cross-chain system integration might build a complete 

blockchain-based educational system, from information sharing between institutions, basic interactions between 

teachers and students, to establish a true transparent and fair educational system for all students, teachers, and 

administration staffs. 

 

 

8. Conclusions 

 

This paper presents a design of blockchain-based assignment scoring mechanism for online learning. Our goal is 

to take advantages of blockchain properties and cryptography algorithms to build a transparent and secure 

teacher-student interaction system for online assessment. The fairness of scoring can be guaranteed by 

anonymity of the proposed blockchain architecture and the collaborative scoring policy. Although the online 

learning system will pay extra computational cost and related administrative procedures need to be made to use 

the proposed scoring mechanisms, our work is one initial step in designing and developing a feasible scoring 

mechanism to achieve fairer and more secure assessment for the rapid-growing online learning. The trend of 

education is moving toward online model. The proposed methodology can contribute to the high-quality 

assessment for online learning. In the future, empirical studies could be conducted by embedding the proposed 

mechanism in a real online learning platform such that its effectiveness in real educational applications could be 

examined. In addition, big data solutions and the architecture design (e.g., using proof-of-stake to reduce 

computational power and carbon footprint) can also be considered to enhance the feasibility of the proposed 

scoring mechanism. More advanced algorithms can also be applied to improve the performance of the proposed 

scoring system.  For example, picking another random number generator with higher randomness and efficiency 

with less computational cost is an important task for smart contract designer to provide more unpredictability, 

and thus, achieving real fairness for all members. 
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