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Abstract 4 

The web-based supported collaborative learning is increasingly used to support 5 

student social activities in higher institutions. However, little is known about the 6 

factors of collaborative learning in a web-based supported learning environment. 7 

Therefore, this study examines the use of a web-based supported collaborative 8 

platform to enhance project-based student engagement. This research aims to 9 

determine the factors that determine collaborative learning and subsequent student’s 10 

satisfaction. Moreover, this research determines students’ cognitive load 11 

understanding, social influence and learner's motivation towards collaborative 12 

learning and the resultant impact of the web-based supported collaborative platform 13 

on student satisfaction. Data was collected from university post-graduate students 14 

who used TRELLO platform. The questionnaire was shared among students, and a 15 

total of 115 post-graduate students participated in the research, and the resulting data 16 

were analyzed based on partial least squares structural equation modeling statistical 17 

approach. The study results suggest that students’ social influence and motivation 18 

have a positive influence on collaborative learning, directly and indirectly, students 19 

are satisfied with the use of a web-based supported collaborative learning platform to 20 

support project-based student engagement.  21 
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1. Introduction 27 
 28 

There is a rapid increase in the use of different technology-enhanced collaborative 29 

learning for learning activities, especially the migration from the 30 

course/classroom-based to web-based delivery or the application of web-based 31 

supported learning collaboration to project-based activities has increased and is of 32 

interest to educational stakeholders. Collaborative learning aims to promote 33 

environments that are built on a small group to exchange and sustain knowledge 34 

(Hernández-Sellés, Muñoz-Carril & González-Sanmamed, 2019). For instance, many 35 



universities have channelled their teaching and learning through the different 36 

collaborative learning approach to improve teaching and learning outcomes, of which 37 

students gain access to various online learning experiences (Al-Samarraie, & Saeed, 38 

2018; De Freitas, Morgan & Gibson, 2015). However, the complexity of collaborative 39 

learning ecosystems is based on the knowledge-based cognitive content, its practices, 40 

transmigrate of modern educational technology, and student engagement with the 41 

technology. For example, some students admit that they struggled with this notion of 42 

knowledge-sharing, perhaps due to a lack of familiarity with the technologies or a 43 

sense of unease over what constituted knowledge in a social media environment 44 

(Donlan, 2014). More so, these challenges or arguable views, such as intellectual 45 

conflicts that happen among learners, are due to cognitive development and 46 

understanding of collaborative learning activities (O'Sullivan, Krewer & Frankl, 47 

2017).  48 

Many studies have proposed various methods or approaches to improve student 49 

engagement through collaborative learning using a different approach (Chen & Chiu, 50 

2016; Zheng, Zhang & Gyasi, 2019; Sanz-Martínez, Martínez-Monés, Dimitriadis & 51 

Bote-Lorenzo, 2019; Oluwajana & Adeshola, 2021). Some researchers have 52 

investigated a project-based learning method on collaborative learning (O'Sullivan, 53 

Krewer & Frankl, 2017; Almulla, 2020), wiki-supported collaborative learning for 54 

students' engagement (Yusop & Basar, 2017). However, most of the prior studies 55 

focus on teachers' role in promoting students' engagement in collaborative learning, 56 

ignoring other group members' roles. Few studies have considered the visualization of 57 

participation tools and found a positive effect on computer-supported collaborative 58 

learning (Janssen, Erkens, Kanselaar, & Jaspers, 2007). Previous studies focused 59 

more on the practicality of project-based to foster student engagement (Carrabba & 60 

Farmer, 2018; Rosé & Ferschke, 2016) and less attention on how student cognitive 61 

load behavior is affected by active learning in collaborative learning. Due to the 62 

importance of factors of collaborative learning, in order to improve on understanding, 63 

opportunities, and challenges of collaborative learning, this study tends to build up an 64 

empirical view that fosters identification and interconnection among the key factors of 65 

web-based supported collaborative learning platform to support student engagement. 66 

Generally, this study proposes a model that explores the relationships between 67 

cognitive load, social influence, learning motivation, collaborative learning in groups 68 

project, and student' satisfaction. Trello platform is a visual collaboration platform 69 



that gives teams the ability to collaborate, communicate and coordinate on all of the 70 

projects easily was employed in this study. It was decided to use the Trello platform 71 

because it provides the team with a straightforward picture of project status, 72 

development, and success. Trello Power-Ups also help a board make better choices by 73 

bringing new ideas to the table. Not only that, but it facilitates cross-team 74 

collaboration by allowing you to work across boards. The paper is organized as 75 

follows: First, the paper presents the theoretical foundations of the study, reviews 76 

articles on previous studies on the cognitive load, social influence, learning 77 

motivation, collaborative learning, and student' satisfaction. Then, a discussion on the 78 

model development and hypotheses, followed by research design and methods. The 79 

results of the empirical model tests are presented. The paper concludes with a 80 

discussion and theoretical and practical implications of the study findings. 81 

 82 

2. Literature Reviews 83 

Many studies have been immersed from the use of computer and web-supported 84 

collaborative learning on students' engagement in the learning environment. With 85 

different educational scholars having different perspectives and conclusions on the 86 

subject matter. For instance, some studies focus on using a computer and 87 

web-supported collaborative learning to foster students’ engagement for educational 88 

development (Wang & Hwang, 2017; Salam, Mailok, Ubaidullah & Ahmad, 2016). 89 

Salam and Farooq, (2020) based their study on the relationship between sociability 90 

quality, web-based collaborative learning, students' satisfaction, and system usage. 91 

Further, the study by Molinillo, Aguilar-Illescas, Anaya-Sánchez and Vallespín-Arán, 92 

(2018) use technology-enhanced collaborative learning tools to investigate students’ 93 

interactions, social presence, and emotional engagement in web-supported 94 

collaborative learning on active collaborative learning. Therefore, this study focused 95 

on the use of web-supported collaborative learning based on the relationship between 96 

cognitive load, collaborative learning in a group's project, and the interconnection 97 

between collaborative learning in a group's project and perceived student satisfaction. 98 

 99 

2.1 Collaborative Learning in Groups Project 100 

Collaborative learning in a group project involves the interdependent or jointly shared 101 

regulatory processes, beliefs, and knowledge that brings about interactivity or 102 

collective learning outcome (Hadwin et al., 2010; Järvelä et al., 2015; Oluwajana, Nat, 103 



& Fadiya, 2019). Hadwin et al. (2010) stated that it involves the creative activity of 104 

co-constructing shared task through methods, shared goals, and strategies; that allow 105 

students to collaborate with a group of people engage in knowledge building 106 

processes and to support instructional guidance that manages groups project (Kizilcec, 107 

2013; Kwon, Hong, & Laffey, 2013). Collaborative learning in groups project has 108 

been identified as knowledge sharing which are grounded on cognitive task, content, 109 

understanding, strategies, behavior; motivational - group members' goals, priorities, 110 

and expectations and emotions - social interaction, trust, sense of community (Hadwin 111 

et al., 2010). Most studies highlighted the evidence of collaborative learning in groups 112 

work from different collaborative processes, and students tend to interact based on 113 

designed processes or plans, which often failed to address the difficulties in factors 114 

that influence group work. It is, therefore, necessary to channel collaborative learning 115 

in groups towards socio-metacognitive activities such as models of collaborative 116 

learning, motivation, collective thinking processes, and group coordination/regulation 117 

to promote learning (Kwon, Hong, & Laffey, 2013; Borge, & White, 2016; Borge, 118 

Ong, & Rosé, 2018; Teng, & Reynolds, 2019).   119 

 120 

2.2 Cognitive Load 121 

Cognitive load rooted from individuals engaging in specific work is affected by the 122 

work's difficulty and the individual's professional knowledge (Su, 2016). The 123 

introduction of cognitive load into collaborative learning involves tasks that require 124 

processes of multiple interacting of elements with a limited amount of time, in which 125 

learners are opportune to execute numerous cognitive activities (Zambrano, Kirschner, 126 

Sweller, & Kirschner, 2019). In group learning environments, one factor that 127 

influences cognitive load is transactional activities, which comprise the 128 

communication and coordination activities among groups during collaborative 129 

learning, apart from sharing information about the task. Others include the 130 

development of teamwork ability in collaborative learning to help ineffectiveness of 131 

instructional method that facilitates the transfer and acquisition of curricular 132 

knowledge through social interaction and also help in reducing individual’s cognitive 133 

load (Kirschner, Paas, & Kirschner, 2009; Curşeu, Chappin & Jansen, 2018). Trello 134 

boards (overview board, product roadmap, and copy board) help optimize 135 

transparency in teamwork and reduce information silos. The Trello board is useful to 136 

set and track team activities. Whilst making the process collaborative, easy to update, 137 



and also establishing team accountability. As cognitive load relates to the amount of 138 

information that working memory can hold at one time. According to Sweller (1988), 139 

working memory has a limited capacity, instructional methods should avoid 140 

overloading it with additional activities that don't directly contribute to learning. 141 

Therefore, Trello platform boards are perceived to help solve the information 142 

overload and cognitive load is considered an antecedent of the learning process and 143 

one of the major determinants of successful instructional intervention (Paas, Tuovinen, 144 

Tabbers & Van Gerven, 2003; Ayres, & Paas, 2012). 145 

 146 

2.3 Social Influence 147 

The social influence shows the degree to which users are free and collectively interact 148 

with themselves (Molinillo, Aguilar-Illescas, Anaya-Sánchez, & Vallespín-Arán, 149 

2018), and creating groups for a particular project are now recognized as one of the 150 

factors that influence knowledge building, especially during group task or when 151 

working on tasks (Miyake & Kirschner, 2014). With the increase in collaborative 152 

learning, social influence, and web-based technologies. Many users can easily modify 153 

and create, intercommunicate, and enjoy online content. The Trello platform 154 

supported a nested comment section on a collaborative project display card and all 155 

users involved in the group get an email notification and reminder after few days if 156 

they failed to access the platform. Moreover, the comment can be edited, add an 157 

attachment, and even delete when not needed. Lastly, the integration of another 158 

platform is available on the Trello platform which makes it interoperable for team 159 

members to use any application with it. Lin (2020) explained the user's ability to 160 

group work socially combines with their emotions within a community of inquiry. 161 

Therefore, in the environment of web-supported collaborative learning, social 162 

influence attribute to a factor that influences group collaboration (Harvey, & Koubek, 163 

2000; Chan, Chong, & Zhou, 2012). According to Balakrishnan, Liew, and 164 

Pourgholaminejad (2015), the social influence comprises features like the profile page 165 

of user with most recent activities, the page links that allows one to communicate with 166 

one another, adding and searching for other users. The study findings concluded that 167 

educational technologies supporting social influence attributes can improve learner 168 

educational experience, still not broadly supported at the present state. Moreover, it is 169 

better if instructors mandate web-based technologies to the users, and institutions 170 

should involve professionals in influencing users to acquaint with the use of this 171 



technology and assist other users to participate (Tarhini, Al-Busaidi, Mohammed, & 172 

Maqableh, 2017). Accordingly, the broader the social environment - culture, society, 173 

and institution; the more significant the strategies needed to influence web-supported 174 

collaborative learning within the learning environment. 175 

 176 

2.4 Learning Motivation 177 

The learning motivation works with a different element of the learning environment. 178 

According to Ciampa (2014), the benefits of educational practice and learning are the 179 

combination of different instructional design components - psychological feature, 180 

learning, and interactional components. Consequently, most users are motivated 181 

intrinsically to carry out a specific task for maximum satisfaction. Also, users are 182 

motivated extrinsically to carry out a specific task for a desirable result 183 

(Martínez-Núñez, Fidalgo-Blanco, & Borrás-Gené, 2015). Many kinds of literature on 184 

motivation have been investigated from different perspectives (Deci & Ryan, 1985; 185 

Hynd, Jodi Holschuh, & Sherrie Nist, 2000). For instance, the self-determinant theory 186 

stated that motivation is determined by 1. Autonomy: user controls the activity, 2. 187 

Relatedness: the user is comprehensive in performing task 3. Competency: the user is 188 

competent in performing or completing the tasks and learning activities. Also, 189 

Giesbers, Rienties, Tempelaar, and Gijselaers (2013), these three factors have 190 

positively influenced users' motivation to use web-based technologies and, in essence, 191 

promote collaborative learning. Teams using the Trello platform have complete 192 

control over their tasks and can set a due date for each task, which helps team 193 

members not to forget about their responsibilities, and their success reflects their 194 

competency within the team and on the project as it progresses. This boosts the 195 

motivation of students in using the Trello platform and all these features stand out 196 

compares to non-online collaborative platforms.  197 

 198 

2.5 Student Satisfaction 199 

Beyond cognitive load, social influence, learning motivation, and collaborative 200 

learning in a web-based supported collaborative learning environment, it is essential 201 

to assess overall student satisfaction. Accordingly, student satisfaction is defined as 202 

the extent to which students gratify with the use of specific technology and 203 

acknowledge the assistance services (Mohammadi, 2015), with the combined effort of 204 

users, full participation, and; individual and group development. The project's goal is 205 



achieved by the measurement of learner perceptual experience of system services (Lai, 206 

& Chen, 2014). Generally, student satisfaction is an essential concept used in 207 

measuring learning outcomes and the successful implementation of online educational 208 

technology (Ke, & Kwak, 2013). student’ satisfaction measures an individual's gross 209 

satisfaction in collaborative learning, and the completion of a project or task is given. 210 

The measurement of student satisfaction in a web-based supported collaborative 211 

learning environment is through users' intention and willingness to use and cooperate 212 

with the group (Salam, & Farooq, 2020). The purpose is to measure the level of 213 

productivity and gratification of the web-based supported collaborative tools for 214 

subsequent use. In essence, student satisfaction in a web-based supported 215 

collaborative learning environment measures an individual's overall satisfaction, 216 

assessment, and learning outcome.  217 

 218 

 219 

3. Model development and hypotheses 220 

This study investigates the influence of cognitive load, learning motivation, social 221 

influence, collaborative learning on student satisfaction during web-supported 222 

collaborative learning. The aim is to empirically develop a conceptual research model, 223 

as shown in Fig. 1, and is built upon the perceptive of the cognitive load, motivational, 224 

and social factors related to web-supported collaborative learning. The study was 225 

established based on existing literature reviews and the cognitive load, motivational, 226 

social factors, and collaborative learning form the fundamental of the conceptual 227 

research model. The discussions on the model development and hypotheses are 228 

presented as follows. 229 

 230 

3.1. Cognitive Load and Collaborative Learning in Group’s Project 231 

 232 

Of notable fact, the structure of cognitive processes of humans is built to discuss, 233 

active and conscious share, the necessary cognitive process of valuable task-relevant 234 

information and psychological feature held by each group member for information 235 

processing in a collaborative learning environment (Janssen et al., 2010). Learners 236 

should monitor and evaluate their collaborative processes and activity during actual 237 

learning engagement to observe, manage, and evaluate their processes through notes, 238 

search histories, chats, or workings toward final project goals (Gress, Fior, Hadwin, & 239 

Winne, 2010). Concerning learning from instruction emphasizing produced examples, 240 



learners working individually or as members of a group should retain sufficient 241 

cognitive capacity to process all information themselves (Kirschner, Paas, Kirschner, 242 

& Janssen, 2011; Su, 2016). Thus, the higher the load imposed by the learning tasks, 243 

the more likely collaborative learning will lead to better effectiveness and efficient 244 

learning outcomes. As a result, since cognitive load refers to the amount of 245 

knowledge that a person's working memory can carry at one time, it is understandably 246 

difficult for an individual to remember all of the details of a collaborative project. 247 

Nevertheless, the use of online collaborative platform like Trello with features and to 248 

keep information and make it available on a dashboard could be of great help to 249 

reduce the cognitive load. Therefore, we posited that: 250 

H1: Cognitive load negatively influence collaborative learning.  251 

 252 

3.2. Learning Motivation and Collaborative Learning in Group’s Project 253 

 254 

Learners' active regulation of learning is motivated by various cognitive and 255 

metacognitive strategies, which is vital to their online learning success (Lin, Zhang, & 256 

Zheng, 2017). Learning motivation is identified by students as a feeling of 257 

connectedness with peers (Xiong et al., 2015) and also related to cognitive, emotional, 258 

intrinsic, performances, collaborative learning groups; of which students' intrinsic 259 

motivation and ensuring the development and continuation of the learning process 260 

(Alhinty, 2014; Järvelä et al., 2015; Lin, Zhang, & Zheng, 2017). According to 261 

Järvelä et al. (2015), the activation of the student's cognitive, motivational, and 262 

emotional predispositions for a specific project help providing the information needed 263 

to have successful collaborative learning and performance. Also, with the stream of 264 

studies such as Gomez, Wu, and Passerini (2010); Taki, and Fardafshari, (2012); 265 

Serrano-Cámara, Paredes-Velasco, Alcover, and Velazquez-Iturbide, (2014); 266 

Magen-Nagar and Shonfeld, (2018) and Zhang, Meng, de Pablos, and Sun (2019) 267 

have shown the interconnection between learning motivation and students 268 

collaborative learning in groups project. Therefore, the study hypothesized that:   269 

H2: Learning Motivation directly and positively influences collaborative learning. 270 

 271 

3.3. Social Influence and Collaborative learning 272 

 273 

In a web-based supported collaborative learning environment, social influence is 274 

defined by its ability to function in a specific mediated environment with a healthy 275 



social and collaborative state to improve learning (Salam, & Farooq, 2020). The 276 

usefulness of social influence in collaborative learning provides the user with a 277 

discussion on ideas, interactivity, engagement, and more active with learning 278 

(Molinillo et al., 2018; Salam, & Farooq, 2020; Yueh, Huang, & Chang, 2015). 279 

Moreso, Chan, Cheung, Brown, and Luk (2015) stated that students tend to engage in 280 

deep learning, which positively predicts higher-order thinking and learning and 281 

collaborative learning with peers. Also, Cheung and Vogel (2013) stated that 282 

investigating the effects of social ties on the adoption of information technologies in 283 

the virtual environment will increase social influence on individuals’ behavior and 284 

group decision-making. Thus, the following hypothesis is presented in order to test 285 

the relationship between the students' social influence on collaborative learning in a 286 

group project: 287 

H3: Social Influence positively influences collaborative learning.  288 

 289 

3.4. Collaborative Learning and student' satisfaction 290 

To satisfy the users' needs in web-based supported collaborative learning, there is a 291 

need to balance their individualism and collectivism, and ultimately give better results 292 

and creating better ideas. Students should measure the performance of tools and 293 

applications used for any given task or project. Moreover, web-based supported 294 

collaborative learning tools do not facilitate or increase their participation in learning 295 

activities but help in personalization, curriculum support, and support connectedness 296 

among users and ultimately lead to perceived learning satisfaction (Al-Rahmi, 297 

Othman, & Yusuf, 2015). According to Jiménez-Zarco, González-González, 298 

Saigí-Rubió, and Torrent-Sellens, (2015), the degree of individual collaboration in the 299 

project or task influence the level of perceived student' satisfaction. Also, web-based 300 

supported collaborative learning used satisfaction shows that most students believed 301 

that group learning with collaborative tools increases their interest, emotional state, 302 

and achievements in a collaborative learning environment (Su, Yang, Hwang, & 303 

Zhang, 2010). In line with these, many literature support web-based supported 304 

collaborative learning tools to measure student' satisfaction (Lwoga, 2014; Su, Yang, 305 

Hwang, & Zhang, 2010; Al-Rahmi, & Othman, 2013; Troussas, Virvou,  & Alepis, 306 

2014). Therefore, the study hypothesized that:  307 

H4: Collaborative learning positively influence student' satisfaction. 308 

 309 



 310 

 311 

4. Methodology  312 

The research model of this study is depicted in Figure 1. Accordingly, this study 313 

focuses on factors such as "cognitive load", “learning motivation” and “social 314 

influence” on collaborative learning to determine student satisfaction on the use of a 315 

web-based supported collaborative learning platform to support project-based student 316 

engagement. 317 

 318 

<Figure 1.> 319 
 320 
 321 

4.1 Procedure and participants 322 

This paper presents an empirical study on factors that influence the use of a 323 

web-based supported collaborative learning platform - Trello to support project-based 324 

engagement. The instructor randomly divided fifty-six first semester post-graduate 325 

university students of information systems department into seven groups to work on a 326 

group project using online collaborative platform. The same method was also applied 327 

to fifty-nine post-graduate students in their first-year second semester of the same 328 

department, and they were divided into six groups. The two groups worked on 329 

different project related to management and business information system courses. 330 

This collaborative project aimed to use web-based supported collaborative platform to 331 

support online and offline learning activities. Part of the project was to share 332 

information among students, decrease cognitive loads, motivate, interact, work on 333 

group projects, and increase collective tasks. Specifically, a TRELLO platform was 334 

used for the research. TRELLO is an effective collaboration platform for teams 335 

(groups of people and boards). It helps teams work more collaboratively. It uses 336 

boards with adaptable features and integrations to improve the team's capability to 337 

meet their unique basic and business needs, as shown in Fig 2.  338 

 339 

<Fig. 2.> 340 

The instructor also provided guidance and guidelines to the students on the use and 341 

functionality of this platform.  342 

However, at the beginning of the semester, the instructor provides the students' 343 

overall course activities consist of: 344 

⚫ Teachers were setting out the guidelines of the project. 345 



⚫ Regular interaction with the students on the usage of the tools and asking 346 

questions in case of any difficulty with the usage. 347 

⚫ Participating and monitoring the discussion section. 348 

⚫ Continuous monitoring of student activity on the platform to ensure participation 349 

in the collaborative learning process.  350 

⚫ Checking out the new and better idea to improve the project.  351 

⚫ Overall, ensuring that the group members participate, provides solutions to 352 

problems during the learning collaborative learning process.  353 

 354 

The group members (students) are obliged to create all-inclusive collaborative 355 

learning activities while using the platform based on the instructor decision:  356 

⚫ Follow the activities laid out by the teacher.  357 

⚫ Share information, exchanges document, submit reports or progress with the 358 

group members. 359 

⚫ Time distance, working, planning, and team management.  360 

⚫ Include teacher in the group created.   361 

⚫ Work collectively and individually to achieve satisfaction over the use of the 362 

platform.  363 

After two months, a questionnaire was sent via the platform to the participants to 364 

examine the interconnection of cognitive load, social influence, learning motivation, 365 

level of collaboration, and student' satisfaction on a web-based supported 366 

collaborative learning platform to support project-based engagement. The participants 367 

participated voluntarily, and anonymity was guaranteed. Further, a total of 115 368 

students participated in the survey, among which 74. 3% were male, and 40.7% were 369 

female. Of the respondents, 52.4 % were between 25 and 29 years of age, 37.8% were 370 

between 30 and 34 years of age, and 24.8 % were between 35 and above. 371 

 372 

4.2 Data Collection 373 

The items of each construct were adapted and modified from previous studies to meet 374 

the research purpose. The measurement items were measured on a five-point Likert 375 

scale (1=strongly disagree, 5=strongly agree). Five hypotheses interlinked with five 376 

constructs comprised of twenty-four items were tested in this research, viz. cognitive 377 

load, social influence, learning motivation, collaborative learning, and student' 378 

satisfaction. The measures for cognitive load were developed from Leppink et al., 379 



(2014). The measurement item for social influence were developed from Venkatesh et 380 

al. (2003) and Godin (2013). The learning motivation was developed from a study by 381 

Schoor and Bannert (2011). The measurement item for collaborative learning in 382 

groups project were adopted from So and Brush (2008), Venkatesh et al. (2003) and 383 

Godin (2013. Measures for student' satisfaction were adapted from studies by DeLone 384 

and McLean (2003), So and Brush (2008) and Lee (2010). The questionnaire were 385 

reported in Appendix A.  386 

 387 

4.3 Data Analysis 388 

In this research, we applied Partial Least Squares - Structural Equation Modelling 389 

(PLS-SEM) to measure the proposed model's measurement and structural model 390 

analysis. This was performed through advanced analysis of composites (ADANCO 391 

version 2.0.1). ADANCO is fit for the use of PLS-SEM (Henseler, 2017). PLS-SEM 392 

approach is commonly used for the small sample population's small size, saturated, 393 

estimated constructs, and multiple formative constructs and the model fit of the 394 

proposed model (Anderson & Gerbing, 1988; Chin 1998; Henseler, Hubona & Ray, 395 

2016). Based on the study's theoretical knowledge, the data analysis guidelines were 396 

thoroughly followed and established to measure the measurement models and 397 

structural model using PLS-SEM (Henseler, 2017). 398 

 399 

5. Results 400 

5.1 Measurement model 401 

The evaluation of measurement models comprise convergent validity, and scale 402 

reliability is presented in Table 1. As recommended by Hair et al. (2010) to measure 403 

the reliability, convergent validity, and discriminant validity of the model. The 404 

reliability and convergent validity results show that I. Factor loadings are > 0.5, which 405 

satisfied the recommended value stated by Bagozzi (1981) that factor loadings must > 406 

0.50. II. The composite reliability and Cronbach's alpha values must > 0.7, and these 407 

satisfy the threshold values recommended by Fornell and Larcker (1981), Nunnally 408 

(1978), and Hair et al. (2010), which stated that composite reliability and Cronbach's 409 

alpha values exceeded 0.7. III. Lastly, we tested the common method bias suggested 410 

by Ringle et al. (2015) that the maximum level of Variance Inflation Factor (VIF) 411 

values should be “5”. Therefore, convergent validity and scale reliability satisfied the 412 

requirement recommended values, and our model is free from common method bias. 413 



 414 

<Table 1. > 415 

 416 

To confirm discriminant validity, we consider Fornell and Larcker's (1981) criterion 417 

to determine whether the square root of the Average Variance Extracted (AVE) of 418 

each construct is > the correlation between that constructs. Also, the study determines 419 

the heterotrait-monotrait ratio (HTMT) to check the correlation between the two 420 

constructs is < 0.9 (Henseler, Ringle, & Sarstedt, 2015; Henseler et al., 2015). 421 

However, Tables 2 and 3 satisfy the required recommended values, which indicate 422 

satisfactory and valid results. So we then proceed to the structural model to determine 423 

the relationships among the hypothesized proposed model. 424 

 425 

<Table 2.>  426 

< Table 3.>  427 

 428 

5.2 Structural Model 429 

In evaluating the structural model, the level of significance of the relationships 430 

between the constructs is established, and their predictive power was measured. As 431 

shown in Fig. 3, the graphical representation of the structural model and predictive 432 

power. The study tested the structural method using a bootstrapping procedure it 433 

makes it possible to estimate statistics on a population by re-sampling the dataset 434 

multiple times. We therefore used ADANCO with 4999 bootstrap samples to evaluate 435 

the process of obtaining the results (the relationships between the constructs, estimates 436 

of the original coefficients (β), and level of significance) are listed in Table 4 based on 437 

the study by Henseler, (2017).  438 

Also, the graphical representation of the structural model explains the variance of the 439 

endogenous constructs: As depicted in Fig. 3, the R2 for CL is 47%, and the SS is 440 

26.7%, which proven to be significant, as stated by Chin, (1988). Therefore, the 441 

predictive power of CL (47%) proved to be a strong predictor for factors of cognitive 442 

load, social influence, and learning motivation, and the predictive power of SS (26.7%) 443 

proved to be a strong predictor of CL to support project-based student engagement 444 

 445 

 446 

 447 

 448 

 449 

<Figure 3.> 450 



 451 

 452 

Further, we evaluated the Standardized Root Mean Square Residual (SRMR), and 453 

based on PLS-SEM guidelines by Henseler (2017), the goodness of fit is tested with 454 

the unweighted least squares discrepancy (d_ULS), the geodesic discrepancy (d_G), 455 

and the SRMR. However, a model fit is considered valid when the SRMR < 0.08; the 456 

squared Euclidean distance (d_ULS) of the saturated model < bootstrapped HI 95% of 457 

d_ULS estimated model. From Table 4, the SRMR value for this hypothesized model 458 

is 0.077, which shows that the proposed model is satisfactory.  459 

 460 

<Table 4. > 461 

 462 

Lastly, the study estimates the original coefficients (β), f2 coefficients, T statistics, 463 

and the structural model's significance levels (p-value). The purpose is to establish 464 

relationships and check if the hypotheses support the hypothesized model. Table 5 465 

shows the relationship of factors that influence the use of web-based supported 466 

collaborative learning to support project-based student engagement. First, the 467 

finding's results indicate that cognitive load shows an insignificant impact on 468 

collaborative learning to support project-based student engagement H1 (β = 0.078, f2 469 

= 0.008). Also, learning motivation shows a positive impact on collaborative learning 470 

to support project-based student engagement H2 (β = 0.457, p < 0.01; f2 = 0.168); 471 

social influence shows a positive impact on collaborative learning to support 472 

project-based student engagement H3 (β = 0.233 p < 0.01; f2 = 0.049) and 473 

collaborative learning shows a significant impact on student' satisfaction when using 474 

the platform for project-based student engagement H4 (β = 0.517; p < 0.01; f2 = 475 

0.364). Thus, H2, H3, and H4 are empirically supported except H1. Therefore, all 476 

original coefficients using the bootstrapping process of PLS-SEM confirmed that the 477 

hypotheses for this proposed model were supported, except for H1. However, most of 478 

the proposed hypotheses are positively significant. 479 

<Table 5. > 480 

 481 

 482 

 483 

6. Discussion 484 

6.1. Theoretical and practical implications  485 



This research aims to determine the factors that determine collaborative learning and 486 

subsequent student’s satisfaction. Moreover, this research determines students’ 487 

cognitive load understanding, social influence and learner's motivation towards 488 

collaborative learning and the resultant impact of the web-based supported 489 

collaborative platform on student satisfaction. The results of the study support the 490 

relationships among the constructs in the hypothesized model except for H1. First, 491 

cognitive load, social influence, and learner motivation serve as crucial antecedents of 492 

collaborative learning that were identified: and the four variables interact direct and 493 

indirect influence on student satisfaction. However, this study revolves around 494 

collaborative learning, which has been identified as a key element to support student 495 

satisfaction in using web-based supported collaborative learning tools, and it is in line 496 

with the many studies (Jiménez-Zarco et al., 2015; Kalizhanova et al, 2019; Horváth, 497 

2019). The use of the Trello platform also improves student autonomy as well as their 498 

analytical skills and critical thinking (Kalizhanova et al, 2019). Accordingly, the more 499 

motivated by the degree of collaboration among the students in a web-based 500 

project-based group project, the more they preoccupied with personal and group 501 

learning. Furthermore, this study shows that students’ learning motivation has a 502 

positive influence on collaborative learning, which is in line with the results of many 503 

studies on the influence of motivational behaviors on collaboration, engagement, and 504 

communication in online learning (Järvelä et al., 2015; Xie, 2013; Testers et al. 2020). 505 

Consequently, it is noted that the more positive motivational rationale (e.g., extrinsic, 506 

relational, and intrinsic rationale), the higher the possibility of students involved in 507 

collaborative learning. Similarly, Testers et al. (2020) proposed that in order to help 508 

the motivation process, educational designers should include trainees in the content 509 

design process, for example, by allowing students to use cases from their everyday 510 

experience in their projects. 511 

Second, this study's results on the relationship between cognitive load and 512 

collaborative learning show an insignificant relationship. Accordingly, there is no 513 

clear and unequivocal representation of any relationship between cognitive load and 514 

collaborative learning, but the difference is the complexities of the learning tasks of 515 

web-based learning support (Yang et al., 2020). The cognitive load role in the group 516 

project may need instructional control to help students collaborate effectively because 517 

cognitive load generates substantial knowledge based on the instructional design met 518 

for individuals, which might influence groups’ problem-solving tasks in collaborative 519 



learning. According to Yang et al., (2020), when developing a competitive learning 520 

environment or proposing a shared forum, instructors should understand students' 521 

cognitive capacities and provide them with learning material of sufficient cognitive 522 

complexity. 523 

 524 

Third, literature acknowledges a positive relationship between social influence and 525 

collaborative learning (e.g., Yueh, Huang, & Chang, 2015; Salam, & Farooq, 2020); 526 

our results of this study show support for this relationship. This is due to the existing 527 

relationship between students’ social activities in the online environment and the 528 

engagement during group interactions. In addition, social influence in the 529 

collaborative project assists students in adopting social habits as shown by their 530 

interactions with one another and in generating new ideas across groups 531 

(Yadegaridehkordi et al., 2019). Furthermore, the members of a group have different 532 

social influence (e.g., peer engagement, group heterogeneity, social norms, cultural 533 

and individual difference) that may help in collaborative learning (Popov et al., 2013; 534 

Chen, & Kuo, 2019) and consequently lead to increase social interaction within the 535 

group and also encourage collaborative learning. 536 

 537 

Four, the results show that students’ satisfaction is positively influenced by students' 538 

collaborative learning. These results are consistent with previous studies (Abuhassna 539 

et al. 2020; Salam & Farooq, 2020). In the context of web-based supported 540 

collaborative learning for group project (Al-Rahmi, & Othman, 2013), there are series 541 

of factors that link students’ collaborative learning and student' satisfaction (e.g., 542 

social influence, cognitive motivation loads - task complexity), all these attributes are 543 

to increase social activities and ultimately lead to perceived learning satisfaction. 544 

Abuhassna et al. (2020) reported that the student's background, experience, 545 

collaborations, interactions, and autonomy positively affected students' satisfaction. 546 

Also, Salam and Farooq (2020) stated that sociability quality of student’s has a 547 

significant influence on the platform use and overall user satisfaction.  In general, 548 

this empirical study contributes to theoretical and practical knowledge of web-based 549 

supported collaborative learning to support project-based student engagement based 550 

on model development. Therefore, this study focuses on web-based supported 551 

collaborative learning methodological approaches, with emphasis on the influence of 552 

cognitive load, learning motivation, social influence, and collaborative learning to 553 



support project-based student engagement. Also, on practical implications, the study 554 

emphasizes the importance of student engagement in collaborative learning by using 555 

web-based supported platforms that support project-based engagement among 556 

students. The results have shown that the most influential factors of collaborative 557 

learning are social influence and motivation during a group project. These offer an 558 

insight into the online learning environment, which comprises peer engagement, 559 

cognitive capacity, social activities, and knowledge sharing. When using the platform 560 

for social activities, such discussion during the project contributes to increased 561 

engagement and increased learning satisfaction for using the platform. Importantly is 562 

the role of the instructor in collaborative learning which is to coordinate and support 563 

student online activities design course or project content, pedagogical attributes, 564 

personal management, technical abilities, social responsibilities, and managerial role 565 

(Gómez-Rey, Barbera, & Fernández-Navarro, 2018), so as to increase student 566 

engagement and learning satisfaction in a group project. Therefore, instructors should 567 

work towards performing their duties and coordinating effectively in online learning. 568 

It is important to encourage creative thinking, share ideas, and knowledge among 569 

students. This will facilitate students' ability in team building and development to 570 

influence collaborative learning, whether directly and indirectly, perceived 571 

satisfaction on web learning platforms.  572 

 573 

6.2. Limitations and Future Research  574 

There are some limitations to this study. First, three antecedents of collaborative 575 

learning were used for this study. However, other factors could be added, such as peer 576 

engagement, computer, and self-efficacy, to determine a better future study outcome. 577 

Additionally, this study focuses on student social activities on web-based supported 578 

collaborative learning, but instructors were partially part of the research, so there is a 579 

need to include factors of both instructor and student in future research to create a 580 

balanced setting. This study only considers the use of only one web-based supported 581 

collaborative learning tool. However, the new trend in web-based supported 582 

collaborative learning is the use of multi-modal learning technologies, thus. Future 583 

research could further consider the use of a multi-modal learning approach. A control 584 

group should be introduced in future studies to compare the results obtained from the 585 

experimental group with the results of the control group to see what happens when the 586 

variable examine changes, and pretest measurements should be considered as well to 587 



get a clearer understanding that the population sample considered understanding the 588 

questions as well as if they can perform the tasks or have the information that 589 

questions require. Finally, future studies could explore using the learning analytics 590 

approach to measure student performance and engagement to improve web-based 591 

collaborative learning.  592 

 593 

Data Availability Instruments and database are available. 594 

 595 

Compliance with Ethical Standards 596 

 597 

Conflict of Interest: The authors declare that they have no conflict of interest. 598 

 599 

Ethical Approval: There is ethics approval. 600 

 601 

References 602 

Abuhassna, H., Al-Rahmi, W. M., Yahya, N., Zakaria, M. A. Z. M., Kosnin, A. B. M., 603 

& Darwish, M. (2020). Development of a new model on utilizing online learning 604 

platforms to improve students’ academic achievements and satisfaction. 605 

International Journal of Educational Technology in Higher Education, 17(1), 606 

1-23. 607 

Alhinty, M. (2014, November). Young language learners' collaborative learning and 608 

social interaction as a motivational aspect of the iPad. In 2014 International 609 

Conference on Interactive Mobile Communication Technologies and Learning 610 

(IMCL2014) (pp. 64-69). IEEE. 611 

Almulla, M. A. (2020). The Effectiveness of the Project-Based Learning (PBL) 612 

Approach as a Way to Engage Students in Learning. SAGE Open, 10(3), 613 

2158244020938702.  614 

Al-Rahmi, W. M., & Othman, M. S. (2013). Evaluating student’s satisfaction of using 615 

social media through collaborative learning in higher education. International 616 

Journal of advances in engineering & technology, 6(4), 1541-1551. 617 

Al-Rahmi, W., Othman, M. S., & Yusuf, L. M. (2015). The role of social media for 618 

collaborative learning to improve academic performance of students and 619 

researchers in Malaysian higher education. The International Review of Research 620 

in Open and Distributed Learning, 16(4). 621 

Al-Samarraie, H., & Saeed, N. (2018). A systematic review of cloud computing tools 622 

for collaborative learning: Opportunities and challenges to the blended-learning 623 

environment. Computers & Education, 124, 77-91. 624 

Ayres, P., & Paas, F. (2012). Cognitive load theory: New directions and 625 

challenges. Applied Cognitive Psychology, 26(6), 827-832. 626 

Bagozzi, R. P. (1981). Attitudes, intentions, and behavior: A test of some key 627 

hypotheses. Journal of personality and social psychology, 41(4), 607. 628 

Balakrishnan, V., Liew, T. K., & Pourgholaminejad, S. (2015). Fun learning with 629 

Edooware–A social media enabled tool. Computers & Education, 80, 39-47. 630 

Borge, M., & White, B. (2016). Toward the development of socio-metacognitive 631 

expertise: An approach to developing collaborative competence. Cognition and 632 

Instruction, 34(4), 323-360. 633 

Borge, M., Aldemir, T., & Xia, Y. (2019). Unpacking Socio-Metacognitive 634 

Sense-Making Patterns to Support Collaborative Discourse. 635 



Borge, M., Ong, Y. S., & Rosé, C. P. (2018). Learning to monitor and regulate 636 

collective thinking processes. International Journal of Computer-Supported 637 

Collaborative Learning, 13(1), 61-92. 638 

Carrabba, C., & Farmer, A. (2018). The Impact of Project-Based Learning and Direct 639 

Instruction on the Motivation and Engagement of Middle School 640 

Students. Online Submission, 1(2), 163-174. 641 

Chan, F. T., Chong, A. Y. L., & Zhou, L. (2012). An empirical investigation of 642 

factors affecting e-collaboration diffusion in SMEs. International Journal of 643 

Production Economics, 138(2), 329-344. 644 

Chan, K., Cheung, G., Brown, I., & Luk, G. (2015, June). Synthesizing technology 645 

adoption and learners' approaches towards active learning in higher education. 646 

In International Conference on e-Learning (p. 66). Academic Conferences 647 

International Limited. 648 

Chen, C. H., & Chiu, C. H. (2016). Employing intergroup competition in multitouch 649 

design-based learning to foster student engagement, learning achievement, and 650 

creativity. Computers & Education, 103, 99-113. 651 

Chen, C. M., & Kuo, C. H. (2019). An optimized group formation scheme to promote 652 

collaborative problem-based learning. Computers & Education, 133, 94-115. 653 

Cheng, B., Gresalfi, M., Bell, A., Damsa, C. I., Tuire, P., Toni, R., & Cindy, H. S. 654 

(2019). Theorizing and Measuring Collective Productive Disciplinary 655 

Engagement. In Computer-Supported Collaborative Learning Conference 656 

(CSCL). International Society of the Learning Sciences. 657 

Cheung, R., & Vogel, D. (2013). Predicting user acceptance of collaborative 658 

technologies: An extension of the technology acceptance model for 659 

e-learning. Computers & education, 63, 160-175. 660 

Ciampa, K. (2014). Learning in a mobile age: an investigation of student 661 

motivation. Journal of Computer Assisted Learning, 30(1), 82-96. 662 

Crandall, D., Cosley, D., Huttenlocher, D., Kleinberg, J., & Suri, S. (2008, August). 663 

Feedback effects between similarity and social influence in online communities. 664 

In Proceedings of the 14th ACM SIGKDD international conference on 665 

Knowledge discovery and data mining (pp. 160-168). 666 

Curşeu, P. L., Chappin, M. M., & Jansen, R. J. (2018). Gender diversity and 667 

motivation in collaborative learning groups: the mediating role of group 668 

discussion quality. Social Psychology of Education, 21(2), 289-302. 669 

De Freitas, S. I., Morgan, J., & Gibson, D. (2015). Will MOOCs transform learning 670 

and teaching in higher education? Engagement and course retention in online 671 

learning provision. British Journal of Educational Technology, 46(3), 455-471. 672 

Deci, E. L., & Ryan, R. M. (1985). The general causality orientations scale: 673 

Self-determination in personality. Journal of research in personality, 19(2), 674 

109-134. 675 

DeLeeuw, K. E., & Mayer, R. E. (2008). A comparison of three measures of cognitive 676 

load: Evidence for separable measures of intrinsic, extraneous, and germane 677 

load. Journal of educational psychology, 100(1), 223. 678 

DeLone, W. H., & McLean, E. R. (2003). The DeLone and McLean model of 679 

information systems success: A ten year update. Journal of Management 680 

Information Systems, 19(4), 9–30 681 

Donlan, L. (2014). Exploring the views of students on the use of Facebook in 682 

university teaching and learning. Journal of Further and Higher 683 

Education, 38(4), 572-588. 684 



Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with 685 

unobservable variables and measurement error. Journal of marketing 686 

research, 18(1), 39-50. 687 

Giesbers, B., Rienties, B., Tempelaar, D., & Gijselaers, W. (2013). Investigating the 688 

relations between motivation, tool use, participation, and performance in an 689 

e-learning course using web-videoconferencing. Computers in Human 690 

Behavior, 29(1), 285-292. 691 

Gomez, E. A., Wu, D., & Passerini, K. (2010). Computer-supported team-based 692 

learning: The impact of motivation, enjoyment and team contributions on 693 

learning outcomes. Computers & Education, 55(1), 378-390. 694 

Gómez-Rey, P., Barbera, E., & Fernández-Navarro, F. (2018). Students' perceptions 695 

about online teaching effectiveness: A bottom-up approach for identifying online 696 

instructors’ roles. Australasian Journal of Educational Technology, 34(1). 697 

Gress, C. L., Fior, M., Hadwin, A. F., & Winne, P. H. (2010). Measurement and 698 

assessment in computer-supported collaborative learning. Computers in Human 699 

Behavior, 26(5), 806-814. 700 

Hadwin, A. F., Oshige, M., Gress, C. L. Z., & Winne, P. H. (2010). Innovative ways 701 

for using gStudy to orchestrate and research social aspects of self-regulated 702 

learning. Computers in Human Behavior, 26,794–805. 703 

Hair, J. F., Anderson Jr, R. E., Tatham, R. L., & Black, W. C. (2010). Multivariate 704 

data analysis 7th Ed.(Global Edition) 705 

Harvey, C. M., & Koubek, R. J. (2000). Cognitive, social, and environmental 706 

attributes of distributed engineering collaboration: A review and proposed model 707 

of collaboration. Human Factors and Ergonomics in Manufacturing & Service 708 

Industries, 10(4), 369-393. 709 

Henseler, J. (2017). Bridging design and behavioral research with variance-based 710 

structural equation modeling. Journal of advertising, 46(1), 178-192. 711 

Henseler, J., Hubona, G., & Ray, P. A. (2016). Using PLS path modeling in new 712 

technology research: updated guidelines. Industrial management & data systems. 713 

Hernández-Sellés, N., Muñoz-Carril, P. C., & González-Sanmamed, M. (2019). 714 

Computer-supported collaborative learning: An analysis of the relationship 715 

between interaction, emotional support and online collaborative tools. Computers 716 

& Education, 138, 1-12. 717 

Horváth, I. (2019). MaxWhere 3D capabilities contributing to the enhanced efficiency 718 

of the Trello 2D management software. Acta Polytechnica Hungarica, 16(6), 719 

55-71. 720 

Hynd, Jodi Holschuh, Sherrie Nist, C. (2000). Learning complex scientific 721 

information: Motivation theory and its relation to student perceptions. Reading & 722 

Writing Quarterly, 16(1), 23-57. 723 

Janssen, J., Kirschner, F., Erkens, G., Kirschner, P. A., & Paas, F. (2010). Making the 724 

black box of collaborative learning transparent: Combining process-oriented and 725 

cognitive load approaches. Educational psychology review, 22(2), 139-154. 726 

Järvelä, S., Kirschner, P. A., Panadero, E., Malmberg, J., Phielix, C., Jaspers, J., ... & 727 

Järvenoja, H. (2015). Enhancing socially shared regulation in collaborative 728 

learning groups: designing for CSCL regulation tools. Educational Technology 729 

Research and Development, 63(1), 125-142. 730 

Järvelä, S., Volet, S., & Järvenoja, H. (2010). Research on motivation in collaborative 731 

learning: Moving beyond the cognitive–situative divide and combining 732 

individual and social processes. Educational psychologist, 45(1), 15-27. 733 



Jiménez-Zarco, A. I., González-González, I., Saigí-Rubió, F., & Torrent-Sellens, J. 734 

(2015). The co-learning process in healthcare professionals: Assessing student' 735 

satisfaction in virtual communities of practice. Computers in human behavior, 51, 736 

1303-1313. 737 

Kalizhanova, A., Maryshkina, T., Ishmuratova, M., Ilisheva, R., & Akhmetova, D. 738 

(2019). Managing the student peer-review process using trello: comments and 739 

protocol. KazScholar,1-9 740 

Ke, F., & Kwak, D. (2013). Online learning across ethnicity and age: A study on 741 

learning interaction participation, perception, and learning 742 

satisfaction. Computers & education, 61, 43-51. 743 

Kirschner, F., Paas, F., & Kirschner, P. A. (2009). A cognitive load approach to 744 

collaborative learning: United brains for complex tasks. Educational psychology 745 

review, 21(1), 31-42. 746 

Kirschner, F., Paas, F., Kirschner, P. A., & Janssen, J. (2011). Differential effects of 747 

problem-solving demands on individual and collaborative learning 748 

outcomes. Learning and Instruction, 21(4), 587-599. 749 

Kizilcec, R. F. (2013, June). Collaborative learning in geographically distributed and 750 

in-person groups. In AIED 2013 Workshops Proceedings Volume (Vol. 67). 751 

Kwon, K., Hong, R. Y., & Laffey, J. M. (2013). The educational impact of 752 

metacognitive group coordination in computer-supported collaborative 753 

learning. Computers in Human Behavior, 29(4), 1271-1281. 754 

Lai, H. M., & Chen, T. T. (2014). Knowledge sharing in interest online communities: 755 

A comparison of posters and lurkers. Computers in Human Behavior, 35, 756 

295-306. 757 

Lee, M. C. (2010). Explaining and predicting users’ continuance intention toward 758 

e-learning: An extension of the expectation–confirmation model. Computers & 759 

Education, 54, 506–516. 760 

Leppink, J., Paas, F., Van Gog, T., van Der Vleuten, C. P., & Van Merrienboer, J. J. 761 

(2014). Effects of pairs of problems and examples on task performance and 762 

different types of cognitive load. Learning and Instruction, 30, 32-42. 763 

Lin, C. H., Zhang, Y., & Zheng, B. (2017). The roles of learning strategies and 764 

motivation in online language learning: A structural equation modeling 765 

analysis. Computers & Education, 113, 75-85. 766 

Lin, G. Y. (2020). Scripts and mastery goal orientation in face-to-face versus 767 

computer-mediated collaborative learning: Influence on performance, affective 768 

and motivational outcomes, and social ability. Computers & Education, 143, 769 

103691. 770 

Lwoga, E. (2014). Critical success factors for adoption of web-based learning 771 

management systems in Tanzania. International Journal of Education and 772 

Development using ICT, 10(1). 773 

Magen-Nagar, N., & Shonfeld, M. (2018). The impact of an online collaborative 774 

learning program on students’ attitude towards technology. Interactive Learning 775 

Environments, 26(5), 621-637. 776 

Martínez-Núñez, M., Fidalgo-Blanco, Á., & Borrás-Gené, O. (2015). New challenges 777 

for the motivation and learning in engineering education using gamification in 778 

MOOC. 779 

Miyake, N., & Kirschner, P. A. (2014). The Social and Interactive Dimensions of 780 

Collaborative Learning. The Cambridge Handbook of the Learning Sciences, 781 

418–438. doi:10.1017/cbo9781139519526.026  782 



Mohammadi, H. (2015). Investigating users’ perspectives on e-learning: An 783 

integration of TAM and IS success model. Computers in human behavior, 45, 784 

359-374. 785 

Molinillo, S., Aguilar-Illescas, R., Anaya-Sánchez, R., & Vallespín-Arán, M. (2018). 786 

Exploring the impacts of interactions, social presence and emotional engagement 787 

on active collaborative learning in a social web-based environment. Computers 788 

& Education, 123, 41-52. 789 

Nunnally, J. C. (1978). Psychometric theory. New York, NY: McGraw-Hill. 790 

Oluwajana, D., & Adeshola, I. (2021). Does the student's perspective on multimodal 791 

literacy influence their behavioural intention to use collaborative computer-based 792 

learning?. Education and Information Technologies, 1-23. 793 

Oluwajana, D., Nat, M., & Fadiya, S. (2019). An Investigation of Students’ 794 

Interactivity in the Classroom and within Learning Management System to 795 

Improve Learning Outcomes. Croatian Journal of Education: Hrvatski časopis 796 

za odgoj i obrazovanje, 21(1), 77-102. 797 

O'Sullivan, D., Krewer, F., & Frankl, G. (2017). Technology enhanced collaborative 798 

learning using a project-based learning management system. International 799 

Journal of Technology Enhanced Learning, 9(1), 14-36. 800 

Paas, F., Tuovinen, J. E., Tabbers, H., & Van Gerven, P. W. (2003). Cognitive load 801 

measurement as a means to advance cognitive load theory. Educational 802 

psychologist, 38(1), 63-71. 803 

Popov, V., Biemans, H. J., Brinkman, D., Kuznetsov, A. N., & Mulder, M. (2013). 804 

Facilitation of computer-supported collaborative learning in mixed-versus 805 

same-culture dyads: Does a collaboration script help?. The Internet and Higher 806 

Education, 19, 36-48. 807 

Ringle, Christian M., Wende, Sven, & Becker, Jan-Michael. (2015). SmartPLS 3. 808 

Bönningstedt: SmartPLS. Retrieved from http://www.smartpls.com 809 

Rosé, C. P., & Ferschke, O. (2016). Technology support for discussion based learning: 810 

From computer supported collaborative learning to the future of massive open 811 

online courses. International Journal of Artificial Intelligence in 812 

Education, 26(2), 660-678. 813 

Salam, F., Mailok, R., Ubaidullah, N., & Ahmad, U. (2016). The effect of 814 

project-based learning against students’ engagement. International Journal of 815 

Development Research. Vol. 6, Issue, 2, 6891-6895 816 

Salam, M., & Farooq, M. S. (2020). Does sociability quality of web-based 817 

collaborative learning information system influence students’ satisfaction and 818 

system usage?. International Journal of Educational Technology in Higher 819 

Education, 17, 1-39. 820 

Sanz-Martínez, L., Er, E., Martínez-Monés, A., Dimitriadis, Y., & Bote-Lorenzo, M. 821 

L. (2019). Creating collaborative groups in a MOOC: a homogeneous 822 

engagement grouping approach. Behaviour & Information Technology, 38(11), 823 

1107-1121. 824 

Schoor, C., & Bannert, M. (2011). Motivation in a computer-supported collaborative 825 

learning scenario and its impact on learning activities and knowledge 826 

acquisition. Learning and Instruction, 21(4), 560-573. 827 

Serrano-Cámara, L. M., Paredes-Velasco, M., Alcover, C. M., & Velazquez-Iturbide, 828 

J. Á. (2014). An evaluation of students’ motivation in computer-supported 829 

collaborative learning of programming concepts. Computers in human 830 

behavior, 31, 499-508. 831 



So, H. J., & Brush, T. A. (2008). Student perceptions of collaborative learning, social 832 

presence and satisfaction in a blended learning environment: Relationships and 833 

critical factors. Computers & education, 51(1), 318-336. 834 

Su, A. Y., Yang, S. J., Hwang, W. Y., & Zhang, J. (2010). A Web 2.0-based 835 

collaborative annotation system for enhancing knowledge sharing in 836 

collaborative learning environments. Computers & Education, 55(2), 752-766. 837 

Su, C. H. (2016). The effects of students' motivation, cognitive load and learning 838 

anxiety in gamification software engineering education: a structural equation 839 

modeling study. Multimedia Tools and Applications, 75(16), 10013-10036. 840 

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. 841 

Cognitive science, 12(2), 257-285. 842 

Taki, S., & Fardafshari, E. (2012). Weblog-based collaborative learning: Iranian EFL 843 

learners’ writing skill and motivation. International Journal of Linguistics, 4(2), 844 

412-429. 845 

Tarhini, A., Al-Busaidi, K. A., Mohammed, A. B., & Maqableh, M. (2017). Factors 846 

influencing students’ adoption of e-learning: a structural equation modeling 847 

approach. Journal of International Education in Business. 848 

Teng, F., & Reynolds, B. L. (2019). Effects of individual and group metacognitive 849 

prompts on EFL reading comprehension and incidental vocabulary 850 

learning. PloS one, 14(5), e0215902. 851 

Testers, L., Gegenfurtner, A., & Brand-Gruwel, S. (2020). Taking Affective Learning 852 

in Digital Education One Step Further: Trainees’ Affective Characteristics 853 

Predicting Multicontextual Pre-training Transfer Intention. Frontiers in 854 

Psychology, 11. 855 

Troussas, C., Virvou, M., & Alepis, E. (2014). Collaborative learning: Group 856 

interaction in an intelligent mobile-assisted multiple language learning 857 

system. Informatics in Education, 13(2), 279-292. 858 

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance 859 

of information technology: Toward a unified view. MIS quarterly, 425-478. 860 

Wang, X. M., & Hwang, G. J. (2017). A problem posing-based practicing strategy for 861 

facilitating students’ computer programming skills in the team-based learning 862 

mode. Educational Technology Research and Development, 65(6), 1655-1671. 863 

Xie, K. (2013). What do the numbers say? The influence of motivation and peer 864 

feedback on students’ behaviour in online discussions. British Journal of 865 

Educational Technology, 44(2), 288-301. 866 

Xiong, Y., Li, H., Kornhaber, M. L., Suen, H. K., Pursel, B., & Goins, D. D. (2015). 867 

Examining the relations among student motivation, engagement, and retention in 868 

a MOOC: A structural equation modeling approach. Global Education 869 

Review, 2(3), 23-33. 870 

Yadegaridehkordi, E., Nilashi, M., Shuib, L., & Samad, S. (2020). A behavioral 871 

intention model for SaaS-based collaboration services in higher education. 872 

Education and information technologies, 25(2), 791-816. 873 

Yang, Q. F., Chang, S. C., Hwang, G. J., & Zou, D. (2020). Balancing cognitive 874 

complexity and gaming level: Effects of a cognitive complexity-based 875 

competition game on EFL students' English vocabulary learning performance, 876 

anxiety and behaviors. Computers & Education, 148, 103808. 877 

Yueh, H. P., Huang, J. Y., & Chang, C. (2015). Exploring factors affecting students’ 878 

continued Wiki use for individual and collaborative learning: An extended 879 

UTAUT perspective. Australasian Journal of Educational Technology, 31(1).  880 



Yusop, F. D., & Basar, S. M. M. A. (2017). Resistance towards wiki: implications for 881 

designing successful wiki-supported collaborative learning 882 

experiences. Universal Access in the Information Society, 16(2), 349-360. 883 

Zambrano, J., Kirschner, F., Sweller, J., & Kirschner, P. A. (2019). Effects of group 884 

experience and information distribution on collaborative learning. Instructional 885 

Science, 47(5), 531-550. 886 

Zhang, X., Meng, Y., de Pablos, P. O., & Sun, Y. (2019). Learning analytics in 887 

collaborative learning supported by Slack: From the perspective of 888 

engagement. Computers in Human Behavior, 92, 625-633. 889 

Zheng, L., Zhang, X., & Gyasi, J. F. (2019). A literature review of features and trends 890 

of technology-supported collaborative learning in informal learning settings from 891 

2007 to 2018. Journal of Computers in Education, 6(4), 529-561. 892 

 893 

The datasets generated during and/or analysed during the current study are available 894 

from the corresponding author on reasonable request. 895 

 896 

 897 


