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Abstract

:

Learning-by-doing is a pedagogical approach that helps in learning skills through practice. An online learning-by-doing tool, CodeLab, has been introduced to students undertaking the digital design and creation bachelor’s degree program at the Universitat Oberta de Catalunya. The tool has been used to facilitate and engage students, not well-acquainted with problem-solving techniques, in an introductory programming course. The aim of this study was to examine the factors that play vital roles in students’ acceptance of learning-by-doing tools that facilitate the development of problem-solving skills. The Unified Theory of Acceptance and the Use of Technology (UTAUT) model was used for this purpose and extended by adding the factor of motivation, which is essential for educational contexts. The results highlight that there is a strong relationship between acceptance and motivation, implying that students would use online learning-by-doing tools, such as CodeLab, depending on the amount of motivation and engagement while practicing the learning activities. A positive relationship between motivation and acceptance clearly supports the primary aim of using learning-by-doing tools in problem-solving courses.






Keywords:


learning-by-doing; practice-based tools; online learning tools; learning to code; technology acceptance; UTAUT model












1. Introduction


Technology-enhanced learning (TEL) has changed the mechanism of acquiring education [1]. From primary to higher levels of education, TEL has made it possible to learn online, full-time as well as part-time [2]. Online learning has numerous benefits, ranging from self-paced learning to exceptional circumstances when going to educational institutions is not a possibility [3,4]. Despite the numerous benefits of online learning, there are still many problems associated with it. One of the main problems is unsatisfactory educational models and teaching techniques leading to a lack of motivation and engagement among students, resulting in less participation in online courses and, in extreme cases, dropout from online education [5].



Numerous models and strategies have been presented for improving education over time. An effective approach to disseminate education is learning-by-doing [6]. The learning-by doing approach is defined as learning that is a result of ones’ own actions, efforts, and experiences [7].



It requires students to be actively involved in the learning process. It is not just the teacher who delivers the lectures; rather, students are expected to practice and participate in learning [8]. The learning-by-doing education approach also plays a vital role in online learning contexts. Students are expected to practice by performing learning activities as part of their learning process, which are dependent on the nature of the course [9]. Similar to face-to-face courses, memorization techniques are also usually applied in online courses that aim to disseminate knowledge. On the contrary, online courses that require the development of problem-solving skills, for example, in the cases of learning to program, learning to solve mathematical problems, and solving scientific problems, the learning-by-doing approach has proven beneficial [10,11]. In the context of online programming courses, especially for novice and non-steam learners, we believe that a virtual laboratory environment can be used. This environment should facilitate learners to develop programming skills by practicing, similar to the practice that can be performed in a face-to-face programming laboratory. It should also help the learners to achieve their intended pedagogical goals.



An important factor in the evaluation of online learning tools is students’ acceptance of and willingness to use the system [12]. Several studies have been conducted to evaluate these systems for acceptance that consider various models of acceptance [13,14]. In addition to students’ evaluations, teachers’ acceptance evaluations of online learning management systems have been conducted [15]. A widely used and validated model is the Unified Theory of Acceptance and Use of Technology (UTAUT) model, which takes into account the essential constructs for technology acceptance and use [16]. A construct is an idea that is based on theoretical explanations and is empirically verified [17]. Additionally, with acceptance evaluation through UTAUT, the context of usage and the necessary constructs specific to the context can also be evaluated [14].



Given the significance of the learning-by-doing approach and practice in the domain of problem solving and online programming education, a learning tool has been introduced to novice students to help them to learn to code. The tool, providing the opportunity to practice, has been incorporated into an introductory programming course for the Design and Digital Creation bachelor’s degree at the Universitat Oberta de Catalunya (UOC) with the aim of helping and engaging learners. The learners of this degree program are less familiar with programming and problem-solving concepts. The primary aim of this study was to identify the major constructs for acceptance of learning-by-doing practice-based tools in online education using the validated UTAUT model. The model was extended by including the construct of motivation, which is vital for online learning tools and systems. The results of the study highlight that motivation is an important construct to consider when evaluating practice-based online tools regarding acceptance. When exploring the relationships amongst the constructs included in this study, a statistically significant relationship was found between facilitating conditions and motivation. There was also a significant relationship found between effort expectancy, trust in the system, and social influence. These significant relationships highlight the fact that online learning tools based on practice, if designed by taking the significant constructs into account, can be successfully accepted by online learners.



Online education, blended or fully online, has proven its advantages and was a necessity during the COVID-19 pandemic, when going to educational institutes was not possible [18]. Students’ acceptance of and willingness to use practice-based online learning tools in their courses is crucial, as it will help promote student engagement and willingness to learn. Through successful acceptance of practice-based tools, students can experience learning with great potential and achieve their learning goals associated with skill acquisitions, such as learning to code. For instructors and institutions disseminating knowledge, engaging students is important to ensure quality in online higher education.




2. Theoretical Background


Several theories have been proposed for learning and educational contexts. In online education, basic learning theories, such as behaviorism, constructivism, humanism, and connectivism, have been applied [19]. Additionally, other theories, such as social learning [20], transformative learning [21], and experiential learning, have also been used in e-learning. In terms of learning skills, the approach of modern education is a feasible one that encourages the use of creative techniques and problem-solving-based approaches for learning [22]. The educational approach of learning-by-doing is aligned with the modern educational approach. This approach is derived from experiential and active learning and encourages learners to practice and acquire hands-on experience to learn rather than relying on theory alone [23]. The approach of experiential learning, learning-by-doing, dates to John Dewey’s theory of progressive education and is still applicable in this era [6]. The idea is to learn by practice, that is, learning is to be achieved through one’s own hands-on experiences, which could be mental or physical [24]. Learning-by-doing has been applied in a variety of contexts and fields of education and has provided favorable results. Learning-by-doing holds significance for scientific education, especially when real-life simulations are considered [25]. In situations where learning skills are of interest, a learning-by-doing approach proves to be feasible [24]. Knowledge about a domain can be acquired by traditional means of education, such as reading theory and attending lectures, but for the domains that require concepts to be developed as skills, practice is required [26]. Learning a concept by theory first, then applying it several times helps in acquiring a skill. Problem-solving skills are also developed by practicing similar problems based on a particular concept [27]. As for skills, learning to code is a skill that can be only developed by virtue of practice [28].



In this context, Nantsou et al. have presented learning-by-doing for physics and electronics education [29]. Similarly, in the domain of marketing education, experiential learning and learning-by-doing has provided beneficial experiences [30]. George et al. explored the effects of applying learning-by-doing in the field of criminal justice. The study based on undergraduate students concluded that there are several benefits of learning-by-doing in terms of professional development [31]. Niiranen also conducted a study that assessed the use of the learning-by-doing approach in the field of craft and technology education [32].



In online education, where there is a lack of face-to-face experience, learning-by-doing has been used. Not only does it help develop skills and effectively teach concepts, it also regulates student engagement [33]. For the learning of problem-solving skills in online contexts, various tools have been discussed in the literature [34,35,36]. In the specific case of online programming tools and environments, which also belong to the category of problem solving and take into account the modern education perspective, several learning tools and systems have been proposed for students, for various programming languages, ranging from novice [37] to advanced levels [38]. Rossano et al. proposed a tool for the programming of digital logic and design based on learning-by-doing and practice for high-school students [39]. In another study, Hosseini et al. proposed a tool that aims to teach Python to students in higher education through practice [40]. Minecraft is also a learning-by-doing tool that helps learners develop problem-solving skills through the process of gamification [41]. Similarly, w3school is an online learning platform that provides the opportunity to learn to code by practicing [42]. Code.org [43] and CodeAcademy [44] are also based on the ideas of experiential learning. However, not all tools and systems for teaching and learning programming are built upon the idea of encouraging students to learn to code through practice; rather, there is a limited set of activities and tools focusing on assessment alone.



Acceptance of technology and systems has been a concern among the research community for many years now [45]. Several models and theories have been proposed for this purpose [46,47,48]. Unified Theory of Acceptance and Use of Technology (UTAUT) has been used in several domains to evaluate the acceptance of technological systems and products [16,49]. Similarly, in the domain of education in general and online learning in particular, UTAUT has been used extensively to evaluate the factors that lead to the acceptance of systems [50,51,52,53,54]. In the case of a programming course, Morais et al. assessed the introduction of programming practices in a degree program of arts and design [55]. However, most studies on UTAUT in the domain of e-learning and online education evaluate acceptance in terms of a system having the scope to be implemented in a particular university or institution. The educational approach that the system uses is usually not evaluated for acceptance by students. In this study, the focus was on identifying and evaluating the factors that lead to acceptance of online learning tools that are based on the educational approach of learning-by-doing and practicing—an approach that is essential to learning to code and developing problem-solving skills.




3. Research Methodology


3.1. The Study Context


This research centered on an online mandatory course taught as part of the online bachelor’s degree program of “Design and Digital Creation” at the Universitat Oberta de Catalunya (UOC)—a fully online university. UOC has over 70,000 students and more than 4500 teaching and research staff and aims to provide online learners with quality personalized learning for online higher education. To address these aims of UOC, the CodeLab programming tool has been designed, developed, and incorporated into the course [56]. The learning tool aims to facilitate and engage novice learners in their first programming course of the degree, who typically have little to no programming experience. The students are provided with the opportunity to practice the concepts continuously, as learning to code requires practice and reflection. CodeLab considers the cognitive processes and social interactions of the students as they experiment and test the ideas and concepts and communicate with their peers.



CodeLab is based on a practice approach and contains a detailed set of learning itineraries related to coding concepts using the P5.js language. Not only is it possible to write and execute a piece of code, students can also visualize the executed code. First, the students are introduced to programming concepts that establish a basic understanding, and later they are expected to practice these concepts for the acquisition of programming skills related to these concepts. Once they feel confident, they are encouraged to move to advanced and complex concepts and to practice to continue learning. In the online course considered in this study, five modules in the tool were defined based on specific concepts, including several learning activities for assessment, recommended and complementary in nature, the latter two encouraging the practice of concepts. In this study, the CodeLab tool was used for one semester spanning 16 weeks, and each module was 3 weeks in duration. The students could ask questions, discuss, and enhance their knowledge and experience by interacting with teachers and peers through a communication channel provided within the tool.



Taking into account the unique experience of an online course that mainly involves interacting with an online programming tool, students’ acceptance evaluations of the tool seemed vital. This paper discusses the acceptance evaluation of a pilot study of the CodeLab tool and is part of the on-going research project on the learning-by-doing practice-based e-learning systems. The research methodology that is applied in this context is the “design and creation” methodology [57]. This research methodology helps in providing the opportunity to recognize, articulate, reflect, and design artifacts to address the problems at issue (Figure 1). The pilot study aimed to improve the educational and interaction design of the tool and to elicit qualitative and quantitative data from the students and teachers. The data generated through the usage of the CodeLab tool were also used for the evaluation of student behavior and engagement. Several e-learning tools and systems were evaluated for acceptance to help determine their continued usage by the students. The acceptance evaluations in this paper were not only specific to the tools but would also help to determine the factors that would need to be considered when developing and evaluating similar e-learning systems that encourage practice for learning.




3.2. Research Model and Hypothesis Development


The UTAUT model takes into account the behavioral intention (BI) to use a product or system for acceptance evaluation. Calder discusses that a construct is an idea that is based on theoretical explanations; however, in most cases constructs are not limited to theory alone; rather, they are empirically verified [17]. In this study, we considered this point of view, similar to the original UTAUT model, i.e., theoretical explanations were provided first and later we verified the constructs through statistical testing. To evaluate BI, Venkatesh et al. took into account the constructs of performance expectancy (PE), effort expectancy (EE), facilitating conditions (FCs), and social influence (SI) (Figure 2).



Performance expectancy (PE) refers to the degree of belief of an individual that by using a system they will attain benefits in their job or benefits associated with the intended purpose of using the system. In the case of CodeLab, the intended purpose is to learn effectively while being engaged in the course. As the students are encouraged to learn to code by practicing the programming-based learning activities, it was to be inquired into whether the tool helps them to learn. Based on the above discussion, the following hypothesis was proposed:



H1. 

Performance expectancy has a positive effect on the behavioral intention to use CodeLab.





Effort expectancy (EE) is related to the degree of ease of use of the system. For e-learning systems, ease of use is an important factor in acceptance and effectiveness [58]. In the specific case of CodeLab, the students were to be asked whether they thought and whether they found that the CodeLab tool was easy to use and whether it was easy for them to be skillful in learning to use CodeLab.



H2. 

Effort expectancy has a positive effect on the behavioral intention to use CodeLab.





Facilitating conditions (FCs) are the user’s perceptions of the factors in the environment of the system that help to use the system. In addition to general e-learning systems, FCs have also been used in studies related to tools for teaching programming [59]. The students were to be asked if they were provided with the necessary resources and knowledge and whether someone was available to help them in case they encounter difficulties when using CodeLab.



H3. 

Facilitating conditions have a positive effect on the behavioral intention to use CodeLab.





Social influence (SI) is the perceived effect of the opinion of other people and affects the intention to use. The construct of SI was evaluated by inquiring of the students whether the people who influence their behavior and are important, for example, their friends and family, believe that they should use CodeLab.



H4. 

Social influence has a positive effect on the behavioral intention to use CodeLab.





Trust is an important construct that has been used and validated in the context of e-learning systems [60], even though the original UTAUT model does not emphasize trust as a factor that influences the intention to use. For the acceptance of mobile learning systems, trust is an important construct [61]. The construct of trust has also been considered for CodeLab, not in terms of security but in terms of trust in the system (TC) that it will help them to learn to code. Trust is not a core construct of UTAUT; it has been used and validated in e-learning [62]. In this study, we considered a mediating effect between TC and EE and SI as the degree of ease of use of the system and that the people who influence a person’s behavior can inculcate TC.



H5. 

Trust has a positive effect on the behavioral intention to use CodeLab.





H5.a. 

The positive effect of trust in CodeLab on behavioral intention to use will be mediated through effort expectancy and social influence.





Motivation and engagement are considered essential constructs when it comes to education [59] and e-learning tools [63]. Reports in the literature have strongly emphasized the fact that the motivation and engagement of students is essential for learning and is a primary concern of researchers and teachers [64]. As CodeLab is an online educational tool, motivation is to be considered; motivated students will be able to learn productively by being engaged. As this is one of the first studies on the evaluation of acceptance of the tool, the construct of motivation has been taken into account by asking students if they feel motivated to learn to program because they are using the learning tool. In addition to the direct relationship between motivation (M) and BI, a mediating relationship with FCs was also evaluated.



H6. 

Motivation has a positive effect on the behavioral intention to use CodeLab.





H6.a. 

The positive effect of motivation with respect to CodeLab on the behavioral intention to use it will be mediated through facilitating conditions.





The behavioral intention to use (BI) a construct is the acceptance of the technological system in the core UTAUT model. However, for various situations, depending on the context of usage and the study, acceptance can differ. In the specific case of the CodeLab tool, the meaning of acceptance is also related to the usage context. The students who use the tool to study for the course will be using the CodeLab tool for one semester. The acceptance in this scenario is twofold: firstly, the acceptance to use CodeLab during the semester, and, secondly, to accept that they are willing to use similar tools that are based on an approach of learning-by-doing.




3.3. Procedure for Data Collection


The questionnaire used in the study was based on UTAUT as this is a validated and widely used model for examining users’ perceptions regarding the acceptance of a system and one that has been used in several domains, including education [49], as mentioned in Section 2. Other acceptance models could have been used, for example, TAM; however, it was observed that UTAUT is validated in the field of education, and the constructs it contains are relevant to this study. The UTAUT questionnaire uses the constructs of PE, EE, SI, FCs, and TC and any additional ones that are vital for the context, and in this case motivation was also used. The basic structure of the questionnaire was maintained; however, where necessary, it was adapted to the CodeLab context. The questionnaire consisted of 33 questions divided into 3 sections. The first section contained questions based on the UTAUT constructs, the second was about the usability of the system, and the third section captured demographic information. For the first section, a 7-point Likert scale ranging from strongly agree to strongly disagree was used to capture the responses. The questionnaire was developed using Qualtrics software [65] and was sent to the students via anonymous links on the classroom board, so that it was voluntary for them to answer. Qualtrics has been used in this context as it provides a variety of features that facilitate the development, distribution, and preparation of data for analysis as compared with other survey creation tools, such as Google Forms and SurveyMonkey. Additionally, it supports various languages and could easily be integrated with the learning environment of the university, facilitating the questionnaire-based research. As for the timing of sending the questionnaire out, it was sent in the final weeks of the semester, when the students were finishing the last module of activities, such that a post-usage evaluation of UTAUT was conducted.




3.4. Sample


The classrooms consisted of 116 students in total. There were 39 students in the Catalan classroom and 77 in the Spanish classroom. Answering the questionnaire was completely voluntary for the students. A consent form was first given to the students, and those who consented took part in the survey. A total number of 87 responses were captured, making for a 75% response rate. Later, the valid responses were evaluated that did not contain any missing data. Of the valid responses, 38% were from male students, with the majority of 62% being from female students. The students were also asked about their course type, i.e., full-time or part-time: 31% of the students were full-time; 69% of the students were part-time. As regards age, 90% of the students were within the age group of 21 to 45 years.




3.5. Data Filtering Software and Techniques


To test the model and the stated hypotheses, partial least squares (PLS) was used [66]. As has been mentioned, our overall sample space comprised 116 enrolled students and the total number of valid responses was 72, such that the sample size with respect to the context of the study was significant, though it can be generally considered low in magnitude. For this purpose, PLS was considered for the analysis as it has the potential to provide robust results even with smaller sample sizes [67]. The most complex construct in the study had 3 items; therefore, the minimum sample size required was 30, i.e., 10 times the maximum number of items in a construct [66]. The PLS analysis was performed using the smartPLS tool, version 3.3.3. Data collected from the survey were filtered for valid responses, and the partially completed responses were removed from the valid set of responses. The descriptive statistics and data related to gender, age, and student type were evaluated in SPSS.





4. Results


As the process for analysis with PLS-SME suggests, first, the measurement model was created and evaluated. In the second step, the structural model was created to verify the relationships between the constructs for statistical significance [66]. The model used in this research was reflective in nature; taking the nature of the model into account, the consistent version of the PLS algorithm was used [68].



4.1. Variance of the Endogenous Variable: R2 and Indicator Loadings


The coefficient of determination of variance, that is, the in-sample explanatory power, for the target dependent variable, R2, for BI was 0.417, i.e., 41%. This implies that the six latent variables PE, EE, SI, FCs, T, and M explained 42% of the variance in BI. For the indirect effects, the coefficient of determination, R2, for FCs, the latent variable, was 0.461; this implies that M explained 46% of the variance in FCs. Similarly, for SI, 44% of the variance of TC was explained by SI. However, for EE, 69% of the variance of TC was explained by EE. The R2 values in the case of this study moderately explain the variance for the respective dependent variables [69].



The standardized path coefficients for the outer loadings, M has the strongest effect on BI, 0.466. FCs has a path coefficient of 0.155, EE one of 0.319, PE one of −0.192, SI one of 0.011, and TC one of −0.078. The path coefficients for FCs, EE, and M were statistically significant; however, for SI, the path coefficient was insignificant, since it was lower than 0.1, and the path coefficients for PE and TC highlighted a negative relationship with BI [69]. For the mediated effects, the path coefficient of TC to EE was 0.843, and from TC to SI was 0.664; both in this case were statistically significant. The path coefficient from M to FCs was 0.679, and was significant too. Regarding the total indirect effects, the path TC-EE-BI was 0.0228, and was significant. The path TC-SI-BI was −0.004, showing insignificance and a negative correlation. The path M-FCs-BI was 0.128, which was close to a significant value.




4.2. Indicator Reliability


For indicator reliability, the squares of all the outer loadings of the items were considered; a value ≥0.7 was preferred, while 0.4 was acceptable [69]. Table 1 highlights the indicator reliabilities for all the constructs in the UTAUT study for CodeLab within the range. Internal consistency reliability depicted in smartPLS as composite reliability and evaluated by Cronbach’s alpha should be equal to or higher than 0.5 [70]. In the case of this study, the composite reliability was greater than 0.7 and reasonably high for all the latent variables. Another view about the reliability of PLS constructs was proposed in [68]—that the rho_A value should be ≥0.7 and ≤1. In the case of this study, the rho_A value for all the latent variables was also within this range (Table 1).




4.3. Convergent and Discriminant Validity


As for convergent validity, it depends on the average variance extracted (AVE) values. The AVE values should be greater than 0.5 [71]. In the case of this study, the AVE of values of all the constructs were greater than 0.5; however, for EE the AVE was equal to 0.5 (Table 1), highlighting convergent validity for all the constructs except EE. Discriminant validity was shown by the AVE values and the correlation of latent variables. F is used to evaluate discriminant validity, which suggests that the square root of AVE for each latent variable should be greater than its correlation with other latent variables. For this study, the criterion of [72] was satisfied for all the latent variables except EE, i.e., the square root of each latent variable was greater than its correlation (Table 2).




4.4. Hypothesis Testing


The measurement model was evaluated for statistical significance through the process of bootstrapping [67]. t-statistics and p-values were generated for the paths between the items of each latent construct and amongst the constructs. When performing bootstrapping in smartPLS, the sub-samples used were 5000, and the one-tailed test with a 0.05 significance level was used. As for the interactions between the latent constructs, four paths that were significant are highlighted in Table 3.



The path from motivation to behavioral intention was significant. It can be concluded that motivation is an important factor in the intention to use the CodeLab tool (Table 4). For the indirect effects, the measurement model was also bootstrapped to identify the statistical significance and as per the results the total indirect paths were not significant. The relationship between motivation (M) and the intention to use (BI) was positive and significant (Table 3), verifying H6. It can be concluded that motivation is an important construct when evaluating the intention to use e-learning systems that encourage learning-by-doing. As this was the first UTAUT evaluation of CodeLab, in the future, studies on other online learning systems that encourage learning-by-doing, not just CodeLab, can consider educational factors, such as student engagement, which is a positive outcome of student motivation.



Additionally, there was a positive and significant relationship between motivation (M) and facilitating conditions (FCs) (Table 3), partially supporting H6.a, implying that the presence of facilitating conditions contributes to the motivation of students when using the system. Facilitating conditions, as previously mentioned, are personal qualities or factors that contribute positively to the learning process. For future evaluations of CodeLab and similar e-learning tools, in-context facilitating conditions can also be considered, for example, course forums, teachers’ feedback, and channels for peer communication that facilitate the learning process.



Similarly, the relationships between trust (TC) and effort expectancy (EE) and between TC and social influence (SI) were positive and significant, partially supporting H5.a, since the total indirect effect was not significant. Regarding the degree of ease of use, EE does inculcate trust in CodeLab. e-learning systems that are easy to use can be relied upon and trusted in several respects, including those specific to education.



Taking into account the hypothesis for the PE construct, for H1 there was a negative and a non-significant relationship. As for the degree of ease of use, effort expectancy (EE) was positive but insignificant for CodeLab (H2). Similarly, in the case of the facilitating conditions, the effect was positive yet insignificant, highlighted by H3. For the construct of social influence represented in H4, the relationship between SI and acceptance was non-significant.





5. Discussion


Learning-by-doing promotes students’ motivation and engagement [32]. In this study, similar to the study conducted by [47], the relationship between motivation and acceptance was found to be prominently positive [52]. The CodeLab tool motivated the students to learn and actively participate in the course. This implies that if e-learning systems are designed with innovative educational strategies that keep students motivated and encourage their involvement, students are likely to willingly accept the e-learning tools and learn. As this was the first UTAUT evaluation of CodeLab, in the future, studies not just on CodeLab but on other online learning systems that encourage learning-by-doing can consider educational factors, such as student engagement, which is a positive outcome of student motivation.



Regarding the non-significant relationships determined in this study, an interesting study by Williams concluded that 23 out of a total of 116 studies on UTAUT did not find significant impacts of PE on students’ acceptance [45]. As has been mentioned, skills such as programming are acquired by learning-by-doing [28], and even though CodeLab helped the students to acquire programming skills, the non-significant relationship between PE and acceptance can be explained by an observation reported by the course teachers. In the classrooms using CodeLab, the students were only performing learning activities of a mandatory nature and not of the recommended and complementary nature, signifying that there was less practice being performed by the students to learn to program. For the next semester, it has been considered that the students should be made aware of the fact that the purpose of the CodeLab tool is to help them to learn to code by practicing. The more they do, i.e., practice the programming-based activities provided in CodeLab, the more they will learn.



Similarly, several studies have found an insignificant relationship between the intention to use and effort expectancy [45]. Additionally, as suggested in a UTAUT for computer programming, effort expectancy can improve overtime and could be low for novice learners [55]. In the case of the CodeLab tool, it can be claimed that there were some technical issues of a minor nature that were encountered by some students which could possibly have led them to believe that the EE for CodeLab was lower than it actually was. For example, the option to save the code did not work as expected for some students.



For the non-significant relationship with FCs, in the case of CodeLab, as it is an e-learning programming tool, a person, more specifically, a teacher, can be considered a facilitator who is available to help the students. Additionally, as the development of the CodeLab tool progresses, other ways and measures can be incorporated that facilitate the students in terms of learning to code using the tool. For example, a communication channel that encourages asynchronous communication not just between teachers and students but also encourages peer-to-peer interaction could be helpful and facilitate the students in using CodeLab in the course and enhance their learning.



In the case of online learning tools, the social aspect is vital, as highlighted in [20]. The relationship between social influence and acceptance in this study having been found to be insignificant, it could be argued that the items of SI used in this study are the core items of SI that are considered by the core UTAUT model. These items did not coincide well with the context of CodeLab. The SI items suggest that friends and family could influence the intention to use (BI) among the students. However, reflecting on the results for SI, we may consider context-specific people involved. In the case of CodeLab, the context-specific people could be the teachers teaching the course, friends, or colleagues in related or similar domains, including those who have studied online courses that encourage the learning-by-doing model and alumni of the course in which CodeLab was used. In future studies related to CodeLab and similar tools that encourage learning by virtue of practice, context-specific people and persons who have social influence on students should be considered.




6. Conclusions and Future Work


Learning-by doing is an educational approach that helps in the acquisition of skills in face-to-face, blended, and fully online contexts. The approach encourages students to learn by practice. The purpose of this study was to identify the factors that play an important role in successful acceptance of the practice-based online learning tools that are based on the pedagogical approach of learning-by-doing. As learning to program is a skill that is acquired by practice, the CodeLab tool, based on the learning-by-doing approach, has been incorporated into a programming course for a bachelor’s degree program. The learners are new to programming concepts and the tool is likely to help them acquire problem-solving skills. The UTAUT model was used for the evaluation of the CodeLab tool to identify the factors that lead to students’ acceptance of it and similar e-learning tools and systems that encourage learning-by-doing.



The core constructs of UTAUT—performance expectancy (PE), effort expectancy (EE), social influence (SI), and facilitating conditions (FCs)—were not significant according to the results of our study. The factors that possibly could have led to insignificant results for the mentioned constructs have been discussed and recommendations for the design of e-learning tools that encourage practice have been provided. It cannot be claimed that these constructs are not important in the context of e-learning systems; however, the design of the e-learning system should be supportive enough for these constructs to play a significant role in the acceptance of the systems. The results highlight that motivation is an important construct for practice-based tools that should be taken into account for the acceptance of these systems. In the specific case of learning-by-doing and practice-based tools, such as the case of CodeLab tool, these tools and systems are designed and incorporated into online courses with the aim of enhancing student motivation and engagement. The aim of incorporating CodeLab into an online programming course was to indeed help the students become involved and engaged actively in the course, which is supported by the results of this study.



In future, additional constructs that determine the successful acceptance of practice-based tools can be used. As this was the first pilot study on the CodeLab tool, the results can be acknowledged as important, yet additional pilot studies with more than one course could help determine the factors leading to acceptance more precisely. The relationship between student motivation and acceptance and willingness to use is interesting, as signified by this study; however, more insightful relationships, for example, between student engagement and its various dimensions, student performance and grades in online classrooms, and satisfaction, can be examined as determinants of successful acceptance of online learning-by-doing tools and systems. Additionally, apart from determining the factors that lead to successful adoption and acceptance, other important factors, for example, student engagement and student awareness of progress in the course and learners’ experiences can also be considered for the evaluation of learning-by-doing tools and systems. Another important aspect concerning such tools and systems could be to take into account teachers’ perspectives on the practice-based tools and to enhance the teaching experiences that would consequently positively impact the entire educational process.
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Figure 1. Design and creation adapted for CodeLab. 
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Figure 2. Model adapted from [45]. 
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Table 1. Indicator and composite reliability: AVE values.
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Variables

	
Indicators

	
Loadings

	
Indicator Reliability

	
Composite Reliability

	
AVE

	
rho_A






	
PE

	
PE_1

	
0.889

	
0.790

	
0.964

	
0.899

	
0.964




	
PE_2

	
0.930

	
0.865




	
PE_3

	
1.021

	
1.042




	
EE

	
EE_1

	
0.677

	
0.458

	
0.759

	
0.517

	
0.777




	
EE_2

	
0.671

	
0.450




	
EE_3

	
0.843

	
0.711




	
SI

	
SI_1

	
1.041

	
1.083

	
0.935

	
0.829

	
0.954




	
SI_2

	
0.910

	
0.828




	
SI_3

	
0.795

	
0.632




	
FCs

	
FC_1

	
0.791

	
0.625

	
0.872

	
0.694

	
0.873




	
FC_2

	
0.869

	
0.755




	
FC_3

	
0.836

	
0.698




	
TC

	
T_1

	
0.867

	
0.751

	
0.889

	
0.728

	
0.891




	
T_2

	
0.884

	
0.781




	
T_3

	
0.807

	
0.651




	
M

	
M_1

	
1.067

	
1.138

	
0.893

	
0.813

	
0.966




	
M_2

	
0.698

	
0.487




	
BI

	
BI_1

	
1.000

	
1.000

	
1.000

	
1.000

	
1.000
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Table 2. Discriminant validity: the bolded values are AVE squares.
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	EE
	FC
	BI
	M
	PE
	SI
	TC





	EE
	0.179
	
	
	
	
	
	



	FC
	0.788
	0.833
	
	
	
	
	



	BI
	0.592
	0.528
	1.000
	
	
	
	



	M
	0.738
	0.641
	0.586
	0.901
	
	
	



	PE
	0.695
	0.633
	0.453
	0.812
	0.948
	
	



	SI
	0.582
	0.491
	0.390
	0.627
	0.648
	0.911
	



	TC
	0.840
	0.776
	0.558
	0.836
	0.771
	0.648
	0.853
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Table 3. Structural model results (bold rows highlight significant paths).
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	Path
	t-Statistics
	p-Values





	EE-BI
	1.243
	0.107



	FC-BI
	1.000
	0.159



	M-FC
	6.965
	0.000



	M-BI
	1.715
	0.043



	PE-BI
	0.593
	0.277



	SI-BI
	0.121
	0.452



	TC-EE
	12.616
	0.000



	T-BI
	0.176
	0.430



	TC-SI
	8.247
	0.000
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Table 4. Hypothesis testing summary.
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	Statement
	Measurement Model (Preliminary Significance)
	Structural Model (Statistical Significance)





	H1
	Performance expectancy (PE)
	Reject (negative relationship)
	Reject



	H2
	Effort expectancy (EE)
	Accept
	Reject



	H3
	Facilitating conditions (FCs)
	Accept
	Reject



	H4
	Social influence (SI)
	Reject
	Reject



	H5
	Trust in CodeLab (TC)
	Reject (negative relationship)
	Reject



	H5.a
	TC, EE, and SI
	Accept
	Accept



	H6
	Motivation
	Accept
	Accept



	H6.a
	M and FCs
	Accept
	Accept
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