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Abstract

:

This study investigates the relationship between the behavioral intention to use e-learning and academic achievement, using self-determination theory (SDT) and critical thinking as one of the 21st century skills. This study also examines how the behavioral intention to use e-learning, which mediates the effects of 21st century skills such as logical thinking and perceived utility, promotes academic performance. The approach is based on structural equation modeling using partial least squares (PLS-SEM). A survey question on the idea of self-determination and critical thinking in the 21st century was given to 346 students at King Saud University as the main method of collecting data. The obtained outcomes of students’ perceived usefulness, critical thinking in the 21st-century skills, and behavioral intention to utilize e-learning indicate a positive effect on their academic achievement in higher education institutes, and all of the surveyed students were completely satisfied with the effect of critical thinking in the 21st-century skills on behavioral intention to use e-learning. This study indicates that self-determination theory and critical thinking in the 21st-century skills, as well as communication skills over e-learning systems, enhance the students learning activities and enable the sharing of knowledge, information, and discussions, and, hence, we recommend that students utilize e-learning systems at educational institutions throughout Saudi Arabia for the purpose of learning and that they should be encouraged to do so through lecturers at higher level education institutions.
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1. Introduction


Information and communication technologies (ICTs) have had a significant impact on education, which has led to the development of e-learning systems [1]. E-learning is a critical tool to meet the demand for favorably qualified specialists in today’s technologically evolved society [2]. E-learning, which has been properly developed and validated, is the transfer of knowledge and skills via online platforms, such as intranets, extranets, and e-learning systems. Since the COVID-19 pandemic, and because there has been a compelling need to switch from in-person to online education, e-learning systems have been widely adopted by educational providers, including, notably, higher education institutions [3]. Nowadays, e-learning is the main format to deliver education in almost all educational institutions across the globe [4], and due to its importance at this time, the number of studies exploring different angles for e-learning systems to deliver effective teaching and learning under the COVID-19 situation has been rapidly growing [5]. For instance, Su and Guo [5] investigated students’ online learning experiences and found that the quality of information, course design, peer interaction, and self-discipline have beneficial effects on students’ learning outcomes and satisfaction. There has been some further study on the challenges of e-learning in the COVID-19 setting [6], the significance of motivation [7], students’ welfare [5], teaching approaches [8], students’ engagement and learning satisfaction [9], and learning performance [10]. One of the crucial parts of e-learning that has not been well researched is the factors that affect students’ adoption and use of e-learning technology [11]. Students’ use and acceptance of e-learning are crucial to its success. If students were to refuse to use e-learning tools or use those systems against their will, the effectiveness of e-learning would be questionable [12]. One of the keys to the success of e-learning is how creatively it is used. The phrase “innovative utilization of e-learning” refers to the manner in which students make use of particular e-learning components or use e-learning in fresh and different ways [13].



The creative application of e-learning has a considerable impact on its effectiveness [14]. Investigating the elements that affect students’ continuous use of digital learning is essential as well. Students are reported to use e-learning indefinitely after their initial experience [15]. In the research on the continuous use of data systems, the frequent and ongoing use of a typical example by students is referred to as “continuous use” [16]. E-learning must be used frequently in order to be productive and have a positive impact on students [12]. Many studies have demonstrated that a user’s continued use of an e-learning program is a measure of that project’s success, and this topic has received more research in recent years than it did in the past [17,18].



Academic achievement is insufficient to thrive in the 21st century [19]. Educators, employers, and policymakers [19] continually emphasize the extra talents needed, often known as 21st century skills. Although these abilities are thought to be necessary for modern existence, they have actually been important throughout human history [20]. However, in the modern world, these abilities must be upgraded and learned while taking into account the demands of a globalizing society. Humanity has always needed the ability to communicate, just as it has needed the ability to think critically and solve problems. Professional success depends on having strong communication skills [21]. They serve as the cornerstone for covalent binding, as well as other 21st century skills, because these skills are built on social interaction [22]. One of the essential traits for success in the modern economic world is cooperation. Additionally, cooperation is required in order to reveal other skills [23]. In today’s digital world, digital literacy is also important [24]. It consists of both technological and cognitive abilities [25]. It is a basic skill for resolving technological, cognitive, social, and communicational issues, especially in the digital environment [26].



In the literature, studies have been done to show the connections between these essential 21st century skills. The goal of this research was to determine the levels of 21st century skills required for college students and teachers [27], school administrators [28], and K–12 students [29], as well as the relationships between these skills. Additionally, the research on the subject has examined how to build a model that predicts academic success based on a student’s level of 21st century skills [30], and how to take into account aspects such as academic progress and attitudes towards a course to predict 21st century skills [29].



Education and political leaders worldwide recognize critical thinking as an essential skill for 21st century learning which is crucial for equipping youth for the modern world. While certain research findings suggest effective methods to enhance students’ critical thinking skills and explore the impact of critical thinking on their academic success in online learning, other studies indicate that mere online instruction does not guarantee significant improvement in students’ critical thinking. For instance, AlMahdawi et al. [31] advocate for the implementation of online collaborative teamwork as a highly effective approach to enhance learners’ critical thinking, interactivity, and creativity. In contrast, other studies reveal that students often display limited levels of critical thinking and participation during online discussions, resulting in uncollaborative and superficial conversations [31]. However, Abdul Razzak [32] reports that utilizing a strategic online instruction approach, such as incorporating real-life simulations, can stimulate profound thinking, foster engagement, and facilitate the generation of innovative ideas. Analyzing the aforementioned findings in the literature demonstrates that, while some studies identify the factors that influence students’ critical thinking skills, others indicate that critical thinking itself affects student achievement in the realm of online learning. Reference [33] discusses the promotion of critical thinking skills through e-learning, underscoring its importance in engaging with online content and problem-solving. Collaboration and communication skills are also essential in the digital realm. Minan et al. [34] emphasize the value of collaborative learning in the online classroom, emphasizing its contribution to meaningful engagement and knowledge construction. Information management skills are crucial for effectively navigating and evaluating the vast amount of online information. In light of the aforementioned research, this essay investigated students’ academic success and e-learning in Saudi higher education [35]. The results were examined using the self-determination theory, which takes into account external factors. However, no studies on model development for revealing the levels of the 21st-century core skills to predict each other were found in the literature. The primary goal of this research is to investigate the connections between the behavioral intention to use e-learning and academic achievement, using self-determination theory (SDT) and critical thinking as one of the 21st century skills. The development of models that demonstrate the predictive levels of using e-learning for 21st century skills is what lends credibility to this study. In addition, this study will make a significant contribution to the literature, as it highlights the importance of cooperation and critical thinking in developing 21st century skills. Thus, this study is expected to fill a gap in the literature.



In view of the above, this paper investigated students’ academic achievement and the use of e-learning for learning in Saudi higher education. The findings were evaluated using the self-determination theory with external variables. The “Structural Equation Model” (SEM) was developed to investigate the interactions between the factors that affect academic attainment. The research model focuses on the effects of both collaborative design requirements on students’ academic performance, specifically how perceived independence, self-efficacy, perception relatedness, technology literacy, effective communication, cooperation, usability, critical rationale in the 21st century, and behavioral intention to use are implemented in e-learning. We employed IBM SPSS and Smart-PLS 3.3.3 as the primary statistical tools for this study, covering measure construction, convergent measurement validity, discriminant measurement validity, and structural model exploration. This study is organized as follows: Section 2 deals with the creation of a theoretical model and a hypothesis. Section 3 deals with research techniques. Section 4 presents the data that have been studied. Section 5 discusses the results. Section 6 deals with the conclusions (conclusion and future study direction).




2. Theoretical Model and Hypotheses Development


SDT has recently become quite popular in the scientific literature. Numerous studies have employed the lens of SDT to address research issues in a variety of contexts, such as mobile-based evaluation [36], computer game enjoyment [37], trying to predict usage behavior and acquiescence in cloud-based virtual classrooms [38], marker room continuation [39], quality of work [40], using social media platforms to advertise electronic word-of-mouth [41], and education and online learning. Chen and Jang [42] and Sørebø et al. [43] employed the SDT framework to determine how well Saudi Arabian students adopted e-learning, and found that autonomous motivation was an important predictor of the three TPB categories and that perceived behavioral control (PBC) had a substantial impact on student behavior (attitude towards behavior, subjective norm, and PBC). According to SDT, relatedness, autonomy, and competence are three basic psychological demands that all people have and that help to explain “the sensation of choice”.



2.1. Perceived Autonomy


Students who need autonomy in their online learning desire to control their own decisions and learning strategies [44]. Numerous studies have demonstrated the link between autonomy and successful outcomes. In the context of an organizational setting, Deci et al. [45] discovered that autonomy support has a considerable impact on satisfaction and corporate trust. According to Gagné et al. [46], it has been proven that managerial assistance helps to promote organizational acceptance of change. In fact, a number of studies have suggested that autonomy encourages both intrinsic and extrinsic drive, which in turn leads to beneficial effects. According to Williams and Deci [47], when students have more autonomy and support, they demonstrate a greater assimilation of the course’s values. The observed support from supervisors has an impact on a system’s perceived utility and simplicity of use in the IS domain. Inside the context of e-learning, the skycap predicts the perceived usefulness and perceived playfulness [48]. The perceived utility, in relation to employing online learning, is classified as extrinsic motivation by a prior study [42]. The enjoyment felt as a pleasant emotion in connection with the fun of online courses is defined as intrinsic motivation [48]. According to these theories, the observed value (extrinsic motivation) and reported enjoyment (intrinsic motivation) of online SRL should be positively connected, in the current study, with perceptions of independence in online learning. Therefore, this study posited the following hypotheses:



Hypothesis 1 (H1).

PA significantly influences PU.





Hypothesis 2 (H2).

PA significantly influences CT.






2.2. Perceived Competence


Students’ willingness to use an online tool effectively to raise their academic achievement indicates their need for competency during online learning. Zhao et al. [49] made the assumption that motivation levels are influenced by how well a competency need is met. Students who feel capable of participating in online SRL will feel empowered to control their own participation. A connection between this perception of competence and the intrinsic and extrinsic drives is anticipated. The concept of self-efficacy [50], which is concerned with how well people perceive their capacity to organize and carry out tasks in order to produce desired results [51], is linked to the concept of competence. According to Luo et al. [48], students’ perceptions of the value of e-learning are correlated with their level of social competence. Computer proficiency has been demonstrated in the IS literature to have an impact both on being extrinsically motivated (i.e., perceived usefulness) and intrinsically motivated (i.e., perceived enjoyment) [43]. Sørebø et al. [43] confirmed that the perceived usefulness and enjoyment of using e-learning technologies are related to the amount of self-efficacy involved in doing so. Therefore, this study posited the following hypotheses:



Hypothesis 3 (H3).

PC significantly influences PU.





Hypothesis 4 (H4).

PC significantly influences CT.






2.3. Perceived Relatedness


Students’ online SRL exhibits a demand for relatedness that shows their desire to feel as though their actions are connected to and supported by those near them [47]. People are more inclined to support their organization’s aim when they sense a connection to the other members of the group, according to SDT. If they are valued by pertinent others (such as peers, friends, family, superiors, or organizations), people continue to engage in certain uninteresting or unpleasant activities [52]. As a result, meeting their demands exemplifies a particular social influence that is comparable to the idea of facilitating conditions in the IS domain. In a previous stud, subjective standards, such as perceived fun or enjoyment, were shown to have an impact on perceived usefulness and intrinsic motivation [53]. According to Luo et al. [48], there is a positive correlation between a learning activity’s relatedness, usefulness, and usability. We contend that students’ perceptions of their relationships with other significant individuals should affect their perceptions of usefulness and enjoyment. Therefore, this study posited the following hypotheses:



Hypothesis 5 (H5).

PR significantly influences PU.





Hypothesis 6 (H6).

PR significantly influences CT.






2.4. Digital Literacy


Online learning can also have a significant impact on the outcomes of online distance learning. Digital literacy refers to a person’s capacity to use ICT and the Web to accomplish goals [54]. Digital literacy is defined as “the awareness, attitude, and capacity of individuals to adequately use digital tools and services to recognize, access, manage, incorporate, evaluate, and synthesize online technologies, build new knowledge, create digital gestures, and interact with others in the context of specific life situations in order to enable productive social action; and also to reflect on this process”, as cited in [55]. Digital literacy is one of the most crucial 21st century abilities [55]. There is no connection between digital literacy and critical thinking or problem-solving skills. Nonetheless, when asked to handle a problem, students are observed to follow the phases of evaluating the necessity of information and finding, organizing, analyzing, synthesizing, and presenting sources [56]. In addition, they look for these sources online [57]. Students must be digitally literate in order to evaluate the worth and reliability of the material they obtain online [58]. As a result, digital literacy significantly aids pupils’ ability to think critically and solve problems. Therefore, this study posited the following hypotheses:



Hypothesis 7 (H7):

DL significantly influences PU.





Hypothesis 8 (H8):

DL significantly influences CT.






2.5. Effective Communication


The ability of pupils to arrange their ideas, information, and conclusions, and to communicate them effectively—whether orally, in writing, or in the form of other media—is defined as communication. Humans are social creatures who engage in ongoing social interaction. As a result, effective communication is among the most important factors in social success [54]. Establishing a productive workplace requires effective communication. All educators should support their students in developing critical communication skills in this era of globalization by giving them time and chances to practice interpersonal relationships [59]. This is because people from different cultures are continuously mixing and engaging. Aizenkot Ben David [60] looked into how the application of blended learning in courses affected students’ 21st century abilities and GPA. Effective communication is a talent that is necessary in the 21st century. It is especially crucial in fields where teamwork is highly valued. This is due to the fact that, in order to handle a complex problem, a person must have strong communication and cooperation skills [61]. Practical communication abilities have been demonstrated to be extremely important for collaborative work [62]. Effective functional communicators are better able to complete their tasks collaboratively. As a result, effective communication skills can affect teamwork [63]. Therefore, this study posited the following hypotheses:



Hypothesis 9 (H9).

EC significantly influences PU.





Hypothesis 10 (H10).

EC significantly influences CT.






2.6. Cooperativity Skills


According to earlier research [64], using online networks in conjunction with cooperative learning has a greater effect on outcomes. The immediate nature of the tools, in the findings of [64], enhances learning outcomes as people study or interact while using them. For instance, according to Alavi [65], students who have used group decision-support systems have shown more passion, improved skill development, and received higher overall evaluations [66]. The literature contains studies on the relationship between cooperative and critical thinking skills. Most of these studies concluded that cooperation or cooperative activities either improve or heighten the capacity for critical thought. Chen and Swan [67], who offer a theoretical foundation related to critical thinking, present a four-step structure, with the final stage being “critical appraisal of others’ opinions”. The best places to investigate people’s opinions are also cooperative work environments. When cooperative work is developed, students are better able to employ their critical faculties in circumstances which require debate [66]. Therefore, this study posited the following hypotheses:



Hypothesis 11 (H11).

CS significantly influences PU.





Hypothesis 12 (H12).

CS significantly influences CT.






2.7. Perceived Usefulness


Perceived usefulness (PU) is defined, in the context of e-learning, as the degree to which users believe that e-learning may assist them in achieving their educational and professional goals. According to earlier studies, PU has the biggest effect on attitude [68]. Moreover, behavioral intentions to adopt e-learning were considerably impacted by PU. Several empirical studies have revealed that PU is the primary consideration when determining whether to employ a specific technology or not [69]. Students will not use an e-learning system unless they think doing so will improve their academic achievement. Perceived usefulness (PU) and behavioral control to utilize the e-learning system have a substantial positive link, according to prior research on students’ behavioral intention to use an e-learning system (BI) [69]. According to one notion, a person would become more upbeat as they began to value the e-learning system more [70]. According to the literature, there is a solid foundation of evidence for the relationship between PU and 21st century critical thinking skills [71]. Therefore, this study posited the following hypotheses:



Hypothesis 13 (H13).

PU significantly influences CT.





Hypothesis 14 (H14).

PU significantly influences BI.






2.8. Critical Thinking as a 21st Century Skill


Inferring, interpretating, analyzing, and self-regulatory judgment are the outcomes of critical thinking. It also clarifies the factual, conceptual, scientific, or contextual factors supporting a conclusion. The ability to think critically is crucial, liberating in the classroom, and a useful asset in one’s personal and civic life [72]. The technique called critical thinking seeks to help people choose wisely, when it comes to their beliefs and actions. It also requires higher-order cognitive skills [72]. Technology encourages critical thinking and simplifies the understanding of instructional materials [73]. The relationship between critical thinking and education is obvious, since one cannot think well without being able to learn well. Both academic and professional success depend on critical thinking. It is a psychological process used to create or resolve issues, come to conclusions, comprehend details, and discover solutions to issues [74]. Peer conversation enhances comprehension even when no one in a discussion forum has the right answer and the group is simply developing critical thinking skills [74]. One study found that students generally believed that they had high critical thinking and problem-solving skills, and were satisfied with their ability to think critically [75]. Additionally, critical thinking abilities are necessary for students to pinpoint the root of a problem and the best fix to enhance their performance [76]. Thus, student performance achievement and behavioral intention are related to critical thinking learning. Therefore, this study posited the following hypothesis:



Hypothesis 15 (H15).

CT significantly influences BI.






2.9. Behavioral Intention to Use


Learners’ behavioral intention (BI) with regard to e-learning is their intention to use e-learning systems consistently from on the time of the decision [77]. Numerous studies have demonstrated that behavioral intention directly and dramatically affects how well an e-learning system performs academically [78]. The authors of [79] posit that, once students make the decision to use an online education system, they will follow through and use it. Also, Davis et al., [80] assert that one of the key determinants of how people really use information technology (IT) or new technologies is business intelligence (BI). The authors of Bae [81] make the case that BI can be employed to assess a person’s propensity for engaging in a particular behavior. It has been established by researchers [71] that behavioral intention significantly improves real IT usage. It has also been proven by numerous e-learning studies [82] that BI has a favorable correlation with practical use. This study suggests that BI is positively connected to AU, which is consistent with the earlier literature. Therefore, this study posited the following hypothesis:



Hypothesis 16 (H16).

BI significantly influences AA.






2.10. Academic Achievement


The knowledge, skills, and behaviors that students acquire in educational settings are what define student achievement, and their learning outcomes reflect this [82]. On the other hand, it may be said that there are a lot of elements that will affect student accomplishment in online learning settings created with technology support. For instance, Cho and Shen [83] claimed that students’ ability to self-regulate in online classrooms had an impact on their academic performance. Additionally, research indicates that effective e-learning environments improve student performance [84]. Furthermore, according to Chang and Tsai [85], while a lack of communication and technical difficulties are challenges for students, course design and time management are crucial elements of successful online courses for those who learn this way.





3. Research Methodology


3.1. The Study’s Design


The major goal of the study was to create a clear and understandable theoretical framework for evaluating the acceptability of e-learning and its contributing components. The suggested model and survey were built, validated, and tested using a multistage testing technique. The participants in this study first examined 47 previously employed questions to gauge Saudi institutions’ adoption of 21st century skills-based education through e-learning, identifying 10 elements (cooperativity skills, academic achievement, behavioral intention to use, critical thinking in the 21st century skills, digital literacy, effective communication, perceived autonomy, perceived competence, perceived relatedness, and perceived usefulness) to evaluate e-learning. Second, information was manually gathered from 370 students who were randomly selected from Saudi Arabia’s King Saud University. The structural equation partial least squares model and IBM SPSS (version 26, Originlab Corporation, Northampton, MA, USA) were used to assess the collected data (PLS-SEM 3.3.3, IBM, Armonk, NY, USA).




3.2. Data Collection


This study’s target audience consisted of undergraduate students at King Saud University in Saudi Arabia. A questionnaire survey was used to collect the data. There were 370 people who participated in the poll. The sample size employed in this study is, therefore, sufficient to reflect Saudi Arabian students’ impressions about the deployment of the e-learning system. In total, 24 polls were disqualified due to missing data. A total of 370 surveys were given out, and 346 of them, or 93.5%, were returned by the respondents. In this study, a quantitative technique and a questionnaire survey were used. In order to collect the data, self-administrated questionnaires were distributed to King Saud University students between December 2022 and January 2023. The primary analysis of this study included 346 questionnaires with a 93.5% response rate, and this sample size was found to be acceptable based on Hair et al.’s (2010) recommendation that the minimum sample size for quantitative research is 335. Table 1 provides further details on the participants. The data were thus examined using SPSS from a total of 346 surveys. In Table 1, the students’ genders, ages, and specialties are displayed. Based on the survey’s demographics, 129 of the respondents were female, while 217 were male. The age range of the 51 respondents who were surveyed was between 18 and 20. A total of 67 respondents were aged from 21 to 24. A total of 129 of those polled were between the ages of 25 and 29. A total of 65 of those polled were between the ages of 30 and 34. Furthermore, 34 respondents were 35 years old or older. Finally, regarding specialization, 162 were from humanities colleges, 108 were from scientific colleges, and 76 were from medical colleges.




3.3. Instrument Development


Data were gathered using a five-point Likert scale, and the preexisting concepts of this research were used with the following adjustments to meet the context of this study. Perceived competence, relatedness, independence, and autonomy were adapted from the sample questionnaire from [86]. Effective communication was taken into consideration [87], Cooperativity skills and Critical thinking in the 21st century were adapted from the sample survey in [87], User satisfaction and Behavioral intent to use were adapted from [88], and Digital literacy was adjusted from the sample questionnaire in [89]. Finally, the example questionnaire from [90] was modified to reflect the academic achievement of students (see Appendix A). All of the variables and their sources are presented in Table 2. To analyze the data, the researchers used the Partial Least Square Structural Equation Modeling (PLSSEM) procedures. In this study, they utilized the Smart-PLS 3.3.3 software to evaluate both the measurement and structural models. The measurement model was used to compute the validity and reliability of the data. To ensure data validity, they reported the AVE, with a required value of 0.5 for convergent validity, and applied the Fornell–Larcker criterion, cross-loading, and HTMT to assess the discriminant validity. To measure the data reliability, an internal consistency and reliability process was conducted using two approaches, where both values should be >0.7. For the assessment model, we determined the significance of the relationship through the path coefficient, t-value, and p-value.





4. Result and Data Analysis


4.1. Measurement Model


The evaluation processes required to validate the precision and reliability of the measurements are referred to as the measurement model. Three different approaches were taken into account. Validity comes in three types: discriminant, convergent, and Internal Consistency Reliability and Indicator Loadings. Three actions are suggested by Hair et al. [91].




4.2. Internal Consistency Reliability and Indicator Loadings


In this study, the indicator loadings were calculated using PLS-SEM data. Table 2 displays the specifics of the loadings. The vast majority of the products had loading levels above 0.700 [91]. In the PLS-SEM investigation’s second phase, 50 indicators were evaluated. The examination results for the statistical coherence among the variables are referred to as internal consistency reliability. When evaluating internal reliability, one should use Cronbach’s alpha (CA) and composite reliability (CR). The criteria detailed in [91] were used to determine the CA and CR values in this study: >0.700 for CA and >0.700 for CR. The features of each measured value are displayed in Table 2. All constructions exhibit high levels of internal consistency for both CA and CR values, with CA reliability ranging from 0.773 to 0.882 and CR confidence from 0.843 to 0.914.




4.3. Convergent Validity


A statistical technique related to constructing validity is referred to as validity testing. The idea of convergent validity states that assessments using the same or similar conceptions should be closely related. Convergent validity must be expressed in terms of the AVE scores. PLS-SEM was used to calculate the SmartPLS scores. At minimum, 50% of the variability should be explained by the AVE, which should have a score greater than or equal to 0.500; over half of the discrepancy is explained by the obtained values for all projects, which are greater than 500 [92], as shown in Table 2.




4.4. Discriminant Validity


The degree to which a construct differs from other constructs, according to [91], is referred to as discriminant validity. The AVE score of a notion must be less than the average variance of all of the model constructs. The findings of this study demonstrate that the AVE score for each notion is lower than its shared variance (Table 3). The establishment of construct validity resulted from examining these Fornell–Larcker criteria. Cross-loadings are another method that can be used to assess a discriminant’s validity. Table 3 shows that the outer loading value of each indicator for each build was higher than the cross-loading value of the additional constructs. The cross-loading of fair reflection results in discriminant validity



Validity will also be clear when the heterotrait-monotrait (HTMT) is higher than 0.900. A HTMT value over 0.900 indicates that the construct is not legitimate. Table 4 shows that none of the HTMT values exceeded 0.900. The findings reveal that the numbers were significantly off from 1.




4.5. Structural Model Assessment


The structural equation evaluation is divided into various phases [91]. The process of computerizing collinearity started with the reporting of variance inflation factor (VIF) statistics. The link was researched in the following phase. Step three involved calculating the R2 significance level. In step four, it was revealed what the effect size of F2 meant for the construct’s applicability. An inquiry into the rationale behind the selected endogenous constructs was the aim of this investigation. When presenting the Q2 values, the R2 and F2 impact sizes were pegged in the PLS-SEM model to generate the data.




4.6. Coefficient of Determination (R2)


The degree of relevance (R2), which is the result of the linear regression and is defined as the percentage of variance in latent variables that are endogenous, and that the independent factor would be able to predict, is the output of the analysis. It assesses how well a model can forecast the future. It is calculated using the correlation coefficients’ cube. On the R2 scale, which runs from 0 to 1, a greater number represents a higher degree of R2. Using this scale, 0.25 is regarded as a low value, 0.50 as a moderate value, and 0.75 as a big value [91]. Table 5 shows the R2 result based on the investigation’s findings. Academic achievement (0.169), behavioral intention to use (0.240), 21st century critical thinking skills (0.350), and perceived value (0.511) are taken into account for the students. Table 5 displays the outcomes.




4.7. Effect Size (F2)


The correlation value, often known as the F2 statistic, is a statistical indicator of the degree to which a prediction construct is related to a certain variable. As an alternative, F2 is used to assess how external constructs affect endogenous constructs. The goal of F2 is to examine what happens to R2 when an external variable is taken out of the model. A small impact is one with an F2 value of 0.02, a medium impact is one with an F2 value of 0.15, and a significant effect is one with an F2 value of 0.35, according to [91]. Ten confirmed effect sizes were observed in this study’s data. According to Table 6, the association between behavioral intention to use and academic achievement was the lowest, while the correlation between behavioral intention to use and perceived usefulness was the highest, with an F2 value of 0.523.




4.8. Collinearity Issue


It is important to look at the time series between the predictor sets. The VIF value can be used to determine the serial correlation. Time series will be a problem if the VIF value is reported to be >3000 [91]. Cooperation skills predict both rational thought in the 21st century skills and perceived usefulness (VIF = 2.004 and 1.867, respectively); academic achievement predicts behavioral intention to use (VIF = 1.000); 21st century critical thinking skills predict behavioral intention to use (VIF = 1.234); online learning predicts 21st century critical thinking skills (VIF = 1.581) and perceived usefulness (PU) (VIF = 1.559); perceived autonomy (VIF = 1.633) and PU (VIF = 1.592) predict critical thinking in the 21st century skills; perceived competence (VIF = 1.379), PU (VIF = 1.345), perceived relatedness (VIF = 2.081), behavioral intention to use (PU) (VIF = 1.234), and usefulness (VIF = 2.045) predict rational reflection in the 21st century skills. All VIF readings are below three (Table 7). Therefore, integration is not a concern in this investigation [91].




4.9. Hypothesis Testing


For the purpose of calculating the route factor between exogenous and endogenous structures, the model was used to construct the sample using 5000 subsamples. Figure 1 depicts the assumption; Figure 2 shows the results of the path coefficient; and Figure 3 shows the results of the path coefficient (t-values). In this work, SEM analysis was used to evaluate the research model. Sixteen hypotheses (H1–H16) were tested in order to look into the connection between the self-determination hypothesis and environmental factors on usefulness, 21st century critical thinking skills, and behavioral intentions to use e-learning, which can affect the implementation of e-learning systems for educational purposes. The results were verified. All 16 of the assumptions were incorporated into the study model, as shown in Table 8.



Perceived usefulness and critical reasoning in 21st century skills are positively impacted by perceived autonomy (p = 0.141, t = 2.819; p = 0.155, t = 2.978). Therefore, H1 and H2 have statistical significance. When using an e-learning system for learning, perceived competence significantly improved perceived usefulness (p = 0.129, t = 2.997) and critical reasoning in the 21st century (p = 0.195, t = 3.688).



Consequently, H3 and H4 have statistical significance. Furthermore, perceived relatedness (p = 0.143, t = 2.036) and perceived utility (p = 0.151, t = 2.815) significantly improved analytical reasoning in the 21st century. H5 and H6 are statistically significant as a result. Table 8 shows that the digital literacy component of the e-learning strategy significantly improved top reasons (p = 0.102, t = 2.068) and critical reasoning in the 21st century skills (p = 0.143, t = 2.650). H7 and H8 are statistically significant as a result. Communicating effectively on PU (p = 0.174, t = 3.552) and critical reasoning in 21st century skills (p = 0.17, t = 2.689) are significantly positively correlated, as shown in Table 6.



Therefore, the H9 and H10 theories are accepted. According to Table 6, there is a strong positive correlation between cooperative learning skills and perceived usefulness (p = 0.259, t = 4.825) and 21st century critical thinking skills (p = -0.174, t = 2.846). The results also indicate a favorable association between 21st century critical thinking skills (p = −0.174, t = 2.846) and cooperation skills and perceived value (p = 0.259, t = 4.825). Therefore, H11 and H12 were supported. Similar to this, the 13th and 14th hypotheses (H13 andH14) proposed that perceived utility affected both behavioral intentions to utilize online learning (p = 0.433, t = 8.564) and critical thinking in the 21st century (p = 0.135, t = 2.033). As a result, the hypotheses (H13 and H14) are confirmed.



Additionally, Table 6 demonstrates a strong correlation between critical thinking skills for the 21st century (p = 0.109, t = 2.019) and behaviour intention to use online learning. This indicates that the gender of the pupils had an impact on their critical thinking abilities in the 21st century skills. As a result, the hypothesis (H15) is accepted. The Hypothesis (H16), that there is a relationship between behavioral intention to use online learning and academic achievement, were also investigated (p = 0.412, t = 7.637). Therefore, the hypothesis (H16) was confirmed. Table 8 displays the outcomes.





5. Discussion and Implications


Understanding the mechanics underlying how these networks affect academic accomplishments becomes more and more important as educational institutions incorporate e-learning into their educational environments to improve the learning process. Despite the recent growth in studies on the effects of e-learning on student learning, there are still significant gaps that prevent us from fully comprehending this phenomenon and providing academics with new opportunities. The primary objective of the current study is to examine how the learners’ skills affect how well they use e-learning in their learning processes. The conceptual framework of this study was developed based on prior research, and it addressed the elements and characters of skills through the concepts of perceived utility and critical thinking in 21st century abilities. Perceived autonomy, perceived competence, reported relatedness, technology skills, communication skills, and cooperativity skills are the six components that make up this notion, which determines behavioral intent to use e-learning and academic achievement.



Figure 1 shows how this study used self-determination theory in conjunction with external variables to assess the factors that influence students’ perceptions of the value of e-learning in higher education in Saudi Arabia, as well as their behavioral intention to use it. King Saud University students provided the data that were used in this study’s research. The 16 research hypotheses presented in Table 8 are supported by the findings of the study’s examination of structural equation modeling.



In light of this, the techniques used in this study indicate self-determination theory with exogenous factors to be the most important influence on academic accomplishment in terms of behavioral intention to utilize e-learning settings as an educational approach and critical reasoning in 21st century skills. The most recent findings firmly support the hypotheses (H1 and H2) that perceived autonomy increases outcomes and critical reasoning in 21st century skills. This is in line with earlier studies [43,48] that discovered a connection between claimed abilities and critical reasoning, and their perceived usefulness in 21st century skills. The study’s findings support the two hypotheses (H3 and H4) and demonstrate that critical thinking and perceived usefulness in 21st century abilities are positively impacted by perceived competence. This is strong support for the perceived competence variable. Previous studies that support this [43,48] have confirmed these correlations. This study’s findings also show that perceived usefulness and critical reasoning in 21st century abilities in educational institutions have a significant impact on observed relatedness, corroborating the hypotheses (H5 and H6). As a result, the results of this study support earlier findings about the relationships among various factors [43,48].



This study’s findings also corroborate the hypotheses (H7 and H8) and offer convincing proof that digital literacy positively affects 21st century skills such as critical thinking and perceived usefulness. To put it another way, higher digital literacy leads to more use of the critical thinking and perceived value skills that are essential for the 21st century. This supports earlier studies that found a strong correlation between digital literacy and perceived usefulness and 21st century skills, such as critical thinking [93]. The study’s findings offer compelling support for the importance of good communication, confirming (H9 and H10) and indicating that it has a big impact on perceived usefulness and critical thinking in the 21st century skills in educational institutions. However, the fact that e-learning is widely used by students in Saudi colleges, where there are enough of them to have a sizable impact on their peers can be used to explain this conclusion. The findings of this study strongly confirm past conclusions about the interrelationships of different factors [94]. However, these results were at odds with those of other investigations [95].



Both of the two hypotheses (H11 and H12) for the second variable, collaboration abilities, have a significant beneficial influence on perceived cooperation and critical thinking in the 21st century skills. This is consistent with the findings of other researchers who discovered that involvement, whether direct or indirect, had a positive effect on perceived utility and critical thinking abilities in the 21st century skills [94]. Behavioral intention to use e-learning as a sustainable growth avenue for higher education was found to be positively correlated with perceived usefulness (H13 and H14), critical thinking in the 21st century, and behavioral intention to use E-learning, which improved educational success when measuring educational sustainability. Hence, this study’s findings are consistent with past findings about varying correlations [88]. This study’s findings largely support hypothesis (H15), which states that rational reflection in 21st century skills promotes behavioral intention to employ e-learning constructively. In other words, when a classroom is convenient and acceptable, behavioral intentions to use e-learning rise, which promotes the development of 21st century critical thinking skills. This supports earlier studies [87] that discovered a connection between behavioral intention to use e-learning and critical reasoning in 21st century skills.



Behavioral intention to use e-learning had a significant beneficial influence on academic success as well as intention to use e-learning systems in higher education, according to study theories (H16) associated with the following factor. This is in line with a prior study that discovered a favorable relationship between actual performance in an e-learning system and academic success, as well as a behavioral intention to use e-learning. Hence, the outcomes of this study confirm past research which correlates numerous factors [90].



5.1. Theoretical and Practical Implications


The six components of 21st century e-learning platforms include computer skills, communication skills, perceived connectedness, perceived competence, and cooperativity. Skills were seen as potential constructions that might influence how positively students view e-learning systems and how prepared they are to use analytical reasoning in the 21st century. In order to quantify and evaluate its findings, this study combined self-determination theory with external variables. The following are some of the important outcomes and implications of this study:




	
The self-determination theory has been proved to be an ideal model for understanding perceived autonomy, perceived competence, and perceived relatedness, in improving academic achievement. Academic achievement subsequently could increase the student’s adoption of e-learning for learning.



	
The critical thinking in the 21st-century skills has provided evidence that it is an appropriate factor that helps to understand students’ collaboration and communication skills in accepting and using e-learning systems as the medium of teaching and learning.








Next, a theoretical model for e-learning using self-determination theory with external factors, and other related technologies, is being developed. Self-determination theory is enhanced by the study’s inclusion of external variables. Future e-learning systems can be used to improve learning and teaching results by applying the technology adoption strategy. The study’s main practical implications and benefits are thus accomplished by responding to the research questions. First, the model of technology acceptance demonstrated its suitability for obtaining independent variables to improve students’ perceived usefulness, 21st century critical thinking skills, and behavioral intention to use e-learning, which improve their academic success in higher education. Second, the self-determination theory offers support for modeling independent variables, boosting perceived utility, 21st century critical thinking abilities, and behavioral intention to use online learning. As a result, students in higher education are using e-learning more frequently. Because it identifies individual effects of utilizing e-learning on perceived benefits, 21st century thinking abilities, and behavioral intention to use e-learning, this research contributes significant theoretical value to earlier studies in these disciplines.




5.2. Limitations and Future Work


This research has some limitations that could be addressed in future studies. The model tested in this study focuses on the self-determination theory and three specific skills related to e-learning systems in the 21st century, which may restrict the generalizability of the findings to other theories and skills which are not discussed in the paper. Additionally, measuring 21st century skills with the critical thinking method, as they were examined by the study, can be considered a limitation because there are no objective measurement tools for these skills. Due to the large number of skills included in this study, short data collection tools were preferred. However, these tools may not have fully captured the complex constructs being measured, such as creativity. Therefore, in future studies, researchers could test the model developed within this study using different data collection tools that measure the skills in greater detail and more objectively. Another limitation of this work is that the study may be constrained due to the small sample size which was employed.





6. Conclusions


The findings of our study confirm the value of e-learning systems for the instruction of and learning by college students. All cultures can benefit from the proposed study of self-determination theory (SDT) and environmental factors (skills). This study demonstrates how adaptable SDT is and how it can be used to investigate the usage of e-learning in the 21st century, as well as perceived value, cognitive abilities, and behavioral intent, particularly in the Saudi setting. As for the usefulness of e-learning portal services from the perspectives of male and female students, the results of the current study show that men and women use the Saudi Arabian e-learning portal differently. Additionally, e-learning’s perceived utility, the ability to think critically, and the behavioral intention to utilize it all play a mediating role amongst the several independent elements that affect academic accomplishment. Effective communication has a great impact on critical thinking. In other words, encouraging efficient communication and critical thinking can directly enhance academic performance. Additionally, it was discovered that perceived autonomy had a direct and substantial influence on perceived usefulness. For this reason, it is important to foster students’ feelings of autonomy in order to improve their academic performances. Therefore, future studies can be improved by using a larger sample size and engaging of respondents from other countries (can be divided into stages/groups, e.g., Southeast Asia, and so on). Other than that, we suggest that a “multidisciplinary approach” (quantity and quality) could be used to provide more detailed explanations of the results of the current research, especially regarding those unrelated relationships. The models used in this study, self-determination theory and critical thinking as one of the 21st-century skills, can also still be upgraded in order to obtain better results. For example, the incorporation of different expectations (for example, information quality, system quality, and interaction) might expand the utilization of self-determination theory and critical thinking as one of the 21st-century skills in an assortment of innovative settings.







Author Contributions


Conceptualization, U.A. and A.A.; methodology, U.A. and A.A.; software, U.A. and A.A.; validation, U.A. and A.A.; formal analysis, U.A. and A.A.; investigation, U.A. and A.A.; resources, U.A. and A.A.; data curation, U.A. and A.A.; writing—original draft preparation, U.A. and A.A.; writing review and editing, U.A. and A.A.; visualization, U.A. and A.A.; supervision, U.A. project administration, U.A. and A.A.; funding acquisition, U.A. and A.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by Researchers Supporting Project number (RSP2023R159), King Saud University, Riyadh, Saudi Arabia.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.





Appendix A




[image: Table] 














	
Perceived competence (PC)




	
1.

	
During E-learning use, I get many chances to show my capability.




	
2.

	
During E-learning use, I have confidence in my ability to do things well.




	
3.

	
During E-learning use, I am capable at what I do.




	
4.

	
During E-learning use, I can competently achieve my goals.




	
5.

	
During E-learning use, I can successfully complete difficult tasks.




	
Perceived autonomy (PA)




	
6.

	
I have more control while using E-learning.




	
7.

	
During E-learning use, I have a sense of freedom to make my own choices.




	
8.

	
During E-learning use, there are many opportunities for me to decide for myself what and how I learn in e-learning system.




	
9.

	
During E-learning use, I do what really interests me.




	
10.

	
During E-learning use, my choices express who I really am as a student.




	
Perceived relatedness (PR)




	
11.

	
E-learning gives me more chances to interact with others.




	
12.

	
I feel close to others while using E-learning.




	
13.

	
During E-learning use, My friends at online learning support me.




	
14.

	
During E-learning use, I consider the people I work with to be my friends.




	
15.

	
I have more opportunity to be close to other though E-learning.




	
Digital literacy (DL)




	
16.

	
During E-learning use, I know to solve my own technical problems.




	
17.

	
During E-learning use, I can learn new technologies easily.




	
18.

	
During E-learning use, I keep up with important new technologies for learning.




	
19.

	
During E-learning use, I am confident with my search and evaluate skills in regard to obtaining information.




	
20.

	
During E-learning use, I have good ICT skills.




	
Effective communication (EC)




	
21.

	
During E-learning use, Learning communication skills has improved my ability to communicate with students.




	
22.

	
During E-learning use, Learning communication skills is fun.




	
23.

	
During E-learning use, Learning communication skills is too easy.




	
24.

	
During E-learning use, Developing my communication skills is just as important as developing my knowledge of teaching.




	
Cooperativity skills(CS)




	
25.

	
I felt that using e-learning for active collaborative learning with peers was effective.




	
26.

	
During E-learning use, I was able to develop study skills through member’s collaboration.




	
27.

	
Active collaborative learning experience in the E-learning environment is better than in a face-to-face learning.




	
28.

	
I think that collaborative learning with using of e-learning increases my understanding of how to perform tasks.




	
Perceived usefulness (PU)




	
29.

	
E-learning use, I can enhance my teaching quality.




	
30.

	
I find E-learning Platforms useful in my study / research.




	
31.

	
Using E-learning Platforms enables me to accomplish tasks more quickly.




	
32.

	
Using E-learning Platforms increases my productivity.




	
33.

	
Overall, using e-learning Platforms enhances my effectiveness in my studies.




	
Critical thinking in E-learning (CT)




	
34.

	
During E-learning use, I make use of a systematic method while comparing the options at my hand and while reaching a decision.




	
35.

	
During E-learning use, I think about other possible ways of understanding what I am learning.




	
36.

	
During E-learning use, I evaluate different opinions to see which one makes more sense.




	
37.

	
During E-learning use, I decide what kind of information can be trusted.




	
Behavioral intention to use e-learning (BI)




	
38.

	
I intend to use E-learning in my studies when it becomes available.




	
39.

	
I intend to use E-learning in my studies as often as needed.




	
40.

	
I predict I would E-learning use in my studies in the future.




	
41.

	
I agree that E-learning should be adopted in learning for knowledge sharing.




	
42.

	
I will frequently return to the E-learning use that I participate in the future.




	
Academic achievement (AA)




	
43.

	
E-learning Platforms have improved my comprehension of the concepts studied.




	
44.

	
E-learning Platforms have led me to a better learning experience.




	
45.

	
E-learning Platforms activities have allowed me to better understand my studies.




	
46.

	
E-learning Platforms activities are helpful in my studies and makes it easy to learn.




	
47.

	
E-learning Platforms activities improve my academic achievement.
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Figure 1. Research model (source: author). 
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Figure 2. Findings for path coefficient. 
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Figure 3. Path (t-Value) findings. 
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Table 1. The survey’s demographics for gender, age, and specialization.
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Demographic

	
Description

	
Number of Respondents






	
Gender

	
Female

	
129




	
Male

	
217




	
Age

	
18–20

	
51




	
21–24

	
67




	
25–29

	
129




	
30–34

	
65




	
35 and above

	
34




	
Specialization

	
Humanities Colleges

	
162




	
Scientific Colleges

	
108




	
Medical Colleges

	
76
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Table 2. Reflective indictor loadings, CR, CA, and AVE.
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Factors

	
Items

	
Loading

	
CA

	
CR

	
AVE

	
Factors

	
Items

	
Loading

	
CA

	
CR

	
AVE






	
Perceived autonomy

(PA)

	
PA_1

	
0.78

	
0.85

	
0.89

	
0.62

	
Cooperativity skills (CS)

	
CS_1

	
0.88

	
0.87

	
0.91

	
0.72




	
PA_2

	
0.74

	
CS_2

	
0.89




	
PA_3

	
0.82

	
CS_3

	
0.89




	
PA_4

	
0.83

	
CS_4

	
0.71




	
PA_5

	
0.78




	
Perceived competence

(PC)

	
PC_1

	
0.81

	
0.88

	
0.91

	
0.68

	
Perceived usefulness (PU)

	
PU_1

	
0.73

	
0.77

	
0.84

	
0.52




	
PC_2

	
0.81

	
PU_2

	
0.72




	
PC_3

	
0.84

	
PU_3

	
0.74




	
PC_4

	
0.86

	
PU_4

	
0.71




	
PC_5

	
0.80

	
PU_5

	
0.71




	
Perceived Relatedness

(PR)

	
PR_1

	
0.79

	
0.86

	
0.90

	
0.65

	
Critical thinking in the 21st-century skills

(CT)

	
CT_1

	
0.85

	
0.87

	
0.91

	
0.72




	
PR_2

	
0.86

	
CT_2

	
0.86




	
PR_3

	
0.84

	
CT_3

	
0.88




	
PR_4

	
0.82

	
CT_4

	
0.81




	
PR_5

	
0.72




	
Digital literacy (DL)

	
DL_1

	
0.85

	
0.87

	
0.91

	
0.66

	
Behavioral intention to use e-learning

	
BI_1

	
0.76

	
0.87

	
0.90

	
0.65




	
DL_2

	
0.87

	
(BI)

	
BI_2

	
0.80




	
DL_3

	
0.77

	

	
BI_3

	
0.82




	
DL_4

	
0.74

	

	
BI_4

	
0.82




	
DL_5

	
0.83

	

	
BI_5

	
0.82




	
Effective communication (EC)

	
EC_1

	
0.82

	
0.86

	
0.91

	
0.71

	
Academic achievement

(AA)

	
AA_1

	
0.82

	
0.87

	
0.91

	
0.66




	
EC_2

	
0.88

	
AA_2

	
0.84




	
EC_3

	
0.87

	
AA_3

	
0.86




	
EC_4

	
0.80

	
AA_4

	
0.79




	
AA_5

	
0.75
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Table 3. Discriminant validity (Fornell–Larcker criterion).
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	CS
	AA
	BI
	CT
	DL
	EC
	PA
	PC
	PR
	PU





	Cooperativity Skills
	0.85
	
	
	
	
	
	
	
	
	



	Academic achievement
	0.39
	0.81
	
	
	
	
	
	
	
	



	Behavioral intention to use
	0.40
	0.41
	0.81
	
	
	
	
	
	
	



	Critical thinking in the 21st century skills
	0.29
	0.47
	0.30
	0.85
	
	
	
	
	
	



	Digital literacy
	0.44
	0.76
	0.48
	0.43
	0.81
	
	
	
	
	



	Effective communication
	0.52
	0.42
	0.36
	0.43
	0.41
	0.84
	
	
	
	



	Perceived autonomy
	0.53
	0.41
	0.41
	0.40
	0.45
	0.38
	0.79
	
	
	



	Perceived competence
	0.33
	0.40
	0.37
	0.43
	0.45
	0.36
	0.35
	0.82
	
	



	Perceived relatedness
	0.60
	0.46
	0.43
	0.43
	0.46
	0.59
	0.50
	0.37
	0.81
	



	Perceived usefulness
	0.60
	0.45
	0.48
	0.44
	0.48
	0.54
	0.51
	0.43
	0.57
	0.72
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Table 4. Heterotrait–monotrait ratio for discriminant validity (HTMT).
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	CS
	AA
	BI
	CT
	DL
	EC
	PA
	PC
	PR
	PU





	Cooperativity Skills
	
	
	
	
	
	
	
	
	
	



	Academic achievement
	0.45
	
	
	
	
	
	
	
	
	



	Behavioral intention to use
	0.46
	0.47
	
	
	
	
	
	
	
	



	Critical thinking in the 21st century skills
	0.34
	0.54
	0.34
	
	
	
	
	
	
	



	Digital literacy
	0.51
	0.76
	0.55
	0.49
	
	
	
	
	
	



	Effective communication
	0.60
	0.48
	0.42
	0.49
	0.47
	
	
	
	
	



	Perceived autonomy
	0.62
	0.46
	0.47
	0.45
	0.52
	0.45
	
	
	
	



	Perceived competence
	0.38
	0.45
	0.42
	0.48
	0.51
	0.42
	0.40
	
	
	



	Perceived relatedness
	0.70
	0.52
	0.50
	0.49
	0.53
	0.68
	0.58
	0.42
	
	



	Perceived usefulness
	0.69
	0.53
	0.59
	0.52
	0.58
	0.63
	0.60
	0.50
	0.67
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Table 5. Coefficient of determination R2.
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	R Square
	R Square Adjusted





	Academic achievement
	0.16
	0.16



	Behavioral intention to use
	0.24
	0.23



	Critical thinking in the 21st century skills
	0.35
	0.33



	Perceived usefulness
	0.51
	0.50
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Table 6. Results for F2.
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	BI
	CT
	PU





	Cooperativity Skills
	
	0.42
	0.37



	Academic achievement
	0.20
	
	



	Behavioral intention to use
	
	
	



	Critical thinking in the 21st century skills
	0.31
	
	



	Digital literacy
	
	0.32
	0.31



	Effective communication
	
	0.42
	0.33



	Perceived autonomy
	
	0.42
	0.42



	Perceived competence
	
	0.54
	0.42



	Perceived relatedness
	
	0.31
	0.32



	Perceived usefulness
	0.52
	0.31
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Table 7. Variance inflation factor (VIF).
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	BI
	CT
	PU





	Cooperativity Skills
	
	2.00
	1.86



	Academic achievement
	1.00
	
	



	Behavioral intention to use
	
	
	



	Critical thinking in the 21st century skills
	1.23
	
	



	Digital literacy
	
	1.58
	1.55



	Effective communication
	
	1.76
	1.69



	Perceived autonomy
	
	1.63
	1.59



	Perceived competence
	
	1.37
	1.34



	Perceived relatedness
	
	2.08
	2.03



	Perceived usefulness
	1.23
	2.04
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Table 8. Hypotheses assessment.
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	Β
	t-Values
	p = Value
	Results





	Perceived autonomy -----> Perceived usefulness (H1)
	0.14
	2.81
	0.005
	Accepted



	Perceived autonomy -----> Critical thinking in the 21st century skills (H2)
	0.15
	2.97
	0.003
	Accepted



	Perceived competence -----> Perceived usefulness (H3)
	0.12
	2.99
	0.003
	Accepted



	Perceived competence -----> Critical thinking in the 21st century skills (H4)
	0.19
	3.68
	0.000
	Accepted



	Perceived relatedness -----> Perceived usefulness (H5)
	0.15
	2.81
	0.005
	Accepted



	Perceived relatedness -----> Critical thinking in the 21st century skills (H6)
	0.14
	2.03
	0.042
	Accepted



	Digital literacy -----> Perceived usefulness (H7)
	0.10
	2.06
	0.039
	Accepted



	Digital literacy -----> Critical thinking in the 21st century skills (H8)
	0.14
	2.65
	0.008
	Accepted



	Effective communication -----> Perceived usefulness (H9)
	0.17
	3.55
	0.000
	Accepted



	Effective communication -----> Critical thinking in the 21st century skills (H10)
	0.17
	2.68
	0.007
	Accepted



	Cooperativity Skills -----> Perceived usefulness (H11)
	0.25
	4.82
	0.000
	Accepted



	Cooperativity Skills -----> Critical thinking in the 21st century skills (H12)
	−0.17
	2.84
	0.005
	Accepted



	Perceived usefulness -----> Critical thinking in the 21st century skills (H13)
	0.13
	2.03
	0.043
	Accepted



	Perceived usefulness -----> Behavioral intention to use E-learning (H14)
	0.43
	8.56
	0.000
	Accepted



	Critical thinking in the 21st century skills -----> Behavioral intention to use E-learning (H15)
	0.10
	2.01
	0.044
	Accepted



	Behavioral intention to use E-learning -----> Academic achievement (H16)
	0.41
	7.63
	0.000
	Accepted
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