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Abstract

:

This experimental study aims to examine students’ acceptance and attitude towards the use of Quiz-Based Game Applications, as well as to analyze how Quiz-Based Game Applications affect the acquisition and development of basic competences. To achieve this purpose, a mixed-methods approach was employed, combining a quantitative methodology through the analysis of responses from online questionnaires completed by 166 computer science students using Structural Equation Modeling (SEM) with a qualitative methodology based on focus groups and observation. The theoretical framework was based on the widely recognized Technology Acceptance Model (TAM). The findings indicate that students perceive these tools as useful and easy to use, thereby positively influencing their attitude towards the implementation of game-based learning. Furthermore, the study emphasizes the crucial role of game-based learning strategies in the effective development of essential competences for the comprehensive education of computer science students. These findings underscore the importance of considering the Quiz-Based Game Learning Applications (QGBLAs) approach as a valuable educational strategy to enhance learning and develop fundamental skills in students.
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1. Introduction


In recent years, online learning applications and educational technologies have experienced unprecedented growth, expanding their usage across all educational levels, including higher education. These tools offer substantial benefits, such as flexibility in content access, increased motivation, and performance, as well as support for experimentation and hands-on learning. Among the diverse range of educational technologies, game-based learning applications (GBLAs) have emerged as a prominent choice, not only to boost student motivation and engagement [1,2,3] but also to facilitate interaction, collaborative learning, and the acquisition of basic competences or “soft skills” [4,5,6].



These basic competences such as teamwork, communication competences, autonomous learning, knowledge management, and analytical and synthesis abilities are presented as essential in today’s context, with an increasing demand from both society and businesses. In response to this need, the European Higher Education Area (EHEA) [7] urges institutions to redefine degree programs, focusing on these types of competences to better prepare graduates for their future roles in society. Higher education institutions have endorsed this initiative by promoting strategies for the development of these crucial competences and incorporating them into course guidelines. However, despite the importance attributed to these basic competences, curriculum plans often lack clear guidelines on strategies, activities, or learning tools that encourage their acquisition. Moreover, while numerous studies explore the benefits of game-based learning tools in terms of motivation and academic performance, little attention has been given to how these tools influence the development of essential competences in students.



On the other hand, the development of these competences, as well as other educational benefits arising from the use of GBLAs, largely relies on the students’ attitude and interest in utilizing such tools [8,9]. Thus, the acceptance and the effective use of technology depend on the motivation to use it, along with factors such as the perception of utility and ease of use.



In this context, the primary objectives of the current research are as follows:



	
To assess students’ perceptions of Quiz-Based Game Applications in collaborative learning environments by analyzing their attitude towards their use.



	
To examine the impact of these tools on the development of basic competences in university students, with a specific focus on computer science majors.






In order to achieve these objectives, a collaborative learning environment was implemented, utilizing game-based learning (GBL) strategies and mobile-based learning games. The analysis of students’ attitudes towards the use of these applications and their impact on competency development has been carried out through a model based on the Technology Acceptance Model (TAM) [10,11].



This paper is structured as follows: Section 2 contains a literature review and the theoretical framework. This section outlines the benefits of strategies and dynamics employing GBL found in multiple studies, as well as the importance of the foundational competences (or soft skills). Section 3 presents the model and its components, and the hypotheses are also presented in this section. Section 4 describes the research methodology, the instrument employed, the participants, and the data collection process, while the data analysis and results are presented in Section 5. A discussion follows in Section 6. Finally, the paper ends with the conclusions drawn from the study.




2. Literature Review and Theoretical Framework


Despite numerous studies exploring the role of technology in education, no articles have been found that evaluate the effects of game-based learning (GBL) on the acquisition of basic competences [12,13,14,15]. Consequently, this study endeavors to fill this void in the existing literature by applying and testing a model to gain insights into students’ attitude towards GBL within collaborative environments, alongside its influence on competence development.



2.1. Game-Based Learning (GBL)


Within the realm of gamification, game-based learning (GBL) stands out for its ability to actively engage students and motivate their participation by incorporating game elements to facilitate and enhance the learning process [16,17]. This approach integrates learning with various resources, such as games, to enhance and enrich the teaching/learning process, as well as student evaluation, through active engagement [5].



Examples of GBLAs such as Quizizz, Quizlet, Kahoot!, or Socrative present questions and challenges for students to regularly respond to using their mobile devices, fostering student engagement and participation both inside and outside the classroom. The gaming elements inherent in these GBLAs, such as challenges involving acquiring badges, unlocking content, customizing avatars, building collections, exchanging gifts, advancing through levels, completing quests, exploring social networks, and obtaining virtual goods, enhance the interactivity and immersion of the educational environment [18,19].



Numerous researchers have explored the positive impact of GBL on student motivation and engagement [1,6,7,17] which correlates an improved overall learning experience [20] and it is also associated with an enhancement in skills [6,20]. Thus, GBL, using rewards such as points and badges, motivates and engages students by providing them with a sense of achievement and progress, which drives them to actively participate and engage more deeply with the learning process. Another key element of GBL that enhances motivation is immediate feedback on student performance [21], enabling them to quickly and effectively understand their strengths and areas for improvement. For example, progress bars provide immediate visual feedback on students’ individual progress, allowing them to monitor their performance and set specific goals for continuous improvement. Additionally, GBL activities also foster healthy competition among students, which, according to [21], enhances student motivation. Competitive dynamics with elements such as leaderboards displaying each player’s relative performance compared to their peers not only stimulate individual performance, encouraging students to strive harder, but also promote collaboration and collective engagement in the educational process.



In addition to the benefits already mentioned, GBL strategies provide students with the opportunity to develop both hard and soft skills, as indicated by [20]. Besides motivating and facilitating the achievement of educational objectives in a more dynamic and effective manner, GBL fosters and enhances soft skills such as leadership, team management and time management skills [10], teamwork competence, innovation behaviors [8], cooperative skills [12], communication and negotiation skills, problem-solving skills, as well as critical and creative thinking skills [22].



On the other hand, this type of activity also presents some limitations. According to [23], students encounter technical problems such as unreliable internet connections or difficulties reading on a projected screen, as well as stressful time pressure when providing answers. Additionally, teachers share concerns with students about connectivity issues and express reservations due to the lack of time to respond, leading some students to guess without thinking. Moreover, some teachers find it challenging to adapt to using the technology [23]. These limitations can diminish the overall gratification of the experience, highlighting that the effectiveness and potential benefits of GBL heavily rely on the acceptance of lecturers [7] and students [2,9]. While numerous studies confirm the benefits of GBL, there is limited research on the acceptance and attitude of students towards such tools. Additionally, research on how it affects the acquisition of foundational competences or soft skills is scarce.




2.2. Technology Acceptance Model (TAM)


The Technology Acceptance Model (TAM) [10,11] stands out as the most renowned and extensively utilized framework for comprehending the acceptance and prospective usage intentions of information systems, online learning tools, and technology at large. While advanced models such as TAM2 [24] and the Unified Theory of Acceptance and Use of Technology (UTAUT) [25] introduce additional constructs, such as social influence and facilitating conditions, the original TAM remains highly effective and widely adopted, particularly in educational research where the focus is on understanding critical perceptions like perceived usefulness (PU), perceived ease of use (PEOU), and attitude towards use (ATU). TAM posits that these perceptions are key determinants in explaining user motivation and behavior. These constructs are central to this study, which aims to explore how students’ perceptions of game-based learning (GBL) applications influence the development of essential competences, particularly soft skills.



TAM and its extensions have been widely applied, especially in examining the adoption of diverse technological tools in education. For example, research has examined the acceptance of e-learning [26,27,28], particularly during the COVID-19 pandemic [29,30], as well as post-pandemic [13,31]. Similarly, studies have explored the acceptance of various learning tools, such as learning management systems (LMS) [32,33], mobile technologies [34], cloud computing [35] and online videos [36].



There is also limited research evaluating the acceptance of gamification. For instance, Ref. [3] examines factors determining lecturers’ intention to use digital games using an extended TAM, while Ref. [9] focuses on studying the relationship between students’ acceptance attitudes and variables of the exponential learning model based on digital games. In another study, the authors of [37] evaluate the acceptance of a GBL tool such as Kahoot!, alongside collaborative canvas tool (Padlet) and an annotation tool (Cirrus). They found Kahoot! to be considered the most useful and easy to use for revising learned concepts. However, despite the presence of such studies, there is a noticeable lack of research focusing on student intentions to use GBL in higher education, as well as on students’ perceptions of these tools, their attitude towards using them, and how they impact the development of essential competences or soft skills for university students in general, and for engineering students in particular.




2.3. The Models of Technology Acceptance and Game-Based Learning (GBL)


The integration of game-based learning (GBL) and the Technology Acceptance Model (TAM) has garnered significant attention in educational research, particularly in the context of higher education. As digital technologies continue to evolve, educators and researchers are exploring innovative ways to enhance student engagement and learning outcomes through gamification and digital game-based learning approaches. The TAM, originally developed to predict technology adoption in organizational settings, has been adapted and extended to examine the acceptance and use of educational technologies, including game-based learning tools [8,14,38].



Several studies have investigated the factors influencing teachers’ and students’ acceptance of game-based learning technologies. Ref. [39] examined the adoption of learning management systems among primary and secondary education teachers, while Ref. [40] focused on predicting teachers’ behavioral intention to use educational video games in their courses. These studies highlight the importance of perceived usefulness and ease of use in shaping educators’ attitudes towards GBL technologies.



In the context of higher education, researchers have explored the application of TAM to various game-based learning scenarios. Ref. [41] constructed a virtual reality tour-guiding platform and established a Technology Acceptance Model based on the Unified Theory of Acceptance and Use of Technology (UTAUT). Similarly, Ref. [42] developed a platform for online high-level cooperative games, finding that perceived usefulness and ease of use significantly influenced players’ attitudes and usage intentions.



The integration of augmented reality (AR) and mixed reality (MR) technologies in game-based learning has also been examined through the lens of TAM. Ref. [43] investigated the acceptance of an AR-enhanced board game for health education, while Ref. [44] explored students’ technology acceptance of an educational game prototype integrating mixed reality and concept maps. These studies demonstrate the potential of emerging technologies to enhance the game-based learning experience and increase student engagement.



Researchers have also explored the application of TAM in specific disciplinary contexts. Ref. [45] investigated the effectiveness of combining an interactive game with the concept of productive failure in teaching data structures. Ref. [46] developed an interactive serious programming game for teaching JavaScript, evaluating it using both TAM and the Technology-Enhanced Training Effectiveness Model (TETEM). These studies highlight the potential of game-based learning to enhance student engagement and learning outcomes in technical disciplines.



Several studies have proposed extensions or modifications to the TAM to better capture the unique aspects of game-based learning. Ref. [47] suggested a theoretical model (EdTAM) designed to enhance the adoption of educational technology among teachers, while Ref. [3] examined factors determining the intention of accounting and business lecturers to use digital games in their courses using an extended TAM. These adaptations reflect the ongoing effort to refine and improve our understanding of technology acceptance in educational contexts.



The role of individual characteristics and motivational factors in technology acceptance has also been explored. Ref. [48] incorporated epistemological beliefs into the TAM to explore students’ digital game preferences, while [49] investigated learner satisfaction within the context of marketing simulations, exploring the roles of Performance Expectancy and Effort Expectancy. Ref. [50] examined the interplay between TAM, self-regulation strategies, and academic self-efficacy in the context of remote education using game-based online resources.



Research has also focused on the development and evaluation of specific game-based learning tools. Ref. [51] developed a game application for sex education, while [52] created a gamified reviewer for accounting education. Ref. [53] investigated the use of escape rooms in higher education, finding that enjoyment and perceived usefulness were key factors in facilitating collaborative learning. These studies demonstrate the diverse applications of game-based learning across various educational domains.



The adoption of game-based learning technologies in different cultural contexts has also been examined. Ref. [54] investigated the effectiveness and student attitudes towards an edutainment game for the computer technology curriculum in Saudi Arabia, while [55] evaluated the effectiveness of a tablet-based mobile application for teaching literacy and numeracy in Pakistan. These studies highlight the importance of considering cultural and contextual factors in the design and implementation of game-based learning technologies.



Several systematic reviews and theoretical frameworks have been proposed to synthesize the growing body of research on game-based learning and technology acceptance. Ref. [56] conducted a systematic review to identify the primary drivers and barriers to the use of gamification and game-based learning by university educators. Ref. [57] presented a Theoretical Model of Student-Centric Edu-Gamification Systems, addressing the gap in knowledge regarding how to include learning content and instructor behaviors in examining the impact of gamification systems on learning outcomes.



As the field of game-based learning continues to evolve, researchers are exploring new directions and applications. Ref. [58] investigated pre-service teachers’ perspectives towards the use of digital game-based learning for sustainable development of STEM education and promoting 21st century skills. Ref. [59] presented a framework investigating the impact of non-player characters’ attributes on technology acceptance factors, flow state, and intention to continue using a digital game-based learning environment.



Therefore, the integration of game-based learning and the Technology Acceptance Model has provided valuable insights into the factors influencing the adoption and effectiveness of educational technologies. As digital games and gamification techniques continue to gain prominence in educational settings, ongoing research in this area will be crucial for developing effective, engaging, and widely accepted learning tools and strategies.




2.4. Basic Competences or Soft Skills


Basic competences or soft skills, also referred to as 21st century competences, encompass abilities including, but not limited to, communication, collaboration, teamwork, time management, critical thinking, problem solving, and adaptability. These competences go beyond technical skills, referred to as ‘hard skills’, which represent specific capabilities acquired during academic studies in a particular discipline [60].



Currently, these “soft” skills are highly valued by companies [12,19], serving as a differentiating factor among candidates in selection processes. While companies initially assess the technical skills acquired during academic studies, it is the cross-cutting competences that prove decisive in standing out in an interview and, ultimately, in securing and maintaining employment.



This reality motivates European universities to give importance to and integrate these competences into their academic programs, as part of an educational approach aligned with the principles and guidelines established by educational and governmental authorities, such as those of the European Higher Education Area (EHEA) [7]. In this regard, the objective of the EHEA goes beyond providing a common European framework for education. It also aims to describe achievement levels in order to equip students with skills that transcend the boundaries of their academic disciplines, thus preparing them for effective participation in society and the job market [14].



It is worth noting that these competences may vary depending on the specific academic program. In the field of engineering programs, as highlighted by [60], soft skills acquire significant importance due to the ever-evolving nature of these disciplines and their continuous pursuit of solutions to various societal issues. In this context, extracurricular skills play a crucial role in ensuring professional development that facilitates ongoing skill enhancement through lifelong learning, thereby enabling effective adaptation to future contexts.



Some of the cross-cutting competences included in the teaching guides of the computer science field, which are the focus of this study, are as follows:




	
Communication: Ability to convey ideas clearly and effectively, encompassing both oral and written expression, active listening, and assertiveness.



	
Teamwork: Collaborating effectively to foster a productive and enriching environment.



	
Information Management: Skill to gather, process, and apply information efficiently.



	
Self-directed Learning: Capacity to acquire new knowledge independently.



	
Analysis and Synthesis: Essential skills for problem solving and decision making. These skills involve the ability to break down complex information into manageable components (analysis) and then integrate these components to achieve a comprehensive understanding (synthesis).








In alignment with [14], while acknowledging the crucial role of soft skills in higher education, research into their acquisition and development remains limited. Furthermore, there is a lack of clear guidelines on how to acquire or assess these competences.



Building on this foundation, this study aims to investigate how the implementation of game-based learning (GBL) and, more specifically, Quiz-Based Game Learning Applications (QGBLAs) influences competency development.





3. Research Model and Hypotheses


A theoretical model was constructed to understand students’ attitudes toward QGBLA, their use through a collaborative learning methodology, and the impact on the acquisition and development of basic competences. Each of the hypotheses presented below corresponds to a path in the structural equation modeling (SEM) that was applied.



3.1. The Collaborative Learning Environment by Means of Quiz-Based Game Learning Applications (QGBLAs)


Drawing from the literature review and in alignment with various authors [18,21], it is reasonable to propose strategies incorporating Quiz-Based Game Learning Applications (QGBLAs) and motivating elements such as peer collaboration, rewards and achievement badges, alongside learning-enhancing features like progress bar feedback and healthy peer competition via leader boards. These are elements that students find easy to handle and useful for enhancing their learning experience and developing skills in a satisfying and gratifying manner. Therefore, our hypotheses suggest that the learning experience using QGBLAs, especially activities conducted through applications like Quizziz and Quizlet, positively influence perceived usefulness (PU) (H1) and perceived ease of use (PEOU) (H2).




3.2. Perceived Usefulness (PU), Ease of Use (PEOU), and Attitude Towards Use (ATU) of Quiz-Based Game Learning Applications (QGBLAs)


Within the TAM framework, Ref. [11] introduced the concept of perceived usefulness (PU), which refers to the extent to which an individual believes that the adoption of a specific system or approach will enhance their performance in a task or role. Following this, Ref. [11] defined perceived ease of use (PEOU) as the degree to which an individual perceives that utilizing a particular system or approach will require minimal effort. Additionally, Ref. [11] outlined the attitude towards use (ATU) as an individual’s overall affective reaction to the use of the system, thus providing a framework for understanding individuals’ responses to systems.



Numerous studies employing the TAM, including most of the 145 articles reviewed by [61], have indicated a direct relationship between perceived ease of use (PEOU), perceived usefulness (PU), and attitude towards use (ATU). They have identified a positive correlation between PEOU and PU, as well as between these factors and the attitude toward technology use. Therefore, we hypothesize that perceiving Quiz-Based Game Learning Applications (QGBLAs) and collaborative learning methodology, as easy to use (PEOU) would positively influence the perceived usefulness of these applications and methodology (PU) (H3). Similarly, we propose that students’ attitude toward the use of QGBLAs is significantly affected by their perception of these platforms and the collaborative methodology used during the learning experience as useful (PU) (H4) and easy to use (PEOU) (H5).




3.3. Competences Development


Based on the review of previous literature, Ref. [20] highlight that QGBL strategies provide students with the opportunity to develop essential skills. This observation is supported by other studies that also confirm the effectiveness of GBL in developing basic skills, as indicated by [5,6,12,22]. Therefore, we posit that the use of GBL and students’ perception of its utility (PU) (H6) and ease of use (PEOU) (H7), along with their attitude towards its utilization (H8), significantly influence the development of essential competences, such as knowledge management, analysis and synthesis skills, communication and teamwork ability, as well as autonomous learning capability.



The conceptual research framework is shown in Figure 1.





4. Methodology


This study was developed using the hypothetical–deductive method, aligned with the primary objectives of the project. First, the research assessed students’ perceptions of Quiz-Based Game Applications within collaborative learning contexts by analyzing their attitudes toward these tools. Second, it examined the impact of these applications on the development of fundamental competences among university students, focusing specifically on undergraduate students in computer science.



To conduct this study, a mixed-method approach was applied, combining both quantitative and qualitative analyses. This methodological approach facilitates both breadth and depth in understanding and verifying the factors that influence the acquisition of essential competences.



In order to test the proposed hypotheses, a three-stage research design was implemented as follows. In the first stage, following a literature review, relevant Quiz-Based Game Applications were selected for use in the learning process, course materials were adapted, and the model to be evaluated was developed.



In the second stage, data were collected through an online questionnaire distributed to 185 students to assess their attitudes toward the use of Quiz-Based Game Applications and to examine the impact of these tools on the development of core competences among students, in order to validate the proposed model. Data were analyzed using partial least squares (PLS) through the SmartPLS software v4.1.0.2.



In the third stage, and with the aim of cross-referencing the survey results, additional data were gathered through focus groups involving 8 students who participated in activities with Quiz-Based Game Applications. This allowed for an exploration of their experiences, perceptions, and opinions regarding the impact of these tools on their learning process. Additionally, during sessions conducted in both classroom and laboratory settings, students’ interactions with the applications and with their peers during collaborative activities were recorded. These observations enabled the analysis of key aspects, such as students’ willingness to propose ideas, their adaptability to the automated feedback provided by the applications, and their level of engagement in joint problem solving. Further, notes were taken on verbal and nonverbal language, interaction frequency, and the degree of independence in the use of the tools, providing a detailed context for the data obtained.



Below we detail a formative learning and evaluation experience that incorporates subjective elements where creativity, teamwork, interaction and communication play pivotal roles. The design of this formative experience is underpinned by the literature review presented earlier, which involved a theoretical study and adaptation of the subject to incorporate Quiz-Based Game Applications.



4.1. Methodology Used to Conduct the Literature Review


The literature review was conducted following the methodology proposed by Medina-López et al. [62], which outlines five stages in this process: identification of the field of study and the period to be analyzed, selection of information sources, execution of the search (what, where, and how), management and refinement of the search results, and analysis of the results.



For the first phase, game-based learning (GBL) was identified as the field of study, with the period to be analyzed limited to the last decade. Once the field of study was established, we focused on considering the different sources from which to gather information. We chose to access relevant scientific journal articles and impactful conference papers in the field. This was accomplished through consultation of the Scopus database [63].



For the third stage, concerning the execution of the search itself, explicit criteria/rules were defined to manually select a set of articles. Specifically, the rules we followed were that the article deals with game-based learning (GBL) and focuses on Quiz-Based Game Learning Applications (QGBLAs), Technology Acceptance Model (TAM), Soft Skills (SS), or Basic Competence.



Subsequently, keywords were combined to obtain references related to factors such as Perceived Usefulness (PU), Collaborative Learning Environment (CLE), Ease of Use (PEOU), and Attitude Towards Use (ATU).



In the next phase, a process of management and refinement of the search results was conducted. This involved classifying the found references and analyzing false positives.



Finally, the obtained results were analyzed, which allowed for the selection of all references used in the literature review presented in the study.




4.2. Experience with Quiz-Based Game Applications


With the premise of analyzing students’ attitude towards QGBLAs and their impact on the development of basic competences, a collaborative experience was conducted. This experience incorporated game-based learning strategies and mobile-based learning games.



Specifically, the study was conducted using the programming course taught in the Computer Engineering and Information Systems degrees at the University of Alcalá. This is the second programming course that students undertake, focusing on learning Object-Oriented Programming (OOP). The course had previously experienced high early dropout rates, which led to the decision to incorporate gamified activities to motivate and engage students while also developing basic competences. Specifically, the Quizlet and Quizizz game-based learning applications were selected for their ability to foster active and evaluative participation [64,65]. Both platforms serve as concrete examples of how gamification can enhance learning by engaging students in a dynamic and motivating way [66,67,68].



Quizlet is a gamified tool based on flashcards that presents terms alongside their definitions. This type of game is highly suitable for facilitating knowledge acquisition both individually and collectively. The key theoretical concepts necessary for understanding the OOP paradigm, such as class, object, inheritance, abstract class, and polymorphism, are introduced to students through this method. In the theory class, gamification is implemented using Quizlet’s “Quizlet Live” and “Flashcards” tools. The instructor directs students to form groups of up to four members, encouraging group discussions and collaborative resolution of concepts, which generates debates among students over the correct answers. In “Quizlet Live” mode, Quizlet selects a set of 12 flashcards from the deck created by the instructor, presenting a term with four possible definitions, among which the correct one is included.



In contrast, in the “Flashcards” mode, Quizlet selects a set of 12 flashcards from the created deck and presents a term, prompting students to identify its correct definition; this process can also be reversed, starting from the definition and requiring students to propose the term.



Several rounds of games are typically played to cover a broader range of concepts. Groups earn points as they answer questions correctly, and the instructor later discusses the most insightful questions. These games are conducted during sessions before exams to reinforce key concepts. After the gamified activities conclude, students receive a link allowing them to practice autonomously. In Quizlet, students not only memorize concepts but can also create their own flashcards or review predefined sets, enabling personalized learning, as shown in Figure 2.



Quizizz, in turn, was employed in the laboratory setting to analyze, evaluate, and solve problems collaboratively. This tool combines gamification elements, such as competition and real-time feedback, with questions designed to deepen students’ understanding through a dynamic and engaging environment (Figure 3). Quizizz also allows students to work in groups, thereby fostering collaboration, motivation, and teamwork, as results are visible to all, creating a competitive atmosphere that reinforces active participation.



Quizizz operates as a multiple-choice quiz, where each question offers four possible answers, one of which is correct. In this study, Quizizz was utilized for learning the object-oriented programming language Java. Each question incorporated theoretical and practical concepts; for instance, some questions presented incomplete code, prompting students to identify the missing segment needed for functionality, or to determine the output of code execution. In the laboratory, gamification was implemented through the “Quizizz Classic” tool. Students were organized into groups of four to complete a quiz where 25 questions were randomly selected, with each group answering and competing with the others. At the end of the gamified activities, students were provided with a link to enable autonomous practice.



The sequence of activities was planned, and the material and activities used in the various QGBL tools were adapted and developed.



The course was divided into two blocks, with the first focusing on basic concepts and the second covering the remainder of the syllabus. These topics served as a guide to promote the acquisition of essential transversal competences for computer science students. Each block included three Quizlet sessions and three Quizizz sessions conducted during the second part of the theory or lab sessions. The sessions were held with randomly assigned student groups, ensuring that they had not previously worked together. This promoted a collaborative environment where group discussions and the resolution of doubts were encouraged through oral and written communication.



In terms of teamwork, group members were encouraged to discuss possible solutions to a code, question, or problem with the aim of selecting the correct answer for each task.



In addition, all materials were available to students to work on individually and/or collectively outside of class, extending learning opportunities beyond the classroom.




4.3. Instrument


Items for each variable in the study were adapted from scales validated in previous studies. Thus, the questions about students’ perceptions of the methodology using GBL and their opinions on the motivating elements of these strategies—such as rewarding points obtained after achieving goals in the game, achievement badges awarded in recognition of completing an objective, leaderboards showing the rank achieved by each player, or progress bars indicating the level of completion of an objective—are based on [69,70].



Scales of perceived usefulness, perceived ease of use, and attitude towards the use of GBL applications and strategies were measured by means of items adapted from the Technology Acceptance Model (TAM) [11,24]. Finally, questions to evaluate the essential transversal competences for computer science students, such as knowledge management skills, the ability to analyze and synthesize, communication skills, teamwork skills, and autonomous learning skills, were adapted from [71,72,73,74].



To carry out this study, an online questionnaire was designed following several criteria as a guide and was adapted considering other reviewed models as recommended by [75].



The questionnaire used a 5-point bipolar Likert scale, with responses ranging from 1: completely disagree to 5: completely agree. To minimize errors in variance-related items, the questionnaire used simple questions and easy-to-understand language. This questionnaire was subsequently analyzed.



The questions, constructs, variables, and authors are shown in Table 1.




4.4. Participants and Data Collection


The University of Alcalá, with nearly 28,000 students, 1847 professors, and 800 administrative and service staff, offers 45 official degrees, 58 official postgraduate programs, 29 doctorates, and a significant offering of master’s and specialization studies [76]. Due to its size, it is considered a medium-sized university [77], and according to the u-Ranking, it ranks in the medium-high position [78,79].



The experimental study was conducted on the “Programming” course, which is taught in the first year of the Computer Engineering and Information Systems degree at the University of Alcalá. Currently, the number of students studying at the Polytechnic School of the University is 2842, of which 1060 are enrolled in computer science branches.



Data were collected on a voluntary basis when the assessment process was fully completed. The questionnaire was completed by 168 students, incomplete surveys were excluded, leaving a total of 166. The respondents were mostly male (140), as only 26 were female, and aged between 20 and 24.





5. Data Analysis


A regression analysis of latent variables, based on the optimization technique of partial least squares (PLS) to construct the model, was performed by means of SmartPLS 4.1.0.2. Ref. [80] present this technique as a multivariate one for testing structural models that estimates the model parameters oriented to minimize the residual variance of the entire model’s dependent variables. SmartPLS does not require any parametric conditions and is recommended for small sample sizes [81].



To determine sample size, it is necessary to specify the expected effect size (ES) and the significant values for alpha (α) and power (β). In general terms, an alpha of 0.05 and a power of 80% are acceptable. These three values are then used to calculate sample size. In this case, a multiple regression study was conducted with four predictors, an average effect size (ES) of 0.15, an alpha of 0.05, and a power of 0.95, in line with [82], to obtain the sample size. The result of this analysis was N = 119 participants. Given that our available study sample consisted of 166 cases, our sample exceeded all criteria for performing an analysis of the measurement models and structural model.



5.1. Measurement Model Evaluation


Results of the analysis indicated that the measurement model was satisfactory. The degree of skewness is not severe and there is one of the two indicators measuring the (reflective) construct. This deviation from normality is not considered an issue and the indicator is retained. Moreover, all standardized loadings (λ) are greater than 0.707 (Table 2). Consequently, the individual item reliability is adequate [83].



The simple reliability of the measurement scales used was calculated considering the Cronbach’s alpha values, all of which were above 0.70 [84]. The composite reliability of indicator values are shown to be greater than 0.7 [85], so a high level of internal consistency reliability has been demonstrated among latent variables.



In the analysis of variance, all the values for the average variance extract (AVE) were above 0.50 [86], exceeding the minimum acceptable values for validity (Table 3).



Additionally, Ref. [86] suggest that the square root of AVE in each latent variable can be used to establish discriminant validity, so to confirm discriminant validity among the constructs, the square root of the AVE must be superior to the correlation between the constructs. Table 4 presents the square roots of the AVE on the diagonal and the correlations among the constructs. These values are larger than other correlation values among the latent variables, hence indicating adequate discriminant validity of the measurements.



Discriminant validity measures using criterion were applied [86]. The value is higher than other correlation values between latent variables, indicating acceptable discriminant validity of the measurements. On the other hand, as shown in Table 4, the discriminant validity measures using the heterotrait–multitrait (HTMT) method [87] indicate the mean of the heterotrait–heteromethod correlations relative to the geometric mean of the average monotrait–heteromethod correlation of both variables. A conservative criterion of 0.85 has been used, which is associated with sensitivity levels of 95% or over. With construct correlations of 0.70, the specificity rates for HTMT 0.85 are near 100%. The HTMT ratio for perceived usefulness (PU) and attitude towards use (ATU), at 0.799, was below the 0.85 cut-off, and substantially below the 0.95 cut-off recommended for conceptually close constructs [87]. This provides good support for our claims of discriminant validity between our measures a group and individual level.



Therefore, the analysis confirmed that the measurement model was robust, with high individual item reliability, internal consistency, and convergent validity across constructs. Discriminant validity was also established, affirming that each construct was distinct within the model.




5.2. Structural Model Analysis


The model shown in Figure 4 has resulted from the analysis of the reviewed literature.



The PLS program can generate T-statistics for significance testing of both the inner and outer model, using a procedure called bootstrapping [88]. In this procedure, a large number of subsamples (10,000) are taken from the original sample with replacement to give bootstrap standard errors, which in turn give approximate T-values for significance testing of the structural path.



After the bootstrapping procedure was completed, the results were as follows: All the R2 (R-squared) values range from 0 to 1 (Table 5). The higher the value, the more predictive capacity the model has for that variable. Because R2 should be high enough for the model to reach a minimum level of explanatory power, the R2 values are greater than 0.10 with a significance of t > 1.64 [89].



Figure 4 and Table 6 show the variance explained R2 of the dependent constructs and the path coefficients for the model. They are not less than 0.10, indicating that the independent explanatory variables are adequate.



The hypothesized relationships between constructs are estimated by standardized regression coefficients. Therefore, the algebraic sign is analyzed if there is change of sign; the magnitude and statistical significance (T statistics) are greater than 1.64 (t (9999), one-tailed test). Afterwards, the hypotheses are checked and validated. Relationships were positive, mostly with high significance as shown in Table 7.



However, when the percentile bootstrap is applied to generate a 95% confidence interval using 10,000 resamples, all hypotheses from H1 to H8 are supported, because their confidence interval does not include zero (Table 7), so these hypotheses are adopted.



All of these results complete a basic analysis of PLS-SEM in our research. The PLS-SEM result is shown in Figure 5.



Finally, Table 8 shows the amount of variance that each antecedent variable explains on each endogenous construct. R2 were greater than 0.334 for almost all values except PEOU, which was 0.209, still greater than 0.1. Moreover, all values of Q2 were greater than 0.199, which means that cross-validated redundancy measures show that the theoretical/structural model has a predictive relevance (Q2 > 0).



Hence, the results provide strong support for the significance of the model paths, with sufficient explanatory power and predictive capacity of the independent variables on the dependent constructs. All hypotheses (H1 to H8) are validated, supporting the model’s robustness in explaining the relationships between constructs in the context of Quiz-Based Game Applications.




5.3. Qualitative Analysis


The analysis phases conducted in this study involved several key steps. First, introductory questions were asked to determine the profile of participants (age and academic background) and their interest in attending these sessions. In the second step, the topic of the focus group was introduced, providing context with information about the use of Quiz-Based Game Applications.



In the third step, participants were actively encouraged to contribute responses that aligned with their personal experiences. The facilitator guided a discussion structured around six themes: general perception of Quiz-Based Game Applications, attitudes toward their use in educational contexts, impact on communication and expression skills, contribution to teamwork, support in information management and autonomous learning, and facilitation of analysis and synthesis skills for problem solving.



The focus group questions were as follows: (1) What is your general perception of using Quiz-Based Game Applications? (2) How does the use of Quiz-Based Game Applications influence your attitude toward collaborative learning? (3) Do you feel that using Quiz-Based Game Applications has improved your ability to communicate ideas clearly and effectively? (4) Has your willingness to work in a team changed due to Quiz-Based Game Applications? (5) Do you consider that Quiz-Based Game Applications help you manage information more efficiently and develop autonomous learning skills? (6) Has the use of Quiz-Based Game Applications helped you develop analysis and synthesis skills for problem solving?



There was a high level of interest and participation in the focus group sessions. Each concept was introduced with a guiding question to frame the discussion. The research team took notes on participants’ comments and opinions without including any personal data.



The results obtained for each question are detailed below:




	(1)

	
What is your general perception of using Quiz-Based Game Applications?



Participants indicated that these applications are highly effective for reinforcing knowledge. They provide an interactive form of learning that enhances concept retention and makes studying more dynamic and engaging.




	(2)

	
How does the use of Quiz-Based Game Applications influence your attitude toward collaborative learning?



Participants reported that these applications positively impacted their attitude toward group learning. By allowing them to compare their answers with those of their peers, the applications motivated them to share ideas and learn from each other.




	(3)

	
Do you feel that using Quiz-Based Game Applications has improved your ability to communicate ideas clearly and effectively?



Participants indicated that the use of these tools helped them to express their ideas more clearly during the exercises. They also noted that these tools enabled them to initiate communication with classmates with whom they had not previously interacted, allowing them to overcome initial shyness. Additionally, they highlighted that the need to respond within a limited time encouraged them to be less inhibited when discussing questions and answers with their classmates, thereby fostering effective communication to articulate their decisions.




	(4)

	
Has your willingness to work in a team changed due to Quiz-Based Game Applications?



Participants felt that these tools helped them express ideas more clearly during the exercises. They also noted that the applications encouraged them to communicate with classmates they had not previously interacted with, reducing their inhibitions. They highlighted that the time constraints for answering encouraged them to be more decisive and practice effective communication when discussing questions and answers.




	(5)

	
Do you consider that Quiz-Based Game Applications help you manage information more efficiently and develop autonomous learning skills?



Participants indicated that these applications helped them organize information more systematically and identify areas needing improvement. Additionally, the publication of quizzes on the virtual platform after classes promoted autonomous learning by allowing them to review and repeat the exercises independently, which fostered their independence.




	(6)

	
Has the use of Quiz-Based Game Applications helped you develop analysis and synthesis skills for problem solving?



Participants noted that the exercises conducted through these applications taught them how to break down problems into manageable parts and synthesize relevant information to reach a solution. Additionally, they appreciated the opportunity to observe how other students approached the problems, which allowed them to compare strategies, discover new approaches, and gain confidence in tackling problems more analytically and logically.









Observations during classroom and laboratory sessions revealed a high level of student interaction with Quiz-Based Game Applications and with peers in collaborative activities. Students demonstrated a notable willingness to propose ideas and actively participate, utilizing the applications’ functionalities to share knowledge and enrich group discussions. This proactive attitude reflects a learning environment in which students feel comfortable and motivated to contribute, fostering the development of their communication and collaboration skills.



Moreover, students responded positively to the automated feedback provided by the applications. Most displayed a strong adaptability to immediate feedback, allowing them to adjust their responses and improve their understanding of the topics addressed. This ability to adapt to feedback not only facilitated deeper learning but also reinforced their self-confidence and autonomy in problem-solving processes. Students appeared to use feedback as a continuous improvement tool, evidencing a genuine commitment to their academic development.



In terms of non-verbal communication, positive behaviors were recorded that reflect student engagement. Their interactions—both verbal and gestural—were frequent, and their body language indicated interest and concentration in the activities. Most students initially showed a tendency to work independently with the applications, yet as the activity progressed, they became less inhibited, participating actively without needing constant assistance. This degree of independence suggests that students not only understood how the applications functioned but also integrated them effectively into their learning process, indicating a high level of competence in using educational technology.





6. Discussion


Based on the results, the model proposed for this analysis is highly satisfactory. The reliability of each item, along with the values of simple and composite reliability, met acceptable standards, demonstrating a high level of internal consistency reliability among the latent variables. Additionally, it was found that the values of validity and discriminant validity of the measures were within acceptable ranges. Furthermore, the relationships between the variables were predominantly significant, confirming the validation of all hypotheses.



As shown in Table 7, QGBL applications have a direct positive impact on perceived usefulness (PU) H3, and perceived ease of use (PEOU) H2, explaining up to 33.80% and 20.9% of the variance, as stated in [1,2,3]. Additionally, we can observe that perceived ease of use (PEOU) has a significant positive correlation with perceived usefulness (PU), explaining 13.29% (H5), in line with [11,14,24]. On the other hand, we can observe that perceived usefulness (PU) H7 and perceived ease of use (PEOU) H4 have a direct positive impact on attitude towards use (ATU) H1, explaining 50.10% of the variance among students towards game-based learning applications within formative collaborative learning, as stated in [17,61]. It is thus evidenced that the acceptance and effective use of technology depends on the motivation to use it and factors such as perceived usefulness and perceived ease of use. We can also observe that there is a direct positive relationship of perceived usefulness (PU) H8, perceived ease of use (PEOU) H6, and attitude towards use (ATU) on the acquisition of competences, which largely depends on the attitude and interest of students in using these game-based learning applications within formative collaborative learning [8,9].



However, although QGBL does not have a direct impact on students, it enhances the learning process by facilitating the acquisition of basic competences through the motivation of students who perceive the methodology used in this formative collaborative learning process as useful (PU) H3 and easy to carry out (PEOU) H2. Thus, the relationships influence COMP by 11.19% (H1), PEOU by 16.84% (H6), and PU by 11.76% (H8), in line with the findings of other authors such as [20], thereby enhancing soft skills such as teamwork competency [5,6], communication and negotiation, problem-solving skills, as well as critical and creative thinking skills [22] and cooperative skills [12].



In view of the results, we can affirm that students show a positive attitude towards QGBL due to its engaging and interactive nature, which makes learning more enjoyable and motivating, in line with [90]. Additionally, it enhances knowledge acquisition, particularly in subjects like programming and science, by providing interactive and hands-on learning experiences as indicated by [28]. The integration of social elements in QGBL, such as cooperative and competitive modes, can improve learning outcomes and student attitudes by fostering a collaborative and competitive spirit [91]. Another benefit of using QGBL in collaborative learning focuses on improvements in content comprehension, in line with the literature review carried out [92].



These findings are consistent with focus group and observation results, which suggest that the use of Quiz-Based Game Applications in collaborative contexts has been well received and has enabled students to thrive in an active and positive learning environment. The results indicate improvements in students’ collaboration skills, adaptability and autonomy, as well as a genuine inclination towards continuous learning and teamwork.




7. Conclusions


Since COVID-19, game-based learning (GBL) has gained significant traction in education due to its potential to increase student engagement and improve learning outcomes. Understanding students’ attitudes towards these applications can provide insights into their effectiveness and areas for improvement.



The results reveal that students in the experimental study had positive attitudes towards Quiz-Based Game Applications, finding them attractive and effective for enhancing their knowledge and motivation. Furthermore, the study shows that these tools and students’ attitude towards their usage significantly influence the acquisition of essential competences for computer engineering students, such as communication skills, teamwork, self-directed learning, knowledge management, and analytical and synthesis abilities.



While numerous studies have investigated the effects of game-based learning (GBL) on student motivation and academic performance, fewer have examined how Quiz-Based Game Learning Applications (QGBLAs) contribute to the development of critical competences such as communication, teamwork, and analytical skills. Our research fills this gap by exploring how QGBLAs support not only academic achievement but also the acquisition of vital soft skills within a collaborative learning environment. Utilizing the Technology Acceptance Model (TAM), we demonstrate how students’ perceptions of the usefulness, ease of use, and overall attitude towards QGBL applications affect their development of competences in computer science.



Our results indicate the following: Firstly, students perceive Quiz-Based Game Learning Applications (QGBLAs) as useful and easy to use, which positively influences their attitude towards using these tools in educational contexts. Secondly, the implementation of game-based learning strategies plays a crucial role in the effective development of essential competences, such as soft skills, which are critical for the comprehensive education of computer science students. The study underscores the importance of considering the QGBL approach alongside collaborative learning as a valuable educational strategy to enhance learning and develop fundamental skills in computer science students. Therefore, it is recommended to consider integrating game-based learning strategies into the broader educational curriculum to enhance student engagement and skill acquisition. Thirdly, the research reinforces the validity of TAM in the context of e-learning, demonstrating that perceived usefulness and ease of use are significant predictors of students’ adoption of new technologies. That emphasizes the importance of developing applications that are not only pedagogically effective but also accessible and easy to handle for end-users.



Quiz-Based Game Applications present an innovative opportunity to make the learning process more engaging, motivating, and aligned with the development of competences required for contemporary students. The findings of this study not only contribute to a better understanding of the acceptance of these tools and their impact on competency development, but also provide valuable insights for educational decision making regarding which tools and strategies to employ in the university context.



The results of the study can assist teachers and administrators in integrating QGBL tools into their courses and higher education curricula, rethinking how soft skills are taught and assessed in universities.



Other theoretical and practical implications for education drawn from this study are the following:



While this study offers valuable insights, it also presents several theoretical and practical limitations relevant to educational contexts.



Firstly, technical challenges, such as connectivity issues and the need for teacher adaptation, may impact the effectiveness of QGBL. These challenges highlight the importance of institutional support and targeted teacher training to facilitate the successful integration of these technologies in the classroom.



Secondly, the quantitative methodology applied, based on self-reported data, may introduce common method variance. Although the sample met all the necessary criteria for conducting measurement and structural model analyses, an expanded sample would be needed to improve the generalizability of the findings.



Thirdly, the total variance explained by the dependent variables is not fully accounted for, suggesting that certain relevant predictors may have been omitted from the study. Finally, as the sample is limited to computer science students, the findings may have limited applicability to other fields, such as health sciences or business studies. Expanding the study to include students from various academic disciplines would enrich the research and allow for a more comprehensive assessment of the generalizability of the findings.



Accordingly, the following future lines of research are recommended: Firstly, to conduct further investigations that explore in greater depth how variations in QGBLA design may influence different types of learning and diverse student groups. Secondly, to examine the potential for expanding the study to incorporate additional factors that enable a more comprehensive analysis of their impact on educational outcomes. Thirdly, considering that the study was conducted at a medium-sized university, it would be valuable to extend the research to include students from both large and small universities offering computer science degrees, thereby enhancing the generalizability of the findings.
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Figure 1. Conceptual research framework. 






Figure 1. Conceptual research framework.



[image: Electronics 13 04500 g001]







[image: Electronics 13 04500 g002] 





Figure 2. Example of Quizlet in its Flashcards mode: (a) Term (b) Definition. 
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Figure 3. Example of Quizziz in its Quizzes mode. 
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Figure 4. Structural model results (baseline model). 
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Figure 5. Results of testing the model significance * p < 0.05. ** p  <  0.01. *** p  < 0.001. 
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Table 1. Questions, constructs, variables, and authors.
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Variable

	
Questions

	
Constructs

	
Based on






	
ATT1

	
I believe using the gamification system is a good idea.

	
Attitude toward use

	
[11,24]




	
ATT2

	
I enjoy learning with a gamification system




	
ATT3

	
Whenever possible, I would use the gamification system in future courses.




	
GA1

	
Knowing my progress motivates me to complete 100% of the tasks I need to accomplish.

	
Gamification

	
[69,70]




	
GA2

	
Tracking my progress helps me understand how I’m doing compared to the tasks I need to complete




	
GA3

	
By being aware of my progress, I would make extra effort to improve it.




	
PEOU1

	
I find the gamification system flexible to use.

	
Perceived ease of use

	
[11,24]




	
PEOU2

	
The functionality and interface of the gamification system are clear and easy to understand.




	
PEOU3

	
Interacting with the gamification system does not require much mental effort.




	
PU1

	
Using the gamification system is useful in my learning.

	
Perceived usefulness

	
[11,24]




	
PU2

	
Using the gamification system enhances my learning performance.




	
PU3

	
The gamification system improves my learning outcomes.




	
CNK1

	
The use of collaborative learning and gamification tools helps me acquire more knowledge in the subjects.

	
Competences

	
[71,72,73,74]




	
CR1

	
Collaborative learning and gamification tools improve my communication with peers.




	
CR2

	
Using collaborative learning and gamification tools helps me build better relationships with my peers.




	
TW1

	
The use of collaborative learning and gamification tools helps me work effectively in a team.











 





Table 2. Outer model loadings.
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	ATT
	GA
	PEOU
	PU
	COMP





	ATT1
	0.862
	
	
	
	



	ATT2
	0.917
	
	
	
	



	ATT3
	0.886
	
	
	
	



	GA1
	
	0.904
	
	
	



	GA2
	
	0.869
	
	
	



	GA3
	
	0.886
	
	
	



	PEOU1
	
	
	0.843
	
	



	PEOU2
	
	
	0.864
	
	



	PEOU3
	
	
	0.727
	
	



	PU1
	
	
	
	0.865
	



	PU2
	
	
	
	0.887
	



	PU3
	
	
	
	0.856
	



	CNK1
	
	
	
	
	0.759



	CR1
	
	
	
	
	0.862



	CR2
	
	
	
	
	0.878



	TW1
	
	
	
	
	0.810










 





Table 3. Cronbach’s alpha coefficients, Rho_A, construct reliability, and average variance extracted (AVE).
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	Cronbach’s Alpha
	rho_A
	Composite Reliability
	Average Variance Extracted (AVE)





	ATT
	0.867
	0.880
	0.918
	0.790



	GA
	0.864
	0.867
	0.917
	0.786



	PEOU
	0.744
	0.761
	0.854
	0.662



	PU
	0.839
	0.844
	0.903
	0.756



	COMP
	0.847
	0.848
	0.897
	0.687










 





Table 4. Discriminant validity matrix (Fornell–Larcker Criterion).
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	ATT
	GA
	PEOU
	PU
	COMP





	ATT
	0.889
	
	
	
	



	GA
	0.472
	0.886
	
	
	



	PEOU
	0.442
	0.457
	0.814
	
	



	PU
	0.695
	0.523
	0.465
	0.869
	



	COMP
	0.516
	0.512
	0.523
	0.525
	0.829










 





Table 5. Discriminant validity matrix (heterotrait–monotrait ratio criterion).
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	ATT
	GA
	PEOU
	PU
	COMP





	ATT
	
	
	
	
	



	GA
	0.540
	
	
	
	



	PEOU
	0.549
	0.567
	
	
	



	PU
	0.799
	0.607
	0.577
	
	



	COMP
	0.592
	0.587
	0.642
	0.615
	










 





Table 6. Structural model results.
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	Rsquare
	Sample Mean (M)
	Standard Deviation (STDEV)
	T Statistics (|O/STDEV|)
	p Values





	ATT
	0.501
	0.511
	0.057
	8.735
	0.000



	PEOU
	0.209
	0.218
	0.065
	3.225
	0.001



	PU
	0.338
	0.349
	0.069
	4.886
	0.000



	COMP
	0.399
	0.413
	0.057
	7.031
	0.000










 





Table 7. Structural model results. Path significance using percentile bootstrap 95% confidence interval (n = 10,000 subsamples). Note(s): * p < 0.05, ** p < 0.01 *** p < 0.001. ns: no-significant (based on t (9999), one-tailed test).






Table 7. Structural model results. Path significance using percentile bootstrap 95% confidence interval (n = 10,000 subsamples). Note(s): * p < 0.05, ** p < 0.01 *** p < 0.001. ns: no-significant (based on t (9999), one-tailed test).





	Hypothesis
	Results
	Influence
	SPC
	Sample Mean (M)
	Standard Deviation (STDEV)
	T Statistics (|O/STDEV|)
	p Values
	Change Sing





	H1
	Accept

(**)
	ATT -> COMP
	0.217
	0.217
	0.087
	2.487
	0.006
	No



	H2
	Accepted

(***)
	GA -> PEOU
	0.457
	0.462
	0.071
	6.467
	0.000
	No



	H3
	Accepted

(***)
	GA -> PU
	0.392
	0.390
	0.083
	4.711
	0.000
	No



	H4
	Accepted

(*)
	PEOU -> ATT
	0.152
	0.151
	0.075
	2.042
	0.021
	No



	H5
	Accepted

(***)
	PEOU -> PU
	0.286
	0.290
	0.072
	3.978
	0.000
	No



	H6
	Accepted

(***)
	PEOU -> COMP
	0.323
	0.327
	0.065
	5.004
	0.000
	No



	H7
	Accepted

(***)
	PU -> ATT
	0.624
	0.628
	0.060
	10.367
	0.000
	No



	H8
	Accepted

(**)
	PU -> COMP
	0.224
	0.225
	0.086
	2.621
	0.004
	No










 





Table 8. Effects on endogenous variables (extended model).
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	Dependent Variable
	Rsquare
	Q2
	Antecedents
	Path Coefficients
