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Abstract

:

The rapid changes in digital technology have had a substantial influence on education, resulting in the development of learning technologies (LTs) such as multimedia, computer-based training, intelligent tutoring systems, serious games, social media, and pedagogical agents. Serious games have demonstrated their effectiveness in several domains, while there is contradictory data on their efficiency in modifying behavior and their possible disadvantages. Serious games are games that are specifically created to fulfill a primary goal other than entertainment. The objective of our study is to evaluate the effectiveness of a serious game designed for the self-assessment of students concerning their knowledge of web technologies on students with an equivalent online quiz that uses the same collection of questions. The primary hypotheses we stated were that those utilizing the serious game would experience better results in terms of engagement, subjective experience, and learning compared to those using the online quiz. To examine these research questions, the IMI questionnaire, the total number of completed questions, and post-test grades were utilized to compare the two groups, which consisted of 34 undergraduate students. Our findings indicate that the serious game users did not have a better experience or better learning outcomes, but that they engaged more, answering significantly more questions. Future steps include finding more participants and extending the experimental period.
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1. Introduction


The rapid advancements in digital technology have a profound impact on education. The introduction of the internet into our daily lives marked a transformative shift in the way individuals interact with information [1]. Furthermore, numerous studies support the fact that users have become increasingly attracted to social media platforms and online gaming [2,3,4,5,6,7,8]. This development has prompted inquiries into the potential role of technology in education and the possible effects of this integration.



As a result of the integration of technology into educational settings, the term learning technologies (LTs) was created. According to Jan Elen and Geraldine Clarebout [9], learning technology is defined as “a field of study and ample practices of mainly two different types: technology for learning and technology of learning. Technology for learning pertains to the use of technology during (the support of) learning processes… In line with the more general meaning of ‘technology’ as the application of scientific insights to solve practical problems, ‘technology of learning’ relates to the question on how scientific findings with respect to (supporting) learning can actually be used to support learning processes”. Learning technologies comprise a combination of web tools, software applications, and mobile technologies that merge the technological and pedagogical aspects of internet advances and mobile devices [10]. Their purpose is to facilitate the entire learning process, including its design, development, delivery, and management [11]. Among the technologies explored for their integration into education are multimedia learning, computer-based training, intelligent tutoring systems, serious games, social media, and pedagogical agents [12]. In particular, Dabbagh et al. [13] identified five evolving models in the field of learning technologies (LTs): Massive Open Online Courses (MOOCs), mobile learning, social media, Augmented Reality (AR), and Game-Based Learning (GBL).



As the number of individuals with mobile phones and internet access continues to rise, technology’s integration in educational settings has become more common, leading to the expansion of distance and online learning [1,13]. A notable advantage of LTs is their flexibility; that education can be delivered either synchronously or asynchronously. Additionally, LT focuses on the use of personal, portable, and handheld devices, facilitating learners’ convenient access to learning resources [14].



As previously mentioned, serious games are a type of learning technology. The term “serious game” was introduced by Abt in his book “Serious Games”, published in 1970, in which he characterized them as having an “explicit and carefully thought-out educational purpose and are not intended to be played primarily for amusement” [15]. While Abt originally referred to card and board games, serious games are now available in digital formats. Therefore, serious games are widely defined as games designed to serve a primary purpose beyond entertainment. The distinction between serious games and standard video games centers around their objectives. Serious games are oriented towards acquiring new knowledge, skills, or behavioral changes; while it is not mandatory for all serious games to have the feature of fun in them, it is considered essential for players to immerse themselves in the gaming experience [16]. Furthermore, there is disagreement regarding the term “game” within the context of “serious games”, as it is associated with a voluntary occupation of individuals. However, in the case of serious games, individuals may be obligated to play the game, such as in a training scenario. Overall, although there is debate about the term “serious game”, it has gained general acceptance [16,17,18].



Serious games are implemented in a wide variety of contexts and appear in fields such as business, the military, education, well-being, cultural heritage, health care, and more [17]. Extensive study has been conducted on their effectiveness, with evidence supporting their positive impact in various fields. Research demonstrates that serious games are effective in enhancing learning, promoting desirable behaviors, and offering engaging experiences, as well as providing assessment tools [19,20,21,22,23]. On certain occasions they are as effective as their analog counterparts, such as when assessing emotional intelligence [23]. Nevertheless, conflicting evidence exists regarding their effectiveness in generating behavioral change, and negative reactions to competitive serious games have been recorded [19,24]. Moreover, potential drawbacks such as a lack of interest, negative perceptions towards gaming, and limited computer or tablet proficiency have been identified. Thus, despite their significant promise, the creation of successful and impactful serious games remains a challenging task.



In the context of self-regulation, studies indicate that serious games could positively impact self-efficacy [25,26]. These serious games leverage effective design mechanisms, including narrative contexts, feedback, avatars, simulations, goals, a variety of difficulty levels, and social interactions [27]. It needs to be mentioned that they have shown positive results in health management, such as diabetes [28], heart failure [29], and asthma self-management [30]. Furthermore, according to Roozeboom et al. [25], serious games effectively measure generic learning features, fostering active, self-directed engagement and contributing to self-assessment and self-regulated learning.



An example of a serious game used for self-evaluation is Serena Supergreen [31], a point-and-click game designed for adolescents, especially girls. It aims to enhance their self-evaluation of technical competence through a problem-solving approach. Two evaluations were conducted. In the first one, 54 students from two German secondary schools, aged 13 to 15, participated by playing the game for two school hours, resulting in a positive impact on players’ self-evaluations of their competence, but only when assessed through a specific perceived technical competence measure. However, there were no changes in the self-concept of their technical abilities after playing the game. The short version of the game also did not significantly impact their intrinsic motivation towards technical tasks, although it did show positive changes in task interest. In the second evaluation, 39 students (mean age 15.13) at a German secondary school played the complete version of the game (180 h). The results indicated that the game positively influenced their perceived technical competence, self-concept of their technical abilities, and intrinsic motivation towards technical tasks. In summary, the results of this game’s evaluations indicate that the game increases players’ perceived technical competence, self-concept of their technical ability, and intrinsic motivation with respect to technical tasks. Moreover, the feedback strategies within the game are highlighted as contributing to the positive effects on the players’ self-evaluations of their competence.



In the context of software development, the use of serious games to teach software engineering has gained attention, indicating that real-world activities may include game design elements [32]. While further research is required, there is evidence to support the integration of serious games into software engineering education as a valuable adjunct to conventional teaching approaches [33]. In addition, serious games have gained specific interest in the learning of programming languages, indicating a growing trend in utilizing serious games for educational purposes [34]. Within this domain, serious games have gained attention as complementary tools to traditional teaching methods, with a focus on enhancing learning experiences and engagement [35].



The application of serious games in learning programming presents a promising approach to engaging students, incorporating motivation and enhancing the overall entertainment value of the learning process [36]. Specifically designed to facilitate a deep understanding of programming concepts and languages, these games offer an alternative and engaging way for learners to immerse themselves in simulations or experiments within the field of computer science [34]. Some examples of these serious games are ProBot [37] and Py-rate Adventures [36]. ProBot is a digital game designed to reinforce and improve students’ abilities in terms of sequencing, defined iteration, and nesting. The game follows a problem-solving approach and implements a score-comparing mechanism to encourage students to analyze their solutions and seek better ones. The evaluation of this serious game, in which 123 engineering university students from Colombia University, aged 16-18 years old, participated as part of their core course “Programming fundamentals”, demonstrated its effectiveness in enhancing the students’ understanding of programming concepts. On the other hand, Py-rate Adventures is a 2D platform game designed to teach basic programming concepts using Python, aiming to engage and educate players with no prior programming knowledge. An evaluation, conducted with 31 graduates and postgraduate students of an Interdepartmental Programme of Postgraduate Studies in Information Systems with different bachelor degrees (economics, business administration, informatics, etc.), yielded positive results in terms of player experience and short-term learning. In summary, the increasing interest in and diverse applications of serious games in software development underscore their potential as engaging tools for teaching programming, offering a promising avenue by which to enhance learning experiences and foster student engagement.



The aim of our study is to assess the effectiveness of a serious game designed for the self-assessment of undergraduate students concerning their knowledge of web technologies, in comparison to a similar online quiz that utilizes the same set of questions. The main hypotheses we proposed were that those using the serious game would obtain greater results in terms of engagement, subjective experience, and learning, as opposed to those using the online quiz. In order to investigate these research questions, the IMI questionnaire, the overall number of answered questions, and post-test scores were employed to compare the two groups, which comprised 34 undergraduate students. Our data suggest that the users of serious games did not have an enhanced subjective experience or achieve better learning outcomes. However, they did exhibit higher levels of engagement by responding to a much larger number of questions in comparison to the users of the learning platform.



The current paper is organized in the following way: Section 2 outlines the specific Materials and Methods employed in our experiment. It discusses the presentation of the serious game “Friend Me”, the similar online quiz, the research goals of the study, the tools used for measurements (questionnaires and tests), and the experimental technique that was followed. Section 3 provides an examination of the data and the outcomes of the evaluation. Section 4 comprises an in-depth discussion and the conclusions of the findings obtained in our experiment. Section 5 addresses the constraints of our investigation and outlines our forthcoming actions.




2. Research Goals, Materials, and Methods


This section presents the materials created and the procedure followed to test our hypothesis that educational games with questions tend to be more engaging and have a greater impact on academic performance than learning platform quizzes.



2.1. Research Goals


As stated before, the present study aims to compare users’ subjective experience, engagement, and learning results by using either a learning platform, like Moodle, or by using a serious game like “Friend Me”, to answer computer science questions.



Thus, the first research goal (RG1) of the paper is to explore the participants’ subjective experience related to the main activity they performed, which involved answering multiple questions either using online quizzes or a serious game. Their experience is measured in multiple dimensions such as interest and enjoyment, perceived competence, effort and value, and usefulness, among others. The hypothesis is that serious game users will have a better experience than those using the online quiz.



The second research goal (RG2) of this article is to examine whether the participants were more engaged while using the serious game compared to using the learning platform. The hypothesis is that the serious game users will engage more compared to the online quiz users.



The third research goal (RG3) of this paper is to establish the learning impact of the serious game compared to the learning platform on participants’ academic performance. The hypothesis is that the serious game users will perform better on the final test compared to the online quiz users.




2.2. Participants


To test the hypotheses of our experiment, a total of 34 undergraduate computer science students were included in the activity, all of whom were taking the same class about Virtual Learning Environments (VLEs). This common course was elective for the students. The participants’ ages ranged from 21 to 41 years old, with a mean age of 21.97 years, a median age equal to 21, and a standard deviation of 3.49. Among the participants, 23.52% were female and the remaining 76.47% were male. The participants were also asked about how often they engaged in playing digital games.. The majority of them, 32.53%, play digital games at least once per week. The remaining respondents consist of 2.94% who do not engage in video gaming; 23.53% who play video games rarely, less than once a month; 20.59% who play video games on a monthly basis; and 20.59% who play video games every day.



The participants were randomly separated into two groups. The experimental group comprised 16 individuals, whereas the control group comprised 18 people. Neither group had any prior exposure to the questions utilized in the main activity.



Prior to the experiment all participants were asked to sign a consent form.




2.3. Materials


2.3.1. The “Friend Me” Serious Game


“Friend Me” [38] is a serious game designed to facilitate the learning of any programming language, either from scratch or through practice, making it particularly suitable for novice programmers. This game was evaluated by undergraduate students from the computer science department, and, after receiving their comments, a new version of the game was created, incorporating improvements based on their feedback and introducing new features [39]. As a result, the game was assessed twice [38,39] by users with the same profile as the target group of our experiment in terms of player experience, namely in the areas of Usability, Confidence, Challenge, Satisfaction, Social Interaction, Fun, Focused Attention, and Relevance, ensuring its quality and making it optimal for utilization, as it is tailored to meet the specific requirements of the course.



The research described in this paper was conducted using the improved version of the game. The current version of the game includes questions related to web development, focusing on enhancing and practicing users’ Hyper Text Markup Language (HTML), Cascading Style Sheets (CSS), and PHP knowledge.



It is designed to provide teachers the ability to effortlessly update its questions regularly, and it is easy to expand. The game is accessible through a web browser or downloadable via the Google Play Store, allowing players to choose their preferred platform. However, a constant internet connection is necessary throughout gameplay.



The game employs various elements, including goal-setting, interactions, rewards, and feedback, to engage learners and motivate them to persist in their learning journey. Leveraging competition as a motivational factor, “Friend Me” encourages players to strive to pursue exceptional performance. Each player has a personal account to monitor and track their progress.



The game’s scenario revolves around a character attempting to make new friends in a new school by assisting their classmates (non-players characters, NPCs), who number fifteen. These classmates assign missions to the player, which are five unique missions that are repeated. Each mission consists of a question—either theoretical or code-based—that should be answered correctly to accomplish the mission. For those learning a programming language from scratch, the game offers mini courses to cover fundamental programming concepts, which were not used in our case as the students already had some basic knowledge.



Beyond answering the questions, players must explore and interact with the game’s environment, transitioning from a question-and-answer format to a more immersive gaming experience (Figure 1). The game contains three types of questions: multiple choice, putting code blocks in the right order, and writing a code’s result. In each question, there is a timer at the top-left part of the screen, set to one minute, challenging players answer within the allocated time. Otherwise, their response is counted as a mistake. In addition, the game displays a title at the top of the screen to indicate the question’s context.



In a multiple-choice type question (Figure 2a), users are presented with four possible answers, with only one being correct. Upon selecting their answer, players receive immediate visual and sound feedback, confirming the accuracy of their response (Figure 2b,c). If they make a mistake, the correct answer is not revealed.



In the putting-code-blocks-in-the-right-order type of question (Figure 3a), five blocks are presented on the user’s screen, and only four are required, which players must arrange in the correct order. Users can adjust the order until the final block is placed, at which point the game provides visual and sound feedback, indicating correct and incorrect placements (Figure 3b). In the case of a wrong answer, the correct order is revealed (Figure 3c).



In the final question type (Figure 4a), writing the code’s result, users must accurately write the output of the code as it would appear when executed. After submitting their answer by clicking the “Done” or “Unlock” button, visual and auditory feedback is provided without revealing the correct answer, in the case of users answering incorrectly (Figure 4b,c).



If players wish to answer multiple questions consecutively, they can approach the computer area. When they decide to stop answering questions, they can return to the main game by clicking the return (left arrow) button on their screens.



For users practicing their programming skills, questions are randomly selected from the database. Players can track their performance, viewing the total number of questions they have answered correctly, their rank, the top three players and their scores (scores are calculated based on the number of correct answers, with each correct answer earning 1 point), earned badges linked to learning goals, and the mood of classmates towards players, reflecting successful or unsuccessful mission outcomes.




2.3.2. The Online Quiz


The online quiz was created to be similar to the serious game “Friend Me”. It was created in a shared Moodle course that all the participants were registered on. On every attempt the quiz randomly showed 15 questions from the question bank created in the Moodle course. The Moodle settings that were utilized to create an interactive quiz experience like that of the game included (a) Timing, (b) Layout, (c) Question behavior, and (d) Review options.



The Timing settings were configured to enforce a time restriction of 15 min for the quiz. This was done to ensure that participants, like those who were engaged in the serious game, had an allocation of 1 min per question, given that there were 15 questions in total. In terms of the quiz’s Layout options, each question was chosen to be displayed on a separate page. This was done to provide a similar experience to the serious game, where the player could only view one question at a time on their screen. In addition, concerning the Layout settings, they were adjusted to reorder the possible answers and questions in a manner comparable to the game’s functionality. Moreover, instant feedback was provided to the users. Specifically, the system indicated the accuracy of a response using the textual labels “Correct”, “Partially correct”, or “Incorrect”, as well as accompanying colored highlights that transmitted the same information.



Three sorts of questions were created, including multiple choice questions, code block ordering questions, and code result writing questions, similar to the serious game. The questions were exactly the same as those in the serious game. The questions functioned in the same manner as the questions in the serious game as well.





2.4. Instruments


The Intrinsic Motivation Inventory (IMI) questionnaire [40,41] was used to measure the subjective experience of the participants while using either the serious game or the learning platform to gain knowledge.



It consists of 45 items organized into the following seven categories: (a) Interest/Enjoyment, (b) Perceived Competence, (c) Effort/Importance, (d) Pressure/Tension, (e) Perceived Choice, (f) Value/Usefulness, and (g) Relatedness. In accordance with the construction guidelines of the questionnaire, the Relatedness category was not utilized in our study due to the absence of any interactions between participants during the experiment, meaning that the questionnaire handed to the participants consisted of 37 items. The questions were rated on a 7-point Likert scale, with the anchors being 1 for strongly disagree, 2 for disagree, 3 for slightly disagree, 4 for neither agree nor disagree, 5 for slightly agree, 6 for agree, and 7 for strongly agree.



Meanwhile, two sets of questions were prepared to serve as a pre-test and post-test questionnaire. The test was nine open-ended questions designed to assess participants’ pre- and post-test knowledge of web technologies, including HTML, CSS, and the PHP programming language. All the questions assessed fundamental HTML proficiency, with six of them further evaluating CSS expertise, and the remaining three assessing participants’ PHP knowledge, both in the pre-test and the post-test questionnaire.



In relation to the questions utilized in the main activity, three types of questions were created, including multiple choice questions, code block ordering questions, and code result writing questions. The generated collection of questions has a grand total of 124 questions, covering both theoretical and code-based content. The distribution of questions is as follows: there are 49 HTML questions (34 multiple choice, 12 putting code blocks in the right order, and 3 writing the code’s result), 34 CSS questions (24 multiple choice and 10 putting code blocks in the right order) and 41 PHP questions (15 multiple choice, 14 putting code blocks in the right order, and 12 writing the code’s result).



The course professor designed both the pre-test and post-test questionnaire, as well as the set of questions utilized in the serious game and the online quiz. The instructor of the course, who is an expert in Virtual Learning Environments (VLEs) as well as internet technologies, validated the validity of the questions.




2.5. Procedure


The research goals were achieved using a three-phase experiment, which included the Pre-test Phase, the Main Activity Phase, and the Post-test Phase. The participants were instructed to utilize different educational technology tools throughout the Main Activity Phase according to the group they were allocated to.



The participants were informed that the experiment aimed to assess the system that they utilized. They were also informed that the experiment would include some knowledge tests for statistical purposes, ensuring that they would not feel pressured to do well. Furthermore, it was explicitly stated that their participation or performance in the activity would have no impact on their overall mark in the course. The participants, after agreeing to voluntarily participate in the experiment, also possessed the right to end their involvement in the study at any given moment.



The participants were informed about each phase only after the previous one had been completed. The specifics of each phase were provided during a lecture and were also posted as announcements on the Moodle page of their shared course. The entire experiment lasted a period of three weeks.



2.5.1. The Pre-Test Phase


During the Pre-test phase, the course students that volunteered to participate in the experiment were handed a test, the pre-test questionnaire. The test aimed to assess their prior knowledge of web technologies such as HTML, PHP, and CSS, which students were expected to acquire throughout the Main Activity Phase. The test was presented in class, and it was uploaded as a Moodle quiz. It was explicitly stated that their performance would have no impact on their final mark for the course. The participants were given a two-hour timeframe to complete their test, although less time was required. Upon finishing the quiz the players did not get any feedback or a score.



While taking the test the students were randomly divided into two groups. One group served as the control group, while the other group served as the experimental group. Upon completing the test they were informed about which group they belonged to.



Afterwards, the software used in the Main Activity Phase was presented to each group. In particular, a quiz from the main activity was filled by the researchers and shown to the control group. As participants were already familiar with Moodle no further explanation was needed.



Meanwhile, the researchers in the experimental group played the serious game “Friend Me” for a period of time and demonstrated its many features. Participants were instructed to engage with the online version of the game during class. The researchers provided answers to any questions that arose. The objective of this brief session was to familiarize the participants with the game prior to its use in the main activity.




2.5.2. The Main Activity Phase


The Main Activity Phase lasted for three weeks. The participants were informed that they were able to start playing the game and start engaging with the online quiz. Each group had to fulfil a set of criteria to ensure that the participants had adequately used the software.



The individuals assigned to the control group had to answer an online quiz. The online quiz displayed a set of questions in a random sequence from the same pool of questions utilized in the serious game. The quiz had 15 questions, selected at random, and participants received immediate feedback on their responses. The participants were asked to undertake the quiz at least four times within the designated time frame. The quiz featured a strict time constraint of 15 min, allowing just one minute for each question. However, there were no restrictions on the number of attempts permitted for taking the quiz.



The experimental group was encouraged to play the game as long as they wanted to. However, in order to guarantee that they had answered a sufficient number of questions and had actively participated in the game, they were directed to refer to the Total Coverage bar, depicted in Figure 5. They were advised to aim for a score of at least twenty questions. The function of this bar is to display the player’s activity by showing the number of questions they have answered correctly in relation to the total number of questions available in the database. Additionally, they were recommended to interact with a minimum of two non-player characters (NPCs). Each question had a duration of one minute.



For the Main Activity Phase, the participants used the software from their own personal computers whenever they wanted to and from their own space. The researchers were constantly available via email to provide any clarifications regarding the aforementioned criteria.




2.5.3. The Post-Test Phase


Following the conclusion of the three-week timeframe, the participants were given access to a final quiz. During class they were asked to complete the final assessment, known as the post-test questionnaire, which assessed their understanding of web technologies after successfully completing the main activity.



Upon the completion of the assessment by all individuals, they were subsequently given the IMI questionnaire. The survey was conducted over the internet. The participants were notified that the purpose of this questionnaire was to enhance our comprehension of their experience and gather feedback for possible improvements to the overall procedure’s structure.






3. Results


3.1. Data Analysis and Results


The statistical analysis was performed using the SPSS 29 statistical package.



3.1.1. Analysis and Results of the First Research Goal (RG1)


Our main hypothesis for the first research goal was that serious game users would have a better experience than those using the online quiz. Thus, our null hypothesis was that there would be a difference in the scores of every dimension of the IMI questionnaire between the serious game and online quiz users.



Several studies have relied on the IMI questionnaire to assess the intrinsic motivation and overall experience of users when utilizing digital learning systems, including serious games [42,43,44,45] and learning management systems for e-learning [46,47]. In [48] it was used as a way to gather data regarding the intrinsic motivation of users using a course on an e-learning platform and an equivalent mobile serious game, with the objective of determining whether the serious game significantly increased users’ intrinsic motivation.



Prior to any statistical analysis, a reliability test was performed for each of the seven factors of the IMI questionnaire using Cronbach’s alpha measure. The Interest/Enjoyment factor score was 0.9. the Perceived Competence score was 0.87, the Effort/Importance factor score was 0.86, the Pressure/Tension score was 0.83, the Perceived Choice score was 0.85, and the Value/Usefulness score was 0.91. Therefore, every factor exhibited a level of internal consistency (measured by Cronbach’s alpha) above 0.70. Ref. [49] stated that alpha coefficients of at least 0.70 are considered acceptable.



In order to investigate the first research goal (RG1), we conducted a comparison between the outcomes of the IMI questionnaire from the experimental group and the control group. The scoring instructions of the questionnaire state that some item replies should be reversed by subtracting the item response from 8 before then using the resultant number as the item score. Subsequently, a score may be computed for every factor by taking the average of all the items associated with that factor. Consequently, we obtained a score for each participant for every factor, which we utilized to compare the two groups.



Subsequently, we performed an independent samples’ t-test comparing the two groups. The independent variable was the group variable, with a value of 0 representing the experimental group and 1 representing the control group. The dependent variables were the factor scores of each participant in the IMI questionnaire.



Given that the sample size was less than 50 (N ≤ 50), we employed the Shapiro–Wilk test to assess whether the dependent variables of both the control and experimental groups conformed to a normal distribution. The p-value was more than 0.05 for the data sets for each factor in both groups, as seen in Table 1.



As a result, we could further investigate the independent samples’ t-test. The obtained data were statistically insignificant, with a p-value greater than 0.05 in the 95% confidence range. The table labelled as Table 2 presents Lavene’s test for the homogeneity of variance assumption, t-values, degrees of freedom, two-tailed significance p-values, and the effect size (Cohen’s d) for each element of the IMI questionnaire in both the experimental and control group.



To conclude, an independent sample t-test was conducted to compare the scores in every dimension of the IMI questionnaire for serious game and online quiz users. The analysis revealed no significant difference in the scores for serious game users in the Interest/Enjoyment (M = 5.16, SD = 1.05), the Perceived Competence (M = 4.73, SD = 1.06), the Effort/Importance (M = 3.96, SD = 1.13), the Pressure/Tension (M = 2.85, SD = 1.29), the Perceived Choice (M = 5.25, SD = 0.92), and the Value/Usefulness (M = 5.43, SD = 1.27) dimensions and for online quiz users in the Interest/Enjoyment (M = 5.16, SD = 1.05), the Perceived Competence (M = 4.69, SD = 0.99), the Effort/Importance (M = 4.03, SD = 1.21), the Pressure/Tension (M = 2.88, SD = 1.35), the Perceived Choice (M = 5.11, SD = 1.30), and the Value/Usefulness (M = 5.35, SD = 0.90) dimensions.



Nevertheless, regarding the Interest/Enjoyment factor, although no significant findings were observed, the level of significance was relatively close to 0.05 (p = 0.14) and the effect size was equal to 0.510, which can be described as a medium effect size [50]. The descriptive statistics, alongside the medium effect size, reveal that the serious game received a higher score (Mean = 5.17, SD = 1.06) compared to the online quizzes (Mean = 4.59, SD = 1.17), even if statistical significance was not achieved. A boxplot depicting these variables is given in Figure 6.



Consequently, our primary hypothesis was rejected, indicating that the users of the serious game did not have a superior experience during the main activity compared to the group who used the online quiz.




3.1.2. Analysis and Results of the Second Research Goal (RG2)


The main hypothesis of our second research goal was that the users of serious games would exhibit higher levels of engagement in comparison to the users of online quizzes. Thus, our null hypothesis was that there would be a difference in the number of answered questions between the serious game and online quiz users. The number of answered questions has been utilized as a measure of engagement, serving as a shared metric for both the serious game and the online quiz. Previous studies have utilized the number of quiz attempts as an indicator of engagement with a learning module [51,52]. However, in our experiment, this measure is not applicable because the questions in the serious game were presented individually. Therefore, we have converted the quiz attempts into the number of questions answered, as the more times someone attempts a quiz more questions are answered.



The data were obtained from the log data of the serious game and the online quiz results.



A Shapiro–Wilk test indicated that both the control and experimental variables deviated from a normal distribution, as evidenced by their significances being below 0.001. Therefore, we conducted the independent samples Mann–Whitney test, which yielded a significance level of p < 0.001. The mean rank for the experimental group is 26, whereas the mean rank for the control group is 9.94. A boxplot of the results is depicted in Figure 7. The figure includes individuals whose values exceeded or fell below the maximum and minimum values of each boxplot, shown by asterisks. Each asterisk is accompanied with a number that serves as the ascending identifying number for each participant in the experiment.



A Mann–Whitney U test was conducted to compare the number of questions answered by serious game and online quiz users. The analysis revealed a significant difference in the values for serious game users (Mdn = 136, IQR = 61) and online quiz users (Mdn = 60, IQR = 4): U = 8, Z = −4.865, p < 0.001. The results indicate that serious game users answered significantly more questions than the online quiz users.




3.1.3. Analysis and Results of The Third Research Goal (RG3)


Our third research goal had as its main hypothesis that serious game users would have a higher knowledge gain compared to online quiz users. Thus, our null hypothesis was that there would be a difference in the post-test scores between the users of serious games and online quizzes. Pre-test and post-test scores have traditionally been utilized in educational research to examine the impact of educational innovations [53]. In our study, we are using post-test scores as a measure to determine whether serious game players acquired more knowledge than online quiz users.



However, first, we should establish whether there was any significant difference in the prior knowledge of web technologies between the two groups. To do so, we conducted the independent samples Mann–Whitney U test between the two groups. The independent variable was the group variable (0 for the experimental and 1 for the control group) and the dependent variable was the score on the pre-test questionnaires.



As our sample size is smaller than 50 (N ≤ 50), the Shapiro–Wilk test was used to examine whether the two pre-test score variables (control and experimental) did not follow a normal distribution, with significances equal to p = 0.02 < 0.05 and p = 0.01 < 0.05, respectively. Therefore, we conducted the independent samples Mann–Whitney test, which yielded a significance level of p = 0.93 > 0.05, which led us to retain our null hypothesis that the distribution of the pre-test scores was the same across both groups. We can see the plot of these two variables in Figure 8. This allows us to investigate further the performance of the users in the post-test questionnaire.



As the sample size is smaller than 50 (N ≤ 50), the Shapiro–Wilk test was used to examine whether the two post-test score variables (control and experimental) did not follow a normal distribution, with significances equal to p < 0.01 < 0.05 and p = 0.01 < 0.05, respectively. Therefore, we conducted the independent samples Mann–Whitney test, which yielded a significance level of p = 0.99 > 0.05, which led us to retain our main hypothesis that the distribution of the post-test scores is the same across both groups. We can see the plot of these two variables in Figure 9.



An independent samples Mann–Whitney test was conducted to compare the scores on the final test between the serious game and online quiz users. Our analysis revealed no significant difference in the values for serious game users (Mdn = 7, IQR = 2.5) and online quiz users (Mdn = 7.75, IQR = 1.63): U = 143.5, Z = −0.17, p = 0.986. The results indicate that the serious game users did not perform better in their post-test questionnaire compared to the online quiz users.






4. Discussion and Conclusions


The aforementioned results are concluded and discussed in detail for each specific research goal in the following paragraphs.



4.1. First Research Goal (RG1)


Regarding the first research goal, our main hypothesis was rejected, suggesting that the participants who used the serious game did not have a superior experience in the primary activity compared to the group that utilized the online quiz. Specifically, the users of the serious game did not experience a significant increase in their sense of competence compared to the online quiz users. They reported putting in equal effort and feeling similar levels of pressure as the participants in the control group. Additionally, the perceived level of choice they had was similar to that of the online quiz users. Finally, they discovered both tools to be equally valuable.



Current research indicates that online quizzes are both motivating and able to provide a comparable experience to serious games. This aligns with the findings that Moodle, and learning platforms in general, are an effective tool for teachers to motivate students [54], particularly through the use of e-assessments [55].



Furthermore, the comparable motivation levels seen between participants taking online quizzes and those playing the serious game can be attributed to the competitive goal structure of the game, which has been found to elicit not as strong a motivation compared to games with a cooperative goal structure [56]. In our serious game, a scoreboard displaying the top three players is visible to all participants. The user’s objective is to either achieve a rating that is among the top three players or to build relationships with non-player characters (NPCs) by answering questions properly. This might have resulted in the game becoming too competitive, as the player’s primary objective is to answer questions properly, thus reducing its entertainment value to that of a simple online quiz.



In addition, the game inlcuded rewards such as points and badges, which usually leads to enjoyment according to [57], as was also proved in [58], but the respondents also had the choice to answer questions using a computer station in the game. By bypassing the socializing and tasks, players would be able to answer questions continually, which might have prevented them from obtaining items and exploring the game area. This may have also diminished the level of enjoyment for certain individuals.




4.2. Second Research Goal (RG2)


Regarding our second research goal (RG2), our main hypothesis was confirmed, indicating that the experimental group had a considerably greater number of answered questions compared to the control group. Consequently, the serious game effectively enhanced the participants’ engagement with the activity, resulting in a significant rise in the number of questions they answered.



A recent study demonstrated that serious games have been proven to be an effective method in recent years for enhancing student engagement, among other benefits [59]. An investigation was conducted [60], utilizing serious games to improve performance during the COVID-19 period. The study found that the suggested pedagogical model received high praise from students in terms of engagement, increased motivation, and a meaningful learning experience. These findings support our own discovery that students answered a greater number of questions through the serious game compared to the online quiz during the Main Activity Phase.



The finding that the players of the serious game exhibited higher levels of engagement is substantial, as engagement in virtual learning typically leads to a pleasant learning experience and a sense of fulfilment [61]. Moreover, the findings of [62] indicate that different kinds of engagement, such as behavioral, cognitive and emotional, exhibit a substantial influence on the learning outcomes of online learning.




4.3. Third Research Goal (RG3)


Concerning our third research goal (RG3), our primary hypothesis that serious game users would perform better in the post-test questionnaire compared to the online quiz users was rejected, as the findings were not significant. This can also be easily seen through descriptive statistics, as the experimental group had a mean of 6.75 and an SD = 2.41, while the control group had a mean of 7 and an SD = 2.21.



This aligns with the findings of a conducted study [25], which utilized three empirical studies to demonstrate the efficacy of serious games compared to standard classroom instruction in terms of learning aspects and results. Although the findings indicated that the students had a higher level of competence when utilizing serious games as a tool for learning, and they reported high engagement and motivation, this improvement was not reflected in their performance on knowledge tests. The study argued that the assessment methods used on the students were not aligned with their learning experience in the serious game, which was one of the determining factors of these results.



In addition, further research [63] aimed to establish the correlation between the enjoyment of games, self-reported cognitive and motivational learning improvements, and test outcomes through an empirical investigation. The study determined that the extent to which students found studying enjoyable had a significant influence on their motivation and level of involvement, but that it did not have any noticeable impact on their measured learning outcomes.



The absence of substantial findings with regard to this research question might potentially be attributed to time constraints. The entire duration of the experiment lasted three weeks, which may have been insufficient to adequately demonstrate the potential influence of the game on academic achievement. In [64], a direct correlation between the duration of instructional minutes in an academic year and standardized test results was found at school sites. If the participants had utilized the serious game for an extended duration, it is likely that they would have exhibited improved performance, taking it as a fact that active engagement typically results in enhanced learning outcomes, as was discussed in our previous research goal.



According to the meta-analysis [65], it is difficult to verify the association between engagement and learning. Based on [66], even if the users were more engaged compared to traditional teaching, based on their feedback questionnaires, observation found no significant difference in the knowledge gains between the two groups. Although users may have been initially attracted to the idea of learning through a game and may have enjoyed it more than traditional methods, minimal knowledge gains were found due to them being distracted by the game.




4.4. Conclusions


The present study concludes that, throughout the duration of the experiment, the level of engagement exhibited by the participants utilizing the serious game was significantly higher than that of the online quiz users, as evidenced by their larger number of answered questions (RG2). This might be attributed to their heightened interest in the game, which led them to prefer continuing to play and then to respond to questions, as opposed to accessing an online quiz.



Regarding our first research goal, there were no significant findings in terms of the subjective experiences of the two groups, control and experimental. However, the fact that the Interest/Enjoyment dimension of the questionnaire had a significance level pretty close to 0.05 confirms that the game is very motivating for users and suggests that it would be advantageous to replicate the experiment with a larger sample size.



Furthermore, the absence of any noteworthy discoveries regarding the serious game in the questionnaire, even in areas where serious games are known to have an impact, may be influenced by the number of questions that participants were required to answer, as previously described. This may have significantly impacted dimensions such as the perceived pressure experienced during the utilization of the serious game in the Main Activity Phase, as well as the dimension of Perceived Choice. Although the users had the option to withdraw from the experiment without facing any consequences, individuals may have felt compelled to complete the experiment, turning it into another academic obligation.



Another element that might have affected these results was the serious game that was used. Even though the game consisted of a set of questions created by the professor of the course, who is an expert in his field, and although it had been evaluated twice regarding the players’ experience, by undergraduate students and by experts, for its usability, some elements are missing that are considered to be essential to enhance multimedia learning [67]. The fact that the NPCs did not use a voice that was either human or computer-generated when the user interacted with them might have decreased the emotional engagement of the game, making it less appealing to users.



Moreover, the Pre-training principle [67] suggests that, before asking the players to answer to some questions, a brief introduction to the key concepts might be beneficial to them. As the game was tailored to the needs of the course, and it was utilized as supplementary material, similar to online quizzes with feedback, no learning was achieved through teaching, but only through self-assessing one’s knowledge and through feedback, as would happen when answering online quizzes. This might have negatively affected several dimensions of the IMI questionnaire, such as the effort dimension, as both the online quiz and the serious game were equally hard for participants. However, in our case, as the serious game was customized to the course and was meant to be compared with regular quizzes on a learning platform, if the game included tips it would make it unsuitable for us to compare the two to figure out the best way to provide practice quizzes to students.



Finally, regarding the third research goal, the grades from the post-test questionnaire did not show any significant difference. The outcome may have been influenced by limitations such as the duration of the experiment and the type of post-test questions used.





5. Limitations and Future Steps


It is important to acknowledge the limitations of the current study when evaluating its results. The control and experimental groups have a limited sample size. Moreover, despite the fact that only a small sample of participants was used, no qualitative evaluation was conducted, which results in us having no comments with which to better explore the results of our research questions. Furthermore, the duration of the experiment may not have been adequate to demonstrate significant improvements in performance on the final exam and exceptional learning outcomes (RG3). The requirement for a minimal level of engagement with the materials to consider a participant as having effectively utilized them might potentially have had a negative impact on the participants’ experience (RG1). Since the participants were computer science students, they could have acquired knowledge about the web technologies included in the experiment from external sources that they found on their own and might have answered relevant questions, potentially affecting the results of the post-test questionnaire (RG3). Furthermore, the study exclusively employed a serious game of a certain genre for the purpose of comparing it with online quizzes. This constraint restricts our capacity to make comprehensive generalizations regarding serious games.



Future research should include samples of participants lacking a computer science background and provide these tools, the quizzes and the serious game, alongside a set of relevant educational resources. Furthermore, we want to prolong the duration of the experimental time in which the material is applied to include an entire semester, consisting of 18 weeks. It is anticipated that the serious game players would achieve improved post-test scores due to their increased engagement, which is likely to result in enhanced learning outcomes. Ultimately, a more extensive pool of participants will be utilized, perhaps resulting in significant discoveries about the factor of Interest/Enjoyment from the IMI questionnaire.



In future work it will be essential to include a qualitative evaluation, which involves conducting interviews or focus groups, in addition to the quantitative evaluation. This would assist researchers in addressing gaps in their quantitative data findings and enhancing their comprehension of the results, if outcomes similar to those of the first and third research goals arise, without any significant findings. Utilizing a variety of serious games with distinct game mechanics, aesthetic and narrative designs, and musical scores that align with the learning objective of our present project would also be beneficial, as the results would not be affected by the particular game that was chosen by the researchers.
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Figure 1. “Friend Me”: interactions during a mission. 
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Figure 2. “Friend Me”: multiple-choice type questions. (a) Demonstration of a question in the game; (b) visualization of a correct answer; (c) visualization of a wrong answer. 
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Figure 3. “Friend Me”: putting-code-blocks-in-the-right-order type of question. (a) Demonstration of a question in the game; (b) visualization of correct and incorrect placements; (c) revelation of the correct order. 
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Figure 4. “Friend Me”: questions that involve writing the code’s result. (a) Demonstration of a question in the game; (b) visualization of correct answer; (c) visualization of wrong answer. 
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Figure 5. Total Coverage bar of the serious game “Friend Me”. 
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Figure 6. Boxplot of the Interest/Enjoyment variables. 
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Figure 7. Boxplot of the total number of answered questions. 
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Figure 8. Independent Samples Mann–Whitney U Test of the pre-test scores. 
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Figure 9. Independent Samples Mann–Whitney U test of the post-test scores. 
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Table 1. Shapiro–Wilk Normality test.
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	Variable
	Group
	Sig.





	Interest/Enjoyment
	0
	0.785



	
	1
	0.509



	Perceived Competence
	0
	0.769



	
	1
	0.831



	Effort/Importance
	0
	0.784



	
	1
	0.964



	Pressure/Tension
	0
	0.67



	
	1
	0.52



	Perceived Choice
	0
	0.964



	
	1
	0.487



	Value/Usefulness
	0
	0.102



	
	1
	0.303










 





Table 2. Independent sample test for factors of the IMI questionnaire.
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	Variable
	F
	Sig.
	t
	df
	Two-Sided p
	Effect Size (Cohen’s d)





	Interest/Enjoyment
	0.048
	0.827
	1.486
	32
	0.147
	0.510



	Perceived Competence
	0.12
	0.731
	0.113
	32
	0.91
	0.039



	Effort/Importance
	0.187
	0.668
	0.175
	32
	0.862
	−0.06



	Pressure/Tension
	0.121
	0.73
	0.059
	32
	0.953
	−0.02



	Perceived Choice
	1.627
	0.211
	0.359
	32
	0.722
	0.123



	Value/Usefulness
	2.684
	0.111
	0.203
	32
	0.84
	0.07
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