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New active methodologies have played an important role in recent years as they carry a highly positive effect on improving students’ motivation and engagement. Their application is particularly interesting in Building Engineering and Architecture degrees, which are characterized by a large variety of subjects, with high failure and dropout rates. This study aims to analyze the performance of Architecture and Building Engineering students, as well as their perception and evaluation of the usefulness of quiz game events in the classroom. For this purpose, Kahoot!—a game-based learning experience—was implemented in eight subjects for both bachelor’s degrees. Two playful events were held for each subject (in the middle and at the end of the semester), and a four-dimensional questionnaire survey (i.e., accessibility, knowledge, perspective, and feeling) was conducted after each Kahoot! session. The sum of all events reached a total of 474 participations distributed among distributed between subjects and sessions. A qualitative and quantitative analysis was carried out to explore the relationship between different variables (i.e., age, gender, subject, and number of registrations). The results demonstrate the potential of quiz games in improving the dynamics of university degree subjects in Architecture and Building Engineering.
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Introduction
Games promote learning in a fun way. This fact is not new. Since the beginning of human history, games have been present as a mean of entertainment and skill training (Sailer et al., 2017). The possibility of training and learning is due to the fact that they favor aspects such as reasoning and creativity (Dias, 2017). Because of this, games are gaining greater importance for purposes other than entertainment, giving rise to the concept of gamification (Deterding et al., 2011). Gamification consists of the use of games in different contexts, such as business (Zichermann & Cunningham, 2011) or education (Villagrasa et al., 2014).
Regarding teaching, games allow students to play a more active role. This can be achieved at all educational levels—from kindergarten to university (Prieto et al., 2019; Toma et al., 2021). University teaching is generally based on the master class model (Finkel, 2000). The master class consists of a topic presentation by the teacher throughout the duration of the class. Although this model facilitates the transmission of ideas, its reception by the student is questioned. Thus, it is a teaching model with detractors since it does not promote communication between students and the teacher (Weimer, 2002). This can lead to the risk of reducing students’ interest of the students in the subject, decreasing their participation and performance during the exams, and favoring dropout (Liu et al., 2012). Additionally, teachers detect an uncomfortable environment during classes, which generates frustration (Baker et al., 2010). Having a more participative student audience can address a significant portion of these issues, as active students typically exhibit have a higher class attendance (del Cerro, 2015), greater learning (Williams, 2011), better exam performance (Williams, 2011), and contribute to a comfortable classroom (Williams, 2011). Therefore, it is crucial for students not to perceive the game as an exam but as a class dynamic (Fernández-Mesa et al., 2016). The  potential of games is also linked to the integration of new technologies in the classroom (Hinojo-Lucena et al., 2020). These technologies are increasingly vital in university education, driven by the needs of the 21st-century students, especially those digitized, who demand technology use in the classroom. This trend has spurred research into the combined use of games and new technologies in the classroom (Wang, 2015), revealing interesting results by encouraging student participation (De-Marcos et al., 2017; Hamari et al., 2014).
Furthermore, the use of these new technologies and game-based approaches could facilitate the teaching tasks of university professors. University degrees are characterized by having specialized and dense subjects, with extensive and precise syllabi, leading to a decrease in student interest. Transmitting this knowledge is complex. However, integrating games into the classroom can result in greater engagement, so their design should be adapted to the needs of the subjects and the students (Charnock, 2019), and pursued clearly defined objectives (Moncada & Moncada, 2014).
Due to this, a large part of the teaching research in recent years is focused on implementing playful events in universities (Daubenfeld & Zenker, 2015; Day-Black, 2015; Giannetto et al., 2013; Guenaga et al., 2013; Jordine et al., 2014; Llorens-Largo et al., 2016; Mathrani et al., 2016; Pertegal-Felices et al., 2020). Most of these studies are  on university degrees in the fields of medicine, computer science, and humanities. However, a lack of studies in the field of Building Engineering and Architecture degrees is detected. These degrees are characterized by challenging subjects, covering technical aspects (e.g., materials or installations), legal aspects (e.g., regulations and laws), and design aspects (e.g., drawing and modeling of buildings). Additionally, the economic and construction crisis of 2008 has resulted in a reduction of the interest in these grades and in a drop in enrolment in the first year (Table 1) in both degrees. Therefore, the incoming students have a lower educational level and, according to previous  studies, the lower the level, the higher probability of dropout (Ministry of Universities (Spain), 2022; Patronato Fundación CYD, 2022). This circumstance is correlated with other factors detected in previous studies that influence dropout, such as the lack of vocation and engagement, low previous academic training, poor study habits, etc., or factors related to the perceived university learning context, such as the imbalance between effort and academic performance, unmotivating attitude of teachers, and incompatibility with work (Casaravilla et al., 2012). In fact, in Engineering, Industry, and Construction subject areas experience a higher dropout rate than other subject areas (Table 1).
Given this, recreational events could be an opportunity to improve participation in the classroom and enhance students’ interest in the content. The design of video games for these studies has been addressed in many studies. In this sense, the use of Minecraft in graphic design subjects (Fonseca et al., 2017; Valls et al., 2016), or construction site management simulation can be highlighted (Castronovo et al., 2022; Goedert & Rokooei, 2016; Teizer et al., 2020). Although these approaches are interesting, they face technical difficulties in video game design by the instructors (Theodosiou & Karasavvidis, 2015), and may cause stress in students due to having to learn the rules of the game and their level of difficulty (Sánchez-Mena et al., 2019). For these reasons, the use of simpler gamification approaches is of interest to both teachers and students. Similarly, video game approaches may have a more limited applications in the subjects of technical and legal subjects. For these subjects, the use of quiz games such as Trivial Pursuit or Kahoot! could be an opportunity to achieve better performance and student participation.
On this line, the studies conducted by Zhang and Yu (2021) and Bienvenido-Huertas et al. (2023) regarding the use of Kahoot! in courses of Architecture are highlighted. However, the studies were constrained by sample size. Zhang and Yu’s (2021) study focused on a construction subject (21 students), while the study by Bienvenido-Huertas et al. (2023) focused on an installation subject (67 students). Additionally, these previous studies had limitations in student evaluation. Considering that classroom dynamics aim not only to enhance performance but also to encourage student participation, understanding their detailed opinions is crucial. In this context, prior studies in other university degrees have extensively centered on exploring students’ opinions.
Considering this context, the objective of this study is to analyze the potential of incorporating quiz games in Engineering and Construction subjects. For this, eight subjects, evenly split between from the bachelor’s degrees of Building Engineering and Architecture, were selected. Recreational events and assessment surveys, focusing on four learning dimensions, were administered. The results were analyzed qualitatively and quantitatively and compared with the performance of the students. These findings allow an evaluation of the appropriateness of integrating recreational events into these university degrees.
Methodology
Case study
The dynamics of quiz game events were implemented during the 2022/2023 academic year in four subjects each of Building Engineering and Architecture degrees at the University of XXXX. In Spain, students of Architecture and Building Engineering students share certain similarities and differences. Architecture students acquire skills for the design and construction management of buildings and urban planning projects. These students deal with technical and humanity matters, such as Mathematics, Physics, Art History, Technical Mathematics, Physics, Art History, Technical drawing or Urban planning, while Building Engineering students acquire skills for the material execution of construction works. These students deal mainly technical matters such as Mathematics, Physics, Materials, Organization and Scheduling of Works, as well as Economic Control (The Government of Spain, 1999). Some studies highlight that many of the technical subjects present a high rate of dropouts and failures. For example, in the case of installations subjects, the failure rate can be as high as 40% and the dropout rates can be as high as 20% (Rubio-Bellido et al., 2021). Therefore, they are subjects which need to implement new teaching dynamics to improve the learning of concepts.
Table 2 summarizes information on the subjects where dynamics were implemented. There were four subjects from the degree on Architecture program (Basis to Construction, Construction 1, Construction 2, and Installations) and four subjects from the degree on Building Engineering (Installations 1, Organization and Programming, Project Management and Works Equipment, and Occupational Safety and Health). As shown, both Architecture and Building Engineering students engage with various areas such as installations, construction, structures, and management, each but with a distinct focus. The authors, who are lecturers in these subjects, designed and adapted the games to the thematic blocks of each subject. None of the participating students were concurrently enrolled in two or more of the selected subjects. 
Depending on the authors’ teaching assignments, the incorporation of playful events can be executed in one or two groups. Table 3 indicates the number of participant groups for each subject, along with the total sum of the potential participating students for each subject.
Implementation of recreational events and assessment survey
The quiz game events were conducted using Kahoot!. Kahoot! is a web application that enables the creation of question-answer games (Ismail & Mohammad, 2017; Rodríguez-Fernández, 2017). It holds increasing relevance in the teaching field. Aspects such as the interface, character choices, and game monitoring typically make the experience enjoyable for students. This popularity has led to the tool’s utilization in university degrees (Bicen & Kocakoyun, 2018; Dolezal et al., 2018; Kay & LeSage, 2009; Plump & LaRosa, 2017; Wang & Lieberoth, 2016). The only requirement for its use is that each student possess a computer or smartphone with an internet connection (Zhang & Yu, 2021). Implementing playful events using Kahoot! seeks to assess the knowledge acquired during the previous classes. In addition, it aims to improve the motivation and participation of students by promoting their competitiveness. The platform is employed to improve classroom participation, assess the understanding of learning comprehension, and reinforce knowledge.
In every participant subject, two Kahoot! sessions were held—one in the middle and one at the end of each semester. The games were voluntary and did not contribute to the final qualification of the subject. Additionally, the games were scheduled on the calendar, allowing students to be aware of the timing. The first set of sessions covered group of sessions was based on the course content covered up to the that point (midway point of the semester, while), and the second set included the remaining course content. Each Kahoot! session comprised  7–10 questions, with a response time of 60 s. The maximum number of questions was limited to 10 to ensure students’ concentration during the game. This criterion aligns with based on the game designs carried out in other existing state-of-the-art studies (Jones et al., 2019; Kohnke & Moorhouse, 2022). The questions, ranging from image identification to problem-solving and concepts, were crafted by the lecturers and provided some optional answers to the students. At the end of question in every playful event, the correct answer and the number of students choosing each option were displayed. Subsequently, the teacher explained the rationale behind the correct answer. Each question concluded by presenting a cumulative ranking of the top three students who answered correctly and in the shortest possible time.
The objective of this study is analyze the performance of the students and their perception and evaluation of using games. This methodology is based on the one by other works in the state of the art (Fuster-Guilló et al., 2019). Regarding performance, the percentage of correct answers and the scores obtained by the students in each sessions were collected. Similarly, the performance of the students during the evaluations of the subjects was compiled. In terms of the students’ perception and evaluation, anonymous surveys were conducted at the end of each gamification session.
The survey adopted a questionnaire format including the questions presented in Table 4. The design followed the question format in scientific literature (Wang & Tahir, 2020). After analyzing the  literature, the authors selected 22 questions to evaluate student opinions across four dimensions: (i) D1-Accessibility, to assess accessibility and possible difficulties in carrying out recreational events (7 questions); (ii) D2-Knowledge, to evaluate the perception of the level of learning with quiz game events (4 questions); (iii) D3-Perspective, to assess interest in carrying out more recreational events, both in the analysis subject and in others (3 questions); and (iv) D4-Feeling, to assess the student’s feelings about recreational events, including aspects such as fun (8 questions). Each of these questions had answers based on a 5-point Likert scale (from “Strongly disagree” to “Strongly agree”). Similarly, students were asked about their age, gender, and the number of registrations in the same subject.
After conducting recreational events during the 2022/2023 academic year, a total of 474 records were obtained. Figure 1 summarizes data related to subjects, age, gender, and participants’ registration numbers. Notably, the number of female students (273) exceeded that of male students (196), with a minimal count of non-binary gender students (5). The age range spanned from 18 to 40 years, primarily concentrated in the 18–20 age bracket (228 students). Most participants registered for the subject for the first time (411 students). The number of participating students per subject varied based on the analyzed groups and subject dropout rates during the recreational events. Consequently, Basis to Construction and Construction 1 garnered the highest survey response rates.
Quantitative analysis of the surveys
The results of the surveys were assessed both qualitatively and quantitatively. In this analysis, the responses from Table 4, as well as age, gender, and number of registrations, were used. For qualitative analysis, both the association between questions and grouping of observations were conducted. The association analysis was based on evaluating the Chi-Square (Eq. (1)) and the correlation between variables. The corrected contingency coefficient was used for polytomous variables with the same number of categories (5x5) (Eq. (2)), and the V’ Cramer for polytomous variables with different numbers of categories (Eq. (3)). The responses of the four dimensions of analysis that used a Likert scale employed the contingency coefficient, while the analysis with gender and the number of registrations used the V’ Cramer. The association between variables was considered at a significance value of 0.05.
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Where  is an observation with a value A;  is an observation with a value B;  is the Chi-square coefficient;  is the number of observations;  is the minimum number of rows and columns of the matrix of polytomous variables;  is the number of rows; and  is the number of columns.
Likewise, quantitative analysis relied on a cluster analysis of observations from the survey dataset. Four questions demonstrating significant independence were identified based on previous association results. These variables are elaborated on in the results section. The Ward method (Ward, 1963) was then employed, which involved the grouping of observations to minimize cluster variation. Finally, given the categorical nature of the variables, the calculation of distances between observations was done using the Jaccard index.
Results and discussion
Performance of the students with the quiz game events carried out in Kahoot!
Firstly, the decision was made to evaluate the students’ performance regarding the quiz game events. For this, the percentage of correct answers (Figure 2) and the scores obtained by the students in the Kahoot! tests (Figure 3) were assessed.
In the case of the average percentage of correct answers, it was possible to appreciate how the yields showed different trends depending on the subject. Thus, the subjects of Basis to Construction, Organization and Programming, (Project Management and Works Equipment (PMWE), and Occupational Safety and Health (OSH) obtained percentages of correct answers between 44.3% and 75.5% in the first playful event, while the others obtained low percentages. In subjects such as Installations, the average percentage of correct answers was only 23.8%. This reflects the great disparity the students present in the performance of the games. Thus, in some subjects, they may have a better assimilation of knowledge, while in others, they may face more difficulties. It is also worth noting that the disparities in performance can also be due to the university degree, since the professional profile of the degrees are different. However, the quiz game events do not have an evaluative objective, so students can play the game calmly. It serves as a reminder of knowledge in the subject and is also 
Except for Basis to Construction and Installations 1, the other subjects obtaining a high percentage of correct answers belong to Building Engineering subjects. This difference in performance may be attributed to the more technical profile of a building engineer compared to an architect. Therefore, a student’s profile is a factor that could contribute to the variability in correct answer percentages. Likewise, there is a clear decrease in student performance in the second recreational event, which took place at the end of the teaching semester. The decrease in performance may result from several factors, including limited time available to study (due to concentrated deadlines for multiple subjects), leading to reduced student commitment. However, this aspect could not be specified in the study, as performances in other subjects (Construction 1, Installations 1, and Occupational Safety and Health) were equal to or higher than those in the first game.
To broaden the analysis, we evaluated the distributions of scores obtained by students in the Kahoot! tests (Figure 3). Kahoot! assigns scores based on correct answers and response time. The median scores of Building Engineering subjects (except Installations 1) surpassed Architecture subjects in the first play event. In the second session, a decrease in results is observed, aligning with the average percentage. Nonetheless, some students successfully answered all questions in both events. The only exception was the Installation subjects. Thematic blocks pose a challenge for Architecture and Building Engineering students in these subjects, resulting in low performance. The quiz game aims to enhance content understanding, which could potentially lead to an improved exam performance. To assess this aspect, the results obtained during the Kahoot! tests were compared with those from the corresponding exams. The analysis focused on Construction subjects since the exams in these subjects consisted of taking multiple-choice questions. Figure 4 illustrates the cloud of points between percentages of correct answers in Kahoot! tests versus exams.
The results demonstrate that most students exhibited enhanced exam performance. Specifically, the interquartile range for score improvement was 40.89%, with some instances showing a remarkable 100% increase. The improvement may stem from various factors, including increased study time. Notably, the earlier utilization of Kahoot! tests emerged as a potential contributing factor. Therefore, it is expected that students who participate in the games have a greater possibility of improving their performance. This aspect does not have to apply to all students, as in some cases, worse performance can be obtained. In this sense, 6% of the cohort obtained worse performance in the exams than in the games. Nevertheless, participating in games allows achieving improvements, but performance also depends on other factors. In any case, games facilitate improvements in learning and exam performance.
Qualitative analysis of the assessment of the 4 dimensions
Once the academic performance of the students was assessed through Kahoot! tests, their evaluation was analyzed in four dimensions: (i) D1: Accessibility (Q01–Q07); (ii) D2: Knowledge (Q08–Q11); (iii) D3: Perspective (Q12–Q14); and (iv) D4: Feeling (Q15–Q22). As specified in Section 2, each question was assessed using a Likert scale. Figure 5 displays the results from the assessment surveys conducted with a cohort of 474 students.
Regarding dimension D1, the results showed the following percentage distribution of responses: 5% for A1 (“Strongly disagree”), 5% for A2 (“Disagree”), 12% for A3 (“Neutral”), 18% for A4 (“Agree”), and 59% for A5 (“Strongly agree”). Thus, the majority percentage of responses was “Agree” and “Strongly agree”. This dimension covers questions associated with response time or visibility of text and images, so the configuration of a time of 60 seconds per question and the Kahoot! interface is adequate to achieve accessibility. Furthermore, the Kahoot! website was reliable during the tests, and there were no significant incidents (95% of the responses for A4 and A5). In any case, the reliability of the Kahoot! website did not prevent many students from wanting to carry out recreational events without any type of technology (Q07). In this sense, 32% of the students positively valued the possibility of playing the games without using computers or smartphones. This may respond to possible technophobia among some students, as well as a potential generation gap (the student cohort ranges from 18 to 40 years old). The issue of age will be discussed in greater detail in subsection 3.3 of the quantitative analysis. In any case, the results show how the use of Kahoot! is accessible and the response times are adequate. However, future work should address the use of other game approaches that do not require the use of technology and represent an alternative for the 32% of students who voted not to use technology.
With respect to dimension D2 (knowledge), the distribution of answers was very similar to D1: 1% for A1, 2% for A2, 9% for A3, 30% for A4, and 57% for A5. Despite this, a higher concentration of responses in the “Agree” and “Strongly agree” evaluations is evident in this dimension. The use of playful events with Kahoot! proved beneficial for learning subject concepts, and the explanations provided at the end of each question were essential. It is evident that there is a highly favorable response in the knowledge dimension, with only a minority of the cohort providing a negative evaluation. In fact, only less than 5% indicated an unfavorable response in this dimension. Similar percentages have been found in previous studies (Chapman & Rich, 2018). 
In terms of student motivation, it is worth noting that it can be divided into intrinsic and extrinsic motivation. Students’ intrinsic motivation refers to the act of performing tasks without for which there is no external incentive or reward. In contrast, the term extrinsic motivation describes what students feel when they complete a task because of some external stimulus (e.g., rewards) (Medel-San Elías et al., 2022). In this study, participation is voluntary, and there is no reward for correctly completing the quizzes.. This may result in the amotivation of some students. Future studies should address the influence of using rewards and compare students’ motivation with and without them.
The same trend in answers distribution was found in the perspective dimension (D3). The focus was on the possibility of incorporating more quiz game events in both the experimental subjects and others. In this case, 87% of the responses concentrated on the evaluations of “Agree” and “Strongly agree”. Thus, most of the cohort appreciates the use of playful events as an interesting reinforcement of the acquired knowledge. Similarly, it calls for exploring other gamification approaches (Q13). This aspect represents one of the main knowledge gaps in Architecture and Building Engineering degrees, with few studies addressing the use of gamification approaches. 
Dib and Adamo-Villani (2014) suggested in their study that gamification can enhance student learning in university degrees related to Engineering, Architecture, and Construction. The authors proposed a role-playing serious game (RPG) in which the student is the protagonist of the story. Their results showed that the use of gamification techniques increased subjects’ content learning by 26%. George et al. (2017) proposed a game based on a mobile application for iPad. Their study showed that the game helped in the practice or reinforce reinforcement of complex exercises prior to some written evaluations by teachers. While Goedert & Rokooei (2016) developed a simulation-based serious game for construction education in a situated context. Players indicated that the game was engaging, and their interest in construction had improved by varying degrees. The development of different gamification techniques has been previously studied; among them, the use of virtual environments and simulations is frequent (Ilbeigi et al., 2023). These techniques are usually more complex and costly to develop than other tools, such as Kahoot!. Therefore, the results of this study show that the use of Kahoot! could have a positive impact on student engagement. However, in other university degrees, very different gamification approaches have been successfully adopted, such as escape rooms, card games, Plickers, etc.
Finally, the dimension of feeling (D4) showed a high concentration of positive responses, with 87% for A4 and A5. They believe that learning is comfortable and enjoyable through quiz game events that spark curiosity about correct answers. Overall, students’ feelings were positive. Only questions Q18 and Q19 had a lower percentage of positive responses in A4 and A5. These questions aimed at establishing affinity with the subject and fostering a desire to learn more. Although positive responses were received, the percentage differed from the general percentage for D4. While students could develop a greater affinity with the subject, the playful events were not as effective as in other questions. Future work should address the use of other gamification approaches and explore the non-use of technologies to enhance students’ affinity with the subject.
In any case, the results of the assessment survey have shown a positive response from the students in various dimensions. This reflects the feasibility of using play events with Kahoot! in Architecture and Building Engineering subjects.
Quantitative analysis of the assessment of the four dimensions
The preceding results present the qualitative analysis of the survey conducted by the students. It is evident that the results are positive across various dimensions. However, the analysis did not assess the interrelation between the different questions and answers, along with other variables like age, gender, or the number of registrations in the same subject.
To evaluate these aspects, we assessed the association or independence of the variables based on compliance with the null hypothesis. We also examined their correlation using the contingency coefficient or Cramer’s V coefficient, as detailed in Section 2. Regarding the relationship among the questions of the four dimensions, Table 5 presents the Chi-square values, and Table 6 displays the contingency coefficient values.
Chi-square values in all relationships were higher than the critical value (26.30) obtained for 16 degrees of freedom, and p=0.05. This allows us to reject the null hypothesis and reflects the association between all the variables. Thus, there is an association between the answers given in the four dimensions. A significant portion of these associations is attributed to the high percentage of responses in the “Agree” and “Strongly agree” categories. This aspect is also evident in the contingency coefficients.
In this sense, the contingency coefficients reached a maximum value of 0.85. Despite a high predominance due to elevated contingency coefficient values, some instances yielded lower values. For instance, the correlations of Q01 and Q07 with other questions ranged from 0.32 to 0.57. These questions pertained to D1 and were related to communication with other players and the non-use of technologies. Therefore, the differences in qualitative assessment for these questions led to reduced correlation with responses to other questions. While most students positively evaluated the experience, disagreements surfaced regarding communication with other players and the possibility of performing Kahoot! without technologies. Nevertheless, an association exists, although Chi-Square values were lower than in other questions.
Likewise, low correlations are also observed in other questions of D1 (Q04, Q05, and Q06) with the rest of the variables. These determination coefficients were below 0.69. Although higher than those of Q01 and Q07, they remained lower than the rest of the analyzed combinations. Therefore, the correlation analysis indicates that the dimension of accessibility in quiz game events exhibits a different trend than the dimensions of knowledge, perspective, and sensations. Although playful events were beneficial for students’ learning, and they value their use in other subjects, the accessibility of the games needs improvement. This improvement should not be applied to response time (Q02) or enhancing response options (Q03). Instead, the focus should be on improving the size of the text (Q04), resources (Q05), and web incidents in the classroom (Q06). Additionally, playing games without technologies should be assessed.
After analyzing the association between the questions of each dimension, we decided to conduct an analysis of the variables’ association those with gender, age, and the number of student registrations.  Table 7 summarizes the results obtained. The contingency coefficient for age and the V’ Cramer for gender and the number of registrations were used. In the case of age, four observations with an NA value were discarded. Concerning age, an association was observed between the age of the respondents and some questions. Thus, age showed associations with questions from all four dimensions. Younger students exhibited a greater tendency to provide positive evaluations in accessibility, indicating a clear association. Only in questions regarding the reliability of the Kahoot! website and the non-use of technologies was independent between the variables detected. Similarly, there are associations of age with the usefulness of games for learning and fun. Despite this, it should be noted that these associations have low coefficient of determination values.
With respect to gender, the V’ Cramer values were very low (ranging between 0.07 and 0.32). Consequently, no relationship exists between students’ gender and their assessment of the students’ gaming experience. Concerning the number of registrations, some cases showed associations with V’ Cramer values exceeding 0.30. Many of these associations were linked to accessibility and learning comfort with the game. Notably, students in their second or third registration consistently valued recreational events positively, while negative evaluations predominantly originated from first-time registrants. Hence, a correlation exists between the number of registrations and students’ appreciation. Therefore, those repeating the subject tend to value the implementation of such dynamics in the classroom more positively, likely due to their prior experience with thematic block difficulties.
Student assessment groups and relationship analysis with other variables
To conclude the analysis of the results, the surveys were grouped to assess the existence of students with similar characteristics. The classification method used is described in Section 2.
Given the results obtained from the similarity analysis in subsection 3.3, cluster analysis was performed with four variables: Q01, Q07, Q18, and Q21. Based on the resulting relationships, four groups were established due to their adequate dissimilarities. The number of observations and centroids for each group are found in Table 8.
As can be seen, the number of observations varied in each group, emphasizing a group with a low number of observations (cluster 3). A significant portion of observations in each cluster exhibited similarities in some variables and disparities in the challenge (e.g., clusters 2 and 4 shared the same centroid in Q21, despite notable differences in other variables).
In summary, the groups exhibited the following characteristics: (i) Group 1 comprises observations with medium communication between players, most of which do not necessitate a change in technology, with a medium-low affinity with the subject and a moderate evaluation/registration of the playful event; (ii) Group 2 consists of observations with moderate to high communication between players, mostly not requiring a technology change, displaying high affinity with the subject, and a high valuation of the playful event; (iii) Group 3 is composed of observations with medium to high communication between players, not requiring a technology change, possessing a medium affinity with the subject, and a high valuation of the playful event; and (iv) Group 4 includes observations with high communication between players, necessitating a technology change, showing a high affinity with the subject, and a high assessment of the playful event.
Knowing these clusters, the relationships were evaluated by cluster with the subjects (Table 8). Considering that groups 2 and 4 were the ones that grouped the observations with a more positive evaluation in all the questions, it was observed that all the subjects had observations in those groups. Thus, in all subjects, satisfactory assessment results were achieved. This demonstrates the potential of quiz game events to be used in different subjects of the courses of Building Engineering and Architecture.
[bookmark: _Hlk156758669]It is convenient to remember that the subjects evaluated correspond to areas as varied as Construction, Structures, Installations, and Management. Thus, the implementation of this type of dynamics in the classroom in the programs of these degrees is useful. In any case, a greater predominance of students in some subjects in cluster 1 (corresponding to medium-low level assessments) has also been detected in some cases. This cluster has no negative evaluations of the games (Q21 has a centroid of 3.89), but it has lower evaluations than the rest of the clusters. This is the case of the subjects of Installations 1, Organization and Programming, and Project Management and Works Equipment. In these cases, the difficulty of the subject may be a reason for the evaluation of the students. This can mean that the quiz games are difficult and pose a barrier for students. The possibility of adopting a more simplified approach to review games should be assessed in future work so that students could adopt better assessment. In any case, the results have shown a general positive trend in most subjects and show great potential for using Kahoot! to improve teaching in Architecture and Building Engineering degrees.
Recommendations for future work
Future research studies should explore the application of Kahoot! quiz game events in preparing students for future working lives. This game-based learning tool facilitates the inclusion of both images and videos to be included in quizzes, and these resources could be used to create a story that guides the student to the resolution of real work problems. Teachers can offer feedback during the quiz game to help students solve the case study. Another approach is the use of Kahoot! as a cooperative and teamwork-building tool in Building projects, which are characterized by the involvement of multiple actors during both design and construction phases. This tool can be used to improve communication skills through quizzes where different groups representing different actors have to work together.
Conclusions
Completing university degrees in Architecture or Building Engineering presents a significant challenge for students. This challenge stems from the diverse technical subjects, such as Structures, Materials, Construction, or Installations, combined with the traditionally passive involvement of students, leading to low success rates. Thus, incorporating more active learning methods could enhance student performance. This study proposes analyzing the impact of playful experiences in eight subjects across two Bachelor’s degrees (Building Engineering and in Architecture), utilizing Kahoot! for the playful experiences. The study assesses students’ performance in four dimensions: accessibility (D1), knowledge (D2), perspective (D3), and feeling (D4).
The evaluation of the students was carried out both qualitatively and quantitatively. For qualitative purposes, most students provided a positive assessment. They believed that recreational events enhance learning and are enjoyable, and recommended their use in other subjects. Moreover, they did not report significant accessibility issues. However, there was variability in responses regarding the use of non-technological means for recreational events. Since the quiz game events were based on Kahoot!, smartphones or computers were necessary to play the game. Some students expressed interest in playing the games without electronic devices.
For quantitative purposes, it was observed that all the questions were associated. Despite this, the correlation between the questions varied; some of them had less correlation than others, as seen with questions related to the accessibility dimension. Examples include communication with other players, non-use of technologies, text size, resources, the web, and incidents in the classroom. While most responses were positive, the lack of correlation highlights a need for accessibility improvements in games. Additionally, there was no discernible relationship between gender and student assessments, with similar trends observed for males, females, and non-binary genders. Regarding age, younger students displayed a stronger inclination towards providing positive evaluations for accessibility, indicating a clear association. In the rest of the questions, no significant associations with age were detected. 
Finally, the number of registrations in the same subject also showed a similar trend. Thus, students in their second or third registration consistently rated recreational events positively, while negative ratings came from students in their first registration. This could be attributed to the experience of repeating students who are familiar with the subject’s difficulty. In this context, performances demonstrated that the percentage of correct answers in exams was higher compared to games. Although other factors may influence this aspect (e.g., more time to study), the increase in performance could also be attributed to quiz games. Similarly, in most subjects, higher scores were obtained in the first game. This variation in scores (i.e., in student performance) may result from several factors. The authors posit that a portion of the decline in performance may be attributed to the students’ workload on the date of the second session. Given that the second session was carried out at the end of the semester, students may have a high workload due to the deadlines of assignments from other subjects. Conducting this session on earlier days, considering the end-of-semester workload, might enhance game performance.
In terms of learning outcomes, the results of this study revealed a positive impact in consolidating subject concepts. Furthermore, Kahoot! can be a useful tool to evaluate the level of knowledge of the students during lessons. This is crucial, given the multitude of concepts derived from many subjects in the Building Engineering and Architecture degrees, including construction concepts, installations, and legal aspects. The results also indicated a high degree of acceptance in relation to learning the contents of the subject content through quizzes. This fact may be closely linked to the feedback provided by the professor at the end of each question. All of these factors, combined with students’ competitiveness, attention, and participation of the students in quiz-solving the quizzes, could contribute to a positive learning experience in subjects that are often complex and highly technical subjects.
Finally, the classification analysis of the respondents yielded four distinct  clusters. It revealed that all analyzed subjects had students in high-valuation groups. However, some subjects also had a notable percentage of students in average assessment groups. This may stem from challenges in play tests or unaccounted external factors (e.g., the nationality of the students), which should be addressed in future studies. Nevertheless, the evaluation results were predominantly satisfactory, highlighting the potential of using Kahoot! quiz game events to enhance teaching in Architecture and Building Engineering university degrees.
It is concluded that the results of this study demonstrate the potential that events of this type have in improving engagement in the classroom. Students enhance their performance and develop a positive assessment of both the subject and the game. Thus, these dynamics could be implemented in university degree programs for Architecture and Building Engineering. The extensive range of subjects analyzed ensures the method’s viability across all courses in these degrees. Nevertheless, future work should address the accessibility problems reported in the study.
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