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Video games, although not originally designed for educational purposes, have the potential to serve as a significant tool in creating an efficient and motivating learning environment that facilitates the acquisition of mathematical concepts or notions. This study aims to examine the responses provided by students (n = 100) majoring in Early Childhood Education to the video game “Connect the dots” concerning the opportunities it offers. These opportunities encompass the knowledge and notions that can be addressed, strategies employed to overcome various stages or levels in comparison to those posed for problem-solving, potential modifications for classroom integration or the exploration of alternative concepts, as well as the emotions evoked in a non-traditional learning environment. The responses were analyzed both qualitatively and quantitatively to gain a deeper understanding of their alignment with the research objectives and questions. Our data show that the students demonstrated the ability to identify the possibilities offered by a video game for classroom application and to envision alternative approaches to mathematical knowledge teaching.

Keywords
 video game; mathematical logic knowledge; strategic approaches; professional development; early childhood education; emotions


1 Introduction

Research advances in Mathematics Education have led to significant focus on problem-solving strategies, both within the school mathematics curriculum (National Council of Teachers of Mathematics, 2000) and in classroom activities (Silver, 1994). Developing problem-solving skills has become central in curriculum guidelines and classroom practice (Stanic and Kilpatrick, 1988; Ellerton et al., 2015; Susilawati Aznam and Paidi, 2020). Nevertheless, many students embark on their teacher training with negative emotional mathematical profiles that interfere with their problem-solving performance (McLeod, 1992; Marbán and Mulenga, 2019).

The widespread use of electronic devices (such as mobile phones, tablets and computers) both inside and outside the classroom, coupled with the growth of the video game industry, provides an opportunity to investigate the use of innovative technologies to stimulate student engagement and foster a positive attitude towards mathematics (Beal and Cohen, 2012). According to Khan et al. (2019), electronic devices can facilitate learning by allowing students to access information, communicate, collaborate with peers, develop new ideas, or access learning materials. Some authors, like Tingir et al. (2017), indicate that K-12 students achieved better results in all areas when using electronic devices compared to those following traditional methodologies, especially in reading subjects. However, other researchers like Leung and Chan (2007) argue that electronic devices for teaching cannot replace traditional education, despite their advantages.

Most students have game-like applications or video games on their mobile devices, which they use while commuting or simply to unwind from their daily routines. These games present challenges that require strategic thinking to overcome various levels. Revuelta Domínguez and Guerra Antequera (2015) proposed that when interacting with such applications the individuals follow five steps:

i. Analyze the challenges presented and determine the level’s purpose.

ii. Analyze elements that aid or hinder progress, such as enemies, traps, or penalties.

iii. Discover how to advance or gain experience.

iv. Employ a trial-and-error method to progress through the level.

v. Make decisions based on what has been learned in the preceding steps.

Problem-solving in mathematics closely correlates with strategy games (Bouvier, 1981; Carmona and Cardeñoso, 2019). While some researchers argue that video games can enhance students’ problem-solving skills (Gee, 2003; Attard et al., 2010; Wang et al., 2018), empirical research on this relationship is still limited (Adachi and Willoughby, 2013; Coleman and Money, 2020).

In this study, we will focus on the educational use of mobile devices (m-learning or e-learning), specifically on the commercial game “Connect the Dots.” The aim of this research is to explore the use of the previously mentioned game to promote an approach to mathematical problem-solving processes among elementary/early childhood teacher trainees. This work aligns with the practice of utilizing commercial video games as a context to foster mathematical learning by analyzing the processes engaged by students (Frejd and Ärlebäck, 2017).



2 Theoretical framework


2.1 Use of video games in education

The field of education has evolved a lot by the introduction of video games originally created without educational purposes. These games have been used to teach various subjects taking advantage of their potential. Among the advantages offered by video games, motivation stands out (Findley, 2011; Habgood and Ainsworth, 2011; Ashinoff, 2014), as they provide access to an enjoyable and engaging environment for students, distinct from traditional classroom settings (Smaldone et al., 2017). They also support the reinforcement and enhancement of knowledge, fostering skills such as problem-solving, communication, and collaboration (Dicheva et al., 2015). Another advantage is creativity; accordingly, Moffat et al. (2017), citing Amabile (1996) and Csikszentmihalyi (1996), suggest that video games could enhance students’ creativity, particularly in terms of fostering flexibility as a component of creativity. Creativity, in this context, refers to the cognitive ability to generate valuable new ideas in a given domain, not apparent to all individuals. Fabricatore and López (2013) link students’ creativity development to the environment created by video games, encompassing both the tasks and the way they work. Video games allow students to progress at their own pace, enabling more personalized learning, as suggested by Gee (2003). McGonigal (2011) asserts that video games stimulate individuals by making them more productive through mental exercise in problem-solving, facilitating communication with people from diverse backgrounds, and even positively impacting physical rehabilitation.

One of the disciplines where video games have been extensively employed is in Language and Grammar. Vásquez and Ovalle (2019) present references to video games such as Minecraft, Candy Crush, Bone, Runeaway: A Road Adventure, or The Sims, which have shown to improve vocabulary acquisition, reading skills, and other linguistic competencies among engaged students. They used two different video games, Scribblenauts and Age of Empires II, due to their use of vocabulary and their storytelling appeal, achieving similar results to those described for other video games. Moreover, they allow for the cross-disciplinary exploration of the biographies of historical figures appearing in Age of Empires II, as indicated by Palmer and Rodgers (1983). However, students tend to focus on the activity and the environment rather than the language itself.

The scientific community has also witnessed the use of video games to teach a wide array of different concepts. Some of the video games employed include Nano Legends, recommended for studying cell behavior and cancer (Kaipal and Figg, 2009), and a compilation by Britton (2018), including Portal that are used as a tool for physical and mathematical knowledge acquisition. Smaldone et al. (2017) point out to different video games and feature Minecraft, which can be used to explore chemical concepts.

Another discipline in which video games are widely employed is mathematics education. Hernández-Sabaté et al. (2015) concluded that the video game can promote problem-solving processes and learning opportunities that can be associated with different mathematical contents that appears in mathematics curricula. Killi et al. (2015) proposed the video game Semideus for working with rational numbers and Wuzzit Trouble’s UI for integer arithmetic. Novak and Tassell (2015) used video games like Unreal Tournament 2004 or Angry Birds to teach spatial geometry. Other authors also used Angry Birds to enhance mathematical knowledge, such as Moore-Russo et al. (2015), Beserra et al. (2019), and Tokac et al. (2019). Furthermore, Pokemon is recommended for teaching additive and subtractive operations (Lin, 2007), DimensionsM is used for pre-algebra and algebra teaching (Kebritchi et al., 2010), and Knowledge Battle aids in basic mathematical operations (Hieftje et al., 2017). All these examples demonstrate an improvement in mathematical competencies developed by students when compared to control groups in some cases.



2.2 Problem solving

The arguments supporting the integration of problem-solving skills in school mathematics are relatively clear (Cai et al., 2015). In recent decades, significant progress has been made in understanding the affective, cognitive, and metacognitive dimensions of problem-solving in Mathematics Education (Schoenfeld, 1985; McLeod, 1989; Mason et al., 1992; Cai, 2003; Hannula et al., 2014).

Defining the notion of a mathematical problem presents some difficulty because the term “problem” is relative and implies that a problem is not inherent to a mathematical task but rather a specific relationship between an individual and the task (Schoenfeld, 1985; Mason, 2016). Charnay (2002) presents the concept of a problem as a triad composed by (a) the situation; (b) the student; (c) the environment. Besides this authorpoints out to three essential characteristics of problems: (a) a problem only exists if the subject perceives a difficulty, (b) there is motivation driving them to overcome the difficulty, viewing the problem as an intellectual challenge, (c) a situation can constitute a problem for one subject and not be perceived as a problem by another subject who may either immediately solve the situation or not view it as an intellectual challenge. To the aforementioned characteristics, Resnick and Ford (1990) add that problems often lead to different paths of resolution and multiple solutions, each with distinct costs and benefits. They also describe that problem-solving requires intensive cognitive effort and mechanisms for regulation.

In the educational context, there is a consensus about the potential of challenges to provide a fertile learning environment (Cai and Hwang, 2023). Students significantly understand mathematical concepts when they engage in productive struggle and rigorous reasoning during problem-solving (Hiebert and Grouws, 2007; Arbaugh et al., 2010). Teaching through problem-solving promotes higher mathematical literacy (Malasari et al., 2017). Copur-Gencturk and Doleck (2021) highlight the importance of acquiring competences in searching for problem-solving strategies, different strategies that determine a teacher’s strength or weakness in problem-solving. This implies that there is no single valid way to solve a given problem. This introduces an element of creativity, mathematical creativity, which may be understood as the ability to develop creative ideas that can be applied to problem-solving (Bicer et al., 2020).

According to Lederman (2009) when addressing problem solving in the classroom, one of the most used methodology in Education is the one developed by Polya (1985). This method comprises four stages or steps in which students answer a series of questions to progress in solving a mathematical problem. Table 1 presents an outline of the steps and questions posed according to Polya’s method.



TABLE 1 Polya’s four-step problem-solving process.
[image: Table1]

Another methodology used in mathematical problem-solving was proposed by Mason et al. (1992). This methodology outlines a series of stages that students must go through to solve a problem, as shown in Table 2. In the approach by Mason et al. (1992), the number of stages is reduced to three. In addition to the questions to be answered at each stage, concepts such as processes and states are introduced. These concepts could be related to the emotions that students may experience when confronting a problem.



TABLE 2 Summary of the problem-solving stages according to Mason et al. (1992).
[image: Table2]

We align with García-González et al. (2021) in asserting that when a student confronts a problem-solving situation, an inseparable link between emotion and cognition emerges. The significance of affective factors in mathematics teaching and learning processes has been underscored in various studies (McLeod, 1992; Gómez-Chacón, 2000; Hannula, 2002). In this study, we adopt the perspectives of Gómez-Chacón (2000) and McLeod (1992) regarding the affective domain. We contend that the affective domain can be configured by considering three components: cognitive (beliefs), affective (emotions), and intentional (attitudes).



2.3 Connect the dots

Connect the Dots is a game developed by PlayValve released in 2017 for Android (available on Google Play and Apple Store).

Once the free version of the game is installed, the first screen offers various options, such as free play, daily or weekly challenges, and timed challenges. The following screen provides the choice of different play levels. To facilitate access to the game and the workshop, the free play option and the “Intro” level in the “Classic” version were selected. However, students could explore other game options at any time.

The game consists of a grid divided into squares, with the number of squares increasing with the level of difficulty, ranging from a 5×5 grid to a 10×10 grid, and in other versions, it can go up to 14×14.

The objective of the game is to connect circles of the same color using straight lines. The challenge lies in the fact that only horizontal and vertical lines can be used to connect circles of the same color without intersecting lines of other colors. The game ends when all circles are connected, and the entire board is completed. One interesting aspect is the challenge of achieving this with the fewest possible moves, requiring increased concentration and creative thinking. The game also allows players to undo their moves or restart the game if they get stuck. Additionally, players can seek help if they encounter difficulties by tapping the light bulb icon, with limited help available, but it can be replenished by watching ads. The presence of ads is a significant drawback of the game, as it can disrupt concentration, although they can be removed in the paid version.

These types of puzzle games are referred to as Flow Free Puzzle games in scientific literature. Their value lies in the strong mathematical foundation underlying them. They allow for the identification of patterns that can be applied across different levels of the game. Hartmann (2018) demonstrates the development of a mathematical pattern to overcome various levels. Similarly, Acharya et al. (2019) show the existence of a mathematical pattern in these types of games, highlighting their psychological benefits. However, they also warn that this type of game can be used to gather information about behavioral patterns and obtain private information.

Another advantage of puzzle-type video games is that their use is known to improve the user’s spatial skills (Lin and Chen, 2016). Linn and Petersen (1985), cited in Lin and Chen (2016), distinguish three spatial skills: spatial visualization, spatial perception, and mental rotation.




3 Methodology


3.1 Research objectives

In this study, our focus is on assessing students’ ability to discern the possibilities presented by a video game in promoting mathematical performance in the classroom. To achieve this, we have delineated the following sub-objectives:


O1: Verify whether students can identify the mathematical concepts or knowledge they employ while seeking a strategy leading to success in the video game.

O2: Confirm whether students perceive that the strategies or procedures used in solving the game’s levels are akin to those learned for conventional mathematical problem-solving.

O3: Identify the educational opportunities that students perceive regarding the use of the video game.

O4: Compare the emotions experienced by students when playing a video game with those experienced during conventional mathematical problem-solving.
 

These established sub-objectives will aid in comprehending whether students perceive that the quest for an efficient strategy to progress successfully in the video game closely relates to the problem-solving processes. Additionally, it will allow us to determine whether students can recognize the opportunities offered by a video game to teach mathematical knowledge in the classroom.



3.2 Contextualization of workshop participants

The participants in this workshop were third-year students enrolled in the Degree in Early Childhood Education at the Faculty of Teacher Training at the University of Extremadura in Spain. Specifically, 100 (n = 100) students from the course “Mathematics Education in Early Childhood Education” took part. These students are undergoing training in one of the fundamental aspects of Didactics, which is Mathematical Knowledge.

This study ruled out the possibility of taking gender variables into account because of the particular homogeneous distribution of the Early Childhood Education degree, where over 93% of the total number of students are female. Likewise, the option of considering age was rejected, since all the students are approximately the same age. Most students, fell within the age range of 19–23 years (83%).

In relation to the last academic course prior to this workshop where they took a subject related to Mathematics, the majority of participating students, 56%, took it for the last time in the 2nd year of Baccalaureate. The second most common option, with 35%, was in the 4th year of Secondary Education (ESO). The remaining options represent percentages ranging from 1% to 3%, among them are those who took it in the Primary Education Degree at the University, in some Higher Degree Cycle, or in the 1st year of Baccalaureate or 3rd year of ESO.

Regarding their relationship with video games, 56% of students consider themselves occasional players (playing two or three times a week), 31% consider themselves regular players, and, finally, 13% declare that they do not play video games. Students argue that the main reasons for playing video games are: (a) Relaxation/Disconnecting (43%), (b) playing with friends (15%), (c) practicing English (2%), and (d) entertainment (27%). In this case, this question has not been answered by all students due to the existence of a declared non-player percentage. The results obtained in this response are in line with those found by Antequera-Barroso et al. (2019), except for the case of the response related to language practice, which shows that some students play online video games with people from other countries, not only with those close to them.



3.3 Workshop development

The workshop took place in December of 2022, with sessions primarily conducted in seminar classes, although some sessions were held in larger groups. The planned schedule is outlined in Table 3.



TABLE 3 Workshop session development (authors’ elaboration).
[image: Table3]

The workshop’s structure was similar in all sessions. First, the activities for the session were introduced. Then, in the initial sessions, students played the game freely to become familiar with it, learn how to play, share experiences with peers, and progress through different levels. In the third session, the gameplay was directed towards gathering information about students’ gameplay, strategies, the mathematical knowledge they needed to apply or believed should be applied to overcome the levels from a mathematical perspective. In all sessions, there was a moment of reflection and analysis of what had been done, with participants sharing their impressions and trying to make sense of it within the teaching and learning process, especially in the final session. Throughout all sessions, the teachers guided the students when required.

A Google Form was used to collect information about the activities conducted in the workshop. The form was divided into three blocks. The first block aimed to collect demographic information about the workshop participants, including age, gender, the last time they took a math course, and their use of video games or leisure apps. The second block asked participants to provide a summary of the report prepared in session 3, logical-mathematical knowledge or concepts they believed they needed, strategies for solving different levels, a description of the steps taken to complete the level, or, if they were unable to do so, modifications they would introduce to use the game in the classroom as well as any limitations or problems they identified in the application. The final block asked participants to respond to a Likert scale on their agreement with a series of statements, aiming to understand their feelings towards mathematics and video games and whether a relationship between mathematical knowledge and video games or apps could be established. Block 3 also included a brief section for participants to justify their responses to the evaluated statements. The workshop’s Google Form was available on the course’s virtual campus. The structure of the form followed the model described by Antequera-Barroso et al. (2022).

The data collected in Blocks 2 and 3 were analyzed from both qualitative and quantitative perspectives, resulting in a mixed-methods approach. This approach was selected according to Creswell (2009, p. 18) who indicates that this mixed-methods methodology allows for a more comprehensive view of the activity by analyzing it from different perspectives. Qualitative aspects were evident in the strategies or approaches used to overcome challenges, the knowledge they believed was required, potential modifications for classroom use, and the limitations they identified. Quantitative aspects arose from responses to the statements in Block 3. Both aspects would help address the research objectives set in this study.




4 Results and discussion

The first block of the questionnaire was used to characterize the sample. The following section of the questionnaire gathered information related to the identification or mobilization of mathematical knowledge that participants believed they needed to solve the puzzle presented by the application. Subsequently, they indicated the strategies they considered most effective for solving the puzzle, i.e., identifying the gameplay pattern. This analysis aligns with the problem-solving procedures followed by students, as described in the previously mentioned models of Polya and Mason. Finally, participants suggested potential alternatives or modifications to the game for classroom integration.

When analyzing the game, its challenges, and the initial steps taken by participants, it is evident that they first identified the domain of knowledge to which they could associate the application, as presented in Figure 1. Predominantly, all students identified the primary domain of knowledge that could be addressed with the proposed application as spatial-geometric (SG). However, some students added other knowledge domains to complement the primary one, such as logical (L), numerical (N), and magnitudinal (M) domains. To a lesser extent, there were students who considered a different domain than the primary one (Others).

[image: Figure 1]

FIGURE 1
 Identification of the primary knowledge domain utilized in the application.


The responses given regarding the identification of the primary knowledge domain are closely related to the knowledge or concepts that participants believed needed to be used. Those who stated that only the spatial-geometric domain appeared mentioned topological and Euclidean concepts, with fewer references to projective notions. Notions such as straight lines, points, squares, distances, near, far, next to, following, and order were mentioned. Students who added logical domains believed that notions such as color, shapes, and color-based grouping were relevant when connecting points of the same color. Students considering numerical and magnitudinal domains indicated the relevance of notions of distance, particularly in demonstrating that pairs of points of the same color were further apart than others. Counting and measurement concepts were also mentioned in relation to the number of squares representing distance between two points.

The strategies proposed by students were linked to the distance or position between different pairs of points of the same color. Based on the responses of students, several categories of strategies emerged in relation to the application’s gameplay. The most commonly suggested strategy, option 1, involved selecting pairs that were further apart and progressing by choosing pairs with the shortest distance between them. The rationale behind this approach was to minimize the likelihood of lines connecting the two points intersecting with each other. The second strategy, option 2, was the opposite of option 1. It involved starting with the nearest points and selecting pairs that were increasingly distant. The reasoning behind this strategy was similar to that of option 1. By selecting the nearest pairs and moving farther away, participants aimed to prevent line intersections. The third strategy, option 3, consisted of selecting pairs located at the corners of the grid and progressing toward the center of the grid or screen, regardless of the distance between the pairs of points. For this strategy, participants justified their approach based on the type of game presented by the application. If it resembled a puzzle game, then the same criteria used for assembling a puzzle with a specified number of pieces would apply. First, the corners would be addressed, followed by the most representative features to eventually complete the puzzle. The final category of strategies, option 4, could be considered the one where students did not adopt a specific strategy. Their argument was that each screen or level presented different situations, and therefore, there was no single strategy. The ability to find multiple strategies for solving a level could be related to the fact that there is not always a single way to solve a mathematical problem. Figure 2 displays the percentages associated with each of the strategies proposed by the students.

[image: Figure 2]

FIGURE 2
 Distribution of strategies used by students in the application.


Each of the strategies presented by the students was accompanied by a detailed description of their actions to overcome the different levels. Discourse analysis of these descriptions suggests that as they played, students improved their mathematical competencies related to spatial and geometric memory, as indicated by Novak and Tassell (2015), citing Stevens and Bavelier (2012). They explained that video game players are capable of identifying important characteristics or elements in each level compared to elements that are superfluous. The ability to identify relevant information is crucial when working on mathematical problem-solving. Being able to extract relevant information from the problem statement enables students to design a problem-solving strategy leading to successful solutions. Hence, it becomes evident that certain lines or comments can be associated with the problem-solving procedures described in schools and institutes. Specifically, these align with the models of Polya (1985), primarily, and Mason et al. (1992), as described earlier. Tables 4, 5 present excerpts from students’ explanations related to these two problem-solving models. In both tables, it can be observed that students’ comments, in their own way of overcoming the levels, could align with the steps outlined by the two considered problem-solving models. In many cases, students were not aware that their approaches could correspond to these models; they mentioned doing it as a matter of course. They indicated that it was the way they had learned to play over the years, or that as they played, they gained more experience to tackle more challenging levels based on what they had learned from simpler levels. However, it is also worth noting that among the responses given, some students abandoned the game as the difficulty increased. Their argument was that they did not know what to do anymore, that their strategy did not always work, and it stressed them. These students might correspond to those who consider themselves non-players. Considering the answers, as indicated by Antequera-Barroso et al. (2022), it is possible to relate the typology of students when facing mathematical problem-solving to types of video game players: Players who advance through levels without difficulty, with or without some form of assistance / Students who solve problems with or without any kind of assistance. Players who get stuck at some level and may or may not need assistance to progress / Students who get stuck in problem-solving and may or may not need help for proper resolution. Players who give up on playing because they cannot overcome the level, with or without some form of assistance / Students who become frustrated when they cannot find the method or strategy to solve the problem, with or without any kind of assistance.



TABLE 4 Procedure outlined by a student according to Polya’s (1985) model.
[image: Table4]



TABLE 5 Procedure outlined by a student according to Mason et al. (1992).
[image: Table5]

Regarding suggestions for improvement or implementation in the classroom, students expressed different opinions, which can be categorized into four categories, as shown in Table 6. The first category which was mentioned by most students is referred to as “geometric figures.” In this category, the comments suggested to include new shapes in addition to circles either with stereotypical shapes or through everyday objects. The possibility of using various pairs of shapes and colors on the same grid is also included in this category. The second category is called “famous characters.” Responses in this category mentioned characters from children’s favorite cartoons or famous athletes/singers or movie characters. These suggestions imply that using such elements might make it easier for children, as they are highly appealing to them. Another category, with a lower percentage, is “arithmetic operations.” In this case, the idea is to connect the operation with the result. The last category encompasses suggestions for “bringing the game into the classroom,” beyond the digital whiteboard. Among these suggestions, creating circuits with classroom or gymnasium elements or using the children themselves as circuit elements stands out. This means that each child would have to describe, following the rules, how they would reach their peer or an object. The proposals in this category suggest that not only should the more mathematical content be stimulated, but also the motor skills aspects, using mathematical concepts to describe their movements in the circuit correctly. All improvement proposals can be easily implemented in the classroom using simple materials and the use of the digital whiteboard and school facilities.



TABLE 6 Suggestions for improvement or implementation in the classroom.
[image: Table6]

Regarding the inconveniences encountered when using the application, all students agree on the excessive amount of advertisements in the free version. This abundance of advertising makes it challenging to maintain a consistent gaming rhythm and increases the likelihood of abandoning the game. This issue also became a proposal for improvement. To conclude the questionnaire, students were asked to indicate their degree of agreement or disagreement with various statements related to mathematical knowledge, problem-solving, and video games using a Likert scale (1 = Strongly Disagree, 2 = Somewhat Disagree, 3 = Somewhat Agree, and 4 = Strongly Agree). Figures 3–8 display the students’ responses, and descriptive statistics are presented in Table 7. The first statement presented was: “Everything related to mathematical knowledge stresses or overwhelms me.” As seen in Figure 3, most students selected values 3 and 4, indicating their agreement with this statement. The next statement, shown in Figure 4, was: “When I do a task involving mathematical knowledge, I feel nervous or scared.” It yields a result similar to the previous question, with the most frequently chosen value being 4, indicating strong agreement. The degree of agreement expressed by students in these two statements is closely related to the negative emotions that students experience concerning mathematical knowledge. Comments such as “I’m not good at math” or “I do not like math” emerged. In their justifications and classroom discussions, their primary argument was the way they had acquired or learned that knowledge, or even their inability to understand mathematics. These opinions align with those indicated by Gómez-Chacón (2000).

[image: Figure 3]

FIGURE 3
 Percentage of agreement shown by the students regarding Statement 1.


[image: Figure 4]

FIGURE 4
 Percentage of agreement shown by the students regarding Statement 2.


[image: Figure 5]

FIGURE 5
 Percentage of agreement shown by the students regarding Statement 3.


[image: Figure 6]

FIGURE 6
 Percentage of agreement shown by the students regarding Statement 4.


[image: Figure 7]

FIGURE 7
 Percentage of the degree of agreement shown by students for Statement 5.


[image: Figure 8]

FIGURE 8
 Percentage of the degree of agreement shown by students for Statement 6.




TABLE 7 Mean, standard deviation, and median obtained from students’ responses to the statements presented.
[image: Table7]

Statements 3 and 4 aim to investigate their belief in the possible relationship between video games and mathematical problem-solving. The results shown in Figures 5, 6 suggest that most students are divided between being somewhat in disagreement and somewhat in agreement. In the case of the statement “To pass a level in the video game, I must apply the same steps as in problem-solving,” students indicate that they follow the steps provided by the game itself. Each level provides information with rewards or penalties, which makes them consider how to overcome it. However, what is essential for them is that video games serve to disconnect from routine and have fun, rather than thinking about “maths.” In other words, the playful aspect predominates for them. Again, in the justifications for the statement “There is a relationship between the situation presented in the video game and the resolution of mathematical problems,” students emphasized that, despite the challenges presented in each level, it was still a game, and the underlying idea was purely recreational. These challenges did not resemble the problem-solving challenges encountered in the various educational stages they had gone through.

The last two statements seek to determine whether students have been able to observe any connection between the emotions they experienced while playing the video game and those they experienced when solving a mathematical problem. The results for Statement 5, “I felt good playing the video game,” are shown in Figure 7. The figure reveals a certain degree of agreement with the statement. Students believe they felt good while playing the video game. The reasons given to justify their responses are based on the change in the classroom methodology, as it is a fun and unconventional activity. It changes the dynamics of the class, being unexpected and not typical of the subject. Once again, the playful aspect is emphasized. However, there is a percentage that disagrees partially or entirely. The reasons provided by these students mainly relay on the issue raised in Block 2 of the questionnaire, which is advertising. They indicate that the constant appearance of ads makes it challenging to play since it acts as a distraction. They also mention that there are levels where they needed either their classmates’ help or the game’s assistance. However, choosing the latter option led to the appearance of ads again, making the game “very tedious” and therefore boring.

The percentage of disagreement with Statement 6 is higher than those who agree somewhat or strongly, as shown in Figure 8. The emotions experienced while playing video games are not comparable to those experienced when solving a mathematical problem. The negative emotions that arise when engaging in activities involving mathematical knowledge are much more intense than those experienced while playing a video game. The video game is a pleasurable element, while problem-solving can be a source of stress, confusion, or frustration. Researchers like Quintanilla and Gallardo (2020) suggest that it would be beneficial to include a stage in problem-solving methodology that allows for the identification and control of the emotions experienced. In a similar way, Caballero et al. (2011) and Di Leo et al. (2019) discuss the possibility of introducing elements to control these negative emotions alongside the necessary cognitive elements in problem-solving phases. Trezise and Reeve (2014) indicate that working on both aspects together is necessary to change students’ emotions and facilitate the transition through problem-solving stages. Hanin and Nieuwenhoven (2018) found a reduction in negative emotions in students who had worked on both cognitive and emotional aspects compared to those who had only received problem-solving training, even though the cognitive level was equivalent.

Using the data obtained in Block 3 of the Google Forms questionnaire, a correlation analysis and a heatmap were conducted to examine the relationships between the responses to the statements provided. The statistical software Jamovi v.1.8.4 was used for this analysis. The results obtained through the correlation analysis are shown in Figure 9. It displays the correlation matrix and the heatmap, with more intense colors representing stronger correlations, and paler colors indicating weaker correlations.

[image: Figure 9]

FIGURE 9
 Correlation matrix and heatmap.


A positive correlation (green tones) can be observed between the students’ responses to Statement 1 (S1) and Statement 2 (S2), which are related to beliefs or opinions about mathematical knowledge. The Pearson correlation coefficient (r2) obtained for this correlation is 0.47 (p-value < 0.001). As mentioned earlier, the justification for this positive correlation could arise from the negative perception that students have of mathematical knowledge or tasks involving its use, influenced by how they have learned or been taught, as indicated by Gómez-Chacón (2000).

Focusing on the block that relates to mathematical knowledge used in problem-solving and video games, Statements 3 (S3) and 4 (S4), green tones in the heatmap are observed, indicating a stronger positive correlation (r2 = 0.65, p-value < 0.001) than that observed between Statements 1 and 2. However, when correlating Statements 3 and 4 with Statements 1 and 2, it can be inferred that the correlation is indirect or negative (S1 with S3, r2 = −0.18, p-value = 0.078; S1 with S4, r2 = −0.21, p-value = 0.031; S2 with S3, r2 = −0.34, p-value<0.001; and S2 with S4, r2 = −0.38, p-value<0.001). The negative correlation between Statements 1 and 2 regarding Statements 3 and 4 could be because students consider video games as elements that serve to disconnect or relax, to leave routine behind. In other words, the playful aspect takes precedence over its relationship with mathematical knowledge.

The last two statements in the questionnaire were related to the emotions experienced while playing and while solving a mathematical problem. The correlation coefficient between S5 and S6 is negative (r2 = −0.038, p-value<0.771). The negative correlation suggests that students’ emotions differ when playing a video game compared to solving a mathematical problem. Comparing these two statements with the previous ones, we could deduce that the use of video games generates positive emotions by prioritizing the playful aspect, while statements involving the use of mathematical knowledge could generate negative emotions in students, even though both proposals may represent a challenge in which a series of steps or phases must be followed. Positive and negative correlations between Statements 1 and 2 and Statements 5 and 6 are found (S1 with S5, r2 = −0.053, p-value = 0.600; S1 with S6, r2 = 0.053, p-value = 0.599; S2 with S5, r2 = −0.174, p-value = 0.084; and S2 with S6, r2 = −0.060, p-value = 0.556). When comparing Statements 3 and 4 with Statements 5 and 6, positive correlations are found (S3 with S5, r2 = −0.584, p-value<0.001; S3 with S6, r2 = 0.040, p-value = 0.692; S4 with S5, r2 = 0.654, p-value < 0.001; and S4 with S6, r2 = 0.000, p-value = 1.000).



5 Conclusion

When embarking on a pedagogical methodology shift in the classroom, initial doubts often arise. Students are used to engage with mathematical concepts from a traditional standpoint. Video games could serve as an alternative to create a more engaging and gamified environment (Tan and Cheah, 2021) for mathematical knowledge teaching from a novel perspective, considering that video games are an integral part of their daily lives. This innovative approach aims to mitigate the negative emotions experienced by students, potentially facilitating the teaching and learning processes of mathematical concepts (Bisquerra, 2009). Consequently, this methodology could be employed to enhance the mathematical competence of future educators.

The first of our objectives was centered around identifying the concepts that could be addressed using the selected video game. Based on the results, as depicted in Figure 1, it can be inferred that pre-service teachers have been able to identify the primary domain of knowledge and associated concepts. Additionally, they have recognized supplementary concepts linked to various mathematical knowledge domains. Experiencing the problematic nature (Charnay, 2002) in progressing through the levels of the video game is an essential requirement for students to encounter a problem. Elucidating the mathematical nature of the problem itself is another requirement (Schoenfeld, 1985).

The second objective was related to the strategies proposed by students to overcome different levels of the game. Students provided detailed descriptions of the steps they took. As they progressed in the game, in line with their descriptions, they demonstrated an ability to focus on relevant details while disregarding superfluous elements, essential for effective level completion. Notably, an analysis of students’ explanations on employed strategies paralleled with the different phases outlined in Polya’s (1985) and Mason et al. (1992) methodologies. Furthermore, the existence of various problem-solving strategies in the game levels implies that students exhibit a degree of mathematical creativity when tackling different challenges.

The third objective aimed to explore the potential applications of the video game in the classroom. This objective can also be considered achieved. Students proposed modifications to the video game, beyond merely eliminating advertisements. Some of these proposals involved employing different geometric shapes instead of variously colored circles, or the inclusion of images of well-known personalities or elements from daily life to enhance engagement. Likewise, future educators suggested the possibility of bringing the game into the physical scheme through psychomotor circuits or by recreating grids on the classroom floor, allowing their students to take on active roles in the game, such as reaching objects or interacting with fellow students. These modifications could enable children to express their ideas and collaboratively construct mathematical knowledge. The results reveal that students construct their proposals for using the video game in the classroom by modifying superficial aspects of the game (management and technical aspects). However, they do not explore reformulations involving changes in didactic-mathematical aspects. These findings align with the assertion of Carmona and Cardeñoso (2019), who state that transitioning from a playful activity to a learning activity with didactic-mathematical intent is a cognitively demanding task.

The final objective sought to determine whether using the video game for problem-solving could reduce students’ negative emotions towards mathematical knowledge. However, based on the responses provided by the students, it appears that anything related to mathematical knowledge elicits negative sensations, while the video game elicits positive ones, regardless of the level of difficulty encountered. This discrepancy could be attributed to the perception that, despite the possible presence of mathematical knowledge, video games are primarily viewed as leisure activities—an opportunity to have fun, unwind, and even connect with others, both near and far.

Considering the results obtained in this study, it can be concluded that the use of video games in the classroom has the potential to facilitate mathematical knowledge teaching. This can be achieved by customizing video games to match the corresponding educational stage and the specific concepts being taught, thereby creating a more enjoyable environment for students who perceive video games as sources of entertainment. Customizing video games to align with different educational levels and specific mathematical concepts has the potential to revolutionize mathematics education by enhancing engagement, adaptability, and concept retention while offering individualized feedback and fostering problem-solving skills. This approach can make mathematics more accessible and enjoyable for students, contributing to improved educational outcomes (Gee, 2003; Steinkuehler and Duncan, 2008). However, promoting the training of future teachers for the design and management of mathematics teaching-learning situations based on video games is not a trivial task. Extracting the playful potential of the video game and maximizing its mathematical potential requires time and involves a reflective analysis of aspects related to knowledge, planning, management, and evaluation (Carmona and Cardeñoso, 2019). We understand that immersing students in inquiry-based learning cycles (Anderson, 2002) can be a fruitful means of promoting the mathematical training of teachers. Furthermore, this approach allows future educators to explore the possibilities that video games offer for classroom integration, such as reenacting the video game in the classroom and actively involving students. Additionally, it provides opportunities to work on different concepts beyond those found in the video game, fostering creativity. Incorporating both educational and non-educational video games into the teaching of mathematical concepts can have significant pedagogical implications. It can improve student engagement, support individualized learning, enhance problem-solving skills, provide immediate feedback, visualize abstract concepts, and foster interdisciplinary connections. Moreover, it offers the flexibility to adapt to various learning environments and promotes intrinsic motivation, ultimately enhancing the quality of mathematics education.

Nonetheless, this study presents certain limitations. Among them is the participation of a limited number of individuals (n = 100), which may not provide a broad comprehensive understanding of the obtained results. Additionally, the choice of video game presented some limitations. The first limitation arose from the fact that, as a free version, the game contained advertisements that disrupted the gameplay, potentially discouraging players from continuing. The second limitation was that the video game did not fulfill the interest of all students; some found it monotonous, even as the challenges increased in complexity. Addressing the limitations of the current study, including limited individual participation and challenges stemming from the free version of the chosen video game, can be accomplished through strategies such as increasing the sample size, offering incentives, using premium versions, collaborating with game developers, assessing multiple games, conducting pre-study pilots, implementing longitudinal research, and considering alternative games. By carefully planning and executing these strategies, researchers can enhance the robustness and validity of their findings in the field of mathematics education through video games.

According to the results and limitations, future lines of research should involve the exploration of video games, not explicitly designed for educational purposes, that enable future educators to address mathematical knowledge within specific domains or particular aspects of the subject.
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Own elaboration based on Polya (1955),
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