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Students' feelings of tension or fear for mathematics can interfere with their mathematical performance and choice for a future study or job. Well-designed digital games can help players to feel engaged and experience positive feelings and thoughts, which in turn can be beneficial for reducing math anxiety. Following a design research approach, we developed and investigated a digital game that aims to support students in reducing their math anxiety. The game builds on principles of positive psychology and previous research on game-based learning. In this paper we present the results of the iterative design process from conceptual analysis to a working game prototype.

Introduction

Students' learning of mathematics is greatly influenced by affective factors such as attitudes, motivation, and beliefs (e.g., see [START_REF] Vankúš | Influence of game-based learning in mathematics education on students' affective domain: A systematic review[END_REF]. Also, students' feelings of tension or fear for mathematics are known as factors that interfere with their mathematical performance [START_REF] Ashcraft | Math anxiety: Personal, educational, and cognitive consequences[END_REF]. In extreme cases, answering simple math questions or solving math problems can trigger students' emotional reactions such as trembling hands, crying and questioning their own intelligence. People who suffer from math anxiety try to avoid mathematics as much as possible in their lives. Research [START_REF] Iossi | Strategies for reducing math anxiety in post-secondary students[END_REF] suggests that in order to reduce math anxiety it is important to encourage students to develop a positive attitude towards mathematics and to learn techniques to reduce their feelings of fear and tension.

Games can help people to feel engaged and possibly even enter a state of flow [START_REF] Alexiou | Positive psychology and digital games: the role of emotions and psychological flow in serious games development[END_REF][START_REF] Argenton | Serious Games as Positive Technologies for Individual and Group Flourishing[END_REF]. In a systematic review of the literature, [START_REF] Vankúš | Influence of game-based learning in mathematics education on students' affective domain: A systematic review[END_REF] found positive influences of game-based learning on students' affective domain regarding mathematical content and its teaching. These results include increases in motivation and engagement, and improvements in students' attitudes. When playing games students were more likely to have fun in learning. Feeling positive emotions can contribute to reducing their math anxiety [START_REF] Akin | The relationships between math anxiety, math attitudes, and self-efficacy: A structural equation model[END_REF]. Well-designed games can keep the player motivated and even help increase their self-confidence.

However, when it comes to reducing math anxiety, playing digital games about math might not be enough to reduce math anxiety at significant levels. In a meta-analysis on the effect of games on math anxiety, [START_REF] Dondio | Do games reduce maths anxiety? A metaanalysis[END_REF] found that non-digital games and long games/interventions can help to reduce math anxiety but not particularly digital games. Research by [START_REF] Hung | Effects of digital game-based learning on students' self-efficacy, motivation, anxiety, and achievements in learning mathematics[END_REF] on the impact of a game-based e-book learning model showed positive effects on students' learning achievement, self-efficacy, and motivation of mathematics but no significant differences for mathematical anxiety. Digital games considered in previous research [START_REF] Dondio | Do games reduce maths anxiety? A metaanalysis[END_REF][START_REF] Hung | Effects of digital game-based learning on students' self-efficacy, motivation, anxiety, and achievements in learning mathematics[END_REF][START_REF] Vankúš | Influence of game-based learning in mathematics education on students' affective domain: A systematic review[END_REF] had their focus on learning mathematics and improving cognitive abilities and not so much in the affective factors, which are key elements when it comes to math anxiety. [START_REF] Dondio | Do games reduce maths anxiety? A metaanalysis[END_REF] recommend future researchers to design digital educational games able to capture collaborative and social aspects. The games should also be designed in the context of math anxiety.

The research question that guided the study was: How can we integrate principles of positive psychology in the design of a digital game to help reduce math anxiety for students in secondary education?

Following a design research approach we developed and investigated a digital game directed to support students to overcome their math anxiety. The digital game is meant to be used in the classroom with all students and the teacher. The game builds on the recommendations from current research (e.g., [START_REF] Dondio | Do games reduce maths anxiety? A metaanalysis[END_REF] and principles of positive psychology, such as personal strengths, happiness, wisdom and imagination [START_REF] Boniwell | Positive Psychology[END_REF]. Positive psychology can contribute to the advancement of games and technology in new ways [START_REF] Alexiou | Positive psychology and digital games: the role of emotions and psychological flow in serious games development[END_REF].

Conceptual framework

The research literature points out three key factors directly linked to a person's math anxiety level: self-efficacy [START_REF] Akin | The relationships between math anxiety, math attitudes, and self-efficacy: A structural equation model[END_REF], self-confidence [START_REF] Ashcraft | Math anxiety: Personal, educational, and cognitive consequences[END_REF], and positive attitude towards math [START_REF] Akin | The relationships between math anxiety, math attitudes, and self-efficacy: A structural equation model[END_REF]. Findings from these studies show that students with low levels of self-efficacy and self-confidence scored high on math anxiety levels. Students with a negative attitude towards math also scored high on math anxiety levels, while positive attitudes towards math reduced math anxiety levels. [START_REF] Iossi | Strategies for reducing math anxiety in post-secondary students[END_REF] proposed different strategies to help students reduce their math anxiety levels including non-instructional strategies, which include relaxation therapy and emotional help treatment to reduce math anxiety (out of the classroom). Non-instructional strategies don't directly relate to math, but they influence self-efficacy, attitudes, self-confidence and motivation, which are important factors in math anxiety. Despite this, it is the least used strategy in practice. There could be more opportunities for the treatment of math anxiety in this field. One possibility that we explored is the emergent field of positive psychology.

Positive psychology aims at understanding, testing, discovering, and promoting the factors that allow individuals and communities to thrive [START_REF] Boniwell | Positive Psychology[END_REF]. It focusses on well-being, happiness, flow, personal strengths, wisdom, creativity, imagination and characteristics of positive groups and institutions. Positive psychology is built around the PERMA model, which focusses on five elements that improve happiness [START_REF] Seligman | Flourish: A Visionary New Understanding of Happiness and Well-being[END_REF]. Below, we describe how these five elements of PERMA can be related to math anxiety by connecting them to its three key factors (positive attitudes towards math, self-confidence, and self-efficacy).

Positive emotions make people enjoy their work more, which increases a positive attitude towards it. They also help people to get better results, which increases the feeling of achievement [START_REF] Villavicencio | Beyond Math Anxiety: Positive Emotions Predict Mathematics Achievement, Self-Regulation, and Self-Efficacy[END_REF]. By experiencing a higher feeling of achievement, you experience more positive emotions. This creates an upwards spiral in which positive emotions and achievement are enhancing each other [START_REF] Fredrickson | Positive emotions broaden and build[END_REF]. This can all be applied within the math class.

Engagement can have an influence on some of the other pillars, which in turn influence math anxiety factors. Making students feel engaged during math class can increase their achievements. Higher engagement can bring students in a state of flow, and stimulate positive emotions [START_REF] Argenton | Serious Games as Positive Technologies for Individual and Group Flourishing[END_REF].

Relationships. Multiple studies about math anxiety show that when students work together this reduces their math anxiety levels (Dondio, Gusev, & Rocha, 2022). The relationships pillar focusses on social interactions. Social interaction with other students, teachers, parents, etc. can influence one's attitude towards math and self-confidence either positively or negatively. Therefore, it is also important to stimulate a positive relationship between students and teachers [START_REF] Iossi | Strategies for reducing math anxiety in post-secondary students[END_REF].

Meaning. Giving more meaning to math can help students to gain a positive attitude towards math by showing them that the cognitive skills learned and trained in the math class can be used to help solve complex real-world problems in their future (Kloosterman, 2002).

Achievement in math is also known to have a direct influence on one's positive attitude towards math [START_REF] Papanastasiou | Effects of attitudes and beliefs on mathematics achievement[END_REF]. Achievement also positively influences self-confidence and self-efficacy [START_REF] Villavicencio | Beyond Math Anxiety: Positive Emotions Predict Mathematics Achievement, Self-Regulation, and Self-Efficacy[END_REF].

The design of the game was informed by a conceptual model (see Figure 1) that connects the five elements of the PERMA model from positive psychology to the three key factors for reducing math anxiety. 

Game design principles

The idea of the game is to help students learn about their feelings towards mathematical learning and its teaching and at the same time, learn to regulate their feelings. Inspired by the conceptual model as displayed in Figure 1, we used the following design principles:

An engaging game world with math built into it, in which the students feel immersed through characters and story. This helps achieve a state of flow and positive emotions [START_REF] Argenton | Serious Games as Positive Technologies for Individual and Group Flourishing[END_REF].

Triggering curiosity within the game improves student engagement and is thus suggested for games against math anxiety (Dondio et al, 2022).

Multiple accomplishments throughout their journey in the game. These achievements increase the student's self-confidence, self-efficacy and stimulate a positive attitude towards math [START_REF] Papanastasiou | Effects of attitudes and beliefs on mathematics achievement[END_REF][START_REF] Villavicencio | Beyond Math Anxiety: Positive Emotions Predict Mathematics Achievement, Self-Regulation, and Self-Efficacy[END_REF].

Collaborative play to stimulate relations in the classroom [START_REF] Dondio | Do games reduce maths anxiety? A metaanalysis[END_REF] and strengthen teacher-student relations, increasing positive attitude and self-confidence [START_REF] Iossi | Strategies for reducing math anxiety in post-secondary students[END_REF].

Experience positive failure helps students to accept that failure is normal and can unlock new possibilities to learn. This can decrease associated negative emotions and stimulate positive ones.

Adaptive progressive difficulty, by making the beginning of the game easy and increasing difficulty throughout the journey, this contributes to building self-confidence and self-efficacy. Adaptive games can automatically change difficulty level based on the players skill. This can keep the player motivated and even help increase their self-confidence. This can also keep the player in a state of flow while playing the game, which is beneficial for engagement.

Making students feel empowered through their personal character strengths, which can increase positive emotions (VIA Institute on Character, 2023). In real-life, empowerment means increasing their self-confidence, self-efficacy, and positive attitude towards math, but in-game this can be shown by giving them boosts or superpowers.

Giving meaning and/or purpose to math through the game's story and world building. Better meaning towards can help with math anxiety (Kloosterman, 2002).

Inclusivity: make students feel equal in their ability to understand and solve math problems. Game characters are in different shapes, sizes, genders and cultures for students to feel more engaged. Selfconfidence can also increase by using math role models with different ethnic backgrounds.

The design principles and research were used to create and evaluate several game concepts and to select one concept for further development, as explained in the next section.

Method

We follow a design research method with several iterative cycles. Each main cycle is composed of an analysis phase, a design or development phase, a test phase, and an evaluation phase. The development team consists of a game development student (first author), a math educator (second author) and a researcher in smart education (third author). Analysis and evaluation phases occur in the development team; design and development is carried out by the first author (e.g. making sketches and paper prototypes of game mechanics, game loop and game world) and test phases included walkthroughs with the development team and external experts: a researcher on math-anxiety and an experienced secondary school teacher. In Table 1, we present the five main design cycles, explaining the main goals, activities, methods used and resulting decisions. The 5th Design cycle is currently running. Its main goal is to test the game with the target group (students between 12 and 14 years old) which is planned for May-June 2023. Students should make a portfolio to reflect on play sessions and personal development. 3. Diminish choices to 9 strengths, which are randomized, from 24 strengths, each play session. 4. Between 1-3 small assignments per strength to choose from, in the context of the math class. 5. Working game prototype and game loop (2 in-game tasks, 2 real-life tasks, game world, math anxiety meter, character implementation, end screen).

Results: a working game prototype for reducing math anxiety

The game is played with three students, who control a group of three game characters. The reason for this is that working together has proven to reduce math anxiety. This way the students can discuss certain topics and learn from each other's insights. In the game, the player characters will start at an exam building, where they failed a math test. They will then learn that they suffer from math anxiety and will start their journey to reduce it. In this journey they will receive various kinds of tasks to help reduce math anxiety. At the end they will receive a second chance at the exam to complete their goal and start working towards their future. It is made clear here that they need to pass the math task to be able to continue working towards their bigger purpose in life. This has to do with the 'meaning pillar' and could help students increase their positive attitude towards math.

The game contains in-game tasks and real-life tasks. Each in-game task points out the importance of one of the PERMA pillars in relation to the math class. Completing such a task will reduce the math anxiety levels of the player characters in the game. The real-life tasks are seen as checkpoints which unlock a new area of the game, with new tasks. When reaching a checkpoint, the player characters receive math-related tasks. The characters react differently, based on their current math anxiety levels.

If math anxiety levels are too high, the students will have to do more in-game tasks first and try again.

If math anxiety levels have been reduced the game will ask the students for a code. They must then solve a math assignment given by their teacher. If the teacher is satisfied with the results, the students receive the code. Unlocking new parts of the game is meant to make students experience a sense of achievement, which can increase self-confidence and self-efficacy.

Currently there are two real-life tasks integrated in the game prototype. One of these is passing a math exam. This is the end goal of the game, functions as both the start and end location and tries to deliver a sense of purpose. The other one is a bridge that needs to be fixed to cross it. A short video has been made of the latter to show the interaction in these kinds of tasks [START_REF] Imanuel | Math Anxiety Game: Bridge Example[END_REF]. The recorded game is in Dutch, but English subtitles have been added to explain what happens.

The mathematical assignments for the real-life tasks are open for the teacher to fill in. This way, the teacher can adapt the game to the situation, e.g., by choosing difficult tasks for students who need more challenge, or simpler tasks for students who tend to struggle. The teacher can also decide the theme of the tasks. For example, when an exam about geometry is coming up, students can be given a geometry assignment when they reach that point in the game. Assignments may be digital (e.g., a quiz) or on paper. The teacher can recognize what type of content fits the students best. As of now, there are two in-game tasks integrated in the prototype of the game. These will be described below.

Positive emotions task

In this task, the students learn about the importance of feeling positive emotions within the classroom.

The students are presented with 10 different positive emotions, the most important positive emotions according to Fredrickson's Broaden-Build theory [START_REF] Benify | Positive Emotions That Increase Employee Engagement[END_REF]. They must then divide the emotions between two fields: one field for emotions they have experienced within the math class, the other field for emotions they have not. The students then choose one emotion from each field to discuss in detail, using questions like: "What can you or the teacher do to increase this positive emotion within the classroom?". Their answers can be valuable feedback for the teacher.

Strengths maze task

In this task the students learn about character strengths. Each person has different strengths based on their values and beliefs. Implementing these strengths in daily life, work or school results in feeling positive emotions and sometimes even greater achievements (VIA Institute on Character, 2023). In this task, the students choose 3 strengths important to them (one for each student) from a random selection of 9 out of the 24 strengths. They must then search a maze for notes containing small assignments. Each assignment is related to a strength, giving an example of how to use that strength within the math class context. The students must find the 3 example assignments fitting the 3 strengths chosen at the start of the maze. Figure 2 and3 show an example playthrough of this task. In Figure 2, the students are talking to the in-game teacher and choose their strengths (humour, love and persistence). In Figure 3, the students have navigated through the maze to find a note with the following assignment: "Write a mathematical equation assignment. Try to make the context of the assignment funny enough to make the reader laugh". This is related to the strength 'humour', one of the three they selected. end screen of the game shows all the data collected (choices made and answers given) while This data can be useful for the teacher as feedback. The data can also be saved by students to make a small portfolio, tracking the progress made when comparing it to later playthroughs.

Discussion

Existing research is not conclusive regarding the use of digital technologies to reduce math anxiety. In our research we investigate the possibility of using digital games to approach this problem. The main result of this study is a working prototype game designed to help reduce math anxiety in the classroom. In four design cycles, we have explored how to integrate insights from research on math anxiety, principles of positive psychology and principles of game design into the digital game. The digital game developed and its game elements (an engaging game world, triggering curiosity within the game, multiple accomplishments, collaborative play, experience positive failure, progressive difficulty, making students feel empowered, giving meaning and/or purpose and inclusivity) are relevant for the field because they concretize the possibility suggested by Donio et al. (2023) of developing a game to explicitly address the problem of math anxiety. We hope to discuss these results and the outcomes of the fifth design cycle at CERME 13. Future work will address expanding the contents of the game and evaluation with both teachers and students.
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	Activity	Method	Resulting decision

th Design cycle. Main goal: developing a working prototype with a full game loop
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	1. Improving the task related	1. Developer	1. Students must discuss two chosen emotions to help
	to positive emotions.	2. Brainstorm with	them experience these within the classroom.
	2. Improve replay ability and	development	2.
	feedback/learning process.	team and math	
	3. Improve replay ability	anxiety researcher	
	strength maze.	3. Developer	
	4. Creating small assignments	4. Brainstorm with	
	for strength maze task.	both experts	
	5. Finish full game loop cycle.	5. Developer