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ABSTRACT 

The purpose of this study is to investigate how designers of commercial 

educational mathematics game apps describe various aspects of integration. My 

investigation addresses several research questions, including what integration means 

to designers, why they build it into games, and how they do so. Integration is a 

concept described in game-based learning literature as the embedding of educational 

content within a gameôs mechanics. This concept is important to study because it is 

what researchers have identified as the key element that enables educational games to 

realize their potential. That is, when the educational content and game mechanics are 

aligned, educational games have potential to help students learn concepts and enjoy 

doing so.  

To understand how designers of commercial mathematics game apps think 

about integration and mathematics game design, I interviewed seven different 

designers one-on-one virtually. I elicited responses from designers that pertain to 

various aspects of their work, including how they define or describe integration, why 

they build integration into mathematics games, and how they build it.  

My analyses of the designersô interview responses indicate that their 

perspective and understanding of integration is similar to that of mathematics 

education researchers. In addition, designers integrate the mathematical content and 

the mechanics to ensure that students engage with mathematical concepts. They see 

integration as the key design feature that moves their games beyond drill and practice 

and enables conceptual learning.  They also design features and mechanics to keep 



 xvi 

students engaged so they do not lose focus or become overly frustrated. Finally, 

designers were able to describe some processes involved in designing mathematics 

games. This process involves playtesting, simplifying mathematical ideas, and 

ñtranslatingò these ideas into a digital format (via a game engine or other technological 

tools). The process requires multiple kinds of expertise.  

The results suggest that designers of integrated mathematics games are aware 

of integration and intentionally build integration to engage students with mathematical 

concepts. For mathematics educators, this enables a qualitatively different kind of 

learning than earlier designs that engaged students only in completing digital 

worksheets. Video games can now play different instructional roles in the classroom. 

They can be used to introduce and reinforce concepts rather than only practice 

procedures. Further, the descriptions of several aspects of mathematics game design 

can be used by teachers, curriculum supervisors, and other leaders to evaluate and 

select mathematics games appropriate for different kinds of instructional learning 

goals. In addition, this information about game design can help teacher educators 

create course modules that introduce preservice teachers to selecting and using games 

to create varieties of learning opportunities for their future students.  
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Chapter 1 

INTRODUCTION  

Statement of Problem 

Educational mathematics games provide few opportunities for students to 

develop conceptual learning. Most are geared towards student practice and recall  of 

rotely learned mathematical facts and/or procedures (Cayton-Hodges et al., 2015). 

Pointing to this unfortunate absence of deeper learning experiences is a common 

theme among experts at the center of game-based learning and mathematics education 

(Devlin, 2013). I experienced this problem firsthand as a middle school mathematics 

teacher in Brooklyn, NY. As an educator that regularly used technology in my 

classroom, I searched for games that would not only motivate my students but also 

provide them with opportunities to engage in conceptual mathematics learning. 

Instead, I found an overwhelming number of games that were much like digital 

worksheets. 

The Proliferation of Game-Based Learning 

The absence of conceptually rich mathematics games takes on special 

importance when one takes into account the popularity of video games and their 

appeal to children and teens. The video game industry exceeded $40 billion in 2018 

(Entertainment Software Association, 2019) and, as of 2019, children from ages 8 

through 12 voluntarily spent an average of almost 90 minutes on video games per day 

(Rideout & Robb, 2019). Their popularity outside of school is sure to find its way 
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inside the classroom. In fact, it is already happening. Developed in 2010, the National 

Education Technology Plan (NETP) was created for the purpose of leveraging 

technology with learning science to create innovative ways that actualize this learning 

in schools (United States Department of Education Office of Educational Technology, 

2010). Since the creation of the NETP, several different technologies including 

smartphones, tablets, and laptops, have made their way into the classroom and see an 

increasing amount of use (Pearson, 2015).  

It is important to note that the NETP acknowledged that video games are 

ñhighly engaging to students and have the potential to motivate students to learnò 

(United States Department of Education Office of Educational Technology, 2010, 

p.37). Taking advantage of the increasing amount of educational technology use in 

classrooms, many designers have attempted to capitalize on the potential for video 

games as a mechanism to facilitate learning. The use of video games to facilitate 

student achievement of educational goals is at the heart of the field now known as 

game-based learning.  

Hundreds of educational games are now available and their popularity is 

growing. In a 2014 national survey on teaching with digital games, almost 75% of the 

studyôs 694 teachers reported using digital games for instructional purposes with their 

students (Takeuchi & Vaala, 2014). In the case of mathematics, there is research to 

support the assertion that educational games have the potential to help students learn 

mathematical content (Gresalfi et al., 2018; Habgood & Ainsworth, 2011; Ninaus et 

al., 2017; Pope & Mangram, 2015). However, as mentioned in the opening paragraph, 

the mathematics games do not provide many opportunities for conceptual learning. If 
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deeper conceptual learning and understanding is a valued goal of school mathematics, 

this could be labeled as a huge missed opportunity.  

Integration as a Possible Solution for Insufficient Conceptual Learning From 

Educational Games  

Experts in game-based learning (and those at the intersection of game-based 

learning and mathematics education, like Keith Devlin) argue that digital games are 

beneficial for deep content learning only if the content is embedded within the 

mechanics of the game ï if students encounter the important concepts while they are 

completing actions that make the games entertaining (Devlin, 2013; Kenny & Gunter, 

2007; Kiili et al., 2012; Shapiro et al., 2014). This feature of game design is often 

called integration. I define integration as the embedding of educational content or 

concepts within a gameôs mechanics.  

When I say that integration could support the conceptual learning of 

mathematics, I am using ñmathematicsò and ñconceptual learningò in the following 

way. I am using the term ñmathematicsò to define the curricula topic in which the 

game is focused. For example, a mathematics game can be focused on fractions or 

whole number arithmetic. I am using the term ñconceptual learningò to define 

engagement with, or knowledge of the concepts that underpin the given mathematics 

topic. For example, in an integrated mathematics game, conceptual learning can 

include a student carrying out actions that represent partitioning. This is different from 

carrying out operations with fractions, which I would not consider as conceptual 

learning, but rather the practice of a skill.  
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Integration Can Take Many Forms 

To understand why integration is sometimes identified as a feature of games 

that would support deeper conceptual learning, it is useful to unpack the term 

integration. It can refer to two forms. These include integration across domains of 

game features, and integration between content and game mechanics. To clarify, it is 

the latter type of integration that I am proposing as a possible solution for the 

insufficient conceptual learning in educational mathematics games. I will first describe 

integration across domains of game features, followed by integration between content 

and game mechanics. 

Integration Across Domains of Game Features. One form integration can 

take is the linking of game features that are entertaining with game features that are 

educational. Entertaining features of educational games contribute to their fun or 

entertainment value. They are included in the game design to keep students playing. 

Entertaining features include, for example, graphics, storylines, and fantasy. 

Educational game features aim to promote learning. They include, for example, 

providing students with feedback, allowing for more than one way to solve puzzles, 

and in mathematics games, multiple representations. See Appendix A for an extensive 

list and definitions of both types of game features. Below are two examples of 

integration across these two domains of game features. 

¶ Example 1: In Slice Fractions 2, if students do not complete a puzzle correctly 

after a certain number of tries, on their next attempt a virtual hand appears on 

the screen and gives students a hint showing how to begin the puzzle. If they 

fail the level again, part of the puzzle is removed entirely to make it easier to 

solve. In this example, a feature designed to make the game more entertaining 

and keep kids playing (the challenge) is being moderated by a feature that is 
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meant to be educational or help students learn (in-game hints or feedback). 

Hence, this is an example of integration across domains. 

¶ Example 2: In DragonBox Algebra, as students continue to progress through 

the game, the puzzles become more challenging. In this example, a feature 

designed to make the game more entertaining by instilling a sense of 

progression (progression) is being connected with a feature that is designed to 

make the game more educational (challenge). Hence, this is another example 

of integration across domains.  

Integration Between Content and Game Mechanics. Integration can take a 

second form, one that is central to this study, when designers embed the educational 

content within the gameplay through the game mechanics. Along with Boller and 

Kapp (2017), I define the term game mechanics as ñrules of the game that dictate how 

players achieve the game goal, interact with other players, and, in digital games, how 

the system responds to the actions they takeò (p. 52). For example, in Slice Fractions 

2, one of the gameôs mechanics is the ability to slice ice blocks that represent 

fractional quantities into unit fractions. For example, a player can use the touchscreen 

to slice an ice block that represents  into smaller ice blocks that each represent unit 

fractions of size . The game does not allow the player to slice these fractions further ï 

only into the number and size of the pieces as designated by the numerator and 

denominator (i.e., in the previous example, no more than 4 pieces of size ). 

Therefore, in Slice Fractions 2, a mathematical concept or idea (that fractional 

quantities can be broken down into unit fractions/equal sized pieces ï otherwise 

known as partitioning) is embedded within a game mechanic (slicing blocks of ice that 

represent fractional amounts). This mechanic is fundamental to how players achieve 
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the game goal and is the primary action one takes when playing and making progress 

in this game. Because the mathematical content is embedded within the mechanics, the 

mathematics in these types of games tends to be implicit. Researchers have described 

this form of integration as intrinsic integration (Habgood & Ainsworth, 2011; Kafai, 

1996) or endogenous (Squire, 2006; Rieber, 1996). Kafai (1996) defines this as an 

example of ñwhen the designer integrates the subject matter with the game ideaò (p. 

82). Rieber (1996) describes endogenous games as games in which ñone cannot tell 

where the game stops and the content beginsò (p. 50). 

Because the mechanics represent mathematical ideas, the player is naturally 

engaging with a mathematical concept just by playing. In this form of integration, 

player enjoyment is inextricably linked to mathematics. The game itself is the 

mathematics.  

What Math Games Look Like When They are Not Integrated 

A consensus among researchers is that there are few educational mathematics 

game apps that are integrated via embedding the content within the game mechanics as 

described in the previous section (Cayton-Hodges et al., 2015; Devlin 2013; Kiili et 

al., 2015; Pope & Mangram, 2015). In less integrated mathematics games, the 

gameplay is often interrupted for students to solve a mathematics problem in order to 

resume gameplay. Further, the game mechanics often do not represent mathematical 

concepts or ideas. An example might be a game in which the context is a race, and 

students must correctly answer mathematical facts in order to make their vehicle go 

faster. Because the content and game mechanics in this type of design are often 

completely unrelated, one can simply swap out mathematics with content from another 

discipline and the game would remain mostly the same.  
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Researchers have described this type of design as extrinsic integration 

(Habgood & Ainsworth, 2011; Kafai, 1996) or exogenous (Squire, 2006; Rieber, 

1996). The mathematics in these types of games tends to be explicit and resembles 

mathematics that is less conceptual in nature (i.e., facts, procedures, accuracy, etc.). 

This is the kind of mathematics students would see on a drill worksheet. Player 

enjoyment in this kind of design is likely to stem from the entertaining game features 

(i.e., graphics, storylines, fantasy, etc.) rather than from engaging with mathematical 

ideas. 

How is Integration Built into Educational Games and Why is This Important? A 

Proposed Investigation 

As described, most educational mathematics games provide few opportunities 

for students to develop conceptual learning. Although integration of educational 

content with game mechanics has been proposed as one possible solution to this 

problem and as one of the key indicators of good educational games, little has been 

written about how to design integration into educational games. Because intrinsically 

integrated games are considered to be the best educational games, I expect integration 

is not an incidental feature. I expect that designers are familiar with the concept of 

integration and treat it as a central feature of game design. I expect designers 

deliberately build integration into their games. Therefore, I expect that designers 

would be able to describe integration in detail, along with whether or not they consider 

it to be significant, their reasons for building it into their games, and their process of 

doing this.  

If the educational community understood more about the importance of 

integration in game design and about how, exactly, integration is built into games, 
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educators would be in a better position to evaluate the learning potential of games. If 

researchers were better informed about integration as a central feature of games that 

could support conceptual learning, they could create research agendas that investigate 

the ways in which integration could be built into games, the relationship between 

different integration designs and studentsô learning, and how to best implement games 

with different designs.  

I propose to investigate the nature of integration in games intended for 

mathematics learning. Because designers are most familiar with building integration 

into educational games, I propose to interview designers of commercial educational 

mathematics games available on the app stores. I intend to explore how designers 

think about integration and how they actually build integration into their games. My 

goal is to add to educatorsô and researchersô understanding of integration as an 

essential feature of games with the potential for conceptual learning of mathematics. 

The following research questions will guide my study.  

Research Questions 

¶ Research Question 1: Are designers able to discuss ñintegrationò in the same 

way as researchers? In other words, do designers share the same concept of 

integration as described in the literature?  

¶ Research Question 2: Why do these designers build integration into their 

games? 

¶ Research Question 3: How do designers build integration into their games?  
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Chapter 2 

REVIEW OF RESEARCH  

Mathematical Learning Opportunities in Game-Based Learning 

Missed Opportunities in Mathematics Games 

 Research on game-based learning has followed the pattern of early research on 

computer-assisted instruction by focusing on studentsô performance on skill-based 

assessments. In general, studies have shown that video games can be more effective 

than ordinary instruction for practicing skills (Chang et al., 2015; Ke & Gabrowski, 

2007). With only a few exceptions (to be reviewed later), little is known about the 

potential of video games to promote conceptual mathematics learning as I defined it in 

Chapter 1. 

For example, the students in Ke & Gabrowski (2007) were randomly assigned 

to groups that either played a web-based computer mathematics game or no game 

(paper-and-pencil traditional instruction). Students in the web-based computer game 

groups scored significantly better on a 30-item mathematics skills assessment test than 

students in the control group. Likewise, students in Chang et al., 2015 were assigned 

to groups that either played a fraction-based mathematics game app, or a non-game 

control condition (paper-and-pencil traditional instruction). Students in the game 

intervention condition scored significantly higher than students in the control 

condition on a posttest comprised of fraction problems. 
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To this point, the mathematical learning in most studies is rooted in skills; it 

does not include the kind of conceptual learning I described in Chapter 1. Are 

educational mathematics games good for students beyond the improvement of 

mathematical skills? What is it about the games that create opportunities to acquire 

and practice skills rather than learn conceptual content?  

  Some researchers have analyzed the games themselves to uncover the reasons 

for the kind of learning they support. In a study designed to learn the design principles 

and techniques used in mathematics games for tablets, Cayton-Hodges et al. (2015) 

surveyed 16 different tablet-based mathematics education apps (the overwhelming 

majority of which were games) in the Apple app store. These researchers found that 

most of the apps were geared towards retrieval of math facts or executing procedures. 

Additionally, although most of the apps they reviewed were mathematically accurate, 

they found that the apps were lacking in providing conceptual learning opportunities 

and giving conceptual feedback. That is, the apps did not require students to reflect on 

the reasons why their responses were correct or incorrect, or why their strategies 

worked or failed. In addition, they did not ask students to make connections among 

different representations.  

Some of Cayton-Hodges et al.ôs (2015) recommendations for enriching the 

conceptual learning opportunities of video games include ñthoroughly review the 

mapping between mathematical concepts and operations to objects/actions in the 

virtual worldò (p.12), ñcreating opportunities for students to explain their problem-

solving processò (p.17), and ñadopting the mindset of app developers to keep the user 

engaged, on task, and moving forward to ensure that students are óin the gameô enough 

to accurately assess content knowledgeò (p.17). I interpret their recommendation of 
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reviewing ñthe mapping between mathematical concepts and operations to 

objects/actions in the virtual worldò similar to the integration I have discussed as a 

possible solution to the problem I posed in Chapter 1. In other words, the actions 

students carry out in the game should represent the mathematical concepts the game 

proposes to teach students. 

In Chapter 1, I alluded to the idea that integration is what makes educational 

games an authentic experience. A first reason for this is that, in integrated games, one 

is unable to separate the content from the game. That is, the game itself would change 

if you change the content. The second reason is that the mechanics represent the 

disciplinary ideas. This means student engagement in integrated mathematics games 

comes from students being engaged with mathematical ideas, not from entertaining 

game features that are unrelated to mathematics. It is reasonable to expect students to 

be more engaged in the mathematics when there is alignment between the mechanics 

and the mathematical ideas. The following section examines studies that highlight the 

benefits of these types of games. 

Integrated Games Can Be Highly Engaging and Supportive of Learning 

 One of the primary benefits of designing a game in which the learning content 

is aligned with or embedded into the mechanics is a greater amount of enjoyment and 

engagement and an equal or greater amount of learning gains compared to a non-

integrated context. Habgood and Ainsworth (2011) designed Zombie Division, a game 

that is based on mathematics curriculum for age 7- to 11-year-old students, which 

focuses on number patterns and sequences. Zombie Division is an example of an 

integrated mathematics game (using my definitions of ñintegratedò and 

ñmathematicsò). Players use different attack symbols (that are representations of 
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divisors), to attack (divide) skeletons that display a number (a dividend) on their chest. 

Researchers designed an intrinsic, extrinsic, and control version of this game, in an 

effort to determine which version would support greater learning gains. 

The attack symbols in Zombie Division are representations of divisors or 

factors and help convey these mathematical relationships. For example, in the intrinsic 

version of the game, students may use a gauntlet (which represents a factor/divisor of 

5) to attack a skeleton that displays a dividend of 20 on its chest. The skeleton will 

then split into 4 equal-sized ghosts (the quotient) that disperse.  

The extrinsic version of Zombie Division is identical to the intrinsic version 

except (a) skeletons no longer display a number dividend on their chest but instead 

display the attack symbols of the factors the dividend is divisible by, and (b) there is a 

quiz at the end of the level (the intrinsic version does not have an end-of-level quiz). 

For example, consider a skeleton displaying a dividend of 20 on its chest in the 

intrinsic version. This would be absent in the extrinsic version. Instead, the skeleton 

would display a gauntlet (indicating it is divisible by 5) or a sword (indicating it is 

divisible by 2) on its chest, and students would select an attack symbol available to 

them that matches one of these symbols on the skeletonôs chest.  

In other words, no mathematical actions are required in the extrinsic version of 

the game because it is strictly symbolic. Instead, the mathematics in the extrinsic 

version takes place in the form of an end-of-level quiz, which assesses the division in 

the game (i.e., ñchoose one number that 20 can be divided byò, with choices 3, 5, 7, 

and ñnone of theseò). The control version of the game is identical to the extrinsic 

version of the game except it does not contain an end-of-level quiz. That is, the control 

version of the game does not contain any division activities.  
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Researchers found that students in the intrinsic group showed the greatest 

learning gains from pre-test to post-test. They suggested that students in this group 

might have been encouraged to use better strategies to learn the mathematics due to 

the introduction of advanced game mechanics. In a follow-up study, the researchers 

compared the time children spent playing the intrinsic and extrinsic version of the 

game when students could freely play the version of their choice. Children played for 

3 sessions of 45 minutes each. The researchers found that, on average, students spent 

more than 7 times longer playing the intrinsic version of the game and had a more 

positive opinion of this version. Students found the intrinsic version to be faster, 

easier, and more enjoyable. Students found the end-of-level quiz in the extrinsic 

version to be boring, slow, non-challenging, and non-interesting. Overall, this work 

suggests that integrated mathematics games are highly engaging and support 

mathematical learning. 

Similar conclusions were found by Gresalfi et al. (2018). One group of third 

grade students played two integrated games which they categorized as the ñdigital 

gamesò condition, and another group of students played two non-integrated games 

which the researchers categorized as the ñworksheetò condition. Gresalfi et al. found 

that students in the game condition performed as well as the students in the worksheet 

condition, but there were more students in the game condition that enjoyed playing 

those games. Further, there were more students that disliked the worksheet games 

compared to students that disliked the digital games. Finally, in two of seven third-

grade classes in the study, all students chose to play one of the integrated games 

during free-play time.  
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  The findings from these studies suggest that when students play mathematics 

games in which the content is embedded within the mechanics, the games can be 

highly engaging and supportive of studentsô mathematical learning. This conclusion is 

further corroborated by Hamari et al. (2016) in a science context. In this study, 134 

high school students played Quantum Spectre as part of a physics unit. Quantum 

Spectre is a puzzle game in which students manipulate laser beams using mirrors, 

lenses, and beam splitters, so the lasers could reach their appropriate targets. Once the 

correct laser beam hits the correct target, students proceed to the next level. Also, in 

this study, 40 college students played Spumone for 15 weeks. In Spumone, students 

manipulate a two-dimensional vehicle using strategies they learned in their 

engineering course. The students must also use an equation parser built into the game 

to implement these strategies mathematically. 

Towards the end of the unit and end of the course, the researchers administered 

a psychometric survey designed to measure studentsô experiences of challenge, 

engagement, immersion, skills and perceived learning with respect to the games. Their 

analyses showed a strong pathway coefficient between challenge and engagement, and 

challenge and immersion. Their results also indicate that challenge has a positive 

effect on engagement and immersion, and that engagement and immersion are 

positively associated with perceived learning. It is important to note that the 

researchersô analyses did not take into account the perspective that features in video 

games (i.e., challenge) are an interconnected web of features. I will further develop 

this idea in the next section. 

Despite these benefits of integrated mathematics games, researchers have not 

emphasized the scarcity of them. Instead, many studies in game-based learning focus 
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on the effect of a particular feature (i.e., feedback, challenge, or social/multiplayer 

features) in an educational game on a given outcome, such as learning gains or 

motivation (Hamari et al., 2016; Jong et al., 2013; Hung et al., 2015). While these 

studies highlight the significance of some entertaining features of video games, they 

do not take into account the notion that video games are a system of interconnected 

features, and hence, call into question their conclusion of a single feature as 

responsible for an outcome. In the next section, I will examine some of these studies. 

Do Entertaining Game Features Contribute Independently or Collectively? 

As described in Chapter 1, entertaining game features are elements of video 

games that contribute to their fun or entertainment value. Also described earlier, in 

many games these features are often linked with one another or with educational game 

features. For example, a gameôs setting or audiovisuals will typically reflect the 

narrative or story. In most games, the challenge or difficulty level of the game 

increases as the player continues to make progress in the game.  

The fact that these features interact with one another makes it difficult to 

isolate or attribute any individual feature as being responsible for the game being 

entertaining or fun. For example, if you enjoyed a gameôs story, one might question 

whether it was the story itself that was enjoyable, or the fact that the story was 

experienced within an aesthetically pleasing setting that aligns with the story. It is 

impossible to know if it is just the story that is enjoyable, because in a game, it is 

impossible to experience the story (or any other feature) in isolation from all of the 

other game features. This presents a limitation in game-based learning research. 

One example is the systematic review by Clark et al. (2016). This work 

attempts to establish whether or not digital games significantly enhance student 
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learning in comparison to non-game conditions. The researchers conducted individual 

analyses of particular entertaining game features, such as visual/narrative features, 

story relevance, story depth, and visual realism, to determine their effect on studentsô 

learning gains. In doing so, they acknowledged a limitation in that these features are 

intercorrelated. Although the researchers found and explain small but significant 

relationships with learning games (e.g., features such as visual complexity and greater 

narratives had a negative relationship with learning gains), the reasons they offer do 

not take into account (a) that these visual/narrative features exist in these games as 

part of a larger system of interconnected features, and (b) how those features fit 

together in those particular games as a system.  

The idea that video games are a system is foundational to my study because it 

acknowledges that video games are greater than the sum of their individual parts 

(mechanics; features). Therefore, looking at how these parts work together or create a 

greater whole (i.e., integration of features and/or mechanics) must be understood to 

ensure a game can be mathematically sound and engaging. This sentiment is 

corroborated by experts such as Fullerton (2018), who states ñégames are systems, 

and systems, by definition, are groups of interrelated elements that work together to 

form a complex wholeò (p. 47). Gresalfi et al. (2018) also state ñchanging one part 

might actually change the overall game experience, and thus the one thing that is being 

varied might not ultimately be the one thing that is actually being measuredò (p. 581).  

Despite this understanding of video games as a system of mechanics and/or 

features, many studies or systematic reviews of studies designate an individual feature 

of a game as a cause of a particular outcome, without regard for how it is integrated or 

how it interacts with other features (Abdul Jabbar & Felicia, 2015; Hamari et al., 
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2016; Jong et al., 2012; Hung et al., 2015). One such study is Jong et al. (2012). The 

purpose of this study was to investigate the effect of cooperative learning on college 

studentsô motivation. To this end, the researchers developed a six-player three versus 

three team video game in which teams of students competed against each other. The 

game is played in rounds, and in each round, a team will ask one player on the other 

team a question. For example, on round one, team A will ask one player on team B a 

question, and on round two, team B will ask one player on team A a question. Each 

team chooses their questions from a pool (the same pool) -- that all players can see and 

access.  

Players lose health points (or HP, the number that represents their life total) for 

answering questions incorrectly. A player with zero health points is forced to leave the 

game and can no longer help their teammates. The game ends when all three players 

on a team reach zero health points (the other team emerges victorious when this 

happens). Each of the three players on the team can choose one role (warrior, wizard, 

or archer), and each of these roles have their own skills. For example, one of the 

archerôs skills increases the time the team has to answer a question, one of the 

wizardôs skills gives each player on the team more health points, and one of the 

warriorôs skills protects other players from receiving damage, even if they answer a 

problem incorrectly. This distribution of skills increases a teamôs performance if 

players cooperate.  

The researchers measured participantsô learning motivation using the first 

dimension of learner attitudes from the Motivated Strategies for Learning 

Questionnaire (MSLQ) (Pintrich et al., 1993). In the experimental group were 65 

participants, along with 63 participants in the control group. In the first stage of the 
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study, prior to instruction, no significant differences in learner motivation were found. 

In stage two, the students in the experimental group received the collaborative game, 

while students in the control group received a traditional cooperative learning (no 

game, face to face) as the alternative. Students in the control group received the same 

pool of questions that students in the experimental group received.  

In stage three (after instruction), both groups were again given the learning 

motivation questionnaire. The researchers found a significant learning motivation 

increase in the game-based cooperative learning group. They conclude, ñthis finding 

indicates that the game-based cooperative learning used in the study is more effective 

than traditional face-to-face cooperative learning for improving learning motivationò 

(Jong et al., 2012, p. 188). In addition, the researchers found that students in the 

experimental group spent more time studying, and were more persistent in finding the 

correct answers or studying the content that they did not know outside of class hours.  

The researchers attribute the increased motivation and learning of the students 

in the experimental group to the fact that the game was collaborative in nature. 

However, the nature of the collaboration was not taken into account. For example, in 

this game, the nature of that collaboration is within the context of competing against 

other players, and this might motivate players more than simply collaborating. While 

the researchers mention the game incorporates competition, there is no mention that 

this could be the primary motivating factor. They only mention (p. 186) ñthese factors 

ï cooperation, competition, and different skills attributed to different roles ï are what 

make the game appealing to studentsò.  

The social aspect of this game (working together to find the answers with your 

teammates) is integrated with the competitive feature (playing vs. other teams and 



 19 

reducing their HP to zero), making it impossible to separate the two. Would students 

be as motivated or engaged in this game if no competition was involved? How do we 

know that the competitive feature is not stronger than the collaborative team-based 

feature? What if players were more motivated by being able to challenge whether or 

not they could outsmart their peers? 

The review by Abdul Jabbar and Felicia (2015), in which the researchers 

compile a list of elements that influence engagement from a variety of game-based 

learning (GBL) studies, follows Jong et al. (2012) in attributing the effects of game 

playing to individual features of the games. For example, when the researchers review 

ñfun elements in GBLò, such as virtual characters and the environment, researchers 

state (p. 756) ñthe use of avatars as intelligent agents within GBL involved emotional 

engagement from the participants and supported affective learning. The results 

presented in these studies show that by means of virtual characters and environments, 

students became more motivated and wanted to play more, they felt immersed, and 

confident, and developed self-efficacy and collaboration skills.ò 

However, game environments and settings are often tied to the narrative and 

plot of the game. Could it be that students were more engaged and more motivated 

because there was a level of integration between the narrative of the game and the 

environment in which the game took place, and not just because the game featured 

virtual characters and environments? There are other features that may contribute to 

the sense of immersion a player may experience in a virtual environment, for example, 

the amount of freedom the designers give the player to explore said environment. 

Could it be that the students were more motivated because there was a level of 

integration between the virtual environments and the amount of freedom the designers 



 20 

gave players to explore it? What about possible integration between curiosity and 

discovery and freedom? That is, what if students were more motivated because they 

developed a sense of curiosity or discovery that may have come from being given the 

freedom to discover or explore more of this environment?  

To make this point clearer, consider the element of narrative that some games 

possess. A game might be less engaging or less motivating to play if the narrative of a 

game included, for example, a tale about samurai, but the setting did not take place in 

ancient Japan. That is, if the features in a game do not align with one another, it is 

possible that the game becomes less believable and less enjoyable to play. What one 

can more accurately conclude from these studies is that these features do play some 

role in studentsô motivation, and by extension, their ability to learn via playing these 

games. 

In summary, although I am especially interested in the form of integration that 

embeds mathematical content within a gameôs mechanics, this characteristic of video 

games as a system or an integration across domains also applies to game features 

within each of these domains. This section of my review has considered exactly that ï 

integration of features within domains, especially the entertaining game features. 

However, I will now examine studies that highlight what designers have to say about 

integrating mathematical content in game design. 

Can Designers Give Insight on How to Build Integration in Mathematics Games? 

 To this point, my review of research suggests that video games do not 

necessarily support studentsô conceptual mathematics learning but, if designed 

appropriately, they have the potential to do so. Designed appropriately means, in part, 

that the mechanics and features of video games work together to engage students in 
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conceptually-oriented mathematics. Although researchers have tried to document the 

effect of individual features on engagement or learning, a more promising approach is 

to examine the games as systems. It is clear that integrating entertaining features of 

games can increase engagement. A reasonable extension of this claim is that if the 

integration within games included embedding the mathematical content within the 

system of features, it is more likely that video games would realize their promise for 

supporting mathematics learning of all kinds.  

Can all video games be designed to integrate mathematics content with game 

mechanics? How, exactly, can this be achieved? Before conducting extensive 

empirical studies about the effects of these games on studentsô learning, it would be 

helpful to understand more about the nature of these games. Is integration of content 

and mechanics a routine exercise in game design? Can all games be designed in this 

way? What is involved in creating these games? One source that could address these 

questions is the designers themselves. However, can designers articulate their views 

on integration or is this an aspect of game design that remains intuitive for designers?  

 Little has been written about how designers actually embed mathematical 

content within a gameôs mechanics. However, researchers have reported that designers 

can articulate what they find helpful about a particular approach to mathematics game 

design, and describe what might be involved in the process of designing an integrated 

mathematics game. Kalloo et al. (2015) developed an approach for integrating 

mathematical content into a game. This included (a) choosing a mathematics topic 

(i.e., equations), (b) identifying a common problem type within this topic (i.e., solving 

a one or two-step equation), (c) decomposing this problem into a subset of skills 

required to solve it (i.e., identifying and transposing the correct terms), and (d) 
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matching these skills to a particular type of game objective. They wanted to elicit 

feedback from several amateur game designers regarding the strengths, weaknesses, 

and usefulness of this approach, along with ways to improve it. 

 Using the topic of equations, Kalloo et al. (2015) considered identifying and 

transposing to be the primary skills necessary to solve equations. They then mapped 

these skills to a game objective called collecting. Students controlled an avatar in a 

virtual village to collect mathematical operations and apply them to the equation to 

solve for x. This approach for integrating was then given to seven amateur game 

designers who were tasked with using it to develop their own math game and respond 

to a questionnaire to collect feedback.  

 All the designers were able to use this approach to design their own math 

game. The designers commented on a questionnaire that the technique was helpful in 

narrowing the scope and focus of their game, defining the game mechanics better, and 

being easy to prototype. The results from this study suggest that designers can 

articulate what they find helpful in a particular process or approach to game design.  

 A study by Smith et al. (2015) demonstrated that designing an integrated math 

game is an interdisciplinary process and requires a variety of skills. The study also 

revealed that members of a design team can, in some manner, articulate what is 

involved in this process. Smith et al. (2015) devised a lesson in which fourth grade 

students played a motion-controlled math game designed to teach them about angles 

and measurement, and then met with the designers of the game. Students stood in front 

of a Kinect sensor bar and a projected image of two rays forming an angle. Students 

used one of their arms to control each ray, and as the size of the angle changed, so did 

the color of the screen. The objective of this game is to determine the rules that make 
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the screen change color. For example, a pink screen indicates an acute angle, a yellow 

screen indicates a right angle, and so on. 

 After playing the game, the researchers asked students to reflect on their 

experience and consider how the game was created. Two programmers on the design 

team met with the students during a whole class discussion and described the language 

used to program the computer in the game. The researchers noted ñthe artist for the 

angle game had to understand the important characteristics of angles to create 

mathematically correct representations and to create a usable protractorò (Smith et al., 

2015, p.46). In addition, the writer had to find the best ways to phrase the questions in 

the game. Multiple skills were required. 

Summary 

 Research in game-based learning considers integrated games to be exemplary, 

and several notable researchers consider these as either good examples, or the best 

examples of educational games (Devlin, 2013; Gresalfi et al., 2018; Kiili et al., 2015; 

Shapiro et al., 2014). For example, Shapiro et al. (2014) mention ñIn good learning 

games, the subject matter is always embedded into the mechanics themselvesò (p. 20). 

Gresalfi et al. (2018) is explicit about ñbest examplesò of learning games being those 

that ñleveraged core game mechanics that were connected to the targeted ideas being 

learnedò (p. 584).  

Because there is a scarcity of these types of games, it is unlikely that the ones 

that exist were designed by accident. And with integrated games receiving such 

attention and praise, it is reasonable to think that for designers of these games this was 

intentional. Integration did not occur by accident. Consequently, these designers 

should know what integration is and be able to describe it in some detail.  
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 The rarity of integrated educational games despite the praise and acclaim these 

games receive also suggests that designing integration into games is quite difficult. 

Why are there so few integrated educational math games even though there are good 

reasons for integration? Are designers lacking the resources necessary to integrate 

their games, or is the scarcity due to designers not knowing how to design integration?  

Currently little research has examined systematically the perspective of 

commercial educational game designers on what researchers consider to be the heart 

of the best educational gamesðintegration. A systematic investigation would include 

studying how designers describe or define integration, whether and why it is 

significant to them, and whether they find it difficult to design integration into games. 

Research Questions and Hypotheses 

 Based on the review of research and my own expertise as an educator and a 

gamer, I propose the following hypotheses as answers I expect to find to my research 

questions. First, I will restate each research question, followed by the hypotheses I 

expect will answer each question. 

Research Question 1 

 Are designers able to discuss ñintegrationò in the same way researchers do? 

Hypothesis #1. Designers will be able to discuss integration because it cannot 

be accidentally designed into games. However, it is unclear how designers will 

describe integration or whether they will do so without being prompted, because 

designers have not been interviewed systematically before. 

Research Question 2 

 Why do designers build integration into their games? 
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Hypothesis #2. Designers will explain that integration encourages students to 

learn about the concepts of mathematics rather than just routine skills and facts, 

because that is the fundamental difference between integrated games and non-

integrated games. 

Research Question #3 

 How do designers build integration into their games? 

Hypothesis #3. Designers will be able to describe some processes of game 

design, but it is difficult to predict which ones or in how much detail for three reasons: 

¶ the literature does not document this process. 

¶ I am unsure how aware individual designers are of the entire process. 

¶ I am not sure designers will have language to talk about the actual 

design process. 
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Chapter 3 

METHODS 

The methods described in this chapter were selected and adapted to address the 

following research questions and test the hypotheses I expect to answer these 

questions. The methods also allow me to detect answers other than those I predicted. 

¶ Research Question 1: Are designers able to discuss ñintegrationò in the same 

way researchers do? 

¶ Research Question 2: Why do designers build integration into their games? 

¶ Research Question 3: How do designers build integration into their games? 

Sample 

Given my hypothesis that designers will be able to discuss integration, it is 

likely designers of integrated games will best be able to provide descriptions about it. 

Because integrated games are considered to be the best examples of educational 

games, I created a pool of games using a set of criteria that are likely to identify games 

with some level of integration, then selected my sample to ensure that at least some 

games had high levels of integration, and then identified their respective designers. 

The list below is a set of criteria that is most likely to yield integrated games. Most 

games that fit the criteria are designed for ages 9 through 12. These criteria include:  

¶ game apps that have been awarded or nominated for being good learning 

games. 

¶ game apps that have a ñteacher approvedò badge on the app store. 
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¶ positive reviews from teachers, students, parents, etc. 

I used these criteria to select a purposeful sample (Merriam & Tisdell, 2015) of 

games that would be included in this study. Because there is an extremely small 

number of games that satisfy all of these criteria, they needed to satisfy only 1 of these 

criteria. However, some of the games selected met multiple criteria. For example, I 

selected Slice Fractions 2, a game that has garnered hundreds of positive reviews from 

students, parents, and teachers, is designed for students ages 6 through 12, and has 

won multiple awards, including the Gold Medal Award at the 2014 International 

Serious Play Awards and the 2014 Parentôs Gold Choice Award. Slice Fractions was 

also awarded one of Appleôs best app awards in 2014. The game also has a school 

edition designed for use in the classroom and includes a teacherôs guide. I will 

describe further two of these criteria that warrant further elaboration. 

Award-winning and Nominated Games 

Some of the games in the sample have been awarded for their ability to engage 

students and support their learning through play. For example, Slice Fraction 2ôs 

awards include the International Serious Play Awards and the Parentôs Choice 

Awards. These are prestigious video game awards for which games either win or are 

nominated, at various annually held national and international conferences and events. 

These events are aimed at showcasing the best games in a given category or sub-

category, and this includes educational games. Some examples of these events include 

the annual Games for Change conference (G4C), and the British Academy Games 

Awards (also known as the BAFTA Games Awards). 
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Teacher Approved Games 

Google has teamed up with academic experts to rate apps catered to children. 

These apps are evaluated on factors such as (a) age and appropriateness, (b) fun and 

engagement, (c) academic enrichment potential, and (d) quality of experience. Google 

asks pre-K through sixth-grade teachers from across the country to rate games that 

cater to children that are in their target age group. For example, sixth-grade teachers 

rate apps that target the 9 through 12 age group. 

Sources of Games 

After developing these criteria, I consulted several sources to select games. 

One source was the Google Play app store. I then used the remaining criteria (award-

winning, teacher approved, positive reviews) to filter the remaining games, and 

selected four games that satisfied at least two of these remaining criteria. 

I also attended the 2020 Games for Change Festival, a conference in which a 

variety of professionals, including developers, educators, funders, policymakers and 

more, shared various projects and gave talks about games and other media. At this 

conference, Funexpected Math was nominated for the Best Learning Game Award, 

and I included it in my list of games. I also consulted a mathematics education expert 

and professor who worked on an NSF funded project with computer programmers to 

develop Candy Bot. Candy Bot is a game about fractions and functions designed for 

middle school students. I included this game as well. Table 1 below provides an 

overview of the criteria each game satisfied. A more descriptive overview of each 

game can be found in Appendix B. 
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Table 1 My Sample of Games and Selection Criteria. 

 

Game Award-Winning Teacher 

Approved 

Positive 

Reviews 

Funexpected Math Yes N/A Yes 

DragonBox Algebra Yes Yes Yes 

Slice Fractions 2 Yes Yes Yes 

Math Land N/A Yes Yes 

Arithmagic N/A Yes Yes 

Diffission N/A Yes Yes 

Candy Bot N/A N/A Yes 

Data Collection 

To test my hypotheses, I needed a method of data collection that would allow 

me to elicit rich descriptions from designers about several aspects of game design. 

Therefore, I chose to conduct one-on-one interviews as the method of data collection.  

Participants 

To make sure I could recruit a sample of designers, I contacted each designer 

by email, explained my research project, and asked if they would be willing to 

participate. It was not difficult to obtain consent. Within a few days to one week, all of 

the designers returned my emails and indicated they were willing to participate. There 

were seven designers in total. None of the designers placed restrictions on what I 
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could ask them. In fact, all of them were happy to share information about the design 

of their games, as well as their general approach or philosophy to designing games.   

Interview Protocol and Categories of Questions for Mathematics Game Design 

To help me organize the descriptions I would obtain from designers, I 

developed an interview protocol with four different categories of questions. I used this 

protocol to help me conduct semi-structured interviews with the designers. A sample 

protocol can be found in Appendix C. I expected each category to elicit information 

that would help me test one or more of my hypothesized answers to my research 

questions. They are as follows: 

¶ category A ï designersô thoughts on elements they would include in a math 

game. 

¶ category B ï designersô perspectives on integration. 

¶ category C ï design choices about individual features and/or integration of 

features. 

¶ category D ï descriptions about the process of designing an educational math 

game. 

To illustrate the kinds of questions featured in each category, I will give an 

example. As an example of a question from category A, I asked designers, ñif you had 

to give a list of things that are fundamental to the design of a high quality math game, 

what would be on your list?ò Category A is helpful in testing my hypothesis that 

designers will be able to discuss integration, especially without being prompted. That 

is, by eliciting designersô thoughts on elements they would include in a mathematics 

game, I wanted to see if designers would spontaneously mention integration as one of 
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these elements. This was the only purpose of category A. I was prepared to pursue any 

response that implicated integration even if it only vaguely referenced integration.  

As an example of a question from category B, if designers gave their own 

description of integration, I asked designers questions such as, ñcan you explain what 

you mean?ò or, ñdo you think integration is an important part of math game design?ò 

This category of questions captures how designers will describe integration, including 

rich descriptions about designersô perspectives on integration, whether or not it is 

significant to them, the extent that it is significant to them, and whether or not they 

think it is difficult to design. As such, category B was helpful in testing my hypotheses 

regarding whether or not designers would be able to discuss integration, as well as for 

learning how they would describe it. 

Because I hypothesized that designers would be able to discuss integration, I 

refrained from mentioning or describing integration until I reached category B. I 

wanted to see if designers felt integration was significant and salient enough for them 

to identify it without prompting. However, if the designers had not given their own 

description of integration by the time I reached category B, I gave designers a 

description of integration and elicited their feedback. For example, if designers did not 

give a description of integration by the time I reached category B, I mentioned, ñone 

of the things I've read and that I see very often, is that in educational games, they need 

to be integrated for the game to be considered high quality. When I say integrated, I 

mean the math in the game and some of the game mechanics or game features are 

intertwined. Do you know what I mean?ò 

As an example of a question from category C, I showed the designers a 

screenshot I took in the game, and asked designers questions such as ñI noticed that 
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when you add four numbers, the game recalculates the sum for you. What were your 

reasons behind that?ò Because category C elicits designersô reasoning for their design 

choices (including why they build integration into their games), category C is helpful 

in testing my hypothesis that designers will explain that integration encourages 

students to learn about mathematical concepts rather than skills and facts.  

As an example of a question from category D, I asked designers ñHow do you 

know when you finally achieved it? How do you go about achieving integration in the 

first place?ò Category D allowed me to elicit responses from designers about the 

process of designing an educational mathematics game. Hence, it allowed me to test 

my hypothesis that designers would be able to describe at least some processes of 

game design.  

Data Collection Procedures 

After obtaining consent to interview, I sent a separate email to each designer to 

schedule an interview within their availability. Within this email I also sought the 

consent of designers to video record the interview. Only one designer objected to a 

video recording, so the interview with this designer was audio recorded instead. None 

of the designers objected to the minimum length of time I suggested for the interview 

(60 minutes). After obtaining consent to video record, I began to collect data. The 

interviews took place virtually and ranged in length from 60 to 90 minutes. I asked the 

categories of questions in order from A to D. Out of the seven interviews, six of them 

were one-session interviews, while the remaining interview took place over two 

sessions (a different designer for the same game interviewed in each of these 

sessions).  
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I continued to correspond with the designers after the interviews. I emailed the 

designers to thank them for their participation, and asked them if they were open to 

receiving follow-up questions in case I needed clarification from the interview. For 

example, in one follow-up email with a designer, I asked, ñAlso, at one point during 

our interview, you mentioned the following: óBecause every level in a puzzle game is 

a question you ask. Obviously if you want to ask the good questions you need 

mechanics that allow you to, because mechanics are like worlds, right? Like 

operations, I think you can think of math as a language.ô You mentioned that you can 

think of math as a language. Can you explain what you meant by that?ò All of the 

designers were open to answering any follow-up questions I had about the interview. 

Data Analysis  

Modified Rubric and Preliminary Coding 

To begin data analysis, I first modified the rubric I developed for an earlier 

study. The purpose of this earlier study was to investigate the game features sixth 

graders noticed and enjoyed the most when playing an educational game compared to 

a non-educational game. The rubric for this earlier study contained several different 

features designed to make the games entertaining and/or supportive of learning. Some 

of the entertaining game features, located in the top row of the rubric, include 

narratives, graphics, and fantasy. Some of the educational features, located in the 

bottom row of the rubric, include challenge, feedback, and multiple solution paths. A 

complete list of features can be found in Appendix A. The rubric I used for this earlier 

study can be found in Appendix D. 
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For the current study, the earlier rubric was modified to create a direct way to 

measure integration in games and create an integration profile for each game. I played 

each game for 45 minutes and color-coded the features that I judged to be integrated 

with the same color in my rubric. For example, two or more features may share the 

same colored circle in the rubric. This indicates that these features are all integrated.  

This coding helped me prepare for interviewing each designer by determining 

(a) which game features are integrated in the game, both within the individual 

educational and entertaining domains and across domains, and (b) the overall extent to 

which the game is integrated in this manner. After coding in this manner, I discovered 

that the games in which a number of features across both domains were integrated 

(particularly with challenge) were also games in which the content was embedded 

within the mechanics. An example of the modified rubric can be found in Appendix E.  

Playing each game and creating an integration profile for each game allowed 

me to determine how many of the seven games in the sample were truly integrated 

with respect to having embedded the mathematics within the game mechanics. This 

included six of the seven games in the sample. By extension, this allowed me to 

determine how many designers in the sample were designers of integrated games 

(embedded mathematics within the mechanics). I kept the designer of the non-

integrated game (Math Land) in the sample of participants because I reasoned that 

someone who designed a non-integrated game could still be aware of integration and 

be able to offer a thorough description of integration, talk about its significance, and 

so on.  

Using the modified rubric in Appendix E also aided me in developing 

questions to ask designers about the choices they made when designing and/or 
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integrating certain features. For example, if I noticed a group of features were 

integrated, in addition to color-coding them with the same color, I explained why I 

thought the features were integrated in a space below the rubric. Figure 1 below shows 

an example of a modified rubric entry for one of the games in the sample, Arithmagic.  

 

Figure 1 Modified Rubric (Arithmagic). 

In Arithmagic, an entertaining feature (freedom) is integrated with educational 

features (multiple solution paths and challenge). Therefore, I color-coded these 

features with the same color (dark blue), and in the space below the rubric, I kept track 

of why I thought these features were integrated. That is, I noted that the game is 

designed so players can earn a ñperfectò if they clear monsters using four or less cards, 

but aiming for this achievement makes the game much more challenging. The designer 

gave players freedom in how they choose to play each level, but made the game more 

challenging if they preferred to clear each level with ñperfects.ò I used these notes to 
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develop questions to ask the designer about this instance of integration, and I 

continued this process for all other instances of integration I found in the game. I 

generated questions this way for all of the games and designers in the sample. 

Coding 

After using the modified rubric, I developed an initial codebook of preliminary 

codes, based on predictions I made for how I expected designers to answer the 

questions in each of the four categories. For example, before reading each transcript I 

predicted that designers would describe integration as a significant aspect of 

mathematics game design. Therefore, I developed a code to express this idea in my 

initial codebook. I left open places in the codebook to add codes I had not expected 

but were indicated by the designersô responses.  

Next, I transcribed and read each interview. If more than one designer 

described a new idea that helped me answer or address the research questions and 

hypotheses, I developed a code for it and updated the codebook. If multiple designers 

expressed a similar idea, it presented stronger evidence that the idea was a significant 

or fundamental aspect of designing mathematics games. Further, because these new 

ideas could have implications for my hypotheses and research questions, it was 

important to develop codes for them.  

After completing the interviews and finalizing this codebook, I trained a 

second coder (a doctoral student in mathematics education) to apply the codes to the 

transcripts. For each code, I randomly selected an interview to double code. We coded 

the transcript for that code only and then determined percentage agreement. I 

calculated percentage agreement by dividing the number of times we agreed by the 

total number of codes we assigned. If we did not achieve 80% reliability, we discussed 
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disagreements, I updated the codebook to refine and elaborate the definition of the 

code in question, and we both coded a second transcript chosen randomly. We 

repeated this process until we reached at least 80% agreement on each code. The final 

codebook that was sufficient to achieve 80% agreement on all codes can be found in 

Appendix F. 

Analyses 

 To test my hypotheses I conducted two types of analyses. 

Quotes and Illustrative Cases. I expected the most informative evidence to 

come from what designers actually said about issues related to integration. 

Consequently, I looked across all of the transcripts and compiled quotes from each 

designer that addressed my research questions and hypotheses. This yielded an 

extensive spread sheet that needed to be organized multiple times as I searched for 

patterns across designers in how they described various aspects of integration (see 

Appendix G). I will use these quotes when applicable to develop illustrative cases that 

address my research questions and hypotheses. The analysis I conducted using quotes 

from the designers can be found in Appendix H. Figure 2 below shows an example of 

how I organized designer quotes to detect patterns and gather evidence that addressed 

my hypotheses. 
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Figure 2 Designer Quotes. 

Data Table. I was interested in the frequency in which designers described 

similar phenomena. Are there ideas about integration that are widely shared? Are 

some ideas unique to particular designers? The codes I used helped me identify where 

designers talked about similar things. I created a frequency table to display how often 

each code appeared across all transcripts and designers. I will use the frequency table 

when applicable to provide supplemental evidence alongside illustrative cases. How 

often the codes appeared across designers may help strengthen the evidence I have 

pertaining to each research question. Table 2 below shows the spreadsheet I used to 

keep track of the number of times each code was mentioned throughout all interviews. 
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Table 2 Spreadsheet To Record Frequencies. 

 ID IS IDiff  MUL MC P&I Interdisc Decomp C&T 

Diffission          

Funexpected          

Math Land          

Candy Bot          

Slice 

Fractions 

         

DragonBox          

Arithmagic          

Totals          
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Chapter 4 

RESULTS 

To present the results of this study, I will (a) reintroduce each research 

question, (b) reintroduce my hypothesis that pertains to that research question, (c) 

present findings, (d) present the evidence from my analyses that address each 

hypothesis, and (e) present my revised hypothesis. 

Research Question 1 

¶ Research Question 1: Are designers able to discuss ñintegrationò in the same 

way as researchers? In other words, do designers share the concept of 

integration as described in the literature?  

Hypothesis #1 

Designers will be able to discuss integration because it cannot be accidentally 

designed into games. However, it is unclear how designers will describe integration or 

whether they will do so without being prompted because designers have not been 

interviewed systematically before. 

Finding #1 ï Designers Discuss Integration in Ways Similar to Researchers 

The designers discussed integration in ways that mirror the way researchers 

discuss integration in game-based learning literature. This became evident from the 

ways in which designers defined or described integration. In the sections below, I will 
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include evidence from designer statements as well as an illustrative case to support 

this finding.  

Evidence From Designer Statements. Of the seven designers, six shared at 

least one statement during the interview that represents a description of integration in 

terms of defining what it means. Of the six designers that shared these statements, four 

of them did so without any prompting. In these cases, I will include the question I 

asked before the designerôs statement. In the other two cases, the designer did not 

spontaneously describe integration. In these cases, I will include the question or 

statement that prompted their description.  

Diffission. The Diffission designer was one of the four designers who shared a 

description about integration without any prompting. 

Me: Got it. I'm going to ask what does mathematics mean to you next, but it 

sounds like it's a passion toéyou have theseéSorry, I want to articulate this 

correctly because I think I got it, but it sounds like there's a passion to convey 

some ideas that you feel are necessary to be conveyed in society. 

Diffission Designer: Oftentimes, that ends up also being done through 

conveying, like creating systems in the game to convey those ideas because 

one of my guiding philosophies is that if you can convey your messages or 

your themes or your target. I don't know your target ideas, whether they're 

academic ideas or narrative ideas, through the mechanics of what you're 

making people do, it will come out stronger. My stuff tends to merge these 

really mechanical interesting things with the higher story or narrative theme 

aspects. That's a jumble of words there, but does that make sense? 
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Funexpected Math. The Funexpected Math designer was one of the four 

designers who shared a description about integration without any prompting. 

Me: So anyways, I've been talking a lot, but I have a lot of questions for you. 

I'm interested in your background. So, I guess I'll ask what got you interested 

in designing math games? 

Shortly after describing their educational background, the designer described their 

reason for designing mathematics games and defined the concept of integration. 

Funexpected Math Designer: That's when we thought that games was the best 

parts to do it, to make kids enjoy mathematics again. But also it's the best way 

for them to get acquainted with different even complex mathematical concepts. 

We wanted to embed the mathematical concepts in the game mechanics itself, 

so that while playing, you are interested at the same time, you are learning 

something, you are understanding something. 

Candy Bot. The mathematics education expert was one of the four designers 

who shared a description about integration without any prompting. 

Me: Thank you. So, I'm curious about what you think is required for like a 

pretty... I guess what would be a high-quality math gameéLet's say someone 

asks you to make a list of three or three to five things. What do you think you 

put on there? 

Mathematics Education Expert: éLike taking, okay, we're going to learn how 

to multiply fractions, but it's going to be fun because we're going to blast 

things! Instead of that, I wanted to get at what are the actions students would 

need to engage in, in the game that are mathematical actions? So, the actions in 

the game needed to match the mental actions that it would take to understand 
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the mathematics. So, if they're blasting equivalent fractions, the action they're 

doing has nothing to do with the mathematics. 

Slice Fractions. The Slice Fractions designer was one of the four designers 

who shared a description about integration without any prompting.  

Me: Okay. So, I guess the first question is what does mathematics mean to 

you? If I asked you to explain what mathematics is or what mathematics means 

to you, what would you say? 

Slice Fractions Designer: I guess if that's okay I want to come back to 

something that you said that I think would be the most significant difference 

between what you call not fun apps and fun apps in the educational field. It 

would be the difference between game-based learning and gamification. I think 

gamification is a very popular concept that people think will solve everything. 

That if you gamify something you will eventually brush your teeth, or 

workout, or whatever you feel like you should be doing, but you don't want to 

and you give rewards.  

But I think what's interesting in games is that you don't need external 

motivation to continue. What we try to do with our games is not to give an 

extrinsic motivation, like you will get rewards or whatever, but the reward in 

itself is to play the game because it's interesting to play. I don't need to do a 

boring or inaction that I don't want to do because I'm motivated by the reward 

that I will get. 

I will now present the statements from the two designers who did not give a 

definition of integration until prompted. That is, they did not do so until I described 

the idea, referred to it as integration, and asked if they were familiar with the concept. 
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Math Land. The Math Land designer was one of the designers that did not 

give a description of integration until I mentioned it first. 

Me: Do you consider that to be integration? Do you think thatôs an important 

part of math game design, Integration? 

 Math Land Designer: We think itôs an important partéBecause we want to 

get there, to get somewhere where you are playing with math.  

This quote resonates with my description of integration in Chapter 1, in which 

I wrote ñthe game itself is the mathematics.ò I interpret this statement as the designer 

acknowledging that the gameplay in integrated games represent mathematics itself, 

and therefore, playing these games means playing with mathematics. 

DragonBox. The DragonBox designer was one of the designers that did not 

give a description of integration until I mentioned it first. 

Me: One of the things that I have learned, or that Iôve come to understand is 

educational games, in order for them to be engaging, or in order for them to be 

considered high-quality, they have to be integrated. So for math games in 

particular, thatôs like a good blend between the math in the game, and some of 

the mechanics or features in the game. So my theory is that these things, when 

you take the mathematics and you find a way to make the game mechanics 

mathematical or they represent some kind of math concept, then itôs impossible 

to separate the two. And thereôs a lot of math games on the app store, where 

itôs almost like itôs two different games.  

DragonBox Designer: Right, yeah. Mark Twain said that golf is a great walk 

interrupted. 

Me: Right. 
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DragonBox Designer: So yeah, thatôs a problem. And the beauty of math, is 

that because math is so abstract, it can become a game on itself. Itôs one of the 

fields where you can really integrate the mechanics and what you want to 

teach. 

An Illustrative Case. The designer of the non-integrated game in the sample ï 

Math Land ï shared more details on his perspective of integrated mathematics game 

design. 

Math Land Designer: So, you can do math as many times as you want. But 

that's a cycle. We need the coins for game design. We need the spyglasses to 

be sure that the kid wants to play the exercises, play math.  

Me: Do you consider that to be integration? Do you think that's an example or 

not so much?  

Math Land Designer: Not so much. Well, when we designed the game, we 

knew that this was something that was obviously two different games. Two 

different games that I play continuously. They play this game, then 

educational, then fun, educational then fun. I think that this is not an example.  

 I interpret the above statement from the Math Land Designer as a small amount 

of evidence that even a non-integrated mathematics game (i.e., the mechanics do not 

represent mathematical ideas) designer can be aware of the differences between 

integrated and non-integrated mathematics games. That is, in integrated games, the 

educational and entertaining aspects of the game are not disconnected or separate from 

one another.  

Data Table. Table 3 below contains the code pertaining to designers providing 

a definition of integration (ID). It was the second most mentioned code, tying with the 
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code MUL (described later). The Slice Fractions and Candy Bot designer together 

were responsible for more than half of the 23 codes. 

Table 3 How Often Designers Discussed Ideas Related to Integration. 

 ID 

Diffission 3 

Funexpected 3 

Math Land 1 

Candy Bot 8 

Slice Fractions 7 

DragonBox 1 

Arithmagic 0 

Total 23 

  

Finding #2 ï Designers Describe Integration as Essential to Mathematics Games 

While discussing integration, it became evident that the designers consider 

integration to be a significant aspect of mathematics game design. To support this 

finding, I will include evidence from designer statements along with the data table. 

Evidence From Designer Statements. Of the seven designers, six of them 

mentioned at least one statement that describes integration in terms of its significance 

to the designer. These statements from designers about integration indicate or 

represent at least one of the following: (a) that integration is a significant or important 

aspect of mathematics game design to the designer, (b) the designerôs thoughts on why 

integration is a significant thing to do, (c) the designerôs thoughts on why non-

integrated designs are not good. The following subsections contain these statements. 
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Diffission. The Diffission designer mentioned, ñA game or design where 

you're learning content that's divorced significantly from the mechanics you're asking 

the player to engage in within it, is going to be just a less memorable or less effective.ò  

Funexpected Math. The Funexpected Math designer mentioned, ñéwe 

release [use] game mechanics to help kids understand complex mathematical concepts. 

I guess that it means a lot to us that we are able to do it, and we invest much time and 

effort into making this happen.ò 

Math Land. The Math Land designer mentioned, ñWe did think it was 

important. We think that itôs important when you see it, you see a real math game, 

integrated math game.ò 

Candy Bot. The mathematics education expert mentioned, ñThatôs a real 

tension between the kinds of things theyôre used to, with gaming and what makes it 

engaging, and whatôs going to make it truly mathematical, not just superficially 

mathematical.ò 

Slice Fractions.  The Slice Fractions designer mentioned, ñWell, thatôs the 

core of our philosophy Iôd say. Of course, we use external motivationsébut you 

should always focus on intrinsic motivation first I guess, if you want to make a 

meaningful experience and not just some gamified stuff.ò 

DragonBox. The DragonBox designer mentioned, ñWell, itôs like cooking. All 

the ingredients are very important.ò 

Data Table. The code pertaining to the idea that integration is significant to 

designers (IS) was the third most frequently coded response of the nine codes across 

all designers. Table 4 below shows how often this idea was discussed by each of the 

seven designers. The numbers in the ñISò column represent the number of times the 
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designer either (a) explicitly mentioned that integration is significant, (b) mentioned 

why integration is significant, or (c) mentioned why non-integrated designs are not 

good. If the number is larger than 1, it is because the designer brought up the idea 

again during our conversation, not because I asked more questions about it. 

Table 4 How Often Designers Discussed Integration Being Significant. 

 IS 

Diffission 5 

Funexpected 3 

Math Land 2 

Candy Bot 4 

Slice Fractions 7 

DragonBox 1 

Arithmagic 0 

Total 22 

 

Finding #3 ï Designers Describe Integration as Difficult to Design 

In addition to giving a definition of integration and describing how significant 

it is to mathematics game design, the designers shared ideas about how difficult 

integration is to design. These statements can also be taken as further indications of 

how essential these designers consider integration to be. That is, most of them struggle 

to create games with integration despite recognizing that it is a difficult thing to do. I 

will support this finding with evidence from designersô statements, an illustrative case, 

and the data table. The following subsections contain these statements. 
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Evidence From Designer Statements. Of the seven designers, five of them 

mentioned at least one statement that described integration in terms of the difficulty of 

designing it. These statements indicate either (a) that the designer considers 

integration difficult to design, or (b) why the designer thinks integration is difficult to 

design. They are as follows. 

Funexpected Math. The Funexpected Math designer mentioned, ñAnd itôs 

very difficult to embed the mathematical concept into the game mechanics so that it 

will be interesting and it will be beneficial from the education point of view.ò 

Math Land. The Math Land designer mentioned, ñWe think that itôs important 

when you see it, you see a math, a real math game, integrated math game, but the 

problems in making it more integrated were overwhelming for us.ò 

Candy Bot. The mathematics education expert mentioned, ñIf they did any 

attempt at integration, I imagine theyôll report on tensions that they had. Tensions with 

their collaborators, or tensions between seemingly conflicting goals. Because I do 

think that integration is hard to do meaningfully.ò 

Slice Fractions. The Slice Fractions designer mentioned, ñYou have to try 

every idea with integration. I think itôs also a reason why not all companies get to do 

that, because you need money. You have that much time to test stuff.ò 

DragonBox. The DragonBox designer mentioned, ñSo the process [the process 

of design/integrating], itôs complex.ò 

An Illustrative Case. The Math Land designer (the designer of the non-

integrated game in the sample) shared more details of his perspective on how difficult 

it is for his team to design integration. 
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Me: Right. So, with the other kind of design, let me make sure I understand. 

With the other kind of design, it's almost like well, I have to do math to get to 

the game. And then with integrated games, it's like they can see that math is 

important by itself.  

Math Land Designer: Exactly.  

Me: Got it.   

Math Land Designer: That's what weôd like to obtain, but it's not easy.  

Me: What do you think is... Because I think it's known to be difficult, right? It's 

challenging for a lot of people. What makes integrating it so difficult? What 

makes it challenging?  

Math Land Designer: Well, I don't know. I'm thinking fast, but perhaps it's 

because video games are based on instant rewards. If they video games get you 

playing and playing and you don't obtain your reward, you are losing your 

interest. So perhaps in the kind of problems that math resolves, you have to 

work hard a lot of time to finally get something tangible or something fiscal or 

a reward.  

Me: Mm-hmm (affirmative). 

Math Land Designer: And perhaps that's the balance we need to find. The 

balance in you get the reward, but wait. And before the reward, you have to 

work a little bit more. But I don't know. Perhaps it's a lack of imagination in 

our part, but we are trying to find a way. 

 That designers try to build integration into their games even while recognizing 

the difficulties in doing so is indicative of how important integration is to mathematics 

game designers.  



 51 

Data Table. Table 5 below contains the code pertaining to the idea that 

designers find integration to be difficult to design (IDiff). It was mentioned a total of 

12 times across five designers, and with the Math Land designer making up third of 

the codes. This is understandable, given that Math Land was the non-integrated game. 

Table 5 How Often Designers Discussed Integration as Difficult to Design. 

 IDiff  

Diffission 0 

Funexpected 2 

Math Land 4 

Candy Bot 3 

Slice Fractions 2 

DragonBox 1 

Arithmagic 0 

Total 12 

 

Summary. In Chapter 1, I defined integration as the embedding of educational 

content or concepts within a gameôs mechanics. Of the seven designers, four provided 

a similar description of integration without any prompting. Of the remaining three 

designers, two were able to discuss integration after prompting and offered their own 

descriptions. Finally, one designer (Arithmagic) did not offer a description of 

integration, nor recognized it as the mechanics embodying mathematical ideas, even 

after prompting.  

That four of the seven designers discussed integration without any prompting 

suggests to me that they believe integration is essential. This is further corroborated by 
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the statements themselves, some of which clearly indicate that integration is part of 

these designersô philosophies or approach towards designing games.  

Further, the illustrative case presented for finding #1 is an example in which a 

non-integrated game designer (by his own admission) is able to discuss integration, by 

distinguishing the rather separate or unaligned design of non-integrated games from 

integrated ones.  

Of the seven designers, six expressed that integration was a significant aspect 

of mathematics game design. These statements further indicated that designers see 

integration as significant for several reasons: 

¶ making the game more memorable and more effective. 

¶ to help kids understand complex mathematical ideas or foster conceptual 

development. 

¶ to make the gaming experience more authentic or meaningful. 

Further, the notion of integration being significant was the third most discussed 

idea out of the nine codes, and one of the only three codes that appeared over 20 times 

across all designers. Lastly, five of the seven designers in the sample found integration 

as difficult to design. However, despite integration being so difficult to design, 

designers spend considerable time, money, and other resources in an effort to build 

integration into their games. 

Revised Hypothesis. As a result of my analyses, I now have a revised 

hypothesis pertaining to research question 1. I will discuss the following revised 

hypothesis in more detail in Chapter 5. 

¶ Mathematics game designers of integrated games are aware of integration, 

describe it in terms similar to the kind of integration advocated by researchers, 
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and consider it as essential as researchers do if the game aims to engage 

students in learning conceptual mathematics. 

Research Question 2 

¶ Research Question 2: Why do designers build integration into their games? 

Hypothesis #2 

 Designers will explain that integration encourages students to learn about the 

concepts of mathematics rather than just routine skills and facts because that is the 

fundamental educational difference between integrated games and non-integrated 

games. Integration allows designers to address conceptual learning as part of game 

play.  

Finding #4 ï Designers Integrate to Provide Conceptual Learning Experiences 

While discussing reasons why designers integrate mathematics games, it 

became evident that one of the reasons is because designers believe building 

integration provides better or deeper learning experiences. To support this finding, I 

will include evidence from designer statements, illustrative cases, and the data table. 

Evidence From Designer Statements. Designers described several reasons 

for building integration into their games as indicated by their individual statements. 

One of these reasons is that building integration provides better or deeper learning 

experiences compared to designs focused on skill and drill. 

In most cases, designers are responding to a question I posed about why they 

included integration as part of their game design.  
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 Of the seven designers, six shared at least one statement that describes 

integration in terms of it providing better, more useful, or deeper learning experiences. 

They are as follows. 

Diffission. The Diffission designer mentioned, ñIf the model you're asking the 

player to construct has significant similarity to the learning contentéthen it seems 

likely that there's going to be more transference out of the game if the concepts from 

that model are directly related.ò 

Funexpected Math. The Funexpected Math designer mentioned (about 

integration and other designers), ñI think we are designing games for different reasons. 

We are trying to explain something to children and they are trying to drill 

somethingéit's much more fun, that's the point. But this is drilling. It's not about 

understanding anything.ò 

Math Land. The Math Land designer mentioned, ñI think that itôs important 

because we want to make children see that maths are useful. I want them to know that 

maths are useful. If you use them properly, you obtain things with them, not because 

of them.ò 

Candy Bot. The mathematics education expert mentioned, ñSo I think itôs 

much needed if games are going to be impactful, actually lead to conceptual 

development instead of just more skill and drill.ò 

Slice Fractions. The Slice Fractions designer mentioned, ñéthere's also two 

kinds of approaches. If you make an app to get better at mental like mental additions 

or whatever, it's not the same as teaching new concepts such as place value, and 

fractions, and divisions, and stuff.ò 
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DragonBox. The DragonBox designer mentioned, ñAlso, there's many things 

you could be doing with that math learning game. It could be practice, it could be 

visualizing some concepts, it could be manipulating some other concepts. It could be 

discovering some concepts.  

Later in the interview, the DragonBox designer gave another related statement, 

saying, ñA mathematician will look at that and tell you the Nooms are mathematical 

objects because they have the same properties as numbers. So, what we're doing, is 

we're modeling, we're visualizing them in a way that's easier to understand.ò 

An Illustrative Case. The Slice Fractions designer shared more details of their 

perspective on the significance of integration. 

Me: Iôm going to ask them one by one. The first one is letôs just say 

integration, right? This idea that you just described. Number one, why is it 

important? 

Slice Fractions Designer: Because itôs what gives meaning to your experience. 

Because I think in video games itôs sometimes complicated to formulate what 

is the engagement? Where does the engagement come from? Like why? Not 

just in educational games. What is motivating? You project yourself in the 

character that has to accomplish some things. Itôs just like in cinema or novels. 

At some point you believe in what youôre doing. I think itôs called the magic 

circle, right?  

You get in the state of play in order to do the action youôre doing most, like 

have some sort of inherent coherency with the world. And so the action of 

using math actions to solve math problems have to be connected with the 

world somehow, and with your character, and the way you advance the world 
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or the experience. So, if I think like, I donôt even remember the name, but I 

remember a math game that I saw during one of the playtests. A teacher was 

showing us other games they used, right? It was a game where you had 

motorboats and it was a race. In order to make the boats move faster you had to 

solve a basic addition. 

Me: Right. 

Slice Fractions Designer: If you solve it right you get a boost and if not you 

just slow down. Thereôs absolutely no link between the two. So, youôre not at 

all motivated to do that. Well, itôs not that youôre not motivated, but itôs like 

you cannot believe it, you know? 

I interpret the above statement from the Slice Fractions Designer as an 

indication that without integration, it is harder for students to become engaged in the 

mathematical experience, because what they are doing as they play non-integrated 

games is not related to mathematics in any way. Further, I interpret the designerôs 

mention of the ñstate of playò as their interpretation of flow (Csikszentmihalyi, 2008). 

Flow is a heightened state of engagement with an activity so intense that one is 

extremely focused and loses a sense of time. As referenced in Chapter 2, research 

shows that increased engagement is supportive of mathematics learning (Hamari et al., 

2016; Hung et al., 2015).  

An Illustrative Case. The mathematics education expert shared a similar 

sentiment regarding designing authentic mathematical experiences in games. 

Specifically, intentionally designing the game in a manner that enforces students to 

engage with a mathematical idea or concept. 
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Mathematics Education Expert: So that's another principle that guided me. It's 

like, I want to make sure I'm bringing forth the mental actions that they're 

actually carrying out something that would be approximately those mental 

actions like partitioning. But also I ask myself, what's the minimum they can 

do to be successful? Because that's probably what they're going to do. They're 

going to try to be efficient.   

Me: Right.   

Mathematics Education Expert: Their goal is not to engage in mathematics. 

Their goal is to score points or win trophies as efficiently as possible. And if 

they're able to do that just by coming up with rules that don't necessarily have 

any mathematical meaning to them. They're just, okay four, four. Thereôs fours 

on the bottom. That's what students are going to do. So, you have to 

intentionally frustrate that. You have to think, okay, what can I do to force 

them to actually engage in mathematics, to be successful in the game? 

Data Table. Table 6 below contains the code ñMULò.  The numbers in the 

column represent the number of times the designer expressed designing something in 

the game or making a design choice (about levels, puzzles, mechanics, characters, etc.) 

for one or more of the following reasons: (a) to convey a mathematical concept, (b) to 

ensure that kids would engage with a mathematical idea or concept, or (c) as an aid to 

make the mathematical idea(s) or concept easier to understand. If the number is larger 

than 1, it is because the designer brought up the idea again during our conversation, 

not because I asked more questions about it. 

Table 6 How Often Designers Discussed Ideas Related to Understanding. 
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 MUL 

Diffission 8 

Funexpected 6 

Math Land 0 

Candy Bot 3 

Slice Fractions 3 

DragonBox 3 

Arithmagic 0 

Total 23 

 

Finding #5 ï Designers Integrate to Keep Students Engaged 

While discussing reasons why designers integrate mathematics games, it 

became evident that one of the reasons is because designers believe building 

integration keeps students engaged, and thereby increases their chances of learning. To 

support this finding, I will include evidence from designer statements, an illustrative 

case, and the data table. 

Evidence From Designer Statements. Of the seven designers, five presented 

at least one statement indicating they designed a feature or mechanic (or mix of these) 

so that students would not become too frustrated and give up on the game. That is, the 

reason the designers made these design choices was to keep students engaged so they 

will learn more. They are as follows. 

Diffission. The Diffission designer mentioned, ñIf youôre really bad at it and 

youôre still just learning, still at the absolute basics, you can really just break down all 

of the blocks into individual blocks and highlight them.ò This statement indicates that 

the designer created an easier way for students to solve puzzles in case some are still 

struggling with the fundamentals of the game. In other words, students can still 
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experience some level of success with the game, and therefore maintain their level of 

engagement or desire to keep playing. 

Funexpected Math. The Funexpected Math designer mentioned, ñItôs very 

important for kids to know that theyôre capable to finish it. The environment is 

forgiving for them. You can make mistakes. You can see how itôs done. Itôs not 

pushing you in any way.ò 

Math Land. The Math Land designer mentioned, ñSo yes, we make that so the 

kids will find it challenging, and this perhaps, when I was saying adaptive, I was 

thinking about engagingéò 

Slice Fractions. The Slice Fractions designer mentioned, ñRepeated failure is 

really bad because it builds up frustration and eventually a player can pour himself 

out. And so you need to catch them at some point and say, no, this is not what you 

should be doing.ò  

Arithmagic. The Arithmagic designer mentioned, ñI wanted to make sure 

people werenôt getting stuck in a situation where thereôs a ton of numbers on a 

monster and they have no idea what to do or where to go, because it can get 

unmanageable, right?ò 

An Illustrative Case. A Funexpected Math designer shared more about how 

helpful the hint button is to studentsô engagement and learning. 

Funexpected Math Designer: Well, this button is the same on all of our games. 

In fact, there are two games where we donôt have these kinds of buttons, 

because it is not needed there. But most of the games have it. Some kids whose 

parents we spoke to, they really like using this button. That's why its 
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appearance is delayed. So, we wanted kids to look at that problem to make 

some decision before starting, trying to get the way to solve it.  

So, one parent we talked with, he told us that his son continually used 

this button in our Ninja game. The parent was very worried. He said to us that 

he's not learning, because he, well, he takes and takes these hints and it's 

useless. But at some point we had another talk with him and he told us, "My 

kid stopped using it, because he got, well, I don't know why, but he plays the 

game without it anymore and he plays it better than he did before.ò Well, 

maybe somehow he needed some encouragement that he feels that he will 

never get stuck here. 

In this excerpt, the designer suggests that the hint button not only encourages 

students, but is also useful until the child reaches a place where it is no longer 

necessary. In other words, the feature was designed to support kidsô confidence in 

their mathematical ability, and eventually, helpful towards their mathematical 

understanding. In addition, the designer explicitly references the fact that giving up on 

the game means reducing learning opportunities.  

Data Table. Table 7 below contains the code ñMCò.  The coding within the 

column represents the number of times the designer mentioned keeping students 

engaged for the purpose of learning. Like with the codes pertaining to how designers 

described integration, after the designer first mentioned ideas related to these codes, I 

did not ask more questions about it. The idea was mentioned a total of 13 times. The 

designer of Slice Fractions stood out by mentioning this idea six times. 

Table 7 How Often Designers Discussed Moderating Challenge. 
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 MC 

Diffission 1 

Funexpected 2 

Math Land 2 

Candy Bot 0 

Slice Fractions 6 

DragonBox 0 

Arithmagic 2 

Total 13 

 

Summary. Of the seven designers, six said that building integration provides 

better or deeper learning experiences. Collectively, these statements and illustrative 

cases indicate that designers build integration into mathematics games for several 

reasons: 

¶ to design authentic mathematical experiences. 

¶ to help kids understand complex mathematical ideas or foster conceptual 

development rather than just drill mathematical facts. 

¶ to help kids feel confident and competent in order to sustain their motivation. 

Further, five of the seven designers shared statements indicating the 

importance of keeping students engaged so they do not lose confidence. The designers 

were heavily invested in keeping students engaged in order to support their learning. 

Specifically, they created alternative ways for students to solve the puzzles in the 

games, provided hints when kids get stuck on a level, or made the game adaptive so 

that it remains at studentsô ability levels. When students feel like they have goals that 

are obtainable, they may experience increased motivation or engagement, and hence, a 

desire to continue playing, which may increase their chances of learning. 
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Revised Hypothesis. As a result of my analyses, I now have a revised 

hypothesis pertaining to research question 2. I will discuss the following revised 

hypothesis in more detail in Chapter 5. 

¶ Designers build integration into their games to encourage studentsô conceptual 

development of mathematics. Designers also build in features and mechanics 

to sustain studentsô engagement with this conceptual development. It is unclear 

how much of integration is built exclusively for studentsô enjoyment. 

Research Question 3 

¶ Research Question 3: How do designers build integration into their games? 

Hypothesis #3 

Designers will be able to describe some processes of game design, but it is 

difficult to predict which ones or in how much detail for three reasons: 

¶ the literature does not document this process. 

¶ I am unsure how aware individual designers are of the entire process 

(the game might have been designed by a team and the lead designer 

might not be familiar with all aspects of game design). 

¶ I am not sure designers will have language to talk about the actual 

design process. 

Finding #6 ï Designers Believe Playtesting is Essential 

While discussing parts of the game design process, designers expressed that 

playtesting is essential to mathematics game design. To support this finding, I will 

include evidence from designer statements, an illustrative case, and the data table. 
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Evidence From Designer Statements. Of the seven designers, six shared at 

least one statement during the interview that indicates playtesting is an important part 

of designing a mathematics game. They are as follows. 

Diffission. The Diffission designer mentioned, ñIt was partly a process of 

building those, testing them out, testing them with other designers at the company and 

then making tweaks there based on the verbal feedback that I was getting from the 

people playing them.ò 

Funexpected Math. The Funexpected Math designer mentioned, ñSo we made 

a prototype, we tested it onto kids, and wow, miraculously it worked! They understood 

much more than we maybe expected them to, and we thought thatôs a good first step.ò 

Math Land. The Math Land designer mentioned, ñSo I think, we say when we 

try the games with kids, we observe if they want to go on playing, because they know 

we are making them test the game, so perhapséWe are seeing if theyôre having fun.ò 

Slice Fractions. The Slice Fractions designer mentioned, ñBut the way we 

know we succeeded is that we always do playtests. Every step of the way we playtest. 

We don't explain anything to kids, and there's no text in the game. So, we know if they 

understood.ò 

DragonBox. The DragonBox designer mentioned, ñI've been making games 

for over 25 years now. And Iôve never seen a team that iterated so much, and trying 

new things, and prototype so much before going into production. That's essential.ò 

Arithmagic. The Arithmagic designer mentioned, ñAnd so that was like a 

really big part of the development process for Arithmagic. It would be very different 

then, probably unplayable if I had not play-tested it with anyone.ò 
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An Illustrative Case. Below is the Arithmagic designerôs stance on the 

significance of playtesting. 

Me: You mentioned playtesting earlier, right? How significant is that to you?  

Arithmagic Designer: Extremely significant.  

Me: Can you explain?  

Arithmagic Designer: Yes. So, I guess in playtesting, having other people play 

the game, you just notice all the things that you're taking for granted in the 

game as you think that something is obvious, but then you see someone play it 

and you realize, okay, that's not obvious. And it just gives you this feedback 

loop to check your own assumptions, and then adjust the game accordingly. 

And then one day, you make enough changes, and then you show it to a brand 

new person and you see that, oh, they're not hitting the same issuesé 

Data Table. Table 8 below contains the code pertaining to playtesting and 

iterating (P&I). It is the most mentioned code of all nine codes. This was a shared idea 

across almost all of the designers. It was mentioned at least once by all designers 

except the mathematics education expert (Candy Bot), and nine times by the Slice 

Fractions designer. Even without input from the Slice Fractions designer, it would still 

be the second most mentioned code in category D, and the fifth most mentioned code 

across all categories. After the designer first mentioned ideas related to these codes, I 

did not ask more questions about it. I only followed the designerôs lead in discussing 

these ideas. 

Table 8 How Often Designers Discussed Ideas About Playtesting. 

 P&I 
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Diffission 5 

Funexpected 1 

Math Land 2 

Candy Bot 0 

Slice Fractions 9 

DragonBox 2 

Arithmagic 5 

Total 24 

 

Finding #7 ï Designing Games is Interdisciplinary 

While discussing parts of the game design process, designers expressed that 

integrating mathematics games requires the expertise and talent of multiple 

individuals. To support this finding, I will include evidence from designer statements 

and the data table. 

Evidence From Designer Statements.  Of the seven designers, six presented 

at least one statement during the interview that indicates that designing an integrated 

mathematics game is an interdisciplinary process. They are as follows. 

Funexpected Math. The Funexpected Math designer mentioned, ñNow we 

have several artists and several programmers, but we started with only one 

programmer and only one artist, it was myself, but now we have several.ò 

Math Land. The Math Land designer mentioned, ñOkay. Well, pirates was the 

idea to put in the game, so at that time, we only had one artist ï that was my partner. 

He proposed some concepts of main character ï for the pirate main character.ò 

Candy Bot. The mathematics education expert mentioned, ñThe computer 

scientist that I worked with, I mean, he obviously knew a lot of mathematics, he was 
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in computer science. But he didn't understand fractions until we started talking about 

them in the projects.ò 

Slice Fractions. The Slice Fractions designer mentioned, ñWe try to teach new 

concepts. That takes the academic backing of people who figured out the order in 

which you should teach those concepts, and who identified what's hard about a 

concept to understand for a kid, right?ò 

DragonBox. The DragonBox designer mentioned, ñThe team, well now it has 

expanded. But when I joined the company we were just like a dozen people, I think 

more than half had PhDs....ò 

Arithmagic. The Arithmagic designer mentioned, ñAnd money you need too, 

for example, on Arithmagic I didn't do the art, I paid an artist to do the art because I'm 

not an artist.ò 

Data Table. Table 9 below contains the code pertaining to the idea that 

integrating mathematics games requires a variety of individuals with different 

expertise (Interdisc). It was mentioned a total of 17 times and is the fifth most 

mentioned of the nine codes. This was a shared idea across almost all of the designers. 

It was mentioned at least once by all designers except the Diffission designer. After 

the designer first mentioned ideas related to these codes, I did not ask more questions 

about it. I only followed the designerôs lead in discussing these ideas. 

Table 9 How Often Designers Discussed Interdisciplinary Work. 

 Interdisc 

Diffission 0 

Funexpected 3 
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Math Land 4 

Candy Bot 4 

Slice Fractions 3 

DragonBox 2 

Arithmagic 1 

Total 24 

 

Finding #8ï Designers Decompose Mathematical Ideas or Topics 

While discussing parts of the game design process, some of the designers 

expressed that breaking down mathematical concepts into smaller pieces is a core part 

of the process of integrating mathematics games. To support this finding, I will 

include evidence from designer statements and the data table. 

Evidence From Designer Statements.  Of the seven designers, four presented 

at least one statement during the interview that indicates that decomposing 

mathematical concepts and ideas into smaller pieces is a part of the design process. 

They are as follows. 

Diffission. The Diffission designer mentioned, ñYeah, you're taking, you're 

taking a higher level concept that you want and conveying it through a lower level set 

of systems.ò 

Funexpected Math. The Funexpected Math designer mentioned, ñBut my 

approach is at looking at the complex concepts, even very complex math, and then we 

simplify it and to try to find what can you tell about this concept to young children.ò 

Slice Fractions. The Slice Fractions designer mentioned, ñInstead of putting 

everything in one level, that would be super hard. You just make a level with the first 

part of the equation. And then the second level is the first part with something more.ò 
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DragonBox. The DragonBox designer mentioned, ñI think, well first, and 

that's been one of DragonBoxôs philosophies, is that anything can be taught if you 

slice it into small pieces.ò 

Data Table. Table 10 below contains the code pertaining to the idea that 

designers break down mathematical ideas and concepts into smaller pieces (decomp). 

It was mentioned a total of 11 times across four designers, with over half from the 

DragonBox designer. 

Table 10 How Often Designers Discussed Decomposing Mathematical Ideas. 

 Decomp 

Diffission 1 

Funexpected 3 

Math Land 0 

Candy Bot 0 

Slice Fractions 2 

DragonBox 5 

Arithmagic 0 

Total 11 

 

Finding #8 ï Designers Use Technical Skills to Bring Mathematics to Life 

While discussing parts of the game design process, some of the designers 

expressed that they convert and/or ñtranslateò mathematics curricula or topics as well 

as art and other game items into a digital format by the use of game engines and other 

technological tools. To support this finding, I will include evidence from designer 

statements and the data table. 
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 Evidence From Designer Statements. Of the seven designers, four presented 

at least one statement during the interview that indicates converting and translating 

mathematical ideas into forms that can be addressed in an animated digital game 

format is part of the process of designing an integrated mathematics game. They are as 

follows. 

Diffission. The Diffission designer mentioned, ñSome of those were me 

drawing up designs, putting them in the game whichéwe didnôt actually have good 

tools for making custom levels for this. I basically had to map a 2D level into a one-

dimensional structure for myselféò 

Math Land. The Funexpected Math designer mentioned, ñBecause there is a 

isometric game level editor in Unity now. But it was not on Unity at that time, but also 

we cannot use it because we translate it to text files and it's very particular for us.ò 

Slice Fractions. The Slice Fractions designer mentioned, ñSometimes you just 

don't figure out how to make a level out of an exercise. The first step in making those 

games is just to try to prototype to those math subjects. Can we make something out of 

them?ò 

DragonBox. The DragonBox designer mentioned, ñéthe designers took the 

linear equation which usually is one dimensional, it's just written over a line on your 

notebook. And they say, óWhy do we need to have it in 1D? Let's make it 2D.ôò 

Data Table. Table 11 below contains the code pertaining to the idea that 

designers convert and translate mathematical and concepts into the game using 

technical expertise (C&T). It was the least most mentioned code, being mentioned 10 

times across four designers, and with the Slice Fractions designer making up half of 

these codes. 
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Table 11 How Often Designers Discussed Converting Mathematical Ideas. 

 C&T 

Diffission 3 

Funexpected 0 

Math Land 1 

Candy Bot 0 

Slice Fractions 5 

DragonBox 1 

Arithmagic 0 

Total 10 

 

Summary. These designersô statements indicate that these games in the sample 

would be very different games, or perhaps would have never been made, had the 

designers never playtested the games. This suggests that playtesting is essential to the 

design process of a mathematics game. 

Further, almost all of the designers indicated that they worked with other 

people to design the games in the sample. The range includes artists, computer 

scientists, programmers, and education experts.  

Regarding mathematics, the designersô statements all indicate that part of the 

process of designing an integrated mathematics game is to break down the concepts 

into smaller pieces. Some of the designers indicated that this is done by taking a 

concept and breaking it down to span multiple levels. They say they do this so 

students can process larger or more complex mathematical ideas piece by piece. 

Finally, the designersô statements indicate that part of the process of design is 

converting mathematical ideas and other game items (i.e., artwork) into a digital 
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format, and do so through the use of some technological tools or computer programs 

(i.e., Unity, level editors).  

Revised Hypothesis. As a result of my analyses, I now have a revised 

hypothesis pertaining to research question 3. I will discuss the following revised 

hypothesis in more detail in Chapter 5. 

¶ Designers are able to describe several processes involved in building 

integration into mathematics games. This includes playtesting, blending a 

variety of kinds of expertise (i.e., artists, programmers, PhDs, etc.), breaking 

down mathematical concepts into small pieces, and technical knowledge (i.e., 

game engines and other game design tools). 



 72 

Chapter 5 

DISCUSSION 

Problem Addressed in This Study 

Currently, there is a dearth of educational mathematics games that provide 

students with opportunities to learn mathematics conceptually. As a school teacher and 

beginning doctoral student, I hypothesized that the design of the games, and individual 

game features in particular, were responsible for this problem. However, because 

video games are composed of an interconnected system of features and mechanics 

(Fullerton, 2018), I could not easily unpack the structure of games to pinpoint the 

problem. To further my understanding, I decided to investigate game design and study 

how these features and mechanics work together.  

Understanding the interactions of game features and mechanics would allow 

one to more accurately assess the type of experience a player will have, and in 

educational games, the learning opportunities the game is able to provide. Researchers 

have looked at the learning opportunities provided by current mathematics game apps 

and have concluded they provide little in terms of conceptual mathematics 

development (Cayton-Hodges et al., 2015). Several researchers and educational game 

experts have identified the lack of integration between educational features and game 

mechanics in educational game design as the cause of this problem (Devlin, 2013; 

Kenny & Gunter, 2007; Kiili et al., 2012; Shapiro et al., 2014).  

Although researchers use similar terminology to describe integration, and view 

it as essential for engaging with mathematical concepts, little has been written about 
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the details of integration in individual games or about how to design integration into 

these games. This study sought to investigate integration from the perspective of those 

who know how to design games ï the designers of commercial mathematics game 

apps. Are these designers aware of the concept of integration? If they are, do they 

think it is as essential to mathematics game design as researchers believe it is? If so, 

how do they describe its purpose? Would they be able to explain how they design 

integration into games?  

Progress Made Toward Solving the Problem 

To address the problem described above, I developed the following three 

research questions: 

¶ Are designers able to discuss ñintegrationò in the same way as 

researchers? That is, do designers share the same concept of integration 

as described in the literature? 

¶ Why do these designers build integration into their games? 

¶ How do designers build integration into their games? 

Because I wanted to understand the perspectives of commercial mathematics 

game designers on various aspects of game design, I conducted one-on-one interviews 

to elicit descriptions from them. In response to a series of planned questions, the 

designers elaborated on their perspectives regarding integration and shared their 

thoughts on various aspects of the inner workings of mathematics game design. Their 

views and insights have contributed to the development of revised versions of my 

initial hypotheses in Chapter 2.  

The relatively small sample of designers, the small number of games 

represented, and the absence of other descriptions in the literature of designersô views 
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on integration present limitations that prevent me from proposing revised hypotheses 

as claims. I use ñrevised hypothesesò because they represent more specific hypotheses 

that should be tested in future studies. Differences between my original and revised 

hypotheses represent, in summary and abbreviated form, what I learned from 

conducting this study. 

In this chapter, I will present each research question, my initial hypothesized 

answer to the question, the findings that address this hypothesis, and my revised 

hypothesis based on these findings. 

Research Question 1 

¶ Are designers able to discuss ñintegrationò in the same way as researchers? In 

other words, do designers share the concept of integration as described in the 

literature? 

Initial Hypothesis. Designers will be able to discuss integration because it 

cannot be accidentally designed into games. However, it is unclear how designers will 

describe integration or whether they will do so without being prompted, because 

designers have not been interviewed systematically before.  

Summary of Findings That Address This Hypothesis. Of the seven 

designers interviewed, six gave a description of integration that resembles the concept 

of integration (including the one non-integrated game designer) as it is described in the 

literature and four did so without prompting. That most of the designers described the 

concept of integration without any prompting demonstrates how essential it is to them 

and the design of their games. Almost all designers in my sample were aware of and 

able to discuss integration, and they described it similar to how researchers describe it.  
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Further, while elaborating on their viewpoints regarding integration, six of the 

designers described integration as significant, and five of the seven designers shared 

how difficult it is to build it into games. Despite its difficulty as an aspect of 

mathematics game design, designers still spend considerable resources trying to build 

integration into their games. This suggests that, like researchers, most of the designers 

in the sample think integration is essential to mathematics game design.  

As a result of the designersô attestations to integration and its significance, I 

can revise my initial hypothesis.  

Revised Hypothesis. Mathematics game designers of integrated games are 

aware of integration, describe it in terms similar to the kind of integration advocated 

by researchers, and consider it as essential as researchers do if the game aims to 

engage students in learning conceptual mathematics.  

Although the one designer in my sample of a non-integrated game discussed 

integration in the same ways as their integrated game designer peers, I hesitate even 

proposing a hypothesis about the ability of non-integrated game designers to describe 

integration.  

Research Question 2 

¶ Why do these designers build integration into their games? 

Initial Hypothesis. Designers will explain that integration encourages students 

to learn about the concepts of mathematics rather than just routine skills and facts 

because that is the fundamental difference between integrated games and non-

integrated games. Integration allows designers to address conceptual learning as part 

of game play. 
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Summary of Findings That Address This Hypothesis. Of the seven 

designers, six described integration as being able to provide deeper, more conceptual 

learning experiences than non-integrated games. Further, designers are aware that 

building integration into their games is what separates theirs from the rest. As the 

Funexpected Math designer mentioned, ñWe are trying to explain something to 

children, and they are trying to drill somethingéItôs not about understanding 

anything.ò It is clear that this designer is referring to conceptual understanding. The 

emphasis on conceptual learning is what separates the games whose designers I 

purposefully selected for this study from games that emphasize drilling skills and 

facts. 

Designers also shared that they design features and mechanics to keep students 

engaged. Of the seven designers, five described using features like hints, or alternative 

ways to solve puzzles, as way to keep students engaged with the mathematics in the 

game. In other words, designers understand that students cannot learn if they do not 

play the game, and studentsô motivation to continue playing hinges on their ability to 

experience success in the game. Therefore, developing mechanisms so students do not 

become frustrated but instead experience some level of competence is important to 

mathematics game design.    

As a result of designersô attestations to valuing studentsô conceptual 

development, as well as managing studentsô frustration and engagement, I can revise 

my initial hypothesis.  

Revised Hypothesis. Designers build integration into their games to encourage 

studentsô conceptual development of mathematics. Designers also build in features and 
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mechanics to sustain studentsô engagement with this conceptual development. It is 

unclear how much of integration is built exclusively for studentsô enjoyment. 

Research Question 3 

¶ How do designers build integration into their games? 

Initial Hypothesis. Designers will be able to describe some processes of game 

design, but it is difficult to predict which ones or in how much detail for three reasons: 

¶ the literature does not document this process. 

¶ it is unclear how aware individual designers are of the entire process (the game 

may have been designed by a team, and the lead designer might not be familiar 

with all aspects of game design). 

¶ it is unclear if designers will have language to talk about the design process. 

Summary of Findings That Address This Hypothesis. The designers 

described several aspects of the processes of game design. First, all but one designer 

indicated how significant playtesting is to design. Many of the games in the sample 

either would not have been made, or would not have been as good had the designers 

not bothered to make prototypes, iterate, and test the game with kids. This suggests 

that playtesting is an essential part of the process of designing mathematics games. 

Second, all but one designer described designing mathematics games as an 

interdisciplinary process. The designers mentioned many kinds of expertise and 

talented individuals, including artists, programmers, computer scientists, and some 

people in education. This suggests that to create a high quality math game, many 

talented people with different kinds of expertise are required to work together. 
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Third, of the seven designers, four mentioned that decomposing mathematical 

concepts and ideas into smaller pieces is part of their approach to designing 

mathematics games. For example, designers expressed taking one idea or concept and 

breaking it down into a progression that spans multiple levels. The designers indicated 

that this is done so that complex concepts can become accessible for children through 

playing the game. 

Last, four of the seven designers indicated that converting and translating 

mathematical ideas into this digital format is part of the process of mathematics game 

design. Designers shared technical elements of design, such as using game engines 

like Unity, prototyping math subjects and making levels out of exercises, and drawing 

and designing the levels in the games.  

Prior to the interviews, it was unclear how designers would discuss the 

processes of design. In addition, it was unclear whether designers had access to the 

critical processes of game design. As designers made clear, games are a product of 

interdisciplinary work so I was not sure that one-on-one interviews would yield 

information on the processes of game design.  

As a result of designersô shared insights into several aspects of mathematics 

game design, I have chosen to revise my initial hypothesis.  

Revised Hypothesis. Designers are able to describe several processes involved 

in building integration into mathematics games. This includes playtesting, blending a 

variety of kinds of expertise (i.e., artists, programmers, PhDs, etc.), breaking down 

mathematical concepts into small pieces, and technical knowledge (i.e., game engines 

and other game design tools).  
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However, the information provided by designers did not make clear how these 

processes work together to produce integrated mathematics games, or if there are more 

critical processes, or if there is a particular sequence in which the processes are 

activated.  

Implications for Future Research 

While I learned from this study that designers of integrated mathematics games 

are likely to know what integration is and describe it in a way similar descriptions 

contained in the research literature, I did not learn whether designers of non-integrated 

games are also aware of and can describe integration. So, I do not know whether non-

integration is a result of designers not being aware of integration or not being able to 

design integration into a game even though they recognize its importance. Are there 

more non-integrated mathematics games on the apps stores because these designers 

are unaware of integration? Or, are they aware of integration, but just do not know 

how to build it into their games? A future study that includes more non-integrated 

game designers can contribute to answering this question.  

Prior to interviewing designers, it was unclear how they would discuss the 

processes of designing a mathematics game, or if they would be able to do so. Of the 

processes discussed, playtesting, interdisciplinary, decomposing mathematical 

concepts, and using technological game design tools were the most discussed. 

However, several parts of the process are still unclear. What does a step-by-step 

description of designing an integrated level look like or entail? Or, in other words, 

how do these different processes come together to form the levels in the games? Are 

there other processes involved in integration that were not shared in this study but 

might be crucial and could be shared by other designers? Will these four processes 
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remain the most discussed given a larger sample size? Are any of these processes 

more valuable than others?  

Other methods might better answer these questions. A focus group interview 

with various teams of designers may yield valuable data in terms of the step-by-step 

process designers take when converting and translating mathematics into a digital 

game format. Observations of designer teams at work may allow researchers to further 

document this process as well as capture how significant various aspects of the design 

process are to the team.  

Implications for Educational Practice 

This study has some important implications for educational practice. Despite a 

desire to do so, some educators struggle with incorporating educational technology 

into their classroom. They may want to include technology such as educational video 

games into their classroom, but may not know for what purposes games could be used, 

how to look for games that are consistent with these purposes, or how to evaluate 

games. 

For mathematics educators who wish to include games in their curriculum or 

instructional practice, the findings from this study indicate they can assess the learning 

goals for which the games are appropriate by, first, playing the games themselves. 

They can evaluate and distinguish the learning opportunities provided by the games by 

paying special attention to the mechanics, or the actions they take when playing these 

games. Do the actions represent or resemble mathematical ideas or concepts? Is there 

mathematics ñunder the hoodò of the actions the game requires you to carry out? Is it 

difficult to imagine what the game would be like if there was no mathematics?  
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If the actions involve doing mathematics, that game is likely an integrated 

mathematics game. These games often provide conceptual mathematics learning 

opportunities and, therefore, could be used to support studentsô conceptual 

understanding. These games are not common but they do exist and their designers 

intentionally engage players in the conceptual aspects of mathematics.  

If the mathematics in the game occurs as a separate component of the game, 

unrelated to the key actions of the game, it is not an integrated game. The mathematics 

portion of these games resembles a worksheet drill. Educators may decide to use non-

integrated games as substitutes for drill worksheets or practice materials. But teachers, 

coaches, and curriculum supervisors should be aware that these games will not help 

students understand the concepts that lie behind the procedures. With the distinction 

between integrated and non-integrated games, educators can select mathematics games 

that will best serve their purposes. 

Mathematics teacher educators can include or dedicate a segment of their 

course to teaching with digital technology, and with mathematics games in particular. 

Preservice teachers could learn to evaluate educational games in terms of the learning 

opportunities they offer. Preservice teachers could play several mathematics games 

available on the app stores and evaluate them based on gameôs mechanics and then 

decide how they might best use the game (i.e., as an opportunity for conceptual 

learning, as a practice tool, for play time, etc.). Given the increasing use of technology 

in classrooms, selecting appropriate mathematics games could become a critical skill 

for prospective teachers. 

Making better informed choices about video mathematics games is likely to 

produce greater demand for games that support studentsô conceptual mathematics 
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learning. If educators know what to look for, they are likely to select games that 

engage students in learning concepts rather than just practicing skills. This could, in 

turn, increase the demand for integrated games. This might add enough pressure for 

more designers to invest in creating integrated games. In other words, if teachers knew 

how to evaluate the learning potential of video games, their demand for more 

conceptually-oriented games might alleviate the shortage of high-quality video games 

that support studentsô learning of deeper, conceptual mathematics rather than simply 

drilling facts and skills.  

As an elementary mathematics teacher and a gamer, I looked for ways to 

incorporate technology in my classroom. In particular, I encouraged students to play 

math video games. If I had known what I learned from conducting this study, I would 

have searched for more integrated games to support studentsô conceptual learning. 

These games would have added a useful instructional resource to help student achieve 

more ambitious learning goals.  

If more integrated games were available, if teachers knew how to recognize 

integration in educational games, and if they knew what these games could mean for 

studentsô learning opportunities, they could supplement their instruction with activities 

that are fun for students without having to sacrifice conceptual mathematics 

development. If students consider learning mathematics a fun and exciting experience, 

they are more likely to have a positive view of mathematics, be engaged with 

mathematics, and learn mathematics. 
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Appendix A 

LIST OF ENTERTAINING FEATURES AND EDUCATIONAL FEATURES  

 These lists of features were developed for an earlier study designed to discover 

the game features students notice and enjoy the most across both educational and non-

educational games. I identified these features based on my own expertise as an 

educator and gamer, as well as through the literature on game-based learning. 

Entertaining Features 

¶ Challenge and difficulty/ZPD (Hung et al., 2015) ï The level of challenge of a 

video game; how difficult it is to make progress in a game. 

¶ Narratives and story (Dickey, 2011) ï The story or plot of a video game. 

¶ Social and multiplayer components (Ke & Gabrowski, 2007; Wu et al., 2014) ï 

The level of opportunity a game presents to make the game enjoyable for more 

than one player. This can include online modes or online communities, forums, 

etc. 

¶ Fantasy (Kenny & Gunter, 2007; Malone, 1981) ï The extent to which a game 

incorporates things that are not realistic or are of extravagant imagination (i.e., 

dragons, magic, flying). 

¶ Competition ï The extent to which a game makes players compete or is 

competitive. 

¶ Graphics, sound, and environments (Malone, 1981; Malone & Lepper, 1987) ï 

The overall audiovisual presentation of a video game. 
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¶ Attachment and progression (Gee, 2003) ï A feature of video games that 

inspires a sense of growth and/or achievement in the player that may develop a 

sense of attachment to the game. 

¶ Freedom and control ï A feature of video games that offer the player 

autonomy (i.e. linear games vs. non-linear) or choice in how they play the 

game. 

¶ Curiosity ï A feature of video games that makes player wonder more about it 

or develops a desire to explore, discover, and find out more about the game. 

¶ Bonus features ï Extra content or add-ons to the game that gamers can 

complete or play that are non-mandatory towards completing the game and are 

meant to be a fun distraction (i.e., minigames, side-quests). 

Educational Features 

¶ Challenge and difficulty (Devlin, 2011; Vygotsky, 1978) ï The level of 

challenge of a video game; how difficult it is to make progress in a game. 

¶ Explicit connections between procedures and concepts (Hiebert & Grouws, 

2007) ï The extent to which the game clarifies how the mathematics in the 

game is related to mathematical concepts or mathematics in non-game 

contexts. 

¶ Student feedback (Gresalfi & Barnes, 2015; Hattie & Timperley, 2007; Yang 

et al., 2018) ï The extent to which a game explicitly responds to the things 

players do. 

¶ Multiple representations (Yang et al., 2018) ï Providing more than one 

representation of the content that is to be learned (i.e., graph, table, equations, 

pictures). 
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¶ Multiple solution paths (Pope & Mangram, 2015) ï Providing more than one 

way to solve a puzzle or complete a level within the game. 
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Appendix B 

COMPLETE SAMPLE OF GAMES  

Appendix B contains the complete sample of games, including the awards they 

have won (if applicable), ratings, and teacher approval status (if applicable). 

Funexpected Math 

Funexpected Math has won the following awards: 

¶ 2020 Games for Changes best learning game nominee  

¶ 2020 Kidscreen Awards best learning app winner 

Figure B1 below shows Funexpected Mathôs ratings on the Apple app store. 
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Figure B1 Funexpected Math App Store Ratings. 

DragonBox 

The DragonBox games as a collective have won several awards and the games 

are teacher approved via Google Play. As most of the questions I asked the designer 

were about DragonBox Algebra, Figure B2 displays the awards DragonBox Algebra 

has won. 
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Figure B2 DragonBox Algebra Awards. 

Slice Fractions 2 

Slice Fractions 2 is a teacher approved game and has won several awards 

including: 

¶ Youth Media Alliance best original digital content 2015 

¶ Indie Prize Showcase Awards 2014 best family friendly game 

¶ International Serious Play 2014 gold medal 

Figure B3 below shows a preview of the game on the Apple app store. 
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Figure B3 Slice Fractions 2 App Store Ratings. 

Math Land  

Math Land has not won any awards. It is teacher approved and has positive 

reviews. Figure B4 below shows an overview of Math Land on the Google Play app 

store. 
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Figure B4 Math Land Google Play Ratings. 

Arithmagic  

 Similar to Math Land, Arithmagic has not won any awards. It is a teacher 

approved game with positive reviews. Figure B5 below shows an overview of 

Arithmagic on the Google Play app store. 
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Figure B5 Arithmagic Google Play Ratings. 

Diffission 

 Diffission has not won any awards but has positive reviews (though a small 

number). Figure B6 below shows a preview of the game on the Apple app store. 
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Figure B6 Diffission App Store Ratings. 

Candy Bot 

 Candy Bot is the product of an NSF funded grant in which the mathematics 

education expert and several computer scientists worked to create. Figure B7 below 

shows an overview of Candy Bot on the Apple app store. 
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Figure B7 Candy Bot Apple App Store. 
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Appendix C 

SAMPLE INTERVIEW PROTOCOL  

Hi! My name is Ku. I am a PhD student in Math Education at the University of 

Delaware, and I am now on the final step before graduation, which is completing my 

dissertation. Before I came to UD, I was a 6th grade math teacher for several years in 

New York City, which is also where I am from. As a math teacher, I noticed that it 

was difficult to get students to become more motivated in math, so I wanted to see if I 

could use games to motivate them. I am what most people in the gaming world 

consider a ñhardcoreò gamer. I have been playing video games all my life, competed 

in tournaments for games, and I regularly spend large amounts of time and money on 

video games. It was at that point in my teaching career where I started to think about 

how I could combine my knowledge of math/teaching and deep knowledge of games. 

This became the focus of my dissertation ï how to design/create high-quality math 

games that kids could play and learn from, and I thought you would be one of the best 

people to ask! That is my background, but to start I am really interested in your 

background(s). 

Introductory Questions 

¶ What got you interested in designing games?  

¶ Why math games? 
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¶ What does mathematics mean to you? If I asked you to explain what 

mathematics is or what mathematics means to you, what would you say? 

¶ How did you get into designing math games?  

¶  What advice would you give to somebody who is interested in designing math 

games as a career? 

Category A: Designersô Thoughts on Elements They Would Include in a Math 

Game  

If you had to give a list of things that you think are fundamental to the design 

of a high-quality math game, what would be on that list?  

¶ Why? What makes each of these significant to high-quality math game design? 

¶ If you had to pick only 5 of these things, which would you pick? Can you rank 

them? 

¶ You mentioned [whatever aspects they mentioned]. Are there any other 

features you can think  of that you perhaps forgot to mention, or do you think 

you covered them mostly? 

¶ Do you think [designerôs game] has most of the instrumental things you just 

described? 

¶ If you had additional funding and extra time to work on [designerôs game], 

how would [designerôs game] be different? 

Move onto Category B. If they mentioned integration while answering 

questions in Category A, then segue with the following: 
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¶ So, I noticed that one of the aspects of high-quality math design game you 

mentioned is integration [OR use the specific language they use to describe 

integration ï perhaps it will be ñintegrationò verbatim]é I want to focus on 

that aspect a little bit more during this interview. 

If they do not mention integration while answering questions in Category A, 

then segue with the following: 

¶ So, one of the things I have read and seen very often, is that educational games 

have to be integrated in order for the game to be considered a high-quality 

educational game. For math games in particular, Iôve seen this described as a 

blend between the math in the game and some of the game mechanics or 

features. By ñintegratedò, I mean that the game mechanics have to be somehow 

mathematical in nature, or the game features have to be interconnected with the 

educational features somehow. Do you know what I mean?  

¶ [IF THEY DONôT] For example, in [DragonBox Algebra], you see that some 

of the puzzles (educational content), can be solved in fewer moves, which 

means students have the freedom to solve these puzzles in more than one way 

(freedom or open-endedness is an engaging feature of games). Here is another 

example where the mathematics content is intertwined within the game 

mechanics. Students are asked to solve these puzzles that are really 

representations of one or two-step equations. The mechanics (combining dark 

and light versions of cards, adding cards together, popping bubbles, etc.) all 

represent some mathematical concepts in the real world. In Funexpected Math, 

here is an example of how the game mechanics represent some mathematical 

idea (symmetry). What do you think of this idea? 
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Category B: Designersô Perspectives on Integration 

[If they DID mention integration in Category A] 

¶ éWhat does integration [OR the specific language they use to describe 

integration ï perhaps it will be ñintegrationò verbatim] mean to you? Or, can 

you explain in more detail what you mean when you say [integration], and 

why you think it is an important aspect of math game design? 

¶ Out of all the aspects of math game design, how important is integration? What 

I mean is, to what extent is it significant to you? Do you think there is anything 

more important than it? If so, what? What would you consider as less 

important than integration? 

¶ So, thanks for sharing more about [integration] and what makes it such a 

significant part of math game design! Now I am wondering, how do you do it? 

Can you describe how you go about making sure that the game has a certain 

level of [integration]? 

¶ How do you know when you have achieved the level of [integration] you 

desire? 

[If they did NOT mention integration in Category A] 

¶ éDoes any of that make sense? So, I wanted to ask, what are your beliefs and 

perspective towards this idea that educational math games need to have the 

math and the game mechanics integrated. Do you feel that this is true? Why or 

why not? 

¶ Out of all the aspects of math game design, how important is integration? Do 

you think there is anything more important than it? If so, what? What would 

you consider as less important than integration? 
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Move onto Category C saying the following: I have been wrestling with that idea of 

integration for years now, so I really appreciate you taking the time to share your 

thoughts about it. In fact, I thought about integration while playing through [designerôs 

game]. I had some questions to ask about some of the design choices I noticed in the 

game. 

Category C: Design Choices about Individual Features and/or Integration of 

Features 

¶ But first, can you go back in your mind to when you first started thinking about 

Arithmagic? Were you inspired by anything in particular that fueled your 

desire to make this game? 

¶ What was your design philosophy for this game? In other words, did you have 

a set of principles that you (or your team) stuck to throughout the entire 

process of design? What were your goals for this game? 

¶ Is this the approach you take with every game, or do you take a different 

approach with other games? 

¶ Interesting, so can you tell me what the design process was like? For example 

ï what was the very first thing you all did?  

¶ So, given how I was describing integration earlier, while playing Arithmagic, I 

jotted down each time I noticed that the educational/learning features were 

integrated or mixed with the game features, and also when game features were 

mixed with other game features. I basically made a note of where I saw any 

kind of integration throughout my playthrough of the game. Can you tell me 

what you think? Particularly, (a) if this was something intentional for you (or 
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your team), (b) why you chose to integrate these features together. I took 

screenshots to help us frame the discussion with a bit more clarity. Letôs start: 

¶ Challenge & Graphics/Environment: [Show picture]é I took this 

screenshot because I thought it represented an example of integration 

between the challenge & environment features. For example, if you 

choose to do geometry in Egypt/Africa, the game has you solve 

geometric puzzles (rotations) etc. -- that when solved, reveal Egyptian 

lore (sphynx, ankh, snake, etc.) behind the paper. When you designed 

this, what were your goals? 

¶ Challenge & Feedback: [Show picture]é I took this screenshot 

because I thought I thought it represented an example of integration 

between the challenge and feedback in the game. For example, I 

noticed that the challenge can be affected by the in-game hints. At the 

start of a new puzzle, a lightbulb (hint) icon appears if you donôt do 

anything for a few seconds (I guess the game thinks you are stuck), and 

students can choose to click on it. It will show them where a random 

piece belongs (geometry). So, if students get stuck they can use this 

option. This obviously will impact the level of challenge in the game. 

Are there other levels that are designed like this? When you designed 

this, what were your goals? How does this design fit into your goals for 

mathematics learning? 

¶ Fantasy & Graphics: [Show picture]é I took this screenshot because I 

thought it represented an example of integration between the fantasy in 
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the game and the graphics/environments in the game. For example, I 

noticed that the game takes place on multiple different continents with 

the environments being real life places, and even resembling those 

places (Egypt, Greenland, Japan), but the maps being based in fantasy 

(I.e., houses on ice, a husky on an iceberg, etc). When you designed 

this, what were your goals? How does this design fit into your goals for 

mathematics learning? 

¶ Challenge & Progression: [Show picture]é I took this screenshot 

because I thought it represented an example of integration between 

challenge and progression in the game. For example, as you progress 

through the different minigames, the game gets more challenging and 

deeper thinking is required. When you designed this, what were your 

goals? How does this design fit into your goals for mathematics 

learning? 

¶ Curiosity & Freedom: [Show picture]é  I took this screenshot because 

I thought it represented an example of integration between giving the 

player freedom of choice, and this building some sense of curiosity. For 

example, as the player is given freedom to roam the different 

continents, there is a sense of curiosity wondering what minigames are 

in all of the different continents ï some sense of mystery is there. There 

are a ton of different minigames to play on all of the different 

continents, and the fact that the game is non-linear allows you to 

explore and develop this curiosity for whatôs there. You can play 

whichever minigames youôd like on whichever continent you want at 
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ANY time. When you designed this, what were your goals? How does 

this design fit into your goals for mathematics learning? 

Category D: Descriptions About the Process of Designing an Educational Math 

Game 

I appreciate you sticking with me! These are my last set of questions, and 

theyôre about what we just described. We discussed what your goals were, or in other 

words, why you chose to integrate those specific set of features, but what Iôm curious 

about now, is exactly how is that done? What is the design process that produces these 

different integrations we just discussed?  

¶ For example, we mentioned that the game has several challenges, and that the 

level of challenge can be moderated by the in-game hints. So, I guess the 

question here is, what is the design process for implementing this in the game? 

Is there someone that you bring onto the team to help you design this? Do you 

begin with a conversation? Can you tell me step by step, from the very 

beginning exactly what you do, or how to achieve this kind of integration, from 

the first conversation, until when it comes to life in the game? 

¶ For example, we mentioned that as you continue to make progress in the 

different minigames game, the game becomes more difficult. So, I guess the 

question here is, what is the design process for implementing this in the game? 

Is there someone that you bring onto the team to help you design this? Do you 

begin with a conversation? Can you tell me step by step, from the very 

beginning exactly what you do, or how to achieve this kind of integration, from 

the first conversation, until when it comes to life in the game? 
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¶ For example, we mentioned that students might become more curious about 

the different mini games available on all of the continents. This represents 

some integration between curiosity and progression (making progress in the 

game). How did you design this into the game? Is there someone that you bring 

onto the team to help you design this? Do you begin with a conversation? Can 

you tell me step by step, from the very beginning exactly what you do, or how 

to achieve this kind of integration, from the first conversation, until when it 

comes to life in the game? 

¶ For example, we noted that the game takes place on multiple different 

continents with the environments being real life places, and even resembling 

those places (Egypt, Greenland, Japan), but the maps being based in fantasy 

(I.e., houses on ice, a husky on an iceberg). We mentioned that this represents 

some interconnectedness between a sense of fantasy, and the 

graphics/environment in the game. Can you tell me step by step, from the very 

beginning exactly what you do, or how to achieve this kind of integration, from 

the first conversation, until when it comes to life in the game? 

Closing 

Thatôs all! I sincerely want to thank you for taking the time to talk with me! 

That answered many questions of mine but also helped with my study. It means a lot 

to me. I wish you all the best in your endeavors! Have a great week!  
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Appendix D 

NON-MODIFIED RUBRIC  

I used this rubric in an earlier study to identify the game features that were 

present in both an educational and non-educational game. The rubric allowed me to 

notice that some features were connected to each other. This helped generate my 

initial interest regarding integration. 

 

 

Figure D1 Non-modified Rubric. 
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Appendix E 

INTEGRATION PROFILE RUBRICS  

Below is the integration profile rubric for each game in the sample I generated 

by analyzing the game. I color-coded the features that I judged to be integrated with 

the same color. For example, two or more features that share the same colored circle 

indicates that these features are all integrated.  

This coding helped me prepare for interviewing each designer by determining 

(a) which game features are integrated in the game, both within the individual 

educational and entertaining domains and across domains, and (b) the overall extent to 

which the game is integrated in this manner. After coding in this manner, I discovered 

that the games in which a number of features across both domains were integrated 

(particularly with challenge) were also games in which the content was embedded 

within the mechanics. 

Funexpected Math 

Figure E1 below contains the integration profile for Funexpected Math. 
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Figure E1 Funexpected Math Integration Profile. 

DragonBox Algebra 

Figure E2 below contains the integration profile for DragonBox Algebra. 

 

Figure E2 DragonBox Algebra Integration Profile. 

Slice Fractions 2 

Figure E3 below contains the integration profile for Slice Fractions 2. 
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Figure E3 Slice Fractions 2 Integration Profile. 

Math Land  

Figure E4 below contains the integration profile for Math Land. Math Land is 

the non-integrated game in the sample. 

 

Figure E4 Math Land Integration Profile. 

Arithmagic  

Figure E5 below contains the integration profile for Arithmagic. 
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Figure E5 Arithmagic Integration Profile. 

Diffission 

Figure E6 below contains the integration profile for Diffission. 

 

Figure E6 Diffission Integration Profile. 

Candy Bot 

Figure E7 below contains the integration profile for Candy Bot. 
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Figure E7 Candy Bot Integration Profile. 
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Appendix F 

FINALIZED CODEBOOK  

 The codes below are the finalized codebook used for the study separated by 

category. 

Category B Codes 

¶ Integration Definition (ID) ï The designer defines what integration is 

implicitly or explicitly. Integration is the embedding of educational 

content/concepts/ideas within a gameôs mechanics. 

¶ Integration Significance (IS) ï The designer mentions (implicitly or explicitly) 

one or more of the following: (a) simply mentions that integration is significant 

or important (to them or in general, (b) mentions why integration is significant 

or important (to them or in general), or (c) mentions or gives a reason why a 

design that isnôt integrated is not good.  

¶ Integration Difficulty (IDiff) ï The designer mentions (implicitly or explicitly) 

that integration is difficult to design or implement, and/or explains why 

integration is difficult to design or implement. 

Category C Codes 

¶ Moderating Understanding and Learning (MUL) ï The designer expresses 

designing something in the game, or making a design choices (about levels, 

puzzles, mechanics, characters, etc.) for one or more of the following reasons: 

(a) to convey a mathematical concept, (b) to ensure that kids would engage 
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with a mathematical idea or concept, or (c) as an aid to make the mathematical 

idea(s) or concept easier to understand. 

¶ Moderating Challenge (MC) ï The designer expresses one or more of the 

following: (a) they designed or implemented a mechanic or feature so that kids 

do not lose interest, focus, or confidence (due to frustration or difficulty), (b) 

that the game is designed to adapt to the studentôs ability level, or (c) that 

students have the freedom to solve a level or play the game in more than one 

way (usually via an easier way or a more challenging way). 

Category D Codes 

¶ Playtesting & Iterating (P & I) ï The designer expresses (implicitly or 

explicitly) one or more of the following: (a) playtesting and/or using feedback 

from playtesting to make changes to the game, (b) creating a prototype, (c) 

iterating after playtesting or prototyping. 

¶ Interdisciplinary (Interdisc) ï The designer expresses (implicitly or explicitly) 

that they collaborate with individuals of any different expertise (artists, 

programmers, education experts, authors, etc.). 

¶ Decomposing Concepts (Decomp) ï The designer expresses (implicitly or 

explicitly) that they do one or more of the following: (a) decompose, break 

down, or simplify the mathematical content or curriculum into smaller pieces, 

(b) decompose, break down, or simplify the mathematical content or 

curriculum into multiple levels, (c) start with smaller concepts that then expand 

into bigger concepts. 

¶ Conversion & Translation (C & T) ï The designer ñtranslatesò, converts, 

programs or codes any of the following into the game (via a game engine, etc.) 
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as a mechanic, levels, puzzles: (a) drawings or artwork, (b) a mathematics 

question, operation, equation, problem, or exercise, (c) mathematics 

curriculum. 
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Appendix G 

TRANSCRIPT ANALYSIS  

 The figures in Appendix G show the spreadsheets that I organized multiple 

times as I searched for patterns across designers in how they described various aspects 

of integration. They are organized by category. 

Category B 

Figure G1 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers in 

which they described or gave a definition of integration. 
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Figure G1 Integration Definition Transcript Organization. 

Figure G2 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers that 

indicate integration is a significant aspect of mathematics game design to them. 
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Figure G2 Integration Significance Transcript Organization. 

Figure G2. Integration Significance Transcript Organization 

Figure G3 shows part of my analysis and organization of the transcripts. As I 

read through and organized the transcripts, I found statements from designers that 

indicate integration is difficult to build into games. 

 



 119 

 

Figure G3 Integration Difficulty Transcript Organization. 

Category C 

 Figure G4 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers 

indicating that they build integration to ensure students engage with mathematical 

ideas, or to make concepts easier to understand. 

 

Figure G4 Moderating Understanding Transcript Organization. 
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 Figure G5 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers 

indicating that they implement features or mechanics so students do not become too 

frustrated and experience some confidence. 

 

Figure G5 Moderating Challenge Transcript Organization. 

Category D 

 Figure G6 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers 

indicating that playtesting is an essential part of the design process for them. 
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Figure G6 Playtesting Transcript Organization. 

 Figure G7 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers 

indicating that the design process is interdisciplinary. 

 

 

Figure G7 Interdisciplinary Transcript Organization. 
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 Figure G8 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers 

indicating that they break down mathematical ideas and concepts into smaller pieces 

as part of their design philosophy. 

 

 

Figure G8 Decomposing Concepts Transcript Organization. 

Figure G9 below shows part of my analysis and organization of the transcripts. 

As I read through and organized the transcripts, I found statements from designers 

regarding converting or ñtranslatingò the mathematical content and drawings into a 

digital game format. 
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Figure G9 Conversion and Translation Transcript Organization. 
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Appendix H 

DESIGNER STATEMENT ANALYSES  

The figures in Appendix H show the analyses of quotes from the interviews 

that pertain to each research question and hypothesis. I looked across all of the 

transcripts, searched for patterns, and compiled quotes from each designer that 

addressed my research questions and hypotheses. 

Research Question 1 

 Figure H1 below contains the first analysis I conducted with respect to 

designersô descriptions of integration. In these cases, the designers shared a definition 

of integration.  
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Figure H1 Designer Quotes Defining Integration. 

Figure H2 below contains the second analysis I conducted pertaining to 

descriptions of integration. In this case, they shared how significant integration is to 

mathematics game design. 
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Figure H2 Designer Quotes Describing Integration as Significant to Design. 

 Figure H3 below contains the second analysis I conducted pertaining to 

designersô descriptions of integration. In this case, they shared how difficult it is to 

build integration into games. 
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Figure H3 Designer Quotes About Difficulties in Building Integration. 

Research Question 2 

 Figure H4 below contains the first analysis I conducted with respect to why 

designers build integration into games. In this case, designers shared reasons such as 

ensuring students engage with mathematical ideas, or making these ideas easier to 

understand. 
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Figure H4 Designer Quotes About the Benefits of Integration. 

Figure H5 below contains the second analysis I conducted with respect to why 

designers build integration. In this case, designers shared reasons such as making sure 

students do not give up or lose confidence so they can feel some sense of 

accomplishment or competence. 
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Figure H5 Designer Quotes About Preventing Frustration and Allowing Mistakes. 

Research Question 3 

Figure H6 below contains the first analysis I conducted with respect to how 

designers build integration. In this case, designers shared that an essential part of the 

process is playtesting. 
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Figure H6 Designer Quotes About the Importance of Playtesting. 

Figure H7 below contains the second analysis I conducted with respect to how 

designers build integration. In this case, designers shared in different ways that the 

process is interdisciplinary work, and requires many different types of expertise. 
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Figure H7 Designer Quotes Indicating Interdisciplinary Work. 

Figure H8 below contains a third analysis I conducted with respect to how 

designers build integration. In this case, designers shared that decomposing 

mathematical concepts into smaller pieces is part of the design process. 
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Figure H8 Designer Statements About Decomposing Mathematical Concepts. 

Figure H9 below contains the final analysis I conducted with respect to how 

designers build integration. In this case, designers shared that part of the process is 

converting and translating mathematical ideas into a digital game format. 
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Figure H9 Designer Statements About Level Design and Converting Mathematics. 
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Appendix I 

IRB EXEMPTION  

 


