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ABSTRACT

The purpose of this study is to investightev designers of commercial
educational mathematics game apps describe various aspetegadtion 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 gaAb@sed learning literature as the embedding of educational
content within a gameds mechanics. This <co
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 canugpitgoy
doing so.

To understand how designers of commercial mathematics game apps think
about integration and mathematics game design, | interviewed seven different
designers onen-one virtually. | 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 anal yses daferviewhrespodsessndicate that héir
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 wittematicakconceptsThey 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

XV



students engaged so they do not lose focus or beconig foustrated. Finally,

designers were able to describe some processes involved in designing mathematics

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

Atransl atingo these ideas i nteptechnolagicayi t al f
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 mthematics 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 mduce 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 appratarifor 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 oppaonities for their future students.
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Chapter 1

INTRODUCTION

Statement of Problem

Educational mathmaticsgames providéew opportunities for students to
develop conceptual learniniglost are geared towards studprdctice andecdl of
rotely learnednathematicalfacts and/or procedur¢€aytorHodges et al., 2015).
Pointing to this unfortunate absence of deeper learning experieracesnamon
theme among experts at the center of gaased learning and mathematics education
(Devlin, 2013).l experienced this problem firsthand as a middle school mathematics
teacher in Brooklyn, NY. As an educator that regularly used technology in my
classroom, | searched for games that would not only motivate my students but also
provide them witltopportunities to engage in conceptual mathematics learning.
Instead, | found an overwhelming number of games that were much like digital

worksheets.

The Proliferation of Game-Based Learning

The absence of conceptually rich mathematics gaakes on spedia
importance when one takes into account the popularity of video garmdekeir
appeal to children and teef$he video game industry exceeded $40 billion in 2018
(Entertainment Software Association, 2019) and, as of 2019, children from ages 8
through 12voluntarily spent an average of almost 90 minutes on video games per day

(Rideout & Robb, 2019)heir populaty outside of schoadk sure to findts way



inside the classroonm 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 iratoxe 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 thgimto the classroom and see an
increasing amount of use (Pearson, 2015).

It is important to note that the NETP acknowledged that video games are
Ahighly engaging to students and have the
(United States Departmeot 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 facilita@teng. The use of video games to facilitate
student achievement of educational goals is at the heart of the field now known as
gamebased learning.

Hundreds of educational games are now available and their popularity is
growing. In a 2014 national survey teaching with digital games, almost 75% of the
studyodés 694 teachers reported using digite
students (Takeuchi & Vaala, 2014). In the case of mathematics, there is research to
support the assertion that educaal 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 providengnopportunities for conceptual learning. If



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 Learningrrom
Educational Games

Experts in gamdased learningahdthose at the intersection of gaiinased
learning and mathematics education, like Keith Devlin) argue that digital games are
beneficial for deep content learning only if the content is embeddahilie
mechanics of the gamieif students encounter the important conceytge they are
completing actions that make the games entertaiideglin, 2013; Kenny & Gunter,
2007; Kiili et al., 2012; Shapiro et al., 201Zhisfeature of game design iften
calledintegration | define integration athe embedding of educational content or
concepts within a gameds mechanics.

When | say that integration could support the conceptual learning of
mat hemati cs, |l am using fimathematicso and
way. | am using the ter m ftopiaibwhemtlet i cso t o
game is focused. For exple, a mathematics game can be focused on fractions or
whol e number arithmetic. I am using the te
engagement with, or knowledge of tt@nceptghat underpin the given mathematics
topic. For example, in an integrated netiatics game, conceptual learning can
include a student carrying out actions that represent partitioning. This is different from
carrying outoperationswith fractions, which | wouldhot consider as conceptual

learning, but rather the practice of a skill.



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 two forms. These include integration r@ss domains of
game features, and integration between content and game mechanics. To clarify, it is
the latter type of integration that | am proposing as a possible solution for the
insufficient conceptual learning in educational mathematics games firstillescribe
integration across domains of game features, followed by integration between content
and game mechanics.

Integration Across Domains of Game FeatureOne form integration can
take isthe linking ofgame featurethat areentertaining with game features that are
educationalEntertaining 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, tiap, 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 Appefatian extensive
list and definitions of both types of game features. Below are two examples of
integration across these two domains of game features.

1 Example 1: In Slice Fractions 2, if students do not complete a puzzle correctly
after a certain numbef 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 gged to make the game more entertaining

and keep kids playing (the challenge) is being moderated by a feature that is



meant to be educational or help students leargdme hints or feedback).
Hence, this is an example of integration across domains.

1 Exanple 2: InDragonBox Algebraas 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 conneeteh 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 Mechanicdntegration can take a
second form, one that is central to tsisdy, when designers embed the educational
content within the gameplay through the game mechanics. Along with Boller and
Kapp (2017), | define the tergame mechanicss fAr ul es of t he game
players achieve the game goal, interact with opieyers, and, in digital games, how
the system responds to the actions they te&
2, one of the gamebs mechanics is the abil

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

to slice an ice block that represeniato smaller ice blocks that each represent unit
fractions of size-. The game does not allow the player to slice these fractions further
only into the number and size oktpieces as designated by the numerator and
denominator (i.e., in the previous example, no more than 4 pieces ef.size

Therefore, in Slice Fractions 2, a mathematical concept or idea (that fractional
guantities can be broken down into unit fractionsé®ized piecek otherwise
known as patrtitioning) is embedded within a game mechalning blocks of ice that

represent fractional amounts). This mechanic is fundamental to how players achieve



the game goal and is the primary action one takes whgmg@land 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 amtrinsic integration(Habgood &Ainsworth, 2011; Kafali,

1996) orendogenougSquire, 2006; Rieber, 1996). Kafai (1996) defines this as an

example of Awhen the designer integrates t

82) . Rieber (1996) descri bes necandodtgle nous ge

where the game stops and the content begir
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 inextrably linked to mathematics. The game itself is the

mathematics.

What Math Gamed_ook 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 contem thihgame mechanics as
described in the previous section (Caytdodges 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 mathematidsmrborder 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 thele\gghi
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.



Researchers have described this type of desigwtaasic integration
(Habgood & Ainsworth, 2011; Kafai, 1996) exogenougSquire, 2006; Rieber,
1996). The mathematics in these types of games tends to be explicit and resembles
mathematics that is lessnceptual 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, storyles, 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 studens 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 abouthowto design integration into educational games. Because intrinsically
integrated games are considered to be the best educational games, | expect integration
is not an incidental feature. | expect that designers are familiar with the concept of
integration and tr& it as a central feature of game design. | expect designers
deliberately build integration into their games. Therefore, | expect that designers
would be able to describe integration in detail, along with whether or not they consider
it to be significanttheir 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,



educators would baia 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 wigh integration could be built into games, the relationship between
di fferent integration designs and student s
with different designs.

| propose to investigate the nature of integration in games intended for
mathematics learning. Because designers are most familiar with building integration
into educational games, | propose to interview designers of commercial educational
mathematics games available on the app stores. | intend to explore how designers
think about mtegration and how they actually build integration into their games. My
goal is to add to educatorsd and resear che
essential feature of games with the potential for conceptual learning of mathematics.

The following regarch questions will guide my study.

Research Questions
1 Research QuestionAr e designers able to discuss
way as researchers? In other words, do designers share the same concept of
integration as described in the literature?
1 Research Questio2: Why do these designéesiild integration into their
games?

1 Research Question Blow do designers build integration into their games?



Chapter 2

REVIEW OF RESEARCH

Mathematical Learning Opportunities in Game-Based Learning

MissedOpportunities in Mathematics Games

Research on gar®ased learning has followed the pattern of early research on
computetassi sted instruction by focbased ng on st
assessments. In general, studies have shown that video camias 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 mathematicsnga® | defined it in
Chapter 1.

For example, the students in Ke & Gabrowski (2007) were randomly assigned
to groups that either played a wiased computer mathematics game or no game
(paperandpencil traditional instruction). Students in the wWesedcomputer game
groups scored significantly better on ai#m 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 fractibased mathematics game appa nongame
control condition (papeandpencil traditional instruction). Students in the game
intervention condition scored significantly higher than students in the control

condition on a posttest comprised of fraction problems.



To this point, the matimatical learning in most studies is rooted in skills; it
does not include the kind of conceptual learning | described in Chapter 1. Are
educational mathematics games good for students beyond the improvement of
mathematical skills? What is it about the ganthat 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 suppohh a study designed to learn the design principles
and techniques used in mathematics games for tablets, Gdgtges et al. (2015)
surveyed 16 different tabksiased mathematics education apps (the overwhelming
majority of which were games) in the Apgapp storeThese esearchers found that
most of the apps were geared towards retrieval of math facts or executing procedures.
Additionally, dthough most of the apps they reviewed were mathematically accurate,
they found that thepps were lacking iproviding conceptual learning opportunities
andgiving conceptual feedbacKhat is, the apps did not require studentetiect on
the reasonw/hytheir responses wepsrrect or incorrecipr why their strategies
worked or failed. In addition, they did nask studentt make connections among
different representations.

SomeofCaytoHodges et al . 6s (f@&eéntichipngthee c o mmend
conceptual learning opportunities of video games inciudleh or oughl y revi ew
mapping between mathematical concegptd operations to objects/actions in the
virtual worldo (p.12), Acreating opportuni
solving processo (p.17), and fAadopting the
engaged, on task, and moving forward toueeshat students aém the gaméenough

to accurately asses dintermatthesr recomkemdatrohcf d ge 0 ( [

1C



reviewing Athe mapping between mat hemat
objects/ actions i n t he rationrhave didcussedbash d 0 s
possible solution to the problem | 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, | alluded to thead 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 ead 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 mathemdtics 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 Ganes 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 arhofllearning gains compared to a hon
integrated context. Habgood and Ainsworth (2011) designed Zombie Division, a game
that is based on mathematics curriculum for age 711-yearold students, which

focuses on number patterns and sequences. Zomb&ddivs an example of an

C ¢

mi

integrated mathematics game (using my defi

Amat hemati cso) . Pl ayers use different atte
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divisors), to attack (divide) skeletons that display a number (a dividendeworchest.
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 &lp 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 sfiit into 4 equalsized 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 theattacksymbolsof 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 aoféexk| quiz).
For example, consider a skeleton displaying a dividend of 20 on its chest in the
intrinsic version. This wdd 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 matchesomef t hese symbols on the skeleton:i
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 efdevel quiz, which assesses the division in
the game (i .e., fAchoose one number that 2C
and Anone of theseo). The control version
version of the game except it does not congamirendof-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 preest to postest. They suggested that studentshia group
might have been encouraged to use better strategies to learn the mathematics due to
the introduction of advanced game mechanics. In a fellpwtudy, the researchers
compared the time children spent playing the intrinsic and extrinsic verfsiba
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 andrhaka
positive opinion of this version. Students found the intrinsic version to be faster,
easier, and more enjoyable. Students found theo&felel quiz in the extrinsic
version to be boring, slow, narhallenging, and nemteresting. 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
gameso condition, and anot dnegratedgamesp of st L
which the researchers categorized as the 7T
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 chsses in the study, all students chose to play one of the integrated games

during freeplay time.

13



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
hi ghly engaging and supportive of students
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
Specte 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 twalimensional vehicle using strategies they learned in their
engineering course. The students must also use an equation parser built into the game
to implementhese strategies mathematically.

Towards the end of the unit and end of the course, the researchers administered
a psychometric survey designed to measur e
engagement, immersion, skills and perceived learning with refspit 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 imraegsion
positively associated with perceived learning. It is important to note that the
researchersodo analyses did not take into ac
games (i.e., challenge) are an interconnected web of features. | 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 studigamebased learnin§pcus
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onthe effect of a particular feature (i.e., feedback, chaflengsocial/multiplayer
features) in an educational game on a given outceuah as learning gains or
motivation (Hamaret al, 2016; Jonget al, 2013; Hunget al, 2015).While these
studies highlight the significance of some entertaining featuresl@d games, they
do not take into account the notion that video games systanof interconnected
features, and hence, call into question their conclusion of a single feature as

responsible for an outcomie the next section, | will examine some ofsle studies.

Do Entertaining Game Features Contribute Independently or Collectively?

As described irfChapter 1, entertaining game features are elements of video
games that contribute to their fun or entertainment value. Also described earlier, in
manygames these featuregaften linked with one another or with educational game
featur es. For example, a gameds setting or
narrative or story. In most games, the challenge or difficulty level of the game
increases athe player continues to make progress in the game.

The fact that these features interact with one another makes it difficult to
isolateor attribute any individual feature as being responsible for the game being
entertaining or fun. For example,ifyon¢ oyed a gameds story, on
whether it was the stoiiyselfthat was enjoyable, or the fact thla¢ story was
experienced within an aesthetically pleasing setting that aligns with thelstery
impossible to know if it igustthe story hat 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 gaased learning research.

One example is the systematic review by Ckril. (208). This work

attempts to establish whether or not digital games significantly enhance student
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learning in comparison to nagame conditionsTheresearchers condectindividual
analyses of particular entertaining game features, such agnésuaive features,
story relevance, story deptmdvisual realismto determing hei r ef fect on s
learning gainsln doing sothey acknowledgd a limitationin that these features are
intercorrelated. Although the researchers found and exgtaadl 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/narrativeifeatexist in these games as
part of a largesystenof interconnected features, and (lmwthose 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 thatideo games are greater than the sum of their individual parts
(mechanics; featuresyherefore, 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 bethematically sound and engaging. This sentiment is
corroborated by experts such as Fullerton
and systems, by definition, are groups of interrelated elements that work together to
form a complex whole(p.47).Gres al fi et al . (2018) also st
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 measur¢dp . 58 1) .
Despite this understanding wtieo games as a system of mechanics and/or
features, many studies or systematic reviews of studies designativéstual feature
of a game as a cause of a particular outcome, without regard for how it is integrated or

how it interacts with other feates (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
student s6 mot i theardseachers deVetopesbéplayertheca \ersus
threeteam 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 exampds,round oneteam A will ask one player on team B a
guestion, and oround twq team B will ask one player on team A a question. Each
team chooses their questions from a pool (the same pdlogt all players can see and
access.

Players lose healttoints or HP, thenumber that represents their life total) for
answering questions incorrectly. A player waétrohealth points is forced to leave the
game and can no longer help their teammates. The game ends when all three players
on a team reackerohealth 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

A

archer 6s s keitiind tise teanm as te answvers quedtion, one of the

wi zardds skills gives each player on the t
warriordos skills protects other players fr
problem incorrectly. Thisdistributo of ski l |l s i ncreases a tea

players cooperate.

The researchers measured participants?o
dimension of learner attitudes from thetiated Strategies for Learning
QuestionnairdMSLQ) (Pintrichet 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 stagetwo, the students in the exjimental 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 metexperimental group received.
In stagethree(after instruction), both groups were again given the learning
motivation questionnaire. The researchers found a significant learning motivation
increase in the garfieased cooperative learning group. Theyacdbnu d e, At hi s f i r
indicates that the gamimased cooperative learning used in the study is more effective
than traditional fac¢éof ace cooperative | earning for i m
(Jong et al., 2012, p. 188). In addition, the researchersl fima 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 andrngathe students
in the experimental group to the fact that the game was collaborative in nature.
However, thenatureof the collaboration was not taken into account. For example, in
this game, the nature of that collaboration is within the contecdrapetingagainst
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 moti vafactomsg f act c
i cooperation, competition, and different skills attributed to different iokes what
make the game appealing to studentso.
The social aspect of this game (working together to find the answers with your

teammates) is integrated with the comiipee feature (playing vs. other teams and
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reducing their HP taerg, 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 sger than the collaborative teamsed
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 elemeastthat influence engagement from a variety of géesed
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
Afun el ement asvitual charBdtets and she environment, researchers
state (p. 756) Athe wuse of avatars as i nte
engagement from the participants and supported affective learning. The results
presented in these studies showat thy means of virtual characters and environments,
students became more motivated and wanted to play more, they felt immersed, and
confident, and developed seff f i cacy and coll aboration ski
However, game environments and settings are often tigw toarrative 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 plaaed nofjust because the gamesateired
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 envitonmen
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
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gave players to explore?itwhat about possible integration between curiosity and
discovey and freedom? That ishat 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, considee tlement of narrative that some games
possessA game might be less engaging or less motivating to play if the narrative of a
game includedfor examplea tale about samurai, but the setting did not take place in
ancient Japan. That is, if the featunesigame do not align with one another, it is
possible that thgamebecoms less believable and less enjoyable to play. What one
can more accurately conclude from these studies is that these featuresstor@ay
role in student s osiomtheiriamlitytoilearmyvia playmgthesey e xt er
games.

In summary, although | am especially interested in the form of integration that
embeds mat hemati cal content within a gamedc
games as a systemamintegration amss domains also applies to game features
within each of these domains. This section of my review has considered exadtly that
integrationof featuresvithin domains, especially the entertaining game features.

However, | will now examine studies that hight 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 suppostt udent sé conceptual mat hemati cs |
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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conceptuallyoriented matematics. Although researchers have tried to document the
effect of individual features on engagement or learning, a more promising approach is
to examine the games sygstemsilt is clear that integrating entertaining features of
games can increase engagt. 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 learningall 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
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
guestioss 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 hadesigners actually embed mathematical

t

h €

content within a gameds mechanics. However

can articulate what they find helpful about a particular approach to mathematics game
design, and describe what might be involvethmprocess 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 typiawvithis topic (i.e., solving

a one or twestep 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 objecliey 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. (2016hsideedidentifyingand
transposingto be the primary skills necessary to solve equatibimsy then mapped
these skills to a game objective caltadlecting Students controlled an avatar in a
virtual village to collect mathematical operations and apply them to the equation to
solvefor 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 miés&r 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 thatelssogn
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. Theastody
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 fehith grade
students played a motiarontrolled math game designed to teach them about angles
and neasurement, 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 researchasked students to reflect on their

experience and consideowthe 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. Theregearch not ed At he art.i

angle game had to understand the important characteristics of angles to create
mat hematically correct representations
2015, p.46). In addition, the writer had to find the lesys to phrase the questions in

the game. Multiple skills were required.

Summary
Research in gamieased learning considers integrated games to be exemplary,
and several notable researchers consider these as either good examples, or the best

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

anec

Shapiro et al ., 2014). For Ilegoedieprhiry, Shapir

games, the subject matter is alwaysbedded into the mechanics themsa@lves( p. 2 0)

Gresalfieth . (2018) is explicit about Abest
t h devera@ed core game mechanics that were connected to the targeted ideas being
learned (p. 584)

Because there is a scarcity of these types of games, it is unlikely thaethe o

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 thereo 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 litle research has examined systematically the perspective of
commercial educational game designers on what researchers consider to be the heart
of the best educational gandemitegration. A systematic investigation would include
studying how designers des@ibr 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 expexsise educator and a
gamer | propose the following hypotheses as answers | expect to find to my research
guestionsFirst, | will restate each research question, followed by the hypotheses |

expect will answer each question.

Research Questiod
Are designers abletodiscus nt egrati ono in the same
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 withbeing prompted, because

designers have not been interviewed systematically before.

Research Questio

Why do designers build integration into their games?
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Hypothesis #2 Designers will explain that integration encourages students to
learn abouthe concepts of mathematics rather than just routine skills and facts,
because that is the fundamental difference between integrated games-and non

integrated games.

Research Question3¢
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:
1 the literature does not document this process.
1 Iam unsure how aware individual designers are of the gwbieess.
1 Iam 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 | expect to dmsseer

guestions. The methods also allow me to detect answers other than those | predicted.

1 Research Questionl Ar e designers able to discus:

way researchers do?
1 Research Questidh Why do designers build integration into theamges?

1 Research Questidh How do designers build integration into their games?

Sample

Given my hypothesis that designers will be able to discuss integration, it is
likely designers ointegratedgames will best be able to provide descriptions about it.
Because integrated games are considered to be the best examples of educational
games, | reated 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.
Thelist below is a set ofriteriathat is most likely to yielihtegrated game$ost
games that fit the criteria are designed for ages 9 through 12. These criteria include:

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

games.

1T gamepaps that have a fAteacher approvedo
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1 positive reviews from teachers, students, parents, etc.

| used these criteria to select a purposeful sample (Merriam & Tisdell, 2015) of
games that would be included in this study. Because tharedastremely 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, |
selected Slice Fractions 2, a game that has garnered huntipedstive 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 t he ZfhdtdnswWaar ent 0s
al so awarded one of Appleds best app awaroc
edition designed for wuse in the classroom

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 | earning throucg
awards include the Internati oOm@ce Seri ous F
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 wilcademic 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 preK through sixthgrade tedoers from across the country to rate games that
cater to children that are in their target age group. For examplegsadk teachers

rate apps that target the 9 through 12 age group.

Sources of Games

After developing these criteria, | consulted seveaalrces to select games.
One source was the Google Play app store. | 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 remeritera.

| 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
corference, Funexpected Math was nominated for the Best Learning Game Award,
and | included it in my list of games. | also consulted a mathematics education expert
and professor who worked on an NSF funded project with computer programmers to
develop Candy Bio 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 Apperds.
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Table 1 My Sample of Games and Selection Criteria.

Game Award-Winning Teacher Positive
Approved 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, | needed a method of data collection that would allow
me to elicit rich descriptions from designers about several aspects of game design.

Therefore, | chose to conduct eor-one interviews as the method of data collection.

Participants

To make sure | could recruit a sample of designers, | 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
thedesigners returned my emails and indicated they were willing to participate. There

were seven designers in total. None of the designers placed restrictions on what |
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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 andCategories ofQuestions forMathematicsGameDesign
To help me organize the descriptions | would obtain from designers, |
developed an interview pratol with four different categories of questions. | used this
protocol to help me conduct sestructured interviews with the designers. A sample
protocol can be found in Appendix C. | expected each category to elicit information
that would help me test omme more of my hypothesized answers to my research
guestions. They are as follows:
I categoryAldesi gnersé thoughts on el ements t
game.
i categoryBBdesi gnhersd perspectives on integr
1 category Q design choices about inddaal features and/or integration of
features.
1 category D descriptions about the process of designing an educational math

game.

To illustrate the kinds of questions featured in each category, | will give an
example. As an example of a question from catego A, | asked designe
to give a list of things that are fundamental to the design of a high quality math game,
what would be on your I ist?06 Category A i s
designers will be able to discuss integratiopeesgally without being prompted. That
is, by eliciting designersoé thoughts on el

game, | wanted to see if designers would spontaneously mention integration as one of
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these elements. This was thay purpose of cagory A. | 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, | asked designgra e st i ons such as, fAcan
you mean?0 or, fAdo you think integration i
This category of questions captures how designers will describe integration, including
rich descripti ons veslointegratidre whetigenoemositds per s p e c
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 designersulebbe able to discuss integration, as well as for
learning how they would describe it.

Because | hypothesized that designers woeldble to discuss integratidn
refrained from mentioning or describing integration until | reached categadry B.
wanted o see if designers felt integration was significant and salient enough for them
to identify it without promptingHowever, if the designers had not given their own
description of integration by the time | reached category B, | gave designers a
descriptionof integration and elicited their feedback. For example, if designers did not
give a description of integration by the t
of the things I've read and that | see very often, is that in educational games, they need
to be integrated for the game to be considered high quality. When | say integrated, |
mean the math in the game and some of the game mechanics or game features are
intertwined. Do you know what | mean?o

As an example of a question from category C, | shawedlesigners a

screenshot | took in the game, and asked ¢
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when you add four numbers, the game recalculates the sum for you. What were your
reasons behind that?0 Because theadesignory C ¢
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 categec
know when you finally achieved it? How do you go about achieving integration in the
first place?0 Category D allowed me to eli
process of degning 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, | sent a separate emeadd¢h designer to
schedule an interview within their availability. Within this email | 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 redandtead. None
of the designers objected to the minimum length of time | suggested for the interview
(60 minutes). After obtaining consent to video record, | began to collecfTdhata.
interviews took place virtually and ranged in length from 60 to 9utaes. | asked the
categories of questions in order from A toQ@ut of the seven interviews, six of them
were onesession interviews, while the remaining interview took place over two
sessions (a different designer for the same game interviewed in g¢helsef

sessions).
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| continued to correspond with the designers after the intervieamsailed the
designers to thank them for their participation, and asked them if they were open to
receiving followup questions in case | needddrification from the interview. For
example,inonefollowu p emai | wi t h ®@lsodat e mpinteluring | aske
our interview, you mentioned the followinBecause every level in a puzzle game is
a question you ask. Obviously if you want to #sk good questions you need
mechanics that allow you to, because mechanics are likdsyoight? Like
operations, | think you can think of math as a languagsu mentioned that you can
think of math as a language. Can you explain what you meant® thaA | | of the

designers were open to answering any follgnguestions | had about the interview.

Data Analysis

Modified Rubric and Preliminary Coding

To begin data analysis, | first modified the rubric | developed for an earlier
study. The purpose ofithearlier study was to investigate the game features sixth
graders noticed and enjoyed the most when playing an educational game compared to
a norreducational game. The rubric for this earlier study contained several different
features designed to makesthames 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, includehallenge, feedback, and multiple solution paths. A
complete list of features can be found in Appendix A. The rubric | 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. | played
each game for 45 minutes and cetoded the features that | 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 wathtim the individual
educationablnd entertaining domains and across domains, and (b) the overall extent to
which the game is integrated in this manner. After coding in this manner, | discovered
that the games in which a number of features across both domains were integrated
(particularlywith 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 thfe seven games in the sample were truly integrated
with respect to havingmbedded the mathematics within the game mechais
included six of the seven games in the sample. By extension, this allowed me to
determine how mangiesignersn the sample ere designers of integrated games
(embeddeanathematics within thenechanick | kept the designer of the non
integrated game (Math Land) in the sample of participants because | reasoned that
someone who designed a riotegrated game could still be awarfeintegration 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

guestions to ask designers about the choices they made when desigfong an
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integrating certain features. For example, if | noticed a group of features were
integrated, in addition to colaroding them with the same color, | explained why |
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.

Challenge and | Narrative/Story | Social/Multiplayer | Fantasy | Competition | Graphics& | Attachment | Freedom | Curiosity
Difficulty (ZPD) | (Dickey, 2011) | (Ke & Gabrowski, | (Kenny& | Competitive Sound &
{Hunget al., 2007; Wu et al., Gunter, (Malone,
2015; Vygotsky, 2014) 2007; 1981; (Gee, 2003)
1978) Malone, Malone &
1981) Lepper, 1987)

me

Multiple Multiple Solution
;| Representations paths
(vang et al, 2018) | (Pope & Mangram,
2015)

Challenge & Feedback — after you use 4 cards on a monster, the game adds/recalculates the sum of the cards you used for you. This makes the game much easier

Challenge, Multiple Solution Paths, Freedom — if you want to clear the levels getting “perfects” (clearing the monsters with less than 4 cards), the game becomes more challenging

Figure 1  Modified Rubric (Arithmagic).

In Arithmagic, an entertaining feature (freedom) is integrated with educational
features (multiple solution paths and challenge). Theeel colorcoded these
features with the same color (dark blue), and in the space below the rubric, | kept track
of why | thought these features were integrated. That is, | noted that the game is
designed so player s c¢ an stersusimg foar ofigssecardse ct 0
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

chall enging i f they prerffeeecrtesd. & ol cu seead
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develop questions to ask the designer about this instance of integration, and |
continued this process for all other instances of integration | found in the game. |

generated questions this way for all of the games and @gesignthe sample.

Coding

After using the modified rubric, | developed an initial codebook of preliminary
codes, based on predictions | made for how | expected designers to answer the
guestions in each of the four categories. For example, before readimtyaescript |
predicted that designers would describe integration as a significant aspect of
mathematics game design. Therefore, | developed a code to express this idea in my
initial codebook. | left open places in the codebook to add codes | had eotexkp
but were indicated by the designersoé respec

Next, | transcribed and read each intervihmaore than one designer
described a new idea that helped me answaddresshe research questisand
hypotheses, | developed a code for it and updadodebook. 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 hypothegas mesearch questions, it was
important to develop codes for them.

After completing the interviews and finalizing this codebook, | trained a
second coder (a doctoral student in mathematics education) to apply the codes to the
transcripts. For each codaandomly selected an interview to double code. We coded
the transcripfor that code onlyand then determined percentage agreenhent
calculated percentage agreement by dividing the number of times we agreed by the

total number of codes we assigned. Ifdi@ not achieve 80% reliability, we discussed
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disagreements, | 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 |€¥®&t 8greement 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 | conducted two types of analyses.

Quotes and lllustrative Casesl expected the most informative evidence to
come from what designers actually said about issues related to integration.
Consequentlyl, looked across all of the transcripts and compiled quotes from each
designer that addressed my research questions aothkegesThis yielded an
extensive spread sheet that needed to be organized multiple times as | searched for
patterns across designers in how they described various aspects of integration (see
Appendix G).I will use these quotes when applicable to dgvdlastrative cases that
address my research questianslhypothesesThe analysis | conducted using quotes
from the designers can be found in Appendix H. Figure 2 below shows an example of
how | organized designer quotes to detect patterns and gaitheney that addressed

my hypotheses.
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Research Question 1: Are designers able to discuss “integration” in the same way as researchers? In other

words, do designers share the concept of integration as described in the literature?

Designer A — Diffission
Designer B — Funexpected Math

Designer C — Math Land Hypothesis

Designer D — Candy Bot . q 8 . - -
€ v Designers will be able to discuss integration because it

Designer E — Slice Fractions cannot be accidentally designed into games. However, it is

unclear how designers will describe integration or whether

they will do so without being prompted.

Designer F — DragonBox

Evidence # 1 — Designer A Evidence # 2 — Designer B

. Evidence # 3 — Designer C
-."if you can convey your messages or your .."we wanted to embed the mathematical

themes or your target... | don't know your concepts in the game mechanics itself, so that ..."Because we want to get there, to get
target ideas, whether they're academic ideas while playing, you are interested at the same somewhere where you are playing with math.”
or narrative ideas, through the mechanics of time, you are learning something, you are
what you're making people do, it will come out understanding something.”
stronger.”
. | Evidence # 6 — Designer F
Evidence # 4 — Designer D
.."Instead of that, | wanted to get at what are Evidence # 5 — Designer E '"”A'Td the beau ‘_" math, is that because
math is so abstract, it can become a game on
itself. It's one of the fields where you can
really integrate the mechanics and what you
want to teach.”

o
o
c
7]

e
>

(18}

the actions students would need to engage in, .."Yeah. They do. Each mechanic group

represent an idea that's mathematical.”

in the game that are mathematical actions?”

Figure 2  Designer Quotes.

Data Table.l 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 | used helped me identify where
designers talked about dlar things.I created a frequency taltiedisplay how often
each code appeared across all transcripts and desipwélsise the frequency table
when applicable to provide supplemental evidence alongside illustrative cases. How
often the codes appedracross designers may help strengthen the evidence | have
pertaining to each research question. Table 2 below shows the spreadsheet | 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 Frequies

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

Diffission
Funexpectec
Math Land
Candy Bot

Slice
Fractions

DragonBox
Arithmagic
Totals
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Chapter 4

RESULTS

To present theesults of this study, | will (a) reintroduce each research
guestion, (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 myised hypothesis.

Research Question 1
1 Research QuestionAr e designers able to discuss
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

interviewead systematically before.

Finding #11 Designers Discuss Integration in Ways Similar to Researchers
The designers discussed integration in ways that mirror the way researchers
discuss integration in ganim@sed learning literature. This became evident from the

ways in which designers defined or described integration. In the sections below, | will
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includeevidence from designer statements as well as an illustrative case to support
this finding.

Evidence From Designer Statement®f the seven designers, six shaatd
leastonestatement during the interview that represents a description of integration
terms ofdefining what it mean%f the six designers that shared these statements, four
of them did so without any prompting. In these cases, | will include the question |
asked before the designerds statement .
spontaneously describe integration. In these cases, | 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 whatoesmathematics mean to you next, but it

sounds like it's a passionétg/ou have these Sorry, | want to articulate this

correctly because | think | got it, but it sounds like there's a passion to convey
some ideas thatoy feel are necessary to be conveyed in society.

Diffission DesignerOftentimes, 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 yoessages or

your themes or your target. | 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 igresting 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 MathThe Funexpected Math designer was one of the four
designers who shared a description about integration withoygramypting.
Me: So anyways, I've been talking a lot, but | have a lot of questions for you
I'm interested in your background. So, | guess I'll ask what got you interested
in designing math games?
Shortly after describing their educational backgroundd#segner described their
reason for designing mathematics games and defined the concept of integration.
Funexpected Math Designdrhat's when we thought that games was the best
parts to do it, to make kids enjoy mathematics again. But also it's thedyest w
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 undgtanding 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. SplI'm curious about what you think is required for like a
pretty... | guess wdt would be a highquality math gam& Let's say someone
asks you to make a list of threetbree to five things. What do you think you
put on there?
Mat hemat i cs E d Like taking,okay, we'xemang to learrehow
to multiply fractions, buit's going to be fun because we're going to blast
thingd Instead of that, | wanted to get at what are the actions students would
need to engage in, in the game that are mathematical acBartb2 actions in

the game needed to match the mental actiwausit would take to understand
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the mathematics. $Sd 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 desctipn about integration without any prompting.
Me: Okay. So| guess the first question is what does mathematics mean to
you? If | asked you to explain what mathematics is or what mathematics means
to you, what would you say?
Slice Fractions Designerguess if that's okay | want to come back to
something that you said that | 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 gabssed learning and g#mation. | 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 gve rewards.

But | 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 plg the game because it's interesting to play. | don't need to do a
boring or inaction that | don't want to do because I'm motivated by the reward
that | will get.
| 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 | 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 ohitegration until | mentioned it first.
Me: Do you consider that to be integrat
part of math game design, Integration?
Math Land Designer: We think itdéds an i
get there, to get somewheréeve you are playing with math.
This quote resonates with my description of integration in Chapter 1, in which
|l wrote Athe game itself i s the mathematic
acknowledging that the gameplay in integrated gameesept 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 | mentioned it first.
Me: One of the thingsthahlave | earned, or that 1| 06ve
educational games, in order for them to be engaging, or in order for them to be
considered higiguality, they have to be integrated. So for math games in
particular, thatos | ibknthegamg armdombdfend b e
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

mat hemati cal or they represent some kir
to separate the two. And thereds a | ot
itos almost | ike 1itds two different gar

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

Me: Right.
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DragonBox Designer: Soyeghhat 6 s a probl em. And the

that because math is so abstract, it ce&

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

teach.

An lllustrative Case. The designer of the nentegrated game in the samjle
Math Landi shared more details on his perspective of integrated mathematics game
design.

Math Land DesigneiSq, you can do math as many times as you want. But

that's a cycle. We need the coins for game design. We need giasseg 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 DesignemMNot so much. Well, whewe desigredthe game, we

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

different games that | play continuously. They play this gahss

educationalthenfun, educationathenfun. I think that this is not an example.

| interpret the above statement from the Math Lansidieer as a small amount
of evidence that even a namegrated mathematics game (i.e., the mechanics do not
represent mathematical ideas) designer can be aware of the differences between
integrated and neimtegrated mathematics games. That is, in integrgames, the
educational and entertaining aspects of the gamechksconnected 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 nugretd 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 DesignerBiscussed ldeas Related to Integration

Diffission 3
Funexpected 3
Math Land 1
Candy Bot 8
Slice Fractions 7
DragonBox 1
Arithmagic 0
Total 23

Finding #21 Designers Describe Integration as Essential to Mathematics Games
While discussing integration, it became evident that the desigoessder
integration to be a significant aspect of mathematics game design. To support this
finding, | will include evidence from designer statements along with the data table.
Evidence From Designer Statementf the seven designers, six of them
mentione at least one statement that describes integrititaims of itsignificance
to the designer. These statemdnisn designers about integratiordicate or
represent at least one of the following: (a) that integration is a significant or important
aspet of mathematics game design t ahyt he des
integration is a significant thtng to do,

integrated designs are not godthe following subsections contain these statements.
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Diffission. The Di ffi ssion designer mentioned,
you're learning content that's divorced significantly from the mechanics you're asking
the player to engage in within it, 'S goir

Funexpected MathT he Funexpected Math designer |
releasquse]game mechanics to help kids understand complex mathematical concepts.
| guess that it means a lot to us that we are able tq alodtwe invest much time and
effortintomaking hi s happen. o

MathLand. The Mat h Land deéVedidthirkitwanenti oned,
i mportant. We think that i tréaamathgapear t ant wl
integrated math game. 0

CandyBotThe mat hematics edudatitds aeaxpemrtl n

tension between the kinds of things theyodr

engaging, and whatoés going to make it trul
mat hemati cal . 0
Slice Fractions. The Sl ice Fractions designer mer

core of our philosophy@l say. Of course, we egxternal motivatiorns but you

should always focus on intrinsic motivation first | guess, if you want to make a

meani ngful experience and not just some (sé¢
DragonBox.The DragonBox designer mentiee d , nWel | |, i tdés ik
the ingredients are very important. 0

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. Tmeu mber s i n the fAl1 S0 column repres
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designer either (a) explicitly mentioned that integration is significant, (b) mentioned
whyintegration is significant, or (c) mentioned why Aategrated designs are not
good. If the number igrger than 1, it is because the designer brought up the idea

again during our conversation, not because | asked more questions about it.

Table 4 How Often Designers Discussed Integration Being Significant

Diffission 5
Funexpected 3
Math Land 2
Candy Bot 4
Slice Fractions 7
DragonBox 1
Arithmagic 0
Total 22

Finding #3717 Designers Describe Integration as Difficult to Design

In addition to giving a definition of integration and describing how significant
it is to mathematics gantesign, 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 irgeation despite recognizing that it is a difficult thing to do. |
wi || support this finding with evidence

and the data table. The following subsections contain these statements.
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Evidence From Designer Statments. Of the seven designers, five of them
mentioned at least one statement that described integratierms ofthe difficulty of
designing it.These statements indicate either (a) that the designer considers
integration difficult to design, or (b) wihe designer thinks integration is difficult to
design. They are as follows.

Funexpected MathT he Funexpected Math designer
very difficult to embed the mathematical concept into the game mechanics so that it
willbei nt eresting and it wil!/l be beneficial f

MathLand. The Mat h Land designer mentioned,
when you see it, you see a math, a real math game, integrated math game, but the
problems in makingitmorent egr at ed wer e over whel ming f

CandyBotThe mat hematics education expert n
attempt at integration, | imagine theyodol]l

their collaborators, or tensions between seemingly ictinfj goals. Because | do

think that i1integration is hard to do meani

Slice FractionsThe Sl ice Fractions designer men
every idea with integration. Il think itobs
that, becauseoyu need money. You have that much ti

DragonBox.The Dr agonBox deSothgproeadthepeocessi o n e d,
of design/integrating] i t 6 s0 compl e x .

An lllustrative Case. The Math Land designer (the designer ofribe-
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. Sowith the other kind of design, let me make sure | understand.

With the other kind of design, it's almostdikvell, | 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 DesignelExactly.

Me: Got it.

Math Land Designer: That's what weod

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, | don't know. I'm thinking fast, but perhaps it'

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 timea 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 bt more. But | 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 inteégmais to mathematics

game designers.
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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 ldasigner making up third of

the codes. This is understandable, given that Math Land was thetagrated game.

Table 5 How Often Designers Discussédegration as Difficult to Design
IDiff

Diffission 0

Funexpected 2

Math Land 4

Candy Bot 3

SliceFractions 2

DragonBox 1

Arithmagic 0

Total 12

Summary. In Chapter 1] defined integration athe embedding of educational
content or concepts within a gameds mechar
a similar description of integration without any prompting. Of the remaining three
designers, two were able to discuss integration after gnoghand 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 iateg 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 designersodo phi ldesgungbamess or approach

Further, the illustrative case presented for finding #1 is an example in which a
norrintegrated game designer (by his own admission) is able to discuss integration, by
distinguishing the rather separate or unaligned design eimegraed games from
integrated ones.

Of the seven designers, six expressed that integration was a significant aspect
of mathematics game design. These statenfieriteerindicated that designers see
integration as significant for several reasons:

1 making the gam more memorable and more effective.

1 to help kids understand complex mathematical ideas or foster conceptual
development.

1 tomake the gaming experience more authentic or meaningful

Further, the notion of integration being significant was the third mestissed
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 difftoudlesign,
designers spend considerable time, money, and other resources in an effort to build
integration into their games.

Revised HypothesisAs a result of my analyses, | now have a revised
hypothesis pertaining to research question 1. | will disthes$ollowing revised
hypothesis in more detail in Chapter 5.

1 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 resgeans do if the game aims to engage

students in learning conceptual mathematics.

Research Question 2

1 Research Questidh 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 ainttegnated

games. Integation allows designers to address conceptual learning as part of game

play.

Finding #41 Designers Integrate to Provide Conceptual Learning Experiences
While discussing reasons why designers integrate mathematics games, it
became evident that one of tteasons is because designers belmykeling
integration provides better or deeper learning experieficesupport this finding, |
will include evidence from designer statements, illustrative cases, and the data table.
Evidence From Designer Statementesigners described several reasons
for building integration into their games as indicated by their individual statements.
One of these reasons is thailding integration provides better or deeper learning
experiences compared to designs focused onasidlidrill.
In most cases, designers are responding to a question | 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
integrationin terms of it providing bedtr, more usefulpr deeper learning experiences
They are as follows.
Diffission. The Di f fi ssi on dthesmodelyeulre askmgithei o ne d
player to construdtassignificant similarity to the learning conténthenit seems
likely that there's gag to be more transference out of the game if the concepts from
that model are directly relateéd.
Funexpected MathThe Funexpected Math designer mentioned (about
i ntegrati on a nldhinlovielare desighiagsganges fer diejent reédsons.
We are trying to explain something to children and they are trying to drill
something it's much more fun, that's the poiBuut this is drilling. It's not about
understanding anything.
MathLand. The Mat h Land designer mentioned,
because we want to make children see that maths are useful. | want them to know that
maths are useful. If you use them properly, you obtain things with them, not because
of them. o
CandyBotThe mat hematics edu&atilonhexgernt O
mudh needed if games are going to be impactful, actually lead to conceptual
devel opment instead of just more skill anc
Slice FractionsThe Sl i ce Fracti ontherebalsoitwgner men
kinds of approaches. If you make an app tobgéter at mental like mental additions
or whateverit's not the same as teaching new concepts such as place value, and

fractions, and divisions, and stuff.
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DragonBox.The Dr agonBox de dso,thar@srmanyéiingsi on e d,
you could be doing with &t 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,iiA mathematician will look at that and tell you the Nocems mathematical
objects because they have the same properties as nuBdyevhat we're doing, is
we're modeling, we're visualizing them in a way that's easier to undeéstand.

An lllustrative Case. The Slice Fractions designer shared more details of their
perspective on the significance of integration.

Me: | 6m going to ask them one by one. T

integration, right? This idea that you just described. Number one, why is it

important?
Slice Fractions Designer: Because itods
Because | think in video games itos sor

is the engagement? Where does the engagement come from? Like why? Not

just in educationalg@mes. What is motivating? You project yourself in the

character that has to accomplish some t
At some point you believe in what youor
circle, right?

You getinthe stateof@aly i n order to do the action

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 gearece the world
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or the experience. So, i f [ think | i ke,
remember a math game that | 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 iwvas 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 sl ow down. Thereds absolutely no |
a | motivated to do that. Well, itds no
you cannot believe it, you know?
| interpret the above statement from the Slice Fractions Designer as an
indication that without integration, it is harder for students to fmecengaged in the
mathematical experience, because what they are doing as they playegypated
games i s not related to mathematics in any
mention of the fAstat e Ooiv(Cpikszenndhalyg2008t hei r i r
Flow is a heightened state of engagement with an activity so intense that one is
extremely focused and loses a sense of.thsaeferenced in Chapter 2, research
shows that increased engagement is supportive of mathematics learning (eétahari
2016; Hung et al., 2015).
An lllustrative 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 enfstadsnts 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, | 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 partitioningBut also | ask myselfyhat'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 rdkegt don't necessarily have

any mathematical meaning to them. They're just, okay four, four. €déuss

on the bottom. That\what students are going to do., $ou have to

intentionally frustrate that. You have to think, okay, what can | do to force
them to actually engage in mathematics, to be successful in the game?

DataTableTabl e 6 bel ow cont ai nsrsihthee code

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 mathematicao(ic) 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 duricgheersation,

not because | asked more questions about it.

Table 6 How Often Designers Discusskteas Related to Understanding
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MUL

Diffission
Funexpected
Math Land
Candy Bot

Slice Fractions
DragonBox

Arithmagic
Total 23

O WwWw w o o mw

Finding #5717 Designers Integrate to Keep Students Engaged

While discussing reasons why designers integrate mathematics games, it
became evident that one of the reasons is because designersheldng
integrationkeeps students engaged, and thereby increaseshiaires of learning. To
support this finding, | will include evidence from designer statements, an illustrative
case, and the data table.

Evidence From Designer Statement®f the seven designers, five presented
at least one statement indicating they glesd 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 Di ffi ssion designer mentioned,
youbre still just |l earning, still at the &
of the blocks into individual bl obdts and F
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
engagement or desire to keep playing.

Funexpected MathT he Funexpected Math designer |
i mportant for kids to know that theyore ce¢
forgiving for them. You candomae.e Intiodsst ankoets .
pushing you in any way. o

MathLand. The Mat h Land designer mentioned,
kids will find it challenging, and this perhaps, when | was saying adaptive, | was
thinking about engagingéo

Slice Fractions.The SliceFract ns desi gner mentioned, Al
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. o

Arithmagic. The Arithmag ¢ desi gner mentioned, Al wa
people werenodt getting stuck in a situatioc
monster and they have no idea what to do or where to go, because it can get
unmanageabl e, right?0

An lllustrative Case. A Funexpeted Math designer shared more about how
hel pful the hint button is to studentso er

Funexpected Math Designéflell, this button is the same on all of our games

In fact, there aretwo gamesh e r e we theserkiads of budtan e

because it is not needed there. But most of the games have it. Some kids whose

parents we spok®, 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 startirtgying to get the way to solve it.

So, one parent we talked with, he told us that hisceatinually used

this buttonin our Ninja gameThe parent was very worrieHe said to us that

he's not learning, because he, well, he takes and tadsshihts and it's

useless. Buat somepointwe had another talk with him and he told 'iMy

kid stopped using it, because he got, well, | don't know why, but he plays the

game without it anymore and he plays it better tmadidbefored Well,

maybesomehow he needsdme 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
necessay. | n other words, the feature was de:¢
their mathematical ability, and eventually, helpful towards their mathematical
understanding. In addition, the designer explicitly references the fact that giving up on
the game mans reducing learning opportunities.

Data TableTabl e 7 bel ow contains the code @l
column represents the number of times the designer mentioned keeping students
engagedor the purpose of learnind.ike with the codes pertainirtg how designers
described integration, after the designer first mentioned ideas related to these codes, |
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 icenges.

Table 7 How Often Designers Discussktbderating Challenge
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Diffission 1
Funexpected 2
Math Land 2
Candy Bot 0
Slice Fractions 6
DragonBox 0
Arithmagic 2
Total 13

Summary. Of the seven designers, siaidthat building integration provides
better or deeper learning experiendesllectively, hesestatementand illustrative
casesndicate that designelsuild integration into mathematics ganfesseveral
reasons:

1 to design authentic mathematical experes
1 to help kids understand complex mathematical ideas or foster conceptual
development rather than just drill mathematical facts.

1 to help kids feel confident and competent in order to sustain their motivation.

Further, five of the seven designers shatatements indicating the
importance of keeping students engaged so they do not lose confidence. The designers
were heavilyinvested in keeping students engagedrarer to support their learning
Specifically, they created alternative ways for studens®hee the puzzles in the
games, provided hints when kids get stuck on a level, or made the game adaptive so
that it remains at studentsdé ability | evel
are obtainable, they may experience increased motivatiengagement, and hence, a

desire to continue playing, which may increase their chances of learning.
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Revised HypothesisAs a result of my analyses, | now have a revised
hypothesis pertaining to research question 2. | will discuss the folloeiged
hypothesis in more detail in Chapter 5.
1 Designers build integration into their
development of mathematics. Designers also build in features and mechanics
to sustain studentsod eevgapmeatnitasruncleavi t h t F

how much of integration is built excl us

Research Question 3

1 Research Questiddt How do designers build integration into their games?

Hypothesis 8

Designers will be able to describe some processgaré design, but it is
difficult to predict which ones or in how much detail for three reasons:
1 the literature does not document this process.
1 Iam unsure how aware individual designers are of the entire process
(the game might have been designed 3aa and the lead designer
might not be familiar with all aspects of game design).
1 Iam not sure designers will have language to talk about the actual

design process.

Finding #61 Designers Believe Playtesting is Essential
While discussing parts of the gardesign process, designers expressed that
playtesting is essential to mathematics game design. To support this finding, | will

include evidence from designer statements, an illustrative case, and the data table.

62



Evidence From Designer Statement$f the £ven designers, six shared at
leastonestatement during the interview that indicates playtesting is an important part
of designing a mathematics game. They are as follows.
Diffission. The Di ffi ssi on Ildwaspadlyaeprocessefnt i oned,
building those, testing them out, testing them with other designers at the company and
then making tweaks there based on the verbal feedback that | was getting from the
people playing therd.
Funexpected MathT he Funexpected MatSbhbwedmadei gner
aprototype, we tested it onto kids, and waomiraculously it worked! They understood
much more than we maybe expectedthemmto d we t hought ¢t at dés a
MathLand. The Mat h Land deelithink eesaymbenive one d,
try the games ith kids, we observe if they want to go on playing, because they know
we are making them test the game, so perh@p¥ are seeing if thédyrheavi ng f un. 0O
Slice FractionsThe Sl i ce Fract i oBusthedvaysvegner men
know we succeeded is that wevays do playtests. Every step of the way we playtest.
We don't explain anything to kids, and there's no text in the gameeSmow if they
understood. 0
DragonBox.The Dr agonBox delseibgen makinggames i oned,
for over 25 years now. Andlvnever seen a team that iterated so much, and trying
new things, and prototype so much before ¢
Arithmagic. The Arithmagic designer mentionesdAnd so t hat was | i
really big part of the development processAdthmagic. It would be very different

then, probably unplayable if |had notpiaye st ed it with anyone. o
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An lllustrative Case.Bel ow i s the Arithmagic desigr
significance of playtesting.

Me: You mentioned playtesting earlier, right?wdsignificant is that to you?

Arithmagic DesignerExtremely significant.

Me: Can you explain?

Arithmagic DesignerYes. Sol 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 malkenough changes, and then you show it to a brand

new person and you see that, oh, they're not hitting the samegissues

Data Table.Table 8 below contains the code pertaining to playtesting and
iterating (P&l). It is the most mentioned code of all nineesod his 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 Fractesgyner, 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, |

did not ask more questions about it. | only followed teesdi gner 6 s | ead i n d
these ideas.
Table 8 How Often Designers Discussed Ideas Alfelatytesting

P&l
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Diffission
Funexpected
Math Land
Candy Bot
Slice Fractions
DragonBox

ga N © O N = O

Arithmagic
Total 24

Finding #7171 Designing Games itnterdisciplinary

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, | will include evidence from designer statements
and the data table.

Evidence From Designer StatementsOf the seven designers, six presented
at leasbnestatement during the interview that indicates that designing an integrated
mathematics game is an interdisciplinary process. They are as follows.

Funexpected MathT he Funexpected MatNowwkesi gner
have several artists and several programmers, but we started with only one
programmer and only one artist, it was mys

Math Land. The Math Land designene n t i ®kag. Wvell, pirates was the
idea to put in the game, so at that time, we only had oneiattiatwas my partner.

He proposed some concepts of main charécter the pirate main character.

Candy Bot.The mathematics education expert mamnte dThe cdmputer

scientist that | worked with, | 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.
Slice Fractions.The Slice Fractions desige r me n t d trg to &2ach neii W
conceptsThat 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?0o
DragonBox.The Dragm Bo x d e s i g n &he teane, well nowv it lead , A
expanded. But when | joined the company we were just like a dozen people, | think
more than half had PhDso
Arithmagic. The Ar it hmagi ¢ dAadsmogenyou needd,nt i oned,
for example, on Aritmagic | didn't do the art, | paid an artist to do the art because I'm
not an artist.o
Data Table.Table 9 below contains the code pertaining to the idea that
integrating mathematics games requires a variety of individuals with different
expertise (Interdry). 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 firstentioned ideas related to these codes, | did not ask more questions

about it. 1 only followed the designerds |
Table 9 How Often Designers Discussederdisciplinary Work
Interdisc
Diffission 0
Funexpected 3
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Math Land
Candy Bot
Slice Fractions
DragonBox

R N W b~ b

Arithmagic
Total 24

Finding #8i Designers Decompose Mathematical Ideas or Topics

While discussing parts of the game design process, some of the designers
expressed that breaking dowrathematical concepts into smaller pieces is a core part
of the process of integrating mathematics games. To support this finding, 1 will
include evidence from designer statements and the data table.

Evidence From Designer StatementsOf the seven designers, four presented
at leasbnestatement 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 designementionedii Yeah, you're taking
taking a higher level concept that you want and conveying it through a lower level set
of systems. o

Funexpected MathT he Funexpected MatBotmgesi gner
approach is at looking at the complex concepisn very complex math, and then we
simplify it and to try to find what can you tell about this concept to young chif@ren.

Slice Fractions.The Slice Fractions designer mentionéd, nst ead of putt

everything in one level, that would be super hard. jisimake a level with the first

part of the equation. And then the second level is the first part with something more.

67



DragonBox.The DragonBox designer mentionéd] t hi nk, wel | fir
that's been one of Dragon Bobetgghtgyoul osophi e
slice it into small pieces

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 fosigteers, with over half from the

DragonBox designer.

Table 10 How Often Designers DiscussB@composing Mathematical Ideas

Decomp

Diffission
Funexpected
Math Land
Candy Bot
Slice Fractions
DragonBox
Arithmagic
Total 11

U1l MNOO Wk

Finding #8171 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 Atransl
as art and other game items intoigitdl format by the use of game engines and other
technological toolsTo support this finding, | will include evidence from designer

statements and the data table.
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Evidence From Designer Statementf the seven designers, four presented
at leasbnestatement 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 mentionedl,kSo me of t hose were
drawing up designs, putting them in the game wiare dich téactually have good
tools for making custom levels for this. | basically had to map a 2D level into-a one
dimensional structure for mgsl f é o

MathLand. The Funexpected MatBhcadetleieggaer ment
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

Slice Fractions.The Slice Fractions designer mentionedds o met i mes you |
don't figure out how to make a level out of an exerdibe. first step in making those
games is just to try to prototype to those math subjects. Can we make something out of
then?0

DragonBox.The DragonBox designer mentionéd, the designers took the
linear equation which usually is one dimensional, it's just written over a line on your
notebook. And they sagVhy do we need to have it in 1D? Let's make it®D.

Data Table.Table11 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 Slice Fractions designer making up half of

these codes.
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Table 11 How Often Designers Discuss€dnverting 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 designersod statements indica

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 aathematics 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 mathematicthie designed st at ement s al |l i ndicali
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 multipieels. They say they do this so
students can process larger or more complex mathematical ideas piece by piece.

Finally,t he designersd6 statements indicate

converting mathematical ideas and other game items (i.e., &jtintw 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 HypothesisAs a result of my analyses, | now have a revised
hypothesis pertaining to research question 3. | wsitalss the following revised
hypothesis in more detail in Chapter 5.

1 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., artispgogrammers, 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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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, | hypothesized that the design of the games, and individual
game éatures in particular, were responsible for this problem. However, because
video games are composed of an interconnected system of featdraschanics
(Fullerton, 2018), | could not easily unpack the structure of games to pinpoint the
problem. To furthemy understanding, | 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 playeaweilland 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 mathosmati
development (Caytehlodges 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 mathematowaiceptslittle has been written about
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the details of integratiom 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 gameéghe designers of commercial mathematics game

apps. Are these designers awafr¢he 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, | developed the following three
research questions:
T Are designers able to discuss fAintec
researchers? That is, do designers share the same conoeggi@tion
as described in the literature?

1 Why do these designers build integration into their games?

1 How do designers build integration into their games?

Because | wanted to understand the perspectives of commercial mathematics
game designers on varioaspects of game design, | conducted-onene 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 aspectstbé 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, andttkeb s ence of other descriptions in
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on integration present limitations that prevent me from proposing revised hygsothes
asclains.l use fAr evi Beeadse thgy peprésanensoee specific hypotheses
that should beststed in future studies. Differences between my original and revised
hypotheses represent, in summary and abbreviated form, what | learned from
conducting this study.

In this chapter, | will present each research question, my initial hypothesized
answer tahe question, the findings that address this hypothesis, and my revised

hypothesis based on these findings.

Research Question 1
T Are designers able to discuss Aintegrat
other words, do designers share the concepitefiiation 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 sehwut being prompted, because
designers have not been interviewed systematically before.

Summary of Findings That AddressThis Hypothesis.Of the seven
designers interviewed, six gave a description of integration that resembles the concept
of integration(including the one nonantegrated game designess it is described in the
literature and four did so without promptinihat most of the designers described the
concept of integration without any prompting demonstrates how essential it is to them
and thedesign of their games. Almost diésignersn my sample weraware of and

able to discuss integration, atieby described imilar to how researchedescribe it
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Further, while elaborating on their viewpoints regarding integrasianf the
designers described integration as significant,fesedof the seven designers shared
how difficult it is to build it into game®Pespite its difficulty as an aspect of
mathematics game design, designers still spend considerable restyilcgdo build
integrationinto their gamesThis suggests that, like researchers, most of the designers
in the sample think integration is essential to mathematics game design.

Asaresubf the designerso6 attestations
can revise my initial hypothesis.

Revised HypothesisMathematics game designers of integrated games are
aware of integration, describe it in terms similar to the kind of integrationcated
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-mdagrated game discussed
integration in the same ways as thetegrated game designer peers, | hesitate even
proposing a hypothesis about the ability of mategrated game designers to describe

integration.

Research Question 2

1 Why do these designers build integration into their games?

Initial Hypothesis. Designes 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 desigrto address conceptual learning as part

of game play.
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Summary of Findings That AddressThis Hypothesis.Of the seven
designers, six described integratiorbagigable to provide deeper, more conceptual
learning experiences than nonegrated games. Rher, designers are aware that
building integration into their games is what sepatiteirs from the rest. As the
Funexpected Math designer mentioned, fWe &
children, and they are tr wndergganding dr i | | sor
a nyt htisrclgar that this designer is referring to conceptual understanding. The
emphasis on conceptual learning is what separates the games whose designers |
purposefully selected for this study from games that emphasize drilliisyaskail
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 mahenthe
game. In other words, designers understand that students cannot learn if they do not
play the game, and studentsd motivation toc
experience success in the game. Therefore, developing mechanisms 1sts stoichet
become frustrated but instead experience some level of competence is important to
mathematics game design.

As a result of designersd attestations
devel opment, as well as ma reamant Icapresidfeudent s C
my initial hypothesis.

Revised HypothesisDesigners build integration into their games to encourage

studentsod6 conceptual devel opment of mat hen
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mechanics to sust ai nhissconcegteahdevel@dgmennligia g e men't

uncl ear how much of integration is buil

Research Question 3

1 How do designers build integration into their games?

Initial Hypothesis. Designers will be able to describe sopnecesses of game
design, but it is difficult to predict which ones or in how much detail for three reasons:
1 the literature does not document this process.
1 itis unclear how aware individual designers are of the entire process (the game
may have been desigd by a team, and the lead designer might not be familiar
with all aspects of game design).

1 itis unclear if designers will have language to talk about the design process.

Summary of Findings That AddressThis Hypothesis.The designers
describedseveral 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 botheredo 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 proces3.he 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 kind$§ 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 expresseddakimiea 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 indschthat 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 makingdks 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 gae design. As designers made clear, games are a product of
interdisciplinary work so | was not sure that aneone interviews would yield
information on the processes of game design.

As a result of designersd shmatiosd i nsi gt
game design, | have chosen to revise my initial hypothesis.

Revised HypothesisDesigners are able to descraaveral processasvolved
in building integration into mathematics games. This includes playtestiagdinga
variety ofkinds of expdise(i.e., artists, programmerBhDs,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 | learned from this study that desggg of integrated mathematics games
are likely to know what integration is and describe it in a way similar descriptions
contained in the research literature, | did not learn whether designers-otegrated
games are also aware of and can describgriatien. So, | do not know whether ron
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 nonrintegrated mathematics games ondbps 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 moramegrated
game designers can contribute to answering thigignes

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, ad using technological game design tools were the most discussed.
However, several parts of the process are still unclear. What doeshy-stieyp
description of designing an integrated level look like or entail? Or, in other words,
how do these differemtrocesses 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 discussgiven 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 thieysségp
process desigers 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 tthe 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 incugchnology 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 inelgdmes 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 dppiies provided by the games by
paying special attention to timechanicsor the actions they take when playing these
games. Do the actions represent or resemble mathematical ideas or concepts? Is there
mat hematics fAunder t hmeerdywresgod tocdrrydutRisit act i or

difficult to imagine what the game would be like if there was no mathematics?
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If the actions involveloing mathematics, that game is likely emegrated
mathematics game. These games often provide conceptual madsdesining
opportunities and, therefore, could be use
understanding. These games are not common but they do exist and their designers
intentionally engage players in the conceptual aspects of mathematics.

If the mathemads 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 suhsges 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 ambn-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
avail able on the app stores and evaluate t
dedde 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 supc¢g
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learning. If educators know what to look for, they are likely to select garaes th
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 téadvers
how to evaluate the learning potential of video games, their demand for more
conceptuallyoriented games might alleviate the shortage of-hjigdlity video games
that support studentso6 | earning of deeper,
drilling facts and skills.
As an elementary mathematics teacher and a gamer, | looked for ways to
incorporate technology in my classroom. In particular, | encouraged students to play
math video games. If | had known what | learned from conducting this $twdwld
have searched for more integrated games tc
These games would have added a useful instructional resource to help student achieve
more ambitious learning goals.
If more integrated games were available, if keas knew how to recognize
integration in educational games, and if they knew what these games could mean for
students6 | earning opportunities, they colL
that are fun for students without having to sacrificeceptual 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 foearier study designed to discover

the game features students notice and enjoy the most across both educational and non

educational games. | identified these features based on my own expertise as an

educator and gamer, as well as through the literatugamebased learning.

Entertaining Features

T

Challengeanddifficulty/ZPD (Hunget al.,2015)i The level of challenge of a
video game; how difficult it is to make progress in a game.
Narrativesandstory (Dickey, 2011) The story or plot of a video game.
Socialandmultiplayer componentKe & Gabrowski, 2007¥Wu et al.,2014)i

The level of opportunity a game presents to make the game enjoyable for more
than one playerThis @n include online modes or online communities, forums,
etc.

Fantasy (Kenny & Guet, 2007; Malone, 1981) The extent to which a game
incorporates things that are not realistic or are of extravagant imagi(iagion
dragons, magic, flying)

Competitioni The extent to which a game makes players compete or is
competitive.

Graphics sound, andrevironments (Malone, 198 Malone & Lepper, 1987

The overall audiovisual presentation of a video game.
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1 Attachmentand pogression (Gee, 200B)A feature of video games that
inspires a sense of growth and/or achievement in themplagt may develop a
sense of attachment to the game.

1 Freedomand ontroli A feature of video games that offer the player
autonomy (i.e. linear games vs. Aarear) or choice in how they play the
game.

9 Curiosityi A feature of video games that makesyplawonder more about it
or develops a desire to explore, discover, and find out more about the game.

1 Bonusfeatured Extracontent or adens to the game that gamers can
complete or play that are nanandatory towards completing the game and are

meant tabe a fun distraction (i.e., minigames, sjleest$.

Educational Features

1 Challengeanddifficulty (Devlin, 2011;Vygotsky, 1978) The level of
challenge of a video game; how difficult it is to make progress in a game.

1 Explicit connections between proegdsandconcepts (Hiebert & Grouws,
2007)1 The extent to which the game clarifies how the mathematics in the
game is related to matmaticalconcepts or mathematics in ngame
contexts.

1 Student feedbackQ@resalfi & Barnes, 2015; Hattie & Timperley, 2000A@ng
et al, 2018)i The extent to which a game explicitly responds to the things
players do.

1 Multiple representations (Yareg al, 2018)i Providing more than one
representation of the content that ib®learned (i.e., graph, table, equations,

pictures).
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1 Multiple solution paths (Pope & Mangram, 2015providing 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 Bcontains 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:
1 2020 Games for Changbsstlearninggamenominee

1 2020 Kidscreer\wardsbestlearningapp winner

Figure Bl below shows Funexpected Mat hods

9C



11:08 AM Tue Mar 8 sse = 100% (@mm

A OPEN

We hope your children enjoy their journey into learning math with Funexpected Math.

Preview

Open the beautiful travel from solve problems
world of math lesson to lesson and puzzles
? with little heroes

Get your child excited about learning and solving problems!
Funexpected Math is the award-winning platform that helps kids aged 3-7 develop their mathematical
thinking. Your child will master number fluency, strengthen logical thinking, develop spatial skills a

Ratings & Reviews

4 ® ; out of 5

Figure Bl  Funexpected Math App Store Ratings.

DragonBox

The DragonBox games as a collective have won several awards ayaohtes
are teacher approved via Google Play. As most of the questions | asked the designer
were about DragonBox Algebra, Figure B2 displays the awards DragonBox Algebra

has won.
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Multiple award Winning!

Common Sense Media 2013 Nordic Game Awards 2013

£y
- Best Nordic Innovation

Award

ON for Learning Award

2 Download on the

S App Store

Tech with Kids 2013 »:;‘;‘:::?3‘:,’:’,‘,‘:" American Association of

AL School Librarians
Best Pick App
Best App for Teaching &

Learning 2014

GETITON

P> Google Play

Figure B2  DragonBox Algebra Awards.

Slice Fractions 2
SliceFractions 2 is a teacher approved game and has won several awards
including
1 Youth Media Alliance best original digital content 2015
1 Indie Prize Showcase Awards 2014 best family friendly game

1 International Serious Play 2014 gold medal

Figure B3 below showa preview of the game on the Apple app store.
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Bug fixes

Preview

Designed with universit

Slice 50% off the price for a limited-time as part of the App Store’s promotion!
The sequel to the acclaimed and multi award-winning game Slice Fractions - Best of 2014 and Editor's
choice of the Apple Store.

Ratings & Reviews

4.7.

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 Googlapay

store.
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43% 500K+ Oh €
T
6K reviews Downloads secher Everyone ®
Approved

About this game >

Math Games for learn mental arithmetic with the best learning games for
children

Ages 6-8 Ages 9-12 Educational Mathematics
& Teacher Approved ®
Here's why

&  Appropriate for
Ages 6-12

©  Learning
Math

$ Fung engaging

Challenges + Characters * Lots to do * Popular topic

2 Thoughtfully designed for children
Words & sounds + Ease of use + Art & animation

&  Creativity & imagination

Sparks curiosity + Pretend play + Innovative * Critical thinking

® Positive messages
Love of learning

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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48% 1K+ (2}
193 reviews Downloads Teacher Appro'

Install

About this game >

@ Math and magic - what more do you want?

Ages 9-12 Educational Mathematic
& Teacher Approved ®
Here's why

& Appropriate for
Ages 9+

D Learning
Math

‘*7 Fun & engaging
Popular topic + Challenges

&2 Thoughtfully designed for children

Words & sounds + Ease of use -+
Art & animation

o/ Creativity & imagination
Critical thinking

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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O O

QY

MAKE ' BLOCKS | MAKE
8

Slice your way through endless procedurally generated puzzles in Diffission! Highlight, slash, and
dismantle deceptively simple shapes and unlock special block types as you work your way to the coveted
title of Diffissionist. Looking for an even greater challenge? Test your mental agility in Challenge M«

Ratings & Reviews

Tap to Rate

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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CandyBot is an educational game designed to support students’ learning about fractions and functions.
Players program a robot by creating functions. The main goal of the game is to train the robot to efficiently
satisfy customer orders for candy bars—orders that include improper fractions and mixed numbers

Ratings & Reviews

3030ulof6

FigureB7 Candy Bot Apple App ®re.
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Appendix C
SAMPLE INTERVIEW PROTOCOL

Hi! My name is Ku. | am a PhD student in Math Education at the University of
Delaware, and | am now on the final step before graduation, which is completing my
dissertation. Before | came to UD, | was'agdade math teacher for several years in
New York City, which is also where | am from. As a math teacher, | noticed that it
was difficult to get students to become more motivated in math, so | wanted to see if |
could use games to motivate them. | am whast people in the gaming world
consider a fAhardcoreo gamer. | have been g
in tournaments for games, and | regularly spend large amounts of time and money on
video games. It was at that point in my teaching careerevhstarted to think about
how | could combine my knowledge of math/teaching and deep knowledge of games.
This became the focus of my dissertatidmow to design/create higiuality math
games that kids could play and learn from, and | thought you vibeutshe of the best
people to ask! That is my background, but to start | am really interested in your

background(s)

Introductory Questions

1 What got you interested in designing games?

1 Why mathgames?
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1 What does mathematics mean to you? If | asked yougiaiexwhat

mathematics is or what mathematics means to you, what would you say?
1 How did you get into designing math games?

1 What advice would you give to somebody who is interested in designing math

games as a career?

Category A: De s i g filougbktonElementsThey Would Include in aMath
Game

If you had to give a list of things that you think are fundamental to the design
of a highquality math game, what would be on that list?
1 Why?What makes each of these significant to kagiality math game design?
1 If you had to pick only 5 of these things, which would you pick? Can you rank

them?

1 You mentioned [whatever aspects theyntrened]. Are there any other
features you can think of that you perhaps forgot to mention, or do you think

you covered them mostly?

1 Doyouthinkfl e s i g n e] hads mostgohtime énstrumental things you just

described?

1 If you had additional funding anctea time toworkond e si gne]r 6 s game

howwould d e s i g n e] beddgferept® me

Move onto Category B. If they mentioned integration while answering

guestions in Category A, then segue with the following:
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1 So, I noticed that one of the aspects of kyglaity math design game you
mentioned is integration [OR use thgecific languagéhey use to describe
integrationiper haps it will be Aintegrationo

that aspect a little bit more during this interview.

If they do notmention irtegration while answering questions in Category A,
then segue with the following:

1 So, one of the things | have read and seen very often, is that educational games
have to be integrated in order for the game to be considered-guatjty
educationalgamé&=or mat h games in particul ar, I
blend between the math in the game and some of the game mechanics or
featur es. By Aintegratedo, I mean t hat
mathematical in nature, or the game features tmbe interconnected with the

educational features somehow. Do you know what | mean?

T [I'F THEY DONO6T] For example, in [Dragor
of the puzzles (educational content), can be solved in fewer moves, which
means students have thheedom to solve these puzzles in more than one way
(freedom or opemndedness is an engaging feature of games). Heretlsean
example where the mathematics content is intertwined within the game
mechanics. Students are asked to solve these puzzlesahmatlly
representations of one or tvgtep 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 eémple of how the game mechanics represent some mathematical

idea (symmetry). What do you think of this idea?

10C



Category B: Designes Berspectives on Integration
[If they DID mention integration in Category A]
T éWhat does integrati othey{is®OtBRdeschbe speci fi c
integrationf per haps it wil/l be Ainteganati ono
you explain irmore detaiwhat you mean when you say [integration], and

why you think it is an important aspect of math game design?

91 Out of all the aspectsf math game design, how important is integration? What
| 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?

1 So, thanks for sharing more about [integration] and what makes it such a
significant part of math game design! Now | am wonderogydo you do it?
Can you describrowyou go about making sure that the game has a certain
level of [integration]?

1 How do you know when you have achieved the level of [integration] you

desire?

[If they did NOT mention integration in Category A]
T éDoes any of that ma Keavhat arepoarbeliefsam, |  war
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?

9 Out of all the aspects of math game design, how important gratien? 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 Gayingthe following: | have been wrestling with that idea of

integration for years now, so | regabppreciate you taking the time to share your

thoughts about it. In fact, | thought about integration while playing thrpudhe si gner 0 's
game] | had some questions to ask about some of the design choices | noticed in the

game.

Category C. Design Choicesabout Individual Features and/or Integration of
Features

1 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?

1 What was your desigphilosophy 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?

1 Is this the approach you take with every game, or do you take eediffe

approach with other games?

1 Interesting, so can you tell me what the design process was like? For example

T what was the very first thing you all did?

1 So, given how | was describing integration earlier, while playinithmagic |
jotted down each tim| 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. | basically made a note of where | saw any
kind of integration throughout my playthroughtbé game. Can you tell me

what you think? Particularly, (a) if this was something intentional for you (or
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your team), (bwhyyou chose to integrate these features together. | took

screenshots to help us frame ttarte di s cus

‘N

T Challenge & Graphics/ Environment: |
screenshot because | 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 y@u solve
geometric puzzles (rotations) etethat when solved, reveal Egyptian
lore (sphynx, ankh, snake, etc.) behind the paper. When you designed

this, what were your goals?

T Challenge & Feedback: [ Show pictur e]
because | thaght | thought it represented an example of integration
between the challenge and feedback in the game. For example, |
noticed that the challenganbe affected by the igame hints. At the
start of a new puzzle, a Itdghtbul b (
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 theVel 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?

T Fantasy & Graphics: [ Showecauselt ur e] €

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, |
noticed that the game takes place on multiple different continents with
the environments being real life pks, 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

mathematicsdarning?

Chall enge & Progression: [ Show pict.?
because | 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 geatsenthallenging 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
| 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 freedomo@am the different

continents, there is a sense of curiosity wondering what minigames are

in all of the different continentissome sense of mystery is there. There

are a ton of different minigames to play on all of the different

continents, and the factahthe game is nelinear allows you to

explore and develop this curiosity f

whichever minigames youb6d | i ke on wh
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ANY time. When you designed this, what were your goals? How does

this design fit ind your goals for mathematics learning?

Category D: Descriptions About the Process of Designing an Educational Math
Game

| appreciate you sticking with me! These are my last set of questions, and
theyore about what we | us tgoaldwesecorindtherd. We ¢
words, why you chose to integrate those sg
about now, is exactly how is that done? What is the design process that produces these
different integrations we just discussed?

1 For example, wenentioned that the game has several challenges, and that the

level of challenge can be moderated by thgame hints. So, | guess the

guestion here is, what is the design process for implementing this in the game?

Is there someone that you bring onto tisem 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?

1 For example, we mentioned that as you continue to make progress in the
different minigames game, the game becomes more difficult. So, | guess the
guestion here is, what is the design process for implementing this in the game?
Is there someone that you briagto 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 ¢fagne?
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1 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 desighis 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 thesficonversation, until when it

comes to life in the game?

1 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 imgipg based in fantasy
(I.e., houses on ice, a husky on an icebahfp.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 exetly 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
Thatos all! 1 sincerely want to thank vy
That answered many questions of mig also helped with my studg means a lot

to me. | wish you all the best in your endeavors! Have a great week!
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Appendix D
NON-MODIFIED RUBRIC

| used this rubric in an earlier study to identify the game features that were
present in both an educational ammHeducational gaméd&:.he rubric allowed me to
notice that some features were connected to each other. This helped generate my

initial interest regarding integration.

2015; Vygotsky, 2014) 2007; 1981; (Gee, 2003)

1978) Malone, Malone &
1981) Lepper, 1987)
Challenge and Difficulty Explicit Connections. Offers Student Feedback Multiple Multiple Solution
(zPD) between Procedures & | (Gresalfi & Barnes, 2015; | Representations Paths

(Devlin, 2011; Vygotsky, Concepts Hattie & Timperley, (Yang et al., 2018) (Pope & Mangram,

Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics & | Attachment | Freedom | Curiosity
Difficulty (ZPD) | (Dickey, 2011) (Ke & Gabrowski, (Kenny & Competitive Sound & &
(Hung et al., 2007; Wu et al., Gunter, (Malone, Progression Discovery

1978) (Hiebert & Grouws, 2007) | 2007; Yang et al., 2018) 2015)

FigureD1 Non-modified Rubric.



Appendix E
INTEGRATION PROFILE RUBRICS

Below is the integration profile rubric for each game in the sample | generated
by analyzing the game. | colooded the features that | 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 waititim the individual
educational and entertaining domains and across donaaidgb) the overall extent to
which the game is integrated in this manner. After coding in this manner, | discovered
that the games in which a number of features across both domains were integrated
(particularly with challenge) were also games in whiehdontent was embedded

within the mechanics.

Funexpected Math

Figure E1 below contains the integration profile for Funexpected Math.
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Game Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics & Attachment | Freedom | Curiosity
Difficulty (ZPD) | ([Dickey, 2011) {Ke & Gabrowski, (Kenny & Competitive Sound & &
(Hung et al., 2007; Wu et al., Gunter, (Malone, Progression Discovery
2015; Vygotsky, 2014) 2007; 1981; (Gee, 2003)
1978) Malone, Malone &
1981) Lepper, 1987}

Funexp: d
Math
Challenge and Difficulty (ZPD) Explicit Connections Offers Student Feedback i Multiple Solution
(Devlin, 2011; Vygotsky, 1978) between Procedures & | (Gresalfi & Bamnes, 2015; Paths
Concepts Hattie & Timperley, (Yang et al., 2018) (Pope & Mangram,
(Hiebert & Grouws, 2007) | 2007; Yang et al., 2018} 2015)

Funexpected
Math

Figure E1  Funexpected Matmtegration Profile

DragonBox Algebra

Figure E2 below contains the integration profile feag@onBox Algebra.

Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics & Attachment | Freedom | Curiosity
Difficulty (ZPD) | (Dickey, 2011) (Ke & Gabrowski, (Kenny & Competitive Sound & &
(Hung et al., 2007; Wu et al., Gunter, (Malone, Progression Discovery

2015; Vygotsky, 2014) 2007; 1981; (Gee, 2003)
Malone, Malone &
1981) Lepper, 1987)

Challenge and Difficulty (ZPD) Explicit Connections Offers Student Feedback Multiple Multiple Solution
(Devlin, 2011; Vygotsky, 1978) between Procedures & | (Gresalfi & Barnes, 2015; | Representations Paths
Conceptis Hattie & Timperley, {Yang et al., 2018) (Pope & Mangram,
(Hiebert & Grouws, 2007) | 2007; Yang et al., 2018) 2015)

igon Box
Algebra

Figure E2  DragonBox Algebra Integration Profile

Slice Fractions 2

Figure E3 below contains the integration profile for Slice Fractions 2.



Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics & | Attachment | Freedom | Curiosity
Difficulty (ZPD) | (Dickey, 2011) (Ke & Gabrowski, (Kenny & Competitive Sound & 8
(Hung et al., 2007; Wu et al., Gunter, (Mmalone, Progression Discovery

2015; Vygotsky, 2014) 2007; 1981; (Gee, 2003)

1978) Malone, Malone &

1981) Lepper, 1987)

Challenge and Difficulty (ZPD) Explicit Connections Offers Student Feedback Multiple Multiple Solution
{Devlin, 2011; Vygotsky, 1978) between Procedures & | {Gresalfi & Barnes, 2015; [ Representations Paths
Concepts Hattie & Timperley, (Yang et al., 2018) (Pope & Mangram,
(Hiebert 8& Grouws, 2007} | 2007; Yang et al., 2018) 2015)

Figure E3  Slice Fractions 2 Integration Profile.
Math Land

Figure E4 below contains the intetiom profile for Math Land. Math Land is

the nonintegrated game in the sample.

Game Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics 8 Attachment | Freedom | Curiosity
Difficulty (ZPD) (Dickey, 2011) (Ke & Gabrowski, (Kenny & Competitive Sound & &
(Hung et al., 2007; Wu et al., Gunter, (Malone, Progression Discovery
2015; Vygotsky, 2014) 2007; 1981; (Gee, 2003)
1978) Malone, Malone &
1981) Lepper, 1987)

Math Land
Challenge and Difficulty (ZPD) Explicit Connections Offers Student Feedback Multiple Multiple Solution
(Devlin, 2011; Vygotsky, 1978) between Procedures & | (Gresalfi & Barnes, 2015; | Representations Paths
Concepts Hattie & Timperley, (Yang et al., 2018) (Pope & Mangram,
(Hiebert & Grouws, 2007} | 2007; Yang et al., 2018) 2015)

Figure E4  Math Land Integration Profile.

Arithmagic

Figure E5 below contains the integration profile for Arithmagic.
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Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics & Attachment | Freedom | Curiosity
Difficulty (ZPD) (Dickey, 2011) (Ke & Gabrowski, {Kenny & Competitive Sound & &
{Hung et al., 2007; Wu et al., Gunter, Progression Discovery

2015; Vygotsky, 2014) 2007; ; (Gee, 2003)
Malone,
1981) Lepper, 1987)

Challenge and Difficulty (ZPD) Explicit Connections Offers Student Feedback Multiple Multiple Solution
{Devlin, 2011; Vygotsky, 1978) between Procedures & | (Gresalfi & Barnes, 2015; | Representations Paths
Concepts Hattie & Timperley, (¥ang et al., 2018} (Pope & Mangram,
(Hiebert & Grouws, 2007} | 2007; g et al., 2018) 2015)

Figure E5  Arithmagic Integration Rfile.

Diffission

Figure E6 below contains the integration profile for Diffission.

Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics & | Attachment | Freedom | Curiosity
Difficulty (ZPD) (Dickey, 2011) (Ke & Gabrowski, (Kenny & Competitive Sound & &
(Hung et al., 2007; Wu et al., Gunter, (Malene, Progression Discovery

2015; Vygotsky, 2014) 2007; 1081; (Gee, 2003)
1978) Malone, Malone &

1981) Lepper, 1987)

Challenge and Difficulty (ZPD) Explicit Connections Offers Student Feedback Multiple Multiple Solution
(Devlin, 2011; Vygotsky, 1978) between Procedures & | (Gresalfi & Barnes, 2015; | Representations Paths
Concepts Hattie & Timperley, (Yang et al., 2018) (Pope & Mangram,

(Hiebert & Grouws, 2007) | 2007; Yang et al., 2018) 2015)

Figure E6  Diffission Integration Rofile.

Candy Bot

Figure E7 below contains the integration profile for Candy Bot.
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Challenge and | Narrative/Story | Social/Multiplayer Fantasy Competition Graphics & Attachment | Freedom | Curiosity
Difficulty (ZPD) [Dickey, 2011) (Ke & Gabrowski, (Kenny & Competitive Sound & &
{Hung et al., 2007; Wu et al., Gunter, (Malone, Progression Discovery
2015; Vygotsky, 2014) 2007; 1981; (Gee, 2003)
Malone, Malone &
1981) Lepper, 1987)

Challenge and Difficulty (ZPD) Explicit Connections Offers Student Feedback Multiple Multiple Solution
{Devlin, 2011; Vygotsky, 1978) between Procedures & | (Gresalfi & Barnes, 2015; | Representations Paths
Concepts Hattie & Timperley, (Yang et al., 2018) (Pope & Mangram,
(Hiebert & Grouws, 2007) | 2007; Yang et al., 2018) 2015)

Figure E7  Candy Bot Integration Profile.



Appendix F

FINALIZED CODEBOOK

The codes below are the finalized codebook used for the study separated by

category.

Category B Codes

1 Integration Definition (ID)i The designer defines what integration is
implicitly or explicitly. Integration is the embedding of edtional
content/ concepts/ideas within a gameods

1 Integration Significance (I9) Thedesigner mentions (implicitly or explicitly)
one or more of the following: (a) simply mentions that integration is significant
or important (to them or in genergb) mentionsvhyintegration is significant
or important (to them or in general), or (c) mentions or gives a reason why a
design that s mtégrated is not good.

1 Integration Difficulty (IDiff) i 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
1 Moderating Understanding and Learning (MULJ he 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 aapt, (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.
1 Moderating Challenge (MQ) Thedesigner expresses one or more of the
following: (a) they deigned 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 i s designed to adapt to t
students have the freedom to solve&l or play the game in more than one

way (usually via an easier way or a more challenging way).

Category D Codes

1 Playtesting & Iterating (P & I) The designer expresses (implicitly or
explicitly) one or more of the following: (a) playtesting and/or gsaedback
from playtesting to make changes to the game, (b) creating a prototype, (c)
iterating after playtesting or prototyping.

1 Interdisciplinary (Interdisc) Thedesigner expresses (implicitly or explicitly)
that they collaborate with individuals afiyadifferent expertise (artists,
programmers, education experts, authors, etc.).

1 Decomposing Concepts (DecompJhe designer expresses (implicitly or
explicitly) that they do one or more of the following: (a) decompose, break
down, or simplify the mathentiaal 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.

1 Conversion & Translation (C& M The designer Atransl ates

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
guestion, operation, equation, problem, or exercise, (c) mathsmati

curriculum.
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Appendix G
TRANSCRIPT ANALYSIS

The figures in Appendix G show the spreadsheets that | organized multiple
times as | searched for patterns across designers in how they described various aspects

of integration. They arerganized by category.

Category B
Figure G1 below shows part of my analysis and organization of the transcripts.
As | read through and organized the transcripts, | found statements from designers in

which they described or gave a definition of integration.
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& r 3 10d

(RQ 1) Category B (Resolved) - Designers' Descriptions About Integration
th,

& Professor E

Integration Definition -
Designer defines what
integration is explicitly, OR
defines what integration is
implicitly. For example, an
implicit definition of
integration would be when
the designer says something
that refers/relates to the
embedding or mixing of the
game's content (math or
otherwise) within the game's
‘mechanics

Qo Do
&

&5 Professor E 9mo
Integration Significance -
Designer mentions one or
‘more of the following: (a)
simply mentions that
integration is
significant/important (to

Figure G1

Diffission

& Professor E

one of my guiding
philosophies is that if you
can convey your messages or
your themes or your target...
1don'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.

Qo

&
* X

& Professor E 9

A game or design where
you're learning content, it's
divorced significantly from
the mechanics you're asking
the player to engage in
within it, is going to be justa
less memorable or less
effective.

Slice Fractions

+

& Professor E

Because every level in a
puzzle game is a question
'you ask. Obviously if you
want to ask the good
questions you need
‘mechanics that allows you
to, because mechanics are
like words, right? And so
every mechanic represents
an operation or not just an
operation, but also a
quantity, or an idea and a
level is just like a sentence of
those. But it's a question too
is like, by how much should 1
multiply this in order to get
that?

Qo Do

%

& Professor E

Yeah. They do. Each
‘mechanic group represent

Math Land

& Professor E

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

Qo Do

&

&5 Professor E 9mo

‘We did think it was an
important part. We think
that it's important is when
you see it, you see a math, a
real math game, integrated
‘math game

Qo Do
{:;.

&5 Professor E 9mo

« Well, I think that's important

because we will want to
‘make children see that math
are useful. Okay? In this

Integration Definition Transcript Organization.

Funexpected Math

+

& Professor E

...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.

Qo Do
&

£ Professor E 9

..when we are speaking
about application, our
application [inaudible
00:32:29]. We start it with
the phrase that "we release

(?) awesome game mechanics ¥

to help kids understand
complex mathematical
concepts” So, the answer to
the question I guess, that it
‘means a lot to us that we are

Figure G2 below shows part of my analysis and organization of the transcripts.
As | read through and organized the transcripts, | found statements from designers that

indicateintegration is a significant aspect of mathematics game design to them.
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(ﬁQ 1) Category B (Resolved) - Designers' Descriptions About Integration

Made with.

& Professor E

Integration Significance -
Designer mentions one or
more of the following: (a)
simply mentions that
integration is
significant/important (to
them, OR just in general), (b)
mentions WHY integration
is significant/important (to
them, OR just in general). (c)
This code also applies/
includes when the designer
mentions the negatives or
cons to a game that is NOT
integrated.

Qo Do
ﬁ.

*

& Professor E

Integration Difficulty -
Designer mentions that

Slice Fractions

+

& Professor B

It's what gives meaning to
your experience. Because I
think in video games it's
sometimes complicated to
formulate what is the
engagement? Where does
the engagement come from?
Like why? Not just in
educational games. What is
motivating?

Qo Do
&

a
& Professor B

Yeah, exactly. And it's
completely fine, but I think
most players won't do stuff
that they don't feel like
connects to their actual core
experience in the game.

€5 Professor E 9

‘We did think it was an
important part. We think
that it's important is when
you see it, you see a math, a
real math game, integrated
‘math game

Qo
ﬂ.

& Professor E 9mo E
‘Well, I think that's important
because we will want to
‘make children see that math

. are useful. Okay? In this

case, it seems like math is

, something you need to do to

obtain other things. I want
them to know that math are
useful things. If you use
them properly, you obtain
things with them, not

Funexpected Math
+

& Professor E 9

...when we are speaking
about application, our
application [inaudible
00:32:29]. We start it with
the phrase that "we release

(?) awesome game mechanics |

to help kids understand
complex mathematical
concepts.” So, the answer to
the question 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.

Qo Do
{}.

&5 Professor E

And we think that this is

* wery important and we really

consider it our strength that

Diffission

& Professor E

A game or design where
you're learning content, it'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.

* When the player is engaging
with the mechanics, they're
creatinga model of how the
game works in their head in
order to solve the game's
puzzles or do what the game is
asking, As they play the game
more, that model becomes
more and more detailed.

If that model then has no
correlation or very little
correlation to what you're
asking them to take out of the

Figure G2  Integration Significance Transcript Organization.

Figure G2. Integration Significance Transcript Organization
Figure G3 shows part of my analysis and organization ofaimsdripts. As |
read through and organized the transcripts, | found statements from designers that

indicate integration is difficult to build into games.
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(RQ 1) Category B (Resolved) - Designers' Descriptions About Integration
Mad R

& Professor E

Integration Difficulty -
Designer mentions that
integration is difficult to

design/do and /or explains

why integration is difficult
to design/do

Qo
&

Figure G3

Do

Category C

Slice Fractions

+

& Professor E 9
You can't just decide

everything on paper and just
do the game and then you're

" good to go. You have to try

every idea with integration. 1
think it's also a reason why
not all companies get to do
that because you need
money. You have that much

Math Land

& Professor E 9
If the 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
tangible or

Funexpected Math

+

& Professor E

very difficult to embed the
‘mathematical concept into
[inaudible 00:32:12] game
mechanics, so that it will be
interesting and it will be
beneficial from the
education point of view.

Qo Do

Integration Difficulty Transcript Organization.

And [inaudible 00:32:06] it's

& Professor E

Yeah. If they did any attempt
at integration, I imagine
theyll report on tensions
that they had. Tensions with
their collaborators or
tensions between seemingly
conflicting goals. Because 1
do think that integration is

+ hard to do it meaningfully.
Yeah.

Figure G4 below shows part my analysis and organization of the transcripts.

As | read through and organized the transcripts, | found statements from designers

indicating that they build integration to ensure students engage with mathematical

ideas, or to make concepts easier tdarstand.

Figure G4

@ -

Category C (Resolved) - Design Choices About Individual Features and/or Integration of Features

Made with...Mathgic.. )

+

& Professor E 9

Moderating Understanding -

Designer expresses that a
design choice was made to
better help explain or
convey a mathematical idea
or concept, or as an aid to
help kids understand a
mathematical concept.
Example - The designer
mentions intentionally
designing something in the
game (a level /puzzle, a
character, a mechanic, etc))
in a way such that the
student *must* come in
contact with the related
mathematical concept or
idea.

Qo

&5 Professor E 9

And suddenly by splitting

this thing in two parts, it's so

much easier to manipulate
than a single. And that's

% something that again in
games, especially in simple
games, just to adding one
dimension changes the
whole experience but you
may still be doing the same,
performing the same
actions. This makes it far
more accessible.

Qo

& Professor E 9

Okay, well the thing with
Numbers which have a lot of
in their design connected to
Cuisenaire rods and

Diffission

& Professor E 9mo
Right. Some of that was
really for the sake of puzzle,
excuse me, to encourage
players to, I guess, really
think about how the
groupings work spatially.
Alternately, without this,
players could cut every
‘puzzle up into single pieces
and highlight all of them and
they would still get full
points. This is a way of
incentivizing players to
really engage with the
puzzle mechanics for that.

Qo

& Professor E 9o

The dissolve blocks are the
[games are vectored to

Slice Fractions

5

& Professor E 9m

Yeah. Well, I know all the
fractions vocabulary in
French, so I'll be a bit
confused maybe in my
wording, but so you have
sixes, and you have quarters, |
and you have to understand
the solution to this level is to
actually slice the six over six
in the half. So you get three
sixes, which is a half. And
then you add one quarter.
And so, we're teaching them
that they can add different
denominators, is that the
word denominators?

Qo

& Professor E

. And so in games we have our

Funexpected Math

+

& Professor E 9

Well, I think that it is
connected, well, with what I
said before, that it doesn't
have your hands-on
experience of the concept.

Qo

&5 Professor E

It's very important for kids
to know that they're capable
to finish it. The environment
is forgiving for them. You
can make mistakes, you can
see how it's done. It's not
pushing you in any way. You
can use it in different ways
and when you understand, it
helps you very much. 1

Qo

Moderating Understanding Transcript Organization.



Figure G5 below shows part of my analysis and organization of the transcripts.
As | read through and organized the transcripts, | found statements from designers
indicating that theymplement features or mechanics so students do not become too

frustrated and experience some confidence.

& ProfessorE - 9mo

Category C (Resolved) - Design Choices About Individual Features and /or Integration of Fe
M th

& Professor E

Moderating Challenge -
Designer expresses that a
design choice was made so
that kids do not lose interest
or confidence due to
DIFFICULTY or frustration.
OR when the designer
simply discusses this
tension. Examples - The
designer describes
implementing something
(i.e. a hint button OR some
other function that makes
the game easier) to prevent
kids from making the same
mistakes, to show them the
correct way, to prevent them
from getting stuck, etc., OR
the designer simpl

Figure G5

Slice Fractions
+

&5 Professor E

And so in games we have our
own concept of Flow. That is,
the player is challenged, but
not too much because
eventually theyl tire. So you
want to keep them in that
sweet spot between not too

' much repetition, but not too

much challenge at the same
time...And so the levels when
you introduce a new idea are
more simple. And then once
you get to master them, you
get better at using them and
obviously the puzzles will
need to be more challenging
for it to be interesting. So
that's called like, I don't

Funexpected Math

+

&5 Professor E

It's very important for kids
to know that they're capable
to finish it. The environment
is forgiving for them. You
can make mistakes, you can
see how it's done. It's not
pushing you in any way. You
can use it in different ways
and when you understand, it
helps you very much.

<o

5 Professor E 9mo

1 think it's not the most
important, but I think it's
also very important, because

* 1think that the emotions

that kids feel while playing

& Professor E

Yes. Yes. What's going to
happen, it has to be
challenging because perhaps
if it's very simple and it's
very easy to overcome the
letters, they say, this is for
babies and I won't play
anymore. So we have to
make it challenging, but not
frustrating. So that's, I think, *
we say when we try the
games with kids, we observe
that if they want to go on
playing, because they know
we are making them test the
game, so perhaps they are
obligated, they are-

Qo

Moderating Challenge Transcript Organization.

Category D
Figure G6 below shows part of my analysis and organization of the transcripts.
As | read through and organized the transcripts, | found statements from designers

indicating that playtesting is an essential part of the design process for them.

12C



3

Mad Mathgic.. )

& Professor E 9

Playtesting & Iterating - The

designer expresses that part
of the design process is.
playtesting the designs
and/or using the feedback to
make changes to the designs
in the game. Example - the
designer mentions anything
about playtesting, i.e., the
importance of playtesting,
using kids to playtest, the
purpose of playtesting,
prototypes, or just mentions
testing in general, etc.
and/or the designer
mentions changing

Slice Fractions

+

Sometimes it requires
changing the appearance of
an object 50 times until we
get the proper mental
association.

Qo

F Y

Yeah. Because, and that's
what playtests are for. It's
not just to validate that this
level works or a specific
stuff, but you also try to
catch everything that affects

& Professor E

And one of the first things
that happened, I think it was
during the pilot, or actually I
don't remember. So many
things happened after that. I
think it was during the pilot.
‘What happened is that we
had designed all these
problems for the kids to
have, and I think out of a few
thousand children, three of
them solved the whole year
in just a few days.

Qo

LI -9

Do

Funexpected Math

+

&5 Professor E

So we made a prototype, we

tested onto kids and wow,
miraculously it worked.

Qo

L

' Professor E 4mo

But 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. The same
with mathematics, you can

(ﬁQ 2) Category D (Resolved) - Descriptions About the Process of Integrating Math Content & Game Mechanics

and see if the player’s havi
fun, so that's the idea....

Yes. We made a technical
demo to make sure that the
isometric system with tiles,|
the land of tiles, and the
charters [inaudible
00:59:27], would work. And
he started to draw the

Figure G6  Playtesting Transcript Organization.

Figure G7 below shows part of my analysisl @rganization of the transcripts.
As | read through and organized the transcripts, | found statements from designers

indicating that the design process is interdisciplinary.

3

(RQ 2) Category D (Resolved) - Descriptions About the Process of Integrating Math Content & Game Mechanics

Made with...Math )

& Professor E
Interdisciplinary - The
designer expresses that part
of the design process is
collaborating with other
individuals who have varying
types and degrees of
expertise (artists,
programmers, education
experts, authors, etc.), in
order to (for example) - (a)
develop the mechanics (b)
determine the order of the
game's puzzles, (c) learn
what's challenging about a

Figure G7

tJ

Slice Fractions
+

& Professor E

And then we sort of read
those things and, actually
our CEOQ, he studied
education. Yeah. I think he
has a master’s degree. So he
usually points to the right
resources that explain what
are the difficulties or what
kind of exercise are done?

Qo

P>

Do

& Professor E

Okay. Well, pirates was the

idea to put in the game, soat |
that time, we only had one
artist -- that was my

partner. He proposed some
concepts of main character -

- for the pirate main

character.

Qo

o

& Professor E 9mo

‘Well, not engine, but a level

121

& Professor E

The 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 and
pretty much a lot of the
people in the company were {
highly accomplished and just
were in DragonBox for the
fun of it.

Qo

&

Do ¢

Interdisciplinary Transcript Organization.

Arithmagic
+

& Professor E

You may not know it yet, but
at some point, you'll just
start getting sick of it and
not want to work on it
anymore. And money you
need to, for example, on
Arithmagic I didn't do the
art, I paid an artist to do the
art because I'm not an artist.
And if T had done the art,
even if it was good, it would
have taken me way longer to
complete the game. It's like, I
would have had to do the art




Figure G8 belovshows part of my analysis and organization of the transcripts.

As | read through and organized the transcripts, | found statements from designers

indicating that they break down mathematical ideas and concepts into smaller pieces

as part of their design pbsophy.

&y ProfessorE - 3

(RQ2) Cateéory D (Resolved) - Descriptions About the Process of Integrating Math Content & Game Mechanics
Made witt gic.. 1)

%5 Professor E 9mo
Decomposing Concepts --
The designer expresses that
part of the design process is
decomposing /breaking the
‘mathematical
content/curriculum into
smaller pieces or into
multiple levels. Example -
The designer mentions
designing multiple levels to
represent one equation or
‘mathematical idea, or they
‘mention breaking
down/simplifying concepts
into smaller pieces so kids
can understand

Figure G8

Figure G9 below shows part of my analysis and organization of the transcripts.

Slice Fractions

+

¥ Professor E 4mo

Instead 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. And then
you have this sort of
progression that you can do
in levels where you solve a
part of the problem in one
level. And then you see it as
a part of a bigger problem in
alater level.

% Professor E 4mo

1 think, well first, and that's

been one of [Designer C's]

philosophies, is that

anything can be taught if

you slice it into small pieces.

Qo Do
-

€+ Professor E 9mo

There is one level just for

* flipping the card for the

positive and negative.
There's another one for
beginning, it's for the zero.
Do you even teach the
concept of zero?

Qo

Funexpected Math

+

€5 Professor E 4mo

But 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. The same
with mathematics, you can
take many complex concepts
simplified and explain them
in very simple words and
situations. This is what we
are doing. We are taking the
complex things from
‘mathematics and then
trying to simplify it to
«common situations when
there is.

Qo Do

Decomposing Concepts Transcript Organization.

¥ Professor E 9mo

But yeah, I knew from my
own research what kinds of
mental actions were
important for understanding
fractions. And I mentioned
two of them partitioning and
iterating, So it was
important for me that the
game actions had to proxy
for those mental actions.

Qo Do

7 Professo

...'there's a real tension and
you have to understand the
other person's goals and to
say, "Okay, how can I help
them achieve what we need
to put in the game from

As | read through and organized the transcripts, | found statements from designers

tomawnwesl at ngpgor tihe

mat hemat i
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regarding

digital game format.
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Made with...Mathg

&5 Professor E

Conversion and Translation
- The designer expresses
that part of the design
process is converting a
design blueprint (ie.a
drawing/artwork, a
mathematics equation or
exercise, etc.). into the game
somehow (i.e. a game engine,
unity, etc.) as a mechanic,
levels, etc. Example - The
designer mentions making a
level out of a math exercise,
or translating something out
of a curriculum into the
game. Using a game engine
to build the levels from
concept art, etc. Can be
implicit -- i.e. the designer is
talking about someone elses
design.

Figure G9

Slice Fractions
+

& Professor E

Sometimes you just don't
figure out how to make a
level out of an exercise. It
happens a lot. The first step
in making those games is
just to try to prototype to
those math subjects. Can we
‘make something out of
them? If we can't really make
something interesting
‘mechanically, we just skip to
another math subject until
we find one that fits the
medium.

Qo
£

*
% Professor E

And then I would draw a few

layouts, like super simple
just on paper and maybe
‘make a couple of those. And
then I would discuss them

& Professor E

Well, not engine, but a level

designer in top of Unity.
Because 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,
this... I could show you if you
want.

Qo Do

&

&+ Professor E

, It's something like what you

think, try it with the players
and see if the player's
fun, so that's the idea...

12

1)

&5 Professor E

Some of those were me
drawing up designs, putting
them in the game which I ...
We did not actually have
good tools for making
custom levels for this. I
basically had to map a 2D
level into a one-dimensional

structure for myself because

1 didn’t have time to build
adequate design tools, but
also most levels were
programmatically generated,
so there wasn't a huge
incentive to do that.

" Design process for some of

the other levels, the hidden
ones that no one ever finds,

part of it was really just a

’ (RQ 2) Category D (Resolved) - Descriptions About the Process of Integrating Math Content & Game Mechanics

&5 Professor E

So just this screen shot is
just a linear question
written with a different
convention, but it's strictly
you are doing, you're solving
the linear question. That's
one thing. The other thing,
and this I think is brilliant, is
that the designers took the
linear equation which
usually is one dimensional,
it's just written over a line
on your notebook. And they
say, "Why do we need to have §
it in 1D? Let's make it 2D."
And suddenly by splitting
this thing in two parts, it's so
much easier to manipulate
than a single. And that's
something that again in
games, especially in simple
games, just to adding one
dimension changes the
whole experience but you

Conversion and Translation Transcript Organization.



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 hypothésiked across all of the
transcripts searched for patterns, aooimpiled quotes from each designer that

addressed my reselrquestions and hypotheses.

Research Question 1
Figure H1 below contains the first analysis | conducted with respect to
designersdé descriptions of integration.

of integration.

124



Research Question 1: Are designers able to discuss “integration™ in the same way as researchers? In other
words, do designers share the concept of integration as described in the literature?

Designer A — Diffission
Designer B — Funexpected Math

Designer C —Math Land .
& Hypothesis
Designers will be able to discuss integration because it
Designer E — Slice Fractions cannot be accidentally designed into garr
unclear how designers will describe integration or whether
they will do so without being prompted.

Designer D — Candy Bot

Designer F — DragonBox

Evidence # 1 — Designer A Evidence # 2 — Designer B

o Evidence # 3 — Designer C
-."if you can convey your messages or your ..."we wanted to embed the mathematical

themes or your target... | don't know your concepts in the game mechanics itself, so that ..."Because we want to get there, to get
target ideas, whether they're academic ideas while playing, you are interested at the same somewhere where you are playing with math.”
or narrative ideas, through the mechanics of time, you are learning something, you are
what you're making people do, it will come out understanding something.”
stronger.”

Evidence # 6 — Designer F
Evidence # 4 — Designer D

.."Instead of that, | wanted to get at what are Evidence #5 — Designer E '""Aljd M‘M
S math is so abstract, it can become a game on
itself. It's one of the fields where you can
really integrate the mechanics and what you
want to teach.”

o
o
c
o

=
>

[Y¥]

the actions students would need to engage in .."Yeah. They do. Each mechanic group

in the game that are mathematical actions?” represent an idea that's mathematical.”

Figure H1  Designer Quotes Defining Integration.

Figure H2 below contains the second analysis | conducted pertaining to
descriptions of integration. In this case, they shared how significant integration is to

mathematics game design.

12t



Research Question

Designer A - Diffission
Designer B - Funexpected Math
Designer C— Math Land
Designer D — Candy Bot
Designer E - Slice Fractions

Designer F — DragonBox

Evidence # 1 — Designer A

.."A game or design where you're learning
content, it'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.”

Evidence # 4 — Designer D
“That’s a real tension between the kinds of
things they’re used to, with gaming and what
makes it engaging, and what’s going to make it
truly mathematical, not just superficially

mathematical.”

Figure H2

Are desi

3

ners able to disc integration’

pt of integration

Hypothesis

cannot b

in the same wa
ribed in the literature?

? In other

s, However, it is

unc 0 g i ation or whether

they will do so without being prompted.

Evidence # 2 — Designer B

..."we release (?) awesome game mechanics to
help kids understand complex mathematical
concepts. So, the answer to the question |
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.’
Evidence # 4 — Designer E

.."All right. Yeah, Well, that's like the core of

our philosophy | would say. Of course, we do

use external motivations. We have hats and

stuff, because you don't need to completely
leave that part of the motivation, but you

should always focus on intrinsic motivation

Evidence # 3 — Designer C

..."We did think it was important. We think
that its important when you see it, you see a
real math game, integrated math game.”

Evidence # 5 — Designer F

-.“Well, it's like cooking. All the ingredients are

very important.”

Designer Quotes Desbing Integration as Significant to Design.

Evidence

Figure H3 below contains the second analysis | conducted pertaining to

designer so

descri

pti

build integration into games.
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Research Question 1: Are designers able to discuss “integration™ in the same way as researchers? In other

words, do designers share the concept of integration as described in the literature?

Designer B — Funexpected Math
Designer C — Math Land
Designer D — Candy Bot
Designer E — Slice Fractions

Designer F — DragonBox

Evidence # 1 — Designer B

.."And [inaudible 00:32:06] it's very difficult to

embed the mathematical concept into
inaudible 00:32:12] game mechanics, so that
it will be interesting and it will be beneficial
from the education point of view.”

Figure H3

Research Question 2

Hypothesis
Designe:

vill be able to discuss integration because it

cannot be accidentally designed into pames. However, it is
unclear how designers will describe integration or whether

they will do so without being prompted.

Evidence # 2 — Designer C

.."We did think it was an important part. We
think that it's important is 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...”

Evidence # 4 — Designer E

"You can't just decide everything on paper and
just do the game and then you're good to go.
You have to try every idea with integration. |
think it's also a reason why not all companies

et to do that because you need money.

DesignerQuotes About Difficulties in

Evidence # 3 — Designer D

.."Yeah. If they did any attempt at integration,
1 imagine they'll report on tensions that they
had. Tensions with their collaborators or
tensions between seemingly conflicting goals.

Because | do think that integration is hard to
do it meaningfully. Yeah.

Evidence # 5 — Designer F

..."So the process, it's complex.”

Building Integration.

(]
(53
c
]

e
>

w

Figure H below contains the first analysis | conducted with respect to why
designers build integration into games. In this case, designers shared reasons such as
ensuring students gage with mathematical ideas, or making these ideas easier to

understand.



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

Designer A — Diffission

Designer B — Funexpected Math Hypothesis

Desfgner D —Candy Bot Designers will explain that integration encourages students to learn about the

Designer E —Slice Fractions concepts of mathematics rather than just routing skills and facts because that is the
fundamental difference between integrated and non-integrated games. Integration

Designer F —DragonBox allows designers to address conceptual learning as part of game play.

Evidence # 1 — Designer A

..."Some of that was really to encourage Evidence # 2 — Designer B
players to, | guess, really think about how the _"we are introducing the concept by playing
Eroupings work spatially.” the game, where children can experience this

“Putting something abstract like a fraction into a e R

physical dimension makes it easier to visualize”.

Evidence # 4 — Designer D Evidence # 5 — Designer E Evidence # 6 — Designer F

o
o
c
o

e
>

wl

..."We tried to do that with them being able to slice ..." you have to understand the solution to this ...”A mathematician will look at that and tell you
in the original app and them being able to make level is to actually slice the six over six in the that the Nooms, the characters, they are
copies of that and them being able to measure half. So you get three sixes, which is half. And mathematical objects because they have the

things. So all of the actions they were performin then you add one quarter. And so, we're exact same properties as numbers...5o what

in the game fit with the mental actions that we teaching them that they can add different we're doing, is we're modeling, we're visualizing
wanted them to bring forth to make sense of it.” JF— them in a way that's easier to understand.”

Figure H4 Designer Quotes About the Benefits of Integration.

Figure Hb below contains the second analysis | conducted with respect to why
designers build integration. In this cadesigners 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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Research Question 2: Why do designers build integration into their games?

Designer A — Diffission
Designer B — Funexpected Math

Designer C— Math Land

Designer E—Slice Fractions

Designer G — Arithmagic

Evidence # 1 — Designer A

.." If you're really bad at it and you’re just still
learning, still at the absolute basics, you can
really just like break down all of the blocks
into individual blocks and highlight them.
You'll get a reduced score for that, but you can
still do that to solve your puzzle.”

Figure Hb

Research Question 3

FigureH6 below contains the first analysis | conducted with respect to how

designers build integration. In this case, designers shared that an essential part of the

process is playtesting.

Hypothesis

Designers will explain that integration encourages students to learn about the
concepts of mathematics rather than just routing skills and facts because that is the
fundamental difference between integrated and non-integrated games. Integration
allows designers to address conceptual learning as part of game play.

Evidence # 2 — Designer B

.."” It's very important for kids to know that
they're capable to finish it. The environment is
forgiving for them. You can make mistakes;
you can see how it's done. It's not pushing you
in any way.”

Evidence # 4 — Designer E

...”And so you need to catch them at some
point and say, "No, this is not what you should

be doing." Because they failed doing the same

thing over and over. And so it helps keep them

engaged as well. Yeah. It prevents them from
sort of frustrating, burning out basically.”

Evidence # 3 — Designer C

..."With adaptive, | mean in MathLand, when the
child makes operations well one time, and another,
and another, he makes no mistakes, the difficulty
rises. So yes, we make that so the kids will find it
challenging and this perhaps, when | was saying
adaptive, | was thinking about engaging...”

Evidence # 5 — Designer G

..."| wanted to make sure people weren't just
getting stuck in a situation where there's a ton of
numbers on a monster and they have no idea what
to do or like where to go from there because it can
get unmanageable, right?... So by recalculating it
here, you have another chance to do

this.

saying, oka

Evidence

Designer Quotes About Preventing Frustration and Allowing Mistakes.



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

Designer A — Diffission
Designer B — Funexpected Math

Designer C — Math Land .
Hypothesis
Designers will be able to describe some processes of game
Designer F — DragonBox design, but it is difficult to predict which ones or in how
much detail.

Designer E — Slice Fractions

Designer G — Arithmagic

Evidence # 1 — Designer A Evidence # 2 — Designer B Evidence # 3 — Designer C

-."We'd have people come in and play through  .."So we mada a prototype, we tested itonto kids, ~ .."So that’s, | think, we say when we try the
that and articulate their thinking while they're and wow, miraculously it worked! They games with kids, we observe that if they want
playing it and by listening to how they were understood much more than we mavhe expected to go on playing, because they know we are

reasoning about it, we could listen for the them to and we thought that's a good first step, making them test the game, so perhaps...\We
important concepts there and be, "Okay, they e b Lop ol and are seeing if they are they having fun. Will

P 3 - then we made a game out of that. =
actually are thinking about breadth first versus they go on playing?

Evidence # 4 — Designer E Evidence # 5 — Designer F Evidence # 6 — Designer G

Evidence

-.."But the way we know that we succeeded is ..." I've been making games for over 25 years ..."And so that was like a really big part of the

that we always do playtests. Every step of the now. And | never seen a team that iterated so development process for Arithmagic. It would

way we playtest what we do. We don't explain  much, and trying new things, and prototype so  be very different then, probably unplayable if |
anything to kids, and there's no text in the much before going into production. That's had not play-tested it with anyone.”

game. So we know if they understood.” essential. Just see if the core, if the heart of
the game works.”

Figure Ho Designer Quotes About the ImportancéPtdytesting.

Figure H7 below contains the second analysis | 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 esgerti
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Research Question 3: How do designers build integration into their games?

Designer B — Funexpected Math
Designer C—Math Land
Designer D— Candy Bot
Designer E— Slice Fractions
Designer F— DragonBox

Designer G — Arithmagic

Evidence # 1 — Designer B

..."Yes. Now we have several artists and
several programmers, but we started wi
only one programmer and only one artist, it
was myself, but now we have several.”

Evidence # 4 — Designer E
..."So obviously we try to teach new concepts.

So that takes the academic backing of people
who actually figured out the good order in
which you should teach those concepts, and
who identified what's hard about a concept to
understand for a kid, right?...”

Figure H7

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.

Evidence # 2 — Designer C

..”"Okay. Well, pirates was the idea to put in

the game, so at that time, we only had one

artist -- that was my partner. He proposed

some concepts of main character — for the
pirate main character.

Evidence # 5 — Designer F

..."The team, well now it has expanded. But when |
joined the company we were just like a dozen
people, | think more than half had PhDs and pretty
much a lot of the people in the company were
highly accomplished and just were in DragonBox for
the fun of it.

Evidence # 3 — Designer D

...."And that's a really hard thing that
integration | think is challenging. Just like any
interdisciplinary work is, but this is a particular
interdisciplinary issue.

Evidence # 6 — Designer G

-.."And money you need to, for example, on
Arithmagic | didn't do the art, | paid an artist
to do the art because I'm not an artist. And if |
had done the art, even if it was good, it would

have taken me way longer to complete the

game."”

Designer Quotes Indicating Interdisciplinary Work.
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Figure HB below contains a third analysis | conducted with respect to how
designers build integration. In this case, designers shared that decomposing

mathematical concepts into smalleeqes is part of the design process.
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Research Question 3: How do designers build integration into their games?

Designer A — Diffission
Designer B — Funexpected Math
Designer E — Slice Fractions

Designer F— DragonBox

Evidence # 1 — Designer A

.."Yes. Yeah, you're taking, you're taking a
higher level concept that you want and
conveying it through a lower level set of

systems.”

Evidence # 3 — Designer E

..."Instead 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. And then you have this sort
of progression that you can do in levels...”

Figure 8

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.

Evidence # 2 — Designer B

_.."But my approach is at locking 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. The same
with mathematics, you can take many complex

concepts simplified and explain them in very...”

Evidence # 4 — Designer F

..."I think, well first, and that's been one of [Game
C's] philosophies, is that anything can be taught if
you slice it into small pieces...

There is one level just for flipping the card for the
itive and negative. There's another one for
beginning, it's for the zero.”

Designer Statements About Decomposing Mathematical Concepts.

Figure B below contains the final analysis | conducted with respect to how
designers build integration. In this case, designers shared thaf gfetprocess is

converting and translating mathematical ideas into a digital game format.



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

Designer A — Diffission
Designer C — Math Land

Designer E - Slice Fractions .
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.

Designer F — DragonBox

Evidence # 1 — Designer A Evidence # 2 — Designer C

..."Some of those were me drawing up designs, .."Well, not engine, but a level designer in top
putting them in the game which | ... We did not of Unity. Because there is an isometric game
actually have good tools for making custom level editor in Unity now. But it was not on
levels for this. | basically had to map a 2D level Unity at that time, but also we cannot use it
into a one-dimensional structure for myself because we translate it to text files and it's very
because I didn't have time to build...” particular for us..."”

Evidence # 3 — Designer E Evidence # 4 — Designer F

..."Sometimes you just don't figure out how to ..”"The other thing, and this | think is brilliant, is

make a level out of an exercise. It happens a that the designers took the linear equation
lot. The first step in making those games is just which usually is one dimensional, it's just
to try to prototype to those math subjects. written over a line on your notebook. And
Can we make something out of them?“ they say, "Why do we need to have it in 1D?
Let's make it 2D."

Figure H Designer Statements Abduevel Desigrand Converting Mathematics
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Appendix |
IRB EXEMPTION
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