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Abstract

Realistic Mathematics Education was used as one of the primary inspiration sources in understanding
El x [ AOEAI AOGEAO AAOAAOETT AT OI A ET AOAAOA OOOAA
importance of doing math. Research concerning owdf-school mahematics was another major
contributor to this process. Both these theoretic foundations, along with various learning game
research, were relevant in supporting the rethinking process of math learning game designs. This gave
rise to a theoretical model cosisting of 10 design principles that dictate how such realistidigital

math games could be designed. These design principles address topics like realism, identification,
fantasy, representation, interactivity, feedback and balance. Tests of a game develdin concordance

to these design principles on 37 fifth graders, suggested that the game was capable of improving
OOOAAT O0O6 11 OEOGAOGEIT AT A O1T AROOOAT AET ¢ T &£ OO
motivation and retention was not estimated. Low athining students with game experience are
possibly the best match for a realistic math game of this type, but further research is recommended in
defining the exact, optimal target group and game design. Furthermore, the exact formulation of the
designprincE®1 AO AT A AAAE POET AEDPI A0 xAECEO AT A AT T(

About the project

The problem formulation and method description has been changed from the original project
agreement. This was necessary since the project scopesvaarrowed as the project progressed.

This report is available digitally at CD and webwww.host-a.net/u/janborg as thesis.docx
Game available a€Dand web: www.host-a.net/u/janborg as Ruby Hunt 1.1.exe

Game surce code available at CD

Game installati on instructions

The game consists of a single 37mb .exe file. No installation is required. The game is not recommended
01 AA Pl AUAA 11 Oi Ail OAOAAT AT i pOOAOOh TEEA 1A

It is recommended that readers playte entire game, and that it is done before reading the report. The
game should take 3660 minutes to finish and can be chosen to be in Danish or English.

Toread the source code: Download@neMAEA O A£O0T 1 Oxxx8UT Ul CAI AO8BAIT |
enablereading of the entire source code and view the exact game design.
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INTRODUCTION

O7TEAT OAT 10O i1 OA UAAOO ET OOOOAOGEIT EAEI O Ol
why it is done, or what it is used for, then somethin@d OET OOr U xOI 1 C86
Keith Devlin, Mathematics Professar

In 2010 a Danish high school tested the math performance of newly enrolled students. Test results
showed that 80% only managed to do mathematics on a¢3o 4t grade level, even though they had
received the entire elementary school education math progrant.

The interactive math training website Intmath.comhasmade a series of surveys of their visitors/4%
of visitors to the website identify themselves as math studentsThe survey found that 70 %of visitors
report that they rarely get to find outwhy they study mathematics, and 17%eport that they neverfeel
that they obtain a good understanding of how math is applied to real world problems. Furthermore,
22% of visitors hate math and 11% have no ided math is useful for their future job.Other studies
havefound that students in general have difficultiesusing real world knowledge when engaging school
context math problemss3

These examplesighlight the gap between outof-school mathematics and schol mathematics Not
only are the students underperforming in math, they are also confused abotlite very purpose of
mathematics education

However, studies have found thamathematics practice in outof-school contextsworks very
differently than school math. In many caseshildren and adults with little or no education are capable
of consistently performing well in math through their daily activities. These differences might be
explained by the fact that

solver and this motivates and sustains problesnlving activity.
b) The mathematics used outside school is altn the service of some broader goal, and not an aim in
itsefasEO EO €1 OAETT1 86

The gap between school mathematics and owtf-school mathematics could be addressed in various
ways. This thesis project investigates how digital learning games can be designed as a gap minimizer
between the advantages of oubf-schoolmathematics with the demands and limitations of school
mathematics.Digital learning gameshavefor more than 30 years been hailed as a powerful learning
tool capable of making learning more efficient, more interesting, and more enjalle § Furthermore,

1 Devlin 2010

2 Berlingske 2011.

3Nunes et al 1993. Verschaffel and Corte 1997. Gravemeijer 1994, Palm
4Nunes et al 1993

5 Masingila 1994, p. 3

6 Malone 1980
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scores of more recent studies have reported significant positive effects of instructional computer

based game?. However, it will not be trivial to create a learning game based on informal otaf-school
mathematics.The Dutch instructional theory of Realtic Mathematics Education (RME) is successful in
grasping some of the advantages of outtf-school mathematics and is systematic in its approach in

i AEET C I AOEAI AGEAO i1 OA OAAI ET OEA OOOAAT 006 i
out-of-school math and instructional game designThis thesisproject will investigate if and how digital

math games can be designed to support a mathematics education inspiredRWE and informal
mathematics performance. Thegoalis to develop a model of design priciples and use this tgroduce

and test a math game sportingffective game based learning while emphasizing purpose and meaning

of mathematics education.

Problem field

In the 60s and 70s audio and video werhyped as technologies that would revolutionize learning.
However, studies soon found that no significant difference was observed, meaning that overall, media
alone made no difference to learning. The issue was found to lie in the difference between use and
integration of media, as Eck declare®5 OET ¢ | AAEA OANOEOAO 111U OEAQ
instruction. Integrating media, on the other hand, requires a careful analysis of the strengths and
weaknesses of the media, as well as its alignment with imgional strategies, methods, and learning

I OO A T9intkgdeiny the video game mediunwith learning has been the objective oflecades of
research. However the approach has often been to adapt the video game creation and usage to
dominating curricular or didactical positionsto. Instead of looking atmainstream curricula and game

design ideas and turning them into gameshe attempted point of departure for this project will be

where some original ideas of mathematics education dwell. | have found some drigl math ideas in

what is known asRMEand support for expansion of these original ideas in what is known as street
mathematics or outof-school mathematicsl hypothesize that designing learning games with

inspiration from RME and outof-school mathematics will be one way to better exploit the strengths of

the video game medium. However, Eck also argues ttatE T OOOOAOET T EO 11 AE £EA
strengths of the medié1. Consequently the instructional findings of RME and owtf-school math

should be modified by findings from learning game researchers to take advantage of the video game
medium in figuring out how the desired components of the instruton can be transformed into game

form. Such aransformation will possibly be able to tacklethe problems outlined in theintroduction.

The final result should be a model consisting of design principles comiing the best of all abovea

model that can aml will be implemented into an actual game and subsequently tested

7Ke 2009, p. 20EgenfeldtNielsen 2005
8 Eck

9 Eck, p. 30

10 E.g. EgenfeldiNielsen

11 Eck, p. 30
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Problem Definition:

e How could a digital learning game based on RME and eof-school math be designedo
effectively and meaningfully teach math to primary education student

Sub-questions:

o (T x AAT A AECEOAI CAIi A AAOGAA 11 OOAE AAOGECI
understanding of purpose and importance of doing math?

0 What type of students and what type of games will be the best match for this purpose?

Method
To outline the exact approacha concrete explanation of the methodntended is presented below

First atheoretical model of what a modern mathematics learning game should consistisfbuilt up. To
construct this model all kinds of relevant materiawill be utilized, possibly including (but not limited
to): Research concerning earlier/current learning games, test and analysis of earlier/current learning
games, material regarding Realistic Mathematics Education, informal mathematics, didactics,
psychdogy and general research concerning video games and simulations. This model will enatbie
definition of a set of design philosophies which wilbe used as heuristics torealize agame design
document.Subsequently the game design will be implemented imto an actual game, usin@gn
appropriate development environment for the development processThis stepwill apply relevant
academic software and game design materia. Snall scale tess will be performed to correct minor
flaws in coding and design, usig state of the artgametesting techniques.Lastly the corrected, final
game versionwill be tested on a larger scaleThis test will attempt to asses if the game influenced
FAAOT OO OOAE AO OOOAAT O i1 OEOGAOGEIT 1T QGHeuwtiiyOeAdd OEA
i AATETC T &£ I AOE ET CATAOAT h OEA OOAAAOO OAOEI
OEAEO OAAAEAOG8 0O A 0rekb @éulks will €ndble Aetuirty itoAh® Behinnidgand
asses the validity of decisions conceing the theoretical model, the set of design philosophies and the
actual game design.

It is on purpose thatthe design will not be driven bylooking at existing games and game theory and
from there try to develop the model. The wish iso let RME and streémath control and guide this
process insteadand only use other games and game theory as a form of secondary navigation system.
In other words, this processwill let game theory and game examples align to the model that RME and
street math suggests, ingad of letting game theory and game examples suggest the model followed by
an attachment of RME and street math to the modéllevertheless, game theorwill be presentedearly

in order to guide the direction of RME and street math exploration. This will diin steering clear of
irrelevant sub-topics. Most parts of this project; analysis, discussion/model creation, game design,
game development and game test will to some extent occur in parallel in allowing these parts to
influence each other. The parallelisy will however only be partial since a chronological approach will

be necessary to base the game on the design which again is based on theory.

b C



Learning model:

The point of entry towards learning and learning in video games willprimarily be constructvist
oriented. This isbecause RME is founded on a constructivist approach ahdcause the domain of
video game researcherss dominated by constructivist learning subscribersMarc Prenskyargues that
according to constructivist learning] wedearn best whenmve actively construct ideas and relationships
in our own minds based on experiments we do, rather than being told; and second, that we learn with
DAOOGEAOI AO AEEAAAOEOAT AOO xEAT xA AOA AT CACAA EI
The interpretation of constructivist learning takes different forms, e.g. in constructionist learning
where the creation of artifacts is central in the meaning antkarning. Situated lerning and experiental
learning, close relatives of constructivismstresses that social and physical environmental factors are
detrimental to learning. This learning approach in video games is dominant in what video game
researcher Simon Egenfel@Nielsen calls third generation video game& RMEs focus on the

ET A E OE Aafirfgl atdknoividdge creation takirg place in social interactions and in non
transmission forms is al® fundamentally constructivist and therefore goes hand in hand with

0 OAT OE U8 O 14Achskuctiviél Eedrrin® dpproach.Consequently, constructivisiiearning will be
dominating throughout the theoretical modelbut other learning paradigms might shine through now
and then, in examplahe behaviorist approach of Operant Conditioning is relevant in understanding
rewards and reinforcement.Note that the us of constructivism is only as a learning/instruction

theory, not as an epistemology

Delimitation

e Only parts of theories that are foundelevant will be included. In example, not all parts of RME
will be included in the theoretic model and not all ideas of video game researchers will be
adopted.However, care will be taken in picking out partsuch that they are not too
disconnected fromtheir origin .

e Focuson research investigation and game developmentill be on math students similar to
students attending the middle of the Danish compulsory school systerdult teaching will
generally be ignored.

¢ The topicregarding assessmenfor grading or long term retention of learningwill be
overlooked, since it wouldover-expand thescope of this project to analyze or implement ways
of assessing thdong term learning outcomes of the students

12 prensky 2005, p. 19
13 EgenfeldtNielsen 2005

14 Squire, Bogost 2007
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| assume games are capable of teaching atit players can learn from playing games.
Potential negative or unintentional effeds, e.g. aggression from game violenaaf, games and
learning games will be ignored.

The model will not be designed with on-digital games like board gameg mind. Theory
regarding non-digital games might however be included if relevant.

During the development ofthe model athorough treatment of non-learning game design

criteria, where a general consensus in the scientific and game development communities exists
concerningtheir validity , will be refrained from. There is no reason to challenge or

reinvestigate design principles that are found irdominating game design book%.

Consequently it will beassumel that such principles are familiar to game designers pursuing
creation of good games, and the absence of such principles wittiive model are therefore

ET OAT OETT A1 8 '1 AgAi Pl A 1T &£ OEEO EO &£ 1 xnN OEA
between frustration and boredom in order to motivate its players'¢ This will give more time
and space to focus on relevant but possibly ambiguous or disted learning factors.

15 Fullerton 2008, Gee 2003, Malone 1980

16 Fullerton 2008, p.87




THEORY

In order to guide the project, and identify possibilities and limitationsthe state ofrelevant topics will
be outlined. First an introduction to the state ofdigital learning games (henceforth called learning
gameg, with a focus on primary schoolearning games is presented Afterwards, an introduction to
general game theory and learning in games is presenteginally an introduction to RME, outof-school
mathematics and related theory andstudiesis presented.Theory and studiesbelow are only
presented on an introductory level ands expanded in the model/discussionchapter when necessary.

Game use in the classroom

In a metaanalysis from 2009, effects of instructional gaming were charted:
Oxy 100 T £ 1w CAIA AEEAAOEOAT AGO OOOAEAO OADPI OO0
reported mixed results (instructional games facilitated certain learning outconimsg not the others), 12
reported no difference between computer games and conventional instruction, and only one study
OADPT OOAA AT 1T OAT OET 1T Al ET OOOOAOEYTI AO 11 OA AxEEAA
Assuming that this metaanalysis reflects the reality of the &ects oflearning games then it is relevant

to consider how games are used in the classroom of the primary education.

Recently made studies and interviews in the UK shows that serious games are not prevalénthis

might sound as conflicting with the study described before, but this means that games are not used
prevalently in schools, but the games are nevertheless used in classrooms as part of research, and with
good effect. Sdearning game usén classroomsis still on a somewhat experimental levelThis is

despite the fact that teachergerceive advantages of using video games in the class room: It gives a
higher student motivation and provides an alternative presentatior?

A Danish study from 2005 reveald the state of computer game usage in the Danish primary

educatiorr0. There seems to be a lack of experience among teachers in using computer games in an
educational setting. The experiencesf using learning gamesn classroomsare often related to quite
simple use of computer games or few limited experimental attempts at using computer games for a
specific topic. According to the survey there is a lack of successful teaching experiences, although all
teachers remain fairly open and positive towards computegames as an educational tool. In the study
teachers were also asked about what they perceived as disadvantages of using computer games in
education.According to the teachers the primary disadvantage is the quality of available titles on the
market. Thismust be seen in the light that on that the time (and to some degree today as &8lit was
edutainment products that dominated among school game#lore about edutainment games will come

17Ke 2009, p. 20

18 Ulicsak 2010

19 EgenfeldtNielsen 2005, p. 74
20 EgenfeldtNielsen 2005, p. 6574

21 Ulicsak 2010
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below. The other significant barriers were: Access to computers, tecital barriers, knowledge of

games, learning to playhe game and games thatannot cover curriculum. Teachers can also in some
cases be afraid of the loss of control or the emergence of chaos that might occur in learning

scenariog?. The teacher might feehs an outsider in situations where he might not be competent in the
video game medium, and furthermore he stands outside of the game as well, he will not participate
directly in the video game learning process as is the case in the classroom education.

The above issues should not be interpreted as the teachers amithout importanceh OET AA OAA A
facilitation plays an important role in an effective use ofearning gamesin the classroon#s.

Furthermore, the above barriers should not be interpreted as aattempt at presenting the teachers as
unqualified or incapable of effectively utilizing learning game the classroom. The intention is

merely to show that there are some serious challenges that might exhaust even the most skilled and
devoted teacher Danish video game researcher Thorkild Hanghgj sums it up by listing all the tasks

ahead of a teacher wishing to effectively utilizéearning gamesin the classroom. Teachers must:

curricular aims, find the time for the game sessions, ensure that the technology is working, facilitate the
CAi AOh DPOT i1 O0OA OEA OOOAAT OO OAAZEI AACEOMTOEET EEI
makes the teachersthe cruck CAOA EAADPAOOK 1 O le@ding damesA clabspodrisO O 6

Nevertheless|earning games areshown a lot of interest in these days. One example of this is the
ambitious STEMchallenge projec#s. This is a twofold project to use video games fromote Science,
Technology, Engineering and Math (STEM). One part of it is to let students create and submit games
for competitions. The process the students undergo while creating these games is the gotd e.g.

learn and use math by developing game$he other part consists of a competition open for anyone
within United States to create and submit games that teach or practice science, technology,
engineering or math.

Learning games

This chapter introduces learninggametheory and research. The chaptewill also help in focusing
definitions and scope regarding such theory.

First, the term learning game will be used interchangeably with other terms, like Game Based Learning
(GBL), learning video games, instructional video games, instructional computeames and educational
games. No matter what term is used, the intention is just to describe a game whose purpose it is to
digitally teach or let a player learn certain curricular contents. The intention is to not subscribe to any
specific definitions or interpretations made by certain game research branches.

Learning gamescomes in many different forms. Here are some categories of learning games:

22 Meyer, p. 56
23 Ke 2009, p. 21
24 Hanghgj

25 http://lwww.stemchallenge.org/

O0%OAl OAOA AT A AEOOCAAO OEA CAI AOh @piehamdsnitA OT B
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Commercial games: Also known as COTS, Commerci@fThe-Shelf games. These are games that are
produced as entertainment products with commercial interests in mind. These games are sometimes
used for educational purposes despit¢hat they were na intended for education. Eamplesof this

within this category are games like Civilization and Europa Universalis which have been successfully
employed to teach historys

Edutainment : Games with some learninggendabased on the assumption that it must be fun to

learn2?,

These are ypically somewhat simple in design and often based on a behatist learning approact#s.

These games usually portray mextrinsic motivation, whereOUT & CAO A OAxAOA A& O
AAOEOEOUh AT A AOA 110 21 OEOAOAA Au OEA AAOEOEOU
Simulations : A simulation video game closely simulates aspects of a real or fictional realt§These

games usually focus on motivation as intrinsic where mastery of the activity itself is the guiding light,

and no points,high scoresor similar extrinsic rewards are central. An example of this is Microsoft

Flight Simulator

Serious games: These have also been calledd3jeneration educational games. These apply a

constructivist approach to learning.

One could try placing the above categoriesn a continuum between a larning focus and a
fun/entertainment focus. However, there is more to understanding educational games than just
balancinglearning andentertainment, since there are other factors involved than just those two. This
field is multidimensional, and also incldes dimensions of e.g. fantasy, motivation and identification.
Onechallenge and purpose of this project is to identify these extra dimensions and grasp how the
balancing of these could create an optimal learning experience.

One early approach to identifying effective games and effective learning games can be found in

4ETT AO 78 - Al | B A&ddscribes & genebaht@xdnOndy of intrinsic motivationansisting
of three categories; hallenge, curiosity, and fantasy.

Challenge consists of providing a g that is uncertain. Not all goals are equally well suited for all
tasks i.e. simple games should provide an obvious and compelling goal while complex environments
without built -in goals should be structured so that users can generate their own goal. Fngtmore,
challenge is entailed by uncertain outcome which in turn can be supported by variable difficulty level,
score-keeping and randomness.

Curiosity is the motivation to learn, independent of any goaseeking or fantasyfulfillment and

consists of semory and cognitive curiosity. Computer games can appeal to sensory curiosity by
appealing to audio and visual effects, and in turn apply these as decoration in the game, to enhance
fantasy, as a reward or as a representation system.

Fantasy in games canddivided into intrinsic fantasies and extrinsic fantasies. Malone argues that

26 EgenfeldtNielsen 2005

27 Meyer, p. 54

28 EgenfeldtNielsen 2005, p. 273

29 EgenfeldtNielsen 2005, p. 273

30 http://en.wikipedia.org/wiki/Simulation_video_game

31 Malone, p. 162+
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®ne relatively easy way to try to increase the fun of learning is to take an existing curriculum and

overlay it with a game in which the player progresses toward some fantasgl,gor avoids some fantasy
AAOAOGOOTI bEAh AAPATAET ¢ T1T1U 11 xEAOEAO OEA bpi AU
ZAT OAOEAO OOAA ET OEEO EETA 1T &£ CAA AOA ET OAOAE
An example of this is that the game BEngmar#3 can be completely interchanged with any other

curriculum. For example, incorrect algebra responses could trigger the hanging processstead of
misspelling. Likewise, the curriculum of spelling thais usually attached to the Hanghan game could

just as well be attached to another intrinsic game fantasy. Malone states that in extrinsic games, the
fantasy depends on the use of the skill, but not vice versa. However, in intrinsic fantasy games, not only
does the fantasy depend on the skill, but the gkalso depends on the fantasy. This means that

problems are presented as elements of the fantasy world, and consequently, the curriculum and the
fantasy is inseparable and therefore not interchangeable like in extrinsic fantasy games. Furthermore,

On intrinsic fantasies, the events in the fantasy world usually depend not just on whether the skill is used
correctly, but on how its use is different from the correct dse

Kurt Squire subscribes to these ideas and expands them to embrace more than only éaytand
thereby categorizes games as Exogenous and Endogenous. The idea is explained in the table below:

32 Malone p.164

33 A spelling game whereeach incorrect answer increasingly draws a hanged man. The goal is to guesswloed
before he is hung.

34 Malone p.164
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Aspects

Exogenous Games®

Endogenous Games®

Learneris. ..

Knowledge is . . .

Learning is . ..

Instruction is . . .

Social model is. . .

Pre-knowledge is . ..

Identity is . . .

Contextis. ..

An empty receptacle. An example is Math Blaster,
where the learner is “motivated” to learn a
prescribed set of skills and facts.

Knowledge of discrete facts. The facts are “true”
by authority (generally the authority of the
game designer).

Memorizing. Learners reproduce a set of prescribed
facts, such as mathematics tables.

Transmission. The goal of a drill and practice
game is to transmit information effectively and
to “train” a set of desired responses.

“Claustrophobic.” Players are expected to solve
problems alone; using outside resources is
generally “cheating.”

Set of facts, knowledge, and skills to be assessed
for proper pacing. In Math Blaster, players’
self-efficacy in mathematics is not addressed.

Something to be cajoled. If players are not “moti-
vated” to do math, the game developer’s job is
to create an “exciting” context for the learner.

A motivational wrapper. The context in Math
Blaster is something to make learning more
palatable.

An active, sense-making, social organism. An
example is Grand Theft Auto, where the learner
brings existing identities and experiences that
color interpretations of the game experience.

Tool set used to solve problems. The right answer
in Civilization is that which is efficacious for
solving problems in the game world.

Doing, experimenting, discovering for the pur-
poses of action in the world. Players learn in
role-playing games for the purposes of acting
within an identity.

Making meaning/construction, discovery, social
negotiation process. Instruction in Super-
charged! involves creating a set of well-
designed experiences that elicit identities and
encourage learners to confront existing beliefs,
perform skills in context, and reflect on their
understandings.

Fundamentally group oriented. Games are
designed to be played collectively, in affinity
groups, and distributed across multiple media.
They are designed with complexity to spawn
affinity groups and communities that support
game play.

Knowledge to be leveraged, played upon.
Pre-knowledge is expected to color perception,
ideas, and strategies. In Environmental Detec-
tives, challenges are structured so that players
become increasingly competent and learn to
see the value of mathematics.

Something to be recruited, managed, built over
time. In Environmental Detectives, learners
develop identities as scientists.

The “content” of the experience. In Civilization,
the geographical-materialist game model is the
argument that situates activity and drives
learning.

#Games in which the context is extrinsic to the game play.
"Games in which the context and game play are inextricably linked. (These terms are from Rieber, 1996).

Figure taken from Squire 2006, p. 24




An example of a digital mathematics learning game mounting an extrinsic fantasy is Math Olympics of
mathplayground.con®. The screenshot from the game below illustrates the game play.

Highest Score: 20 Current Score: 1 Current Level: 1
®
4

Try Again!

The correct answer is 8.

What is 56 divided by 77

Q- O
® o Q) s

As seen in the screenshot, a multiple choice question is presented. When the player chooses an answer,
a character appears on the path and attempts to jump the obstacle. If one answers correctly, the

runner succeeds. If one fails (as in the screenshot),gliunner crashes into the obstacle and knocks it

Al x1 AT A OEA DI AUAO EO O 1 A O 00U ACAG&bestingaht E O
runner to jump the bar is interchangeable with any other kind of curriculum. For example, jumping
obstacles and increasing the score might as well depend on success in spelling. Likewise, the multiple
choice math quiz of the game could just as well determine if space invaders are destroyed or not. Math
Olympics also qualiies as an exogenous game sinder example,the knowledge model of the game is

fact based, not tool based and instruction is transmission based since the drill and practice approach is
supposed to train a set of desired responses. This behaviorist agenda qualifies it as a typical
edutainment game.

Squire argues that the very medium of games forces designers and educators to go beyond traditional

TTOEITO 1 £ AAOAAGETT AO OAgbi OOOA 01 /AiHe &duesO8 Al

that traditional educational games use cotext as a motivational wrapper for the game experience

35 http://www.mathplayground.com/olympic_math1.html acquired and tested at 11.10.2010

36 Squire, p. 25
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whereas contemporary games literally put the players inside game systems. In relation to the table
above, in endogenous games the context is the gameplay whereas in exogenous games, the context is
irr elevant to the game play. This shows the similarities between Malone and Squires ideas.

An example of an intrinsic fantasy game is the game that Malone calls Da@is:  CAT A AAOECT /
elementary students about fractions. Three balloons appear atdam places on a humber line and
students try to guess where the balloons are. They guess by typing in mixed numbers, and each time they
guess an arrow shoots across the screen to the position specified. If the guess was right, the arrow pops
the balloon.If wrong, the arrow remains on the screen atige player gets to keeph®oting until all the
AAT1TT1TO AOA bl bbAA8S

He states that it is an intrinsic fantasy since the skill of estimating distances is applied to the fantasy
world of balloons and the use of this skill then affects the fantasy world by shooting arrows and

popping balloons.

Fantasy . Fantasy

7

Skill SKill
Extrinsic Fantasy Intrinsic Fantasy
Figure from Malone 1980, p.p 1 81 QEAAI AADPAT AAT AEAO ET A@OOET OE
Consequently Maloné @finition of the difference between intrinsic and extrinsic fantasies is twofold:
Interchangeability of context (fantasy) and content combined with dependencies of skilk. fantasy.
(T xAOAOh AT AgAiPI A T &£ A 1AAOTEIT ¢ GCAIT A xEI 1T AA
OACOA8 4EA xETTAO T &£ OEA 34%- AEATTATCAB8O #1111 A

Numbaland. A subgame of this is Battleship Numbeine which can be compared to Darts. Below is a
screenshot of typical gameplay:

37 Malone, p. 169
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The purpose of the game is to teach number awareness to students. In this specific scenario, the player
enters a number between 0 and 10 in estimating where the ship is ohé interval. In the screenshot,
Owd EAO AAAT AT OAOAA8 .1 OA OEA OET U I EOOEI A AAI
a successful estimation andhe immediate moment following the one in the screenshot depicts the
missile impacting with the ship, causing the ship to explode, leading to the next estimatiassignment
This is a game employing an intrinsic fantasy to motivate its players. It would not be possible to
completely detach the fantasy from the game play. For example, it wouldtmoake sense that
correct/incorrect spelling would affect if the ship was hit or not. It would directly conflict with the

fantasy since the game content and context is intrinsically connected. However, it is only an intrinsic
fantasy to a certain degree,inceit is imaginablethat instead ofestimating a number between 1 and

10, it could involve calculating the amount of fuel needed for the anship missile to hit the ship.

Actually the designers of NumbalandBattleship Numberline offer other game modesncorporating

the same game scenario of attempting to hit the battleship, but the curriculum can be freely chosen
from estimating whole numbers between 110, whole numbers between 1100, decimals, fractions and
measurement. Consequently the terms intrinsiand extrinsic fantasies are not distinct, rather a game
can exist on a continuum between these two terms. This makes the terms somewhat vague and
ambiguous, however they are still useful in distinguishing between various approaches to game

design. However questions still arise concerning how a game can become even more intrinsically
connected to its fantasyAnd if this connection is made so strong that the intrinsic fantasy cannot be
replaced with any other task, would that be an advantage?

Video game esearcher lan Bogoss term procedural rhetoric can help to expand these terms and aid
in understanding how learning games work. Bogost argues that video games cannot be created or
analyzed efficiently with tools used for other media, like television or wie pages. He defines

OA



procedural rhetoric as a concept for exactly that purpose:

rrocedural rhetoric is the practice of using processes persuasij@y as verbal rhetoric is the practice

of using oratory persuasively and visual rhetoric is the practice of using images persuasively. Procedural
rhetoric is a general name for the practice of authoring arguments through proce8sés

Consequently the wad rhetoric is not necessarily literal in meaning persuasion, the term procedural
rhetorics will mostly be usedto describe the authoring of arguments, e.g. teaching or practicing
mathematics, through processesProcedural rhetoric is something more than @jital rhetoric which
typically abstracts the computer as a consideration, focusing on the text and image content a machine
might host, like in email, websites, message boards, blogs and wikis. That way, Bogost argues that
verbal, written, and visual rhebrics inadequately account for the unique properties of procedural
expression. Furthermore, Bogost claims that video games are capable of much more than just
supporting existing social and cultural institutional goals, and that this is not just done througthe

content of video game®. Thiscanbe done by harnessing the power of procedural rhetoric, in both
creating and analyzing games. But since video games are capable of more than just delivering content,
the complexity and barriers revolving around creaing the procedural rhetorics are immense.
EgenfeldtNielsen statesthatO4 1 OAA OEA Al i bOOAO CAIi AOG AO Oi AOAIT
AAl EOAOCET ¢ AT T OAT Oh OEEIT O AT A A&l G A I E
video game knowledge and persuasion is not to be taken lightVideo game researcheBuzanne de
Castell of Simon Fraser University, Canada, argued in her keynote speech at the European Conference
of Game Based Learning (ECGBL) in 2010 that there are some ba&gistemological issues connected

to this challenge, a perception not unlike the inspiration to the creation of the concept of procedural
rhetorics:
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games on tre premise that knowledge itself argethool knowledge, is the same thing. That, you know, for
example, you have the games where, you know, do such and such, solve a math problem and then you gé
a piece of pie, you know. We just changed the mediumwlIEen you change the medium, you change
ETT xI AACA OAPOAOAT OAOEI T h O ETTxI AACA AT AOT 6
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Castell seems to agree with the other researchers; that if knowledge embedded in video games is
presented in a way that is intrinsic to the video game medium, then the gains are substantibihe next
chapter will presenttheory and studies concerning just what Castell descrilzgalternative knowledge
representation and acquisition.

38 Bogost 2007, p. 28
39 Bogost 27, p. ix
40 SEN, 2007, Continuum, Educational potential of computer games1p7

41 Castell 2010




Realistic Mathematics Education
In the Netherlands, nathematics in primary school in is mostly based upon &alistic Mathematics
Educatior2. RME is largely the brainchild of the Dutch mathematician Hans Freudenthal. Freudenthal

argued thatmathematicsmustAA AT 11T AAOAA O OAAl EOQUdnce@@hdd Al T QA

relevant to societyin order to be of human value. Furthermore, he viewethath as a human activity
rather than a subject to be transmittedBasic RME views can be summarized as below:

O- AOEAT AOGEAO EO OEAxAA AO Al AAOEOEOUh A xAU 1T A&

mathematics, of which solving everyday life problemsiisessential part. A variety of contextual

POl Al AT © EO E1T OACOAOAA ET “OEA AOOOEAOI O OECEO

The name realistic math education has been misunderstood at tinf@sThe reason why RMES called
RME puts on offering the students problem situations which they can imagir{as in realizing
something).

RME is basically a theoretic model that is supposed to be used lepathers to construct better math
curricula. This work can seem outdated since several of the ideas and suggestions explained by RME
are already part of mainstream math education. An example of this is the statement in the official
Danish primary school mah curriculum which describes how the real world often is the starting point
in identifying problems that are sought to be solved by the help of mathematiss

Another example of the influence of RME is the University of Wisconsin project of Mathematics in
Context (MiC), which is a mathematics curriculum, whose development was based on a major
inspiration and cooperation from RME and its protagonist$. They argue thain traditional
mathematics curricula, the sequence of teaching often proceeds from a generation, to specific
examples, and to applications in context. RME (and MiC) reverses this sequence; mathematics
originates from real problems.

In 2007, fourth-grade students of the Netherlands had thet9bestaverage mathematics scores.
Other gudies confirm the effectiveness of RME. A studyshows that 7h grade students get a positive
attitude towards mathematics after receiving RME, and also become aware of usefulness of
mathematics in daily life. Another study® concludes that students who used rdestic math textbooks
scored higher than students who used traditional textbooks.

42 HeuvelPanhuizen

43 Gravemeijer1994, p. 91
44 HeuvelPanhuizen, p.4
45 UVM 2009, p. 35

46 EDC 2001

47 from http://nces.ed.gov/timss/table07_1.asp at 30.3.2011
48 Uzel and Uyangor

49 Romberg, p. 9
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The basic concepts of RME are elaborated below and subsequently expandedlter in the report. |
want to use this work, not in order to propose or discuss math curriculanigeneral, or to identify the
best way of teaching math irclassrooms. On the contrarythis discussionwill be usedto find academic
sustenance forthe previously explained assumptions about how matteould be taught in video games.
Selected examples oRME theory that are relevant for this agendwill be presented, while mostly
ignoring the deeper levels of instructional design theory that RME is based dRMEcan be considered
as consistingof an array of principles. Several of these principles will ndie dealt with in this report,
Eil xAOAO AQGOOA AOOAT OEI 1T xEIl AA GCEOATmosiclevén®EA O
for video game design.

The Reality Principle

It must be sound to assume that all mathematics curricula aim to enableuskents to, at the end of the
learning process, apply mathematics to solve problems. In RMfe reality principle is not only
recognizable at the end of the learning processhen it is applied;reality is also conceived as a source
for learning mathematics

Qust as mathematics arose from the mathematization of reality, so must learning mathematics also
originate in mathematizing reality. Even in the early years of RME it was emphasized that if children
learn mathematics in an isolated fashion, divorceain their experiences, it will quickly be forgotten and
the children will not be able to apply it. Rather than beginning with certain abstractions or definitions to
be applied later, one must start with rich contexts demanding mathematical organizationimqther
words, contexts that can be mathematized. Thus, while working on context problems, the students can
develop mathematical tools and understandirg

However, these context problems must be carefully chosen, not just any realistic problem wilbrk.

ITA AgAI DI A T &£ A AT 1O0AGO POT AT Al EO OEA OAOO AEH
leaving buses. This is used as an example of how a curriculum could contain an introduction for
OOOAAT OO O1 OEA 1T PAQAOEIT OECI O jo6co AT A o
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Figure of buses!
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The task of the student is to check ongoing changes in the amount of passengers. The point of this
context-bound mathematical language is to introduce representation for the description of

guantitative changes, whereupon representations that argradually less contextbound can be
introduced until finally ending up at the standard notation (e.g. 2+4 = 6). | want to emphasize that
even if the authors use this to explain how various calculation methods can be taught, | intentionally
shift focus onthe part of the example that focuses on realism. As one of the leading RME protagonists,

50 HeuvelPanhuizen p. 5 (Original source references have been edited out)

51 Scanned from Gravemeije994 p. 29
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AAAEOET T AT A OOAOOAAOQETS!. Letliig An&iierergk & aindtutabactikity AAOE

might help overcome the obstacle that, as described earlier, many students doot know why they
learn math or what it can be used for.

Context-relations

Many math books have lots of examples that can be seen as realiste in the form of word problems
For example, in teaching to count, one could present a picture of 5 candles and then ask the student
how many there are. It would fit within the realism principle, since it makes sense that a real world
scenario would be tocount 5 candles, as opposed to counting 5 dots. But the realism can be improved
by considering the context too. Look at the picture below.

Figure: Contextrelated counting?

This picture would be presented, instead of a picture of only 5 candles, with the question: How old is
the girl? This embeds the realism into a context that makes sense for a child. HeuRahhuizen
explains the exampleO) T O E Aelafed quésomsheontext gives meaning to the concept of
number. This contextelated counting precedes the level of the objeetated counting in which the

AEEI AOAT AAT EAT AT A OEA AEOAAO OEiI x 1T AT U8 NOAOO

any refaence to a meaningful context. Later on, the presence of the concrete objects is also no longer
TAAAAA O1 AT OxAO B®EI x 1 AT U8 NOAOOEIT 086

Two things are explained here. First, the contextelated question gives meanindo the example The
context in this case can also be seenas astgqgpi HDOO OEA v AAT AT AO ET Ol
birthday, and asking to her age instead of the amount of candles, embeds the realism (candles) into a
story (context).

Secondly, this contextrelation should, accordingto RME, only be used as an introductory
representation model which can be gradually replaced by more formal representations. The oldest
students shouldhave no need for contextrelation and can work with completely abstract assignments.
| wish to discussthis assertion of RME by turning towards the question of how important the context
actually is, and if it is only important for small school childrerin the following chapter.

52 Gravemeijer 1994 p 29
53 Copied fromHeuvelPanhuizen p. 16

54 HeuvelPanhuizen, p. 16
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Out-of-school mathematics
The term out-of-school mathematics has several namehformal mathematics, street mathematics
and real life mathematics are just some of the names used.

)T OEA AiTE O300AAO - AOGEAI AGEAO AT A 3AEIITI the AOH
authors (from now on referred to as Nunes)iscuss \arious studiesthat they designed to investigate

the importance of context when learning and using mathematiés In one study, children who were

working at a marketplace in Brazil were approached by researchers acting as normal customers
interested in their marketplace goods. Around a week later the same children were engaged by the
researchers in the homes of the children or at the marketplace to participate in some formal tests. The
OAOOI OO T £ OEA AEEI AOAT 80 1 AOE PAOAE Oi ATAA xAOA
In the marketplace situation the children engagedariousmaOE NOAOOET 1 Oh E8A8 OF
13 coconuts that each cost 35 cruzeiros and the child vendor then solved what the total prizas. In a
formal test the children engaged problems involving thexact same mattoperations as on the street
but made into word problems One example of such a word problemvas:0! A£EOEAOI AT  AA(
The second one caught five times the amount of fish the first fisherman had caught. How many fish did
Ot¢m C ym E ebo

The astounding results were that the overall percentage of correct responses was only 36,8% in the
formal bare number test, 73,7% in the formal worcproblem test and 982% in the marketplace
situation!5é The study involved only five subjects, so it could be questioned how generalized these
findings are. However, subsequent studies by the same researchers involving fishermen, carpenters &
their apprentices and construction site foremen backed these findings and extended thefime street

math authorsAOEO x EAT AE OA O ®onEd ithosiieAhat AtidreA Eapabl©af solding a
computational problem in the natural situation will fail to solvéhe same problem when it is taken out of
EOO Abl OA@Oed

Studies by other researcher® haveencounteredsimilar ZET AET ¢08 & OOOEAOI T OAnh
research concerning mathematic practice in and out of school supports RME and street math findings.
Masingila® findings were based on several studies, wherein one of them compares secondary school
students to professional carpet layers. This study is here presented to further illustrate the

differences between school math and oubf-school math. Both groug were given an assignment

wherein they had to convert square feet to square yards. The carpet layers were able to correctly solve
this assignment by dividing square feet by nine, while however being somewhat poor at explaining

why this was true. None oflhe six pairs of students were able to understand the problem completely.

To compare how professionals that practices math like this every day with students might seem unfair.

55 Nunes et al 1993

56 Nunes et al1993, p. 22
57 Nunes et al1993, p. 23
58 Esmonde et al

59 Masingila 1994, p. 56
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However, students had previously had exercises similar to this problem in theiektbook, so the
differences might not be ascribed to this.

-AOET CEI A AO Al 60 OA OA Acd Row toltradhgfolm educatiahAotbéiter A&dnnedt T T Al
in-school with out-of-school experiences. These conclusions can be divided into four parts:

a)

b)

d)

A problem solving approach to teaching is preferable to the traditional instructional approach
where the teacher is presenting information and then assigning exercises in which students
practice and applies this information. Using an instructional approachbf teaching via problem
solving means that mathematical understandings are constructed by students as they seek to
accomplish emerging goals through problematic situatior8. These problems must be

embedded in situations that are real and meaningful to stughts. It also means that math is to

be seen as a tool to be used and that processes and procedures are learned as they are needed
in the midst of accomplishing emerging goals.

In working individually and collectively to accomplish emerging goals, mathematal
knowledge is developed within a meaningful context and cognitive development occurs as
students work together with peers and teacher to negotiate shared meanings

School activities should make use of cultural artifacts and conventions that students can use to
interpret problems and make sense of them.

4 AAAEAOO AAT AOQGEI A 11 OOBAAI
in other contexts.

086 DOEIT O O1 AAO(

60 Masingila 1994, p. 13
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Attaching meaning to results

The street math authorsconductedanother study, in understanding proportions. Results showed that
school students had great difficulty in attaching meaning to the result of their calculatiof A

difficulty not displayed by foremen of construction sites. For example, a student used a proportional

model to calculate the real life size of a wall and ended up interpreting the result as 3 meters and 750
centimeters, which clearly makes no sense. The students made other mistakes iteipreting results.

A wall represented by a length of 3.3 cm on:100 scale was reado be 33 cm long. InNune& x 1 OAOd,
@G EAOCA AOA Al AAOI U O1 OAAOGT T AAT A OEUAO syEheGore@é&nA  x
however did this without any problems. They were able to scale the proportions correctly all the time.
Comparing professional, experienced foremen in task they are used to, with performance of students
entering a new problem field might not be fair. Firstly, the comparison might be unfain relation to

OEA CcOi 6p06 A@PPbAOEAT AA xEOEET OEA Aiil AETm®m AOO E
graders from middle-upper class schools while only 1 in 17 foremen had had formal trainingthe rest

of the foremen were trained through apprenticeship. Secondly, the point here is not to compare who is
the better mathematician, the point is to underlinethat students were expected to be better at

attaching meaning to results.

School curriculum designers are usually aware that realistic math problems are better than simple
number problemsin relation to student motivation and results interpretation. The wsual solution to

this is to embed math problems into word problems. One advantage of this is that the students need
engage in problem solving activities and not just driland-practice. RME puts big emphasis on realistic
word problems. However, several stdiess4 have found that the design of word problems is not trivial:

08 OOOAAT OO EAOGA A OAT AAT A Uwdrld kfowiddge dnditdshispendthed A O
OANOGEOATI AT O OEAO OEAEO Oi i OOEIT T O I O®FRdrekampledinaOAT O
study composed by Torulf Palm, two groups of a total of 161 students were tested in their

engagements with word problems. Students engaging in simple word problems provided written

Ol 1 OOGETT O OEAO xAOA Al 1 @WAGAODAT GEsCHDEHD Hd ks i038% bfE OE
the solutions®é. However, students engaging in more authentic versions of word problems involving

the same scenario and math provided 51% realitgonsistent solutions. In the diagram below

differences betwee standard and authentic word problemscan be seen irone of the multiple word
problems of the experiment:

62 Nunes et al, p. 100

63 Nunes et al, p. 101

64 Palm 2007, Verschaffekt al.2000
65 Palm 2007, p. 38
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Standard word problem Authentic word problem

Elin is planning to ride horses each day for 4 days. You are going to a camp for 4 days, but you also want
Each day she has 45 minutes of free time to do this. | to ride horses. Your dad ses in the camp brochure
How many 10-minute rides does she have the time to | that you have 45 minutes free time each day, and that
do during these days? horses can be rented for tours on a path in the woods
that takes 10 minutes. To know how much money you
will bring you must calculate how many tours you
have time to ride. How may 10-minute tours do you
have the time to do during these days?

)T ATiPEIETC 0AI 1860 AET AET cOh OEA EOOOAO OACAOAEI

e The event described in the word problem must have taken place or must have a fair charaf
taking place.

e The question in the word problem must be one that actually might be posed in the real life
event described.

e Give students a clear overall picture of the situationthe information should never be
substantially simplified. This will give students enough information about the circumstances of
the situation, including the task context and the purpose of solving the task. The purpose must
be as clear as it would be in a corresponding real life situation. This must be done while
minimizing the amount of text in order not to punish students with reading difficulties’.

¢ Information given should be specific and not general. The task text must describe a specific
situation in which the subjects, objects, and places in the task context are specific.
Furthermore, data like numbers and values must be identical or very close to the
corresponding numbers and values of a real life situation.

These findings seem interesting for understanding reality and knowledge transfer. However it should
be noted thatPalm was unable to test which, if any single, of these principles above were contributing
most to the success of his authentic word problemslevertheless, many of these findings could be
proven valuable to keep in mind when creating math video games. Elemts of these finding will be
revisited later for that exact purpose.

As described earlierRME is also addressing word problems and how they should be handted
Interpreting, negotiation, and common construction of knowledge through dialogue in between
students and between students and teacher. This should help identify what is the problem, what
counts as a solution, what is the best solution and what is the best solution method.

In wrapping up the research concerning word problems, a major part of the pblem and solution

67 Palm 2007, p. 41 & 44

68 Gravemeijer1994 p. 88




seems to revolve around math education as a soeaultural activity z the social context of a school
situation®®8 / T A CEOI 80 AT OxAO Ohotikklde relli§id @siBdrationd wienx E U
solving math word problems was ilustrative for this conclusion:O0) ET T x Ai1 OEAOA O
T AGAO OEETE O1T ETAI OAA OEAI ET A 1 AOEO bpOI Al Al 8
OECEO AT A Ui 6 Ai1806 1 AAA O §EThe expetatOirbtinat alyE ET C O
math game would be able to change factors of soetwltural problem outlined above. This would

possibly require some major restructuring of classroom practice along with curricular refocuszurther
analysis of the sociecultural problemscanbe engaged by others. However, | do expect a math game to

be able to circumvent some of the limitations enforced upon education by these so@altural

constructions. The social context of school situations could be manipulated by a gaarel hopdully

show students like the girlquoted above that thereisA AT 1 T AAGET 1T AAOxAAT O1 0
Oi A Quat@h@ game cannot change how the root of school culture spawns this social context.

Even if great care is taken in their creation, worgroblems seem to have innatéimitations . However,

word problems still seem better suited for math problems than bare sum notationproblems. This was
illustrated by the main street math study and is also supported by RME. Gravemeijer found that

second gralers presented with a problem describing a jar containing 47 beads where 43 of which

were necessary to make a necklace, roughly 60% of them figured out that 4 beads would be left over.
When presented with the bare sum 4% 43, however, less than 40% of thetudents found the correct
answer.

)y O EO ET OAOAOOGEIT ¢ O OEET E x E Uln comirgsOio liak Bubhd the®8 ' (
advantage of this kind of context problems is that the designer is not bound to the notations familiar to
the studens. One can thereby bypass unknown forms of notation and anticipate the subject matter that
has yet to be handled in class. Then the students can really show their capaldilities

Gravemeijer is here extending the explanation behind @rd problems and contex-relations of the

previous pages to include more than realism. He hints that considering notation or representation of
math problems within realistic contexts potentially enable students to engage math problems beyond
their expected qualifications.

O - To@eA these context problems provide the students with more room to choose a solution procedure.
Bare sum notations are often associated with standard solution methods. When this notation is missing,
the tendency to apply such methods is also absent. bktéhe contexts often offer opportunities for
informal solution strategie8 6 4 EEO A@bil AT ACEIT T 1 000 AdntralpBidsc A A
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these informal strategiesthat Gravemeijer mentions but must be gradually replaced by formal
algorithms.

In gathering the threads presented so fait is seen that math students gain significant advantages in
understanding and solving math that is embedded in a realistic, purposeful context. Thisgsasped in
the concept of contexirelation. It makes logical sense that students lacking understanding of the

purpose and realism of math usage will benefit from be exposed to math that focuses on just that.

69 Palm 2007, p. 56
70 Verschaffelet al.2000, p. 26

71 Gravemeijer1994, p. 152




What has been established within this concept is the fact that not only must the math be less abstract
and more realistic it must also be embedded into a contestat makes sensewhile carefully
considering the exact problem representationFurthermore, such a contextrealistic approach to math
problems seems suited for not only avoiding problems of other learning artifacts, it seems capable of
increase learningstrength. These factors will be relevant for a math game design and will be revisited
accordingly. However, exploring some concepts further before venturing into game design could be
valuable and will be the objective of the next chapter.

Plausibility

Ore of the limitations of classroom education is the very fact that it takes place inside a classroom and
not in the outside world. This poses challenges as how to put contesalistic math examples into the
education.Nunesexplains how it can be difficultto think of good problems to work from in the

Al AoooiiTis 1 AgAipil A T £ OEEO EO OEA A 111 xETC
the world in solving word problems. The problem:

O*TET AOA 6 "EC -AAO8 ) @ MaAHdbW IGng tid iftdke himuio eatEher® O A O
Alked

Nunes explains that the situation described goes against the idea of what is sensible to do when going
to a fastfood restaurant. Its solution is not meant to be used in reaching any decision, solving the
multiplication question does not help anyone understand a situation that may arise in everyday life.

This is used to show that just because some math example is embedded in a contealistic scenario,

it is not necessarily useful. For example, it is aalistic example to use consumption of burgers as way

of calculating time. It is also a meaningful context that John goes to a restaurant and eats some burgers
and it takes some time. But it makesttle sense that someone eatas much as eighburgers.

The British Mathematician Keith Devlin argues for the same caus®@b1 AAOA AT 1 O OOA
scenarios and tell the students they are seeing "How math is really used." Give them realistic ex@#nples
He exemplifies this by critiquing what he calls a typical text book example of filling a swimming pool:
OEET AET C 100 Eix 1i1C EO OAEAOG A OxEiiEIC DIl
i ET O0A8 j8Qq xEAO UT Oh lanktiwAuld)dd is thrh én thk ke Wdtch fdrai T OE
minute or two to get a sense how fast the water level seems to rise, then do something else nearby,
checking periodically on the progress until it's getting close to being full, and then watching it urgil i

AT 1TA86

He argues that we barely use math in our daily lives, even if it actually is omnipresent. What people do
when encountering math is for example to use a smart phone app or an automobile dashboard display
that depends on math. This is so commothat it is not at all difficult to show students that math is part

of our daily lives, even if it is the devices performing the math, and not the humans. This makes him
argue that instead of asking students to carry out the swimming pool example with an uealistic

scenario, instead say that their boss wants them to develop a small automatic valve that can be set to
turn off the water when the pool is full. The students will end up doing the same math, but the

72Nunes et al, p. 149
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formulations will seem more relevant to the stueknts by presenting it in a plausible fashior. This
statement is analogous the findings of some of the word problem researché&3%hey found that
students would engage more realistically with word problems, e.g. about carpentry if they were
provided with concrete materials such as planks, a saw, and a meterstick when calculating lengths.

The only problem with this approach is that the resources of a school might not support that a class
starts building swimming pools and valves and sawing planks. Howeveahe abilities of the commonly
used methods of teaching math, the classroom and the text book, are in their nature limited in their
ability to pick up the recommendations of realism, context and plausibility that have been identified so
far. The contextrealistic scenarios that make sense would be most realistic if the students engaged
OEAI AO OAAIT DOTATAI O 100 ET OEdne Ousthdknowlédgdthar " O
one cannot bring the reality into the classroom. Although students willdide to identify with well
AET OAT AT 1T OAGOOAT DOT Al Al Oh OFEATDIA mighEbe bbvidudAdthkt@ A A
nevertheless an annoying barrier to identify, since street math studies proved how beneficial real
world math problems are.This forces one to think outside the box, and this is where video games
become an interesting choice to see how real math problems from real life can become in a game.

Context-relations in Math Video Games
In the preceding pages it was established thadome kind of dual reality connection is in play between
classrooms and reality:

Classroom-> Reality. Students doesiot know what the real life purpose of math knowledge is, and
they are not utilizing their school math outside school.

Reality -> Classroan: Students ignore constraints of reality in classroom mathematicsthey are not
using their real world knowledge in classrooms.

The research goal of the project at hand is more concrete now: To find out how video games can be
designed to help minimize this gap in the dual reality connection. In other words; to test the
hypothesis that games are capable of simulating purposeful math interaction inspired by RME and
street math. The next chapter will investigate and form this hypothesis including all impli¢ens this
can have on the game design and user learning.

Within video games, realism can bsimulated without the boundariesthe classroom is facingThe
game can embed the player in situations similar to the situations that children working in a
marketplace are facing. Furthermore, if a strong procedural rhetoric is obtained, they can make the
math word problems come to life. However it is hecessarmgt some point to face the question whether
the above described benefits of RME and street math will follow along when translating e.g.
marketplace math into a math video game. Such a game will from now on be referred to as a realistic
math game, orarealistic learning game

74 Devlin 2010
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From the above pages it is already evident that if RME and street math are to guide creation of a
realistic math game, then the game must support the following three points:

¢ Realism: Use the real world for inspiration in creating matiproblems of the game. Neither
bare sum notation norsimple word problems seems adequate for translation into video game

math problems.

e Contexts: Embed these realistic math problems inr&ch context comprised of a storyinvolving
the actual math problem. Tis gives conext-relation.

o Plausibility: Ensure the contextrealistic math problems make sense and are plausible

These points reflect the findings of the previous pages. However, these points are somewhat vague and
raise multiple new issues. These pointwill serve as the basis for the model discussion of the next

chapter.




MODEL DISCUSSION

The purpose of this discussion chapter is to identify, clarify and specify in a concrete way how a game
best can simulate the findings of the theory chapter. Theoriesill be expanded where necessary and
new theory brought in when needed. The model will end up consisting of a set of design principles.
This model must be specific enough to grasp the findings of the theory chapter while at the same time
be wide enough toenable creation of many different kinds of games for the target group. The target
group iscompulsory school children, since the theoriesand studiesof the theory chaptermostly
concernsthis target groups. Thus the model must end up as a set of desigeuhistics that can enable

me and other researchers to create math games based on RME and street math.

Endogenous and Exogenous games

The very first thing to be addressed should be to decide if the game should be of an exogenous or
endogenoustypeAT A 01 AAAEAA OEAO A 11T E 1000 AA AAOGO
pi OEOEIT AT A '", .OAOAAOAEAOOG66 AAOEAAO

The official curriculum guidelines of the Danish school system (Feelles Mal) urges teachers to evaluate
their teaching tools and ask itheseA OA OOAA A@Al OOEOAIT U O1 AT OxAO N
i OAE6 1 O OEI x AECo 10 EA OEAU Av Hiouldbk dificAitdd NOAQ
engage why and how questins within exogenous gamed\evertheless, the situations in the schools
might force the hand in some situations. A FutureLab researcher said in an interview explaining
AET AET CO T £ A EOCA Ot étheUhateito got €hAridimple gameés Akt lget @& A G
one pointthat you can pick up and learn almost like a casual game. And then use it very quickly in the
classroom. That | think will be picked up. Or you have to have longer games, ones that clearly tie in with
the goals the teachers have. And that can give thetdaA OO0 AAAAAAAE AAAAOOA OE
DOl ABAIl 86

This statement indicates that the demanslof the schools forces a bipolar situation either make a
OEi Pl Ah A@I CATT1 06 CAIi Ah TO T AEA A 11T CAOh AT AT Q
as explained in the theory chapter, the understanding of exogenous and endogenous garaast
distinct; their qualities in regard to e.g. intrinsic fantasy can in some cases overlap. However, if there
before existed a bar to be set in balancing a game t&ten endogenous and exogenous qualities, then
it is gone now, according to FutureA A5 O OOOOAU T £ OAEIT T1 AAI AT AOS
As N O E @aBléodexo and endogenous gameargues, learning in exogenous games is focused on
memorizing. Endogenousgames are focused on dong, experimenting and discovery learningMalone
agreesonthisET  OAT AGET T OI E 10heaBviardegeiof inkidic@aAtaslds iiiAai theyd G
I FOAT ET AEAAOA Ei x OEA OEEI T Al Olpaddkidnal)dsh O1 A
prominent video game researchers agreethat if games are to do more than simple drill and practice,
then they should follow a constructivist learning approacty which is the approach of the endogenous
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games.
In the findings regarding RME, word problems and street math, it seenmaperative to ignore rote

learning and focus on the@/hyséand the @ows§and also to increase realistic immersion. Also, if

students need to know how math is used in real life, theyhsuld know how it works in real life.

TAx AT A POTIEOET ¢ xAU Ol I AEdnsefuerIEiinDst dnfail tlaOf aE | x
math game is to egage students and show them the purpose of math and its real world applications
(how it works) , then it will not be fruitful to pursuit exogenous games involving extrinsic fantasies,

since these typically engage students in drill and practice activities.

Thusit must follow that a realistic math game must be based on the endogenous approakiow such
endogenous aspects should be understood and created will be investigated throughout the restto$
report.

DESIGNPRINCIPLE# 1 ENDOGENOUS GAME WITHNTRINSIC FANTASIES

THE GAME MUST BE DESINED AS AN ENDOGENGUNTRINSIC FANTASY GKE.

81 Bogost 2007, p. 29




Purposeful activities

The comparison and choice between endogenous and exogenous games is not trivial, however it is also
not exhaustive in the approach of educatioriMore choices can be made by considering the very
PDOOPT OA T £ ATETI ¢ 1 AOE8 7EAO EO 1 AAOT AA AT A ET x
motivation82, Through the chapters so far, several reasons or purposkave been identifiedof why

individu als engage in math activities:

- Math for the sake of math . This intrinsic motivation is connected to the desire of mastery; to

become better and better at math and engage in math for the sake of the fun in the very activity.

- Math for the sake of extrins ic purposes. This extrinsic motivation contains purposes like pleasing

the teacher or parents, gaining rewards like money or good grades or avoiding punishment.

However, | believe one more reason for doing math exists:
-Math for the sake of solving a mean ingful problem

To explain what is meant by this distinction, an analogy ehath history can provide a logical

argument. One can easily imagine that ancient math practitioners developed their math knowledge
because they needed practical tools to improve thieworld, e.g. improving building construction
methods or distributing amounts fairly for example in relation to trading. One can also imagine that
after these basic needs were identified and solved by developing novel mathematical methods, new
guestions aose that would intrigue the curiosity of these early math experts. This curiosity can be
compared to masteryz that math no longer reflects a need to solve a problem like trade, but that math
is developed further because mathematicians wishes greater undganding of the math concepts and
greater expertise in their field. This is the curiosity driven practice of math for the sake of math. But it
is important to recognize that these math needs are based upon the more primitive math neetb

make math for the sake of a purpose. This distinction is important no matter if great mathematicians
are driven by the adventure of exploring the limits of mathematic tools, formulas and theories or if
they are driven by the motivation to use mathematics as a tool or aeity to attain a desired goal.

This way, to see the purpose of math practice for the sake of an important goal, should be reflected in
education. This was already established in thiheory chapter. Of course, some students are motivated
just fine by racing for high grades or by having intrinsically motivated fun with math challenges. But
other students will keep on asking why they should learn this, what can this be used for, and what is
the purpose. Students who never attain an understanding of this pugse might never dedicate
themselves fully to mathematics learning. Possibly games based on the game design principles
developed through this model might benefit such students the most, sinedocuswill be this entry to
motivation. But that doesnot necessarily infer that others students wouldhot benefit from such a

CAi As - AOEAI AOGEAO EO OPAAEAI ET OEEO OACAOAh AQ
society rests upon, while it is pretty invisible in daily life. The case is differenhiregards to reading.

Most can agree that reading is important in our society since texts are found everywhere in our society
and media, everywhere in our daily lives. Another aspect is that intrinsic and extrinsic motivations
might be well suited or possbly even an important prerequisite for allowing deeper learning and
understanding to occur, but that entails that students are willing to even engage in the very activity
with dedication, which again entails they can see the purpose. The fact that streeatm practitioners

also have a dedicated purpose to perform their mathematics might be one of possibly several

82 Asgari and Kaufman 2009
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Aobpl AT AGETT O O OOOAAO 1 AOESBO OOAAAOO8 ' OAT AT Q
earning money or have an intrinsic focus on beipable to be good at math. But the purpose of math

usage is not to make money, that is the purpose of doing business. Math is a tool, a means to an end. It
is the tool used for meaningful customer interaction, to ensure fair trade. If fair trade could basily

AT OOOAA xEOEI OO i AGEh OEAT 1T AOE xI O A T1 06 AA A
intrinsic and extrinsic motivational factors are not sufficiently explaining purpose. However, some

think of the term intrinsic motivation as including meaningfulness (which is similar to purpose)s

wel: 08 OAOEO OEAO AOA DPAOOITAITT U OAI AOGAT 6h 1 AAT EI
AEEZEAOI OU OiF OEA 1 AOGAT 1T &£ 1 AAOT AOOSG AAEI EdDEAO

1 AAOT AOO AAI EAOA OEAU AAT OOAAAA BbNevkrkhblesOOET Ol AQ
postulate that a realistic math game curriculum should have a stronger focus on purpose and being
meaningful, than on other factors. Consequently this wibe the main factor for intrinsic motivation,

while the other factor in the above quote will be investigated as well and get their chance to climb the
ranks of importance. Note the difference between the terms intrinsic and extrinsic motivation and

intrin sic and extrinsic fantasy.

In conclusion, it must shine through all design principles and decisions in the following pages that the
game must show purpose of mathematics. How explicit or implicit this purpose must shine through
will be investigated throughout the report.

DESIGNPRINCIPLE# 2 PURPOSEFUIACTIVITY

THE GAME MUST IN AIASPECTS AND ESPEQIXLN ITS MATH PROBMS REFLECT THE
PURPOSE OF SOLVINGETTASK AND THE PUBSBE OF UTILIZING MAEMATICS IN WAYS
THAT ARE IN CONCORDZE WITH PURPOSIHRECTED USE OF MATNHREAL LIFE

83 Asgari and Kaufman 2009
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Knowledge transfer and fantasy

This chapter will investigate how realistic math knowledge can be transferred to other domains.
Understanding this might help defining how realistic mathcould be transferred into the video game
domain, and how video game realistic math can be traferred back to schoohs school knowledge

One can start by asking istreet math and realistic math can be used by the students in other contexts.
This might be difficult since the knowledge has been acquired in another context and the transfer and
understanding of this knowledge out of the context can be hard. Gee acknowledges this idea in his

Situated Meaning PrincipleO4 EA | AATET CcO 1T £ OECTI O j xI OAOh AAOEI

are situated in embodied experience. Meanings are g@beral or decontextualized. Whatever generality
meanings come to have is discovered bottom up via embodied expefiedce %i AT AEAA A@DACQ
experiences that a person has actually had or ones he or she can imagine, thanks to reading, dialogue
with others, or engagement with various media. In other words, Gee claims that knowledge is not

general or decontextualized. This is challenged insareet math study designed specifically to deal with

the question;is street math restricted to reality? Or phragd differently; is street mathematics

hopelessly intertwined with the situational meaning®4 The study consisted of sukstudies involving
fishermen with 0 z 8 years of schooling. They were interviewed individually on the beach where they
worked. The test wa made to illuminate if and how the fishermen could solve math with different

content than they were used to in their daily trade. The researchers gave math questions concerning

their daily fishing, questions concerning imagined fish involving unfamiliar &lues, and questions
concerning agriculture. One question was phrase®4 EAOA EO A OUDPA 1T £ 1 UOOA
kilos of shelled oyster for every 10 kilos you catch; how many kilos would you have to catch for a custome
who wants 12 kilos of s A1 1 A A Ah éxanpId @ ggdiculture question was that fishermen were told

that at farmer was selling 25 kilos of beans for 75 cruzaddgsninor currency of Brazil) and were asked

to figure out how much the farmer was getting per kilo. Results showed that their degred success

was quite high, varying between 75% and 91% correct responses in the different groups of problems.
Nunes concluds thatfishermen: 08 AT 11 0 AEODBPI AU E tbbund thatngthans@E A O
EO bIisOThE BHerdnén showed ability to transfer their model of weighprice relation to other
variablesin the fishing context and to similar variables in the aw problem context of agriculture.

Thus Nunes thinks this brings confirmatontoOOEA EAAA OEAO MEEOEAOI AT AA|C

EOTI i T OPEEOI 1 &£# I AAOOOAO OEOOAOEI T O OEADO AAT AA

The guestion is now what enable the street math performers to transfer their knowledge tanew but

similar problems8s 4EEO 1 AOAT 1 &£ 10 AAEI EOU Oi OOEI EUA EI|i

AOOEOOAAB 8 , OOE Aet alm %39) madd Bodne eéxeimentsdd idv€stage the effects of
minimal theoretical attitude in unschooled subjects. It showed when it wagsot possible to transfer
street math knowledge. Unschooled subjects of the tests refused the premises of math problems
whenever the data contradicted their experence. This was in one test done by calculating the distance
between two real towns, A and C given the distance between an intermediary townhat is, given AB
and BC. However the distances given in the problem were wrong, they placed the towns farther gwa
from each other than what was the case in reality. Unschooled subjects rejected the problem and
refused to search for a solution. This is a relevant finding since it shows that tasks that challenge ones
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experience of reality are less believable, especialif a theoretical attitude towards the knowledge
model is absent.

This is also relevant to the previously established design principle about the importance of contexts
that make sense. This nourishes the argument that subjects (at least unschooled ona®fer to apply

their knowledge in situations that make sense and are plausible in regards to their experience, and
consequently math problems should abide by this.

But to continue the argument, the question is why these unschooled subjects rejected v the

problem. One couldpropose this rejection is connected to the imagination of the learner. If the

imagination of the learner is carefully nurtured during the learning session, then the learning outcome
canbecomemanyEl 1 A OOOIT T CA @&ing thatisonie kla3s I€tkhd sButlebts replicate the
behavior of a street math vendor/customer transaction will be enough to trigger imaginative learning
boosts.0" OO OEA DPi xAO 1T £ £AT OAOGU ET AT AAT ET C IAEEIT AQ
imaginary stories goes beyond just replicating behaviors, for fantasy can also allow children to

experience what it feels like to be a particular character in a story: to feel success upon learning
mathematics, to feel powerful while doing mathematide,feel effective after using mathematics to solve
problems so that lives can be saved, or perhaps to feel influential after having taught someone
mathematics. Fantasy plays an important role in mathematics instruction when it allows children to
experimerO x EOE AEAAT ET CO 1 £ 1 Aé&BdiiroddduehtithatEne povedof AT A ¢
fantasy is more than just replicating behavior is interesting. Some keywords in the paraphrase are
projection, role, actor, experience, character, feel success, feelygaful, feel effective, solve problems

and feel influential. These are powerful words, according to Schiro all connected to the power of

fantasy. This power of fantasy must be connected to the math perform@&ridentity. This will be dealt

with in just a moment. The question for now is if this power of fantasy is powerful enough to help i.e.
unschooled subjects or potential learners lacking the theoretical attitude. The answer to this might lay

in another study that was set up by [as to confront this. NunesA @B 1 Arfals@ids ofdngenious
experiments, Dias showed that the theoretical attitude could be produced in an experiment either by
asking subjects to engage in makelieve play and imagine that the given premises are true on another
planet or, moregenerally, by inducing children to create a mental world that they temporarily consider in
OEAEO O&KAOITEIC86

This secondary source reference is short and abstract. Howeveitifs assumel to have some level of
validity then it will work as a wrap-up for this discussion. In short, a fantasy world helped the students
engage in the math problems that would otherwise have been rejected. The same was actually the fact

in the street math experiments involving fishermen, they were told to imagine that some other kind of

I UOOAO AQGEOOAA ET OEA OI OOE OEAO UEAI AAA OAOQEIT Q
fishermen rejected the problems, and their solutions were satisfying.

This leads to the conclusion that the effectiveness of and the students acceptance of the context

realistic math examples are increased if they can be embedded in a game that encourages imagination
or fantasy.

86 Schiro, p. 58

87 Nunes et al p. 132




So two thingshave been settled Sreet math or highly context realistic math knowledge is transferable
to other applications if this new application is supported by imaginationit was also learned that this
imagination support goes the other way; the theoretical attitude of the learner is boosted andeh
applications of math can seem more meaningful in the open imagined world than in the constricted
reality of e.g. the classroom.

One might see a contradiction between this emphasis on fantasy with the previously identified
importance of emphasis on reaty. However | see no contradiction between fantasy and reality, since

it is the imagination that is the key here. Imagination or fantasy can in some cases be an obstacle, but
in this case it is a possibility. In combining thereviously settled design prirciples, realistic math must
occur in fantasy scenarios, as long as they are plausible. | will stick with this principle but it forces a

AAOAZEDOI AT 1T OEAAOAOGEIT 1T &£ xEAO OAAI EOI AT A PI-AOQ

Panhuizen illuminates this agendaO 4 EA A£AT OAOU x1 O1 A 1T £ AAEOU OAI
i ACOEAI AOGEAO AAT bpOi OEAARA OOGEOAAT A AT 1 O0A@OO A& O
88

7TEAO EO T AAT O AU AAET ¢ OAAI othelprevivésh expldnddided thed O |
i AOE POl AT Ai O 1 060 AA piI AOGOEAI Ah AAI EAOGAAT A Al
Thisimplies a conclusionthat it will actually be advantageous to embed math assignments in video
games in fantasy oscience fiction settingslt should be noted that the concept of plausibility can be
redefined within a game narrative, thanks to this finding. In the exanip with John eating eighBig

Macsit will not make sense if he is a human bt will make sense toeat eightburgers if John is a big

orc in a fantasy role playing gameThe fantasy setting lets the learner accept math problems that

otherwise would not make sense and might have been refused by the learner.

DESIGNPRINCIPLE# 3 FANTASY, REALISM ANDPLAUSIBILITY

THE EFFECTIVENESS SRD THE STUDENG&8CCEPTANCE OF THENOGXFREALISTIC

MATH EXAMPLES ARECGREASED IF THEY CBE EMBEDDED IN A GEMHAT STRESSES

IMAGINATION OR FANBX IT IS IMPERATIVE THATHE GAMEEONTENTAREREALISTIC
AND PLAUSIBLE WITHINHIS FANTASY FRAME

88 HeuvelPanhuizen p. 4
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Identity and character

The study presented in the previous chapter might not bsufficiently covering in explainingwhy the
differences in performance between school math and street math practiti@rs. RME argues that two
types of theory could explain these results. One stresses the sodiaieraction aspects of the situations
and the other stresses the sociatognitive aspects® The second explanation will be dealt with in the
chapter named Represatation.

The socialinteraction approach would stress that the situation in which mathematical calculations are
performed determines the role participants have in respect to each other, thereby influencing the level

of success. If this is a dominargxplanation, then the good results of street math performers might be
explained by the social interaction.

QArithmetic problems that arise in the marketplace are an indispensable part of a commercial

transaction between vendor and customer. It may be thia¢ social relationship established between

vendor and customer is such that children feel more confident of their own ability and perform better.
They trust themselves as vendors but not as students, and this lack of confidence makes their performang
deOAOET OAOA xEAT OEAWw EAOA O AAO AO OOOAAT 60806

) £ OEEO OOAT AT O AT 1T £ZEAAT ARS8 AAT AA OOAT OEAOOAA
are more inclined to solve math correctly. Gee is treating this topic in his chapter about learning and
EAAT OEOU8 (A OOAO OEEO AEADPOAO Oi AOCOA OEAO Oi
will increase the understanding and use of how identities function in other knowledge domains. Gees
argumentcan be reversedo show how real world identities can teach how video game identitiesan

be understood.

Gee describes that identity is closely connected to active, critical learning since it requires

commitment of time, effort and active engageme#ft8 Su€h a commitment requires that they are wiilj

to see themselves in terms of a new identity, that is, to see themselves as the kind of person who can lear
OO0AR AT A OAl OA OERThe gresenc Afithis canfifiner dolildiekplaid why street
math practitioners outperform themselves inschool settings. Understanding how this commitment
and confidence can be put into education might be crucial for effective realistic math. Gee define
virtual identty AO 11 A80 EAAT OEOU AO A OEOOOAI AEAOAAOAC
person that is playing the game can have severaal world identities and the interactions between
the real world person (and his identities) and the virtual identity is called grojective identities 93

The key to the success in street math and RME is theerplay between several real world identities,
Es8A8 OEA OOAAARAOO 1T &£ OEA AEEI A0 OAT AT O EAAT OEOU
OEAO OEA OAOU EAAO OEAO A AEEI A AT OAOOmO&AETTIT i

SAET 1168 ,EEAXxEOA xEOE OEA OOOAAO I AOEAO OEOOAOE
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Ol A AO A OAT AT 088 )T OEEO AAOAnR OEA OAT AT O EAAI
limitations of the real world, is acting as a cofidence and commitment booster.

Researchers investigating stories of how math practice works in the home found examples of
i ACEAI AOCEAO AAET ¢ OOAA O1T OOPDPI OO 11T AG0 OAT OA i
used their stories to illustrate their sense of fiscal responsibility, caring for others, and desire for

precise and thoughtful answers in the context of family valueslowever,i OEA OAET I 1

EAAT OEOEAO xAOA CATAOAI T U OO0i i AA AG®GAO AEOEA

0O0I
o0 O
Hence, the school identity might be, at least for some students, a catalyst for low confidence, low
commitment and low entertainment value. Furthermore, as established earlier, imagination plays a
powerful role in how such a commitment can occur. Putting these things together suggests that
imagination of the learner must be nurtured not only to boost the learning outcome, but also to boost
the confidence of the learner. The question then stands how the playerrd@ence can be boosted in a
CAi Ah AT A Ei x OEA DPOI EAAOEOA EAAT OEOU 1T &£ A bl AU
EAAT OEOGEAO xEEI A 11T O0ET ¢ OEA O)68i 116 A I AOGE OUp
identities that might influence the learner commitment and confidence. Gee argues that many of his
real world identities are in play when controlling the fate of his game character. If this is the case then
it might not be possible to try to welcome some types of player identities into tngame scenario while
shooing away others. However, as the research of the previous chapters suggest, fantasy can act as a
highway for injecting theoretical attitude to otherwise refusing learners. This suggests that a realistic
math game must to some degre revolve around a character wherein the student can project his
identity. The idea is that the character should engage in a fantasy world where the virtual identity of
the player has a purpose in doing the math, the commitment in engaging in this mathdatie
correctness of the results must somehow be important for this character. The fantasy world of the
game must be designed specifically to let this meaningful interaction take place. Depending on the
significance of the level of sociainteraction taking place in the game, this interaction and role play
might be sufficiently coveredthrough interaction with in-gameenvironments and nonplayer
characters (NPCs). Heavier emphasis on the sociateraction significance would require the game to
allow severd players to interact with each other in order to increase the commitment. An investigation
into that is relevant and will be dealt with in the chapter named Multiplayer.

This identity talk would be useful for targeting specific target groups. For exampl®ne might apply a
certain character design if the game is meant to be played by unschooled people learning math.
Likewise, a different approach would be relevant if the target audience is girls in middle school. For
instance, math examples and the charger & interaction with these could be designed along certain
guidelines for girls;0/ £FZAOET ¢ Dl AUAOO O1 AEI T OA OEAEO CAT A/
player-character can help to address desires to create a feminine or masculine fan&sppa in a

C Al ABé term fantasy persona in a game is similar to G&alefinition of a virtual identity. And as
Gee establishes, harnessing this would be detrimental in immersing the player even deeper. &ee
Committed Learning Principles says tha® ,adhers participate in an extended engagement (lots of effort

% Esmonde et al, p. 18
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and practice) as an extension of their realorld identities in relation to a virtual identity to which they
AAAT OTT A ATTTEOIATO ATA A OPOOOAI x1 Ol A OEAO G
Consequently, wien engagingdentity questions it is worthwhile to use some time on how target

group identity could influence the effectiveness of the game design and in particular in relation to
realism. However, in adjusting a game to a specific target group, not onlyacacter design is

important. In continuing the example of gender differences, immersiveness can also be improved by
designing content for specific target groups. For example, Ishister saysttat EO1 O x1 01 A OA
their time creating things instead £ A A OO O1 WHbwePer, de&ia@ng Botv to design games

for specific target groups, e.g. midgchool girls,is not a simple area to enter since it opens up a new

host of complexities whose thorough treatment would be out of scope of this proje&n example of

the complexity of gender care is that metaesearch shows that some researchers have found gender
differences regarding gamebased learning performance and game design preference, while other
researchers have no#8 Nevertheless, if designersvish to address their game at a certain delimited

target group then this step should not be omittedCharacters in video games, if designed properly, will
mediate the connection of the real world identity and the projective identity. In other words, sinci

was established that identity play might be important for understanding and give meaning to math,

then it canbe concluded that a math video game must employ some kind of character focus. The
guestion of how strong a character focus is necessary is umbwn and this is probably for the best

since this will give the game designer some liberties in their design. Making a math role playing game
seems like a good idea with this in mind. Making a math version of Pong will definitely not be a good
idea with this in mind, but perhaps a Mario clone with some math involved might have a sufficient
degree of charactership. The Mario character is similar to what Ishister calls a Pupgfetwhich is a
character design with less focus on fantasy and social qualities, amebre focus on the physical
manipulation of the character. Super Mario does not have an advanced story engaging the character or
even developing the characters much, but the Mario figure is distinguishable and archetypical enough
to give him a unigue charater feeling, and that level of character immersion might be sufficient for a
realistic math game. Conclusively, the final choice of character depth and design should be determined
by the target audience and the identity angle of these that the designershies to enploy, but the game
cannot be characterless, like e.g. some simulation games are.

DESIGNPRINCIPLE# 4 IDENTITY ANDCHARACTER

ANALYSIS OF THE GABETARGET GROUP MUEET THOROUGH ENOUGH ENABLE
CATERING FOR THE PPROF THE TARGET GRS IDENTITY THAT CAN BREASE
MOTIVATION AND IMMEFRRON SUCH CONSIDERATIONS/ST BE INCLUDED INRLY GAME
DESIGNESPECIALLY IN THE BESN OF PLAYER CHARAR BACKGROUND AABILITIES
FAILURE TO ADDRESSIBFSATISFYINGLY WILMPERIL LEARNING OCDME QUALN.

9% Gee 2003
97 |shister 2006, p. 114
98 Ke 2009, p. 21
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Multiplayer
Early serious game researcher AB argues that a game is not true before it has interaction with other

players. This is corresponding to the idea that the explanation behind street math performance might
be due to the sociainteraction taking place. In the previous chapteit was investigated how this is
connected to identity. Hereit will be investigated how the relationships and social interactions

between multiple math performers, be they street math performers or game players, impacts math
performance.

One could say that a vendor and customer at a marketplace are coonstructing the meaning of their
interaction. The very situation of one being a customer and the other being a vendor justifies and
legitimizes the use of math as a meaningful tool. Since school students have troublelifiy meaning

and purpose in math, this might be an interesting angle. One fast conclusion to this would be to focus
on multi player game design. However, a single player math game and a multiplayer math game vary
hugely in terms of implementation and tesctomplexity for game developers. The complexity would

rise especially if the purpose of including multiplayer in the game is to set up situations where
meaningful math interactions can be caonstructed, thereby simulating street math interactions. One
could imagine that it might not be that hard to implement a game where one or more players act as
vendors and others act as customers. For example, this is happening all the time in a game like World
of Warcraft where players often engage in trade with each bér. However, World of Warcraft is

designed to be an entertainment game and even if there might be beneficial learning from a game like
that and such vendor/customer interactions, such learning would be limited to understanding how
trade works, i.e. negotating prices, delivery and payment methods and avoiding trickery or fraud.

What this doesnot teach or practice would be actual math, and certainly not math of the RME kind.
Furthermore, multiplayer games open up an array of new complexities that should lealt with if

they are not to negatively influence the previously established design principles. A qualitative
investigation summarizes some of these emerging complexities of multiple player scenarios, here
investigated where small groups of players wer@resent in the same room, in the home of one of the
players:

O pSepalkgroup gameplay interactions are a dynamic blend of different stages, ranging from teaching

j ET xEEAE OEA AEEI AOAT 80 1 AET AEI EO Ol bénveded AAT
them) to cheatingj ET xEEAE OEA AEEI AOAT 860 1 AET AEI EO Ol
between them,).

2: Dynamic states of collaboration, competition, negotiation, and mentoring were detected during game
play of peers. Several ganptays wae accompanied by ad hoc conflicts.

3: Players spontaneously take different roles as leaders, managers, bankers, engineers, observers, and
reporters, to name a fewtol

These findings illustrate the complexity of endeavoring into multi player scenarios. these

complexities change for better or worsen networked multiplayer games ormassively multiplayer

online gamesis not clear.A further pursuit of the question in relation to what serves a RME math game
bestwill not be made, as even ift was possibleto find substantial positive effects of including

multiplayer interaction in the games, the final decision whether it would be implemented or not would

100 At 1970, p. 8

101 Gazit 2M9 p. 133136 (Sentencesn parenthesesare original)




most likely depend on other factors. The technology behind the game might not be suitable for
multiplayer, development time might not allow it, testing complexity might blow up, possibilities of
plagiarism or students overhelping each other, and difficulties of assessing the learning outcome and
performance of individual students {.e.: Who solved what?) calld also set a stop for multiplayer
functionalities in a realistic math game. For instance, the design for i.e. massively multiplayer online
role-playing games (MMORPGS) requires a deep understanding of social play and game economies in
addition to classicrole-playing mechanic$°z.

However, RME is actually stressing that the interactions and negotiations in the classroom in
interpreting problem definitions, determining what a satisfiable or valid solution is and analyzing and
comparing different solution procedures and their effectiveness are vital, and can obviously only occur
if multiple students and teacher(s) are present® However, this could possibly be facilitated in after
game sessions, in the classroom. This would give the benefits of common knowledgeation even if

the game used is single playergame However, there is the promising possibility of letting stronger
students act as ingame teaching assistants for the weaker students, thereby relieving the teacher. But
this form of mentoring might also be possible if players sit next to each other in the schools computer
room, playing the same game, thereby not requiring multiplayer. The question whether the potential
benefits outweigh the potential disadvantages is still not answered. Therefothis chapter will be
endedby stating that it is likely desirable for a realistic math game to include multiplayer, but it opens
up so many unknowns that either further researctcould decide if it should be included, or otherwise
the decisioncould be entailedby availability of game development resources. It is also unknown
whether if the game ends up being a multiplayer game, that it should be a networked multiplayer
game, massively multiplayer game, sammom group multiplayer (several students at each compter),

or sameroom single player (multiple students in the same room but only one at each computer).

DESIGNPRINCIPLE# 5 | POSSIBLYMULTIPLAYER

POSSIBILITY OF MEANB¥ULIN-GAME OR OUGAME INTERACTIQEOLLABORATION AND
COMPETITION BETWEHN.AYERS IBESIRABLEBUT NOT DETRIMENTAL

Note that outgame interaction in this sense refers to students sitting in the same room and
communicating while playing. There is no doubt that ougame preparation and evaluation taking
place in the classroom before andfter learning game engagement is detrimental, not just desirable,
especially for RME.

102 Fyllerton, p. 417

103 Gravemeijer1994, p. 88




Narrative

In summary ofsome of the precedingpages; If street math users are to engage in math examples that
are exceeding their existing real world knowledge, thethe math examples should preferably be set in
a fantasy or imagined setting, in order to let the students accept the alternative reality.

In other words, the story is possibly important in the delivery of math problems.

Without a story, a game like thiswill just be a series d various unconnected minigames, e.g. like a
series of word problems transformed into procedural rhetoricthat might make sense on their own
premises but loose the strengths of contextuality and story binding them together. A garoensisting

of an unconnected sequence of contextual realistic examples will seem more like a simulation or
random gathering of edutainment games, and much motivation of the players will be lost. One can
wonder what type of story should be employeq stories about people, objects, animals or gods?

-EAEAAT 3AEEOI EO ET EEO AITE O/ OAl 3 ChedypedAl 1 ET
00i ou OOAA Oi AAOOU A |1 AOEAI AGEAAT 1 AOOAGCA EO 1
ineOAOOh EOO AAEI EOU O1T Ai 1T OA@OOAI T U 11TAAOA | AOE

OEAih ATA EOO AAEI EOU O AT AT OOAGCA AEEI AOAT OI
This is comparable to the discussion of the preceding pagesusing the story and charactesplay to

make mathreal in the student mind. What Schiro doesiot answer is the degree of how a story

should be integrated into the game play, onow a story should develop during the storytelling (or

CAi Agqs 40AAU &O1I1AOOIT80 O AT A $AOGECT 71 OEOET D6
design. A premise is the setting of the game, e.g. in Monopoly the premise is that the players are
landlords, buying, selling, and developing real estate. Players enjoy the fantasy of being powerful, land
grabbing landlords with plenty of money to spend. The baskevel effect of the premise is to make it

easier for players to contextualize their choices 80 E 086 O Al 01 A bPI xAO0OADI OI|T11

emotionally in the interaction of formal elementg9s,

A story differs from premise in its narrative qualities. A premise doerot have to go anywhere from

where it begins, while stories unfold with the game

Since allthat was established in the previous investigationvas that math must be taught within a

context and somehow engage the imagination of the learner, then it is not easy to conclude whether a
realistic math game should be premise or story base&urthermore, the question regarding how

deeply the story should be integrated into the game is still unanswered. We do not know how much
story is too much, how little is too little, if gameplay should change the story or if story should dictate

the gamephyisg & O1 1 AOOI 160 ADPDOI AABDAGROAO EOATT OEAT A Al
NOAOOEI 1 6h AOO EOGEO Al AAO EOI i OEA ET OAOAOGO 1 &
AOAAOGA bi x AO&EDIw. dohseqddnily it ddstbetup to Bd irdiGidual game designers to
decide what works best, as long as some kind of imaginative play is involved, relevant and plausible
enough for students to project themselves onto the roles of the characters. Furthermore, a strong story

104 Schiro, p. 56
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can act & a curiosity booster and thereby motivate the player to continue. A student might be stopped

in his advance through the game and its story if he fails some math problem, but he might be enticed to
try again if the story is compelling enough to awaken hisuriosity of how the story will unfold, or what

will happen to character X, if he manages to pass this math problem. Consequently he will end up
doing math, not for the purpose of grades, not for the sake of the teacher and not for the sake of
mathematicsmastery. Instead, his motivation will be to use math as a tool to unveil more of the story.
This is what Malone calls completeness in relation to cognitive curiosity, that, i.e. you just read all but
the last chapter of a murder mystery you wish to bring @mpleteness to your knowledge structure by
finding out who the murderer wasto8. This is similar to the earlier hypothesized concept of math

practice for the sake of solving a meaningful problem, the problem of advancing through the story.
However, one couldalso say that the story works as an extrinsic motivation to learn, a reward for

doing math correctly.

No matter what the explanation is, triggering player curiosity seems important for math games. As
stated earlier, Malone argues that sensory curiosity cebe triggered by audio and visual effect®© 7 E A 1
sound or graphics displays are used to reward good performance, they can increase the salience of the
Ci Al AT A OEOO AAA Of wdiBweveA teating aA iin@ldinglvideo gamdstoy Ad A 6
merely a display of sounds and graphics would be an oversimplification. Procedural rhetoric is

invented for just this purpose; to show that games are something more than just its graphics and
sounds. The procedurality of a game is connected to every layeraofame. In relation to the story or
narration layer, this makes us question how procedural or interactive a story should be.

The guestion whether a linear or nonrlinear narrative is stronger for this purpose is unknown. The
Danish math game Math iMoontownoj T OECET Al OEOI A EO O- AQiAdarAOEE
narrative structure. The goal is to construct the moon town, but the player unveils the narrative
elements by actively choosing the order that the parts of the town are constructedfectively making

the narrative completely flat. Specifically in math it is easy to imagine that teachers and students

would find it convenient to be able to easily choose which subystem of the game they want to play,

e.g. if they know that one part oftie game practices addition and another practices multiplication. This
choice will however be immediately impossible if a linear narrative is to control the game structure.
Such a linearity might not expose the player to the multiplication part of the storigefore the player is
hours into the game experience. However, as seen in some games, a system that allows the player to
skip or replay certain parts of the game could somewhat circumvent this limitation. This would also
serve other purposes, such as addinto the replay value of the game and enable students to-re

practice specific math content. For a more extensive treatment of narrative development in relation to

1 AAOTET C CAIi Abh ) OAZEAO Oi OEA AOOEAIYA PdlicuaryOA OF
their treatment of narrative structure and character archetypes could be relevant for a realistic math
game narrative.

Furthermore, as established earlier, the fantasy of a game defines what is realistic to occur in the game.

108 Malone 1980, p 166
109 Malone 1980, p. 165
110 Matematik i Maneby

111 Williams, Ma, Richard and Prejean 2009
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This is also importent for stories, as a strong story can function as a believable link between various

parts of the game. Everything is possible in a fantasy story. No one will consider it odd or out of

context that you one moment must pick berries, the next moment fight sogone, and later construct a

ship. That is, if the game story can link the various math problems and other game contents

meaningfully together. In a scenario attempting to imitate the real world, one would wonder why and

how these transitions must occurz this would conflict with ones expectations to what is plausible,
meaningful and realistic to do. In other words, a story or contexts like the ones popular in many word
problems that e.g. involve students of the class planning a field trip are undesirableothnly would it

Al PEAOEUA OEA Pl AUAOOGS OAAI xi Ol A OAETTIT EAAT OE
It would also limit the story to take place in a simulation of the real world whose convincing portrayal
would force depiction of realidic elements. These realistic elements will come out unrealistic if

attempted to be linked together by a meaningful, realistic story. For example, a realistic game set in the
Pl AUAOCBO 1T x1 OAEITTIT 1T O ET OEA Pl AUA&résbstically T  OT x1
explain why players go through math engagements in jobs like construction site foremen, marketplace
vendors and farmers. A strong fantasy story would have no such issues as it itself defines what is
realistic.

The findings of this chaptercan be used to redefine design principle number 3 into a more clear
formulation:

DESIGNPRINCIPLE# 3 FANTASYSTORY THAT DEFINES RELISM AND PLAUSIBILTY

THE EFFECTIVENESS ®RD THE STUDENB&CCEPTANCE OF THENTEXFREALISTIC
MATH EXAMPLES AREGREASED IF THEY CBN EMBEDDED IN A GEMVITH A STRONG
STORY FOCUS THAT EBBES IMAGINATION GRNTASYIT IS IMPERATIVE THATHE GAME

CONTENTS REALISTIC ANBLAUSIBLE WITHIN THEANTASY FRAME THAHE STORY

DEPICTSTHE STORY IS USED TONVINCINGLY CONNETHE VARIOUS MATH PREMS

O
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Example: MathRider
I will now briefly present and analyze a game to contextualize the findings of the previous pages.
MathRider!12 is a sort of a racing math game where the goal is to do arithmetic correctly in order to let
your horse jump over obstacles. The horse crashes into the obstacles if you do not calculate correctly.

Here is a picture of the general game play.

janborg

Time 0:30 Poles Cleared Points:

Poles Remaining 23 Poles Not Cleared 6

The horse traverses from left to right and the player can use the keyboard to enter numbers into the
field below the horse. Then numbers to be entered should be the result of the forthcoming arithmetic
AEODPI AUAA AAT T x OEA 1 AO GAdiir OHe hofsk thdn jumps Averdng O %1 Q
obstacle if it is correct.

There are also some story elements within this game, or at least a premise. The introduction tells that
your mother is sick and you need to travel by horse to the secret place where theaedlower that can
cure her grows. You can only travel there by using math skills and only on a horse. After each quest, a

map indicating the progress of travel is shown:

112Acquired viehttp://mathrider.com
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http://mathrider.com/

Quest: addition (easy), Quest Points:1650(1500ineeded) Complete: 33%

-

Rides: {4255 Timeisoifar:2:
,,,,,::,, b s

Continue Quest

Thefilled part of the road increases after each successful quest. Whenthe pl@ye AT EAEO O#1 1
10A006h OEA CAI A Ai1 OET OAOG O1 OEA 1TA@0 NOAOO xE
This game has some premise and a story that progresses. The visualization of story progress on the
map is a good idea. However the gameplay and narredi appear problematic upon further analysis i.e.
in regards todesign principle #3. The story and context does not explain why it should make sense
that a horse only can jump over obstacles of which the player knows the arithmetic answer. It dosst
explain why there even are obstacles with numbers and signs below thei8uch an explanation could

be possible to include even in an exogenous game like thiis not only makes the game setting
implausible, it makes it unbelievable and the assertion is that th game will have difficulties, despite

its attempts to present a premise/story, in immersing the player into the fantasy of being a Math Rider.
The consequence of that is that even if the student engages in the game and possibly find it
worthwhile, they might end up having difficulties in transferring their acquired knowledge and

practice out of the domain of the game. The implausible scenario does not tell the students why math
is useful since the math usage is not corresponding to the context and realifmundaries set within

the game. This is similar to the situation of the previously described study where unschooled students
refused to solve math problems that conflicted with their experiences. The theoretical attitude is not
built up since the game itelf doesnot abide the rules of realism of neither the game nor real life, thus
Al T £ EAOET ¢ xEOE OEA DI AUAOOGSG A@PAOEAT AA 1T £ xEA
In summary; a math game must have some kind of story/premise and let the player engage via an
identifiable characterin activities that are purposeful, meaningful, and contextealistic within the
game world set by the premise or story.




Game genre
Two themes seem to reoccur throughout this investigation, where one theme is represented by the

keywords role, character and identity. The words of the other theme are story, premise and context.
The words within each theme are somewhat ambiguous and might exap in their coverage.

There are various game genres that are useful for math games and have been used so far. Though |
havenot encountered any math games within the strategy genre, nearly all other genres contain math
games. A qualitative study of 4@dults which investigated a variety of game genres for educational
purposes found that all kinds of game genres had potential for educational us& However, in a RME
math game not all genres would be useful. Actuallgnly two genres stand out as being ablto

embrace keywords of the two themes above. If a heavy emphasis is put on story and character, then
role playing games (RPGSs) stand out.

Fullerton describes that role playing game© OA OT 1 OA AOT 61T A AOAAOEIT ¢ AT A
toinclude EAE OOI OU 1 ET AO GETAiOdethitoh enthiadedstrand idehtity jIayAnO O O 8
creating and growing characters. Also the demands about fantasy, imagination and story are satisfied.
It mentions quests as tying up story lines. If the story lia consists of realistic mathematic examples,
then quests could be a relevant way of organizing these examples into the story in a sensible way. This
will be dealt with in the next chapter.

If the emphasis on story and character is lessened, then adventugames seem to fit better. Fullerton
describes adventure games as emphasizing exploration, collection, and puzzle sohifgAlthough
characters are central in adventure games, unlike rolplaying games, they are not a customizable
element and do not usualf grow in terms of wealth, status, and experienc&é Depending on the

desired character focus, either genre should work fine for the requirements of RME games.

Game genre hybrids might be relevant as well. An example is the game Deus Ex which is actually

cd AOCOEZEAA AOG AT AAOQEIT CAi Ah AOO Ai1 OAET O Z£AO
Half-life and more role playing and story and character development. Let the conclusion to this then

be that a good math video game need®meRPG ordventure game elements, like story and sufficient
character development to let the player identify with the character or story.

Including the findings of the multiplayer chapter could suggest replacing the appearance of the word
RPG in the above paragrdpwith the word MMORPG. However, in keeping things realistic it might not
be an option for all game developers to create contexealistic math MMORPGS with plausible quests
and a rich story/character element. Consequently the least important design pringies must be

ignored, and one of these might be the multiplayer aspect.

113 Ke 2009, p. 10
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Math problems as quests

RPGs and adventure games are often quest or puzzle based. The word problems of RME and any math
text book is always presenting a limited problem setup andolution range. This ensures that the

student doesnot lose focus on practicing or learning the mathematical operations that the problem
designer intended for that problem. By organizing the contextealistic math examples as quests, it will

be easier forgame designers and teachers to identify the didactical goal of each quest and the story
connecting them. Thisproposal will align with the previous talk about genre, since core gameplay in
adventure games and RPGs usually consists of puzzles or questsaBasiosca defines a quest as
follows117:

&O01T I OEA AAOGECTI A0O60O PIETO 1T &£ OEAxh A NOAOGO EO A
CAIi A80 0061 A0 AT A CcAi Api Auq OEAO OPAAEEAEAOG OEA 1
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action, they can be as vague as a general goal (overthrow the evil king) or extremely precise (take this
bucket to the well, fill it up and bring it bek to me); after the quest has been completed it can be
narrated as a story.

This definition is handy as it seems to align well with the findings of the previous pages. The first part,
OEAO OEA NOAOGO 1 060 i AEA OOA 1 mleddtd ke [gekioudys O OOI1 A
identified requirement that the math problems must abide by the limits of realism that the gan®

story imposes. These restrictions and fantasies specify the challenge and its resolution. As found in

Palm& word problem research, WO A D OT Al Al 66 ET OOOOAOETT O 1 0606 A

I 000i ET ¢ OEEO EO OOAT OEZAOCAAT A Oi CAI A 1T AOE DOT Al
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guests with learning in mind and also quests solely for entertainment or story purposes, then the

I AAOTET ¢ NOAOOO 1 660 AAEAA OiF OEA OAATT A PAOO 1
order to satisfy e.g. Pali® findings. However entertainment quests can be either vague or specific.

The exact balance between pure entertainment quests and learning quests will be discussed later.
&OOOEAOI 1T OA EO OET OI A AA 11 OAA OEAO AAAT OAET ¢ Q

story upon completion. Ifone holds on to the idea that the story should drive and combine the quests,
then an unsuccessful closure of the quest and/or its math components will arrest the player her
penetration of the story, making the story act as not ogla connector, but also as a gateeeper
between questsThis topic will be expanded in the Balance chapter.

Let us again revisit design principle number 3 to include these findings, while simplifying it a little.

DESIGNPRINCIPLE# 3 FANTASYSTORY THAT DEFINES REALISM AND PAUSIBILITY

THE AME MUST BE A ROLEAYING GAME OR ADVEIRE GAMEA FANTASY STORY
DEFINES WHAT IS RESTIC AND PLAUSIBIAND CONNECTS A SERIEF MATH QUESTS
THAT ABIDE TO THISEFINITION QUESTS INSTRUCTIONS\HE SPECIFIC ANIRECISE

INSTRUCTIONS FOR AGCH.

117 Tosca 2003
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Quest design details

The guestion of how to design the inner workings of each quest is still not thoroughly explored. How
does one abide by and combine all the previously set principles? One way to get inspiration of how
exactly design the context realistic quests is to look at one of the other major principles of RME, the
reinvention principle.

O! AAT OAET ¢ O OEA OAET OATOEI 1T DOET AEDPI Ah A 1 AAQIT

find the results ly themselves. To do so, the curriculum developer starts with a thought experiment,
imagining a route by which he or she could have arrived at a solution-+wmherself. Knowledge of the
history of mathematics may be used as a heuristic device in thisAro#3.6T his looks relevant in

relation to the previously discussed topic regarding purposeg to use the history of mathematics as the
inspiration for math game quest design. This will not conflict with the previously set principles of

realism and fantasyO E T Aefemgh@sis is on the nature of the learning process rather than on inventing
as such. The idea is to allow learners to come to regard the knowledge they acquire as their own, private
knowledge; knowledge for which they themselves are responsilste.

The history of mathematics is not to be taken literallyThe suggestion is no{necessarily) to make

math games where the player reenacts the problems and solutions faced by ancient civilizations or
renaissance math thinkers. But these problems and sdlans can very well act as inspiration to create
math problems in games that are realistic enough and make sense. This will helpll-meaning

designers in avoiding creating math problems like the ones described and criticized earlier, like the
swimming pool problem or other unrealistic, meaningless word problems. But it also shows something

Al 0An OEAO EO OEA 1T EIEOAOCEIT T &£/ AAAE |1 AOE AQAI DI

the height of pyramids and the distance of ships from the showre good examples of limited problems
and solutions. Such math problems will automatically convey purpose, which was settled earlier as
extremely desirable to math problems.

As was shown in the studies concerning word problems, one way to increase studéd DA O &l O Al

and inclusion of real world knowledge is to include more information into the word problems that is
strictly necessary for solving the problem. Thigould be transferable to the math quests of a realistic
math game. Such math quests should let the player reenact or simulate actions similar to actions that
have or are likely to take place in the real world. Such actions can be described as embodied
experiendA Oh OOET ¢ ' AA6O OAOI 8 ' O OAAT prédssiomsiséeniiked O A A£(Q
excellent examples of meaningful, real life math performance. Consequently, simulating such
professions and their math related activities seems viable and sensiblgthin a realistic math game.
Such a focus on simulating professions and labor while including an abundance of superfluous
ETT xI AACA xEI1 Al O1 Ei bOl OA OOOAAT 668 ETT x1 AACA

purposes of e.g. improving astudT 08 O CAT AOAT ET 1T x1 AACA AAT 6O EAQI

real world farmer would be likely to engage in. This applies even if the game is set in a fantasy world,
since figuring out how to construct a carport with your dad (by e.g. calculating neerial amounts,

costs, or wood board lengths) can teach some math and carpentry knowledge just as realistically as
figuring out how to construct a wooden siege catapult with your green orc friends. This means that
realistic examples can be embedded in ficinal game worlds and thereby teach real world&nowledge.

118 Gravemeijer1994, p. 21
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This will also train the students in another problem solving aspect which is looking for relevant data
within the problem z learning what to ignore and what to focus on. This will increase realisras real
world math problems e.g. multiplying a recipe, contains lots of superfluous information. This is also
supportive for developing and maintaining a storyz the superfluous elements could be artifacts of the
narration, or of the nonlearning part of the game play.

In designing quests, the designer must also consider the didactical goals concerning how the student is
expected to solve the problem. In other words, what solution procedures and algorithms the intention

is to teach and practiceAs stated in the beginning, focuswill not be on the subject of how the students
solve the math problems in a math game. For instanaewill not be consideredif the teacher bans

pocket calculators for students playing the game. This is not a decision taken outlie blue. In the

above paragraph, RME describes how the learning process is important. | hypothesize that such a
learning process might be imperiled if the math quests are too specific in describing how the math
problems should be solved. This is in line ith another of RMEs goals which are that children should

be able to make sense of numbers and numerical operations on theirow®:8 AEEIT AOAT OEI
decide for themselves what calculation procedure is appropriate for solving a particular arithimet

problem. They should know when a mental calculation is adequate, when to use an estimate, and when it
is better to do column arithmetic on paper or to use a calcule86® The street math studies are

proponents of the same view. No one is forcing a stremarket vendor to solve math by either mental
calculation or calculator, instead, they use what is easiest, safest or fastest. A game imitating this

feature might, as quotecearlierh ET AOAAOA OEA 0OO0O0A dldadedbto cArheltoEE A AT 4
regard the knowledge they acquire as their own private knowledge for which they themselves are
OAODPI 1 OEAI A8 4EEO AiI OI A Ail O AEEAAO i1 OEOGAOQEIT I
example in encouraging them not to be afraid to experiment, i.&) &£ 01T A 1 66 EI x Ofi
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into better mental calculation will be free to do this within such a game design. Consequently, ne in
game calculate can be present. No interface, that might otherwise be helpful, should help students
keep track of numbers or formulas.

Consequently, instructions revolving around quests must, as previously established, be rich and
precise and not vague in order to inaease fidelity and authenticity, but the instructions are not to be

S0 precise as to instruct how the math problem is to be solved. It should just present the problem in a
precise way and let it be up to the student to analyze or simplify the problem by remqing superfluous
information, identify an appropriate solution and then solve it using mental calculation, pen & paper

or calculator outside the game.

Nevertheless it can still be necessary to consider what kind of math is expected to be used to solve a
certain quest. Gravemeijer points out?! that different realistic examples can be used to teach various
forms of algorithms and solution procedures. Even if RME stresses that good examples opens up for
several solution strategies, ranging from various persorianformal strategies to the more official,
formalized strategies, the examples can still be set up with certain learning goals in mind. Gravemeijer
explains how one math problem presents 3 children dividing 36 sweets equally among them, where
the 3 children are drawn, and 36 dots representing sweets are drawn. Gravemeijer found that children

120 HeuvelPanhuizen p. 24

121 Gravemeijer 1990, p. 14
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of 3d grade who had never encountered such problems of division before were able to solve this
problem by engaging in a range of different solution procedures, including distribution division and
ratio division. However, if a ratio division approach is desiregbove others, it may be suggested by a
problem like this: A net keeps three balls. How many suctets will be needed for 36 balls®hat to
take from this description is if certain solution procedures are desired by the teacher/curriculum, then
these shouldbe identified and the corresponding realistic examples should be defined and
implemented in cooperation with the game developer. This step will be important if the game is
intended to cover a specific part of a curriculum. However, this step can be omittén cases where the

game is intended to be more general in its math coverage or where the teacher is expected to fill in the

gaps left out by the game.

We will now revisit Design Principle # 3 to include this new information. However, since knowledge
revolving both story/fantasy and quests/math problems are involved it seems sensible to divide this
into two distinct principles.

DESIGNPRINCIPLE# 3 FANTASYSTORY THAT DEFINES RELISM AND PLAUSIBILTY

THE QAME MUST BE A ROLEAYING GAME OR ADVEIRE GAMEA STRONG FANTASY
STORY STRESSING INMGTION DEFINES WHAS REALISTIC AND PUSIBLE AND
CONNECTS A SERIESNDRATH QUESTS THAT AE TO THIS DEFINITND

DESIGNPRINCIPLE# 6 REALISTICALLY GROUNDE QUESFBASED MATH PROBLEMS

DESIRED MATIRROBLEMBACTIVITIES ARE DENED AS QUESTQUEST INSTRUCTIONS
ARE SPECIFIC AND RREE IN DESCRIBINGIE MATH PROBLEM BUHE QUEST MUST BE
SUFFICIENTLY OPEN T&T THE STUDENT FIGE OUT HOW TO SOLNEQUESTS MUST BE
INSPIRED BY THE MATWSAGE OF REALFE MATH PERFORMERSIE QUEST
ENVIRONMENT AND MATRRROBLEM MUST BE SIMATED RICHLY AND MUBE
PURPOSEFUPLAUSIBLE AND IMPORNT IN RELATION TOHE GAMBS FANTASY

Note how the discussion shifts between emphasis on fantasy and realism. To clarifye tjuests are the
realistic part of the game and their dynamics must be realistic. The story/premise narrative is and
must be the fantastic or supetOA AT EOOEA DPAOO 1T £ OEA CAi A8 2AAI
what is implausible is altered ly the narrative. Next, an example will be presented tdlustrate what is
meant.

Math in Moontown is set on the moon, where the player must aid in the construction of a moon base.
In the main overview of the town, the player can click any unfinished buildg he wants. Each building
represents a quest containing math problems. One of those math problems are shown below as a
screenshot. To construct a radio tower, the player must gather crystals by controlling a moon car. The
car drives relentlesslyaheadand the player mustmake the carfjump over aliens and the rocks that do
not contain the currently desired crystals. The radio tower will only be partially constructed if the
player collects too many incorrect stones/crystals and can then try again until it is properly finished.




Du skal‘ifdsamle 3 sten, dér opfylder
folgende betingelse:

- Sten med mindst 2 bla krystaller

4EA OA@O OAAAO( rochothabulfill theGaowild cbridifoA: O Stanes with at least 2

Al OA AOUOOAI 086 )1 OOET ¢ OEA AAOGECT DOET AEDPI AO
narrative, it is realistic that there is low gravity that can make the moon car jump. It is also plausib

that a radio tower needs crystals but that only specific ones are applicable for this purpose. And within
the narrative, it is an important task. So this fulfills all of the criteria of Design Principle #6. However,
since there is basically no player ciiracter presentation or developmentin the game, it violatesDesign
Principle #4. Furthermore, the story works more as a premise, and not as a strong imaginative story.
However, this premise is still strong enough to embed the quests into the game by défig the

boundaries of what is realistic and purposefuto do in this fantasy worldso it is doubtful if it violates
design principle #3.











































































































































