
 

-ÁÓÔÅÒȭÓ 4ÈÅÓÉÓ ÉÎ 3ÏÆÔ×ÁÒÅ $ÅÖÅÌÏÐÍÅÎÔ ÁÎÄ 4ÅÃÈÎÏÌÏÇÙ 

 

 

 

From Street to Screen: Developing Realistic Math Games 

 

 

 

Author: 

Jan Borg 

221082  

jbor@itu.dk / janborg@gmail.com 

 

Supervisor: 

Rilla Khaled 

rikh@itu.dk 

 

 

 

May 2011 



 

 

1 

Abstract  

Realistic Mathematics Education was used as one of the primary inspiration sources in understanding 

ÈÏ× ÍÁÔÈÅÍÁÔÉÃÓ ÅÄÕÃÁÔÉÏÎ ÃÏÕÌÄ ÉÎÃÒÅÁÓÅ ÓÔÕÄÅÎÔÓȭ ÆÏÃÕÓ ÏÎ ÍÅÁÎÉÎÇȟ ÍÏÔÉÖÁÔÉÏÎȟ ÐÕÒÐÏÓÅ ÁÎÄ 

importance of doing math. Research concerning out-of-school mathematics 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 consisting of 10 design principles that dictate how such realistic digital 

math games could be designed. These design principles address topics like realism, identification, 

fantasy, representation, interactivity, feedback and balance. Tests of a game developed in concordance 

to these design principles on 37 fifth graders, suggested that the game was capable of improving 

ÓÔÕÄÅÎÔÓȭ ÍÏÔÉÖÁÔÉÏÎ ÁÎÄ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÐÕÒÐÏÓÅ ÁÎÄ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÄÏÉÎÇ ÍÁÔÈȢ ,ÏÎÇ ÔÅÒÍ 

motivation and retention was not estimated. Low attaining 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 

design princÉÐÌÅÓ ÁÎÄ ÅÁÃÈ ÐÒÉÎÃÉÐÌÅȭÓ ×ÅÉÇÈÔ ÁÎÄ ÃÏÎÔÒÉÂÕÔÉÏÎ ÔÏ ÔÈÅ ×ÈÏÌÅ ÃÏÕÌÄ ÂÅ ÅØÐÌÏÒÅÄ ÄÅÅÐÅÒȢ  

 

About the project  

The problem formulation and method description has been changed from the original project 

agreement. This was necessary since the project scope was narrowed as the project progressed.  

 

This report is available digitally at CD and web: www.host-a.net/u/janborg  as thesis.docx 

Game available at CD and web: www.host-a.net/u/janborg  as Ruby Hunt 1.1.exe 

Game source 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 

ÔÏ ÂÅ ÐÌÁÙÅÄ ÏÎ ÓÍÁÌÌ ÓÃÒÅÅÎ ÃÏÍÐÕÔÅÒÓȟ ÌÉËÅ ÌÁÐÔÏÐÓȢ )ÎÓÔÅÁÄȟ ÕÓÅ Á ρχȱ ÏÒ ÌÁÒÇÅÒ ÓÃÒÅÅÎ ÏÎ Á 0#Ȣ  

It is recommended that readers play the entire game, and that it is done before reading the report. The 

game should take 30-60 minutes to finish and can be chosen to be in Danish or English. 

To read the source code: Download Game MÁËÅÒ ÆÒÏÍ Ȭ×××ȢÙÏÙÏÇÁÍÅÓȢÃÏÍȾÇÁÍÅÍÁËÅÒȭȢ 4ÈÉÓ ×ÉÌÌ 

enable reading of the entire source code and view the exact game design. 
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INTRODUCTION 
 
Ȱ7ÈÅÎ ÔÅÎ ÏÒ ÍÏÒÅ ÙÅÁÒÓ ÉÎÓÔÒÕÃÔÉÏÎ ÆÁÉÌÓ ÔÏ ÌÅÁÖÅ ÐÅÏÐÌÅ ÈÁÖÉÎÇ ÅÖÅÎ ÔÈÅ ÆÁÉÎÔÅÓÔ ÉÄÅÁ ×ÈÁÔ ÓÏÍÅÔÈÉÎÇ ÉÓȟ 

why it is done, or what it is used for, then something is ÓÅÒÉÏÕÓÌÙ ×ÒÏÎÇȢȱ1 

Keith Devlin, Mathematics Professor. 

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 3rd to 4th grade level, even though they had 

received the entire elementary school education math program.2 

The interactive math training website Intmath.com has made a series of surveys of their visitors. 74% 

of visitors to the website identify themselves as math students. The survey found that 70 % of visitors 

report that they rarely get to find out why they study mathematics, and 17% report that they never feel 

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 idea if math is useful for their future job. Other studies 

have found that students in general have difficulties using real world knowledge when engaging school 

context math problems.3 

These examples highlight the gap between out-of-school mathematics and school mathematics. Not 

only are the students underperforming in math, they are also confused about the very purpose of 

mathematics education.  

However, studies have found that mathematics practice in out-of-school contexts works very 

differently than school math. In many cases children and adults with little or no education are capable 

of consistently performing well in math through their daily activities.4 These differences might be 

explained by the fact that  

ÁɊ Ȱ0ÒÏÂÌÅÍÓ ÉÎ ÅÖÅÒÙÄÁÙ situations are embedded in real contexts that are meaningful to the problem 

solver and this motivates and sustains problem-solving activity.  

b) The mathematics used outside school is a tool in the service of some broader goal, and not an aim in 

itself as ÉÔ ÉÓ ÉÎ ÓÃÈÏÏÌȢȱ5 

The gap between school mathematics and out-of-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 out-of-school mathematics with the demands and limitations of school 

mathematics. Digital learning games have for more than 30 years been hailed as a powerful learning 

tool capable of making learning more efficient, more interesting, and more enjoyable.6 Furthermore, 

                                                             
1 Devlin 2010 

2 Berlingske 2011.  

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

4 Nunes et al 1993 

5 Masingila 1994, p. 3 

6 Malone 1980 



 

 

5 

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

based games 7. However, it will not be trivial to create a learning game based on informal out-of-school 

mathematics. The Dutch instructional theory of Realistic Mathematics Education (RME) is successful in 

grasping some of the advantages of out-of-school mathematics and is systematic in its approach in 

ÍÁËÉÎÇ ÍÁÔÈÅÍÁÔÉÃÓ ÍÏÒÅ ÒÅÁÌ ÉÎ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÍÉÎÄÓȢ #ÏÎÓÅÑÕÅÎÔÌÙ 2-% ÃÁÎ ÁÃÔ ÁÓ Á ÂÒÉÄÇÅ ÂÅÔ×ÅÅÎ 

out-of-school math and instructional game design. This thesis project will investigate if and how digital 

math games can be designed to support a mathematics education inspired by RME and informal 

mathematics performance. The goal is to develop a model of design principles and use this to produce 

and test a math game sporting effective game based learning while emphasizing purpose and meaning 

of mathematics education. 

 

Problem field  

In the 60s and 70s audio and video were hyped as technologies that would revolutionize learning8. 

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 declares: Ȱ5ÓÉÎÇ ÍÅÄÉÁ ÒÅÑÕÉÒÅÓ ÏÎÌÙ ÔÈÁÔ ÔÈÅ ÍÅÄÉÁ ÂÅ ÐÒÅÓÅÎÔ ÄÕÒÉÎÇ 

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 instructional strategies, methods, and learning 

ÏÕÔÃÏÍÅÓȢȱ9 Integrating the video game medium with learning has been the objective of decades of 

research. However the approach has often been to adapt the video game creation and usage to 

dominating curricular or  didactical positions10. Instead of looking at mainstream curricula and game 

design ideas and turning them into games, the attempted point of departure for this project will be 

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

what is known as RME and support for expansion of these original ideas in what is known as street 

mathematics or out-of-school mathematics. I hypothesize that designing learning games with 

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

the video game medium. However, Eck also argues that ȰÉÎÓÔÒÕÃÔÉÏÎ ÉÓ ÍÏÄÉÆÉÅÄ ÔÏ ÔÁËÅ ÁÄÖÁÎÔÁÇÅ ÏÆ ÔÈÅ 

strengths of the mediaȱ11. Consequently the instructional findings of RME and out-of-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 instruction can be transformed into game 

form. Such a transformation will possibly be able to tackle the problems outlined in the introduction. 

The final result should be a model consisting of design principles combining the best of all above, a 

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

 

                                                             
7 Ke 2009, p. 20. Egenfeldt-Nielsen 2005  

8 Eck 

9 Eck, p. 30 

10 E.g. Egenfeldt-Nielsen 

11 Eck, p. 30 
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Problem Definition:  

 How could a digital learning game based on RME and out-of-school math be designed to 

effectively and meaningfully teach math to primary education students? 

Sub-questions: 

o (Ï× ÃÁÎ Á ÄÉÇÉÔÁÌ ÇÁÍÅ ÂÁÓÅÄ ÏÎ ÓÕÃÈ ÄÅÓÉÇÎ ÐÒÉÎÃÉÐÌÅÓ ÉÍÐÒÏÖÅ ÓÔÕÄÅÎÔÓȭ ÍÏÔÉÖÁÔÉÏÎ ÁÎÄ 

understanding of purpose and importance of doing math? 

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

 

Method  

To outline the exact approach, a concrete explanation of the method intended is presented below. 

First a theoretical model of what a modern mathematics learning game should consist of is built up. To 

construct this model all kinds of relevant material will 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, 

psychology and general research concerning video games and simulations. This model will enable the 

definition  of a set of design philosophies which will be used as heuristics to realize a game design 

document. Subsequently the game design will be implemented in into an actual game, using an 

appropriate development environment for the development process. This step will apply  relevant 

academic software- and game design materials. Small scale tests will be performed to correct minor 

flaws in coding and design, using state of the art game testing techniques. Lastly the corrected, final 

game version will be tested on a larger scale. This test will attempt to asses if the game influenced 

ÆÁÃÔÏÒÓ ÓÕÃÈ ÁÓ ÓÔÕÄÅÎÔ ÍÏÔÉÖÁÔÉÏÎ ÔÏ×ÁÒÄÓ ÔÈÅ ÇÁÍÅȟ ÓÔÕÄÅÎÔÓȭ Ï×Î ÅÓÔÉÍÁÔÉÏÎÓ ÏÆ the utility and 

ÍÅÁÎÉÎÇ ÏÆ ÍÁÔÈ ÉÎ ÇÅÎÅÒÁÌȟ ÔÈÅ ÓÕÃÃÅÓÓ ÒÁÔÉÏ ÏÆ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÐÅÒÆÏÒÍÁÎÃÅ ÉÎ ÓÏÌÖÉÎÇ ÔÈÅ ÍÁÔÈ ÁÎÄ 

ÔÈÅÉÒ ÔÅÁÃÈÅÒȭÓ ÁÔÔÉÔÕÄÅ ÁÎÄ ÅÓÔÉÍÁÔÉÏÎÓȢ The test results will enable returning to the beginning and 

asses the validity of decisions concerning the theoretical model, the set of design philosophies and the 

actual game design. 

It is on purpose that the design will not be driven by looking at existing games and game theory and 

from there try to develop the model. The wish is to let RME and street math control and guide this 

process instead, and only use other games and game theory as a form of secondary navigation system. 

In other words, this process will let game theory and game examples align to the model that RME and 

street math suggests, instead of letting game theory and game examples suggest the model followed by 

an attachment of RME and street math to the model. Nevertheless, game theory will be presented early 

in order to guide the direction of RME and street math exploration. This will aid in 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 parallelism 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. 
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Learning model:  

The point of entry towards learning and learning in video games will primarily be constructivist  

oriented. This is because RME is founded on a constructivist approach and because the domain of 

video game researchers is dominated by constructivist learning subscribers. Marc Prensky argues that 

according to constructivist learningȠ ȱwe learn best when we actively construct ideas and relationships 

in our own minds based on experiments we do, rather than being told; and second, that we learn with 

ÐÁÒÔÉÃÕÌÁÒ ÅÆÆÅÃÔÉÖÅÎÅÓÓ ×ÈÅÎ ×Å ÁÒÅ ÅÎÇÁÇÅÄ ÉÎ ÃÏÎÓÔÒÕÃÔÉÎÇ ÐÅÒÓÏÎÁÌÌÙ ÍÅÁÎÉÎÇÆÕÌ ÐÈÙÓÉÃÁÌ ÁÒÔÉÆÁÃÔÓȢȱ12 

The interpretation of constructivist learning takes different forms, e.g. in constructionist learning 

where the creation of artifacts is central in the meaning and learning. Situated learning and experiental 

learning, close relatives of constructivism, stresses that social and physical environmental factors are 

detrimental to learning. This learning approach in video games is dominant in what video game 

researcher Simon Egenfeldt-Nielsen calls third generation video games.13 RMEs focus on the 

ÉÎÄÉÖÉÄÕÁÌÓȭ ÍÅaning- and knowledge creation taking place in social interactions and in non-

transmission forms is also fundamentally constructivist and therefore goes hand in hand with 

0ÒÅÎÓËÙȭÓ ÁÎÄ ÏÔÈÅÒÓȭ14 constructivist learning approach. Consequently, constructivist learning will be 

dominating throughout the theoretical model but other learning paradigms might shine through now 

and then, in example the behaviorist approach of Operant Conditioning is relevant in understanding 

rewards and reinforcement. Note that the use of constructivism is only as a learning/instruction 

theory, not as an epistemology. 

 

Delimitation  

 

 Only parts of theories that are found relevant 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 parts such that they are not too 

disconnected from their origin . 

 Focus on research investigation and game development will be on math students similar to 

students attending the middle of the Danish compulsory school system. Adult teaching will 

generally be ignored. 

 The topic regarding assessment for grading or long term retention of learning will be 

overlooked, since it would over-expand the scope of this project to analyze or implement ways 

of assessing the long term learning outcomes of the students.  

                                                             
12 Prensky 2005, p. 19 

13 Egenfeldt-Nielsen 2005 

14 Squire, Bogost 2007 
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 I assume games are capable of teaching and that players can learn from playing games. 

Potential negative or unintentional effects, e.g. aggression from game violence, of games and 

learning games will be ignored. 

 The model will not be designed with non-digital games like board games in mind. Theory 

regarding non-digital games might however be included if relevant. 

 During the development of the model a thorough treatment of non-learning game design 

criteria , where a general consensus in the scientific and game development communities exists 

concerning their validity , will be refrained from. There is no reason to challenge or 

reinvestigate design principles that are found in dominating game design books15. 

Consequently it will be assumed that such principles are familiar to game designers pursuing 

creation of good games, and the absence of such principles within the model are therefore 

ÉÎÔÅÎÔÉÏÎÁÌȢ !Î ÅØÁÍÐÌÅ ÏÆ ÔÈÉÓ ÉÓ ÆÌÏ×Ƞ ÔÈÁÔ Á ÇÁÍÅȭÓ ÃÈÁÌÌÅÎÇÅ ÌÅÖÅÌ ÍÕÓÔ ÂÁÌÁÎÃÅ ÉÔÓÅÌÆ 

between frustration and boredom in order to motivate its players.16 This will give more time 

and space to focus on relevant but possibly ambiguous or disputed learning factors. 

 

                                                             
15 Fullerton 2008, Gee 2003, Malone 1980 

16 Fullerton 2008, p. 87 
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THEORY 
 

In order to guide the project, and identify possibilities and limitations, the state of relevant topics will 

be outlined. First an introduction to the state of digital learning games (henceforth called learning 

games), with a focus on primary school learning games, is presented. Afterwards, an introduction to 

general game theory and learning in games is presented. Finally an introduction to RME, out-of-school 

mathematics and related theory and studies is presented. Theory and studies below are only 

presented on an introductory level and is expanded in the model/discussion chapter when necessary.  

 

Game use in the classroom 

In a meta-analysis from 2009, effects of instructional gaming were charted:  

Ȱχψ ÏÕÔ ÏÆ ϊω ÇÁÍÅ ÅÆÆÅÃÔÉÖÅÎÅÓÓ ÓÔÕÄÉÅÓ ÒÅÐÏÒÔÅÄ ÓÉÇÎÉÆÉÃÁÎÔ ÐÏÓÉÔÉÖÅ ÅÆÆÅÃÔÓ ÏÆ ÃÏÍÐÕÔÅÒ ÂÁÓÅÄ ÇÁÍÅȟ υϋ 

reported mixed results (instructional games facilitated certain learning outcomes but not the others), 12 

reported no difference between computer games and conventional instruction, and only one study 

ÒÅÐÏÒÔÅÄ ÃÏÎÖÅÎÔÉÏÎÁÌ ÉÎÓÔÒÕÃÔÉÏÎ ÁÓ ÍÏÒÅ ÅÆÆÅÃÔÉÖÅ ÔÈÁÎ ÃÏÍÐÕÔÅÒ ÇÁÍÅÓȢȱ17 

Assuming that this meta-analysis reflects the reality of the effects of learning 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 prevalent18. This 

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. So learning game use in classrooms is still on a somewhat experimental level. This is 

despite the fact that teachers perceive advantages of using video games in the class room: It gives a 

higher student motivation and provides an alternative presentation.19  

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

education20. There seems to be a lack of experience among teachers in using computer games in an 

educational setting. The experiences of using learning games in classrooms are 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 computer games 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. This must be seen in the light that on that the time (and to some degree today as well21) it was 

edutainment products that dominated among school games. More about edutainment games will come 

                                                             
17 Ke 2009, p. 20 

18 Ulicsak 2010 

19 Egenfeldt-Nielsen 2005, p. 74 

20 Egenfeldt-Nielsen 2005, p. 65-74 

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

games, learning to play the game and games that cannot 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 

scenarios22. The teacher might feel as 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 are without importanceȟ ÓÉÎÃÅ ÔÅÁÃÈÅÒȭÓ 

facilitation plays an important role in an effective use of learning games in the classroom23. 

Furthermore, the above barriers should not be interpreted as an attempt at presenting the teachers as 

unqualified or incapable of effectively utilizing learning games in 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 Hanghøj sums it up by listing all the tasks 

ahead of a teacher wishing to effectively utilize learning games in the classroom. Teachers must: 

Ȱ%ÖÁÌÕÁÔÅ ÁÎÄ ÄÉÓÓÅÃÔ ÔÈÅ ÇÁÍÅÓȟ ÔÁËÅ ÔÉÍÅ ÔÏ ÐÌÁÙ ÁÎÄ ÕÎÄÅÒÓÔÁÎÄ ÔÈÅ ÇÁÍÅÓȟ Íap the games with 

curricular aims, find the time for the game sessions, ensure that the technology is working, facilitate the 

ÇÁÍÅÓȟ ÐÒÏÍÏÔÅ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÒÅÆÌÅÃÔÉÖÅ ÔÈÉÎËÉÎÇȟ ÁÎÄ ÁÓÓÅÓÓ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÌÅÁÒÎÉÎÇ ÏÕÔÃÏÍÅÓȢȱ24 This 

makes the teachers the cruciaÌ ÇÁÔÅ ËÅÅÐÅÒÓȟ ÏÒ ȬÃÈÁÎÇÅ ÁÇÅÎÔÓȭ ÆÏÒ ÕÓÉÎÇ learning games in classrooms. 

Nevertheless, learning games are shown a lot of interest in these days. One example of this is the 

ambitious STEM-challenge project25. This is a twofold project to use video games to promote 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 goal ɀ to e.g. 

learn and use math by developing games. The 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 learning game theory and research. The chapter will 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 computer games 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 games comes in many different forms. Here are some categories of learning games: 

                                                             
22 Meyer, p. 56 

23 Ke 2009, p. 21 

24 Hanghøj 

25 http://www.stemchallenge.org/  
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Commercial games : Also known as COTS, Commercial-Of-The-Shelf games. These are games that are 
produced as entertainment products with commercial interests in mind. These games are sometimes 
used for educational purposes despite that they were not intended for education. Examples of this 
within this category are games like Civilization and Europa Universalis which have been successfully 
employed to teach history26  
Edutainment : Games with some learning agenda based on the assumption that it must be fun to 
learn27. 
These are typically somewhat simple in design and often based on a behaviorist  learning approach28. 
These games usually portray an extrinsic motivation, where ȰÙÏÕ ÇÅÔ Á ÒÅ×ÁÒÄ ÆÏÒ ÅÎÇÁÇÉÎÇ ÉÎ ÁÎ 
ÁÃÔÉÖÉÔÙȟ ÁÎÄ ÁÒÅ ÎÏÔ ÍÏÔÉÖÁÔÅÄ ÂÙ ÔÈÅ ÁÃÔÉÖÉÔÙ ÉÔÓÅÌÆȱ.29  
Simulations : A simulation video game closely simulates aspects of a real or fictional reality.30 These 

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

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

Flight Simulator 

Serious games: These have also been called 3rd generation educational games. These apply a 

constructivist approach to learning. 

One could try placing the above categories on a continuum between a learning focus and a 
fun/entertainment focus. However, there is more to understanding educational games than just 
balancing learning and entertainment, since there are other factors involved than just those two. This 
field is multidimensional, and also includes dimensions of e.g. fantasy, motivation and identification. 
One challenge 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 

4ÈÏÍÁÓ 7Ȣ -ÁÌÏÎÅȭÓ ρωψπ ÐÁÐÅÒȢ31 He describes a general taxonomy of intrinsic motivation consisting 

of three categories; challenge, curiosity, and fantasy. 

Challenge consists of providing a goal 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. Furthermore, 

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 goal-seeking or fantasy-fulfillment and 

consists of sensory 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 can be divided into intrinsic fantasies and extrinsic fantasies. Malone argues that 

                                                             
26 Egenfeldt-Nielsen 2005 

27 Meyer, p. 54 

28 Egenfeldt-Nielsen 2005, p. 273 

29 Egenfeldt-Nielsen 2005, p. 273 

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

31 Malone, p. 162+ 
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Ȱone 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 fantasy goal, or avoids some fantasy 

ÃÁÔÁÓÔÒÏÐÈÅȟ ÄÅÐÅÎÄÉÎÇ ÏÎÌÙ ÏÎ ×ÈÅÔÈÅÒ ÔÈÅ ÐÌÁÙÅÒȭÓ ÁÎÓ×ÅÒÓ ÁÒÅ ÒÉÇÈÔ ÏÒ ×ÒÏÎÇȢ 4Ï Á ÇÒÅÁÔ ÄÅÇÒÅÅȟ ÔÈÅ 

ÆÁÎÔÁÓÉÅÓ ÕÓÅÄ ÉÎ ÔÈÉÓ ËÉÎÄ ÏÆ ÇÁÍÅ ÁÒÅ ÉÎÔÅÒÃÈÁÎÇÅÁÂÌÅ ÁÃÒÏÓÓ ÓÕÂÊÅÃÔ ÍÁÔÔÅÒÓȢȱ32  

An example of this is that the game Hangman33 can be completely interchanged with any other 

curriculum. For example, incorrect algebra responses could trigger the hanging process, instead of 

misspelling. Likewise, the curriculum of spelling that is usually attached to the Hangman 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 skill also 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, 

ȰIn 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 useȱ34. 

Kurt Squire subscribes to these ideas and expands them to embrace more than only fantasy and 

thereby categorizes games as Exogenous and Endogenous. The idea is explained in the table below: 

                                                             
32 Malone p. 164 

33 A spelling game where each incorrect answer increasingly draws a hanged man. The goal is to guess the word 

before he is hung. 

34 Malone p. 164 

 



 

 

13 

 
Figure taken from Squire 2006, p. 24 
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An example of a digital mathematics learning game mounting an extrinsic fantasy is Math Olympics of 

mathplayground.com35. The screenshot from the game below illustrates the game play. 

  

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), the runner crashes into the obstacle and knocks it 

ÄÏ×Î ÁÎÄ ÔÈÅ ÐÌÁÙÅÒ ÉÓ ÔÏÌÄ ÔÏ ÔÒÙ ÁÇÁÉÎȢ 4ÈÉÓ ÉÓ ÁÎ ÉÎÔÒÉÎÓÉÃ ÆÁÎÔÁÓÙ ÇÁÍÅ ÓÉÎÃÅ ÔÈÅ ȬÇÁÍÅȭ of getting the 

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 qualifies as an exogenous game since, for 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 

ÎÏÔÉÏÎÓ ÏÆ ÅÄÕÃÁÔÉÏÎ ÁÓ ȬÅØÐÏÓÕÒÅ ÔÏ ÃÏÎÔÅÎÔȭ ÁÎÄ ÒÅÔÈÉÎË ÉÔ ÁÓ ÅÎÒÉÃÈÍÅÎÔ ÏÆ ÅØÐÅÒÉÅÎÃÅ36. He argues 

that traditional educational games use context 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 

http://www.mathplayground.com/olympic_math1.html
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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 Darts: Ȱ! ÇÁÍÅ ÄÅÓÉÇÎÅÄ ÔÏ ÔÅÁÃÈ 

elementary students about fractions. Three balloons appear at random places on a number 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 and the player gets to keep shooting until all the 
ÂÁÌÌÏÏÎÓ ÁÒÅ ÐÏÐÐÅÄȢȱ 37  

 

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.  

 

Figure from Malone 1980, p. 1φτȢ Ȱ,ÏÇÉÃÁÌ ÄÅÐÅÎÄÅÎÃÉÅÓ ÉÎ ÅØÔÒÉÎÓÉÃ ÁÎÄ ÉÎÔÒÉÎÓÉÃ ÆÁÎÔÁÓÉÅÓȱ 

Consequently MaloneȭÓ definition of the difference between intrinsic and extrinsic fantasies is twofold: 

Interchangeability of context (fantasy) and content combined with dependencies of skill vs. fantasy. 

(Ï×ÅÖÅÒȟ ÁÎ ÅØÁÍÐÌÅ ÏÆ Á ÌÅÁÒÎÉÎÇ ÇÁÍÅ ×ÉÌÌ ÂÅ ÕÓÅÄ ÔÏ ÓÈÏ× ÔÈÁÔ -ÁÌÏÎÅȭÓ ÄÅÆÉÎÉÔÉÏÎ ÉÓ ÓÏÍÅ×ÈÁÔ 

ÖÁÇÕÅȢ 4ÈÅ ×ÉÎÎÅÒ ÏÆ ÔÈÅ 34%- ÃÈÁÌÌÅÎÇÅȭÓ #ÏÌÌÅÇÉÁÔÅ ÁÎÄ )ÍÐÁÃÔ ÐÒÉÚÅÓ ÁÎÄ ΑυπȢπππ ×ÁÓ ÔÈÅ ÇÁÍÅ 

Numbaland. A sub-game of this is Battleship Numberline 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 on the interval. In the screenshot, 

Ȭψȭ ÈÁÓ ÂÅÅÎ ÅÎÔÅÒÅÄȢ .ÏÔÅ ÔÈÅ ÔÉÎÙ ÍÉÓÓÉÌÅ ÁÂÏÖÅ ÔÈÅ ÓÈÉÐ ÔÈÁÔ ÉÓ ÄÅÓÃÅÎÄÉÎÇ ÔÏ×ÁÒÄÓ ÔÈÅ ÓÈÉÐȢ 4ÈÉÓ ×ÁÓ 

a successful estimation and the immediate moment following the one in the screenshot depicts the 

missile impacting with the ship, causing the ship to explode, leading to the next estimation assignment. 

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 would not make 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, since it is imaginable that instead of estimating a number between 1 and 

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

Actually the designers of Numbaland: Battleship Numberline offer other game modes incorporating 

the same game scenario of attempting to hit the battleship, but the curriculum can be freely chosen 

from estimating whole numbers between 1-10, whole numbers between 1-100, decimals, fractions and 

measurement. Consequently the terms intrinsic and 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 fantasy. And 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 researcher Ian Bogostȭs 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 web pages. He defines 
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procedural rhetoric as a concept for exactly that purpose:  

ȰProcedural rhetoric is the practice of using processes persuasively, just 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 processesȢȱ38  

Consequently the word rhetoric is not necessarily literal in meaning persuasion, the term procedural 

rhetorics will mostly be used to describe the authoring of arguments, e.g. teaching or practicing 

mathematics, through processes. Procedural rhetoric is something more than digital rhetoric which 

typically abstracts the computer as a consideration, focusing on the text and image content a machine 

might host, like in e-mail, websites, message boards, blogs and wikis. That way, Bogost argues that 

verbal, written, and visual rhetorics 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 through the 

content of video games39. This can be 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 creating the procedural rhetorics are immense. 

Egenfeldt-Nielsen states that: Ȱ4Ï ÓÅÅ ÔÈÅ ÃÏÍÐÕÔÅÒ ÇÁÍÅÓ ÁÓ ȬÍÅÒÅÌÙȭ Á ÎÅÕÔÒÁÌ ÍÅÄÉÕÍ ×Å ÃÁÎ ÕÓÅ ÆÏÒ 

ÄÅÌÉÖÅÒÉÎÇ ÃÏÎÔÅÎÔȟ ÓËÉÌÌÓ ÁÎÄ ÁÔÔÉÔÕÄÅÓ ÉÓ ÌÕÌÌÉÎÇ ÏÕÒÓÅÌÖÅÓ ÉÎÔÏ ÄÒÅÁÍÌÁÎÄȱ40. So the task of working with 

video game knowledge and persuasion is not to be taken lightly. Video game researcher Suzanne 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 basic epistemological issues connected 

to this challenge, a perception not unlike the inspiration to the creation of the concept of procedural 

rhetorics:  

 Ȱ/ÎÅ ÏÆ ÔÈÅ ÂÉÇÇÅÓÔ ÐÒÏÂÌÅÍÓ ÉÎ ÍÙ ÏÐÉÎÉÏÎ ÉÓ ÔÈÁÔ ÐÅÏÐÌÅ ×ÁÎÔ ÔÏ ÃÒÅÁÔÅ ÁÎÄ ÉÎÔÒÏÄÕÃÅ ÁÎÄ ÅÖÁÌÕÁÔÅ 
games on the premise that knowledge itself and school 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 get 
a piece of pie, you know. We just changed the medium. So when you change the medium, you change 
ËÎÏ×ÌÅÄÇÅ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎȟ ÓÏ ËÎÏ×ÌÅÄÇÅ ÄÏÅÓÎȭÔ ÌÏÏË ÔÈÅ ÓÁÍÅ ÁÎÙÍÏÒÅȢ )Ô ×ÏÎȭÔ ÃÏÍÅ ÉÎ ÓÅÎÔÅÎÃÅÓ ÁÎÄ 
ÐÒÏÐÏÓÉÔÉÏÎÓ ÁÎÄ ÒÉÇÈÔ ÁÎÓ×ÅÒÓ ÁÎÄ ÍÕÌÔÉÐÌÅ ÃÈÏÉÃÅ ÂÏØÅÓȢ )Ô ×ÏÎȭÔ ÃÏÍÅ ÉÎ ÍÁÔÈÅÍÁÔÉÃÁÌ ÆÏÒÍÕÌÁÓȢ )Ô 
×ÏÎȭÔ ÃÏÍÅ ÉÎ ÌÉÓÔÓ ÏÆ ÄÁÔÅÓ ÁÎÄ ÆÁÃÔÓȢȱ41 
 

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 substantial. The next 

chapter will present theory and studies concerning just what Castell describe ɀ alternative knowledge 

representation and acquisition. 

  

                                                             
38 Bogost 2007, p. 28 

39 Bogost 2007, p. ix 

40 SEN, 2007, Continuum, Educational potential of computer games, p. 157 

41 Castell 2010 
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Realistic Mathematics Education  

In the Netherlands, mathematics in primary school in is mostly based upon Realistic Mathematics 

Education42. RME is largely the brainchild of the Dutch mathematician Hans Freudenthal. Freudenthal 

argued that mathematics must ÂÅ ÃÏÎÎÅÃÔÅÄ ÔÏ ÒÅÁÌÉÔÙȟ ÓÔÁÙ ÃÌÏÓÅ ÔÏ ÃÈÉÌÄÒÅÎȭÓ ÅØÐÅÒÉence and be 

relevant to society in order to be of human value. Furthermore, he viewed math as a human activity 

rather than a subject to be transmitted. Basic RME views can be summarized as below: 

Ȱ-ÁÔÈÅÍÁÔÉÃÓ ÉÓ ÖÉÅ×ÅÄ ÁÓ ÁÎ ÁÃÔÉÖÉÔÙȟ Á ×ÁÙ ÏÆ ×ÏÒËÉÎÇȢ ,ÅÁÒÎÉÎÇ ÍÁÔÈÅÍÁÔÉÃÓ ÍÅÁÎÓ ÄÏÉÎÇ 

mathematics, of which solving everyday life problems is an essential part. A variety of contextual 

ÐÒÏÂÌÅÍÓ ÉÓ ÉÎÔÅÇÒÁÔÅÄ ÉÎ ÔÈÅ ÃÕÒÒÉÃÕÌÕÍ ÒÉÇÈÔ ÆÒÏÍ ÔÈÅ ÓÔÁÒÔȢȱ43 

The name realistic math education has been misunderstood at times44. The reason why RME is called 

ȬÒÅÁÌÉÓÔÉÃȭ ÉÓ ÎÏÔ just because of its connection with the real world, but is related to the emphasis that 

RME puts on offering the students problem situations which they can imagine (as in realizing 

something). 

RME is basically a theoretic model that is supposed to be used by teachers 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 math 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 mathematics45.  

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 protagonists46. They argue that in traditional 

mathematics curricula, the sequence of teaching often proceeds from a generalization, 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 the 9th best average mathematics scores47. 

Other studies confirm the effectiveness of RME. A study48 shows that 7th grade students get a positive 

attitude towards mathematics after receiving RME, and also become aware of usefulness of 

mathematics in daily life. Another study49 concludes that students who used realistic math textbooks 

scored higher than students who used traditional textbooks.  

                                                             
42 Heuvel-Panhuizen 

43 Gravemeijer 1994, p. 91 

44 Heuvel-Panhuizen, 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  Üzel and Uyangör 

49 Romberg, p. 9 

http://nces.ed.gov/timss/table07_1.asp
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The basic concepts of RME are elaborated on below and subsequently expanded later in the report. I 

want to use this work, not in order to propose or discuss math curricula in general, or to identify the 

best way of teaching math in classrooms. On the contrary, this discussion will be used to find academic 

sustenance for the previously explained assumptions about how math could be taught in video games. 

Selected examples of RME theory that are relevant for this agenda will be presented, while mostly 

ignoring the deeper levels of instructional design theory that RME is based on. RME can be considered 

as consisting of an array of principles. Several of these principles will not be dealt with in this report, 

ÈÏ×ÅÖÅÒ ÅØÔÒÁ ÁÔÔÅÎÔÉÏÎ ×ÉÌÌ ÂÅ ÇÉÖÅÎ ÔÏ ȬÔÈÅ ÒÅÁÌÉÔÙ ÐÒÉÎÃÉÐÌÅȭȟ ÓÉÎÃÅ ÔÈÉÓ ÉÓ ×ÈÁÔ ) ÆÉÎÄ most relevant 

for video game design. 

The Reality Principle  

It must be sound to assume that all mathematics curricula aim to enable students to, at the end of the 

learning process, apply mathematics to solve problems. In RME, the reality principle is not only 

recognizable at the end of the learning process when it is applied; reality is also conceived as a source 

for learning mathematics.  

ȰJust 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, divorced from 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 organization or, in other 

words, contexts that can be mathematized. Thus, while working on context problems, the students can 

develop mathematical tools and understanding.ȱ50  

 

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

/ÎÅ ÅØÁÍÐÌÅ ÏÆ Á ÃÏÎÔÅØÔ ÐÒÏÂÌÅÍ ÉÓ ÔÈÅ ȬÂÕÓ ÃÈÁÉÎȭ ×ÈÉÃÈ ÃÏÎÃÅÒÎÓ ÃÏÕÎÔÉÎÇ ÐÁÓÓÅÎÇÅÒÓ ÅÎÔÅÒÉÎÇ ÁÎÄ 

leaving buses. This is used as an example of how a curriculum could contain an introduction for 

ÓÔÕÄÅÎÔÓ ÔÏ ÔÈÅ ÏÐÅÒÁÔÉÏÎ ÓÉÇÎÓ ɉȱϹȱ ÁÎÄ ȱ-ȱɊȢ 

Figure of buses51 

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 

quantitative changes, whereupon representations that are gradually less context-bound can be 

introduced until finally ending up at the standard notation (e.g. 2+4 = 6). I want to emphasize that 

even if the authors use this to explain how various calculation methods can be taught, I intentionally 

shift focus on the part of the example that focuses on realism. As one of the leading RME protagonists, 

                                                             
50 Heuvel-Panhuizen, p. 5 (Original source references have been edited out) 

51 Scanned from Gravemeijer 1994 p. 29 
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+ÏÅÎÏ 'ÒÁÖÅÍÅÉÊÅÒ ÐÏÉÎÔÓ ÏÕÔ ȰPassenger entering and leaving a bus provides a situation in which 

ÁÄÄÉÔÉÏÎ ÁÎÄ ÓÕÂÔÒÁÃÔÉÏÎ ÅÍÅÒÇÅ ÁÓ ÎÁÔÕÒÁÌ ÁÃÔÉÖÉÔÉÅÓȱ 52. Letting math emerge as a natural activity 

might help overcome the obstacle that, as described earlier, many students don not 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 realistic, i.e. 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 to count 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: Context-related counting53 

 

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. Heuvel-Panhuizen 

explains the example: Ȱ)Î ÔÈÅ ÃÏÎÔÅØÔ-related questions, the context gives meaning to the concept of 

number. This context-related counting precedes the level of the object-related counting in which the 

ÃÈÉÌÄÒÅÎ ÃÁÎ ÈÁÎÄÌÅ ÔÈÅ ÄÉÒÅÃÔ ȬÈÏ× ÍÁÎÙȭ ÑÕÅÓÔÉÏÎ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ Á ÃÏÌÌÅÃÔÉÏÎ ÏÆ ÃÏÎÃÒÅÔÅ ÏÂÊÅÃÔÓ ×ÉÔÈÏÕÔ 

any reference to a meaningful context. Later on, the presence of the concrete objects is also no longer 

ÎÅÅÄÅÄ ÔÏ ÁÎÓ×ÅÒ ȬÈÏ× ÍÁÎÙȭ ÑÕÅÓÔÉÏÎÓȢȱ54  

Two things are explained here. First, the context-related question gives meaning to the example. The 

context in this case can also be seen as a story ɀ ÔÏ ÐÕÔ ÔÈÅ υ ÃÁÎÄÌÅÓ ÉÎÔÏ Á ÓÔÏÒÙ ÉÎÖÏÌÖÉÎÇ Á ÇÉÒÌÓȭ 

birthday, and asking to her age instead of the amount of candles, embeds the realism (candles) into a 

story (context).  

Secondly, this context-relation should, according to RME, only be used as an introductory 

representation model which can be gradually replaced by more formal representations. The oldest 

students should have no need for context-relation and can work with completely abstract assignments. 

I wish to discuss this assertion of RME by turning towards the question of how important the context 

actually is, and if it is only important for small school children in the following chapter.  

                                                             
52 Gravemeijer 1994 p. 29 

53 Copied from Heuvel-Panhuizen, p. 16 

54 Heuvel-Panhuizen, p. 16 
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Out-of-school mathematics  

The term out-of-school mathematics has several names. Informal mathematics, street mathematics 

and real life mathematics are just some of the names used.  

)Î ÔÈÅ ÂÏÏË Ȭ3ÔÒÅÅÔ -ÁÔÈÅÍÁÔÉÃÓ ÁÎÄ 3ÃÈÏÏÌ -ÁÔÈÅÍÁÔÉÃÓȭ ɉÆÒÏÍ ÎÏ× ÏÎ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÓÔÒÅÅÔ ÍÁÔÈɊȟ the 

authors (from now on referred to as Nunes) discuss various studies that they designed to investigate 

the importance of context when learning and using mathematics55. 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 

ÒÅÓÕÌÔÓ ÏÆ ÔÈÅ ÃÈÉÌÄÒÅÎȭÓ ÍÁÔÈ ÐÅÒÆÏÒÍÁÎÃÅ ×ÅÒÅ ÁÓ ÆÏÌÌÏ×ÉÎÇ:  

In the marketplace situation the children engaged various maÔÈ ÑÕÅÓÔÉÏÎÓȟ ÉȢÅȢ ÔÈÅ ȬÃÕÓÔÏÍÅÒȭ ÁÓËÓ ÆÏÒ 

13 coconuts that each cost 35 cruzeiros and the child vendor then solved what the total price was. In a 

formal test the children engaged problems involving the exact same math operations as on the street 

but made into word problems. One example of such a word problem was: Ȱ! ÆÉÓÈÅÒÍÁÎ ÃÁÕÇÈÔ ωτ ÆÉÓÈȢ 

The second one caught five times the amount of fish the first fisherman had caught. How many fish did 

the lucky fÉÓÈÅÒÍÁÎ ÃÁÔÃÈȩȱ In one final test, the students engaged in bare arithmetic operations like 

Ȱτςπ Ϲ ψπ Ѐ ȩȱ 

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 word problem test and 98,2%  in the marketplace 

situation!56 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 them. The street 

math authors ÁÓËÓ ×ÈÅÎ ÄÉÓÃÕÓÓÉÎÇ ÔÈÅ ÆÉÎÄÉÎÇÓȡ ȰHow is it possible that children capable of solving a 

computational problem in the natural situation will fail to solve the same problem when it is taken out of 

ÉÔÓ ÃÏÎÔÅØÔȩȱ57 

Studies by other researchers58 have encountered similar ÆÉÎÄÉÎÇÓȢ &ÕÒÔÈÅÒÍÏÒÅȟ -ÁÓÉÎÇÉÌÁ ÅÔ ÁÌȭÓ 

research concerning mathematic practice in and out of school supports RME and street math findings. 

Masingilaȭs findings were based on several studies, wherein one of them compares secondary school 

students to professional carpet layers59. This study is here presented to further illustrate the 

differences between school math and out-of-school math. Both groups 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 of the 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 al 1993, p. 22 

57 Nunes et al 1993, p. 23 

58 Esmonde et al  

59 Masingila 1994, p. 5-6 
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However, students had previously had exercises similar to this problem in their textbook, so the 

differences might not be ascribed to this.  

-ÁÓÉÎÇÉÌÁ ÅÔ ÁÌȭÓ ÒÅÓÅÁÒÃÈ ÌÅÁÄ ÔÏ ÓÅÖÅÒÁÌ ÃÏÎÃÌÕÓÉÏÎÓ on how to transform education to better connect 

in-school with out-of-school experiences. These conclusions can be divided into four parts: 

a) 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 approach of teaching via problem 

solving means that mathematical understandings are constructed by students as they seek to 

accomplish emerging goals through problematic situations60. These problems must be 

embedded in situations that are real and meaningful to students. 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. 

b) In working individually and collectively to accomplish emerging goals, mathematical 

knowledge is developed within a meaningful context and cognitive development occurs as 

students work together with peers and teacher to negotiate shared meanings61. 

c) School activities should make use of cultural artifacts and conventions that students can use to 

interpret problems and make sense of them.  

d) 4ÅÁÃÈÅÒÓ ÃÁÎ ÂÕÉÌÄ ÏÎ ÓÔÕÄÅÎÔÓȭ ÐÒÉÏÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇÓ ÁÎÄ ÍÁÔÈÅÍÁÔÉÃÁÌ ËÎÏ×ÌÅÄÇÅ ÁÃÑÕÉÒÅÄ 

in other contexts.  

 

 

 

                                                             
60 Masingila 1994, p. 13 

61 Masingila 1994, p. 13 
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Attaching meaning to results  

The street math authors conducted another study, in understanding proportions. Results showed that 

school students had great difficulty in attaching meaning to the result of their calculations62. 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 in interpreting results. 

A wall represented by a length of 3.3 cm on 1:100 scale was read to be 33 cm long. In Nunesȭ ×ÏÒÄÓȡ 

Ȱ4ÈÅÓÅ ÁÒÅ ÃÌÅÁÒÌÙ ÕÎÒÅÁÓÏÎÁÂÌÅ ÓÉÚÅÓ ÆÏÒ ÔÈÅ ×ÉÄÔÈ ÏÒ ÌÅÎÇÔÈ ÏÆ Á ÒÏÏÍ ÉÎ ÁÎ ÁÐÁÒÔÍÅÎÔȢȱ63 The foremen 

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 unfair in relation to 

ÔÈÅ ÇÒÏÕÐÓȭ ÅØÐÅÒÉÅÎÃÅ ×ÉÔÈÉÎ ÔÈÅ ÄÏÍÁÉÎȟ ÂÕÔ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÑÕÁÌÉÆÉÃÁÔÉÏÎÓȠ ÔÈÅ ÓÔÕÄÅÎÔÓ ×ÅÒÅ χth 

graders from middle-upper class schools while only 1 in 17 foremen had had formal training ɀ the 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 underline that 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 problems in relation to student motivation and results interpretation. The usual 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 drill-and-practice. RME puts big emphasis on realistic 

word problems. However, several studies64 have found that the design of word problems is not trivial: 

Ȱȣ ÓÔÕÄÅÎÔÓ ÈÁÖÅ Á ÔÅÎÄÅÎÃÙ ÎÏÔ ÔÏ ÍÁËÅ ÐÒÏÐÅÒ ÕÓÅ ÏÆ ÔÈÅÉÒ ÒÅÁÌ-world knowledge and to suspend the 

ÒÅÑÕÉÒÅÍÅÎÔ ÔÈÁÔ ÔÈÅÉÒ ÓÏÌÕÔÉÏÎÓ ÍÕÓÔ ÍÁËÅ ÓÅÎÓÅ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÔÈÅ ȬÒÅÁÌȭ ÓÉÔÕÁÔÉÏÎÓȱ65. For example, in a 

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 

ÓÏÌÕÔÉÏÎÓ ÔÈÁÔ ×ÅÒÅ ÃÏÎÓÉÓÔÅÎÔ ×ÉÔÈ ÔÈÅ ÒÅÁÌÉÔÉÅÓ ÏÆ ÔÈÅ ȬÒÅÁÌȭ ÓÉÔÕÁÔÉÏÎÓ described in the tasks in 33% of 

the solutions66. However, students engaging in more authentic versions of word problems involving 

the same scenario and math provided 51% reality-consistent solutions. In the diagram below 

differences between standard and authentic word problems can be seen in one of the multiple word 

problems of the experiment: 

  

                                                             
62 Nunes et al, p. 100 

63 Nunes et al, p. 101 

64 Palm 2007, Verschaffel et al. 2000 

65 Palm 2007, p. 38 

66 Palm 2007. 
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Standard word problem Authentic word problem 

Elin is planning to ride horses each day for 4 days. 

Each day she has 45 minutes of free time to do this. 

How many 10-minute rides does she have the time to 

do during these days? 

You are going to a camp for 4 days, but you also want 

to ride horses. Your dad sees in the camp brochure 

that you have 45 minutes free time each day, and that 

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 many 10-minute tours do you 

have the time to do during these days? 

 

)Î ÃÏÍÐÉÌÉÎÇ 0ÁÌÍȭÓ ÆÉÎÄÉÎÇÓȟ ÔÈÅ ÉÓÓÕÅÓ ÒÅÇÁÒÄÉÎÇ ×ÏÒÄ ÐÒÏÂÌÅÍÓ ÃÏÕÌÄ ÂÅ ÄÅÁÌÔ ×ÉÔÈ ÉÎ ÓÅÖÅÒÁÌ ×ÁÙÓȡ 

 The event described in the word problem must have taken place or must have a fair chance of 

taking place. 

 The question in the word problem must be one that actually might be posed in the real life 

event described. 

 Give students a clear overall picture of the situation - the 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 difficulties67. 

 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 that Palm was unable to test which, if any single, of these principles above were contributing 

most to the success of his authentic word problems. Nevertheless, many of these findings could be 

proven valuable to keep in mind when creating math video games. Elements of these finding will be 

revisited later for that exact purpose. 

As described earlier, RME is also addressing word problems and how they should be handled68: 

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 problem and solution 

                                                             
67 Palm 2007, p. 41 & 44 

68 Gravemeijer 1994 p. 88 
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seems to revolve around math education as a socio-cultural activity ɀ the social context of a school 

situation69Ȣ /ÎÅ ÇÉÒÌȭÓ ÁÎÓ×ÅÒ ÔÏ ÔÈÅ ÑÕÅÓÔÉÏÎ ÏÆ ×ÈÙ ÓÈÅ ÄÉÄ not include realistic considerations when 

solving math word problems was illustrative for this conclusion: Ȱ) ËÎÏ× ÁÌÌ ÔÈÅÓÅ ÔÈÉÎÇÓȟ ÂÕÔ ) ×ÏÕÌÄ 

ÎÅÖÅÒ ÔÈÉÎË ÔÏ ÉÎÃÌÕÄÅ ÔÈÅÍ ÉÎ Á ÍÁÔÈÓ ÐÒÏÂÌÅÍȢ -ÁÔÈÓ ÉÓÎȭÔ ÁÂÏÕÔ ÔÈÉÎÇÓ ÌÉËÅ ÔÈÁÔȢ )ÔȭÓ ÁÂÏÕÔ ÇÅÔÔÉÎÇ ÓÕÍÓ 

ÒÉÇÈÔ ÁÎÄ ÙÏÕ ÄÏÎȭÔ ÎÅÅÄ ÔÏ ËÎÏ× ÏÕÔÓÉÄÅ ÔÈÉÎÇÓ ÔÏ ÇÅÔ ÓÕÍÓ ÒÉÇÈÔȱ70.  The expectation is not that any 

math game would be able to change factors of socio-cultural problem outlined above. This would 

possibly require some major restructuring of classroom practice along with curricular refocus. Further 

analysis of the socio-cultural problems can be engaged by others. However, I do expect a math game to 

be able to circumvent some of the limitations enforced upon education by these socio-cultural 

constructions. The social context of school situations could be manipulated by a game and hopefully 

show students like the girl quoted above that there is Á ÃÏÎÎÅÃÔÉÏÎ ÂÅÔ×ÅÅÎ ȬÏÕÔÓÉÄÅ ÔÈÉÎÇÓȭ ÁÎÄ 

ȬÍÁÔÈÓȭ, but the game cannot change how the root of school culture spawns this social context. 

Even if great care is taken in their creation, word problems seem to have innate limitations . However, 

word problems still seem better suited for math problems than bare sum notations problems. This was 

illustrated by the main street math study and is also supported by RME. Gravemeijer found that 

second graders 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 47 ɀ 43, however, less than 40% of the students found the correct 

answer.  

)Ô ÉÓ ÉÎÔÅÒÅÓÔÉÎÇ ÔÏ ÔÈÉÎË ×ÈÙ ÔÈÉÓ ÈÁÐÐÅÎÓȢ 'ÒÁÖÅÍÅÉÊÅÒ ÅØÐÌÁÉÎÓ ÔÈÁÔ ȰIn contrast to bare sums, the 

advantage of this kind of context problems is that the designer is not bound to the notations familiar to 

the students. 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 capabilitiesȱ71. 

Gravemeijer is here extending the explanation behind word problems and context-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.  

Ȱ-ÏÒÅover, 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. Instead, the contexts often offer opportunities for 

informal solution strategiesȢȱ 4ÈÉÓ ÅØÐÌÁÎÁÔÉÏÎ ÍÕÓÔ ÂÅ ÖÉÅ×ÅÄ ÉÎ ÔÈÅ ÌÉÇÈÔ ÏÆ ÏÎÅ ÏÆ ÔÈÅ central points 

ÏÆ 2-%ȟ ×ÈÉÃÈ ÉÓ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÓÔÕÄÅÎÔÓȭ Ï×Î ÓÏÌÕÔÉÏÎ ÓÔÒÁÔÅÇÉÅÓȢ 4ÈÅ ÃÏÎÔÅØÔ ÅØÁÍÐÌÅÓ ×ÉÌÌ ÓÕÐÐÏÒÔ 

these informal strategies that Gravemeijer mentions, but must be gradually replaced by formal 

algorithms.  

In gathering the threads presented so far it is seen that math students gain significant advantages in 

understanding and solving math that is embedded in a realistic, purposeful context. This is grasped in 

the concept of context-relation. 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 Verschaffel et al. 2000, p. 26 

71 Gravemeijer 1994, p. 152 
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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 context that makes sense, while carefully 

considering the exact problem representation. Furthermore, such a context-realistic approach to math 

problems seems suited for not only avoiding problems of other learning artifacts, it seems capable of 

increase learning strength. 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  

One 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 context-realistic math examples into the 

education. Nunes explains how it can be difficult to think of good problems to work from in the 

ÃÌÁÓÓÒÏÏÍȢ !Î ÅØÁÍÐÌÅ ÏÆ ÔÈÉÓ ÉÓ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÐÒÏÂÌÅÍ ÔÈÁÔ ÁÔÔÅÍÐÔÓ ÔÏ ÔÅÓÔ ÃÈÉÌÄÒÅÎȭÓ ËÎÏ×ÌÅÄÇÅ ÏÆ 

the world in solving word problems. The problem:  

Ȱ*ÏÈÎ ÁÔÅ ό "ÉÇ -ÁÃÓȢ )Ô ÔÁËÅÓ *ÏÈÎ υω ÍÉÎÕÔÅÓ ÔÏ ÅÁÔ Á "Ég Mac. How long did it take him to eat them 

ÁÌÌȩȱ72 

Nunes explains that the situation described goes against the idea of what is sensible to do when going 

to a fast-food 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 context-realistic scenario, 

it is not necessarily useful. For example, it is a realistic 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 makes little  sense that someone eats as much as eight burgers.  

The British Mathematician Keith Devlin argues for the same cause: ȰÐÌÅÁÓÅ ÄÏÎ΄Ô ÕÓÅ ÕÎÒÅÁÌÉÓÔÉÃȟ ÆÁËÅ 

scenarios and tell the students they are seeing "How math is really used." Give them realistic examplesȱ73  

He exemplifies this by critiquing what he calls a typical text book example of filling a swimming pool: 

ȰÆÉÎÄÉÎÇ ÏÕÔ ÈÏ× ÌÏÎÇ ÉÔ ÔÁËÅÓ Á Ó×ÉÍÍÉÎÇ ÐÏÏÌ ÔÏ ÆÉÌÌ ÆÒÏÍ Á ÈÏÓÅ ÔÈÁÔ ÄÅÌÉÖÅÒÓ 8 ÇÁÌÌÏÎÓ ÏÆ ×ÁÔÅÒ Á 

ÍÉÎÕÔÅȢ ɉȣɊ ×ÈÁÔ ÙÏÕȟ ÁÎÄ )ȟ ÁÎÄ ÅÖÅÒÙÏÎÅ ÏÎ ÔÈÅ Ðlanet would do, is turn on the water, watch for a 

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 until it's 

ÄÏÎÅȢȱ  

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 common that 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 unrealistic 

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 
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formulations will seem more relevant to the students by presenting it in a plausible fashion74. This 

statement is analogous the findings of some of the word problem researchersȭ. They 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.75 

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. However, the 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 context-realistic scenarios that make sense would be most realistic if the students engaged 

ÔÈÅÍ ÁÓ ÒÅÁÌ ÐÒÏÂÌÅÍÓ ÏÕÔ ÉÎ ÔÈÅ ÒÅÁÌ ×ÏÒÌÄȢ "ÕÔ ÁÓ 'ÒÁÖÅÍÅÉÊÅÒ ÐÕÔÓ ÉÔȟ ȰOne must acknowledge that 

one cannot bring the reality into the classroom. Although students will be able to identify with well 

ÃÈÏÓÅÎ ÃÏÎÔÅØÔÕÁÌ ÐÒÏÂÌÅÍÓȟ ÔÈÅÓÅ ×ÉÌÌ ÎÅÖÅÒ ÂÅÃÏÍÅ ÒÅÁÌ ÌÉÆÅ ÐÒÏÂÌÅÍÓȱ76. This might be obvious but it is 

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 ɀ 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 that some kind of dual reality connection is in play between 

classrooms and reality: 

Classroom -> Reality: Students does not know what the real life purpose of math knowledge is, and 

they are not utilizing their school math outside school. 

Reality -> Classroom: Students ignore constraints of reality in classroom mathematics ɀ they 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 implications this 

can have on the game design and user learning. 

Within video games, realism can be simulated without the boundaries the classroom is facing. The 

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 necessary at 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, or a realistic learning game. 
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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 math problems of the game. Neither 

bare sum notation nor simple word problems seems adequate for translation into video game 

math problems. 

 Contexts: Embed these realistic math problems in a rich context comprised of a story involving 

the actual math problem. This gives context-relation. 

 Plausibility: Ensure the context-realistic 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 points will serve as the basis for the model discussion of the next 

chapter.  
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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. Theories will 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 to enable creation of many different kinds of games for the target group. The target 

group is compulsory school children, since the theories and studies of the theory chapter mostly 

concerns this target groups. Thus the model must end up as a set of design heuristics 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 

endogenous type ÁÎÄ ÔÏ ÄÅÃÉÄÅ ÔÈÁÔ Á ÌÏÏË ÍÕÓÔ ÂÅ ÃÁÓÔ ÏÎ ÓÃÈÏÏÌ ÄÅÍÁÎÄÓȟ 2-% ÁÎÄ ÓÔÒÅÅÔ ÍÁÔÈȭÓ 

ÐÏÓÉÔÉÏÎ ÁÎÄ '", ÒÅÓÅÁÒÃÈÅÒÓȭȭ ÁÄÖÉÃÅÓ.  

The official curriculum guidelines of the Danish school system (Fælles Mål) urges teachers to evaluate 

their teaching tools and ask if these ÁÒÅ ÕÓÅÄ ÅØÃÌÕÓÉÖÅÌÙ ÔÏ ÁÎÓ×ÅÒ ÑÕÅÓÔÉÏÎÓ ÌÉËÅ ȰÈÏ× ÍÁÎÙȱȟ ȰÈÏ× 

ÍÕÃÈȱ ÏÒ ȰÈÏ× ÂÉÇȱ ÏÒ ÉÆ ÔÈÅÙ ÁÌÓÏ ÁÄÄÒÅÓÓ ÑÕÅÓÔÉÏÎÓ ÌÉËÅ Ȱ×ÈÙȱ ÏÒ ȰÈÏ×ȱȢ77 It would be difficult to 

engage why and how questions within exogenous games. Nevertheless, the situations in the schools 

might force the hand in some situations. A FutureLab researcher said in an interview explaining 

ÆÉÎÄÉÎÇÓ ÏÆ Á ÈÕÇÅ ÓÕÒÖÅÙ ÉÎ 'ÒÅÁÔ "ÒÉÔÁÉÎ ÔÈÁÔ ȰYou either have to got short, simple games that get over 

one point, that you can pick up and learn almost like a casual game. And then use it very quickly in the 

classroom. That I 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 the teaÃÈÅÒÓ ÆÅÅÄÂÁÃË ÂÅÃÁÕÓÅ ÔÈÁÔȭÓ ÐÁÒÔ ÏÆ ÔÈÅÉÒ 

ÐÒÏÂÌÅÍȢȱ78 

This statement indicates that the demands of the schools forces a bipolar situation - either make a 

ÓÉÍÐÌÅȟ ÅØÏÇÅÎÏÕÓ ÇÁÍÅȟ ÏÒ ÍÁËÅ Á ÌÏÎÇÅÒȟ ÅÎÄÏÇÅÎÏÕÓ ÇÁÍÅ ÔÈÁÔ ÔÉÅ ÉÎ ×ÉÔÈ ÔÅÁÃÈÅÒÓȭ ÇÏÁÌÓȢ (Ï×ÅÖÅÒȟ 

as explained in the theory chapter, the understanding of exogenous and endogenous games is not 

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 between endogenous and exogenous qualities, then 

it is gone now, according to FutureLÁÂȭÓ ÓÕÒÖÅÙ ÏÆ ÓÃÈÏÏÌ ÄÅÍÁÎÄÓȢ 

As SÑÕÉÒÅȭÓ table of exo- and endogenous games argues, learning in exogenous games is focused on 

memorizing. Endogenous games are focused on doing, experimenting and discovery learning. Malone 

agrees on this ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÉÎÔÒÉÎÓÉÃ ÆÁÎÔÁÓÙ ÇÁÍÅÓȡ ȰOne advantage of intrinsic fantasies is that they 

ÏÆÔÅÎ ÉÎÄÉÃÁÔÅ ÈÏ× ÔÈÅ ÓËÉÌÌ ÃÏÕÌÄ ÂÅ ÕÓÅÄ ÔÏ ÁÃÃÏÍÐÌÉÓÈ ÓÏÍÅ ÒÅÁÌ ×ÏÒÌÄ ÇÏÁÌȢȱ79  Additionally, most 

prominent video game researchers agree80 that if games are to do more than simple drill and practice, 

then they should follow a constructivist learning approach ɀ which is the approach of the endogenous 
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games.  

In the findings regarding RME, word problems and street math, it seems imperative to ignore rote 

learning and focus on the Ȭwhysȭ and the Ȭhowsȭ, and also to increase realistic immersion. Also, if 

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

"ÏÇÏÓÔȭÓ ÃÏÎÓÔÒÕÃÔÉÖÉÓÔ ÁÐÐÒÏÁÃÈ ÏÆ ÐÒÏÃÅÄÕÒÁÌ ÒÈÅÔÏÒÉÃ ÓÕÐÐÏÒÔÓ ÔÈÉÓȡ ȰÐÒÏÃÅÄÕÒÁÌ ÒÈÅÔÏÒÉÃÓ ÁÆÆÏÒÄ Á 

ÎÅ× ÁÎÄ ÐÒÏÍÉÓÉÎÇ ×ÁÙ ÔÏ ÍÁËÅ ÃÌÁÉÍÓ ÁÂÏÕÔ ÈÏ× ÔÈÉÎÇÓ ×ÏÒËȱ81 Consequently it must entail that if a 

math game is to engage 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.  

Thus it must follow that a realistic math game must be based on the endogenous approach. How such 

endogenous aspects should be understood and created will be investigated throughout the rest of this 

report. 

 

DESIGN PRINCIPLE #  1 ENDOGENOUS GAME WITH INTRINSIC FANTASIES 

THE GAME MUST BE DESIGNED AS AN ENDOGENOUS, INTRINSIC FANTASY GAME.  
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Purposeful activities  

The comparison and choice between endogenous and exogenous games is not trivial, however it is also 

not exhaustive in the approach of education. More choices can be made by considering the very 

ÐÕÒÐÏÓÅ ÏÆ ÄÏÉÎÇ ÍÁÔÈȢ 7ÈÁÔ ÉÓ ÌÅÁÒÎÅÄ ÁÎÄ ÈÏ× ÍÕÃÈ ÉÓ ÌÅÁÒÎÅÄ ÁÒÅ ÂÏÔÈ ÉÎÆÌÕÅÎÃÅÄ ÂÙ ÔÈÅ ÌÅÁÒÎÅÒȭÓ 

motivation 82. Through the chapters so far, several reasons or purposes have been identified of 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, I 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 of math 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 their world, 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 

questions arose that would intrigue the curiosity of these early math experts. This curiosity can be 

compared to mastery ɀ that math no longer reflects a need to solve a problem like trade, but that math 

is developed further because mathematicians wishes greater understanding 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 need ɀ to 

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 activity 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 the theory 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 purpose 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, since a focus will be this entry to 

motivation. But that does not necessarily infer that others students would not benefit from such a 

ÇÁÍÅȢ -ÁÔÈÅÍÁÔÉÃÓ ÉÓ ÓÐÅÃÉÁÌ ÉÎ ÔÈÉÓ ÒÅÇÁÒÄȟ ÁÓ ÉÔ ÉÓ Á ÐÏ×ÅÒÆÕÌ ÔÏÏÌ ×ÈÏÓÅ ÍÁÓÔÅÒÙ ÍÕÃÈ ÏÆ ÔÏÄÁÙȭÓ 

society rests upon, while it is pretty invisible in daily life. The case is different in regards 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 possibly 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 street math practitioners 

also have a dedicated purpose to perform their mathematics might be one of possibly several 
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ÅØÐÌÁÎÁÔÉÏÎÓ ÔÏ ÓÔÒÅÅÔ ÍÁÔÈȭÓ ÓÕÃÃÅÓÓȢ ! ÖÅÎÄÏÒ ÉÎ Á ÍÁÒËÅÔÐÌÁÃÅ ÍÉÇÈÔ ÈÁÖÅ ÁÎ ÅØÔÒÉÎÓÉÃ ÆÏÃÕÓ ÏÎ 

earning money or have an intrinsic focus on being able 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 be easily 

ÅÎÓÕÒÅÄ ×ÉÔÈÏÕÔ ÍÁÔÈȟ ÔÈÅÎ ÍÁÔÈ ×ÏÕÌÄ ÎÏÔ ÂÅ Á ÐÁÒÔ ÏÆ ÓÔÒÅÅÔ ÖÅÎÄÏÒÓȭ ÒÅÐÅÒÔÏÉÒÅȢ )Î ÓÈÏÒÔȟ ÂÏÔÈ 

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) as 

well: Ȱȣ ÔÁÓËÓ ÔÈÁÔ ÁÒÅ ÐÅÒÓÏÎÁÌÌÙ ÒÅÌÅÖÁÎÔȟ ÍÅÁÎÉÎÇÆÕÌȟ ÉÎÔÅÒÅÓÔÉÎÇȟ ÁÐÐÒÏÐÒÉÁÔÅ ÉÎ ÃÏÍÐÌÅØÉÔÙ ÁÎÄ 

ÄÉÆÆÉÃÕÌÔÙ ÔÏ ÔÈÅ ÌÅÖÅÌ ÏÆ ÌÅÁÒÎÅÒÓȭ ÁÂÉÌÉÔÉÅÓ ÁÎÄ ÓËÉÌÌÓȟ ÐÒÏÖÉÄÅ ÐÅÒÓÏÎÁÌ ÃÈÏÉÃÅ ÁÎÄ ÃÏÎÔÒÏÌȟ ÁÎÄ ÔÁÓËÓ ÔÈat 

ÌÅÁÒÎÅÒÓ ÂÅÌÉÅÖÅ ÔÈÅÙ ÃÁÎ ÓÕÃÃÅÅÄȟ ÃÁÎ ÓÔÉÍÕÌÁÔÅ ÌÅÁÒÎÅÒȭÓ ÉÎÔÒÉÎÓÉÃ ÍÏÔÉÖÁÔÉÏÎȢȱ83 Nevertheless, I 

postulate that a realistic math game curriculum should have a stronger focus on purpose and being 

meaningful, than on other factors. Consequently this will be 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. 

 

DESIGN PRINCIPLE #  2 PURPOSEFUL ACTIVITY 

THE GAME MUST IN ALL ASPECTS AND ESPECIALLY IN ITS MATH PROBLEMS REFLECT THE 

PURPOSE OF SOLVING THE TASK AND THE PURPOSE OF UTILIZING MATHEMATICS IN WAYS 

THAT ARE IN CONCORDANCE WITH PURPOSE-DIRECTED USE OF MATH IN REAL LIFE  
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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 math could be transferred into the video game 

domain, and how video game realistic math can be transferred back to school as school knowledge. 

One can start by asking if street 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 Principle: Ȱ4ÈÅ ÍÅÁÎÉÎÇÓ ÏÆ ÓÉÇÎÓ ɉ×ÏÒÄÓȟ ÁÃÔÉÏÎÓȟ ÏÂÊÅÃÔÓȟ ÁÒÔÉÆÁÃÔÓȟ ÓÙÍÂÏÌÓȟ ÔÅØÔÓȟ ÅÔÃȢɊ 

are situated in embodied experience. Meanings are not general or decontextualized. Whatever generality 

meanings come to have is discovered bottom up via embodied experienceȰȢ %ÍÂÏÄÉÅÄ ÅØÐÅÒÉÅÎÃÅ ÍÅÁÎÓ 

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 in a street math study designed specifically to deal with 

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

hopelessly intertwined with the situational meaning?84 The study consisted of sub-studies involving 

fishermen with 0 ɀ 8 years of schooling. They were interviewed individually on the beach where they 

worked. The test was 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 values, and questions 

concerning agriculture. One question was phrased: Ȱ4ÈÅÒÅ ÉÓ Á ÔÙÐÅ ÏÆ ÏÙÓÔÅÒ ÉÎ ÔÈÅ ÓÏÕÔÈ ÔÈÁÔ ÙÉÅÌÄÓ χ 

kilos of shelled oyster for every 10 kilos you catch; how many kilos would you have to catch for a customer 

who wants 12 kilos of sÈÅÌÌÅÄ ÏÙÓÔÅÒȩȱ An example of agriculture question was that fishermen were told 

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

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

was quite high, varying between 75% and 91% correct responses in the different groups of problems. 

Nunes concludes that fishermen: Ȱȣ ÄÏ ÎÏÔ ÄÉÓÐÌÁÙ ËÎÏ×ÌÅÄÇÅ ÔÈÁÔ ÉÓ ÓÏ ÃÏÎÔÅÎÔ-bound that no transfer 

ÉÓ ÐÏÓÓÉÂÌÅȱ85. The fishermen showed ability to transfer their model of weight-price relation to other 

variables in the fishing context and to similar variables in the new problem context of agriculture. 

Thus Nunes thinks this brings confirmation to ȰÔÈÅ ÉÄÅÁ ÔÈÁÔ ÆÉÓÈÅÒÍÅÎ ÄÅÖÅÌÏÐ Á ÓÃÈÅÍÁ ÆÏÒ 

ÉÓÏÍÏÒÐÈÉÓÍ ÏÆ ÍÅÁÓÕÒÅÓ ÓÉÔÕÁÔÉÏÎÓ ÔÈÁÔ ÃÁÎ ÂÅ ÕÓÅÄ ÉÎ ÔÈÅ ÓÏÌÕÔÉÏÎ ÏÆ ÎÅ× ÂÕÔ ÓÉÍÉÌÁÒ ÐÒÏÂÌÅÍÓȢȱ 

The question is now what enables the street math performers to transfer their knowledge to new but 

similar problemsȢ 4ÈÉÓ ÌÅÖÅÌ ÏÆ ÏÒ ÁÂÉÌÉÔÙ ÔÏ ÕÔÉÌÉÚÅ ËÎÏ×ÌÅÄÇÅ ÉÎ ÏÔÈÅÒ ÄÏÍÁÉÎÓ ÉÓ ÃÁÌÌÅÄ ȬÔÈÅÏÒÅÔÉÃÁÌ 

ÁÔÔÉÔÕÄÅȭȢ ,ÕÒÉÁ ρωχφ ɉÔÈÒÏÕÇÈ .ÕÎÅÓ et al p. 130) made some experiments to investigate the effects of 

minimal theoretical attitude in unschooled subjects. It showed when it was not possible to transfer 

street math knowledge. Unschooled subjects of the tests refused the premises of math problems 

whenever the data contradicted their experience. This was in one test done by calculating the distance 

between two real towns, A and C given the distance between an intermediary town ɀ that is, given AB 

and BC. However the distances given in the problem were wrong, they placed the towns farther away 

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, especially if 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 ones) prefer 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 to solve the 

problem. One could propose 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 

can become many-ÆÏÌÄ ÓÔÒÏÎÇÅÒȢ )ȭÍ ÎÏÔ ÓÉÍÐÌÙ saying that some class letting students replicate the 

behavior of a street math vendor/customer transaction will be enough to trigger imaginative learning 

boosts. Ȱ"ÕÔ ÔÈÅ ÐÏ×ÅÒ ÏÆ ÆÁÎÔÁÓÙ ÉÎ ÅÎÁÂÌÉÎÇ ÃÈÉÌÄÒÅÎ ÔÏ ÐÒÏÊÅÃÔ ÔÈÅÍÓÅÌÖÅÓ ÉÎÔÏ ÔÈÅ ÒÏÌÅÓ ÏÆ ÁÃÔÏÒÓ in 

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 mathematics, to 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 

experimenÔ ×ÉÔÈ ÆÅÅÌÉÎÇÓ ÏÆ ÍÁÔÈÅÍÁÔÉÃÁÌ ÐÏ×ÅÒ ÁÎÄ ÓÕÃÃÅÓÓȱ86. Schiros argument that the power of 

fantasy is more than just replicating behavior is interesting. Some keywords in the paraphrase are 

projection, role, actor, experience, character, feel success, feel powerful, 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 performerȭs identity. 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 Dias to confront this. Nunes ÅØÐÌÁÉÎÓȡ ȰIn a series of ingenious 

experiments, Dias showed that the theoretical attitude could be produced in an experiment either by 

asking subjects to engage in make-believe play and imagine that the given premises are true on another 

planet or, more generally, by inducing children to create a mental world that they temporarily consider in 

ÔÈÅÉÒ ÒÅÁÓÏÎÉÎÇȢȱ87 

This secondary source reference is short and abstract. However if it is assumed 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 

ÏÙÓÔÅÒ ÅØÉÓÔÅÄ ÉÎ ÔÈÅ ÓÏÕÔÈ ÔÈÁÔ ÙÉÅÌÄÅÄ ÒÁÔÉÏÓ ÄÉÆÆÅÒÅÎÔ ÆÒÏÍ ÔÈÅ ÆÉÓÈÅÒÍÅÎȭÓ ÐÅÒÓÏÎÁÌ ÅØÐÅÒÉÅÎÃÅÓȢ .Ï 

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.  
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So two things have been settled: Street math or highly context realistic math knowledge is transferable 

to other applications if this new application is supported by imagination. It was also learned that this 

imagination support goes the other way; the theoretical attitude of the learner is boosted and the 

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 reality. However I 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 the previously settled design principles, realistic math must 

occur in fantasy scenarios, as long as they are plausible. I will stick with this principle but it forces a 

ÃÁÒÅÆÕÌ ÃÏÎÓÉÄÅÒÁÔÉÏÎ ÏÆ ×ÈÁÔ ÒÅÁÌÉÓÍ ÁÎÄ ÐÌÁÕÓÉÂÉÌÉÔÙ ÉÎ Á ÇÁÍÅ ÉÓ ÁÎÄ ÈÏ× ÉÔ ÉÓ ÄÅÆÉÎÅÄȢ 2-%ȭÓ (ÅÕÖÅÌ-

Panhuizen illuminates this agenda: Ȱ4ÈÅ ÆÁÎÔÁÓÙ ×ÏÒÌÄ ÏÆ ÆÁÉÒÙ ÔÁÌÅÓ ÁÎÄ ÅÖÅÎ ÔÈÅ ÆÏÒÍÁÌ ×ÏÒÌÄ ÏÆ 

ÍÁÔÈÅÍÁÔÉÃÓ ÃÁÎ ÐÒÏÖÉÄÅ ÓÕÉÔÁÂÌÅ ÃÏÎÔÅØÔÓ ÆÏÒ Á ÐÒÏÂÌÅÍȟ ÁÓ ÌÏÎÇ ÁÓ ÔÈÅÙ ÁÒÅ ÒÅÁÌ ÉÎ ÔÈÅ ÓÔÕÄÅÎÔȭÓ ÍÉÎÄȢȱ 

88  

7ÈÁÔ ÉÓ ÍÅÁÎÔ ÂÙ ÂÅÉÎÇ ÒÅÁÌ ÉÎ ÔÈÅ ÓÔÕÄÅÎÔȭÓ ÍÉÎÄȩ ) ×ÉÌÌ ÒÅÆÅÒ Ôo the previously explained idea that 

ÍÁÔÈ ÐÒÏÂÌÅÍÓ ÍÕÓÔ ÂÅ ÐÌÁÕÓÉÂÌÅȟ ÂÅÌÉÅÖÁÂÌÅ ÁÎÄ ÍÁËÅ ÓÅÎÓÅ ÉÎ ÏÒÄÅÒ ÔÏ ÂÅ ÒÅÁÌ ÉÎ Á ÓÔÕÄÅÎÔȭÓ ÍÉÎÄȢ 

This implies a conclusion that it will actually be advantageous to embed math assignments in video 

games in fantasy or science fiction settings. It should be noted that the concept of plausibility can be 

redefined within a game narrative, thanks to this finding. In the example with John eating eight Big 

Macs it will not make sense if he is a human but it will make sense to eat eight burgers if John is a big 

orc in a fantasy role playing game. The fantasy setting lets the learner accept math problems that 

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

DESIGN PRINCIPLE #  3 FANTASY, REALISM AND PLAUSIBILITY 

THE EFFECTIVENESS OF AND THE STUDENTSȭ ACCEPTANCE OF THE CONTEXT-REALISTIC 

MATH EXAMPLES ARE INCREASED IF THEY CAN BE EMBEDDED IN A GAME THAT STRESSES 

IMAGINATION OR FANTASY. IT IS IMPERATIVE THAT THE GAME CONTENTS ARE REALISTIC 

AND PLAUSIBLE WITHIN THIS FANTASY FRAME 
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Identity and character  

The study presented in the previous chapter might not be sufficiently covering in explaining why the 

differences in performance between school math and street math practitioners. RME argues that two 

types of theory could explain these results. One stresses the social-interaction aspects of the situations 

and the other stresses the social-cognitive aspects.89 The second explanation will be dealt with in the 

chapter named Representation.  

The social-interaction 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 dominant explanation, then the good results of street math performers might be 

explained by the social interaction.  

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

transaction between vendor and customer. It may be that the 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 performance 

deÔÅÒÉÏÒÁÔÅ ×ÈÅÎ ÔÈÅÙ ÈÁÖÅ ÔÏ ÁÃÔ ÁÓ ÓÔÕÄÅÎÔÓȢȱ90 

)Æ ÔÈÉÓ ȬÖÅÎÄÏÒ ÃÏÎÆÉÄÅÎÃÅȭ ÃÁÎ ÂÅ ÔÒÁÎÓÆÅÒÒÅÄ ÔÏ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȟ ÔÈÅÎ ×Å ÍÉÇÈÔ ÄÅÁÌ ×ÉÔÈ ÓÔÕÄÅÎÔÓ ÔÈÁÔ 

are more inclined to solve math correctly. Gee is treating this topic in his chapter about learning and 

ÉÄÅÎÔÉÔÙȢ (Å ÕÓÅÓ ÔÈÉÓ ÃÈÁÐÔÅÒ ÔÏ ÁÒÇÕÅ ÔÈÁÔ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÈÏ× ÐÌÁÙÅÒÓȭ ÉÄÅÎÔÉÔÉÅÓ ×ÏÒË ÉÎ ÖÉÄÅÏ ÇÁÍÅÓ 

will increase the understanding and use of how identities function in other knowledge domains. Gees 

argument can be reversed to show how real world identities can teach how video game identities can 

be understood.  

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

commitment of time, effort and active engagement91Ȣ ȰSuch a commitment requires that they are willing 

to see themselves in terms of a new identity, that is, to see themselves as the kind of person who can learn, 

ÕÓÅȟ ÁÎÄ ÖÁÌÕÅ ÔÈÅ ÎÅ× ÓÅÍÉÏÔÉÃ ÄÏÍÁÉÎȢȱ92 The presence of this commitment could explain why street 

math practitioners outperform themselves in school settings. Understanding how this commitment 

and confidence can be put into education might be crucial for effective realistic math. Gee define 

virtual identity  ÁÓ ÏÎÅȭÓ ÉÄÅÎÔÉÔÙ ÁÓ Á ÖÉÒÔÕÁÌ ÃÈÁÒÁÃÔÅÒ ÉÎ ÔÈÅ ÖÉÒÔÕÁÌ ×ÏÒÌÄȢ (Ï×ÅÖÅÒȟ ÔÈÅ ÒÅÁÌ ×ÏÒÌÄ 

person that is playing the game can have several real world identities  and the interactions between 

the real world person (and his identities) and the virtual identity is called a projective identities .93 

The key to the success in street math and RME is the interplay between several real world identities, 

ÉȢÅȢ ÔÈÅ ÓÕÃÃÅÓÓ ÏÆ ÔÈÅ ÃÈÉÌÄȭÓ ÖÅÎÄÏÒ ÉÄÅÎÔÉÔÙ ÁÎÄ ÔÈÅ ÆÁÉÌÕÒÅ ÏÆ ÔÈÅ ÓÃÈÏÏÌ ÉÄÅÎÔÉÔÙȢ 'ÅÅ ÍÉÇÈÔ ÓÕÇÇÅÓÔ 

ÔÈÁÔ ÔÈÅ ÖÅÒÙ ÆÁÃÔ ÔÈÁÔ Á ÃÈÉÌÄ ÅÎÔÅÒÓ ÓÃÈÏÏÌ ÍÁËÅÓ ÔÈÅ ÃÈÉÌÄ ÅÎÇÁÇÅ ÉÎ Á ÖÉÒÔÕÁÌ ÉÄÅÎÔÉÔÙ ÁÓ Ȭme in 

sÃÈÏÏÌȭȢ ,ÉËÅ×ÉÓÅ ×ÉÔÈ ÔÈÅ ÓÔÒÅÅÔ ÍÁÒËÅÔ ÓÉÔÕÁÔÉÏÎȟ ÔÈÅ ÃÈÉÌÄ ×ÏÕÌÄ ÅÎÇÁÇÅ ÉÎ Á ÓÏÒÔ ÏÆ ÖÉÒÔÕÁÌ ÉÄÅÎÔÉÔÙ ÁÓ 
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ȬÍÅ ÁÓ Á ÖÅÎÄÏÒȭȢ )Î ÔÈÉÓ ÃÁÓÅȟ ÔÈÅ ÖÅÎÄÏÒ ÉÄÅÎÔÉÔÙȟ ÔÈÅ ÏÎÅ ÒÅÓÔÉÎÇ ÉÎ ÔÈÅ ÓÏÃÉÁÌ ÉÎÔÅÒÁÃÔÉÏÎÓ ÁÎÄ 

limitations of the real world, is acting as a confidence and commitment booster.  

Researchers investigating stories of how math practice works in the home found examples of 

ÍÁÔÈÅÍÁÔÉÃÓ ÂÅÉÎÇ ÕÓÅÄ ÔÏ ÓÕÐÐÏÒÔ ÏÎÅȭÓ ÓÅÎÓÅ ÏÆ ÐÅÒÓÏÎÁÌ ÁÎÄ ÓÏÃÉÁÌ ÒÅÓÐÏÎÓÉÂÉÌÉÔÙȢ &ÁÍÉÌÙ ÍÅÍÂÅÒÓ 

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 values. However, iÎ ÔÈÅ ÓÃÈÏÏÌ ÓÔÏÒÉÅÓȟ ÐÅÏÐÌÅȭÓ 

ÉÄÅÎÔÉÔÉÅÓ ×ÅÒÅ ÇÅÎÅÒÁÌÌÙ ÓÕÍÍÅÄ ÕÐ ÁÓ ÅÉÔÈÅÒ ȬÇÏÏÄȭ ÁÎÄ ȬÆÁÓÔȭ ÁÔ ÍÁÔÈȟ ÏÒ ȬÂÁÄȢȭ94 

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 player confidence can be boosted in a 

ÇÁÍÅȟ ÁÎÄ ÈÏ× ÔÈÅ ÐÒÏÊÅÃÔÉÖÅ ÉÄÅÎÔÉÔÙ ÏÆ Á ÐÌÁÙÅÒȾÃÈÁÒÁÃÔÅÒ ÃÁÎ ÂÅ ÌÉÎËÅÄ ÔÏ Ȭ) ÃÁÎȭ ÒÅÁÌ ×ÏÒÌÄ 

ÉÄÅÎÔÉÔÉÅÓ ×ÈÉÌÅ ÌÏÓÉÎÇ ÔÈÅ Ȭ)ȭÍ ÎÏÔ Á ÍÁÔÈ ÔÙÐÅ ÏÆ ÃÈÉÌÄȭ ÉÄÅÎÔÉÔÉÅÓȟ ÏÒ ×ÈÁÔÅÖÅÒ ÏÔÈÅÒ ÎÅÇÁÔÉÖÅ 

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 the game 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 degree 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 math and the 

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 social-interaction taking place in the game, this interaction and role play 

might be sufficiently covered through interaction with  in-game environments and non-player 

characters (NPCs). Heavier emphasis on the social-interaction significance would require the game to 

allow several 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 example, one 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 characterȭs interaction with these could be designed along certain 

guidelines for girls; Ȱ/ÆÆÅÒÉÎÇ ÐÌÁÙÅÒÓ ÔÏ ÃÈÏÏÓÅ ÔÈÅÉÒ ÇÅÎÄÅÒ ÁÎÄ ÔÏ ÃÏÎÔÒÏÌ ÓÏÍÅ ÐÈÙÓÉÃÁÌ ÁÓÐÅÃÔÓ ÏÆ ÔÈÅ 

player-character can help to address desires to create a feminine or masculine fantasy persona in a 

ÇÁÍÅȢȱ95 The term fantasy persona in a game is similar to Geeȭs definition of a virtual identity. And as 

Gee establishes, harnessing this would be detrimental in immersing the player even deeper. Geeȭs 

Committed Learning Principles says that Ȱ,Åarners participate in an extended engagement (lots of effort 

                                                             
94 Esmonde et al, p. 18 

95 Isbister 2006, p. 117 
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and practice) as an extension of their real-world identities in relation to a virtual identity to which they 

ÆÅÅÌ ÓÏÍÅ ÃÏÍÍÉÔÍÅÎÔ ÁÎÄ Á ÖÉÒÔÕÁÌ ×ÏÒÌÄ ÔÈÁÔ ÔÈÅÙ ÆÉÎÄ ÃÏÍÐÅÌÌÉÎÇȱ96. 

Consequently, when engaging identity 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 only character design is 

important. In continuing the example of gender differences, immersiveness can also be improved by 

designing content for specific target groups. For example, Isbister says that Ȱ'ÉÒÌÓ ×ÏÕÌÄ ÒÁÔÈÅÒ ÓÐÅÎÄ 

their time creating things instead ÏÆ ÄÅÓÔÒÏÙÉÎÇ ÔÈÉÎÇÓȢȱ97 However, investigating how to design games 

for specific target groups, e.g. mid-school 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 project. An example of 

the complexity of gender care is that meta-research shows that some researchers have found gender 

differences regarding game-based learning performance and game design preference, while other 

researchers have not.98 Nevertheless, if designers wish to address their game at a certain delimited 

target group then this step should not be omitted. Characters in video games, if designed properly, will 

mediate the connection of the real world identity and the projective identity. In other words, since it 

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

then it  can be concluded that a math video game must employ some kind of character focus. The 

question of how strong a character focus is necessary is unknown 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 Isbister calls a Puppet99, which is a 

character design with less focus on fantasy and social qualities, and more 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 unique character 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 designer wishes to employ, but the game 

cannot be characterless, like e.g. some simulation games are. 

DESIGN PRINCIPLE #  4 IDENTITY AND CHARACTER 

ANALYSIS OF THE GAMEȭS TARGET GROUP MUST BE THOROUGH ENOUGH TO ENABLE 

CATERING FOR THE PARTS OF THE TARGET GROUPȭS IDENTITY THAT CAN INCREASE 

MOTIVATION AND IMMERSION. SUCH CONSIDERATIONS MUST BE INCLUDED IN EARLY GAME 

DESIGN, ESPECIALLY IN THE DESIGN OF PLAYER CHARACTER BACKGROUND AND ABILITIES. 
FAILURE TO ADDRESS THIS SATISFYINGLY WILL IMPERIL LEARNING OUTCOME QUALITY. 

 

                                                             
96 Gee 2003  

97 Isbister 2006, p. 114 

98 Ke 2009, p. 21 

99 Isbister 2006, p. 214 
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Multiplayer  

Early serious game researcher Abt100 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 social-interaction taking place. In the previous chapter it was investigated how this is 

connected to identity. Here it 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 a customer at a marketplace are co-constructing 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 trouble finding 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 test complexity 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 co-constructed, 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 other. 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. negotiating prices, delivery and payment methods and avoiding trickery or fraud. 

What this does not 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 be dealt 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 were present in the same room, in the home of one of the 

players: 

Ȱρȡ Small-group game-play interactions are a dynamic blend of different stages, ranging from teaching 

ɉÉÎ ×ÈÉÃÈ ÔÈÅ ÃÈÉÌÄÒÅÎȭÓ ÍÁÉÎ ÁÉÍ ÉÓ ÔÏ ÃÏÌÌÁÂÏÒÁÔÉÖÅ ÉÎ ÏÒÄÅÒ ÔÏ ÍÉÎÉÍÉÚÅ ÔÈÅ ËÎÏ×ÌÅÄÇÅ ÇÁÐ between 

them) to cheating ɉÉÎ ×ÈÉÃÈ ÔÈÅ ÃÈÉÌÄÒÅÎȭÓ ÍÁÉÎ ÁÉÍ ÉÓ ÔÏ ×ÉÎ ÂÙ ÍÁØÉÍÉÚÉÎÇ ÔÈÅ ËÎÏ×ÌÅÄÇÅ ÇÁÐ 

between them,). 

2: Dynamic states of collaboration, competition, negotiation, and mentoring were detected during game-

play of peers. Several game-plays were accompanied by ad hoc conflicts.  

3: Players spontaneously take different roles as leaders, managers, bankers, engineers, observers, and 

reporters, to name a few.ȱ101 

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

complexities change for better or worse in networked multiplayer games or massively multiplayer 

online games is not clear. A further pursuit of the question in relation to what serves a RME math game 

best will not be made, as even if it  was possible to find substantial positive effects of including 

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

                                                             
100 Abt 1970, p. 8 

101 Gazit 2009 p. 133-136 (Sentences in parentheses are original) 
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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 over-helping each other, and difficulties of assessing the learning outcome and 

performance of individual students (i.e.: Who solved what?) could 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 classic role-playing mechanics102.  

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.103 However, this could possibly be facilitated in after-

game sessions, in the classroom. This would give the benefits of common knowledge creation even if 

the game used is a single player game. However, there is the promising possibility of letting stronger 

students act as in-game 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. Therefore this chapter will be 

ended by stating that it is likely desirable for a realistic math game to include multiplayer, but it opens 

up so many unknowns that either further research could decide if it should be included, or otherwise 

the decision could be entailed by 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, same-room group multiplayer (several students at each computer), 

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

 
DESIGN PRINCIPLE #  5 POSSIBLY MULTIPLAYER 

POSSIBILITY OF MEANINGFUL IN-GAME OR OUT-GAME INTERACTION, COLLABORATION AND 

COMPETITION BETWEEN PLAYERS IS DESIRABLE, BUT NOT DETRIMENTAL. 

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

  

                                                             
102 Fullerton, p. 417 

103 Gravemeijer 1994, p. 88 
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Narrative  

In summary of some of the preceding pages; If street math users are to engage in math examples that 

are exceeding their existing real world knowledge, then the 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 this will just be a series of various unconnected mini-games, e.g. like a 

series of word problems transformed into procedural rhetoric, that might make sense on their own 

premises but loose the strengths of contextuality and story binding them together. A game consisting 

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 employed ɀ stories about people, objects, animals or gods? 

-ÉÃÈÁÅÌ 3ÃÈÉÒÏ ÉÓ ÉÎ ÈÉÓ ÂÏÏË Ȭ/ÒÁÌ 3ÔÏÒÙÔÅÌÌÉÎÇ Ǫ 4ÅÁÃÈÉÎÇ -ÁÔÈÅÍÁÔÉÃÓȭ ÅØÐÌÁÉÎÉÎÇ ÔÈÁÔ Ȱthe type of 

ÓÔÏÒÙ ÕÓÅÄ ÔÏ ÃÁÒÒÙ Á ÍÁÔÈÅÍÁÔÉÃÁÌ ÍÅÓÓÁÇÅ ÉÓ ÎÏÔ ÁÓ ÉÍÐÏÒÔÁÎÔ ÁÓ ÔÈÅ ÓÔÏÒÙȭÓ ÁÂÉÌÉÔÙ ÔÏ ÃÁÐÔÕÒÅ ÃÈÉÌÄÒÅÎȭÓ 

inteÒÅÓÔȟ ÉÔÓ ÁÂÉÌÉÔÙ ÔÏ ÃÏÎÔÅØÔÕÁÌÌÙ ÌÏÃÁÔÅ ÍÁÔÈÅÍÁÔÉÃÓ ÉÎ ÃÈÉÌÄÒÅÎȭÓ ÌÉÖÅÓ ÉÎ ×ÁÙÓ ÔÈÁÔ ÁÒÅ ÒÅÌÅÖÁÎÔ ÔÏ 

ÔÈÅÍȟ ÁÎÄ ÉÔÓ ÁÂÉÌÉÔÙ ÔÏ ÅÎÃÏÕÒÁÇÅ ÃÈÉÌÄÒÅÎ ÔÏ ÐÒÏÊÅÃÔ ÔÈÅÍÓÅÌÖÅÓ ÉÎÔÏ ÉÔÓ ÃÈÁÒÁÃÔÅÒÓȭ ÒÏÌÅÓ ÓÏ ÔÈÁÔ ÔÈÅÙ ÃÁÎ 

engage in the mathematical endeavors of thosÅ ÃÈÁÒÁÃÔÅÒÓȢȱ104  

This is comparable to the discussion of the preceding pages of using the story and character-play to 

make math real in the studentȭs mind. What Schiro does not answer is the degree of how a story 

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

ÇÁÍÅɊȢ 4ÒÁÃÙ &ÕÌÌÅÒÔÏÎȭÓ Ȭ'ÁÍÅ $ÅÓÉÇÎ 7ÏÒËÓÈÏÐȭ ÉÓ ÔÒÅÁÔÉÎÇ ÓÔÏÒÙ ÁÎÄ ÐÒÅÍÉÓÅ ÉÎ ÒÅÌÁÔÉÏÎ ÔÏ ÇÁÍÅ 

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 base-level effect of the premise is to make it 

easier for players to contextualize their choices, bÕÔ ÉÔȭÓ ÁÌÓÏ Á ÐÏ×ÅÒÆÕÌ ÔÏÏÌ ÆÏÒ ÉÎÖÏÌÖÉÎÇ ÐÌÁÙÅÒÓ 

emotionally in the interaction of formal elements105.  

A story differs from premise in its narrative qualities. A premise does not have to go anywhere from 

where it begins, while stories unfold with the game.  

Since all that was established in the previous investigation was 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 based. Furthermore, 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 gameplay106Ȣ &ÕÌÌÅÒÔÏÎȭÓ ÁÐÐÒÏÁÃÈ ÓÅÅÍÓ ÓÅÎÓÉÂÌÅ ÉÎ ÔÈÉÓ ÃÁÓÅȡ Ȱ4ÈÅÒÅ ÉÓ ÎÏ ÏÎÅ ÁÎÓ×ÅÒ ÔÏ ÔÈÅÓÅ 

ÑÕÅÓÔÉÏÎÓȟ ÂÕÔ ÉÔȭÓ ÃÌÅÁÒ ÆÒÏÍ ÔÈÅ ÉÎÔÅÒÅÓÔ ÏÆ ÂÏÔÈ ÐÌÁÙÅÒÓ ÁÎÄ ÄÅÓÉÇÎÅÒÓ ÔÈÁÔ ÓÔÏÒÙ ÉÎÔÅÇÒÁÔÅÄ ×ÉÔÈ ÐÌÁÙ ÃÁÎ 

ÃÒÅÁÔÅ ÐÏ×ÅÒÆÕÌ ÅÍÏÔÉÏÎÁÌ ÒÅÓÕÌÔÓȱ107. Consequently it must be up to the individual 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 
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can act as 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 his curiosity 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 

mathematics mastery. 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 completeness to your knowledge structure by 

finding out who the murderer was108. 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 could also 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 can be triggered by audio and visual effects. Ȱ7ÈÅÎ 

sound or graphics displays are used to reward good performance, they can increase the salience of the 

ÇÏÁÌ ÁÎÄ ÔÈÕÓ ÁÄÄ ÔÏ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÏÆ ÔÈÅ ÇÁÍÅȱ 109. However, treating an unfolding video game story as 

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 layer of a game. In relation to the story or 

narration layer, this makes us question how procedural or interactive a story should be.  

The question whether a linear or non-linear narrative is stronger for this purpose is unknown. The 

Danish math game Math in Moontown110 ɉÏÒÉÇÉÎÁÌ ÔÉÔÌÅ ÉÓ Ȭ-ÁÔÅÍÁÔÉË É -âÎÅÂÙȭɊ ÉÓ ÕÓÉÎÇ Á ÎÏÎ-linear 

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 constructed, effectively 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 sub-system of the game they want to play, 

e.g. if they know that one part of the 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 story before 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 adding to 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 

ÌÅÁÒÎÉÎÇ ÇÁÍÅÓȟ ) ÒÅÆÅÒ ÔÏ ÔÈÅ ÁÒÔÉÃÌÅ Ȭ.ÁÒÒÁÔÉÖÅ $ÅÖÅÌÏÐÍÅÎÔ ÁÎÄ )ÎÓÔÒÕÃÔÉÏÎÁÌ $ÅÓÉÇÎȭ111. Particularly 

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 Måneby 

111 Williams, Ma, Richard and Prejean 2009 
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This is also important 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 someone, 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 occur ɀ 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 undesirable. Not only would it 

ÅÍÐÈÁÓÉÚÅ ÔÈÅ ÐÌÁÙÅÒÓȭ ÒÅÁÌ ×ÏÒÌÄ ÓÃÈÏÏÌ ÉÄÅÎÔÉÔÙȟ ×ÈÉÃÈ ÉÓ ÕÎÄÅÓÉÒÁÂÌÅ ÁÃÃÏÒÄÉÎÇ ÔÏ ÐÒÅÖÉÏÕÓ ÃÈÁÐÔÅÒȢ 

It would also limit the story to take place in a simulation of the real world whose convincing portrayal 

would force depiction of realistic 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 

ÐÌÁÙÅÒȭÓ Ï×Î ÓÃÈÏÏÌ ÏÒ ÉÎ ÔÈÅ ÐÌÁÙÅÒÓȭ Ï×Î ÔÏ×Î ×ÏÕÌÄ ÈÁÖÅ ÔÏ ÂÅ ÐÒÅÔÔÙ ÃÒÅÁÔÉÖÅ to realistically 

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 chapter can be used to redefine design principle number 3 into a more clear 

formulation:  

DESIGN PRINCIPLE #  3 FANTASY STORY THAT DEFINES REALISM AND PLAUSIBILITY 

THE EFFECTIVENESS OF AND THE STUDENTSȭ ACCEPTANCE OF THE CONTEXT-REALISTIC 

MATH EXAMPLES ARE INCREASED IF THEY CAN BE EMBEDDED IN A GAME WITH A STRONG 

STORY FOCUS THAT STRESSES IMAGINATION OR FANTASY. IT IS IMPERATIVE THAT THE GAME 

CONTENT IS REALISTIC AND PLAUSIBLE WITHIN THE FANTASY FRAME THAT THE STORY 

DEPICTS. THE STORY IS USED TO CONVINCINGLY CONNECT THE VARIOUS MATH PROBLEMS. 
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Example: MathRider  
I will now briefly present and analyze a game to contextualize the findings of the previous pages. 

MathRider112 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. 

 
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 

ÄÉÓÐÌÁÙÅÄ ÂÅÌÏ× ÔÈÅ ÏÂÓÔÁÃÌÅÓȟ ÆÏÌÌÏ×ÅÄ ÂÙ Ȭ%ÎÔÅÒȭ ËÅÙ Ôo confirm. The horse then jumps over the 

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 the rare flower 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:  

                                                             
112 Acquired via http://mathrider.com 

 

http://mathrider.com/
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The filled part of the road increases after each successful quest. When the playeÒ ÃÌÉÃËÓ Ȭ#ÏÎÔÉÎÕÅ 

1ÕÅÓÔȭȟ ÔÈÅ ÇÁÍÅ ÃÏÎÔÉÎÕÅÓ ÔÏ ÔÈÅ ÎÅØÔ ÑÕÅÓÔ ×ÈÉÃÈ ÉÓ ÓÉÍÉÌÁÒ ÔÏ ÔÈÅ ÐÒÅÖÉÏÕÓ ÉÍÁÇÅȢ  

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 narrative appear problematic upon further analysis i.e. 

in regards to design 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 does not 

explain why there even are obstacles with numbers and signs below them. Such an explanation could 

be possible to include even in an exogenous game like this. This not only makes the game setting 

implausible, it makes it unbelievable and the assertion is that this 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 realism boundaries 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 itself does not abide the rules of realism of neither the game nor real life, thus 

ÃÏÎÆÌÉÃÔÉÎÇ ×ÉÔÈ ÔÈÅ ÐÌÁÙÅÒÓȭ ÅØÐÅÒÉÅÎÃÅ ÏÆ ×ÈÁÔ ÉÓ ÒÉÇÈÔȢ  

In summary; a math game must have some kind of story/premise and let the player engage via an 

identifiable character in activities that are purposeful, meaningful, and context-realistic within the 

game world set by the premise or story.  
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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 overlap in their coverage.  

There are various game genres that are useful for math games and have been used so far. Though I 

have not encountered any math games within the strategy genre, nearly all other genres contain math 

games. A qualitative study of 40 adults which investigated a variety of game genres for educational 

purposes found that all kinds of game genres had potential for educational use113. However, in a RME 

math game not all genres would be useful. Actually, only two genres stand out as being able to 

embrace keywords of the two themes above. If a heavy emphasis is put on story and character, then 

role playing games (RPGs) stand out.  

Fullerton describes that role playing games ȰÒÅÖÏÌÖÅ ÁÒÏÕÎÄ ÃÒÅÁÔÉÎÇ ÁÎÄ ÇÒÏ×ÉÎÇ ÃÈÁÒÁÃÔÅÒÓȢ 4ÈÅÙ ÔÅÎÄ 

to include rÉÃÈ ÓÔÏÒÙ ÌÉÎÅÓ ÔÈÁÔ ÁÒÅ ÔÉÅÄ ÉÎÔÏ ÑÕÅÓÔÓȢȱ114 This definition embraces strong identity play in 

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 line 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 adventure games seem to fit better. Fullerton 

describes adventure games as emphasizing exploration, collection, and puzzle solving.115 Although 

characters are central in adventure games, unlike role-playing games, they are not a customizable 

element and do not usually grow in terms of wealth, status, and experience.116 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 

cÌÁÓÓÉÆÉÅÄ ÁÓ ÁÎ ÁÃÔÉÏÎ ÇÁÍÅȟ ÂÕÔ ÃÏÎÔÁÉÎÓ ÆÁÒ ÌÅÓÓ ȬÓÈÏÏÔ ÆÉÒÓÔȟ ÁÓË ÑÕÅÓÔÉÏÎÓ ÌÁÔÅÒȭ ÔÈÁÎ ÉȢÅȢ 1ÕÁËÅ ÏÒ 

Half-life and more role playing and story- and character development. Let the conclusion to this then 

be that a good math video game needs some RPG or adventure 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 paragraph with the word MMORPG. However, in keeping things realistic it might not 

be an option for all game developers to create context-realistic math MMORPGS with plausible quests 

and a rich story/character element. Consequently the least important design principles must be 

ignored, and one of these might be the multiplayer aspect.  
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115 Fullerton, p. 417 
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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 and solution range. This ensures that the 

student does not lose focus on practicing or learning the mathematical operations that the problem 

designer intended for that problem. By organizing the context-realistic math examples as quests, it will 

be easier for game designers and teachers to identify the didactical goal of each quest and the story 

connecting them. This proposal will align with the previous talk about genre, since core gameplay in 

adventure games and RPGs usually consists of puzzles or quests. Susana Tosca defines a quest as 

follows117: 

&ÒÏÍ ÔÈÅ ÄÅÓÉÇÎÅÒȭÓ ÐÏÉÎÔ ÏÆ ÖÉÅ×ȟ Á ÑÕÅÓÔ ÉÓ Á ÓÅÔ ÏÆ ÐÁÒÁÍÅÔÅÒÓ ÉÎ ÔÈÅ ÇÁÍÅ ×ÏÒÌÄ ɉÍÁËÉÎÇ ÕÓÅ ÏÆ ÔÈÅ 

ÇÁÍÅȭÓ ÒÕÌÅÓ ÁÎÄ ÇÁÍÅÐÌÁÙɊ ÔÈÁÔ ÓÐÅÃÉÆÉÅÓ ÔÈÅ ÎÁÔÕÒÅ ÁÎÄ ÏÒÄÅÒ ÏÆ ÅÖÅÎÔÓ ÔÈÁÔ ÍÁËÅ ÕÐ Á ÃÈÁÌÌÅÎÇÅ ÆÏÒ ÔÈÅ 

player, ÉÎÃÌÕÄÉÎÇ ÉÔÓ ÒÅÓÏÌÕÔÉÏÎȢ &ÒÏÍ ÔÈÅ ÐÌÁÙÅÒȭÓ ÐÏÉÎÔ ÏÆ ÖÉÅ×ȟ Á ÑÕÅÓÔ ÉÓ Á ÓÅÔ ÏÆ ÓÐÅÃÉÆÉÃ ÉÎÓÔÒÕÃÔÉÏÎÓ ÆÏÒ 

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 back 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, 

ÔÈÁÔ ÔÈÅ ÑÕÅÓÔ ÍÕÓÔ ÍÁËÅ ÕÓÅ ÏÆ ÔÈÅ ÇÁÍÅȭÓ ÒÕÌÅÓ ÁÎÄ ÇÁÍÅÐÌÁÙȟ ÉÓ ÅÑÕÉÖalent to the previously 

identified requirement that the math problems must abide by the limits of realism that the gameȭs 

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

Palmȭs word problem research, woÒÄ ÐÒÏÂÌÅÍÓȭ ÉÎÓÔÒÕÃÔÉÏÎÓ ÍÕÓÔ ÂÅ ÅØÈÁÕÓÔÉÖÅ ÁÎÄ ÎÏÔ ÖÁÇÕÅȢ 

!ÓÓÕÍÉÎÇ ÔÈÉÓ ÉÓ ÔÒÁÎÓÆÅÒÁÂÌÅ ÔÏ ÇÁÍÅ ÍÁÔÈ ÐÒÏÂÌÅÍÓȟ ÔÈÉÓ ×ÉÌÌ ÃÏÎÆÌÉÃÔ ×ÉÔÈ 4ÏÓÃÁȭÓ ÄÅÆÉÎÉÔÉÏÎ ÓÉÎÃÅ 

ÆÒÏÍ ÔÈÅ ÐÌÁÙÅÒȭÓ ÐÏÉÎÔ ÏÆ ÖÉÅ×ȟ ÔÈÅ ÑÕÅÓÔ ÃÁÎ ÈÁÖÅ ÖÁÇÕÅ ÉÎÓÔÒÕÃÔÉÏÎÓȢ )Æ ÔÈÅ ÇÁÍÅ ÃÏÎÓÉÓÔÓ Ïf both 

quests with learning in mind and also quests solely for entertainment or story purposes, then the 

ÌÅÁÒÎÉÎÇ ÑÕÅÓÔÓ ÍÕÓÔ ÁÂÉÄÅ ÔÏ ÔÈÅ ÓÅÃÏÎÄ ÐÁÒÔ ÏÆ 4ÏÓÃÁȭÓ ÄÅÆÉÎÉÔÉÏÎȟ ÔÈÁÔ ÉÓ ÔÏ ÂÅ ÅØÔÒÅÍÅÌÙ ÐÒÅÃÉÓÅȟ ÉÎ 

order to satisfy e.g. Palmȭs findings. However, entertainment quests can be either vague or specific. 

The exact balance between pure entertainment quests and learning quests will be discussed later. 

&ÕÒÔÈÅÒÍÏÒÅ ÉÔ ÓÈÏÕÌÄ ÂÅ ÎÏÔÅÄ ÔÈÁÔ ÁÃÃÏÒÄÉÎÇ ÔÏ 4ÏÓÃÁȭÓ ÄÅÆÉÎÉÔÉÏÎȟ ÔÈÅ ÑÕÅÓÔ ÃÁÎ ÂÅ ÎÁÒÒÁÔÅÄ ÁÓ Á 

story upon completion. If one 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 in her 

penetration of the story, making the story act as not only a connector, but also as a gate-keeper 

between quests. This 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. 

DESIGN PRINCIPLE #  3 FANTASY STORY THAT DEFINES REALISM AND PLAUSIBILITY 

THE GAME MUST BE A ROLE PLAYING GAME OR ADVENTURE GAME. A FANTASY STORY 

DEFINES WHAT IS REALISTIC AND PLAUSIBLE AND CONNECTS A SERIES OF MATH QUESTS 

THAT ABIDE TO THIS DEFINITION. QUESTS INSTRUCTIONS HAVE SPECIFIC AND PRECISE 

INSTRUCTIONS FOR ACTION. 

 

                                                             
117 Tosca 2003 
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Quest design details  

The question 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 to 

exactly design the context realistic quests is to look at one of the other major principles of RME, the 

reinvention principle.  

Ȱ!ÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÒÅÉÎÖÅÎÔÉÏÎ ÐÒÉÎÃÉÐÌÅȟ Á ÌÅÁÒÎÉÎÇ ÒÏÕÔÅ ÈÁÓ ÔÏ ÂÅ ÍÁÐÐÅÄ ÏÕÔ ÔÈÁÔ ÁÌÌÏ×Ó ÔÈÅ ÓÔÕÄÅÎÔÓ ÔÏ 

find the results by 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 him- or herself. Knowledge of the 

history of mathematics may be used as a heuristic device in this procÅÓÓȱ 118. This looks relevant in 

relation to the previously discussed topic regarding purpose ɀ 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 fantasy, ÓÉÎÃÅ ȰÔhe emphasis 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 responsible.ȱ119 

The history of mathematics is not to be taken literally; The suggestion is not (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 solutions can very well act as inspiration to create 

math problems in games that are realistic enough and make sense. This will help well-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 

ÅÌÓÅȟ ÔÈÁÔ ÉÓ ÔÈÅ ÌÉÍÉÔÁÔÉÏÎ ÏÆ ÅÁÃÈ ÍÁÔÈ ÅØÁÍÐÌÅȢ %ȢÇȢ 4ÈÁÌÅÓ ÏÆ -ÉÌÅÔÕÓȭ ÕÓÁÇÅ ÏÆ ÇÅÏÍÅÔÒÙ ÔÏ ÃÁÌÃÕÌÁÔÅ 

the height of pyramids and the distance of ships from the shore are 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 studentÓȭ ÐÅÒÆÏÒÍÁÎÃÅ 

and inclusion of real world knowledge is to include more information into the word problems that is 

strictly necessary for solving the problem. This could 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 

experiencÅÓȟ ÕÓÉÎÇ 'ÅÅȭÓ ÔÅÒÍȢ !Ó ÓÅÅÎ ÓÏ ÆÁÒȟ ÃÒÁÆÔÉÎÇȟ ÔÒÁÄÅ ÁÎÄ ÏÔÈÅÒ ÍÁÎÕÁÌ professions seem like 

excellent examples of meaningful, real life math performance. Consequently, simulating such 

professions and their math related activities seems viable and sensible within a realistic math game. 

Such a focus on simulating professions and labor while including an abundance of superfluous 

ËÎÏ×ÌÅÄÇÅ ×ÉÌÌ ÁÌÓÏ ÉÍÐÒÏÖÅ ÓÔÕÄÅÎÔÓȭ ËÎÏ×ÌÅÄÇÅ ÏÆ ÔÈÅ ÐÒÏÆÅÓÓÉÏÎ ÉÎ ÇÅÎÅÒÁÌ ÆÏÒ ÉÎÔÅÒÄÉÓÃÉÐÌÉÎÁÒÙ 

purposes of e.g. improving a studÅÎÔȭÓ ÇÅÎÅÒÁÌ ËÎÏ×ÌÅÄÇÅ ÁÂÏÕÔ ÆÁÒÍÉÎÇ ×ÈÉÌÅ ÅÎÇÁÇÉÎÇ ÉÎ ÍÁÔÈ ÔÈÁÔ Á 

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 material 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 fictional game worlds and thereby teach real world knowledge. 
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This will also train the students in another problem solving aspect which is looking for relevant data 

within the problem ɀ learning what to ignore and what to focus on. This will increase realism, as real 

world math problems e.g. multiplying a recipe, contains lots of superfluous information. This is also 

supportive for developing and maintaining a story ɀ the superfluous elements could be artifacts of the 

narration, or of the non-learning 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 practice. As stated in the beginning, focus will not be on the subject of how the students 

solve the math problems in a math game. For instance, it  will not be considered if the teacher bans 

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

above paragraph, RME describes how the learning process is important. I 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 with another of RMEs goals which are that children should 

be able to make sense of numbers and numerical operations on their own: Ȱȣ ÃÈÉÌÄÒÅÎ ÓÈÏÕÌÄ ÂÅ ÁÂÌÅ ÔÏ 

decide for themselves what calculation procedure is appropriate for solving a particular arithmetic 

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 calculatorȢȱ120 The street math studies are 

proponents of the same view. No one is forcing a street market 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 quoted earlierȟ ÉÎÃÒÅÁÓÅ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÃÏÎÆÉÄÅÎÃÅ ÁÎÄ ÁÌÌÏ×s learners to come to 

regard the knowledge they acquire as their own private knowledge for which they themselves are 

ÒÅÓÐÏÎÓÉÂÌÅȢ 4ÈÉÓ ÃÏÕÌÄ ÁÌÓÏ ÁÆÆÅÃÔ ÍÏÔÉÖÁÔÉÏÎ ÁÎÄ ÔÈÅ ×ÁÙ ÓÔÕÄÅÎÔÓȭ ÖÁÒÉÏÕÓ ÉÄÅÎÔÉÔÉÅÓ ÉÎÔÅÒÐÌÁÙȟ ÆÏÒ 

example in encouraging them not to be afraid to experiment, i.e.: Ȭ) ÆÏÕÎÄ ÏÕÔ ÈÏ× ÔÏ ÓÏÌÖÅ ÉÔȭ ÖÓȢ Ȭ4ÈÅ 

ÔÅÁÃÈÅÒȾÇÁÍÅ ÓÈÏ×ÅÄ ÍÅ ÈÏ× ÔÏ ÓÏÌÖÅ ÉÔȭȢ &ÕÒÔÈÅÒÍÏÒÅȟ ÔÅÁÃÈÅÒÓ ×ÈÏ ×ÉÓÈ ÔÏ ÆÏÃÕÓ ÔÒÁÉÎ ÈÅÒ ÓÔÕÄÅÎÔÓ 

into better mental calculation will be free to do this within such a game design. Consequently, no in-

game calculator 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 increase fidelity and authenticity, but the instructions are not to be 

so 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 removing 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 out121 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 personal informal 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 
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of 3rd 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 desired above others, it may be suggested by a 

problem like this: A net keeps three balls. How many such nets will be needed for 36 balls? What to 

take from this description is if certain solution procedures are desired by the teacher/curriculum, then 

these should be 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 omitted in 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. 

DESIGN PRINCIPLE #  3 FANTASY STORY THAT DEFINES REALISM AND PLAUSIBILITY 

THE GAME MUST BE A ROLE PLAYING GAME OR ADVENTURE GAME. A STRONG FANTASY 

STORY STRESSING IMAGINATION DEFINES WHAT IS REALISTIC AND PLAUSIBLE AND 

CONNECTS A SERIES OF MATH QUESTS THAT ABIDE TO THIS DEFINITION. 

 

DESIGN PRINCIPLE #  6 REALISTICALLY GROUNDED QUEST-BASED MATH PROBLEMS 

DESIRED MATH PROBLEMS/ ACTIVITIES ARE DESIGNED AS QUESTS. QUEST INSTRUCTIONS 

ARE SPECIFIC AND PRECISE IN DESCRIBING THE MATH PROBLEM BUT THE QUEST MUST BE 

SUFFICIENTLY OPEN TO LET THE STUDENT FIGURE OUT HOW TO SOLVE IT. QUESTS MUST BE 

INSPIRED BY THE MATH USAGE OF REAL LIFE MATH PERFORMERS. THE QUEST 

ENVIRONMENT AND MATH PROBLEM MUST BE SIMULATED RICHLY AND MUST BE 

PURPOSEFUL, PLAUSIBLE AND IMPORTANT IN RELATION TO THE GAMEȭS FANTASY 

 

Note how the discussion shifts between emphasis on fantasy and realism. To clarify, the quests are the 

realistic part of the game and their dynamics must be realistic. The story/premise narrative is and 

must be the fantastic or super-ÒÅÁÌÉÓÔÉÃ ÐÁÒÔ ÏÆ ÔÈÅ ÇÁÍÅȢ 2ÅÁÌ ÌÉÆÅȭÓ ÄÅÆÉÎÉÔÉÏÎ ÏÆ ×ÈÁÔ ÉÓ ÒÅÁÌÉÓÔÉÃ ÁÎÄ 

what is implausible is altered by the narrative. Next, an example will be presented to illustrate 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 building 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 relentlessly ahead and the player must make the car jump 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.  
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4ÈÅ ÔÅØÔ ÒÅÁÄÓȡ Ȱ9ÏÕ ÍÕÓÔ ÃÏÌÌÅÃÔ σ rocks that fulfill the following condition: - Stones with at least 2 

ÂÌÕÅ ÃÒÙÓÔÁÌÓȢȱ )Î ÕÓÉÎÇ ÔÈÅ ÄÅÓÉÇÎ ÐÒÉÎÃÉÐÌÅÓ ÉÔ ÃÁÎ ÂÅ ÁÒÇÕÅÄ ÔÈÁÔ ×ÉÔÈÉÎ -ÁÔÈ ÉÎ -ÏÏÎÔÏ×ÎȭÓ 

narrative, it is realistic that there is low gravity that can make the moon car jump. It is also plausible 

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 character presentation or development in the game, it violates Design 

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 defining the 

boundaries of what is realistic and purposeful to do in this fantasy world so it is doubtful if it violates 

design principle #3. 

 

 

  




























































































