
The copyright © of this thesis belongs to its rightful author and/or other copyright 

owner.  Copies can be accessed and downloaded for non-commercial or learning 

purposes without any charge and permission.  The thesis cannot be reproduced or 

quoted as a whole without the permission from its rightful owner.  No alteration or 

changes in format is allowed without permission from its rightful owner. 

 



 
 

NUMBER SENSE EDUCATIONAL GAME DESIGN FOR DYSCALCULIA 

AND LOW NUMERACY CHILDREN 

 

 

 

 

 

 

 

 

Hazim Majeed Jasim  

 

 

 

 

 

MASTER OF SCIENCE (INFORMATIONTECHNOLOGY) 

SCHOOL OF COMPUTING 

UUM COLLEGE OF ARTS AND SCIENCES 

UNIVERSITI UTARA MALAYSIA 

 

 

 

 

NUMBER SENSE EDUCATIONAL GAME DESIGN FOR DYSCALCULIA 

AND LOW NUMERACY CHILDREN 

 

 

 

 

 

 

 

Thesis submitted to Dean of Awang Had Salleh Graduate School in 

 

Partial Fulfillment of the requirement for the degree 



 
 

 

Master of Science in Information Technology 

 

University Utara Malaysia 

 

 

 

 

 

 

Hazim Majeed Jasim 



 
 
i 

 

Permission to Use 

 

In presenting this thesis in fulfilment of the requirements for a postgraduate degree 

from University Utara Malaysia, I agree that the University Library may make it freely 

available for inspection. I further agree that permission for the copying of this thesis 

in any manner, in whole or in part, for scholarly purpose may be granted by my 

supervisor(s) or, in their absence, by the Dean of Awang Had Salleh Graduate School 

of Arts and Sciences. It is understood that any copying or publication or use of this 

thesis or parts thereof for financial gain shall not be allowed without my written 

permission. It is also understood that due recognition shall be given to me and to 

University Utara Malaysia for any scholarly use which may be made of any material 

from my thesis.  

Requests for permission to copy or to make other use of materials in this thesis, in 

whole or in part, should be addressed to:  

 

 

 

 

Dean of Awang Had Salleh Graduate School  

College of Arts and Sciences  

University Utara Malaysia  

06010 UUM Sintok 

 Kedah Darul Aman 

 Malaysia 

 

 

 

 

 

 

 



 
 

ii 
 

 

Abstract 

 

Dyscalculia is a specific educational difficulty which affects an individual’s 

acquisition of basic concepts of numbers and prevents them to understand and apply 

number facts. Dyscalculia can effect on different aspects of learning and performance 

mathematical skills, but number sense is the most affected issue by Dyscalculia. 

Studies indicate that approximately 5–8% of school-aged children experience 

difficulties to understand number sense. Mobile devices with installed educational 

games help these individuals feel more comfortable and relaxed doing and 

understanding mathematical skills. The main objective of this study to propose an 

effective educational game design guideline for learning number sense for Dyscalculia 

and low numeracy children. The methodology of this study has five stages which are: 

awareness of problem, suggestion, development, evaluation and conclusion. Every 

stage involves activities and output. This study also describes the design, 

implementation, and evaluation of the 123GO app a mobile educational app that is 

designed and developed based on the guideline.  The principle design of 123GO app 

based on used the interaction design (IxD) that allowed to identify and apply for an 

educational game app that can be used by children that have difficulties with low 

numeracy and thus number sense problem. The evaluation of the app suggests that it 

is useful and easy-to-use. In conclusion, based on the evaluation results, it is found that 

the 123GO app is effective in helping Dyscalculia children with number sense 

difficulties. 
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Abstrak 

 

Diskalkulia merupakan masalah spesifik pembelajaran yang melibatkan perolehan 

konsep asas nombor dan mengekang mereka daripada memahami dan 

mengaplikasikan fakta berkenaan nombor. Diskalkulia boleh memberi kesan ke atas 

pelbagai aspek pembelajaran dan prestasi matematik, namun deriaan nombor (number 

sense) adalah yang paling terkesan oleh Diskalkulia. Beberapa kajian menunjukkan 

bahawa lebih kurang 5-8% kanak-kanak sekolah mengalami kesukaran untuk 

memahami deriaan nombor. Peralatan mudah alih yang dimuatkan dengan permainan 

pembelajaran boleh membantu individu ini merasa lebih selesa dan senang melakukan 

dan memahami kemahiran matematik. Objektif utama kajian ini ialah untuk 

mengetengahkan panduan reka bentuk permainan pembelajaran yang efektif bagi 

mempelajari deriaan nombor kepada kanak-kanak Diskalkulia dan mereka yang 

mempunyai keupayaan numerasi yang rendah. Metodologi kajian melibatkan lima 

peringkat iaitu: kesedaran permasalahan, cadangan, pembangunan, penilaian dan 

kesimpulan. Setiap peringkat melibatkan aktiviti dan output. Kajian ini turut 

menerangkan tentang reka bentuk, implementasi, dan penilaian terhadap aplikasi 

123GO yang direka dan dibangunkan berdasarkan panduan tersebut. Prinsip reka 

bentuk aplikasi 123GO ialah berasaskan reka bentuk interaksi (IxD) yang boleh 

diaplikasikan kepada aplikasi permainan pembelajaran yang boleh digunakan oleh 

kanak-kanak dengan masalah keupayaan numerasi yang rendah dan juga masalah 

deriaan nombor. Penilaian aplikasi tersebut mencadangkan yang aplikasi ini berguna 

dan mudah untuk digunakan. Kesimpulannya, berdasarkan keputusan penilaian, 

aplikasi 123GO ini adalah efektif dalam membantu kanak-kanak dengan kesukaran 

deriaan nombor. 

 

 

 

 

 



 
 

iv 
 

Acknowledgment 

 

 بسم الله الرحمن الرحيم
 

 

First and foremost, all praise to Allah for providing me with the strength, perseverance, 

and wisdom to have this work done on time. 

 

I would like express my deepest gratitude to my supervisor, Dr. Husniza binti Husni 

for his intellectual guidance and kind support given to me during the period of this 

study, as well as giving necessary advices and guidance and arranged all facilities to 

make my study (master information and technology) easier. 

 

I dedicate this thesis to my wife Huda Zaki Naji and my daughters (Sarah and Farah) 

who unremittingly supported me during my years of study. They made this work 

possible. 

I want to express my gratitude and dedicate this thesis to my father and my mother. 

they are continuously praying and encourage me and expresses confidence in my 

abilities to complete my study. 

I am deeply grateful to my family (Ahlam, Mohammed, Ali, Hanaddi, Hiam, Fatima) 

for their love and support during my Master studies. I truly could not have achieved 

this milestone without their support. 

I am also grateful to my brother (Al-Sheikh Jasim Al-kradi) for his help and inspiration 

and his praying throughout my study. 

 

I say thank you to the staffs of Information and Communication Technology, College 

of Arts and Science, University Utara Malaysia and those that contributed indirectly 

towards the success of my studies. 

 

Thank You All. 



 
 

v 
 

Table to Contents 

Permission to Use ................................................................................................................ i 

Abstract ............................................................................................................................. ii 

Abstrak ............................................................................................................................. iii 

Acknowledgment .............................................................................................................. iv 

List of Figures ................................................................................................................ viii 

CHAPTER ONE INTRODUCTION ................................................................................. 1 

1.1 Research Background................................................................................................... 1 

1.2 Problem statement ........................................................................................................ 7 

1.3 Research Question ...................................................................................................... 10 

1.4 Research Objectives ................................................................................................... 11 

1.5 Research Contribution ................................................................................................ 11 

1.6 Research Scope .......................................................................................................... 12 

1.7 Organization of The Dissertation ............................................................................... 13 

CHAPTER TWO LITERATURE REVIEW ................................................................... 15 

2.1 Introduction ................................................................................................................ 15 

2.2 Dyscalculia Disorders ................................................................................................ 15 

2.3 Prevalence of Dyscalculia .......................................................................................... 18 

2.4 Number sense and Dyscalculia .................................................................................. 22 

2.5 What is Number Sense? ............................................................................................. 23 

2.5.1 Conceptions of Number Sense .............................................................................. 25 

2.5.2 Why Is Number Sense Important? ......................................................................... 26 

2.6 Promoting Dyscalculia with Mobile Education Games ............................................. 27 

2.7 Interaction Design ...................................................................................................... 28 

2.7.1 A Background On the Interaction Design ............................................................... 30 

2.7.2 An Effective Interaction Design.............................................................................. 31 

2.7.3 Interaction Design for Children with number sense problem ................................. 32 

2.8 Uses of Mobile Apps to Learn Mathematics for Children Dyscalculia and Number 

Sense ................................................................................................................................ 33 

2.8.1. Mighty Math ......................................................................................................... 36 



 
 

vi 
 

2.8.2 Babakus ................................................................................................................. 36 

2.8.3 Talking calculators ................................................................................................ 37 

2.8.4 Number Pieces Basic ............................................................................................. 38 

2.8.5 Native Numbers ..................................................................................................... 38 

2.8.6 Splash Math ........................................................................................................... 39 

2.8.7 Little Monkey Apps Friends of Ten ...................................................................... 39 

2.8.8 Hungry Fish ........................................................................................................... 40 

2.8.9 Toot-Toot ABC ..................................................................................................... 40 

2.8.10 Numbler ............................................................................................................... 40 

2.8.11 Pop math .............................................................................................................. 41 

2.9 Summary .................................................................................................................... 48 

CHAPTER THREE RESEARCH METHODOLOGY ................................................... 49 

3.1 Introduction ................................................................................................................ 49 

3.2 Research Procedure .................................................................................................... 50 

3.2.1 Awareness of Problem ........................................................................................... 52 

3.2.2 Suggestions ............................................................................................................ 54 

3.2.3 Development ......................................................................................................... 54 

Prototype Development Environment .............................................................................. 56 

3.2.4 The Evaluation Method ......................................................................................... 56 

3.3 The Procedure ............................................................................................................ 59 

3.4 Sampling .................................................................................................................... 63 

3.5 Data Collection and Analysis ..................................................................................... 63 

3.6 Analysis Techniques .................................................................................................. 64 

3.7 Summary .................................................................................................................... 65 

CHAPTER FOUR PROTOTYPE DEVELOPMENT ..................................................... 66 

4.1 Introduction ................................................................................................................ 66 

4.2 The Guidelines of App Educational Game for Dyscalculia and Low Numeracy 

Children ............................................................................................................................ 66 

4.3The Language Page of 123GO mobile application: .................................................... 67 

4.3.1 Home Page ............................................................................................................ 69 



 
 

vii 
 

4.3.1.1 Beginner Function .............................................................................................. 70 

4.3.1.2 Intermediate Functions ....................................................................................... 73 

4.3.1.3 Advance Functions ............................................................................................. 77 

4.4 Summary .................................................................................................................... 80 

CHAPTER FIVE EVALUATION .................................................................................. 81 

5.1 Introduction ................................................................................................................ 81 

5.2 Evaluation Procedure ................................................................................................. 81 

5.2.1 Functionality Test .................................................................................................. 82 

5.2.2 Usability Test ........................................................................................................ 82 

5.3 The Results ................................................................................................................. 83 

5.3.1 Results of Usability Test ....................................................................................... 83 

5.4 Summary .................................................................................................................... 96 

CHAPTER SIX CONCLUSION ..................................................................................... 97 

6.1 Introduction ................................................................................................................ 97 

6.2 The Achieved Objectives ........................................................................................... 97 

6.3 Limitations and Recommendations for Future Studies .............................................. 99 

6.4 Contribution of Research ......................................................................................... 101 

6.5 Summary .................................................................................................................. 102 

REFERENCE ................................................................................................................. 103 

 



 
 

vii 
 

List of table 

 

 

Table 2.1 Illustrate the list of Apps use to help children with Dyscalculia and nuber sens

 .......................................................................................................................................... 47 

Table 3.1. Prototype Development Environment 1 .......................................................... 56 

 

Table 4.1 The IxD guidelines with respect to three IxD dimension and their elemnts.  1

 .......................................................................................................................................... 67 

 

Table 5.1:  List of Tasks for The Effectiveness Evaluation 1 .......................................... 87 

 

Table 5.2: Summary of Effectiveness Analysis Table 1 .................................................. 88 

  

Table 5.3: Analysis of The Efficiency Using Success Rate Evaluation 1 ....................... 90 

 

Table 5.4: Summary of Efficiency Analysis Table 1 ....................................................... 91 

Table 5.5: Likert Scale Points Table Use in Questionnaire 1 .......................................... 92 

 

Table 5.6: Likert Scale Points Table Used in Questionnaire with children 1 .................. 93 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455159733
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455159733
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455159988
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160143
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160264
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160402
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160402
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160522
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160522
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160636
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160636


 
 

viii 
 

List of Figures 

 

 Figure 2.1. Depicts the prevalence of developmental dyscalculia among some countries  

 1 ....................................................................................................................................... 22 

 

Figure 2.2. IxD Dimensions with Form, Content and Behaviors 1 ................................. 29 

 

Figure 3.1. The research procedure  1 .............................................................................. 51 

 

Figure 3.2. Teachers interview for data collection  1 ....................................................... 53 

 

Figure 3.3. The sample of observation item 1 .................................................................. 59 

  

Figure 3.5. The teacher being given instructing on how to use the new App 1 ............... 62 

 

Figure 3.6. One of the participants interacting with 123GO App 1 ................................. 62 

 

Figure 4.1. the interface of 123GO App with both of application 1 ................................ 68 

  

Figure 4.2. The home page of (123Go) mobile application 1 .......................................... 69 

 

Figure 4.3. The Listening icon with for buttons  1........................................................... 71 

 

Figure 4.4. Writing icon for the learning video 1 ............................................................ 72 

 

Figure 4.5. Writing icon for the learning video 1 ............................................................ 72 

 

Figure 4.6. The Intermediate Functions level 1 ............................................................... 74 

  

Figure 4.7. The Min or Max icon buttons 1 ..................................................................... 75 

 

Figure 4.8. The Number after or Number before icon buttons 1 ..................................... 76 

 

Figure 4.9. The Advance Functions level 1 ..................................................................... 78 

 

Figure 4.10. The Addition and Minus operation levels 1 ................................................ 78 

  

Figure 4.11. The Multiplication and Division operation levels 1 .................................... 79 

file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160971
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455160971
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455161359
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455161904
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455161796
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455162192
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455162284
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455162493
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455162724
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455162845
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455162920
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455162981
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455163114
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455163169
file:///D:/بعد%20التصحيح/النهائي/Hazim%20Thesis%202.docx%23_Toc455163260


 
 

ix 
 

 

 

 

List of Appendices 

 

Appendix A: Official Letter (Complete the Usability Study at Sekolah Kebangsaan 

Mergong at Alor Setar, Malaysia) ………………………………………………... .116 

Appendix B: Functionality Test ………………………………………………….....117 

 

 

 

 

 

 

 
 

 



 
 

1 
 

 

CHAPTER ONE INTRODUCTION 

CHAPTER ONE 

INTRODUCTION 

 

 

 

1.1 Research Background   

 

Dyscalculia means some specific educational difficulties which affects an 

individual’s acquisition of basic concepts of numbers and prevents them to 

understand and apply the number facts (Mangal, 2007). This difficulty appears in 

the form of inability to deal with numbers and figures ordering it from top to bottom 

or from bottom to top and putting them in larger or smaller quantities and 

understanding them without counting. This leads to problems in learning the facts 

about numbers and steps to solve arithmetic problems, while some believe that 

particular mathematical disorder of logical thinking. The first definition of 

Dyscalculia presented by Kosc (1974) that "the difficulty in the level of mathematic 

abilities caused by deficiencies exist in parts of the brain responsible for calculating 

perception without being accompanied by disorders in the general mental 

functioning 

The most prominent symptoms of this difficulty are (Butterworth, 2010): 

1. Child has difficulty in accurately counting things. 

2. The child finds it difficult to count descending more than finding counting 

upward. 

3. Find it difficult to read successive numbers such as: 376985469396. 
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