
AN INTERACTIVE SERIOUS GAME FOR DEMENTIA PREVENTION  

BY 

YEW WEI HONG 

A REPORT 

SUBMITTED TO 

Universiti Tunku Abdul Rahman 

in partial fulfillment of the requirements 

for the degree of 

BACHELOR OF COMPUTER SCIENCE (HONOURS) 

Faculty of Information and Communication Technology 

(Kampar Campus) 

JAN 2022 



Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR

  ii 

UNIVERSITI TUNKU ABDUL RAHMAN 

REPORT STATUS DECLARATION FORM 

Title: ______An Interactive Serious Game for Dementia Prevention________ 

__________________________________________________________ 

__________________________________________________________ 

Academic Session: ____JAN 2022____ 

I  _________________YEW WEI HONG_________________________ 

(CAPITAL LETTER) 

declare that I allow this Final Year Project Report to be kept in  

Universiti Tunku Abdul Rahman Library subject to the regulations as follows:  

1. The dissertation is a property of the Library.

2. The Library is allowed to make copies of this dissertation for academic purposes.

Verified by, 

_______ ________ _________________________ 

(Author’s signature)  (Supervisor’s signature) 

Address: 

___08-TINGKAT 6, (C),_____ 

___LORONG SRI PINANG 4_ ______Ts. Saw Seow Hui_______ 

___TAMAN SRI PINANG____ Supervisor’s name 

  ___13020, BW, PENANG____ 

Date: _____2/4/2022________________ Date: _____21/4/2022_____ 



 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    iii 
 

  

Universiti Tunku Abdul Rahman 

Form Title :  Sample of Submission Sheet for FYP/Dissertation/Thesis 

Form Number: FM-IAD-004 Rev No.: 0 Effective  Date: 21 JUNE 2011 Page No.: 1 of 1 

 
 

FACULTY OF _INFORMATION AND COMMUNICATION TECHNOLOGY_ 

 

UNIVERSITI TUNKU ABDUL RAHMAN 

 
 

Date: __2/4/2022__ 
 
 

SUBMISSION OF FINAL YEAR PROJECT /DISSERTATION/THESIS 

 

It is hereby certified that ______YEW WEI HONG _____________  (ID No: __18ACB04417     ) 

has completed this final year project entitled “____An Interactive Serious Game for Dementia 

Prevention  _” under the supervision of _Ts. Saw Seow Hui_____ (Supervisor) from the Department 

of ______________________, Faculty of ____Information and Communication Technology___.   

 

I understand that University will upload softcopy of my final year project in pdf format into UTAR 

Institutional Repository, which may be made accessible to UTAR community and public. 

 

Yours truly, 
 
 

 
____________________ 
Yew Wei Hong 

 
 
*Delete whichever not applicable 

 



 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    iv 
 

 

DECLARATION OF ORIGINALITY 

 

I declare that this report entitled “AN INTERACTIVE SERIOUS GAME FOR 

DEMENTIA PREVENTION” is my own work except as cited in the references. The report 

has not been accepted for any degree and is not being submitted concurrently in candidature 

for any degree or other award. 

 

 

 

Signature  : __________   

 

Name   : ___Yew Wei Hong_________ 

 

Date   : ______2/4/2022___________ 

 

 

 

 

 

 

 

 

 



 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    v 
 

ACKNOWLEDGEMENTS 

 

 

I would like to express my gratitude and appreciation to my supervisors, Ts. Saw Seow Hui 

who provides her invaluable suggestions, guidance and comments throughout the final year 

project. The ideas given by her every supervisee meeting session had led me to towards the 

successful completion of this project. Ms. Saw is very dedicated in helping me as her supervisee 

in the project. She would correct me when I was wrong, guide me when I was lost and motivate 

me to work harder.  

 

Also, I wish to thank my parents and my family for their continuous love, both moral and 

emotional support and continuous encouragement throughout the completion of the entire 

project. 

 

 

 

 

 

 

 



 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    vi 
 

ABSTRACT 

 

In the recent years, the situation of rapidly aging population growth in most parts of the world 

creates a worrying situation. There is also a rise in age-related diseases associated with 

cognitive deficits, such as dementia. Normal cognitive status plays an essential role in 

controlling individuals' thinking and action to carry out normal daily activities. A healthy 

cognitive status could lower the risk of an individuals in getting cognitive impairments. A 

serious game related with game development. The serious game is a game with other purposes 

besides entertainment such as education, healthcare, and training. The main motivation of the 

project is to develop a serious game that could assess and train the potential risk factors that 

lead to cognitive impairments such as dementia. The serious game for dementia prevention can 

prevent or slow down the cognitive decline in an individual. The project aims to develop a 

serious game application for dementia prevention, create awareness among the public about 

dementia, and provide a cost-free serious game that could be played by elderly to prevent 

dementia. The contribution of this project will be creating a Malaysia-themed serious game for 

dementia prevention which is cost-free and available for anyone who is interested. The serious 

game will train and assess the cognitive functionalities related to dementia using test based on 

Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA). The 

project is expected to help in lowering the growth of dementia and increase the awareness 

among the public about dementia using a cost-free serious game for dementia prevention.  
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Chapter 1 

Introduction 

1.1  Problem Statement and Motivation 

Ageing is an integral process that will continue throughout our life. When people aged, the 

cognitive function might deteriorate leading to several cognitive impairments. The problem 

with cognitive impairment diseases is that most type of dementia is not curable. Fortunately, 

dementia can be prevented to a certain extend. According to the Alzheimer society [1], brain 

exercise such as puzzles and board games that can keep an individual’s mind active could 

reduce the risk of getting dementia.  Next, doctors and researchers are still researching on how 

the dementia condition develops, so it would be hard to find a clinically proven effective 

solution in assessing dementia. Another problem is that most serious games for dementia 

prevention that are available in the market runs only on mobile platform and requires users to 

pay an expensive amount of monthly subscription. These serious games have a complex UI 

that may not be suitable and comfortable for elderly. Lastly, the problem is that most Malaysian 

perceive Alzheimer disease or dementia as a norm of ageing. With this being said, Malaysian 

are keen to not do diagnosis test or seek for medical advice from health professionals. 

 

The motivation of the project is to develop first few Malaysia-themed serious game for 

dementia prevention. The serious game will be simple and easy to understand. The serious 

game for dementia will be totally free of charge for everyone to lower the user’s burden. The 

project also aims to propose an efficient assessment test to assess dementia of an individual 

based on clinical proven cognitive assessment. The serious games that are available in the 

project will mainly assess the cognitive abilities of the player. These serious games are 

separated into 4 categories namely problem solving, speed, attention and memory aiming to 

help the player to prevent and assess dementia. Lastly, the Malaysia-themed serious games 

could help Malaysian to be more exposed to dementia, educating and increase their awareness 

towards the severity of the disease. This serious game will assist the elderly to prevent and slow 

down dementia symptoms or recover from mild dementia symptoms. [2] 
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1.2  Objectives 

The system that the project aims to deliver is a serious game for dementia prevention. The 

system will contain different groups of serious games according to their respective 

characteristic. The project objectives are as follow: 

I. To develop a Malaysia themed serious game for dementia prevention. 

a. The serious game will be Malaysia themed. 

b. The serious game is able to train the cognitive abilities. 

II. To develop a cognitive scoring matrix for each game to assess dementia. 

III. To provide a cost-free serious game for the elderly to prevent dementia. 

IV. To develop a simple serious game for dementia prevention that runs on computer. 

V. To develop a cloud-connected serious game. 

 

To develop a Malaysia themed serious game for dementia prevention 

This project aims to develop a serious game for dementia prevention with a Malaysia theme. 

The purpose of develop the serious game based on Malaysia because there is a less serious 

game for dementia prevention in Malaysia. The serious game also can help to increase 

awareness of Malaysians and change their perspective on how dementia can be prevented. 

Next, the serious game intended to prevent dementia that is not curable based on proven 

medical statement. The serious game developed can train player’s cognitive functions and at 

the same time assessing them. The system can train the player’s cognitive function based on 4 

categories – speed, attention, memory and problem solving. 

 

To develop a cognitive scoring matrix to assess dementia 

This project aims to develop a cognitive scoring matrix to assess dementia based on 2 existing 

assessment test which is Mini-Mental State Examination (MMSE) and the Montreal Cognitive 

Assessment (MoCA). The serious game scoring matrix will be tailored based on the weightage 

presented by the existing assessment tests for each cognitive function categories. A total 

cognitive score will be calculated based on the cognitive function categories. 
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To provide a cost-free serious game for the elderly to prevent dementia 

The system developed in the project is also cost-free. Many existing serious games for dementia 

prevention available in the market require expensive monthly subscription. Our serious game 

provides complete features that could also assess and prevent dementia for free to lower the 

burden of the player. 

 

To develop a simple serious game for dementia prevention that runs on computer 

Most serious game for dementia prevention available only runs as mobile application and have 

complex user interface (UI) which is not friendly to the users. Smart phones are considered 

new technologies for the elderly. The elderly needs to learn how to operate a smart phone 

before they can play the game. The project develops a simple serious game that runs on the 

computer so that elderly would not find any difficulties installing and playing the serious game. 

The simple user interface (UI) of the serious game can also reduce the complexity that could 

make the elderly confuse. 

 

To develop a cloud-connected serious game 

The computer-based characteristic of the serious game makes it difficult for users to access to 

the game as it is not mobile. The issue had been solved by enable the users to store their 

credentials and game-related data into the cloud. Users can access their account using their 

login credentials given that they have a computer that have the game installed. The data being 

stored in the cloud can be accessed by computer with computer access.  
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Objectives Problems to be solved 

Develop a Malaysia themed serious 

game for dementia prevention. 

- Increase awareness and change the 

perspective about dementia among 

Malaysians. 

- Most dementia could not be cured but 

preventable. 
 

Develop a scoring matrix to assess 

dementia. 

- Dementia is hard to assess. 

Cost-free serious game for elderly 

to prevent dementia. 

- Most serious games related to 

dementia available requires expensive 

monthly subscription. 

Develop a simple serious game for 

dementia prevention that runs on 

computer. 

- Complex UI that may be difficult for 

elderly. 

- Most elderly may not familiar with 

smartphone controls. 

Develop cloud connected serious 

game  

- Computers are not mobile enough. 

Table 1.1: Project objectives and problems 
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1.3  Project Scope and Direction  

The deliverable of the project will be a serious game for dementia prevention developed using 

Unity3D. The main functions of the application are to provide games that can train player’s 

cognitive function, login functions, data storage in cloud and leaderboard function.  

 

Figure 1.1: Flowchart for the game flow 

First, the user will be prompted to register an account and that their credentials and related 

information can be stored in the online cloud. Then, the users can login with the email and 

password used for account registration. After login, the user can start to play the game by 

choosing the types of game they wanted to play. The serious games will be separated into 4 

different groups which are speed, memory, attention and problem solving. Upon choosing a 

game to play, the user will be able to enter to the game. After the user complete the serious 

game, their new score will be uploaded and saved in the cloud. If the user played well and score 

high score, their score will be updated into the leaderboard. The leaderboard will be a 
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community leaderboard where it includes score from all players. The user can then choose 

whether to replay the game, choose another game, or exit to main menu. 

 

The cognitive score of the player will be separated into different categories according to the 

type of games they played. The scoring matrix will be based on different criteria such as scores 

obtained, time taken to complete. For example, the game “CatchFallingObject” are grouped in 

category of “speed”, so the user’s performance will be calculated into the “speed” group. An 

overall cognitive score will be calculated based on the cognitive scores in different categories. 

Both Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment 

(MoCA) will be used as reference for the project scoring mechanism. The score for each 

category will be determined by the weightage hold in both the assessment test. Each cognitive 

function categories will be accessed and given a score. An overall cognitive score will be 

calculated based on how well the players perform in different categories. The players can assess 

their cognitive scores and obtain knowledge about how well they performed in the game and 

their degree of cognitive functionalities. 

 

1.4  Contributions 

The contributions of this project are to provide a cost-free serious game for dementia that could 

benefits the elderly in preventing and assessing dementia. The serious game could help those 

who hoped to assess their cognitive scores and at the same does not have the ability to afford 

expensive monthly subscription cost.  

 

Next, the serious game for dementia can also increase the awareness about dementia about the 

public especially Malaysia. The serious game could help Malaysians to put more attention into 

how dementia can be prevented rather than perceiving dementia as a normal process of ageing. 

Moreover, the data and information that is collected through the serious game such as cognitive 

scores could be a valuable source for researchers to gain insights regarding dementia. 
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1.5 Project Background Information 

The project mainly focuses on two fields which is medical field related to dementia and serious 

game development. 

 

Ageing is a process that being with life and will continue as an integral part of our life cycle. 

The rapid ageing in the world population is concerning as it is becoming a common 

phenomenon that already existed in most countries such as Korea and Japan. Due to 

improvements of living standards, health care, and daily nutrition, overall life expectancy has 

increased as fertility rates have decreased, resulting in a substantial increase in the old 

population. [3] The significant increase in the elderly population has raised worries about age-

related disease such as dementia. According to What Is Dementia? Symptoms, Types, and 

Diagnosis published by the U.S. Department of Health & Human Services (2017) [4], dementia 

refers to the reduction of normal cognitive functioning such as reasoning, thinking, 

remembering, and behavioural abilities that might lead to the extent that dementia would affect 

one’s daily activities and daily life. Progressive and irreversible loss of brain and neurone 

functioning have resulted from these neurodegenerative disorders. Most dementia disorders are 

not curable but can be diagnosed and recognised through the pattern of loss of neurone and 

brain function. Fortunately, dementia can be prevented to a certain extend. [3] According to 

National Health Service UK (2021) [5], dementia can be prevented and reduced by being 

physically active, eat healthily, no smoking, cut down alcohol intake, mind exercise, and health 

control. According to a report by Karim [6], a constant increased in the elderly population in 

Malaysia had occurred from 4.6% in 1957 to 5.7% in 1990. Moreover, it is also predicted that 

the percentage of the elderly will be increased from 6.3% in the year 2000 to 12% by the year 

2030. It was reported by the Alzheimer Disease International report that the occurrence of 

dementia in Malaysia was 0.063% in the year of 2005 and it was predicted to increase to 

0.126% in 2020 and 0.454% in 2050. According to The Alzheimer’s Disease Foundation 

Malaysia, about 50,000 Malaysians would be diagnosed with Alzheimer’s disease in 2016. [8] 

Malaysians are preoccupied with the stereotype that dementia illness is a natural part of ageing 

and that it is a sign that they are becoming old, and they do not seek medical guidance from 

health experts. 

 

The dementia disease can be assessed through 2 tests which are Mini-Mental State Examination 

(MMSE) and Montreal Cognitive Assessment. Mini-Mental State Examination (MMSE), also 
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known as the Standardised Mini-Mental State Examination (SMMSE) or Folstein Test, is a 

practical and straightforward test taken to assess the cognitive impairment of a person. The 

Mini-Mental State Examination (MMSE) scoring is based on multiple categories. The five 

categories to be tested in the Mini-Mental State Examination (MMSE) are orientation to time 

and place, attention and ability to solve problems, comprehension and motor skills, short-term 

memory, and language. However, the Mini-Mental State Examination (MMSE) is more often 

used to ruling out dementia than dementia diagnosis. [9] Montreal Cognitive Assessment 

(MoCA) is cognitive assessment similar to the Mini-Mental State Examination (MMSE). The 

Mini-Mental State Examination (MMSE) is used to study dementia, while Montreal Cognitive 

Assessment (MoCA) is better at identifying mild dementia. [10] The Montreal Cognitive 

Assessment (MoCA) evaluates the different cognitive abilities: orientation, short-term 

memory, executive function or visuospatial ability, language, animal naming, abstraction, 

attention, and clock drawing test. The Montreal Cognitive Assessment (MoCA) determines 

whether a person tested shows signs of dementia. It is shown that Montreal Cognitive 

Assessment (MoCA) is a reliable test or indicator for predicting dementia in a person. [11] 

 

Serious game are emerging and has been used in many applications. Based on Kiho, Eun-Jin 

and Young-Suk [12], a serious game’s special purpose and medium for delivering clear themes 

defer serious games with other typical games that have only entertainment elements. One 

article by Grendel games [13] stated that serious game are designed to use the engagement and 

entertainment components provided when playing the game to solve problems in several areas 

and involve challenges and rewards. According to Fedwa L., Mohamad E. and Abdulmotaleb 

E.S. [14] stated that the term "Serious Game" was coined by Clark C. Abt in the 1970s. The 

purpose of serious game technology is to provide an innovative gaming solution to improve 

education for the physical and social sciences, planning and problem solving, occupational 

choice, and training in the industries and government sectors.  

 

The project will be a serious game that its purpose is to help people to prevent dementia. There 

are already some serious games for dementia prevention available in the market such as 

MindMate, CognitFit and Lumosity. These serious games have shown a beneficial effect on 

dementia patients. It has a high level of research activity recently in diagnostic and prevention 

activities. McCallum and Boletsis [15] presented that the use of video games for dementia 

prevention is yet a worthy investigation. The games that McCallum and Boletsis [15] had 
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reviewed include Willfit, MinWii, Brain Academy, WiiSport, and Lumosity. These games are 

mostly designed to slow down and prevent the progression of dementia. In addition, these 

games are said to improve the participant’s dependencies without supervision and able to 

reduce the reduced stress levels by generating a relaxing mental state. Lastly, these games had 

also proven to help participants in their social interaction. 

 

1.6 Report Organization 

 The chapter 1 Introduction will cover the background, problem statement and motivation, 

objectives, project scope and direction, contributions, project background information and 

report organization for the system “An Interactive Serious Game for Dementia Prevention”. 

 

 In chapter 2, literature review from different system, articles, papers and authors are 

conducted. The literature review will provide a better understanding of the modules included 

in the serious game development. Moreover, the review can compare the weaknesses and 

strengths of the system review and provide an insight of the functions to be included into the 

system. 

 

The serious game for dementia prevention system methodology and approach are completed 

in Chapter 3. The methodologies used in the project will be covered in the system design 

specification. The system's general development approach will be used to present an overview 

of how the system is developed. The chapter will include use case diagrams, use case 

descriptions, and activity diagrams. 

 

The design of the system will be covered in Chapter 4. The overall system architecture, 

component diagram, sequence diagram, and user interface diagram will all be included in 

Chapter 4. The system implementation will be covered in Chapter 5. The hardware and 

software used in the project will be covered in this chapter. The chapter will cover the necessary 

setup, system flow, game mechanism, and script codes.  

 

In chapter 6, the system evaluation and discussion will be covered. The chapter will cover 

module testing, challenges, and objective evaluation of the system. Chapter 7 will contain the 

conclusion. 
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CHAPTER 2 

Literature Reviews 

2.1 Literature Review 

2.1.1 Serious Games for Dementia 

The paper titled “Serious Games for Dementia” by Tiffany, Jonathan, and Mark [16] took the 

approach in dementia prevention by creating a serious game targeted at individuals with 

cognitive impairment. The serious game proposed by the authors provides common 

assessments that assess the executive function. The authors claim to have created a "Executive 

Timed Target Game," a variation on the whack-a-mole game, to measure inhibition ability in 

relation to overall functional ability. The paper also mentioned that executive funct ion ability 

would continue to decline as people aged, having a substantial influence on functional abilities 

needed to do everyday tasks. Furthermore, the authors also theorize that the user’s game 

performance correlates with cognitive status and executive functioning measures. Moreover, 

the authors also proposed games such as “concentration,” “sports and news trivia,” “trail-

stepping,” “Executive timed target task,” “Recognizing objects by name and function,” and 

“reminiscence” to assess different cognitive functionalities. 

 

Figure 2.1: Example of Executive timed target task 

Strengths 

First, the strength of the proposed serious game is that the serious game is closely related to the 

Stroop task, which tests the inhibitory executive function. The inhibitory executive is correlated 

with the loss of white matter in the brain and declines as people grow old. Second, the 
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“Executive Timed Target Game” is tested with an older emergency patient sample utilising 

response time (RT) game performance, as well as cognitive assessment measures such as the 

Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA). 

The Mini-Mental State Examination (MMSE) yielded a significant outcome in 13 of 17 

dementia patients. Secondly, the proposed serious game targeted different cognitive abilities 

that may degrade over time and cause dementia, such as short-term memory, long-term 

memory, switching, word/object recognition, and time/place orientation. By targeting these 

cognitive abilities, serious games can help individuals in different cognitive status types in non-

clinical settings such as long-term care. For example, an elderly person who is struggling with 

word/object identification may benefit from serious games that focus on the ability. Finally, 

the authors show and justify different types of games that are associated with different 

cognitive abilities. For example, concentration games such as memory card games will help 

short-term memory, and trivia games such as sports and news trivia to assess a person’s long-

term memory. [16] 

 

Weaknesses/Limitations 

First, this paper's weakness is that it might be tough to create an enjoyable game that assesses 

each cognitive component according to the user's interest. For example, users are interested in 

improving their long-term memory, but it would be boring to play memory card games for a 

long time. It would cause users to lose interest in playing the game and stop playing. Another 

weakness of this paper is that the authors proposed using a game "Trail-Stepping" such as 

Dance, Dance Revolution, a trail-making approach that implements shifting or switching tasks. 

However, the "Trail-stepping" game trains visual attention and set-shifting, which users set on 

the number mat panel in the order of numbers projected on the screen. It would be difficult and 

expensive if everyone needs to buy a mat panel just to play the game. 

 

2.1.2 Proposal of a Serious Game to help prevent Dementia. 

The paper titled “Proposal of a Serious Game to Help Prevent Dementia” by Kiho K., Eun-Jun 

C., and Young-Suk L. [12] took the initiative to create a Serious Game titled “TapBrain,” a 

therapeutic tool for the aging population in Korea. The authors also stated that their purpose is 

to develop a dementia prevention game that is enjoyable for everyone instead of treating 

dementia, requiring professional clinical trials. The proposed serious game “TapBrain” will 

have 17 different mini-games as the game structure. The 17 mini-games are “Finding the same 
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shapes”, “Finding the same patterns”, “Finding instant numbers”, “Finding instant numbers”, 

“Counting the number of people”, “Order memorization”, “Finding words”, “Timing of taps”, 

“Shooting falling squares”, “The main four arithmetical operations”, “Finding the culprit”, 

“Finding sequences of the same cards”, “Finding rabbits”, and “Waking up hens”. Among the 

17 mini-games, 13 mini-games are brain exercise stimulation games, and the other four are 

played to induce physical activity. The 17 different mini-games are divided into six categories: 

brain exercise stimulation and physical activities such as attention, memory, response, decision, 

problem-solving, hand motion, and upper body movement. 

 

Strengths 

First, this paper's strength is that the authors had divided mini-serious games into different 

categories to stimulate a different part of the brain, including some that will induce physical 

activities. These mini-games aim to stimulate different cognitive brain functionalities such as 

memory, attention, problem-solving, response, and decision-making. Physical movements 

such as hand and upper body will be induced by the mini-games too. Secondly, the serious 

game was designed for easy manipulation by elderly users to perform simple and easy motions 

to induce sensory stimulation rather than selective response rate. Thirdly, the serious game was 

designed to use elderly-friendly background music to enhance the elderly's psychological 

familiarity. Next, the game has the flexibility to change the game stages according to the user's 

game level based on time spent playing the game. Finally, "TapBrain" utilized mini-mental 

state examination (MMSE) is used as an assessment model to measure potential dementia. 

Finally, the serious game will cover tutorials for users to know how to play the game. (Kiho K. 

et. al., 2016, p.416) 

 

Weaknesses/Limitations 

First, the proposed serious game for preventing dementia utilized a quick response (QR) code 

or near-field communication (NFC) to identity users. The proposed serious game had limited 

methods for users to login. It would be difficult for users if they are from other countries or lost 

their QR/NFC. Secondly, the users' game data are stored in a separate server and not on the 

user's device. The user will not be able to play the game while they are not connected to the 

internet as there will be no way to retrieve the data from the server. The author should consider 

this problem as the primary audience of this serious game will be the elderly. Many older adults 
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are not familiar with internet technology and would not know how to go online by themselves. 

It would cause them unable to play the serious game. 
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2.2 System Review 

2.2.1 MindMate 

MindMate is a mobile Alzheimer’s serious game application available on Apple IOS and 

Desktop/PC. MindMate is developed by the company MindMate LTD, and MindMate had 

been operating for more than 2 years. The application aims to help users transform and maintain 

wellness and health through everyday workouts and mental exercises which stimulate the mind. 

In MindMate, there are 3 major features such as games, workouts, and recipes. [17] 

 

Figure 2.2: MindMate UI 

 

Strengths 

The first strength of MindMate is that the application collects information from its users such 

as gender, age, current condition, frequency of exercise, diet, and a small memory test before 

registering. With the information acquired, the system includes and customized suitable 

activities and games for the users. The application also records information about the sleep 

quality of the user. This feature shows users an overview of their sleep patterns. The application 

also includes fun and interactive games that stimulate the core cognitive abilities and  enhance 

critical thinking. The games in the application aim to challenge four cognitive areas of the 

brain: problem-solving, speed, attention, and memory. Besides that, the application also 

includes exercise programs to ensure that users can stay physically fit. The applications will 



CHAPTER 2 LITERATURE REVIEWS 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    15 
 

provide users with daily workout routines, nutrition advice, and healthy recipes to stay healthy 

by following the advice. 

 

Weaknesses/Limitations 

The first weakness of MindMate serious game application is that the MindMate interface is not 

elderly-friendly. The buttons and fonts in the application are too small for the elderly. Next, 

there is no tutorial for the serious game that educates the users on playing the games. It would 

cause the users to become confused while playing the game, without knowing how to play and 

complete the game. Lastly, the application does not allow different users to connect online. 

One of the risk factors of dementia is social. If users could connect through the application, it 

would be an enjoyable game for the users and reduce the risk of dementia. For example, users 

would not keep playing the same game by themselves and breaking their record as it would not 

be as challenging, and users will not get motivated to continue playing the game. 
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2.2.2 CogniFit 

CogniFit is a provider of digital brain training games and tests. CogniFit is developed by 

Neuroscience experts and is available on multiple platforms such as windows, android, and 

IOS. CogniFit offers games such as memory games, puzzles, ingenious games, and many others 

that evaluate and train, and stimulate users' cognitive abilities. The games aimed to train the 

essential cognitive abilities such as memory, executive functions and reasoning, attention, 

concentration, coordination, and planning. [18] 

 

Figure 2.3: CogniFit UI 

Strengths 

Firstly, the strength of CogniFit is that different games are designed and grouped as specific 

brain training programs to train an individual's cognitive skills such as concentration, 

coordination, driving, memory, and many more. Secondly, CogniFit provides detailed 

information about which cognitive skills will be tested according to the game chosen. For 

example, the application shows that the game "Word Quest" trained user's naming, visual 

perception, visual scanning, and width of field view cognitive abilities. Next, CogniFit also 

provides users with their cognitive scores after completing an entire training session or 

assessment. The results are provided in the form of a graph for easy interpretation. Users can 
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download their personal data reports such as cognitive scores through the application. 

Furthermore, CogniFit provides personalized cognitive assessment games to the users 

according to their game performances in the application. Moreover, CogniFit games react to 

users' signs of progress by changing the game level, improving and testing users' cognitive 

skills. Finally, an interactive tutorial is provided by CogniFit to the users, and the tutorials are 

easy to understand as they are presented as overlay instructions. 

 

Weaknesses/Limitations 

The weakness of CogniFit is that the app does not provide specific cognitive skills score results 

after the user had completed one of the games. Instead, users need to complete an entire training 

session to get an overview of their cognitive scores, which may take users a long time. Next, 

the games in CogniFit do not have a leaderboard for users to compare performance results. 

Users will eventually get bored of playing the same game repeatedly as there are no challenges 

to keep the user motivated to play the game. The final weakness for CogniFit is that the 

activities that are provided are all focusing on cognitive training and stimulation. CogniFit 

should include some physical stimulation, such as hand and upper body movement, using the 

gyro sensor. Physical stimulation can be an essential attribute in determining cognitive abilities 

as physical movements are related to executive dysfunction, apraxia, and visuospatial and 

perceptual disabilities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 2 LITERATURE REVIEWS 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    18 
 

2.2.3 Lumosity 

Lumosity is a brain training game application that provides games designed to create a fun and 

interactive way to train the user's brain. Lumosity is available for free on IOS and Andriod 

platforms. Lumosity game application offers sets of scientific games designed to improve users' 

working memory and stimulate their brains. The games available in Lumosity aims to provide 

cognitive training that challenges the core cognitive skills. [19] 

 

Figure 2.4: Lumosity UI 

 

Strengths 

Firstly, the strength of Lumosity is that the game application will tailor the user brain training 

programs based on the user cognitive scores after the user had played some baseline cognitive 

training game. The baseline games include "Colour match," "Train of Thought," and Memory 

Matrix. Secondly, each game's step-by-step tutorials are interactive, which will let the user 

more understand what they need to do to complete the game. Next, an overview of the cognitive 

scores is presented in the cognitive Lumosity Performance Index (LPI), a standardized scale 

calculated from the user's game performance. The cognitive abilities taken into account of LPI 

are speed, memory, attention, flexibility, and problem-solving. Moreover, Lumosity also 

categorized games into different sets according to the cognitive abilities trained, such as 

memory, attention, problem-solving, flexibility, speed, language, and math. The categorized 

games will help users choose specific game types to play associated with the cognitive abilities 
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the users are interested in. Furthermore, the user's cognitive score is being compared with other 

users worldwide. It will motivate the users to keep playing the game as users will be challenged 

to get into a higher cognitive percentile. Finally, the game in Lumosity will keep changing the 

game level based on the user's game performance. The game level will decrease when the user 

performs poorly in the current level, or the level will go up when the user is doing well with 

the game. 

 

Weaknesses/Limitations 

The weakness of Lumosity is that Lumosity does not provide detailed information about which 

cognitive abilities will be trained by playing the game. Next, Luminosity’s games Sare all brain 

and cognitive abilities stimulation games, and there are no physical stimulation games. The 

physical movement stimulation games should also be included in Lumosity using gyro sensors 

to assess the cognitive abilities related to the brain and would not get bored quickly. 
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2.3 Proposed Serious Game 

The proposed serious game in this project will cover all the strengths and weaknesses of all the 

systems reviewed. First, there will be a tailored set of games specially for the user according 

to their baseline game’s cognitive scores. The serious games available will be 20tilize20d20d 

into set of games associated with the cognitive abilities trained. In addition, detailed 

information about the cognitive abilities trained by the serious game will be provided to the 

user. Each serious game will provide an interactive overlay tutorial to let the user quickly 

understand how to play the game. The serious games will change the level of difficulty based 

on the user performance. After the user complete the game, an overview of all cognitive scores 

will be displayed to inform the users about their cognitive health. The serious games will have 

a community leaderboard to let the users feel challenged and keep playing the game to achieve 

a higher score. Finally, there will be a cloud analytic to analyse user’s game and cognitive 

performance in the serious game. 

 

MindMate, CogniFit, Lumosity and proposed serious game Comparison 

Feature/Application MindMate CogniFit Lumosity Proposed 

Serious game 

Tailored/Specialized set of games 

   
 

Categorised set of games 

   
 

Detailed cognitive abilities information  

 

 

 

Level changing based on game 

performance 
   

 

Cognitive scores overview 

   
 

Community Leaderboard   

 
 

Interactive tutorials  

  
 

Cloud Analytic    

 

Table 2.1: MindMate, CogniFit, Lumosity and proposed serious game comparison 
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Chapter 3 

System Methodology/Approach 

3.1 Design Specification 

3.1.1 Methodologies and General Work Procedures 

Agile 

The project implemented Agile Methodology which is an incremental and iterative 

development approach. The project involves breaking up the system into several modules and 

phases with Agile approach. The Agile framework being referenced is Extreme programming 

(XP) as the project is a single person work.  

 

The selection of Extreme programming (XP) as the Agile framework is because the project 

timeline is short. The approach can help in saving cost, and time, removing the existence 

unproductive task and increase the focus on coding. The project should be able to anticipate 

regular requirement changes according to the biweekly meeting feedback. The regular testing 

of Extreme programming is also an advantage as different working modules should be able to 

be produced weekly. With this, testing the modules at the end development stage would ensure 

that most of the defects in each outcome modules are found. 

 

The serious game development will be divided into 6 phases: 

1. Initial planning 

2. Design 

3. Develop 

4. Testing 

5. Deploy 

6. Launch of final product 

 

Within these 6 phases, 4 phases which are design, develop, testing, and deploy is being 

implemented incremental and iteratively. Each separated modules will undergo the iterative 

cycle. The expected time period for each cycle would be 1-2 weeks. 
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Figure 3.1: Agile Approach of An Interactive Serious Game for Dementia Prevention 

 

Initial Planning Phase 

First, an initial planning of the entire system is created. During the planning phase, the project’s 

background and the problem at hand are studied. After conducting background study of the 

project, the problem statement is defined, and a review of various articles, academic journals, 

and systems is completed. The objectives, scope, and system functions are being 22tilize22d 

after defining the problems and potential solutions. During the planning phase, the timeline, 

use case diagram, games to include, modules required, and cloud platform are all planned. 

 

Design 

Following the planning phase, the project will transition into an iterative incremental 

development approach. Each iterative cycle represents a different module, such as login or 

games. Each iterative cycle will include phases such as design, development, testing, and 

deployment. An overall system architecture and flowchart are proposed during the design phase 

to provide an overview of how the entire system will look. A simple system architecture, user 

interface diagram, and component diagram are being created for each module. Furthermore, 

the current phase will include the design of game mechanisms such as player controls, score 

controls, and so on. Furthermore, test cases will be designed for each module in accordance 
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with the requirements during this phase. Finally, the data that will be stored in the cloud is 

defined during the design phase. 

 

Develop 

Game characters and game object design are being created during the development phase. 

Unity3D is being used to arrange the game objects, and components that will be attached to the 

game objects. The C# scripts are written to allow the game object to be manipulated further 

during runtime. Following the completion of each module, an integration between Unity3D 

and PlayFab will be completed in order to upload related data to the cloud. 

 

Testing 

The development phase’s deliverables are tested during the testing phase. The testing of 

development phase outcomes after each cycle ensures that early testing is achieved. Early 

module testing can reduce the risk of system failure when integrating all modules together. The 

black box testing will be used in the testing. 

 

Final Product 

Following the completion of the final module cycle, all modules that will be included in the 

system will be integrated to produce the final system. The final system will be tested to ensure 

that all requirements are met. 
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3.1.2 Development Approach 

The serious game and the general user interface used different implementation methodologies. 

A top-down approach is used in developing the serious game and the bottom-up approach is 

used to develop the general user interface. 

 

Serious Game 

 

Figure 3.2: Serious game development methodologies 

 

In developing each of the serious games, a top-down approach is used from developing user 

interface and to different game controls. The approach will be separated into three different 

level where the upper level is done first before the lower level. 

 

In the first level, sprites and other useful user interface objects are being included into the scene. 

The game objects will be arranged based on their respective hierarchy such as the character 

object must be in the front of the scene. After arranging game object’s hierarchy, some simple 

modification can be done to the game objects such as beautify the game. Next, the development 

will be moved to level two to implement character and objects controls. In the level two, the 
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controllable variable such as character movement, object spawning, collisions, and physics are 

implemented using C# scripts. Multiple scripts will be used to change the character and object 

behaviours such as spawn time, or movements. After implementing the controls on the objects, 

a detailed testing is done on the serious game to find potential logic or programming errors 

based on the testing plan. The testing and fixing errors will be done repeatedly until the game 

can run smoothly and validated by all the test cases. A bug free serious game that is playable 

has been developed upon completion of level 2. Finally, some details such as game over, pause, 

scores, and leaderboard controls will be implemented in level 3. These details will provide 

users with a more complete controls over the serious game. The serious game will be included 

into the general flow of the game after completion of level 3.  

 

General User Interface 

 

Figure 3.3: General User-Interface methodologies 

The general user interface development will utilize the bottom-up approach. The general user 

interface includes login, main menu, game selection scenes. The approach will also be 

separated into 3 different stages. The lower level will be completed before continuing the top 

approach.  
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First, since the project data and information will be stored in the cloud, a deep analysis will be 

done on different cloud providers to differentiate them and find the suitable cloud provider. 

This project will use Microsoft Azure PlayFab as the cloud provider. After cloud selection, 

minimal configurations of the cloud settings will be needed according to the documentation. 

After configurations, the serious game project will be integrated with the PlayFab cloud 

through PlayFab API. Next, login, main menu and stage selection scripts will be implemented. 

The login scripts will include functions provided through PlayFab API so that registration and 

authentication can be done. In level 2, the main menu, game selection and login scene will be 

created. The script’s methods that are created in level 3 will be used to associate with the 

buttons in main menu, game selection and login scene. After completing level 2, every scene 

will be linked together to create a general user interface flow in level 1. 

 

3.2 System Design Diagram 

3.2.1 System Flowchart 

 

Figure 3.4: Flowchart for serious game 
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3.2.2 System Architecture Diagram 

 

Figure 3.5: System Architecture Diagram for serious game 

 

3.2.3 Use Case Diagram and Description 

3.2.3.1 Use Case Diagram 

 

Figure 3.6: Use Case Diagram for serious game 
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3.2.3.2 Use Case Description 

Use Case ID UC00 Version 1.0 

Use Case Register Account 

Purpose To allow Player to create new account. 

Actor Player 

Trigger Player clicks on the ‘Register’ button. 

Precondition Player had installed and run the game and does not have an account. 

Scenario Name Step Action 

Main Flow 1 System request for email and password. 

2 Player inputs email as registration credentials. 

3 Player inputs password for authentication purpose. 

4 Player clicks the ‘Register Button’. 

5 System sends the information to the cloud. 

6 Player account registration completed. 

Table 3.1: Use Case Description for register account 
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Use Case ID UC01 Version 1.0 

Use Case Login Account 

Purpose To allow Player to login to their account. 

Actor Player 

Trigger Player clicks on the ‘Login’ button. 

Precondition Player already has an account. 

Scenario Name Step Action 

Main Flow  1 System request for email and password. 

2 Player inputs email as registration credentials. 

3 Player inputs password for authentication 

purpose. 

4 Player clicks the ‘Login’ button. 

5 System sends the information to the cloud. 

6 System validates the player’s credentials. 

7 Player account login successful. 

Alternate Flow – Invalid 

Email and Password  
2.1 Player inputs invalid email and password. 

2.2 System sends information to the cloud. 

2.3 System validates the player’s credentials. 

2.4 System prompts the error message “Invalid 
Email or Password. Please try again”. 

2.5 Back to Main Flow step 1. 

Table 3.2: Use Case Description for login account 
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Use Case ID UC02 Version 1.0 

Use Case View main menu 

Purpose To allow player to choose action based on main menu. 

Actor Player 

Trigger Player successfully login to the system. 

Precondition Player had successfully logged into the system and redirected to the Main Menu. 

Scenario Name Step Action 

Main Flow  1 System displays different options for player to choose. 

2 Player selects action from main menu. 

Sub Flow-Game 

Selection 

2a.1 Player selects ‘Game Selection’. 

2a.2 System redirects player to ‘Game Selection’ scene. 

Sub Flow-Cognitive 

Score 
2b.1 Player selects ‘Cognitive Score’. 

2b.2 System redirects the player to ‘Cognitive Score’ scene. 

Sub Flow-Cognitive 

Score 
2c.1 Player selects ‘Options’. 

2c.2 System redirects the player to ‘Options’ scene. 

Sub Flow-Quit Game 2d.1 Player selects ‘Quit Game’. 

2d.2 System redirects the player to call quit game. 

 

Table 3.3: Use Case Description for main menu 
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Use Case ID UC03 Version 1.0 

Use Case Select game selection 

Purpose To allow player to choose games from four categories. 

Actor Player 

Trigger Player chose ‘Game Selection’ from the main menu. 

Precondition Player is logged in and selected ‘Game Selection’ from the main 
menu 

Scenario Name Step Action 

Main Flow  1 System displays different games for player to 
choose. 

2 Player selects game from Game Selection 

menu. 

Sub Flow-Speed 2a.1 Player selects ‘Speed Game’. 

2a.2 System redirects player to ‘Speed Game’ scene. 

Sub Flow-Attention 2b.1 Player selects ‘Attention Game’. 

2b.2 System redirects player to ‘Attention Game’ 
scene. 

Sub Flow-Memory 2c.1 Player selects ‘Memory Game’. 

2c.2 System redirects player to ‘Memory Game’ 
scene. 

Sub Flow-Problem 

Solving 

2d.1 Player selects ‘Problem Solving Game’. 

2d.2 System redirects player to ‘Problem Solving 
Game’ scene. 

Table 3.4: Use Case Description for game selection 
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Use Case ID UC04 Version 1.0 

Use Case Speed Game 

Purpose To allow player to play game in speed categories. 

Actor Player 

Trigger Player chose ‘Speed Game’ from the Game selection. 

Precondition - 

Scenario Name Step Action 

Main Flow  1 System run ‘Speed’ game scene. 

2 Player controls and plays the game. 

3 Player completes the game. 

4 System display game over options for the users. 

Alternate Flow – Pause 

Game 

3.1 Player pauses the game. 

3.2 System display pause options to the player. 

Sub Flow – Resume Game 3.2a.1 Player chooses to resume the game. 

3.2a.2 System resumes the game. 

3.2a.3 Back to main flow step 2. 

Sub Flow – Restart Game 3.2b.1 Player chooses to replay the game. 

3.2b.2 System restarts the game. 

Sub Flow – Main Menu 3.2c.1 Player chooses to go to main menu. 

3.2c.2 System redirects player to ‘Main Menu’ scene. 

Sub Flow – Quit Game 3.2d.1 Player chooses to go to quit game. 

3.2d.2 System redirects the player to call quit game. 

Table 3.5 Use Case Description for speed game 
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Use Case ID UC05 Version 1.0 

Use Case Attention Game 

Purpose To allow player to play game in attention categories. 

Actor Player 

Trigger Player chose ‘Attention Game’ from the Game selection. 

Precondition - 

Scenario Name Step Action 

Main Flow  1 System run ‘Attention’ game scene. 

2 Player controls and plays the game. 

3 Player completes the game. 

4 System display game over options for the users. 

Alternate Flow – Pause 

Game 
3.1 Player pauses the game. 

3.2 System display pause options to the player. 

Sub Flow – Resume Game 3.2a.1 Player chooses to resume the game. 

3.2a.2 System resumes the game. 

3.2a.3 Back to main flow step 2. 

Sub Flow – Restart Game 3.2b.1 Player chooses to restart the game. 

3.2b.2 System restarts the game. 

Sub Flow – Main Menu 3.2c.1 Player chooses to go to main menu. 

3.2c.2 System redirects player to ‘Main Menu’ scene. 

Sub Flow – Quit Game 3.2d.1 Player chooses to go to quit game. 

3.2d.2 System redirects the player to call quit game. 

Table 3.6: Use Case Description for attention game 
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Use Case ID UC06 Version 1.0 

Use Case Memory Game 

Purpose To allow player to play game in memory categories. 

Actor Player 

Trigger Player chose ‘Memory Game’ from the Game selection. 

Precondition - 

Scenario Name Step Action 

Main Flow  1 System run ‘Memory’ game scene. 

2 Player controls and plays the game. 

3 Player completes the game. 

4 System display game over options for the users. 

Alternate Flow – Pause 

Game 

3.1 Player pauses the game. 

3.2 System display pause options to the player. 

Sub Flow – Resume Game 3.2a.1 Player chooses to resume the game. 

3.2a.2 System resumes the game. 

3.2a.3 Back to main flow step 2. 

Sub Flow – Restart Game 3.2b.1 Player chooses to restart the game. 

3.2b.2 System resumes the game. 

Sub Flow – Main Menu 3.2c.1 Player chooses to go to main menu. 

3.2c.2 System redirects player to ‘Main Menu’ scene. 

Sub Flow – Quit Game 3.2d.1 Player chooses to go to quit game. 

3.2d.2 System redirects the player to call quit game. 

Table 3.7: Use Case Description for memory game 
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Use Case ID UC07 Version 1.0 

Use Case Problem Solving Game 

Purpose To allow player to play game in problem solving categories. 

Actor Player 

Trigger Player chose ‘Problem Solving Game’ from the Game selection. 

Precondition - 

Scenario Name Step Action 

Main Flow  1 System run ‘Problem solving’ game scene. 

2 Player controls and plays the game. 

3 Player completes the game. 

4 System display game over options for the users. 

Alternate Flow – Pause 

Game 

3.1 Player pauses the game. 

3.2 System display pause options to the player. 

Sub Flow – Resume Game 3.2a.1 Player chooses to resume the game. 

3.2a.2 System resumes the game. 

3.2a.3 Back to main flow step 2. 

Sub Flow – Restart Game 3.2b.1 Player chooses to restart the game. 

3.2b.2 System restarts the game. 

Sub Flow – Main Menu 3.2c.1 Player chooses to go to main menu. 

3.2c.2 System redirects player to ‘Main Menu’ scene. 

Sub Flow – Quit Game 3.2d.1 Player chooses to go to quit game. 

3.2d.2 System redirects the player to call quit game. 

Table 3.8: Use Case Description for problem solving game 
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Use Case ID UC08 Version 1.0 

Use Case Send data to PlayFab. 

Purpose To store player data and score to the PlayFab. 

Actor - 

Trigger Player had registered account. 

Precondition The player had completed a game and game over scene appear. 

Scenario Name Step Action 

Main Flow  1 Player finished playing a game. 

2 System retrieved the player score. 

3 System parses the player score into key-value pair. 

4 System sends the data to PlayFab via API method. 

Table 3.9: Use Case Description for PlayFab send data 
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Use Case ID UC09 Version 1.0 

Use Case Select Option. 

Purpose To allow player to change their game setting. 

Actor Player 

Trigger Player chose ‘Options’ from the main menu. 

Precondition - 

Scenario Name Step Action 

Main Flow  1 System redirects player to ‘option’ menu. 

2 Player configures the settings. 

Sub Flow – Game 

Resolution 

2a.1 Player changes the game resolution. 

2a.2 System applies changes to the game resolution. 

Sub Flow – Game 

Volume 

3.2b.1 Player changes the game volume. 

3.2b.2 System increase/decrease game volume based on 

player setting. 

Sub Flow – Full Screen 3.2c.1 Player checks/unchecks full screen. 

3.2c.2 System changes the game into full 
screen/windowed mode. 

Table 3.10: Use Case Description for select option 

 

 

 

 

 

 

 

 

 



CHAPTER 3 SYSTEM METHODOLOGY/APPROACH 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    38 
 

Use Case ID UC10 Version 1.0 

Use Case View Cognitive Score. 

Purpose To provide an overview of player’s cognitive performance. 

Actor Player 

Trigger Player chose ‘Cognitive Score’ from the main menu. 

Precondition - 

Scenario Name Step Action 

Main Flow  1 System redirects player to ‘Cognitive Score’ scene. 

2 System gets player data from PlayFab. 

 3 System calculates cognitive performance. 

 4 System displays player cognitive performance. 

Table 3.11: Use Case Description for view cognitive score 

 

Use Case ID UC11 Version 1.0 

Use Case Get data to PlayFab. 

Purpose To get player data that is stored in the PlayFab. 

Actor - 

Trigger System asked for player data via API. 

Precondition Player had game data stored in PlayFab. 

Scenario Name Step Action 

Main Flow  1 System sends player’s data to PlayFab via API calls. 

2 PlayFab gets player data in key-value pair. 

3 PlayFab sends back the player data to the system. 

Table 3.12: Use Case Description for PlayFab get data 
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Use Case ID UC12 Version 1.0 

Use Case Quit Game. 

Purpose To quit the game. 

Actor Player 

Trigger Player chose ‘Quit Game’ option in the main menu. 

Precondition -. 

Scenario Name Step Action 

Main Flow  1 Player chose ‘Exit game’ in main menu.  

2 System logout the player. 

3 System exits. 

Table 3.13: Use Case Description for quit game 
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3.2.4 Activity Diagram 

 

Figure 3.7: Register account activity diagram 
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Figure 3.8: Login account activity diagram 

 



CHAPTER 3 SYSTEM METHODOLOGY/APPROACH 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    42 
 

 

Figure 3.9: Main menu activity diagram 

 

 

Figure 3.10: Game selection activity diagram 
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Figure 3.11: Speed game activity diagram 
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Figure 3.12: Attention game activity diagram 
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Figure 3.13: Memory game activity diagram 
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Figure 3.14: Problem solving game activity diagram 
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Figure 3.15: PlayFab send data activity diagram 
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Figure 3.16: Select option activity diagram 
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Figure 3.17: Cognitive score activity diagram 

 

 

Figure 3.18: PlayFab get data activity diagram 
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Figure 3.19: Quit game activity diagram 
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Chapter 4 

System Design 

4.1 System Component Diagram 

4.1.1 Subsystem Architecture 

 

Figure 4.1: System architecture 
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Figure 4.2: User account subsystem component diagram 

 

 

Figure 4.3: Main menu subsystem component diagram 
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Figure 4.4: Speed game subsystem component diagram 
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Figure 4.5: Memory game subsystem component diagram 
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Figure 4.6: Attention game subsystem component diagram 
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Figure 4.7: Problem solving subsystem component diagram 

 

 

Figure 4.8: Cognitive score subsystem component diagram 
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Figure 4.9: PlayFab subsystem component diagram 

 

 

4.2 Sequence Diagram 

 

Figure 4.10: Register account sequence diagram 
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Figure 4.11: Login account sequence diagram 

 

 

Figure 4.12: Main menu sequence diagram 
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Figure 4.13: Game selection sequence diagram 
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Figure 4.14: Speed game sequence diagram 

 



CHAPTER 4 SYSTEM DESIGN 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    61 
 

 

Figure 4.15: Attention game sequence diagram 
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Figure 4.16: Memory game sequence diagram 
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Figure 4.17: Problem solving game sequence diagram 
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Figure 4.18: Select option sequence diagram 
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Figure 4.19: PlayFab send data sequence diagram 

 

 

Figure 4.20: Cognitive score sequence diagram 
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Figure 4.21: PlayFab get data sequence diagram 

 

 

Figure 4.22: Quit game sequence diagram 
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4.3 User Interface Design 

 

Figure 4.23: Login/Register user interface design 

 

Figure 4.24: Main menu user interface design 
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Figure 4.25: Game selection user interface design 

 

Figure 4.26: Tutorial user interface design 
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Figure 4.27: Game user interface design 

 

Figure 4.28: Pause game user interface design 
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Figure 4.29: Game over user interface design 

 

Figure 4.30: Leaderboard user interface design 
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Figure 4.31: Cognitive score user interface design 

 

Figure 4.32: Select option user interface design 
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Chapter 5 

System Implementation 

5.1 Hardware 

Computer 

The hardware involved in this project is computer. A computer is used as the hardware tool to 

design, develop and test the game. The final deliverable will be running on a computer as a 

computer program. 

 

Description Specifications 

Model Asus ROG Strix G713 

Processor AMD Ryzen 7 5800H 

Operating System Windows 10 

Graphic NVIDIA GeForce RTX 3050 

Memory 8GB DDR4 RAM 

Storage 1TB SATA SSD 

Table 5.1: Specifications for laptop 

5.2 Software 

Unity3D 

The main platform for the project development will be Unity3D as Unity3D provides a lot of 

toolkits for game development. The different resources provided by Unity3D such as game 

scenes, rigidbody, and sound manager makes the game development process easy. The 

Unity3D also provide Unity Asset Store which consists of all the components needed for game 

development, such as artwork, 3D models, animation files, and audio. 

 

Figure 5.1: Unity3D Logo 
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Description Specifications 

Software Name Unity3D, Unity Hub 

Version 2020.3.8f 

System type 64-bit 

Table 5.2: Specification for Unity3D 

 Microsoft Visual Studio 2019 

The Visual Studio 2019 will be the sub-platform for the game development. The game logic 

script will be implemented in Microsoft Visual Studio. Microsoft Visual Studio 2019 is a 

powerful IDE as it provides Microsoft .NET core framework for the game development to use 

C# Script. Besides, the Visual Studio also provide Unity intelliSense and code navigation to 

help developer to code faster and accurately in C# scripts. The process of debugging can be 

done easily in Visual Studio to detect issues occur in the scripts. 

 

Figure 5.2: Microsoft Visual Studio 2019 Logo 

Description Specifications 

Software Name Microsoft Visual Studio  

Version 2019 

System type 64-bit 

Table 5.3: Specifications of Microsoft Visual Studio 2019 

Adobe Illustrator 2020 

The Adobe Illustrator is used to create sprites for the game model presents in the game. 

Although Unity Asset Store has a rich collections of game models, the game models for 

Malaysia themed is very less and insufficient for the game development. Fortunately, the game 

models can be created in Illustrator and import as sprites into Unity to be used in the game 

development.  
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Figure 5.3: Adobe Illustrator Logo 

Description Specifications 

Software Name Adobe Illustrator 

Version 2020 

System type 64-bit 

Table 5.4: Specifications of Adobe Illustrator 

Microsoft Azure PlayFab 

PlayFab is chosen as the cloud provider of the project. PlayFab is a backend platform for live 

games with managed game services and game analytics. PlayFab will be used for user’s 

information and data storage, authentication, leaderboard and registration.  

 

 

Figure 5.4: PlayFab Logo 

 

Description Specifications 

Software Name Adobe Illustrator 

System type Cloud provider 

Table 5.5: Specifications of PlayFab 
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5.3 Setting and Configuration 

Setting up Unity 

1. Install UnityHub and get the Unity versions required. 

 

 

Figure 5.5: Unity Hub 

 

2. Create a Project. 

 

Figure 5.6: Unity Hub project directory 
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3. Project created successfully. 

 

Figure 5.7: Unity3D working space 

 

Setting up Microsoft Visual Studio 

1. Install Microsoft Visual Studio 2019. 

 

Figure 5.8: Microsoft Visual Studio IDE 
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2. Go to Unity3D > Edit > Preference > External Tools and choose Microsoft Visual Studio as 

the External Script Tools. 

 

Figure 5.9: Unity3D preference menu 

 

3. In order to get Unity IntelliSense in Visual Studio 2019, go to Tools > Get Tools and Features 

> Under workload find and install Game Development with Unity. 

 

Figure 5.10: Microsoft Visual Studio tools 
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 Setting up PlayFab 

1. Sign up for an Azure PlayFab account. 

 

Figure 5.11: PlayFab login 

 

2. Create a game studio. 

 

Figure 5.12: PlayFab game studio menu 
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3. Download PlayFab Unity Editor Extension Asset Package from Microsoft Azure PlayFab 

documentation. 

 

Figure 5.13: PlayFab SDK forum 
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4. In Unity, drag and import the downloaded PlayFab package into project directory 

 

Figure 5.14: PlayFab SDK packages 
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5. A login screen will pop up in the inspector. Login using PlayFab account credentials. 

 

Figure 5.15: PlayFab SDK login 

 

6. Install the PlayFab SDK required. 

 

Figure 5.16: PlayFab SDK install  
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7. After installation, under “Set my title”, Choose the Studio and title ID. 

 

Figure 5.17: PlayFab SDK settings 

 

5.4 System Operation 

5.4.1 System Flow Overview 

Login/Register 

The system will begin with the login screen. User are required to login before starting the game. 

If the user does not already have an account, they must create one before proceeding. 

 

Figure 5.18: Serious game login/Register 
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After logging in, the user will be presented with several options from the main menu, including 

Start, Options, Cognitive Score, and Exit. 

 

Figure 5.19: Main menu 
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Serious Game 

If the user selects 'Start,' they will be taken to the 'Game Selection' menu. Users can choose 

games to play from the menu based on game categories such as speed, memory, problem 

solving, and attention. 

 

Figure 5.20: Game Selection 

 

Each game will include a tutorial that will teach users how to play and complete the game.

 

Figure 5.21: Game tutorial 
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Users can pause the game within the game. 

 

Figure 5.22: Pause game 

 

When the game finishes, a game over scene appears, giving users the option to restart the game, 

view the community leaderboard, or return to the main menu.

 

Figure 5.23: Game over 
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After the game, the cloud will be updated with the player's score. If a player breaks the previous 

game score record, the leaderboard will be updated.

 

Figure 5.24: PlayFab Player data 

 

 

Figure 5.25: PlayFab Leaderboard 
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Options 

The user can change the screen resolution, set full screen, or adjust the game volume under 

Options. 

 

Figure 5.26: Options 

Cognitive Score 

The cognitive score is divided into four categories: speed, attention, memory, and problem 

solving. Based on the results of each category, an overall cognitive score will be computed. 

The user can refresh to obtain the most recent cognitive score. 

 

Figure 5.27: Cognitive score 
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5.4.2 Game Mechanism 

The project includes four different games. "Catch Falling Object," "Box Tower," "Matching 

Pair," and "15 Puzzle" are the games. The design of game mechanisms ensures that the games 

can perform and obtain scores correctly. 

 

Catch Falling Objects 

The game "Catch Falling Objects" is intended for the Speed category. The game's goal is to 

allow the player to catch falling objects. Malaysian nostalgic snacks such as Mamee Monster, 

Rabbit Milk Candy, Kopiko, and others are used as game objects. Bombs are the game objects 

that players must avoid. At random intervals, game objects spawn and drop. Players must 

control the character in order to collect snacks while avoiding bombs. A successful snack catch 

will result in a score of one. The bombs will cause the player to lose; if the player misses three 

snacks, they will also lose. 

 

Figure 5.28: Catch falling objects game interface 

 

Matching Pair 

The game "Matching Pair" falls under the category of "Memory." The game is made up of ten 

pairs of similar cards. Each card pair represents Malaysian cuisine, such as Nasi Lemak, Laksa, 

and Satay. Each time, players have the option of folding open a card. Players must remember 

the position and image on the card in order to find the other similar card. A maximum of two 



CHAPTER 5 SYSTEM IMPLEMENTATION 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    89 
 

cards can be folded open at the same time. Every time a new game begins, the card will be 

randomised. Players must complete the game in 60 seconds, or they will lose. 

 

Figure 5.29: Matching pair game interface 

 

Box Tower 

The Box Tower is a game that requires players to focus. Boxes spawn at the top of the screen, 

and players must time them before dropping them on the box stacks. The boxes are stacked on 

top of each other, and each successful stack awards players one point. The game is over if the 

box falls or fails to stack. 

 

Figure 5.30: Box tower game interface 
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15Puzzle 

The 15Puzzle is a puzzle game in which players must arrange a randomised numbered puzzle. 

The player has the ability to slide and change a number position at the same time. When the 

puzzle is solved, the player wins. The amount of time required will be a determining factor in 

the player's problem-solving ability. 

 

Figure 5.31: 15puzzle game interface 

Since 15puzzle is a puzzle game, some sort of algorithm is required to ensure that the puzzle 

can be solved. The 15 puzzle tiles will be organised into an array that will be shuffled. Inversion 

will be used in the puzzle tile shuffle system. Inversion is an algorithm that calculates the 

number of tiles that are later and larger than the number of tiles that are targeted. Inversion 

number is applied to every tile in the puzzle. If the inversion number is even, the puzzle is 

solvable; if the inversion number is odd, the puzzle is unsolvable. 
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Figure 5.32: Inversion of a number 

 

Cognitive Score 

The Serious game for dementia prevention is centred on the cognitive score. The cognitive 

score is based on four cognitive categories: speed, attention, memory, and problem solving. 

Based on the Montreal Cognitive Assessment (MoCA) and the Mini-Mental State Examination 

(MMSE), the weightage of each category in the cognitive score will be determined. Each 

MMSE and MoCA question will be reviewed and referenced as part of the game scoring matrix.  

Each test has a total score of 35 for MMSE and 30 for MoCA. 

 

Figure 5.33: Sample Mini-Mental State Examination (MMSE)/ Montreal Cognitive 

Assessment (MoCA) 
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Weightage of each category based on MMSE and MoCA: 

                Categories 

Test/Type 

Speed Memory Attention Problem Solving 

MMSE Orientation 

Naming 

Repetition 

Immediate Recall 

Delayed Verbal 

Recall 

Attention 

Reading 

3 Stage - Command 

Writing 

Copying 

 

13 6 11 5 

MoCA Naming 

Abstraction 

Orientation 

Delayed Recall 

Language 

Attention 

Language 

Visuospatial/ 

Executive 

11 6 8 5 

Total 25 12 19 10 

Table 5.6: Categories weightage 

 

According to the score distributed for each category, the order of score weightage will be  

Speed > Attention > Memory > Problem Solving. 

With an overall cognitive score of 100, the score for each category can be divided into: 

Categories Speed Memory Attention Problem 

Solving 

Overall 

Weightage 35 30 20 15 100 

Table 5.7: Categories weightage (%) 
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5.4.3 Code Inspection 

Game scripts are used to interact with the PlayFab API, control game objects, perform 

calculations, and manage game flows. In the serious game, various scripts are created for 

various purposes. 

Login 

 

 

Figure 5.34: Script for register 

 

Figure 5.35: Script for login 

 

Figure 5.36: Script for reset password 

The above code sent player information to PlayFab through API method call using request 

object for registration, login and reset password. 
 
 

Player Data 

 

 

Figure 5.37: Script for calling send player data 

The above code calls Save Score function to save player data into PlayFab by providing game 

and the score as parameters.  
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Figure 5.38: Script for send player data 

 

The Save Score receive the parameter parse them into key-value pair as request and send to 

PlayFab using UpdateUserData API method.   

 

Leaderboard 

 

 
Figure 5.39: Script for calling send leaderboard 

 

The above code calls SendLeaderbord and provide user score as the score as parameter. 
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Figure 5.40: Script for send leaderboard 

 

The function SendLeaderboard takes score as parameter. The function parses the leaderboard 

game and score as request. The data are then sent to PlayFab via UpdatePlayerStatistics API 

method. 
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Figure 5.41: Script for get leaderboard 

 

The method GetLeaderboard is used to retrieved leaderboard data for display. The function 

will take in leaderboard name, position and result count as request parameter. The 

GetLeaderboard API method is called to retrieve the data. If the leaderboard is successfully 

retrieved, the OnLeaderboardGet function will be called. The function will take in the return 

result and displayed them in the game. The return result consists of Position, User ID and their 

score in the leaderboard. 
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Game Control 

 

 
Figure 5.42: Script for Tutorial controls 

 

 

The tutorial on each game is being control using different functions. 
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Figure 5.43: Script for Game over 

 
If the game is over, the game over scripts will be executed. The score will be displayed, and 
the player will have the option to restart or exit the game. 
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Figure 5.44: Script for pause game using Esc Key 

 

Players can pause and resume the game by pressing ‘Esc’ key. 
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Figure 5.45: Script for pause, resume, restart, quit game 

 

If the game is paused, the pause menu appears and the game freezes. The player has the option 

of replaying the game, returning to the main menu, or exiting the game. 
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Cognitive Score 

 

 

Figure 5.46: Script for get user data 

 

The cognitive score is determined by the four game categories: speed, attention, memory, and 

problem solving. GetUserData is a method for retrieving user data from PlayFab. The 

information is then used to compute the cognitive score for each category as well as the overall 

cognitive score. 
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Figure 5.47: Script for calculate cognitive score 

 

The CalculateScore function is used to compute a player's performance and cognitive score. 

The scoring matrix for each game is listed below in the table: 

 Degree 

Game 

Normal Mild Dementia Severe Dementia 

CatchFalling 

Object 

>30 10-30 <10 

Box Tower >20 10-19 <10 

15Puzzle (Seconds) <100 sec 101 – 140 sec >140 sec 

Matching Pair 

(seconds left) 

>20 Sec 1-20 sec 0 sec 

Table 5.8: Games scoring matrix 
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Catch Object 

 

 
Figure 5.48: Script for character movement 

 

The above code will take in user input and change the character movement based on Unity 
physics engine. 
 

 
Figure 5.49: Scripts for object spawner 

 

The above code will cause the object spawns in a random order. 
 

 
Figure 5.50: Scripts for game logic 

 
The above code will kill the character if the character catch a bomb or the character missed 3 

valid objects. The player’s score will add if they caught a valid object. 
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Matching Pair 

 

 

Figure 5.51: Scripts for cards initialisation 
 

To begin, the game will collect sprites and duplicate them to create pairs of cards. The order 

of the cards will be shuffled using RandomNumberGenerator(). 

 

Figure 5.52: Scripts for RNG function 
 

The cards order are shuffled using RandomNumberGenerator function. 
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Figure 5.53: Scripts for detect user input 
 

The DetectClick receives user input and determines how many cards can be folded open at 

once. At any given time, only two cards (firstclick and secondclick) can be folded open. If two 

cards are folded open, the game will use the Detect function to see if they are the same pair.

 

Figure 5.54: Scripts for game logic 
 

If two cards form the same pair, the WinCellCount will increase by one until all pairs are found, 

at which point the game will end. If two cards do not form the same pair, the cards will be 

fold. 
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Figure 5.55: Scripts for checking game won 
 

The game will check if the game is won every second. If the timer runs out in 60 seconds, the 

game will automatically end. 
 

Box Tower  

 

 
Figure 5.56: Scripts for spawn box at start 

 
The game will spawn a box and set the score to 0 at the start of the game. 

 

 
Figure 5.57: Scripts for spawn box 

 

In the middle of the game scene, the SpawnBox function will generate a new box game object. 
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Figure 5.58: Scripts for move box 

 

Within the confines of the screen, the box will move at a constant speed to the left and right. 
 

 
Figure 5.59: Scripts for checking box movement 

 

The box will move at the constant speed. 
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Figure 5.60: Scripts for detect user input and drop box 

 

The box will be dropped if user input is detected. 
 

 
Figure 5.61: Scripts for drop box 

 

When the box is dropped, the left and right movement is disabled.  
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Figure 5.62: Scripts for checking object interection 

 
If the box lands on another box, the Landed function is invoked. The game is over if the box 
does not land on another box. 

 

 
Figure 5.63: Scripts for logic after box landed 

 
The Landed function will spawn another box and move the camera. 
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Figure 5.64: Scripts for spawn new box 

 
If box is spawned, the score will increase by 1. 
 

 
Figure 5.65: Scripts for checking moving camera 

 

If the box is stacked 3 times, camera will move upwards. 
 

 
Figure 5.66: Scripts for moving camera 

 
The camera will move using Vector3.Lerp function. 
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15Puzzle 

 

 

Figure 5.67: Scripts for call shuffle tiles 

 

The tiles will be shuffled at the start of the game. 
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Figure 5.68: Scripts for shuffle tiles  

 

The tiles will first be shuffled using the inversion function. The shuffling will stop if every tile 

has an inversion value of an even number. 
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Figure 5.69: Scripts for inversion 

 

The GetInversion function returns the total number of tiles with values greater than the tile. 

 

 

Figure 5.70: Scripts for checking tile position 

 

If the tile is in the correct position, it will change colour. 
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Figure 5.71: Scripts for switch tiles position 
 

When Player clicks the tile, it will move into the empty space. 

 

Figure 5.72: Scripts for check game won 

 

If all of the tiles are in their correct positions, the game will end, and the time will be recorded. 
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5.5 Concluding remarks 

The project involves a number of software and technology platforms. Adobe Illustrator, 

Unity3D, PlayFab, and Visual Studio 2019 are the software used in this serious game. Adobe 

Illustrator is used as the game's graphical sprites design platform. During the development 

phase, Unity3D is the primary software for organising and testing game content. PlayFabAPI 

connects Unity3D to PlayFab, and game scripts are edited in Visual Studio 2019. Login, four 

game categories, game controls, sending and retrieving player data, a community leaderboard, 

and a cognitive score will be included in the serious game modules. 
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Chapter 6 

System Evaluation and Discussion 

6.1 System Testing and Performance Metrics 

The serious game for dementia prevention will be tested using black box testing approach as 

unit testing. Integration testing will be done to test the flow and connectivity of the game scenes 

and PlayFab. 

6.1.1 Unit Testing 

Login/Register 

Testing Component Description 

Login/Register textbox Test the textbox for entering email and 

password. 

Login/Register button Test the button if it is working fine 

Table 6.1: Login/Register unit testing description 

Main Menu 

Testing component Description 

Start button Test the button if it is working fine 

Options button Test the button if it is working fine 

Cognitive score button Test the button if it is working fine 

Exit button Test the button if it is working fine 

Table 6.2: Main menu unit testing description 
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Game Selection 

Testing component Description 

Speed game button Test the button if it is working fine 

Attention game button Test the button if it is working fine 

Memory game button Test the button if it is working fine 

Problem Solving game button Test the button if it is working fine 

Table 6.3: Game selection unit testing description 

 

Games (Speed, Attention, Memory, and Problem Solving) 

Testing component Description 

Game controls  Test the character, game object response to 

user input 

Game object interaction Test the game object colliders/triggers 

Score/Timer controls Test the score/timer 

Tutorial Test the game tutorial 

Game Over Test if game over panel will active when 

player lose the game 

Pause Test if pause panel will active when player 

pause the game 

Table 6.4: Games unit testing description 

 

Options 

Testing component Description 

Screen Resolution  Test if the game will change screen 

resolution 

Full Screen Test if the game will enter/exit full screen 

Volume controls Test if the game volume will change 

Table 6.5: Options unit testing description 
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Cognitive Score 

Testing component Description 

Cognitive Score  Test if the cognitive score is calculated 

correctly 

Refresh button Test if the button is working fine 

Table 6.6: Cognitive unit testing description 

 

6.1.2 Integration Testing 

Login/Register 

Integration units Description 

Login/Register – PlayFab Test if player credentials can be sent to 

PlayFab for login and register 

Login – Main Menu Test if main menu scene can be redirected 

after login 

Table 6.7: Login/Register integration testing description 

 

Main Menu 

Integration units Description 

Main menu – Start  Test if game selection scene will be 

redirected 

Main menu – Options  Test if options scene will be redirected 

Main menu – Cognitive score Test if cognitive score scene will be 

redirected 

Main menu – Exit  Test if the game will exit 

Table 6.8: Main menu integration testing description 
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Game Selection 

Integration units Description 

Game Selection – Speed game Test if Catch falling object scene will be 

redirected 

Game Selection – Attention game  Test if Box Tower scene will be redirected 

Game Selection – Memory game  Test if Matching Pair scene will be 

redirected 

Game Selection – Problem Solving game  Test if 15Puzzle scene will be redirected 

Table 6.9: Game selection integration testing description 

 

Games (Speed, Attention, Memory, and Problem Solving) 

Integration units Description 

Game – PlayFab (Send Player Data) Test if score can be sent to PlayFab 

Game – PlayFab (Send Leaderboard) Test if score can be sent to PlayFab 

Game – PlayFab (Get Leaderboard) Test if Leaderboard can be retrieved from 

PlayFab 

Game – Main Menu  Test if main menu scene can be redirected 

Table 6.10: Games integration testing description 

 

Cognitive Score 

Integration units Description 

Cognitive Score – PlayFab Test if the player data can be retrieved from 

PlayFab 

Table 6.11: Cognitive score integration testing description 
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6.2 Testing Setup and Result 

6.2.1 Unit Testing 

Login/Register 

Testing Component Testing Input  Expected Output Final Result 

Login/Register textbox Email: abc123 

Password: abc123 

 

Invalid input 

message  

Invalid input 

message 

displayed 

Email: 

abc123@gmail.com 

Password:12 

Invalid input 

message  

Invalid input 

message 

displayed 

Email: 

abc123@gmail.com 

Password: abc123 

Register/Login the 

user 

System 

successfully 

register/login 

the user 

Login/Register button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Table 6.12: Login/Register unit testing test case and validation 
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Main Menu 

Testing component Testing Input Expected Output Final Result 

Start button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Options button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Cognitive score button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Exit button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Table 6.13: Main menu unit testing test case and validation 
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Game Selection 

Testing component Testing Input Expected Output Final Result 

Speed game button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Attention game button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Memory game button Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Problem Solving game 

button 

Click on the button Console log 

message appear in 

the console 

Console log 

message 

successfully 

appear in the 

console 

Table 6.14: Game selection unit testing test case and validation 
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Speed Game 

Testing component Testing Input Expected Output Final Result 

Character controls  Control character using 

left/right key 

Character move to 

left when left key 

is pressed; 

Character move to 

right when right 

key is pressed 

Character move 

to left and right 

accordingly 

Game object 

interaction 

Control character to collect 

gems 

Score increase by 

1 

Score update 

successfully 

Control character to avoid 

gems 

Lives decrease by 

1 

Lives update 

successfully 

Control character to avoid 

bombs 

Nothing changed Nothing 

changed 

Control character to collect 

bombs 

Game over panel 

appear 

Game over 

panel appear 

Score controls Control character to collect 

gems 

Score increase by 

1 

Score update 

successfully 

Game start/restart Score reset to 0 Score start at 0 

 

 

Tutorial Click on the buttons on 

each tutorial screen 

Tutorial will go 

forward with next 

button and 

backward with 

previous button 

Tutorial go 

forward with 

next button and 

backward with 

previous button 

Game Over Control character to avoid 

3 gems 

Game over panel 

with final score, 

leaderboard button, 

restart button, 

main menu appears 

Game over 

panel appear 
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Control character to collect 

bombs 

Game over panel 

with final score, 

leaderboard button, 

restart button, 

main menu appears 

Game over 

panel appear 

Pause Press ‘Esc’ key Pause panel with 

restart button, 

main menu button, 

quit button appears 

Pause panel 

appear 

Press Pause button Pause panel with 

restart button, 

main menu button, 

quit button appears 

Pause panel 

appear 

Table 6.15: Speed Game unit testing test case and validation 

 

Attention Game 

Testing component Testing Input Expected Output Final Result 

Box controls   Start game Box moves right 

and left 

Box moves right 

and left 

Press mouse key (test 

box drop) 

Box drop Box drop 

Press mouse key (test 

box land on box) 

Box spawn and 

score update 

Box spawn and 

score update 

Press mouse key (test 

box do not land on box) 

Game over panel 

appear 

Game over 

panel appears 

Game object 

interaction 

Press mouse key (test 

box land on box) 

Box land on top of 

box and score 

updates 

Box land on top 

of box and score 

updates 

Press mouse key (test 

box do not land on box) 

Game over panel 

appears 

Game over 

panel appears 
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Score controls Press mouse key (test 

box land on box) 

Score update by 1 Score 

successfully 

update by 1 

Tutorial Click on the buttons on 

each tutorial screen 

Tutorial will go 

forward with next 

button and 

backward with 

previous button 

Tutorial go 

forward with 

next button and 

backward with 

previous button 

Game Over Press mouse key (test 

box do not land on box) 

Game over panel 

with final score, 

leaderboard button, 

restart button, 

main menu appears 

Game over 

panel appear 

Pause Press ‘Esc’ key Pause panel with 

restart button, 

main menu button, 

quit button appears 

Pause panel 

appear 

Press Pause button Pause panel with 

restart button, 

main menu button, 

quit button appears 

Pause panel 

appear 

Table 6.16: Attention game unit testing test case and validation 

 

Memory Game 

Testing component Testing Input Expected Output Final Result 

Game controls  Choose on one card Card folds open Card chosen 

folds open 

Choose on two cards 

(same pair) 

Two cards fold 

open 

Two cards 

chosen fold 

open 

Choose on two cards 

(different pair) 

Two cards fold Two cards 

chosen fold 
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Timer controls Start game The timer starts 

at 60 

The timer starts 

at 60 

Timer equals to 0 Game over 

panel appears 

Game over 

panel appears 

Tutorial Click on the buttons on 

each tutorial screen 

Tutorial will go 

forward with 

next button and 

backward with 

previous button 

Tutorial go 

forward with 

next button and 

backward with 

previous button 

Game Over Find all the pairs / timer 

runs out 

Game over 

panel with final 

score, 

leaderboard 

button, restart 

button, main 

menu appears 

Game over 

panel appear 

Pause Press ‘Esc’ key Pause panel 

with restart 

button, main 

menu button, 

quit button 

appears 

Pause panel 

appear 

Press Pause button Pause panel 

with restart 

button, main 

menu button, 

quit button 

appears 

Pause panel 

appear 

Table 6.17: Memory game unit testing test case and validation 

 

 

 

 



CHAPTER 6 SYSTEM EVALUATION AND DISCUSSION 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
    127 
 

Problem Solving Game 

Testing component Testing Input Expected Output Final Result 

Tiles controls  Start game  Tiles shuffled with 

solvable solution and 

last tiles is empty 

Tiles shuffled with 

solvable solution and 

last tiles is empty 

Press tile next to 

empty space 

Tile move to empty 

space 

Tile pressed move to 

empty space 

Tiles to correct 

position 

Tiles turn green Tiles turn green 

Tiles are all in 

the correct 

position 

Game over panel 

appears 

Game over panel 

appears 

Timer controls Start game Timer starts at 00:00 Timer starts at 00:00 

Complete puzzle Timer stops Timer stops 

Tutorial Click on the 

buttons on each 

tutorial screen 

Tutorial will go forward 

with next button and 

backward with previous 

button 

Tutorial go forward 

with next button and 

backward with 

previous button 

Game Over Complete the 

puzzle 

Game over panel with 

final score, leaderboard 

button, restart button, 

main menu appears 

Game over panel 

appear 

Pause Press ‘Esc’ key Pause panel with restart 

button, main menu 

button, quit button 

appears 

Pause panel appear 

Press Pause 

button 

Pause panel with restart 

button, main menu 

button, quit button 

appears 

Pause panel appear 

Table 6.18: Problem solving unit testing test case and validation 
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Options 

Testing component Testing input Expected output Final Result 

Screen Resolution  Change the game 

resolution: 720 * 680 

The game will 

change the 

resolution to 720 

* 680 

The game 

changes the 

resolution to 720 

* 680 

Full Screen Uncheck the full screen 

checkbox 

The game will 

exit full screen 

The game exits 

full screen 

Check the full screen 

checkbox 

The game will 

enter full screen 

The game enters 

full screen 

Volume controls Change the game 

volume to lower 

The game 

volume will 

decrease 

The game 

volume decreases 

Change the game 

volume to higher 

The game 

volume will 

increase 

The game 

volume increases 

Table 6.19: Options unit testing test case and validation 

 

Cognitive Score 

Testing component Testing input Expected output Final result 

Cognitive Score  Go to cognitive 

score scene 

There are values for 

each category score and 

the overall cognitive 

score is the total of 

score 

The values for 

each categories 

and overall 

cognitive score 

are valid 

Refresh button Click on the refresh 

button 

Console log message 

appear in the console 

Console log 

message 

successfully 

appear in the 

console 

Table 6.20: Cognitive score unit testing test case and validation 
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6.2.2 Integration Testing 

Login/Register 

Integration units Testing input Expected output Final result 

Login/Register – PlayFab Register using email: 

123@gmail.com and 

password: 123abc in 

the login scene 

The register email 

and password are 

updated in 

PlayFab 

The register 

email and 

password are 

successfully 

updated in 

PlayFab 

Login using email: 

123@gmail.com 

and password: 123abc 

in the login scene 

The player 

information will 

appear in PlayFab 

recent login 

The player 

information 

appears in 

PlayFab recent 

login 

Login – Main Menu Input valid email and 

password and login 

Main menu scene 

will be redirected 

Main menu 

scene redirected 

successfully 

Table 6.21: Login/Register integration testing test case and validation 

 

Main Menu 

Integration units Testing input Expected output Final result 

Main menu – Start  Click the start button Game selection 

scene will be 

redirected 

Game selection 

scene redirected 

successfully 

Main menu – Options  Click the options button options scene 

will be redirected 

options scene 

will be redirected 

Main menu – Cognitive 

score 

Click the cognitive 

score button 

cognitive score 

scene will be 

redirected 

cognitive score 

scene will be 

redirected 

Main menu – Exit  Click the exit button The game will be 

exit 

The game exits 

Table 6.22: Main menu integration testing test case and validation 

 

mailto:123@gmail.com
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Game Selection 

Integration units Testing input Expected output Final result 

Game Selection – 

Speed game 

Click the speed game 

button 

speed game 

scene will be 

redirected 

speed game 

scene redirected 

successfully 

Game Selection – 

Attention game 

Click the attention game 

button 

attention game 

scene will be 

redirected 

attention game 

will be redirected 

Game Selection – 

Memory game 

Click the memory game 

button 

memory game 

scene will be 

redirected 

memory game 

scene will be 

redirected 

Game Selection – 

Problem Solving game 

Click the problem-

solving game button 

problem solving 

game scene will 

be redirected 

problem solving 

game scene will 

be redirected 

Table 6.23: Game selection integration testing test case and validation 

 

Games (Speed, Attention, Memory, and Problem Solving) 

Integration units Testing input Expected output Final result 

Game – PlayFab (Send 

Player Data) 

Finish game Score will be 

updated in 

PlayFab player 

data 

Score updated in 

PlayFab player 

data 

Game – PlayFab (Send 

Leaderboard) 

Finish game Score will be 

updated in 

PlayFab 

Leaderboard 

Score updated in 

PlayFab 

Leaderboard 

Game – PlayFab (Get 

Leaderboard) 

Click on leaderboard Player place, 

name, and score 

will appear on 

leaderboard 

Player place, 

name, and score 

appears on 

leaderboard 
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Game – Main Menu  Click on Main menu 

button 

Game will exit 

and return to main 

menu 

Game exit and 

return to main 

menu 

Table 6.24: Games integration testing test case and validation 

 

Cognitive Score 

Integration units Testing input Expected output Final result 

Cognitive Score – 

PlayFab 

Start game The categories 

values are the 

same as stored in 

PlayFab  

The categories 

values are the 

same as stored in 

PlayFab 

Table 6.25: Cognitive score integration testing test case and validation 

 

6.3 Project Challenges 

This project encounters a number of project challenges. For starters, both projects 1 and 2 have 

a time limit of 14 weeks. It is difficult because I must manage my time in order to focus on 

both the project and other academic subjects. If time management is not effective, both the 

project and other academic subjects will suffer in terms of quality and productivity. As there 

will be a weekly meeting with my supervisor, I need to keep my project updated and show 

progress. The COVID-19 pandemic was another challenge I encountered while working on the 

project. Because of online meeting, it is difficult for me to express my concerns to my 

supervisor. As a result, I must spend the majority of my time searching for solutions via online 

sources such as YouTube or other related forums. 

 

Finally, the serious game for dementia prevention is built on the foundation of several serious 

games that assess various cognitive functions. I have no medical background, so designing the 

scoring matrix for the game and cognitive score is difficult. This is a major challenge in the 

project because I need to think about the design and implementation of the serious game. 
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6.4 Objectives Evaluation 

Objectives Work Done Evaluation 

Develop a Malaysia 

themed serious game 

for dementia 

prevention. 

Game objects are designed with 

Malaysia Themed including 

Malaysia nostalgic snacks, 

traditional foods, etc. 

Objective achieved 

Develop a scoring 

matrix to assess 

dementia. 

Scoring matrix are developed 

with reference to both Mini 

Mental State Examination 

(MMSE) and Montreal 

Cognitive Assessment (MoCA) 

Objective achieved 

Cost-free serious 

game for elderly to 

prevent dementia. 

The game is free and easy to 

use 

Objective achieved 

Develop a simple 

serious game for 

dementia prevention 

that runs on computer. 

The game is a desktop game 

and the user interface, text, and 

fonts design and simple. 

Objective achieved 

Develop cloud 

connected serious 

game  

The game is connected to 

PlayFab 

Objective achieved 

Table 6.26: Objectives and evaluation 

 

6.5 Concluding Remark 

The game is tested using the black-box testing method. Testing including Unit testing and 

integration testing are carried out. All modules and interfaces have been tested and validated. 

The challenges faced during the project development are tight schedules, online meeting and 

unfamiliar with the project field which require extra effort in understanding the dementia 

disease. Upon the end of the project, all the project's objectives have been met and verified. 
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Chapter 7 

Conclusion and Recommendation 

7.1 Conclusion 

In conclusion, ageing is a normal process in our life that can’t be prevented in anyways. The 

risk of getting dementia will increase with ageing. Most dementia disease are not curable but 

preventable. Thus, we should give our best to reduce and prevent any risk of dementia disease. 

Next, there is still a little progress in researches on how dementia develops. It is hard to find a 

clinically proven solution in assessing dementia. Another problem is most serious game for 

dementia prevention are complex and need users to pay for expensive cost to play. Moreover, 

Malaysian perceive dementia as a normal process of ageing. They are keen to not seek for 

professional advice or do diagnosis when they grew old.  

 

The project is motivated to develop a serious game for dementia prevention. The serious game 

will help the public to assess and prevent dementia. In addition, an efficient assessment test to 

assess dementia will be develop and included to help people to assess dementia. The system 

will be cost-free and everyone can play the serious game without worrying of paying for full 

version. Furthermore, the serious game UI are simple and to help elderly understand the system 

controls. The project will also be the first few Malaysia themed serious game. The serious game 

aimed to help Malaysian to be more exposed to dementia, educating and increase their 

awareness about dementia.  

 

The proposed system will be a Malaysia themed serious game with Malaysia elements such as 

tradition food and festivals. The system will contain several games to assess dementia and 

being grouped into different categories such as “speed”, “memory”, “attention” and “problem 

solving”. Each groups aims to assess different cognitive functionalities based on their game 

characteristic. An overall cognitive score will be calculated from all the cognitive scores based 

on Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE). 

The system will send the user’s scores to the cloud for storage. Player scores will also be 

updated to the PlayFab leaderboard. 
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APPENDIX 

A.1 PlayFab Interface 

 

Figure A-1: PlayFab Overview 

 

 

Figure A-2: PlayFab Players 
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Figure A-3: PlayFab Leaderboard 
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A.2 Dementia Assessment Sample 

 
Figure A-4: Montreal Cognitive Assessment (MoCA) 
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Figure A-5: Mini Mental State Examination (MMSE)  
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Figure A-6: Mini Mental State Examination (MMSE)  
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A3. System Acceptance Test Survey 

 
 

Figure A-7: Survey Gender Pie chart 

 

 
Figure A-8: Survey Age Bar chart 
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Figure A-9: Survey Time Spent Pie chart 

 

 
Figure A-10: Survey Catch Falling Object Pie chart 
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Figure A-11: Survey Box Tower Pie chart 

 

 
Figure A-12: Survey Gender Pie chart 
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Figure A-13: Survey 15Puzzle Pie chart 

 

 
Figure A-14: Survey Cognitive Score Pie chart 
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Figure A-15: Survey Recommendation for the system 
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A4. FINAL YEAR PROJECT WEEKLY REPORT 
(Project II) 

 

Trimester, Year: 3,3 Study week no.: 2 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 
 

1. WORK DONE 
 

 

 

Revise the previous work done and plan on project items and tasks left  
 

 

2. WORK TO BE DONE 

 

Start with the development after revising 

 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

Need to recall what had been done in FYP1 
 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 

 

 

 

 
 

 _________________________      ________  
 
 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 3 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

Start with the second game which is matching pair 

 

 

 

2. WORK TO BE DONE 

 

Design of matching pair graphics 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

So far so good 
 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 
 

 

 

 
 

 

 _________________________      __________  
 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 4 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

Done matching pair game 
 

 

 

2. WORK TO BE DONE 

 

Start with the next game which is box tower next week 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

So far so good 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 

 

 

 

 

 

 _________________________      ____________  

 Supervisor’s signature              Student’s signature 
 

 

 

 

 

 

 

 



APPENDIX 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
   A-14 
 

Trimester, Year: 3,3 Study week no.: 5 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

Started box tower graphics design 
 

 

 

2. WORK TO BE DONE 

 

Box tower game controls 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

So far so good 
 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 

 

 

 

 

 
 

 _________________________      __________  
 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 6 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

Box Tower game control done 
 

 

 

2. WORK TO BE DONE 

 

Start with next game which is matching pair 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

 

So far so good 
 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 
 

 

 

 
 

 

 _________________________      ________  
 Supervisor’s signature              Student’s signature 

 
 

 

 

 

 



APPENDIX 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
   A-16 
 

Trimester, Year: 3,3 Study week no.: 7 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

Matching pair graphics done 
 

 

 

2. WORK TO BE DONE 

 

Complete matching pair game controls 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

So far so good 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 

 

 

 

 

 
 

 
 

 _________________________      ____ _ 

 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 8 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

 

Matching pair game done 
 

 

2. WORK TO BE DONE 

 

Start with 15Puzzle game 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

 

So far so good 
 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 
 

 

 

 
 

 

 _________________________      ______  
 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 9 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

Done with 15puzzle graphics 
 

 

 

2. WORK TO BE DONE 

 

Start with 15puzzle game controls 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

So far so good 
 

 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

 

So far so good 
 

 

 
 

 
 
 

 _________________________      _______  
 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 10 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

 

15Puzzle game controls done 
 

 

2. WORK TO BE DONE 

 

 

Start with game over, pause, tutorial for each game 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

So far so good 

 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

So far so good 
 

 

 

 
 

 
 

 _________________________      ________  

 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 11 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

 

Game over, pause, tutorial for each game completed partially 
 

 

2. WORK TO BE DONE 

 

Done with game over, pause and tutorial for each game 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

So far so good 

 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

So far so good 

 

 

 

 

 
 

 
 

 _________________________      ____  

 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 12 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

 
Done with game over, pause, tutorial for each game 
 

 

2. WORK TO BE DONE 

 

Test the serious game and start with the report 
 

 

3. PROBLEMS ENCOUNTERED 

 

 

 

So far so good 

 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

 

FYP2 is almost done 
 

 

 

 
 

 

 _________________________      ______  
 Supervisor’s signature              Student’s signature 
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Trimester, Year: 3,3 Study week no.: 13 

Student Name & ID: Yew Wei Hong 18ACB04417 

Supervisor: Ts. Saw Seow Hui 

Project Title: An Interactive Serious Game for Dementia Prevention 

 

 

1. WORK DONE 
 

 

Tested the serious game and done with the report 
 

 

 

2. WORK TO BE DONE 

 

- 
 

3. PROBLEMS ENCOUNTERED 

 

 

 

So far so good 
 

 

 

 

 

4. SELF EVALUATION OF THE PROGRESS 

 

FYP2 progress can be completed 
 

 

 

 
 

 
 

 _________________________      _____  
 Supervisor’s signature              Student’s signature 
 

 
 

 
 
 

 



APPENDIX 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR  
   A-23 
 

A5. POSTER 
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