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ABSTRACT

Inthe 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

Chapter1

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 Ul
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
towardsthe 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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CHAPTER 1 INTRODUCTION

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.
Il.  To develop a cognitive scoring matrix for each game to assess dementia.
IIl.  To provide a cost-free serious game for the elderly to prevent dementia.
IV. To developa 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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CHAPTER 1 INTRODUCTION

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 fordementia
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 (Ul) 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 (Ul) 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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CHAPTER 1 INTRODUCTION

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 Ul 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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CHAPTER 1 INTRODUCTION

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.

Start
AN S

Main Menu L-.

Speed Choice Problem Solving

[ AnemionMM.m“ryW'
. Problem Solving
Speed game Attention game Memory game game

Y

'

» Send data to cloud -

J

.

Highscore

(-
No

[ Update leaderboard ‘ J
%\/ End h
AN S

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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CHAPTER 1 INTRODUCTION

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 dataand 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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CHAPTER 1 INTRODUCTION

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 disordersare
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 downalcohol 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 testswhich 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 dementiain 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 function 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,

29 ¢ 29 <¢

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 teststhe 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. 1twould 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 theelderly. Many older adults

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

12



CHAPTER 2 LITERATURE REVIEWS

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 I0S 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]

MindMate

Let's start training!

Every day when you open up MindMate

we'll hand-select 5 activities for you to
complete, which has shown over time to boost
your brain & health.

You can also browse 100's of recipes & games,
workouts, and other activities making sure to
keep your brain and body fit.

Ok, got it

P

0/5

Figure 2.2: MindMate Ul

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
Bachelorof Computer Science (Honours)

Faculty of Information and Communication Technology (KamparCampus), UTAR
14



CHAPTER 2 LITERATURE REVIEWS

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 therisk 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
I0S. CogniFit offersgames 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]

12:42 4G %

Stats Q

Take the initial assessment and discover how
your cognitive skills stack up against others

@ 9-12minutes il 5 skills

Personalized Brain
Training

START NOW

CogniFit recommends training at least 3 times per X

YOUR WEEKLY PLAN

Mon Tue Wed Thu Fri Sat Sun

ARahaaaa
A

Figure 2.3: CogniFit Ul

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

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

16



CHAPTER 2 LITERATURE REVIEWS

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
afterthe 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.

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

17



CHAPTER 2 LITERATURE REVIEWS

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 10S and Andriod
platforms. Lumosity game application offerssets 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]

12:43 wl =%

Basic
A daily taste of assorted cognitive tasks.

START WORKOUT

O Try Premium for Free

PREMIUM-ONLY WORKOUTS &

O Classic
6 Math
A Language

Figure 2.4: Lumosity Ul

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. Afterthe 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

Vg
Vg

NN

Detailed cognitive abilities information

performance

Cognitive scores overview

NENENENEN

Level changing based on game \/

Community Leaderboard

Interactive tutorials

<
NENENEN

Cloud Analytic

NENENENENENENEN

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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Agile
Approach

An Interactive
Serious Game
for Dementia

Prevention
Develop

Final
Product

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. Anoverall 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

User
Interface

Object
Control

Character
Control

Score GameOQOver

Figure 3.2: Serious game development methodologies

Top-Down
Approach

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.

Inthe 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. Afterarranging game object’s hierarchy, some simple
modification can be doneto 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

Bottom up
Approach

General Ul

Main menu Login scene

scene

onfigure ntegrate ogin and

loud settings Unity with menu
cloud control

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

Start \l
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Login

Main Menu l—

Speed Choice Problem Solving:

Y
Speed game X i Problem Solving
peed g Attention game Memory game game
> Send data to cloud -
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Figure 3.4: Flowchart for serious game
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3.2.2 System Architecture Diagram

Visual Paradigm Onl

Visual Paradigm Online Free Edition

Figure 3.5: System Architecture Diagram for serious game

3.2.3 Use Case Diagram and Description
3.2.3.1 Use Case Diagram

Visual Paradigm Online Free Edifion

=<=zlnclude==
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Visual Paradigm Online Free Edition

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

Use Case ID uCo0 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 UCo01 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 2.1 Player inputs invalid email and password.
Email and Password
2.2 System sends information to the cloud.
2.3 System validates the player’s credentials.
24 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 uCo02 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 | 2a.1 Player selects ‘Game Selection’.
Selection
2a.2 System redirects player to ‘Game Selection’ scene.
Sub Flow-Cognitive | 2b.1 Player selects ‘Cognitive Score’.
Score
2b.2 System redirects the player to ‘Cognitive Score’ scene.
Sub Flow-Cognitive| 2c.1 Player selects ‘Options’.
Score
2¢c.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 UCo3 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.l 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 2d.1 Player selects ‘Problem Solving Game’.
Solving
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 uCo4 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 3.1 Player pauses the game.
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.

3.2¢c.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 UCO05 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 3.1 Player pauses the game.
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.

3.2¢c.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

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

33




CHAPTER 3 SYSTEM METHODOLOGY/APPROACH

Use Case ID UCO06 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 3.1 Player pauses the game.
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.

3.2¢c.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 ucCo7 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 3.1 Player pauses the game.
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.

3.2¢c.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 uco8 Version 1.0
Use Case Send datato PlayFab.

Purpose To store player dataand 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 APl method.

Table 3.9: Use Case Description for PlayFab send data
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Use Case ID uCo09 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 2a.l Player changes the game resolution.
Resolution
2a.2 System applies changes to the game resolution.
Sub Flow — Game 3.2b.1 Player changes the game volume.
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.
3.2¢.2 System changes the game into full
screen/windowed mode.

Table 3.10: Use Case Description for select option
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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 datato PlayFab.

Purpose To get player datathat 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 datain key-value pair.
3 PlayFab sends back the player datato the system.
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Use Case ID ucCiz 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
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Chapter 4
System Design

4.1 System Component Diagram
4.1.1 Subsystem Architecture
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4.3 User Interface Design
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Game Selection

Speed

Attention M

¢ ) ) (

Memory I

¢ ) C )
Problem Solving m———

C ) ) (

N

N

N

C ) ( ) ( )

Figure 4.25: Game selection user interface design

Tutorial
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]
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|
]
]

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

. ,/
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e

( Resume )

[ Restart )

[ Main Menu )

[ Quit Game )
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/ N
A I
7 N
7 I
L~ ™~

Figure 4.28: Pause game user interface design

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

69




CHAPTER 4 SYSTEM DESIGN

S Game Over 7

( Replay ]
[ Leaderboard )
( Main Menu ]

Figure 4.29: Game over user interface design

RN e
N pd
\\ Leaderboard //

\ Place Name Score /
| | |
| | |

[ e )

Figure 4.30: Leaderboard user interface design
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Cognitive Score

Speed : 3I35

Attention : 10/25
Memory : 22120
Problem Solving : 22/20

Total Cognitive Score: 57/100

Figure 4.31: Cognitive score user interface design

Options

Game Resolution 1820 x 1920 v Full Screen

Volume ®

O e )

[ Back

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.

< unity

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.

Visual
Studio

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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Adobe
lllustrator

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.

4 Unity Hub 2.4.3

&} unity

¥ Projects

“

Learn

&, Community

Installs

i

2. Create a Project.

@ Unity Hub 24.5

& unity

@ Projects

o

Learn

=% Community

Installs

Installs

q

2020.3.8f1 s @

Figure 5.5: Unity Hub

Projects

Project Name <)

New Unity Project2D

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

a
F

Timer: 0

R EEEEEE:

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. Goto Unity3D > Edit > Preference > External Tools and choose Microsoft Visual Studio as

the External Script Tools.
B ew Unity Project2D - Matching Pair - PC, Mac & Linux Standalone - Unity 2020.3.8¢1 Personal <D

File Edit

Assets

GameObject Component PlayFab  Window Help

Extern: i y fisual Studio Communi

Generat

Open by file ex

om Tool

line

mand line

tool or install one of the

Figure 5.9: Unity3D preference menu

3. Inorderto get Unity IntelliSense in Visual Studio 2019, go to Tools > Get Tools and Features
> Under workload find and install Game Development with Unity.

File  Edit Git Debug Am

kil o

Modifying — Visual Studio Community 2019 — 16.10.4

Individual components  Language packs _Instal

Installation details

+ Visual Studio core editor

Mobile development with C++ + Desktop development with C++

Build cross-platform applications for iOS, Android or = @ de e U

Wind ing C+ +. P!

~ Included
¥ Visual Studio Tools for Unity
. ¥ C#* and Visual Basic

Gamina (2) ~ Optional

. § ™ Unity Hub
Game development with Unity Game development with C+ +
Create 2D and 3D games with Unity, a powerful cross- Use the full power of C++ to build professional games
platform development environment, powered by DirectX, Unreal, or Coco:

Other Toolsets (6)

Data storage and processing Data science and analytical applications
Connect, develop, and test data solutions with SQL Server, Languages and tooling for creating data science
Azure Data Lake, or Hadoop. applications, including Python and F2,

=]
=
1

Location

CAProgram Files (x86)\Microsoft Visual Studio\2019\Community
Total space required 0 B

By continuing, you agree to the for the Visual Studio edition ed. We also offer the ability to download other software with

B »
This seftware is licensed separately, as set out in the companying license. By conti Install while downloading @ Modify

Figure 5.10: Microsoft Visual Studio tools
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Setting up PlayFab
1. Sign up for an Azure PlayFab account.

B Microsoft | Azure PlayFab  Features Solutions PlayFab Awards  Pricing esources senup (R)

The online services
powering some of

today's biggest games
Keep players coming back for more

SIGN UP FREE

Figure 5.11: PlayFab login

2. Create a game studio.

My Studios and Titles

My Game Studio

:E: Adik-mentia

Development ~ ID: 105FB

e

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

documentation.

B Microsoft | Does  Documentation

Azure PlayFab Overview v Build v Engage

> Personas
> Pricing
> Roadmap
> Release notes
> Reference
~ SDKs
Overview
Request access
> Lobby and Matchmaking SDKs
Multiplayer Server SDKs
> Party SDKs
~ PlayFab SDKs
Overview
> Languages
> Frameworks
~ Game engines
Game engines
~ Unity3D
Unity3D
Quickstart
Installing the PlayFab SDK for Unity
> Unreal Engine
> scripting
> Recipes and samples

> Tools and utilities

£l Download PDF

Code Samples Shows Events

Learn PlayFab ~ Reference v+ Resources

/ PlayF.

Installing the PlayFab SDK for Unity

Art /06/2022 - 2 minutes to read =

You have two options when installing the PlayFab Unity 3D SDK:

» |Install the PlayFab Unity Editor Extensions Asset Package. Then use Editor Extension to install the PlayFab Unity 3D
SDK and configure your Unity Project.

PlayFab Editor Extensions is a stand-alone Unity plug-in that streamlines getting started with PlayFab.

When a supported SDK is installed, additional service menus are available. These menus provide access to SDK
configurations. These configuration settings are saved in a combination of places to ensure that the data persists
throughout Unity compilations and deployments. For more information about the PlayFab Editor Extensions, see the

readme in the nity ? GitHub repo.

Install the PlayFab Unity 3D SDK directly without using PlayFab Unity Editor Extensions. When you use this
installation method, you configure your Unity Project directly by setting properties property values in your code.

This content assumes you that you have a PlayFa t= and an existing Unity Project.

Install the PlayFab Unity Editor Extensions and the
PlayFab SDK

1. Download the

2. Open your Unity Project.

3. Navigate to where you downloaded the file and double-click on the PlayFabEditerExtensions.UnityPackage file to

open the Import Unity Package dialog in the Unity Editor.

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

»

4

g

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.

_OVERRIDE_

Unity Web Request

Figure 5.17: PlayFab SDK settings

5.4 System Operation

5.4.1 System Flow Overview

Login/Register

The system will begin withthe 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.

*hkhkhkhkhkkikk

==

Login

Register

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

Start, Options, Cognitive Score, and Exit.

Start

Options

Cognitive Score

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.

Game Selection

Speed - Determine how fast you react

CatchObject
Memory - Determine how good you remember

Matching Pair

Problem Solving - How can good is your cognitive thinking

15 Puzzle

Attention - Determine your focus ability

Box Tower

Figure 5.20: Game Selection

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

Attention

Attention allows highly complex activities to be
performed. Attention enables more than one task
can be performed simultaneously. Focused
attention is an ability to direct our attention and
concentration to the stimuli around us.

Skip Tutorial °

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

RESUME

REPLAY
MENU

QUIT

Figure 5.22: Pause game

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

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

Game
Over

8 Points

Leaderboard

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

game score record, the leaderboard will be updated.
. Adik-mentia @ Players Segments Shared Group Data
Development v .
Player Data (Title)
[l Title Overview
E9040ADOFE4E4879
HULE Players > E9040ADOFEAE4E79 > Player Data (Title)
P
e Overview Cloud Script Multiplayer PlayStream Purchases Statistics Friends Logins Virtual Currency Bans Data Explorer (basic)
@ Multiplayer
Groups
Characters Inventory Player Data (Title) Player Data (Publisher) Segments. Objects Files Policy Groups
& Automation
@ Add-ons
PLAYER DATA
e X Remove [ Talldisplay
& Economy —
[ Key Value Permissions
[ Leaderboards
B Content O ‘wspuzzle ‘ ‘1 | ‘ Private *"
AR @) [BoxTower lE | [Private v|
B Dashboards -
5 Dats L) [cachobject [ME | [Private vl
A Experiments O atchrar | @ | [Private v|
O | | | Public v
READ ONLY DATA
Figure 5.24: PlayFab Player data
Leaderboards Prize Tables
15Puzzle
|
Minimum (always use the lowest value)
Leaderboards > 15Puzzle
Leaderboard History (resets manually)
Rank Name Value Version Start End Archive log
W o E9040ADOFE4E4879 1 0 Mar 29, 2022 9:58 AM

Figure 5.25
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Options

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

Options.

1920 x 1080 -

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 ascore of one. The bombs will cause the player to lose; if the player misses three
snacks, they will also lose.

o

Nostalgic Grocery

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
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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

Score: 4

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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Calculates the inversion of 9 (Repeats for all number):

Tiles after 9: 2, 14, 3, 8, 11

Tiles greater than 9 are 14, 11
= 2 tiles

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.

Score the correst subiraction

2
0oooa

o
o
o

the individusl o begin with 100 and count backwards by 7. Stop afer 5 subtractions

ooooa

MONTREAL COGNITIVE ASSESSMENT (MOCA) Edu
Version 7.1 Original Version
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® @ WORLDY" bckvarts, The soe s the ambe
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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 | Speed Memory Attention | Problem Solving

Test/Type

MMSE Orientation Immediate Recall | Attention 3 Stage - Command
Naming Delayed Verbal Reading Writing
Repetition Recall Copying
13 6 11 5

MoCA Naming Delayed Recall | Attention | Visuospatial/
Abstraction | Language Language | Executive
Orientation
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 Overall
Solving
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

RegisterButton()

emailInput.text,
d=p rdInput.text

ntAPI. LoginWithEmailAdd uest, OnLoginSuccess

Figure 5.35: Script for login

dButton()

Figure 5.36: Script for reset password

The above code sent player information to PlayFab through APl method call using request
object for registration, login and reset password.

Player Data

GameObject.Find("PlayFabManager").GetComponent<PlayFabManager>() .SaveScore("CatchObject",score);

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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SaveScore(
request =

Data = Dictionary<
{
{game, score.ToString()}

1
J

I3
PlayFabClientAPI.UpdatelUserData(request, OnDataSend, OnError);

references

OnError(PlayFabError error)

ug.Log("Some Error!");

referance

OnDataSend(UpdateUserDataR t result)

. Log("Upda

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 APl method.

Leaderboard

GameObject.Find("PlayFabM ") .GetComponent<PlayFabManager>() .SendlLeaderboard(score);

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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SendlLeaderboard( score)
request = UpdatePlayerStatisticsRequest

Statistics = List<StatisticUpdate>
{

Value = score
1
J
1
J
I3
PlayFabClientAPI.UpdatePlayerStatistics(request, OnLeaderboardUpdate, OnError);

sult result)

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 dataare then sent to PlayFab via UpdatePlayerStatistics API

method.
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Getleaderboard()

GameOver.SetActive(
Leaderboard.SetActive(
request =
{
StatisticName =
StartPosition =
MaxResultsCount
I;
PlayFabClientAPI.Getleaderboard(request, OnlLeaderboardGet, OnError);

1
1

1 reference
OnlLeaderboardGet (GetLeaderboardResult result)

{

foreach (Transform item in rowParent)

{

Destroy(item.gameObject);
1
foreach ( item in result.lLeaderboard)

I
L

ect newGo = Instantiate(rowPrefab, rowParent);
t[] texts = newGo.GetComponentsInChildren<T >
texts[0].text = (item.Position+1).ToString();
texts[1]-text item.PlayFabld;
texts[2]-text item.StatValue.ToString();

Debug.log(item.Position + " " + item.PlayFabId + " " + item.StatValue);

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

GoToStage2()

Tutoriall.SetActive(
Tutorial2.SetActive(

GoToStage3()

Tutorial2.SetActive(
Tutorial3.SetActive(

GoToStaged()

Tutorial3.SetActive(

Tutorial4d.SetActive(

BackToStagel()

Tutoriall.SetActive(
Tutorial2.SetActive(

BackToStage2()

Tutorial2.SetActive(
Tutorial3.SetActive(

BackTo5st

Tutorial3.SetActive( ¥

Figure 5.42: _Script for Tutorial controls

The tutorial on each game is being control using different functions.
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System.Collections;
em.Collections.Generic;

UnityEngine;

UnityEngine.UT;

UnityEngine.5ceneManagement;

TMPro;

“Script : MonoBehaviour

Setup( score)

gameObject.SetActive( );
pointsText.text = score.ToString() + " Points";

RestartButton()

.LoadScene("CatchFallingObjects™);

ExitButton()

.LoadScene("MainMenu");

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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if(Input.GetKeyDown(KeyCode.Escape))

I
L

if (GameIsPause)
{

Resume();

Pause();

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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Active(
af:

.LoadScene("MainMenu™};

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.

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

100



CHAPTER 5 SYSTEM IMPLEMENTATION

Cognitive Score

lientAPI.GetUserData(

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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L
¥
e
r
L

stemp
btemp
ptemp
mitemp

CalculateScore( S,

mp, mtemp, ptemp, btemp;

% 148]

1se if(p <

148 ;

108)

Figure 5.47: Script for calculate cognitive score

ou
Round (stemp+btemp

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

The scoring matrix foreach game is listed below in the table:

Degree | Normal Mild Dementia Severe Dementia
Game
CatchFalling >30 10-30 <10
Object
Box Tower >20 10-19 <10
15Puzzle (Seconds) | <100 sec 101 — 140 sec >140 sec
Matching Pair | >20 Sec 1-20 sec 0 sec
(seconds left)
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Catch Object

), transform.position.y);

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.

IEnumerator SpawnRandomGameObject()
r

1
yield return WaitFo nds (Random.Range(1, 2));

randomGem = Random.Range(@, gems.Length});

value <= .6T)
tiate( [randomGem] ,

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

CellInstance.transform.gameObject.name = i.ToString();
ButtonListener(CellInstance);
RandomCellValue.Add(i);

1!
¥

CollectingSpriteToCells();

CollectingSpriteToCells()

index :
i i =@; i <« TotalCells; it+)

if{ i == TotalCells/2}
|r index = @;

1
¥

PickedSprite.Add(0ObjectSprite[inc
index++;

3
f
RandomMumberGenerator();

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().

RandomNumberGenerator()

RandomCellValue = RandomCellValue.OrderBy val=rSystem.Guid.NewGuid()}.ToList();

Figure 5.52: Scripts for RNG function

The cards order are shuffled using RandomNumberGenerator function.
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DetectClick()

+ UnityEngine.EventSystems. 3 n.current.currentSelectedGameObject.name) ;

FirstCellPosVal = .Parse({UnityEngine.EventSystem: em.current. currentSelectedGameObject. name) ;

FirstClick = 2

Parent.tr. orm.GetChild(FirstCellPosVal).GetComponent<Imag - i i prite[RandomCellValue[FirstCellPosVal]];
FirstMemorySpriteName = Parent.transform.GetChild(FirstCellP )- e age>().sprite.name;
Parent.transform.GetChild(FirstCellPosVal).GetComponent<Bu

f (!SecondClick)
SecondCellPosVal = -Parse(UnityEngine.EventSystems.Ev y m.current. currentSelectedGameObject . name) ;
).sprite = PickedSprite[RandomCellValue[SecondCellPosVal]];

ellPosval).GetComponent<I =>().sprite.name;
n>().enabled = R

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.
Detect()

if (FirstMemorySpriteName == SecondMemorySpriteName)
{
FirstClick
SecondClic
WinCellCount++;
if (WinCellCount == TotalCells
I
L
“>( ) -SendLeaderboard( (int)timerval);
3ir> () .SaveScore ("Ma -, (int)timerval);

Checkkon = ?
GameOverPanel.SetActive( );
GameOverPanel.transform.GetChild(1).GetComponent

FirstCli
SecondClick

Parent.transform.GetChild(FirstCellPosVal).GetComponent<I rite = CellBg;
Parent . transform.GetChild(SecondCellPosVal) .GetComponent< >().sprite = CellBg;
Parent.transform.GetChild(FirstCellPosVal).GetComponent<B
Parent . transform.GetChild(SecondCellPosVal).GetComponent<

Figure 5.54: Scripts for game logic

If two cardsform 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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if (!CheckWon)

I
L

timerval = timerval - Time.deltaTime;
Timerli.text = "
timeleft.text = "Tim

if (timerval < @)
I
1
timeleft.text =

-, 8);

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

box_ spawner.SpawnBox();

sCcore = @;

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.

SpawnBox()

ject box Dbj =

Figure 5.57: Scripts for spawn box

Inthe middle of the game scene, the SpawnBox function will generate a new box game object.

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

106



CHAPTER 5 SYSTEM IMPLEMENTATION

0

MoveBox();

MoveBox()

if (canMowve)

)
L

Vector3 temp = transform.position;
temp.x += move Speed * Time.deltaTime;
if (temp.x > max_X)

r

-1f;

move Speed *

}

transform.position = temp;

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.

0

canMove =

if(Random.Range(8,2)>8)

move Speed *= -1f;

GameplayController.instance.currentBox

Figure 5.59: Scripts for checking box movement

The box will move at the constant speed.
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0

DetectInput();

DetectInput()

if (Input.GetMouseButtonDown(@})

T
L

currentBox.DropBox();

Figure 5.60: Scripts for detect user input and drop box
The box will be dropped if user input is detected.
DropBox()

canMove = R

myBody . gravityScale = Random.Range(2, 4);

Figure 5.61: Scripts for drop box

When the box is dropped, the left and right movement is disabled.
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ision2D target)
if (ignoreCocllision)

T
eturn;

if{ target.gameObject.ta; "Initial™})

Invoke("Landed”,
ignoreCollision

: (Collider2D

if (ignoreTrigger)

return;

if(target.tag "Gameover™ || target.tag == "Platform")
{
CancelInvoke(”Landed™);
gameQver =
ignoreTrigger =

.
¥

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.

‘Landed()

if (gameOver)
return;

ignoreCollision =
ignoreTrigger =

.instance.SpawnNewBox() ;

r.instance.MoveCamera();

Figure 5.63: Scripts for logic after box landed

The Landed function will spawn another box and move the camera.
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SpawnNewBox( )

"y

core.ToString (@™ );

NewBox ()

box_spawner.SpawnBox();

Figure 5.64: Scripts for spawn new box

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

moveCount++;
if (moveCount ==
T
L
moveCount = @;

cameraFollow.targetPos.y += 2f;

Figure 5.65: Scripts for checking moving camera

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

fector3.Lerp(transform.position, targetPos, smoothMove *

Figure 5.66: Scripts for moving camera

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

_camera = Camera.ma in;

shuffle();

Figure 5.67: Scripts for call shuffle tiles

The tiles will be shuffled at the start of the game.
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tileOnl5LastPos = tiles[15].targetPosition;
tiles[15].targetPosition = emptySpace.position;
emptySpace.position = tileOnl5LastPos;
tiles[emptySpaceIndex] = tiles[15];
tiles[15] = 3
emptySpacelndex = 15;

inversion;

<= 143 i)

lastPos = tiles[i].targetPosition;

randomIndex = Random.Range(®, 14);
tiles[i].targetPosition = tiles[randomIndex].targetPosition;
tiles[randomIndex].targetPosition = lastPos;

tile = tiles[i];

tiles[i] = tiles[randomIndex];
tiles[randomIndex] = tile;

}

inversion = GetInversions();
Debug.Log("Pu eShuffled!™};
} while (inversio =8 );

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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GetInversions()

inversionsSum a;
for ( < tiles.Length; it+)
I
1

thisTileInvertion = @;

j = 1i; j <« tiles.Length; j++)

if (tiles[i].number > tiles[j].number)
thisTileInvertiont+;

1
i
inversionssum += thisTileInvertion;
L
J

return inversionsSum;

Figure 5.69: Scripts for inversion

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

0
transform.position = V 3.Lerp(transform.position, targetPosition, @.85f);

checkColor();

;HeckCDlor{}

if (targetPosition.x == correctPosition.x &% correctPosition.y == targetPosition.y)

_sprite.color = Color.white;
inRightPlace

Figure 5.70: Scripts for checking tile position

If the tile is in the correct position, it will change colour.
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0
if (Input.GetMouseButtonDown(8))

ray = _camera.ScreenPointToRay(Input.mousePosition);
).Raycast(ray.origin, ray.direction);

2.Distance(emptySpace.position, hit.transform.position) <

lastEmptySpacePosition = emptySpace.position;
= hit.transform.GetComponent<Ti
ace.position = thisTile.targetPosition;
thisTile.targetPosition = lastEmptySpacePosition;

tileIndex = findIndex(thisTile};
tiles[emptySpacelndex] = tiles[tileIndex];

tiles[tileIndex] = 2
emptySpaceIndex = tilelIndex;

Figure 5.71: Scripts for switch tiles position

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

if (!_isFinished)
I
1
rectTiles = @;
@ in tiles)

if (g != )
{
if (a.inRightPlace)
€
correctTiles++;

f (correctTiles == tiles.Length - 1)

_isFinished = £
endPanel.SetActive(

15Pu

) + a.minutes + 0 ") a.seconds;

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 Evaluationand 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. Integrationtesting will be doneto 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

the console

Testing Component Testing Input Expected Output | Final Result
Login/Register textbox Email: abc123 Invalid input Invalid input
Password: abc123 message message
displayed
Email: Invalid input Invalid input
abcl23@gmail.com | message message
Password:12 displayed
Email: Register/Login the | System
abcl23@gmail.com | user successfully
Password: abc123 register/login
the user
Login/Register button Click on the button | Console log Console log
message appear in | 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 Console log
message appear in | message

the console successfully
appear in the
console
Options button Click on the button Console log Console log
message appear in | message

the console successfully
appear in the
console
Cognitive score button | Click on the button Console log Console log
message appear in | message

the console successfully
appear in the
console
Exit button Click on the button Console log Console log
message appear in | message

the console

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 Console log
message appear in | message

the console successfully
appear in the
console
Attention game button | Click on the button Console log Console log
message appear in | message

the console successfully
appear in the
console
Memory game button Click on the button Console log Console log
message appear in | message

the console successfully
appear in the
console
Problem Solving game | Click on the button Console log Console log
button message appear in | message

the console

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

Lives decrease by

Lives update

gems 1 successfully
Control character to avoid | Nothing changed Nothing
bombs changed
Control character to collect | Game over panel Game over

bombs

appear

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 buttonson Tutorial will go Tutorial go
each tutorial screen forward with next | forward with
button and next button and
backward with backward with
previous button previous button
Game Over Control character to avoid | Game over panel Game over

3 gems

with final score,

leaderboard button,

restart button,

main menu appears

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 Pause panel
restart button, appear
main menu button,
quit button appears

Press Pause button Pause panel with Pause panel
restart button, appear

main menu button,

quit button appears

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 buttonson | Tutorial will go Tutorial go
each tutorial screen forward with next | forward with
button and next button and
backward with backward with
previous button previous button
Game Over Press mouse key (test Game over panel Game over
box do not land on box) | with final score, panel appear
leaderboard button,
restart button,
main menu appears
Pause Press ‘Esc’ key Pause panel with Pause panel
restart button, appear
main menu button,
quit button appears
Press Pause button Pause panel with Pause panel
restart button, appear

main menu button,

quit button appears

Table 6.16:

Memory Game

Attention game unit testing test case and validation

Testing component

Testing Input

Expected Output

Final Result

Game controls

Choose on one card Card foldsopen | Card chosen
folds open
Choose on two cards Two cards fold | Two cards
(same pair) open chosen fold
open
Choose on two cards Two cards fold | Two cards
(different pair) 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 Tutorial will go | Tutorial go
each tutorial screen forward with forward with
next buttonand | next button and
backward with | backward with
previous button | previous button
Game Over Find all the pairs / timer Game over Game over
runs out panel with final | panel appear
score,
leaderboard
button, restart
button, main
menu appears
Pause Press ‘Esc’ key Pause panel Pause panel
with restart appear
button, main
menu button,
quit button
appears
Press Pause button Pause panel Pause panel
with restart appear
button, main

menu button,
quit button
appears

Table 6.17: Memory game unit testing test case and validation
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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

Game over panel

Game over panel

the correct appears appears
position
Timer controls Start game Timer starts at 00:00 Timer starts at 00:00

Complete puzzle

Timer stops

Timer stops

Tutorial Click on the Tutorial will go forward | Tutorial go forward
buttons on each | with next button and with next button and
tutorial screen backward with previous | backward with

button previous button

Game Over Complete the Game over panel with | Game over panel
puzzle final score, leaderboard | appear

button, restart button,
main menu appears
Pause Press ‘Esc’ key | Pause panel with restart | Pause panel appear

button, main menu
button, quit button

appears

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 The game will The game
resolution: 720 * 680 change the changes the

resolution to 720

resolution to 720

* 680 * 680
Full Screen Uncheck the full screen | The game will The game exits
checkbox exit full screen full screen
Check the full screen The game will The game enters
checkbox enter full screen | full screen
Volume controls Change the game The game The game
volume to lower volume will volume decreases
decrease
Change the game The game The game
volume to higher volume will volume increases
increase

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

The values for
each categories
and overall

cognitive score

score are valid
Refresh button Click on therefresh | Console log message Console log
button appear in the console 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

The register email

and password are

The register

email and

password: 123abc in | updated in password are
the login scene PlayFab successfully
updated in
PlayFab
Login using email: The player The player
123@gmail.com information will information
and password: 123abc | appear in PlayFab | appears in

in the login scene recent login PlayFab recent
login
Login — Main Menu Input valid email and | Main menu scene | Main menu

password and login

will be redirected

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
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Game Selection

Integration units Testing input Expected output | Final result

Game Selection — Click the speed game speed game speed game

Speed game button scene will be scene redirected
redirected successfully

Game Selection —

Click the attention game

attention game

attention game

Attention game button scene will be will be redirected
redirected

Game Selection — Click the memory game | memory game memory game

Memory game button scene will be scene will be
redirected 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 Finish game Score will be Score updated in

Player Data) updated in PlayFab player
PlayFab player data
data

Game — PlayFab (Send Finish game Score will be Score updated in

Leaderboard) updated in PlayFab
PlayFab Leaderboard
Leaderboard

Game — PlayFab (Get Click on leaderboard Player place, Player place,

Leaderboard)

name, and score
will appear on

leaderboard

name, and score
appears on

leaderboard
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Game — Main Menu Click on Main menu Game will exit Game exit and
button and return to main | return to main
menu menu

Table 6.24: Games integration testing test case and validation

Cognitive Score

Integration units Testing input Expected output | Final result
Cognitive Score — Start game The categories The categories
PlayFab values are the values are the

same as stored in | same as stored in
PlayFab 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, | need to keep my project updated and show
progress. The COVID-19 pandemic was another challenge | 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 | 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 forelderly 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

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 Ul 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. Anoverall 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

'-'

, Adik-mentia @ Overview PlayStream Monitor

Development 3 /100K

Overview Time period | Last 24 hours ¥
i Title Overview
suLD
A Players
& Mulipisyer UNIQUE USERS Amount Change APICALLS CLOUD SCRIPTPROCESSING TIMES
B Gows
& Autemation NA NA NA
B Addons
NA NA NA
ENGAGE e " " oading aading
B Economy
[ teaderboards NA NA
B Content LAST 30 DAYS LAST 24 HOURS
Show data table Show data table
ANALYZE
T Dashboards
£ i
o LOGINS Amount Change NEW USERS Amount Change PURCHASES Amount Change
B expariments
NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA
Loading Loading Laading

Figure A-1: PlayFab Overview

E adkmenta & Players  segmems  Shared Group Bata

Development 3/ 100K

Ml Title Overview
2 total players SearchTips
suLD
. Players
Query
& Multiplayer

=

Autemation
B Addons
D Last login Created Country vTD

ENGAGE

8 Economy §  DOFGSAD3F1B2963A 29 AM 7 days ago Malaysia -
[ tesderboards

B @) ES040ADOFE4E4STS 021 4:28 AM 3 days ago Malaysia $0.00
B Content

- @ 6B917966467007CB Aug 17,2021 1:49 PM 7 days ago Malaysia $0.00

B Dashboards
& Dam

& experimants

Figure A-2: PlayFab Players
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L Adik-mentia Leaderboards Prize Tables

Development 300K~ apobelore

e the highest value)

Cuerview Maximum (always use

Leaderboard History (resets manually)
Rank Name Value Version Start End Archive log
w0 DOFGBAD3FIBZ963A 35 1 Aug 15, 2021 11:54 AM
encacE 0 Aug 15, 2021 10:50 AM Aug 15, 2021 11:54 AM
& Economy
[ Leaderboards
B Content

Figure A-3: PlayFab Leaderboard

Bachelorof Computer Science (Honours)
Faculty of Information and Communication Technology (KamparCampus), UTAR

A-2



APPENDIX

A.2 Dementia Assessment Sample

MNAME :
MONTREAL COGNITIVE ASSESSMENT (MOCA) Education : Date of birth :
Version 7.1 Original Version Sex: DATE:
VISUOSPATIAL / EXECUTIVE / Copy Draw CLOCK (Ten past eleven) m
cube {3 paints |
End
Begin
[ ] [ ] [ 1 [ ] /5
Contour Numbers Hands
/3
MEMORY Read list of words, subject must FACE VELVET | CHURCH | DAISY | RED
repeat them. Do 2 trials, even if 15t trial is successful, 1st trial MNo
[ & recall after 5 minutes, points
2nd trial
ATTENTION Read list of digits (1 digit’ sec.), subject has b repeat them in the forward order [ ] 21854
Subject has to repeat them in the backward order [ ] 742 f2
Read list of letters. The subject must tap with his hand at each better A. Mo points f 2 2 emrors
[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB |—/1
Serial 7 subtraction starting at 100 [ 193 - []17 []72 [ 185
4 or 5 correct subtractions: 3 piks, 2 or 3 comect: 2 pis, 1 comect: 1 i, 0 comect: 0 pt /3
LANGUAGE Repeat ! | only know that John is the one to help today. [ ]
Thie cat alweays hid under the couch when dogs were intheroom. [ ] -l"lz
Fluency / Mame maximum number of waords in one minute that begin with the letter F [ ] iNZ11 words) A1
L1 pie] B cimilarity between e.g. hanana - orange = fruit [ ] train-bicycle [ ] watch - ruler /2
DELAYED RECALL Has to recall words FACE VELVET CHURCH | DAISY RED Paints for /5
UMCLIED
WITH NO CUE [ ] [] [1] [] [ 1] recall onky
5 Cateqgory cue
Optlﬂl'la| Multiple chaice cue
OR ATIO [ ] Date [ ] Month [ ] Year [ ] Day [ ]Place [ ] City _J/6
B Z.Nasreddine MD www.mocatest.org Mormal =26/ 30 | TOTAL /30
Administened by: Add 1 paint i €12 yredu _J

Figure A-4: Montreal Cognitive Assessment (MoCA)
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Mini-Mental Status Examination (Click here to take an online version.)

The Mini-Mental Status Examimation offers a quick and simple way to quantify cognitive function and screen
for cognitive loss. [tiess the individual’s orentation, attention, caleulation, recall, language and motor skills.

Each section of the test invoedves a related series of questions or commands. The individual receves one
pint for cach correct answer.

To give the examination, seat the mdividual i a qubet, well-lit room. Ask bin'ber to listen carefully and
to angwer cach question as accurately as he/she can.

Dron't nieme the test but seone it fght away. To score, add the sumber of correct responses. The individual
Ccan receive a maxirmum score of 30 podnts.

A score below 20 nsually indicates cognitivie impairment.

The Mini-Mental Status Examination

Mame: DOB:
Years of School: Drane of Exam:
Orientathon to Time Correct Ineorrect

What is today's date?

What is the month?

What i the year?

What is the day of the week today?
What seazon is n?

OO0o0d
Ooo0d

Tiogal:
Orientation to Place

Whose home is this?
What room is this?
What city are we in?
What county are we in?
Whar state are we in7

OO00O0
OOo0o00

Tiodal:
Immediate Recall

Ask if you may test his'ber memory. Then say “ball”, *flag®, "tree” clearly and slowly, about | second for
each. After you have said all 3 words, ask him'ber to repeat them — the first repetition determines the score

(-3
Ball 1 N |
Flag ] a
Tree [ O
Togal:
Abtention

A) Ask the individual to begin with 100 and count backoards by 7. Stop afier 5 subtractions.
Seore the correct sublractions.

03 i O
86 ] a
o L] O
72 ] O
i ] O

Figure A-5: Mini Mental State Examination (MMSE)
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By  Ask the individual w spell the word "WORLD® backwards. The score is the number of letters in
correct position.

Correct Imcorrect
D O O
L ] Ll
0 . H
0
w O O
Towl:
Drelaved Verbal Recall
Ack the individual to recall the 3 woeds you prevaously asked himber i remember.
Ball O O
Flag | O
Tree O O
Todal:
Naming
Show the individual a wristwaich and ask him'her what it is. Repeat for peacile
Watch O E‘
Pencil O O
Repetithon
Ak the individual to repeat the following:

“No if, ands, or buts® O O

3-Stage Conmand
Girvee the individual a plain picee of paper amd say, “Take the paper in your hand, fold i in half, and pui % on

the floor™
Takes O O
Folds O O
Puts O O
Reading

Hold up the card reading: *Close your eves” so the individual can see it clearly. Ask him'her 1o read it and do
what it says. Score correctly only if the individoal actually closes histher eves.

Writing

Give the individual a piece of paper and ask him'her o write a sentence. [t is 1o be writien spontancously. It
musi contain a subject and verb and be sensible.

() U
Copying

Give the individual a piece of paper and ask himher to copy a design of two intersecting shapes. One point &
awarded for correctly copying the shapes. All angles on both figures must be present, and the figures must have
one overlapping angle.

O O

Totnl S core:

Figure A-6: Mini Mental State Examination (MMSE)
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A3. System Acceptance Test Survey

Gender

8 responses

@ Male
® Female

Figure A-7: Survey Gender Pie chart

Age (years old)

8 responses

3

3 (37.5%)

2 (25%)

1 (12.5%) 1 (12.5%) 1 (12.5%)

19 20 22 23 24

Figure A-8: Survey Age Bar chart
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How long does you spent in playing the game?

\é

Figure A-9: Survey Time Spent Pie chart

8 responses

@ =10 Minutes
@ 10- 30 Minutes
@ 30-60 Minutes
@ =60 Minutes

What is your score for "Catch Falling Object" game?

8 responses
@® 10orless
® 11-20
® 21-30
@ 31 and above

Figure A-10: Survey Catch Falling Object Pie chart
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What is your score for "Box Tower" game?
8 responses

@® 10orless

@® 11-20

® 21-30

@ 31 and above

Figure A-11: Survey Box Tower Pie chart

What is your time remaining for "Matching Pair" game? (In seconds)
8 responses

@ 31 and above

® 16-30
@®1-15
[ Y]

Figure A-12: Survey Gender Pie chart
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What is your time taken for "15Puzzle" game?
8 responses

@ 30o0rless

@ 31-60

@ 60-100

@ 100- 140

@ 141 and above

Figure A-13: Survey 15Puzzle Pie chart

What is the overall cognitive score obtained? (/100)
8 responses

@ 30 and below
@ 31-50
®51-75
@ 75 and above

Figure A-14: Survey Cognitive Score Pie chart
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Did you enjoyed the game? Please state some recommendation for the games.
8 responses

Yes, the game is very cute. | like the game design very much. The game that catch snacks really reminds
me of the older days!

Yes, as | know, the game is a game for final year project. The initiative of the game is very creative, The
game is very suitable which | would actually recommend to my grandparents.

| really enjoyed the game. The game is fun as | think it is challenging enough.

Yes, | think there is much improvement for the game in terms of the Ul design but overall | think the game
is much enjoyable and suitable for eldery

Yes, | think the game Is fun and challenging. | think | am sometimes a slow thinker, so the game can
actually help me to determine my cognitive ability

Yes, the game is nice but the | think there is much improvement needed. The game design is cute for me
as a girl. If there are more games included, it would be nicer.

‘Yes, the game was okay in my opinion as the intended audience are elderlies. The game design are simple
which | like a lot.

Yes, | think there is still a need to improve in terms of the game design. The game is very suitable for
elderly.

Figure A-15: Survey Recommendation for the system
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A4. FINAL YEAR PROJECT WEEKLY REPORT
(Project 1)

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 donein FYP1

4. SELF EVALUATION OF THE PROGRESS

So far so good

o)~ Y=

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 matchingpair

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

eon~ 4

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

e Y

Supervisor’s signature Student’s signature
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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

e

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

o)~ Y-

Supervisor’s signature Student’s signature
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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

Sl Y-

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

ey

Supervisor’s signature Student’s signature
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Trimester, Year: 3,3 | Study week no.: 9
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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
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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
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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
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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
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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
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A5. POSTER

serious Game For Dementia
Prevention

Introduction

Today, the rapid ageing in the world population is corncerning. I \
Ageing will cause several problems to person such as lowering a . ‘
person’s cognitive functionalities. Cognitive impairments such as

dementia will develop as the cognitive functionalities deteriorate.

The project aims to assist people to reduce and prevent the risk of

dementia. The deliverables of the project will be a serious game that

can help people especially elderly to prevent dementia.

Our Methodologies

The system is developed using Unity and C# language and
integrated with PlayFab services. The serious game will be
developed using top down development approach and the general
user interface will be developed using bottom up development
appraoch. Timeline Gantt chart and Milestone are also used to keep
track of the project progress.

Discussion

The project will the first few Malaysia themed computer serious
game for dementia prevention. It can train and assess cognitive
functionalities of a person. The serious game will be free to lower
the burden of the user. It will be simple so that elderly can under-
stand the serious game easily. The serious game also aim to im-
prove the awareness and educate Malaysian about dementia.

Conclusion

The serious game for dementia prevention is free, simple and
Malaysia themed. The serious game can help users to prevent and
reduce dementia.The serious game contain games grouped in
different categories. Each categories will assess different areas of
cognitive functionalities. The cognitive scores will be used as a
measure of a person’s cognitive abilities. The user’s can also use their
cognitive scores as a determinant if they potentially have dementia
or not,

!
By Yew Wei Hong Final Year Report
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