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ABSTRACT

The puzzle games market is crowded and massive, and players makeup spans
demographics, and motivations for playing run the gamut. As the mobile puzzle game
market continues to evolve, accessing the right insights can help the industry grow its
business and target its users. It is preferable to investigate individual incentive motives
and player types in puzzle games since they often have simple gameplay. According
to the report of Google Play, female is the main players in the puzzle game genre, thus
it is significant to figure out female players’ motivation and preferred mechanics.
However, previous studies presented a gap in female players' motivation drivers and
their player types, along with related research in the mobile puzzle game area. This
study aimed to explore puzzle game female players’ motivational drivers and player
types. To achieve the research goal, preliminary research was conducted to classify
players. A proposed Match-3 puzzle game with certain game mechanics was developed
to evaluate motivations and player experience. The quantitative method was adopted
in this study. From 144 responses in preliminary research, Thinker was the top player
type among female players followed by Achiever, Thrill Seeker, and Skill Master. A
Match-3 puzzle game named Happy Zoo was developed in this study and was tested
by 45 participants. The final result showed participants are satisfied with the proposed
game and they are willing to keep playing the game in the future. Most female players
played Match-3 puzzle games for entertainment and skill development, and their
favorite game mechanic is Dropping. The findings of this study helped puzzle game
designers better understand their target customers, and the proposed game is conducive

to other future studies related to Match-3 puzzle games.

Keywords: Motivation, Player Type, Player Experience, Match-3 Puzzle Games
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CHAPTER 1

INTRODUCTION

1.1 Background

Mobile game is a massive market in the digital era due to smartphone ubiquity. The
total downloads of mobile games across 10S, Google Play, and third-party Android
were 82.98 billion in 2021 (App Anie, 2022). The mobile game revenues in 2021 were
up to $93.2 billion (Newzoo, 2021). From the State of Mobile reported by App Anie
Intelligence (2021), among global mobile game downloads, the maximum number of
downloads is casual games which occupy 78% of the whole mobile game market (see

Figure 1.1).

Global Mobile Gaming Breakdown
2020

Downloads Consumer Spend Time Spent

Casino 2%
|

| /Core 20%
Casual 78%"

Figure 1.1: Global Mobile Gaming Market (App Anie, 2021)

Casual games are defined by basic rules and straightforward game controls. They
typically have brief play sessions and do not demand a high level of player
participation (Kuittinen et al., 2007). In the last three years, puzzle games have

remained the most popular subgenre of casual games (see Figure 1.2).
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Figure 1.2: Top 3 Gaming Subgenres Downloads in 2019, 2020, and 2021
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Simulation.

Researching the main player group of the puzzle game, the fact (Newzoo, 2021;
Lopez-Fernandez et al., 2019) shows female players take a leading proportion,
although a host of cultural norms both inside and outside of the gaming world have
contributed to the impression that male players dominate the game world. As reported
by Google Play (2019), woman plays mobile games more than the male whether in
number or frequency. In more specific data from Newzoo (2021), puzzle games were
mainly made up of female gamers, appealing to 63%, 58%, 52%, and 61% of female
players in the United State, United Kingdom, Japan, and Korea respectively (see
Figure 1.3). While the number of female players rises, most of them do not regard
themselves as gamers. Some research also reveals the low gamer identity among

female players (Lotte, Sofie & Jan, 2017).
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Figure 1.3: Puzzle games are more appealing to female players (Newzoo, 2021)

Categorizing players into types and play styles has been a research topic for years as
it helps game designers to understand their target audiences and tailor content to
individual players (Tondello et al., 2017). There is a lot of literature (Ahmad et al.,
2017; Moll et al., 2020; Toh, 2022) about different research on game experience and
player motivation studies, such as interfaces, game mechanics, gameplay, and ideal
stories. However, puzzle games are usually equipped with simple gameplay, a simple
interface, and a short story. It is more necessary to identify the main personal and
psychological elements which motivate and stimulate the players to play. Thus, player
motivation and player type are the most suitable methods to explore the attractiveness

factors of puzzle games.

Typologies for understanding players’ preferences towards gameplay have gained
popularity in research. There are different player types and motivation models have
been proposed by several authors, such as BrainHex player typology (Nacke et.al,
2014), Bartle’s Six Player Type (1996), “4 keys 2 fun” Model (Lazzaro, 2004), and
Five Key Motivations put forward by Hamari and Tuunanen. A player satisfaction
model called BrainHex is built on knowledge from neurobiological research as well as
the outcomes of prior models of demographic game design. BrainHex model put
forward seven archetypes of players: Seeker, Survivor, Daredevil, Mastermind,
Conqueror, Socialiser, and Achiever. It was been widely used in game player typology
and gamification areas. In recent years, a game data analysis company GameRefinery
published a report of Player Motivations and Archetypes specifically target to mobile

games. It classified twelve Motivational Drivers and eight distinctive Player

3



Archetypes, and the latter is proposed from the combination of the former by using
statistical modeling. In this study, the Brainhex Player Type and up-to-date Player
Archetypes published by GameRefinery are combined as the reference of player type

classification in the preliminary analysis.

1.2 Problem and Gap

The puzzle games market is crowded and massive, and players makeup spans
demographics, and motivations for playing run the gamut. Female players are
indicated as the majority groups in the puzzle games. What motivates these players to
keep playing such simple but popular games? Do these players have specific player
types? What kind of game mechanic triggers them to engage in the games? The
problems prompted the study to explore motivation drivers and types of female puzzle

game players.

Although many motivational models are providing instructional concepts in game
design, their limitations still cannot ignore. For example, the “4 keys 2 fun” Model
(2004) proposed by Lazzaro is too broad and general to identify specific player
motivations, which leads to limitations in analyzing a specific game genre. Moreover,
most studies related to female players’ motivation are based on psychological factors
rather than empirical experiments (McLean & Griffiths, 2013). In terms of player
archetype classification, researchers often study all players instead of the female
players’ type specifically. The female players' data is deficient in the game market.
Meanwhile, studies related to player typology often used one game genre such as
Massively-Multiplayer Online Role-Playing Games (MMORPGSs) as a research target
(Marc et.al., 2016). The research on player motivations and types in mobile games

areas is lacking.

As the mobile gaming market becomes more competitive, game developers must

figure out how to attract players' interest. Despite the huge success of puzzle games,



attractiveness also become one of the biggest challenges. Therefore, it would be
important to learn why the majority of players—female gamers, play the puzzle game
and what are their habitual playing behaviors. A deeper understanding of female
players' characteristics and preferences in puzzle games facilitates the player-oriented

design and allows designers to better target customers.

1.3 Research Questions
According to the problem and gap stated above, the following research question was

put forward:

Based on predicted player archetypes, what motivational drivers and game mechanics
combinations in the puzzle game, can motivate and evoke an interest in female players

in engaging and continuing play?

Hypothesis:

HI1: The proposed game mechanics and game elements meet female players'
expectations.

H2: The predicted types of female players enjoy the planned game, and are motivated

to continue playing.

1.4 Aims and Objectives
This research aims to study the impact of motivational drivers and player archetypes
on female players' puzzle game experiences. The objectives can be divided into three

points:

1. To identify puzzle game female players’ main player archetypes via preliminary
analysis.
2. To develop a mobile platform puzzle game by incorporating specific game

mechanics and design elements.



3. To evaluate the effectiveness of the proposed game on player experience for

different female player archetypes.

1.5 Project Scope

The research purpose is to explore the motivations and player types of female puzzle
game players. The sample targets focused on female students at Xiamen University
Malaysia who had experience in mobile puzzle games. The study lasted nine months,

from April 2022 to December 2022.

Match-3 mobile puzzle game was selected as the game prototype genre because of its
applicability and universality among puzzle games. The proposed game with 15 levels
was tested on mobile phones with 6.1 to 6.5 inches screen sizes. The physical gameplay
test was hosted in Malaysia, and the findings of player motivations, types, and

preferences for game mechanics were discussed after the gameplay test.

1.6 Report Structure

The report contains seven chapters. Chapter 1 is an overall introduction to the whole
research, summarizing the background and important concepts of the work. Chapter 2
reviews articles and journals related to player typology and motivational drivers in
recent ten years. The gap and differences between them are discussed in this section
and the inspiration from previous works is demonstrated clearly. Chapter 3 shows the
research methodology and framework of the whole research. The game playtests flow,
including game setup, experiment context, and participants are stated in Chapter 3 as
well. Chapter 4 evaluates and analyses the preliminary research. The complete and
comprehensive game prototype development process is declared in Chapter 5. Next,
playtest results are discussed and analyzed in Chapter 6. Finally, Chapter 7 concisely
concludes this research and discusses future work and recommendations according to

the limitations.



1.7 Contribution of This Study

The contributions of this study are listed as follows:

1)

2)

3)

A general analysis of puzzle game female players’ types

The preliminary research about female players’ player type and their preference
toward Match-3 puzzle games is analyzed through the quantitative method. The
final result can be used as a reference for future relevant studies on the female

player type and puzzle game industry.

A developed Match-3 puzzle game with specific game mechanics combination

The proposed game is a Match-3 puzzle game that combines and arranges
difficulty and complexity in each level to explore the players' experience
specifically. It can be used as a tool to conduct related Match-3 puzzle game
experiments. Also, the design concept of the proposed prototype can be a reference

to future similar research on Match-3 puzzle games.

Player type and motivation evaluation result

The result of this research provides the main player type of puzzle game female
players, different female players’ motivational drivers, and the game mechanics
they prefer. The result is meaningful and valuable for the game market and game

designers, helping them better understand their target audiences.



CHAPTER 2

LITERATURE REVIEW

2.1 Overview

A comprehensive and critical review of previous related research is presented in this
chapter. In general, Human-Computer Interaction (HCI) has a long history of
customizing interactive systems and services for diverse user groups utilising a variety
of parameters, such as personality traits, age, gender, and other fixed characteristics
(Dillon & Watson, 1996). Various player-type models have been proposed in game
user research (Hamari & Tuunanen, 2014) in the past decades, for classifying players
according to their preferences for specific game mechanics. Except for player type
classification, players’ motivation is another dimension that would be considered as a

preliminary step in the game design process.

2.2 Player Motivation

Different motivations will lead to distinct choices, for example, people doing exercise
to keep fit tend to do some regular sports such as running, swimming, and riding; while
others will seek a professional trainer for body shaping. This kind of difference will

occur in game selection as well.

Many academics have attempted to discover the numerous reasons why people adopt
different gaming behaviours (Liu, 2018). At first, the discussion started with the
fundamental desire for playing behaviour that is not limited to game areas. According
to the labor and leisure tradeofts hypothesis, people's motivation will change to a want-
to task after completing a challenging have-to job, such as work (Kool & Botvinick,
2014). Meanwhile, the difficulty of the preceding activity enhances motivation-related
brain responses. It can explain why people favour risky games that offer a greater
challenge, provocation, and enjoyable feedback. The desired goal can restore the

proper balance between work and play rewards (Schmidt et al., 2017).



Furthermore, players’ motivations differ by multiple factors. William et al. and
Greenberg et al. (2010) found that player motivation is affected by gender. Accordingly,
there is evidence that the relationship between gender and players’ preference for the

game genre is significant (Gustavo & Lennart, 2019). Thus, understanding how players

choices are influenced by gender had better explore player motivations.

Studies about player motivations and preferences are numerous and advanced in recent
years. In 1996, Bartle put forward A Players’ interest model (see Figure 2.1). Players
are divided into four types: Killers, Achievers, Socializers, and Explorers according to
their preferences and demands for games. The horizontal dimension describes the
players’ interest in the world or other players. The vertical dimension reveals the

players’ interest in acting or interacting.

Interest in acting
A

Killers Achievers
Interest  in _ Interest in the
other players © world (player
(player verse o verse
player) Socializers Explorers environment)

v

Interest in interacting

Figure 2.1: The motivation models in Bartle's theory (1996)

A more recently well-known one is Lazzaro's (2004) theory. Lazzaro put forward a
concept of “4 keys 2 fun”, which stated four elements of what players enjoy in games:
Hard Fun (triumph over adversity), Easy Fun (curiosity), Serious Fun (relaxation and
excitement), and People Fun (amusement). However, it is too broad to identify player
motivation accurately. Thus, a more targeted study collected data from 3000 players

on different Massively Multiplayer Online Games (MMPGs) through a factor analytic



approach was put forward by Yee in 2006. Yee classified motivations of play into three
main categories, and each category is further divided into several subcategories in
more detail (see Figure 2.2). The first group is Achievement, which consists of three
components: the desire for advancement, the interest in analyzing and optimizing the
game mechanics, and the willingness to compete. The second group is described as
Social. It includes the desire to interact with other players, build the relationship and
collaborate with others in the virtual world. The third group Yee defined as Immersion,
which contains exploring the game world, role-playing, customizing the decorations,

and escaping from the real world.

Achievement ocia mmersion
Advancement Socializing Discovery
Progress, Power, Casual Chat, Helping Exploration, Lore, Finding
Accumulation, Status Others, Making Friends Hidden Things
Mechanics Relationship Role-Playing
Numbers, Optimization, Personal, Self-Disclosure, Story Line, Character
Templating, Analysis Find and Give Support History, Roles. Fantasy
Competition Teamwork Customization
Challenging Others, Collaboration, Groups, Appearances, Accessories,
Provocation, Domination Group Achievements Style, Color Schemes
Escapism
Relax, Escape from RL,
Avoid RL Problems

Figure 2.2: Motivations of play in online games (Yee, 2006)

In a meta-analytical review published in 2014, Hamari and Tuunanen summarized Five
Key Motivations of play: Achievement, Exploration, Sociability, Domination, and
Immersion. More recently, a game analytics consulting company Quantic Foundry
(2015) conducted a Gamer Motivation Profile (see Figure 2.3) based on 300,000
participants of all game types. This motivation model was composed of 12 dimensions
of player motivation and was clustered into six groups, which are Action (Destruction
and Excitement); Social (Competition and Community); Mastery (Challenge and
Strategy); Achievement (Competition and Power); Immersion (Fantasy and Story);

and Creativity (Design and Discovery).
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OVERVIEW OF MOTIVATION MODEL

v % 4 R ©® K

Social Mastery Achievement Immersion Creativity

“Let’s Play Together” “Let Me Think” “I Want More” “Once Upon a Time" “What If?"

Destruction Competition Challenge Completion Fantasy Design
Guns. Explosive: Duels. Matches. actice. High Get All Collectibles y someone else Express
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Figure 2.3: Gamer Motivational Model (Yee, 2016)

New typography of player motivation drivers as shown in Figure 2.4 for mobile games
was released by GameRefinery (2020). They put forward a comprehensive and
multifaceted player motivational driver model which consists of six groups and each
group has diverse gameplay types. It introduces Social (covering Working with Others
and Competing Against Others), Mastery (covering Improving Skills and Completing
Milestones), Management (covering Strategic Planning and Resource Optimization),
Expression (covering Role-playing & Emotions and Customization & Decoration),
Exploration (covering Discovering New Worlds and Collecting Treasures) and
Escapism (covering Thinking & Solving and Excitement & Thrill).

. 4
% Social - Working With Others Expression - Role-playing & Emoations

? Social - Competing Against Others Expression - Customization & Decoration

@ Mastery - Improving Skills Exploration - Discovering New Worlds
@ Mastery - Completing Milestones Exploration - Collecting Treasure

9)2 Management - Strategic Planning Escapism - Thinking & Solving

< B I @

& Management - Resource Optimization Escapism - Excitement & Thrrill

Figure 2.4: Motivational Driver Model (GameRefinery, 2020)

Over 600 variables are used by GameRefinery to map Motivational Driver profiles,
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which is done automatically for over 130 000 mobile games. For example, the Match-

3 Puzzle game has a high average score in Thinking & Solving and Completing

Milestone, whereas PUBG Mobile has a high average score in Competing Against

Others, Working with Others, Excitement & Thrill (see Figure 2.5).

Motivational Drivers

- Resource Optimization

Homescapes @ Thinker

Figure 2.5: Thinker Type Players Motivational Driver Radar Map

(GameRefinery, 2020)

Table 2.1 concludes the player motivation models mentioned above. The limitations

of each motivation model are discussed as well.

Table 2.1: Player motivation model comparison

Name Year Description Limitation
Bartle’s 4- | 1996 Interest in acting; Interest in | Four dimensions are
dimension interacting; Interest in other | limited to describe
theory players; Interest in the world the players’

motivations
Lazzaro's theory | 2004 Hard Fun (triumph over | Too broad and
adversity); Easy Fun | general to identify
(curiosity); Serious Fun | specific player

(relaxation and excitement); | motivation

and People Fun (amusement)
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Online Games | 2006 Achievement; Social; | The result is only
motivations Immersion analyzed from
(Yee) MMOGs

Five Key | 2014 Achievement, Exploration, | More based on
Motivation Sociability, Domination, and | literature  reviews
(Hamari and Immersion. rather than an
Tuunanen) empirical

experiment

Gamer 2015 Action; Social; Mastery; | A standard
Motivation Achievement; Immersion; and | assessment tool is
Profile (Quantic Creativity still not publicly and
Foundry) readily available
GameRefinery | 2020 Social, Mastery, Management, | The analysis is only
Motivational Expression, Exploration, and | based on mobile
Driver Model Escapism games in the current

market, the insight

may be restrained

2.3 Player Archetypes

Beyond these motivation models, many attempts have been made in player archetypes

classification. The motivation factors can act as a criterion to classify the player

archetype. For instance, Bartle’s 4-dimension theory (1996) divided players into four

types which are Killers, Achievers, Socializers, and Explorers (see Figure 2.1). Then

Bartle continued to implement the player type into six groups. He identified these six-

type players according to their interaction behaviours, with the virtual world or with

other players, and whether behaviors are implicit or explicit. The implicit sub-types

are Opportunists, Hackers, Friends, and Griefers respectively. The explicit sub-types

are respectively Planners, Scientists, Networkers, and Politicians. However, Bartle’s

Six Player Type model has several shortcomings: Bartle did not experimentally test
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the model on the independence of the kinds or psychometric quality criteria but instead
argued that each player had some specific overall preference for one of the types
(making them mutually exclusive). Meanwhile, it was only studied on Multi-User

Dungeons (MUDs) which has some limitations to adapt.

The first Demographic Game Design model (DGD1, Chris & Richard, 2005), which
applies the Myers-Briggs type indicator (MBTI, Carlyn, 1977) to games, has a broader
view of game kinds. DGDI1 proposed four player types: Conqueror, Manager,
Wanderer, and Participant. Some case studies provide qualitative evidence for DGD1.
Despite offering insightful information on player traits, DGD1 is built on a pre-existing
psychometric model (MBT]I) that is not game-specific, and the authors noted problems

with the methodology and data gathering employed.

BrainHex's seven archetypes were another player-type theory introduced by Nacke
et.al in 2014. It was designed with a variety of games and genres in mind, so it is a
promising approach. It demonstrates gamer types such as Achiever, Conqueror,
Daredevil, Mastermind, Seeker, Socializer, and Survivor. For example, the
Mastermind-type players represent those who enjoy solving puzzles, devising
strategies, and making the most efficient decisions. Mastermind players feel rewarded
for making well-thought decisions. The BrainHex seven archetypes link the player's
motivation and corresponding type in more detail and more specific method. It has

been adopted in a number of studies (Zeigler-Hill & Monica, 2015; Marc et.al., 2016).

Although the BrainHex player archetypes model was grounded on large demographic
data and numerous game genres, it does not address how game mechanics serve
different player types. In addition, players’ game preferences are influenced by
comprehensive motivations rather than a sole incentive. Multiple factors should be
taken into consideration in predicting game preference for different games (Gustavo

& Lennart, 2019).
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In further studies, a mobile game analytics company GameRefinery (2020) created
Eight Player Archetypes which were defined by the firm based on interviews with
more than 10,000 players and their motives. The Eight Player Archetypes are
Expressionist, King of the Hill, Networker, Skill Master, Straight, Thinker, Thrill

Seeker, and Treasure Hunter (see Figure 2.6).

GameRefinery Player Archetypes

Expressionist King of the Hill Networker Skill Master

Thrill Seeker Treasure Hunter

Figure 2.6: Eight Player Archetypes (GameRefinery, 2020)

The Thinker represents those players who enjoy playing games with challenges and
brain teasers. They will gain a high sense of satisfaction and accomplishment after they
are able to solve puzzles. They tend to like puzzle games, and the game features they
preferred normally are puzzle-solving mechanics, the average time to play a level, and
new game mechanics introduced as the game progresses. Meanwhile, 58% of Thinkers
are female according to demographic data. As shown in Figure 2.7, The top 3 player
archetypes of puzzle games are Thinker (38%), Skill Master (22%), and Thrill Seeker
(12%) (GameRefinery, 2020).
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Figure 2.7: Top 3 Player Archetypes of puzzle game (GameRefinery, 2020)

The GameRefinery suggests two intertwined basics -- Motivational Drivers and Player
Archetypes, to identify player motivations. What’s more, they combine players’
motivation with different mobile game genres while comparing with the specific game
under that genre (see Figure 2.8). GameRefinery provides a new idea that explores
game mechanics through player motivations. Figure 2.8 shows that the impact value
of social factors in Candy Crush (King, n.d.) is higher than the average Match-3 puzzle
game. It indicates that Candy Crush has started to add more competitive game

mechanics. It results in higher appeal to competitive players.

Escapism - Excitement & Thrill

Social - Working With Others 5 Escapism - Thinking & Solving

”Z
Social - Competing Against Others 3 4 / Exploration - Collecting Treasure
% /

Mastery - Improving Skills (- A \ Exploration - Discovering New Worlds

Mastery - Completing Milestones Expression - Customization & Decoration

Management - Strategic Planning Expression - Role-playing & Emotions
Management - Resource Optimization
ey

)

b P

® CandyCrushSaga @ Match3 Puzzle (Average)

Figure 2.8: Casual player motivations
(Candy Crush Saga vs. an average match-3 game)

This strategy leads to a more in-depth understanding of player motivations. However,
these data were derived from people of all genders. It does not directly target female

players. There are gaps in research on the inevitable relationship between puzzle game
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mechanics and player motivations or archetypes. The table below concludes the player

archetypes mentioned above.

Table 2.2: Player archetype comparison

Name Year | Description Limitation
Bartles’s Six | 1996 | The implicit sub-types: | Only studies on
Player Types Opportunists, Hackers, Friends, | Multi-User
and Griefers. The explicit sub- | Dungeons (MUDs)
types:  Planners, Scientists,
Networkers, and Politicians.
first Demographic | 2005 | Conqueror, Manager, Wanderer, | built on a pre-
Game Design and Participant existing
model (DGD1) psychometric
model (MBTT) that
iIs not  game-
specific
BrainHex’s seven | 2014 | Achiever, Conqueror, Daredevil, | Do not address
archetypes (an Mastermind, Seeker, Socialiser, | how game
interim mode) and Survivor mechanics  serve
different  player
types
GameRefinery 2020 | Expressionist, King of the Hill, | Target participants
Player archetypes Networker, Skill ~ Master, | are mobile game
Straight, Thinker, Thrill Seeker, | players; lack of
and Treasure Hunter. theory support
2.4 Player Experience

A good game draws the players’ attention and keeps players engaged during play. As
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the high importance of a game to be engaging, there has been a significant effort from
researchers and practitioners in identifying and distilling the essential ingredients for
successful and engaging game design. Player experience (PX) is an approach to better
understanding engagement. Traditionally, PX assessment has emphasized player
motivation or game enjoyment. Nowadays, more and more factors are increased to
indicate player experiences, such as playability, flow, immersion, and personal

gratifications (Hite, 2010).

A number of methods to measure players’ game experience have been produced. The
Game Engagement Questionnaire (GEQ) proposed by J. Brockmyer (2009) and her
team, is one of the questionnaires to reflect player experience using 19 items. GEQ
rates the engagement in four different subscales, which are absorption, presence, flow,
and immersion. The reliability and validation of GEQ have been proven in video
games (Brockmyer et al., 2009). Another measurement to evaluate player experience
is called Player Experience of Needs Satisfaction (PENS, Ryan et al., 2006). The PENS
measures player experience from Competence, Autonomy, Relatedness, Presence, and

Intuitive Controls aspects.

2.5 Relation Between Four Factors

Figure 2.9 demonstrated the relationship between player motivation, player type, game
mechanics, and game experience. The link between player motivation and type
classification is distinct from the Player Models and Player Archetypes analysis.
Motivations usually serve as a criterion in the player type classification. From
BrainHex’s seven player types (2014) and GameRefinery’s Player Archetypes (2020),
the trend to combine player types and game mechanics are being adopted in game
design. The proper game mechanics are proven to have positive impacts on player
motivation—Wang and Sun (2011) explored reward system can foster players’
intrinsic motivation. Meanwhile, Wang and Sun’s study also showed that game

mechanics (reward systems) are able to create a better gaming experience. Other
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empirical studies also support this point in terms of other game mechanics such as
health mechanics and choice-enhancing mechanics (Hite, 2010; Daneels et al., 2021).
So far, a lack of empirical research is present in proving that player types can
significantly predict player experience. A study revealed that the BrainHex player type
model is weak in predicting player experience (Marc et.al., 2016). Hence, the game
experience cannot be simply measured according to player types. A heuristic method
is to take player type as an intermediate parameter, collaborating with motivation and
game mechanics (Marc et.al., 2016). First, how the target audience is made up of
different player types and base game design choices (such as the selection of game
mechanics) on these percentages should be evaluated. Second, the player type models

can be used for personalization during the game design.

,.v[ Motivation J —
7y T~ foster
Evaluate
| A 4
| i .
affect || [ Player Type J [ Game Experience J

prefer

\ y ) Improve

‘ Game Mechanics I }

Figure 2.9: Relation between Motivation, Player type, Game mechanics and Game
experience

2.6 Match-3 Puzzle Game

Match-3 puzzle game belongs to a subgenre of casual game, and it is popular with its
simple gameplay and fun game mechanics. One example of this type of game is Candy
Crush which has 273 million active players per month (Smith, 2022). The goal of this
kind of game is to combine three or more gems of the same type (Figure 2.10). Players
are normally required to destroy the greatest number of gems within a determined time

or steps and obtain points.
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Figure 2.10: Match-3 Puzzle Game Instructions

The following introduces the fundamental definition and game mechanics in Match-3

puzzle games (Bailey, 2015):

e Cell: A container, that can either be empty or filled.

e Tile: Tile is an item that fills a cell. More than one tile is not permitted in a cell.
Tiles are always either entirely outside the grid or within precisely one cell, except
for state transition animations.

e Grid: An organized cell arrangement is called a grid. Regular grids, such as
square and hexagonal grids, are frequently used in video games.

e Match: Match is a set of tiles that meet the matching requirements of the game.
Three linked tiles of the same color or type are the most typical match rule. The
match shapes are usually presented as a row, a column, T-shape, L-shape (Figure

2.11) in Match-3 puzzle games.
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Figure 2.11: Match Conditions

e Gravity: A force that moves all tiles in a certain direction.

e Clear: When a tile is removed from the game, it gets cleared.

e Combo: More than one simultaneous match.

e Cascades: Consecutive matches. For instance, a player's input causes an auto-
match, and subsequent new or existing tile placements allow another automatic

match to happen in empty cells.

According to Juul’s research (2007), the desire of casual players to pick up and start
playing these games right instantly is one of the difficulties that designers have. There
needs to be a degree of comfort without a significant learning curve. Games must also
be distinctive enough to stand out from the competitors and, more crucially, to draw
players in and keep them engaged. Therefore, some outstanding game designs are

presented in the Match-3 puzzle game:

e Allow short playing sessions: The majority of casual games may be played in
brief sessions since they start quickly and are frequently simple to quit. This does
not imply that gamers constantly engage in quick sessions: 66% of players who
responded to a survey on the Trymedia website said that their normal play session

lasts more than an hour (Macrovision 2006). It's important to note that Match-3

21



puzzle games provide quick play sessions, which makes it simpler for players to
commit to a game.

Auto-save: Most Match-3 puzzle games usually auto-save, even if the player
closes the game window, making it simple for a player to pause and pick up where
they left off.

Very simple rules: The simple rules decrease the demands on the players.
Moderate innovation: Match-3 puzzle games are usually easy to learn and
friendly to play. The simple gameplay, however, means moderate innovations are
necessary. Nowadays, more and more Match-3 puzzle games introduce the new
game mechanics. For example, the Gardenscape (Let’s Play!, n.d.)and Fishdom
(Let’s Play!, n.d.) combines Match-3 puzzle game mechanics and decoration
games.

Multiple levels of success: The player is typically rewarded for completing a
subtask in most casual games in more difficult ways. In matching tile games,
making combos (several matches at once) and matching more tiles than necessary
are frequently rewarded.

Much positive feedback: Match-3 puzzle games tend to be designed to provide
players with the experience of success very early on.

Little negative feedback: Compared to other game genres, Match-3 puzzle
games are frequently fairly simple and do not penalize the player for making
mistakes.

Level difficulty design: Match-3 puzzle games seem to have endless levels. It is
important to make the level of difficulty just right. Too simple or too hard of a
level will make players frustrated and quit playing. Therefore, a difficulty curve

was analyzed (Keith, 2018) from Candy Crush (see Figure 2.12).

There are a variety of simpler and more difficult stages in each Candy Crush level. The

number of tries needed to pass a level varies from player to player due to luck and

personal talent. It is assumed that harder levels often require more tries than easier
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ones. That is, the likelihood of passing a level in a single try decreases as a level's

difficulty increases.

Y wins

Y attempts

Pwin =

After computing the difficulty p.i» separately for each of fifteen levels of Candy Crush,

the chart was created as follows Figure 2.12:

60% - \

level

Figure 2.12: Match-3 puzzle game difficulty curve

From the chart, pwi» < 10% means the level is hard, and the level is relatively easy in a

higher value of pyin.

Why these games which possess simple arts, sounds, game mechanics, and gameplay
can attract millions of players? Some conclusions drawn by Duan (2019) declares that
social network site is a leading reason. Players are able to share their profiles through
social media accounts and display their achievements. It also helps them to establish

relationships with players in real life. Second, Match-3 puzzle games with a flexible
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concentration requirement and lower entrance bar more easily attract “un-hardcore”
players. Players only need to spend several minutes wherever they are at their
convenience, then their entertainment quality and convenience are fulfilled. Last but
not the least, players are keeping benefiting from continuous gratification —the game
bonus mechanic and persistent interactions. A case study (Omori & Felinto, 2012)
demonstrated that asynchronous time, publication of the activities, rewarding system,
competition, social status, and cooperation are motivational elements of the Match-3
puzzle games. Among them, reward system, competition, and social status were the

ones that showed more influence on the number of active players.

2.7 Summary

From the literature review, the suitable player motivations model and player types
classification method are chosen to apply to this study. The PENS was adopted as the
method to access players’ experience of the proposed game. The Match-3 puzzle game
was selected as the target game. Because the main audience of the Match-3 puzzle

game is female players, and it is equipped with simple gameplay.
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CHAPTER 3

RESEARCH METHODLOGY

3.1 Overview

The research was divided into three phases to achieve its objective (see Figure 3.1).
The first phase was the preliminary research on female players’ player type and their
attitudes toward Match-3 puzzle game mechanics. The second phase was game
prototype implementation. The third phase was the gameplay test and result analysis.
The data collection in the first and third phases adopted the quantitative method. The

more detailed process of game prototype development can be found in Chapter 5.
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Figure 3.1: Research Framework

Phase 1: Preliminary Research

The objective of preliminary research is to identify the main player archetypes among
female players and their preferred game mechanics in Match-3 puzzle games. The
preliminary research was carried out from the current market review, related report and

literature review, and a questionnaire.
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3.2.1 Research Method and Instrument

e Game review

Reviewed popular or top 10 puzzle games in the current market, compared and
analyzed differences and similarities in terms of game mechanics, and game elements,
and concluded gameplay as a reference. This method is authoritative and indicative of
current puzzle game players’ preferences.

e Literature review

Reviewed 10-15 published reports and articles related to puzzle game player
motivation and traits in recent 10 years. Identified player motivation and archetype of
puzzle game female players. The data from published reports and articles are
accessible and reliable.

e  Questionnaire

Quantitative research is the most efficient method for numerical representation and
statistical inference (Balnaves & Caputi, 2011). Therefore, the study adopted the
quantitative research method so that participants’ feedback could be collected and
analysed intuitively and accurately. Participant’s player type can be calculated and
reflected from their marks for each item. The main instrument of this quantitative
method was questionnaires, which have been proven to be an efficient and economical
way to collect data (Patten, 2014). The questionnaire was designed by Microsoft Forms

and was published online to collect answers.

3.2.2 Sampling Method

The simple random sampling method was adopted in the preliminary research since it
is the most time-saving and unbiased method in data collection (Sharma, 2017). Simple
random sampling can help to get more accurate results through plenty of samples.
There is no limitation in participants’ gender and age in the preliminary research,
therefore, simple random sampling was the most suitable method in the first phase.

The broad scope of data collection facilitates analyzing data and making comparisons.
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3.2.3 Questionnaire Design

The questionnaire is divided into three sections (see Table 3.1). Section A asks about
participants’ demographic information and their gaming habits. The participants’s
name or the contact information is ignored because the higher level of privacy leads to
higher accuracy answers (Murdoch et al., 2014). The complete questionnaire is in

Appendix A.

Table 3.1: Categorization of preliminary questionnaire design

Section | Section topic Research Objectives Number of
Questions
A General Demographic | Data validation and | 6

information and gaming | participants’ gaming habits in

habits Match-3 puzzle game

B Game experience of | Identify participants’ player | 16
puzzle games archetypes

C Match-3 puzzle game | Explore participants’ | 8
mechanics attitudes toward different

Match-3 puzzle game

Total 30

Section B requires participants to rate statements according to their previous game
experience. There are 16 statements, each four items match one player type (see Table
3.2). According to the literature review (BrainHex, 2014 & GameRefinery, 2022),
Thinker, Achiever, Skill Master and Thrill seeker are the top four player types among

puzzle game players. So participants are classified into these four types.
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Table 3.2: Player types and statements

Player No. | Statement
type
Thinker 7 “I enjoy working out how to crack a challenging puzzle.”

12 | “I prefer working out on my own”

18 | “I enjoy the moment when the solution to a difficult puzzle

20 | clicks in my mind.”

“I play the puzzle game time a time again because of the sense

of accomplishment.”

Achiever |8 “I enjoy the moment of completeness that I have strove for.”
14 | “I will be motivated if I need to collect the items in the game.”
16 | “I love getting 100% (completing everything in a game).”

19 | “I enjoy finding what I need to complete a collection.”

Thrill 9 “I like risk-taking and high-speed action.”
Seeker 11 | “I will be motivated by a nervous and exciting game
environment.”

15 | “The excitement and suspense attract me more than slow-paced

gameplay requiring lots of strategic planning and thinking.”

21 | “I seek excitement as a positive experience and a reward
enhancer.”
Skill 10 | “I enjoy devising a promising strategy on the next try.”
Master 13 | “I always look for ways to become better and better in a game.”

17 | “I gain satisfaction when others acknowledge my high level of
skill.”

20 | “I am passionate about improving and honing all aspects of

gameplay.”

Questions took the BrainHex questionnaire (International Hobo - BrainHex - Intro,

n.d.) as a reference in the statement description and evaluation, but with some

29



modifications. Because the original BrainHex questionnaire used two different
assessment methods for every four items: the first three items have to be rated on a 5-
point Likert scale, while the fourth item has to be ranked. The different scoring
approaches resulted in the reliability scores of the BrainHex scales being higher
without the fourth item (Busch et al., 2016). It is not fair and difficult to calculate an
overall score for items with different response formats. Furthermore, the actual
response to one item should not be influenced by the response to another item—which
is not valid for ranked items. For gaining a more accurate and actual score, the four
items are all designed on a 5-point scale. Participants scored them from “Strongly

Disagree” to “Strongly Agree” (see Table 3.3).

Table 3.3: Likert scale representation of agreement

Likert scale Description

1 Strongly Agree
2 Disagree

3 Neutral

4 Agree

5 Strongly Agree

The third part listed 8 different Match-3 puzzle game mechanic, participants scored
their preference toward these game mechanics. To better present Match-3 puzzle game
mechanics, a current market review (Figure 3.2) was accomplished to integrate
representative features in the Match-3 puzzle game. Most Match-3 puzzle games
contain tile matching, power-ups, maps, and puzzle solving. Some other characteristics

such as artistry will be applied according to specific game requirements.
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Figure 3.2: Similar Game Mechanics in Top Puzzle Games (Newzoo, 2021)
After studying the most popular and frequently used game mechanics in the Match-3
puzzle game (2018), 8 Match-3 puzzle game mechanics are selected as the main

research targets.

Table 3.4: Game Mechanics Selected for Game Prototype

Game Mechanic | Description Sample

\ B\ e e Ay

&
¢
<
s

Immovable An element that cannot be matched .
latch next to Sand Blocks to

break them.

Obstacle with any other stays immovable on
the grid. Making a match next to
immovable obstacles removes them

from the grid.

Layer To erase a layer, players need to make
a match in its cell one or several

times.

REMOVE ALL ICE TO COMPLETE
-~ THE LEVEL!
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Dropping Items need to be moved down by
making matches and freeing up the

place underneath them.

S\ Match below to drop
the Ice Cream!

Blocked Element | An element that cannot be moved

W (10ar Sficky Goo by creating
. amatch with the covered
fruit!

until it is unblocked. In order to
unblock it, players need to make a
match with it. There is also multilevel
element blocking, which requires

several matches.

Turn-based Players are limited to moving certain

steps in each level.

Timer A countdown in each level, players
should complete the level in the given

time.

Reach Score The goal of this level is to reach a

certain score.

Collect Items The goal of this level is to collect a

certain number of items.

Five-point preference scale was designed to measure the partocopants' preference for
different game mechanics. 1 point indicates the participant has no preference toward
this game mechanic, while the 5 points indicate the participant prefers this game

mechanic strongly.
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3.2.4 Data Validation
The data validation process is to filter the eligible samples from all data, which is
significant for the result's accuracy and reliability. The questionnaire was designed to
only allow user fills out the form once for each Microsoft ID. In order to verify the
data more precisely, the following shows the circumstance of invalid data which
should be removed before data analysis:

e The answer duration is less than 90 seconds

e The repetitive email address

e Same rating throughout the whole questionnaire

e Two responses with totally the same answer submit within 10 minutes (remove

the second one only)

3.2.5 Data Analysis

In the part 2 question design, each player type can be measured from four items based
on a 5-point Likert scale. The mean value of each four items is calculated after
participants finish the questionnaire. Comparing the mean values of four player types,
the highest mark means the participant belongs to that kind of player type. A
participant’s player type may be a mix of multiple types rather than an exclusive type,
as they might get the same mean value in two or three player types. The detailed result

of the preliminary research is stated in Chapter 4.

3.3 Phase 2: Game Prototype Implementation

The Droppler Interactive Game Development Life Cycle (Figure 3.3) proposed by
Romadan and Widyani (2013) is adopted in this study.
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Figure 3.3 Droppler Interactive Game Development Life Cycle (GDLC)

It is an interactive approach to developing a game. The design phase includes game
concept design and game level design. After the game mechanic and rule design are
ready, start to develop the game. During the development, the game is tested in the
evaluate phase. If the result is not satisfying or existing bugs, back to the re-develop
phase to modify the game. The development and evaluation step are a circulation
process. The internal test is conducted in the test phase to do modification and bug
fixing. Then pass to the third party in review release. Repeat the whole process from

design to review release until the game is ready to launch in the release phase.

For the evaluation, Match-3 puzzle game was chosen as they equipped with simpler
gameplay and game mechanics, which does not need broad analysis related to the
characteristics of the game itself. It allows focusing research more on the player's
personal experience and self-motivation of the game which is also the objective of this
study. Meanwhile, the simple game mechanics of the Match-3 puzzle game help to
obtain more precise analysis and get the result faster. The detailed of the development

process is further explained in Chapter 5.

3.4 Phase 3: Evaluation and Analysis

A playtest was conducted to evaluate participants’ game experience. The quantitative
method was used on collecting participants’ feedback. Therefore, participants were
required to answer a questionnaire about their play experience after playing the

proposed game. The objective of the phase 3 research is to figure out the motivational
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drivers and specific game mechanics between different player types.

3.4.1 Sampling Method

The Stratified Sample method was used in the phase 3 research. The Stratified Sample
method divide population according to demographic factor (e.g. gender, age, religion),
then select and draw a random sample from different subgroups (Gravetter & Forzano,
2012). As this research object is female players, so the population is divided into two

groups based on gender. Samples are randomly selected from the female group.

3.4.2 Tools for Data Collection
The proposed game was published as a mobile application for Android phones. Three
Android phones with similar screen sizes acted as testing devices during the playtest

experiment. The phone type and API level are listed in Table 3.5.

Table 3.5: Devices used for playtest

Number Phone Type API Level

1 Vivo X20A Android 8.1
2 Vivo X27 Android 10
3 Oppo Reno5 Pro Android 11

The questionnaire was designed using Microsoft Forms for data collection. Microsoft
Forms was selected due to its flexibility and ease of use. This platform is free of charge
and provides clear and intuitive visualization. The data and feedback collected from
the participants were automatically formatted into charts and tables, making data

collection and analysis trouble-free.

3.4.3 Questionnaire Design
The questionnaire was divided into four parts (see Table 3.6). The whole questionnaire

can be accessed from Appendix B.
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Table 3.6: Categorization of final questionnaire design

Section | Section topic Research Objectives Number of
Questions
A General Demographic | Data validation and | 4
information participants’ gaming habits in

Match-3 puzzle game

B Game experience of the | Evaluate participants’ | 21
proposed game experience need satisfaction
C Motivation factors Explore participants’ | 15

motivational drivers of
playing  Match-3  puzzle

games

D The difficulty and | Figure out the participants’ in | 7

quality game mechanics | different type prefer what

in the proposed game kinds of game mechanics

Total 47

Section A of the questionnaire is demographic information including four questions.
Participants were required to answer their age, Match-3 game experience, and their

player types in this section.

Section B is to study participants’ game experience. Questions refer to Player
Experience of Needs Satisfaction (PENS - Ryan et al., 2006). PENS is a 21-item scale
designed to measure player experience across five dimensions: Competence,
Autonomy, Relatedness, Presence/Immersion, and Intuitive Controls. Some sub-scales
are not suitable for measuring Happy Zoo such as Relatedness, since Happy Zoo is a
single-player game. The personal gratification, audio and visual aesthetics evaluation
are supplementary to measure player experience from Game User Experience

Satisfaction Scale (GUESS; Phan et al., 2016). Therefore, the questions asked about
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participants’ experience from Competence, Autonomy, Intuitive Controls, Personal
Gratification, Audio Aesthetic, and Visual Aesthetic six dimensions. Questions were
clustered into six groups, presented to participants as statements about their game
experience. Each statement is rated on a S5-point Likert agreement scale, from
“Strongly Disagree” to “Strongly Agree” (see Table 3.2). The definition of each

subscale in PENS questionnaire are stated below:

e Competence: Competence is evaluated with three items that indicate different
aspects of how capable the participants felt.

e Autonomy: Autonomy is evaluated with three items which show how much
freedom and control they had when they are playing the game.

e Intuitive Controls: Intuitive Controls is evaluated with three items which show
how well participants felt they could convert their decisions into in-game actions.

e Personal Gratification: Personal gratification is evaluated with five items which
show how participants satisfied when they are playing the game.

e Audio Aesthetics: Audio aesthetics is evaluated with four items which show how
well participants enjoy the background music and music effects in the game.

e Visual Aesthetics: Visual aesthetics is evaluated with three items which show the

how much participants like the game graphics and visual design.

Section C researched on participants’ gaming motivation. Motives Online Gaming
Questionnaire (MOGQ) is taken as a reference for this part. There were 15 items in
total (see Table 3.7), measuring motives from Escape (escaping from reality, 4 items),
Coping (coping with stress and distress, 4 items), Skill Development (such as attention
and coordination, 4 items), and Recreation (entertainment and enjoyment, 3 items)
four dimensions. 15 items were in a random sequence, also measured on a 5-point

Likert agreement scale.
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Table 3.7 Motives Online Gaming Questionnaire

Motives No. | Statement
Escape 11 | “This game helps me to forget about daily hassles.”
17 | “This game makes me forget real life.”
21 | “This game helps me escape reality.”
24 | “This game helps me to forget about unpleasant things or
offences.”
Coping 12 | “This game helps me get into a better mood.”
16 | “This game helps me get rid of stress.”
18 | “This game helps me channel my aggression.”
23 | “This game reduces my tension.”
Skill 13 | “This game sharpens my senses.”
Development | 22 | “This game improves my skills.”
19 | “This game improves my concentration.”
15 | “This game improves my coordination skills.”
Recreation 14 | “I enjoy playing this game.”
20 | “I think this game is entertaining.”
25 | “I will play this game for recreation.”

The last section D of the questionnaire listed Match-3 puzzle game mechanics in the

proposed game, including Timer, Turn-based, Dropping, Ice Layer, Immovable

Obstacle, Reach the Score, and Collect item. The description of each game mechanic

can be found in Table 3.3.

Four repetitive questions are stated for each game mechanic: “I felt challenged” and

“I had to put a lot of effort into it” reflect the difficulty. “I thought it was fun” and “I

enjoyed it” reflect affection. Participants scored the degree of difficulty and affection

on a 5-point scale (Table 3.6) for seven game mechanics.
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Table 3.8 Likert scale representation of the degree

Score Description

1 Not at all

2 Slightly

3 Moderately

4 Fairly

5 Extremely
3.4.4 Playtest Setup

A physical playtest took place at Xiamen University Malaysia (see Figure 3.5 and
Figure 3.6) in three days (30 Nov. 2022 — 2. Dec. 2022). Participants are 45 female
students of Xiamen University Malaysia who have experience in the Match-3 puzzle
game before. The participants are both Chinese and Malaysian female students, aged

18-23 years old.

Figure 3.5 Participants Sign the Consent Form
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Figure 3.6 Physical Gameplay Test

The flow of the physical playtest was indicated in Figure 3.7. There are five steps in
total. The first step was to explain the research objective and the proposed game to
participants, then they are required to sign a participant consent form (Appendix C).
Next, participants were asked whether have answered the preliminary research before,
as the preliminary research analyzed their player type which is required in this phase’s
research. If participants have not done the preliminary research questionnaire yet, they
should answer first, then started playing the proposed game. After playing 15 levels,
the questionnaire related to game experience and motivation was sent to participants

as the last step of the whole playtest.

[ Do preliminary research questionnaire ]

No

[ Make an explanation H Sign consent form ]—{ Have done the preliminary Play the game ADS‘.VEI thp
Yes

research questionnaire? questionnaire

Figure 3.7 Playtest Flow
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3.4.5 Data Validation

The questionnaire was sent to the participants directly after they finish the game
playtest, so the data collected in phase 3 is more reliable than sending the questionnaire
link in public. However, some measures are still carried out to prevent invalid data.
For example, participants should use their campus id to identify themselves. The
respondent time less than 90 seconds, or rated the same score throughout all questions

were removed before data analysis.

3.4.6 Data Interpretation and Analysis

After data validation, all valid data are imported into Google Sheets to further analysis.
The data includes categorical data (section A demographic questions) and numerical
data (Section B, C, D). The distance between each score on the Likert scale is not
measurable, one cannot assume that the difference between responses is equidistant
even though the numbers assigned to those responses are (Sullivan & Artino, 2013).
Thus, mean value calculated from Likert Scale used Liker Scale Interval to interpret
collected data. This qualitative analysis of the Likert Scale average classifies the
average values into several categories, which will be used to assess if a given subject
produces the desired results (Pimentel, 2010). More detailed classification are showed

in Table 3.9 as below:

Table 3.9: Qualitative Interpretation of 5-Point Likert Scale Measurements

Liker Scale Description Liker Scale Likert Scale Interval
Strongly Disagree / Not at all 1 1.00 - 1.79
Disagree / Slightly 2 1.80 -2.59
Neutral / Moderately 3 2.60 - 3.39
Agree / Fairly 4 3.40-4.19
Strongly Agree / Extremely 5 4.20 -5.00

The data is interpreted as the frequency and proportion of responses in bar charts or
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pie charts as well. The evaluation and discussion can be checked in Chapter 6. To
explore the relation between player experience and preference game mechanics. The

regression analysis and one-way ANOVA method are adopted in data analysis.

3.5 Summary

The research consists of three phases: 1) preliminary research; 2) game design and
implementation; 3) result analysis and evaluation. The quantitative method is mainly
adopted in the study. In preliminary research, a questionnaire related to puzzle game
players’ type was published online to collect data. In evaluation phase, the physical
gameplay test was conducted and participants filled out the questionnaire on the spot.
The data collected from preliminary research and evaluation phase are anaylzed and

discussed in Chapter 4 and Chapter 6 respectively.
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CHAPTER 4

PRELIMINARY RESEARCH RESULT

4.1 Overview

The preliminary research lasted two weeks. All data collected from the questionnaire
which was published online. There are 149 responses are collected in total, and 144 of
those responses are valid. Among the valid answers, 111 participants are female, and
33 participants are male. In the female participants group, 2 persons are below 18 years
old; 94 persons are 18-23 years old; six persons are aged from 23 to 28; 9 persons are
above 28 years old. In the male participant group, only one person is below 18 years
old; 25 persons are from 18 to 23 years old; 7 persons are older than 28 years old; no

one belongs to the 23-28 age group (Table 4.1).

Table 4.1: Age and gender of Participants

Below 18 18-23 23-28 Above 28 Total
Female 2 94 6 9 111
Male 1 25 0 7 33
Total 3 119 6 16 145

4.2 Preliminary Analysis: Demographic Information

e Play Frequency

The play frequency is clustered into three groups from five options. Players play puzzle
games every day or every week representing they play puzzle games frequently.
Players play puzzle games every month or occasionally representing they play puzzle

games occasionally.

From Figure 4.1, 30.6% of females play puzzle games frequently. This proportion is

slightly higher in male players which shows as 36.4% (Figure 4.2). While male players



who rarely play puzzle games take up 21.2% of all male samples. Only 16.2% of
female players declare they rarely play puzzle games. In conclusion, more female

players play puzzle games more frequently than male players.

Female Players Play Puzzle Games Frequency

Rarely
16.2%
Frequently
30.6%
Occasionally
53.2%
Figure 4.1: The frequency of female play puzzle game
Male Players Play Puzzle Games Frequency
Raraly
212%
Frequently
36.4%
Cccasionally
22.4%

Figure 4.2: The frequency of male play puzzle game
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e Play Experience

Players are classified into three groups, which are kid players (play puzzle games for
1 year), progressive players (play puzzle games for 2-5 years), and senior players (play
puzzle games over five years). From Figure 4.3, there is 22.5% of senior female players
while only 3% of male players have deep experience in puzzle games. Meanwhile,
more percentage of male players only have played puzzle games for one year (see
Figure 4.4). It is obvious from the two charts that female players are more experienced

in puzzle games than male players.

Kid Player, Progressive Player and Senior Player of Female

Senior Player
22.5%

Kid Player

43.2%

Progressive Player
34 2%

Figure 4.3: The puzzle game experience of female players

Kid Player, Progressive Player and Senior Player in Male

Senior Player
3.0%

Progressive Player
45.5%

Kid Player

51.5%

Figure 4.4: The puzzle game experience of male players
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e Top puzzle game

According to the Chinese and Malaysian game market review, 11 puzzle games
(especially the Match-3 puzzle games) are listed in the questionnaire. Participants
choose their favorite games up to three. Figure 4.5 stated 11 games and the number of
male and female players who voted for them as their top 3 games. From the histogram,
Sheep A Sheep (Sheep a Sheep - Apps on Google Play, n.d.) and Anipop (Happy
Elements, n.d.) have high popularity. Craz3 Match (Craz3 Match, n.d.), Gardenscapes
(Let’s Play!, n.d.), and Candy Crush (King, n.d.) are also the main popular games in

the current market.

Players Top 3 Puzzle Games
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Figure 4.5: Female and male players’ Top 3 Puzzle games

4.3 Player Archetypes

Players’ type is calculated from the mean values of each four items. After calculating
the participants’ four player types score in Google Sheets, the highest one indicates the
main player type of participants. Among female players (see Figure 4.6), therefore, the
majority is Thinker (50.5%), the following are Achiever (30.6%), Thrill Seeker
(13.5%), and Skill Master (5.4%). The proportion of the four types is different in male

players (Figure 4.7). 54.4% Thinker is the largest group, next is Achiever taking 24.2
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percent among all samples. Skill Master ranks third place with 12.1%, and a few Thrill

Seeker player type (9.1%) exists in male players.

Female Players' Player Type

Thrill Seeker
13.5%

Skill Master
5.4%

Thinker
50.5%

Achiever
30.6%

Figure 4.6: Female players’ types

Male Players' Player Type

Thrill Seeker

9.1%

Skill Master

12.1%

Thinker
54.5%

Achiever
24 2%

Figure 4.7: Male Players’ types

Below are the descriptions of four player types (GameRefinery, 2021; Nacke et.al,
2014):
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e Thinker: The occasional brain teaser or other cognitive challenge is why thinkers
love playing games to divert their attention from other things. Thinkers are highly
motivated and continually drawn to the game industry by their ability to

successfully solve challenges.

e Achiever: The Achiever is more overtly focused on their goals and driven by long-
term success. As a result, achievers like games that can be finished all the way.
None of the "grinds" are too difficult for players that match the Achiever archetype;
they will gather and accomplish whatever they can. Achiever-style games should
be viewed as ultimately compulsive in their pursuit of the satisfaction of a

completed task.

e  Skill Master: Skill Masters are constantly looking for methods to improve in each
game they take up. They view tough challenges and steep learning curves as
desirable traits rather than deterrents. It makes them happy when other players
acknowledge their high level of talent since Skill Masters are enthusiastic about

perfecting and refining every area of their gameplays.

e Thrill Seeker: High-speed activity, risk-taking, and an adrenaline rush are
qualities. Optimal gaming experience has always been something thrill seekers
value. They don't want to spend their time playing slow-moving games that require
a lot of strategic preparation and thought; they want to feel adrenaline and

suspense.

In conclusion, the proportion of female players is Thinker>Achiever>Thrill

Seeker>Skill Master, whereas this ranking in male players is Thinker>Achiever>Skill

Master>Thrill Seeker.
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4.4 Game Mechanics Preference

The following Table 4.2 and Table 4.3 list the top 3 game mechanics in the Match-3

puzzle games that different player types preferred. For example, female thinker prefers

reach the score, layer, and dropping or collect items. From the horizontal and vertical

comparison, different player types from one gender are fond of different game

mechanics. Female thrill seeker like dropping most while female skill master like layer

extremely. The same player type also has different choices between two gender groups.

For example, the female achiever considers reaching score as the top 1 preferred game

mechanic. Whereas male achiever regards reach score as the third favourite game

mechanic, they like layer most.

Table 4.2: Female Player Types Top 3 Puzzle Game Mechanics

Player Top 1 Top 2 Top 3
Type
Game Score | Game Score | Game Score
Mechanic Mechanic Mechanic
Thinker Reach 3.875 | Layer 3.661 | Dropping/ 3.536
Score Collect
Items
Achiever | Reach 3.765 | Collect 3.735 | Layer 3.412
Score Items
Skill Layer 3.5 Reach 3.333 | Blocked 3.333
Master Score Element
Thrill Dropping 3.6 Collect 3.533 | Layer 3.467
Seeker Items
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Table 4.3: Male Player Types Top 3 Puzzle Game Mechanics

Player Top 1 Top 2 Top 3
Type
Game Score Game Score | Game Score
Mechanic Mechanic Mechanic
Thinker Reach 3.611 Collect 3.278 Layer 3.222
Score Items
Achiever Layer 4 Collect 3.875 Reach 3.625
Items Score
Skill Reach 4.5 Layer/ 4 Immovabl 4
Master Score Blocked e Obstacle
Element
Thrill Blocked 4 Timer 4 Dropping 4
Seeker Element

*Score is the mean value calculated from each group’s data. A higher score indicates

players prefer this mechanic more.

Classifying groups according to age and gender can summarize another result (Table
4.4). In terms of turn-based and timer mechanics, male players who are under 18 years
old and female players aged 18-23 prefer timer. Other group players either enjoy turn-
based mechanics or have no bias between two mechanics. Except for the group that
players aged older than 28, other ages female players rated higher scores in Dropping
than male players do. Meanwhile, Table 4.2 shows that Thrill Seeker usually prefers
the Dropping mechanic. An inference may draw as: the reason why female players are
more fond of the Dropping mechanic is that the Thrill Seeker player type takes more

percentage in female players.
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Table 4.4: Different Ages of Player’s Preference towards Puzzle Game Mechanics

Age Below 18 Age 18-23 Age 23-28 Age Above 28
Score* Female | Male | Female | Male | Female | Male | Female | Male
Immovable
obstacles 3 2 2.8 3 2.5 / 23 4
Blocked 2 34 33 2.5 / 2.4 3.9
element 3.5
Turn-based | 3.5 1 3 3.2 2 / 2.2 4
Timer 2.5 2 2.8 2.6 2.5 / 2.2 3.7
Dropping 4 3 3.5 3.1 33 / 2.9 3.9
Collect Items | 4 3 3.7 33 23 / 2.9 43
Reach Score | 4.5 4 3.8 3.6 33 / 3.1 4.1
Layer 2.5 3 3.7 34 33 / 2.8 4

*Score is the mean value calculated from each group’s data. The higher score indicates

players prefer this mechanic more.

4.5 Summary

The preliminary research mainly analyzed data from participants’ demographic
information, player archetype, and preference for Match-3 game mechanics. The result
shows that female players play Match-3 puzzle games more frequently and longer. The
top player types among female participants are Thinker, Achiever, Thrill Seeker, and
Skill Master in sequence. The result also indicates that different types of players are
fond of distinct game mechanics from one gender. Even if players are from the same
player type, their preference for game mechanics differs from gender. According to the
preliminary research feedback, Immovable obstacle, players, dropping, reach the score,
and collect items are selected as the main target mechanics in the proposed game. The
turn-based mechanic and timer appeared in the proposed game as two versions on the

same level.
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CHAPTER 5

CONCLUSION

5.1 Overview

This chapter mainly explains the design and implementation process of the proposed
game Happy Zoo. 1t is a Match-3 puzzle game developed by Unity (2021.3.11f1¢c2)
and was published by the Android platform. The Droppler Interactive Game
Development Life Cycle was adopted as a development methodology (See Chapter 3).
The game contains 15 levels in total, featuring different Match-3 puzzle game

mechanics.

5.2 Game Design

5.2.1 Game Introduction

The name of the proposed game is Happy Zoo. Cute animals such as rabbits, foxes,
frogs, and bees act as the tiles of this Match-3 puzzle game. The proposed game
includes a home page, a level page, and game pages. The game's visual aesthetic design
is consistent and cartoon-styled since the target audience is female players. Players can

view their progress and score at each level.

5.2.2 Game Rule Design

The game rule is the same as the traditional Match-3 puzzle games. The goal of the
game is to exchange adjacent tiles (animals) to form lines, chains, or groups of three
or more of the same tiles (animals). When the match happens, the same tiles will be
eliminated from cells. Then new tiles will drop down in the empty cell to replace the
disappeared tiles. Each level has a goal (eliminate the specific number of tiles or reach
the score), and players can move to the next level only when they complete the goals

within limited steps or time.



Immovable obstacles, Turn-based, Timer, Dropping, Collect Items, Reach Score, and
Layer are selected as game mechanics (see Table 5.1), as they tend to be popular among
players in the preliminary research. The description of each game mechanic can be

found in Chapter 3 (see Table 3.3).

Table 5.1: Game mechanics in Happy Zoo

Game mechanic

Immovable obstacles

Layer

Dropping

Turn-based

Timer
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Collect Items

Reach Score

5.2.3 Game Level Design

The proposed game is divided into 15 levels according to difficulty and complexity.
Each level is the permutation and combination of different difficulties and
complexities (see Table 5.2). The difficulty of the game is defined by the number of
animal types. The more kinds of animals appear in the game the lower possibility of
matching, so the difficulty includes three dimensions: low difficulty with 4 types of
animals, medium difficulty with 5 types of animals, and high difficulty with 6 types of
animals. The complexity is indicated by the game mechanics combination. Among
game mechanics, Reach Score and Collect Item are the basic game mechanics used as
the goal in each level alternately. The Timer and Turn-based are the fundamental game
mechanics to limit players' interaction during gameplay. A level that does not have any
other game mechanics is noted as no complexity. The low complexity level includes
the Immovable Obstacles based on no complexity level. The medium complexity level

includes both Immovable Obstacles and Layer based on no complexity level.

Table 5.2: Difficulty and Complexity Dimension

Low Difficulty 4 types of animals

Medium Difficulty 5 types of animals

High Difficulty 6 types of animals

No Complexity Basic game mechanics

Low Complexity Basic game mechanics + Immovable Obstacles
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Medium Complexity

Basic game mechanics + Immovable Obstacles + Layer

There is a lack of published Match-3 puzzle game score calculation methods and
related formulation. Therefore, a detailed game review of various Match-3 puzzle
games in the current market is carried out, recording the goals of each level and the

corresponding required score. Here takes an example (Table 5.3) of the game Candy

Crush:
Table 5.3: Candy Crush Level Design
level Goal Mechanism Remark
(Turn-based)
1 Blue Candy x 15 15
2 Clean Mess x 28 22
3 Stripe candy x 6 21 Appear stripe candy
4 Clean Mess x 29 15
5 Mess 25 Candy 3 16 Appear Wrapped Candy
6 Mess 35 Candy 5 27
7 Candy 40 25 Appear Bomb
8 Remove Jelly 21 12 Appear Jelly
9 Remove Jelly 67 30
10 Remove Jelly 64 22 Difficult!
11 Blue Candy 60 18 Appear Bubble layer
12 Orange Candy 65 22 Bubble layer+ block
13 Remove Jelly 59 18 (4 colors)
14 Remove Jelly 50 21 (5 colors)
15 Clean Mess 50 30
16 Clean Mess 87 21 Difficult!
17 Dropping 3 20 Appear Dropping
18 Dropping 3 22 Dropping + Block
19 Dropping 5 20
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20 Clean Mess 41 19

Inspired by games in the current market, the calculation method between steps, goals,
and scores is confirmed. Players should complete the goals within the steps or time
and move to the next level. The score of the level is presented with three stars, which
demonstrates how well the player finish this level. The calculation can be clustered
into two groups, one method is for the Reach Goal mechanic (see Table 5.4), and

another is for the Collect Item mechanic (see Table 5.5).

Table 5.4: Calculation method of Reach Goal mechanic

Turn-based steps = Reach Goal / 30

Match3 = 30 marks (Each tile 10 marks)
Match4 = 40 marks + Bomb
Match5 = 50 marks +Bomb

Star Collected = reach goal marks + remaining
1 star = (Level Turn-based steps x 30) + 0 steps left
2 stars = (Level Turn-based steps x 30) + (1 step) left

3stars = (Level Turn-based steps x 30) + (> 2 steps) left

Reach Goal: 300 Turn-based steps: 10 300 =1 star
340 =2 stars
380 = 3 stars

Reach Goal: 360 Turn-based steps: 12 360 =1 star
400 = 2 stars
440 = 3 stars
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Table 5.5: Calculation method of Collect Item mechanic

Turn-based steps = (Collect item/3x3)-1 OR (Collect item/3 x 2)-1 OR (Collect
item/3 x 2)

Match3 = 30 marks (Each tile 10 marks)
Match4 = 40marks + Bomb
Match5 = 50 marks +Bomb

Star Collected = reach goal marks + remaining
1 star = (Level Turn-based steps x 30) + 0 steps left
2 stars = (Level Turn-based steps x 30) + (1 step) left

3stars = (Level Turn-based steps x 30) + (> 2 steps) left

Collect 9 animals Turn-based steps: (3 x 3)- | 240 = 1 star
1=8 steps 350 = 2 stars
380 = 3 stars

Collect 60 animals Turn-based steps: (13 x | 750 =1 star
20)-1=25 steps 800 = 2 stars
830 = 3 stars

According to the game score system design and game rule design, the proposed game

can be divided into 15 levels as the following table:

Table 5.6: Goal, Game mechanics, and Score Design

Level | Game Mechanics Collectible Turn- Reach | Star
Code based Goal Collected
A Low difficulty / 10 300 300 =1 star
No Complexity 350 = 2 stars
380 = 3 stars
B Medium difficulty | 18  Orange | 6*2=12 | 360 360 =1 star
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No Complexity Giraffe 410 = 2 stars
440 = 3 stars
C High difficulty 15 Green | 12*2=24 | 800 800 =1 star
No Complexity Frogs 850 =2 stars
21 Red Foxes 880 = 3 stars
B* Medium difficulty | 18 Orange | Timer 360 360 =1 star
No Complexity Giraffe 60s 410 =2 stars
440 = 3 stars
D Low difficulty 40 purple cats | 13*2- 750 750 =1 star
Low complexity 1=25 800 = 2 stars
830 = 3 stars
E Medium difficulty | 20 Green | 14*2- 810 810 =1 star
Low complexity Frogs 1=27 860 = 2 stars
20  Orange 890 = 3 stars
Giraffes
F High difficulty 15 white Bees | 20*2- 1170 1170 =1 star
Low complexity 15 Green | 1=39 1220 = 2 stars
Frogs 1250 = 3 stars
15 Orange
Giraffes
15 Purple
E* Medium difficulty | 30 Green | Timer 1170 1170 =1 star
Low complexity Frogs 90s 1220 = 2 stars
30 Orange 1250 = 3 stars
G Low difficulty 16 Ice 3*3-1=8 | 240 240 = 1 star
Medium 290 = 2 stars
complexity 420 = 3 stars
H Medium difficulty | 18 Ice 7*3- 600 600 =1 star
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Medium 1=20 650 = 2 stars
complexity 680 = 3 stars

I High difficulty 24 Ice 31 930 930 =1 star
Medium 980 = 2 stars
complexity 1100 = 3 stars

H* Medium difficulty | 18 Ice Timer 600 600 = 1 star
Low complexity 120s 650 = 2 stars

680 = 3 stars

Low difficulty 2 Cherry 20 600 600 = 1 star
No Complexity 650 = 2 stars
Dropping 680 = 3 stars
Medium difficulty | 1 Cherry 32 960 960 = 1 star
Low complexity 1 Watermelon 1100 =2 stars
Dropping 1140 = 3 stars
High difficulty 1 Cherry 39 1170 1170 =1 star
Medium 1 Watermelon 1220 =2 stars
complexity 10 Ice 1250 = 3 stars
Dropping item

Level A, B, C are levels with no complexity but the difficulty increases gradually. The

D, E, F levels have low complexity mechanics while levels G, H, I have medium

complexity mechanics. The Turn-based mechanic was changed to Timer mechanic in

B*, E*, H* levels, other conditions are consistent with levels B, E, H respectively. The

Dropping mechanic is added based on difficulty and complexity in levels X, Y, Z.

The level arrangement takes the Match-3 puzzle game difficulty curve as a reference.

In order to rank the general difficulty of each level, a two-dimension table was created

in Table 5.7.
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Table 5.7: Level difficulty in two dimensions

4 ANIMALS 5 ANIMALS 6 ANIMALS
NO A B C
COMPLEXITY
BLOCK D E F
BLOCK + ICE |G H I
LAYER

From Table 5.7, the game levels can be clustered into three groups:
e Easy levels (low difficulty OR no complexity): A, B, C, D, G
e Medium level (medium difficulty OR low complexity): B, E, H, D, F
e Difficult level (high difficulty OR Medium complexity): C, F, I, G, H

After comparing each group and integrating them into one sequence, the conclusion
can be drawn as follow:

Conclusion (difficulty from low to high): A<B<D<C<E<G<F<H<I

Meanwhile, levels which have the Dropping mechanics are more difficult than high
difficulty and high complexity levels according to empirical evidence and playtests.
Therefore, the Dropping levels are considered harder than I, and the order among them
is X <Y< Z. The B*, E*, H* levels are accessed by Timer mechanics differing from
all other levels, so these three levels are arranged at the end. The difficulty curve
represents the order in which the levels are difficult, and the pwi, value in vertical
coordinates represents the possibility of winning condition. The higher pwi» value

means the levels are easier. The final game level design is shown in Figure 5.1.
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level

Figure 5.1: Final game level design

5.3 Game Development
The Game mainly contains three scenes: the Home Scene, the Level Scene, and the
Game Scene. The game implementation process will be introduced as this sequence in

the following part.

5.3.1 Home Scene
The home page is equipped with a music control button, a music effect control button,
and a setting button to turn on or turn off the sound (Figure 5.2). The name of the

proposed game and characters are popping up when the player opens the game.
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Summary

Called when the settings button is pressed

public void OnSettingsButtonPressed()

[
1

OpenPopup<SettingsPopup> ("Popups/SettingsPopup”) ;

SUMmary
Called when the sound button is pressed

public void OnSoundButtonPressed()
I
1

SoundManager. instance. ToggleSound () ;

summary
Called when the music button is pressed.

public void OnMusicButtonPressed()
{
SoundManager. instance. ToggleMusic () ;

Figure 5.2: Button control functions in Home Scene

The background music and all sound effects are stored in Home Scene as a list through

the SoundManager script. Then the sound effects will be called in different popup

functions by names.

¥ #| v Sound Manager (Script)

Script SoundManager

¥ Sounds
= Element 0 77 Button
= Element1 " NoMovesOrTimeAlert
= Element 2 ! PopupClose
= Element 3 /7 PopupCloseButton
= Element 4 i PopupOpen
= Element 5 1! PopupOpenButton
= Element6 i? PopupOpenWhoosh
= Element?7 [ Rain
= Element8 7 Win
= Element 8 7 WinStarPop
= Element10 i AwardPopup
= Element 11 il Lose

Figure 5.3: Sound effects list

5.3.2 Level Scene

Qee|e|e e e|e|e|e|e|e

The Level Scene contains all levels button in the game. Players can select the levels

one by one to enter the game here. First of all, a Scroll View (Figure 5.4) was used in

the canvas to make users can browse all levels by swiping the screen down.
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v [ - Scroll Rect e 3

Content i ScrollView (Rect Transform)
Horizontal
Vertical v
Movement Type Elastic

Elasticity 0.1
Inertia v

Deceleration Rate 0.135
Scroll Sensitivity 1
Viewport None (Rect Transform)
Horizontal Scrollbar MNone (Scrollbar)
Vertical Scrollbar None (Scrollbar)

On Value Changed (Vector2)
List is Empty

+_

Figure 5.4: Scroll View

The level buttons are stored as prefabs so that each data can be easily modified in the
Level Scene. The attributes in the level button include: level number, three colors in

different status, text colors, and stars represented rewards (Figure 5.5).

¥ # v Level Button (Script) @
Script LevelButton
Num Level 1
Current Button Sprite [#Blue ®
Played Button Sprite [#Pink ®
Locked Button Sprite [1Grey O]
Yellow Star Sprite #1GoldStarPNG @
Button Image ElButton (Image) ®
Num Level Text Blue HTextBlue (Text) O]
Num Level Text Pink H TextPink (Text) O]
Star 1 @ Star ®
Star 2 @ Star ®
Star 3 W Star ®
Shine Animation @ ActiveLevelShineAnimation ®

Figure 5.5: Level button attributes

Figure 5.6 shows the functions to control the level buttons’ status. The level buttons
have three statuses: 1) Current level; 2) Played level with stars status; 3) Locked button
that cannot be played. When players press the button, the game will jump to the

corresponding level according to the Level number id.
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private void Startl()

{
numLevelTextBlue. text = numlevel. ToString() ;
numLevelTextPink. text = numlevel. ToString() :
var nextlevel = PlayerPrefs. GetInt ("next_level”) :
if (nextLevel == 0)
{

|
—_

nextlLevel =

!

if (numLevel == nextlevel)

{
buttonlmage. sprite = currentButtonSprite;
starl. SetActive(false) ;
star?. SetActive(false) ;
star3. SetActive(false) ;
shineAnimation. SetActive (trus) ;
numlevelTextPink. gameObject. SetActive(false) ;

lse if (numLevel < nextlevel)

—— =

buttonImage. sprite = playvedButtonSprite:
numlevelTextBlue. gamelbject. SetActive (false) ;
var stars = PlayerPrefs.GetInt("level stars " + numLevel) :
switch (stars)
{
case 1:
starl. GetComponent{Image> (). sprite = yellowStarSprite:

oreax;

case 2:
starl. GetComponent{Image> (). sprite = yellowStarSprite;
star?. GetComponent{Image> (). sprite = yellowStarSprite:

oreax;

caze 3:
starl. GetComponent{Image> (). sprite = yvellowStarSprite;
star?. GetComponent{Image> (). sprite = yellowStarSprite:
star3. GetComponent{Imaze> (). sprite = vellowStarSprite:

(D

buttonlmage. sprite = lockedButtonSprite:
numLevelTextPink. gameObject. SetActive(false) ;
starl. SetActive (false) ;

star?. SetActive (false) ;

star3. SetActive (false) ;

Figure 5.6: Level button attribute functions

5.3.3 Game Scene

The Game Scene is the main scene for generating grids, cells, and tiles of the Match-
3 puzzle game. Figure 5.7 shows all animals appearing in the game as tiles. The same
type of animals can be eliminated if the matching occurs.
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elcs|njelw]cld]s

BlueBird ColorBomb GreenFrog OrangeGir... PurpleCat RedFox WhiteRabbit YellowBee

Figure 5.7: Animals in Happy Zoo

These animals are stored as prefabs and linked to the tile pool (Figure 5.8). The tile

pool has been serialized first, then tiles are initialized every time when restart the level.

¥ |# Tile Pool (Script) e 3+ i
Script TilePoaol O]
Blue Candy Pool #BlueBirdPool (Object Pool) 0]
Green Candy Pool #|GreenFrogPool (Object Pool) @
Orange Candy Pool #/OrangeGiraffePool (Object Pool) O]
Purple Candy Pool #|PurpleCatPool (Object Pool) (O]
Red Candy Poaol #RedFoxPool (Object Pool) O]
Yellow Candy Pool #|YellowBeePool (Object Pool) ®
White Candy Pool £ WhiteRabbitPool (Object Pool) O]
Color Bomb Candy Pool #|ColorBombPool (Object Pool) ®
Ice Pool #/lcePool (Object Pool) ®
Syrup 1 Pool # Syrup1Pool (Object Pool) @
Marshmallow Pool #MarshmallowPool (Object Pool) @
Cherry Pool #|CherryPool (Object Pool) @
Watermelon Pool £ WatermelonPool (Object Pool) ®
Light Bg Tile Pool # LightBgTilePool (Object Pool) 0]
Dark Bg Tile Pool # DarkBgTilePool (Object Pool) ®

Figure 5.8: Tile pool of Game Scene

The tiles will be randomly generated by using Random functions (Figure 5.9). The

type of animals can be set first, and then only the eligible tiles will be generated

randomly at each certain level. The tiles are fetched from the tile pool.
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private GameObject CreateTile(int x, int v, bool runtime)
{
var eligibleTiles = new List<CandyColor> () ;
eligibleTiles. AddRange (level. availableColors) ;

var leftTilel = GetTile(x — 1, v);

var leftTile2 = GetTile(x — 2, v);

if (leftTilel != null && leftTile2 != null &k
leftTilel. GetComponent<Candy> () != null &% leftTile2. GetComponent<Candy> () != null &&
leftTilel. GetComponent<Candy> (). color == leftTile2. GetComponent<Candy> (). color)

var tileToRemove = eligibleTiles.Find(t =»
t == leftTilel. GetComponent<Candy> (). color) ;
eligibleTiles. Remove (tileToRemove) ;

}

var topTilel = GetTile(x, v - 1);

var topTile2 = GetTile(x, v — 2);

if (topTilel != null && topTile? != null &&
topTilel. GetComponent<Candy> () != null &k topTile2.GetComponent<Candy>() != null &&
topTilel. GetComponent<Candy> (). color == topTile2. GetComponent<Candy> (). color)
var tileToRemove = eligibleTiles.Find(t =

t == topTilel. GetComponent<Candy> (). color) ;

eligibleTiles. Remove (tileToRemove) ;

fvg

GameObject tile;
if (runtime && eligibleCollectables.Count > 0)

var tileChance = UnityEngine. Random. Range (0, 100);

if (tileChance <= level.collectableChance)

{
var idx = UnityEngine. Random. Range (0, eligibleCollectables. Count) ;
var collectable = eligibleCollectables[idx];
tile = tilePool. GetCollectablePool (collectable). GetObject() ;
eligibleCollectables. RemoveAt (idx) ;

}

else

{
tile = tilePool. GetCandyPool (eligibleTiles[UnityEngine. Random. Range (0, eligibleTiles. Count)])

.GetObject () ;
}
}

else

tile = tilePool. GetCandyPool(eligibleTiles[UnityEngine. Random. Range (0, eligibleTiles. Count)])
. GetObject() ;
}

tile. GetComponent<Tile>().board = this;
tile. GetComponent<Tile>().x = x;

tile. GetComponent<Tile>().y = v;
return tile;

Figure 5.9: Create random tiles
The player only can move and exchange the adjacent tiles. The function (Figure 5.10)

shows the x and y coordinate value as a condition of whether players can move tiles in

two cells. The move animation is implemented by LeanTween plug-ins.
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var selectedTileCopy = selectedTile;
var hitTileCopy = hit.collider. gameObject;
selectedTile. GetComponent<SpriteRenderer> (). sortinglrder = 1;

var selectedTilePos = tilePositions[tiles.FindIndex(x => x == selectedTile)];
var hitTilePos = tilePositions[tiles. FindIndex(x = x == hit.collider. gameObject)];

var tileA = hit. collider. gameObject;

var tileB = selectedTile;

if (!(tileA. GetComponent<Tile>().x != tileB.GetComponent<Tile>(}.x &&
tileA. GetComponent<Tile>(). v !'= tileB. GetComponent<Tile>().v)}

{
currentlySwapping = true;
LeanTween. move (selectedTile, hitTilePos, 0.2f);
LeanTween. move (hit. collider. gameObject, selectedTilePos, 0.2f).setOnComplete(() =>
{
LeanTween. move (selectedTileCopy, selectedTilePos, 0.2f).setOnComplete(() =>
{
currentlySwapping = false;
selectedTileCopy. GetComponent <SpriteRenderer? (). sortingOrder = 0;
selectedTileCopy. transform. rotation = Quaternion. identity;
hit. collider. gameObject. transform. rotation = Quaternion. identity;
DR
LeanTween. move (hitTileCopy, hitTilePos, 0.2f);
DR
}

selectedTile = null;

SoundManager. instance. PlaySound ("Error”) ;

Figure 5.10: Check players’ input

The below function is to check the matching in a horizontal dimension (Figure 5.11).
Only when the number of tiles is equal to or larger than 3, the matching is successful.

The same method was used in vertical match judgment.

private bool HasHorizontalMatch(int x, int v)

{
var tile = GetTile(x, ¥);
if (tile. GetComponent<Candy> () '= null)
var horzlen = 1;
for (var i = x - 1;
i >= 0 && GetTile(i, v) != null && GetTile(i, y).GetComponent<Candy>() != null &%
GetTile(i, ¥).GetComponent<Candy> (). color == tile.GetComponent<Candy> (). color;
i——, horzLen++) ;
for (var i = x + 1;
i ¢ level.width & GetTile(i, ¥) != null &% GetTile(i, v).GetComponent<Candy>() != null &&
GetTile(i, ¥).GetComponent<Candy>().color == tile.GetComponent<Candy> (). color;
i++, horzLen++) ;
if (horzlen »= 3) return true;
}
return false;
}

Figure 5.11: Horizontal matching function

When the matching is got approved, the tiles will be eliminated. The tile will be

destroyed with special particle effects and the sound effects will be played (Figure
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5.12). The particle effects are stored as prefabs in the fxPool list to spawn each time
when the ShowExIposionFx () function is called.

public void ExplodeTile (GameObject tile, bool didAnySpecialCandyExplode = false)

{
var explodedTiles = new List<GameObject>():
ExplodeTileRecursive(tile, explodedTiles);
var score = 0;
foreach (var explodedTile in explodedTiles)
var idx = tiles.FindIndex(x => x == explodedTile):
if (idx != -1)
{
explodedTile. GetComponent<Tile> (). ShowExplosionFx (fxPool) ;
explodedTile. GetComponent<Tile> (). UpdateGameState (gameState) ;
score += gameConfig. GetTileScore(explodedTile. GetComponent<Tile>());
DestroyElements (explodedTile) ;
DestroySpecialBlocks (explodedTile, didAnySpecialCandyExplode);
explodedTile. GetComponent<PooledObject> (). pool. ReturnObject (explodedTile) ;
tiles[idx] = null;
1
SoundManager. instance. PlaySound ("Crush”) ;
1
UpdateScore (score) ;
gamelUi. UpdateGoals (gameState) ;
}

Figure 5.12: Eliminate tiles after matching

After the tiles are eliminated, a function (Figure 5.13) will apply the gravity to other
tiles in the grid and newly generated tiles.

if (bottom != -1)
{
var tile = GetTile(i, j);
if (tile != null)
{
var numTilesToFall = bottom — j;
tiles[tileIndex + (numTilesToFall * level.width)] = tiles[tileIndex]:
var tween = LeanTween.move(tile
tilePositions[tileIndex + level.width * numTilesToFalll,
0.5f) ;
tween. setEase (LeanTweenType. easeInQuad) ;
tween. setOnComplete (() =
{
if (tile.GetComponent<Tile>() != null)

{
tile. GetComponent<Tile>().y += mumTilesToFall;
if (tile.activeSelf && tile.GetComponent<Animator>() != null)
tile. GetComponent <Animator? (). SetTrigger ("Falling™) ;
if (!fallingSoundPlayed)
{
fallingSoundPlayed = true;
SoundManager. instance. PlaySound ("CandyFalling”) ;
t
}
}

IR
tiles[tileIndex] = null;

Figure 5.13: Make tiles falling
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When there is no possible matching condition at the level, the game will automatically

regenerate using the /Enumerator function.

private IEnumerator RegenerateLevel ()

{
yvield return new WaitForSeconds (2. 0f);
for (var i = 0; i < level.width; i++)

for (var j = 0; j < level. height; j+t)

var idx = i + (j * level.width);

var tile = tiles[idx];

if (tile != null &&
tile. GetComponent<Candy> () != null)

{
var newlile = CreateTile(i, j, false);
newlile. transform. position = tile. transform. position;
tile. GetComponent<PooledObject> (). pool. ReturnObject (tile) ;
SetTile(newTile, i, j);

Figure 5.14: Regenerate level
The game board consists of a number of grids used for storing tiles. The game board

is created using the width and height value of the game scene (Figure 5.15). The size

of the whole grid was adjusted using the camera orthographic size.
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var totalWidth = (level.width — 1) * (tileW + horizontalSpacing);
var totalHeight = (level. height - 1) * (tileH + verticalSpacing);
for (var j = 0: j < level.height: j++)

for (var i = 0; 1 < level.width; i++)

var tilePos = new Vector2(i * (tileW + horizontalSpacing), —j * (tileH + verticalSpacing));
var newPos = tilePos;

newPos. x —= totalWidth / 2;

newPos. vy += totalHeight / 2;

newPos. v += boardCenter. position. v;

var tile = tilesli + (j * level.width)];

if (tile != null)

[

L

tile. transform. position = newPos;

tilePositions. Add (newPos) :
var levelTile = level. tiles[i + (j * level.width)];
if (!(levelTile is HoleTile))
[
1
GameObject bgTile;
if (1%2=0)
{
beTile =1 % 2 ==0
? tilePool. darkBgTilePool. GetObject ()
. tilePool. 1ightBeTilePool. GetObject () ;

lse
bgTile =1 % 2 ==0
? tilePool. lightBgTilePool. GetOhject ()
. tilePool. darkBeTilePool. GetObject () ;
}

bgTile. transform. position = newPos;

Figure 5.15: Generate the game board

Except for the normal animal tiles, the game also designs other special tiles such as:
Biscuits (immovable blocks), Ice (layers), and Cherry and Watermelons (droppings).

They will be introduced in the following part.

The Biscuits element are immovable blocks in the game, so they cannot be moved and
matched themselves. But they can be eliminated by their neighbor tiles, the function
in Figure 5.16 shows the how Biscuits element be eliminated by using

DestroySpecialBlocksInternal(neighbour) function.
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private void DestroySpecialBlocks(GameObject tile, bool didAnySpecialCandyExplode)
{
if (!didAnySpecialCandyExplode)

var x = tile. GetComponent<Tile> (). x;

var v = tile. GetComponent<Tile> (). y;

var leftTile = GetTile(x - 1, ¥);

var rightTile = GetTile(x + 1, ¥);

var topTile = GetTile(x, v + 1);

var bottomTile = GetTile(x, v — 1);

var neighbourTiles = new List<GameObject> {leftTile, rightTile, topTile, bottomTile};
foreach (var neighbour in neighbourTiles)

DestroySpecialBlocksInternal (neighbour) ;

Figure 5.16: Destroy Biscuit elements

When the type of tile is Ice, then the ice prefabs will be covered on that tile (Figure
5.17). When the tiles in the Ice are destroyed, the Ice elements will be destroyed at the

same time (Figure 5.18).

if (levelTile !'= null &% levelTile. elementType == ElementTvype. Ice)
{

var ice = tilePool. icePool. GetOhject ()

ice. transform. position = tilePositions[i + (j * level.width)];
ice. GetComponent<SpriteRenderer> (). sortingOrder = 1;

ices. Add(ice) ;

Figure 5.17: Add Ice on the tile

/ Check for ices.
if (idx != -1 && level.tiles[idx] != null &k level. tiles[idx].elementType == ElementType. Ice)
ices[idx]. GetComponent <PooledObject> (). pool. ReturnObject (ices[idx]) ;
level. tiles[idx]. elementType = ElementType. None;
ices[idx] = null;
gameState. AddElement (ElementType. Ice) ;
UpdateScore (gameConfig. GetElementScore (ElementType. Ice)) ;

var fx = fxPool. GetElementExplosion(ElementType. Ice). GetObject () ;
fx. transform. position = tilePositions[idx];

SoundManager. instance. PlaySound(“Ice”) ;
Figure 5.18: Destroy Ice

The Dropping tiles are also called collectible tiles. Only when the collectible items are

moved to the bottom of the grid, they will be destroyed. Therefore, the height is the
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condition to check whether the collectible items can be destroyed (Figure 5.19).

if (levelTile is CollectableTile)

{
var collectableTile = (CollectableTile) levelTile;
var tile = tilePool. GetCollectablePool (collectableTile. type). GetObject () ;
tile. GetComponent<Tile> (). board = this;
tile. GetComponent<Tile> (). x = x;
tile. GetComponent<Tile> (). v = v;
return tile:
1

return null;

}

5ri§étéabool CheckCollectables()

{
var collectablesToDestroy = new List<Tile>();
for (var i = 0; i < level.width; i++)

{
Tile bottom = null;
var tileIndex = 0;
for (var j = level.height - 1: j >= 0; j—)
{
tileIndex = 1 + (j * level.width);
if (tiles[tileIndex] == null)
{
continue;
}
var tile = tiles[tileIndex]. GetComponent<Tile> () ;
if (tile != null)
{
if (tile.GetComponent<{Unbreakable>() !'= null)
continue;
}
bottom = tile;
}
break;
}
if (bottom != null && bottom. GetComponent<Collectable>() != null)
{
collectablesToDestroy. Add (bottom) ;
tiles[tileIndex] = null;
}
}

Figure 5.19: Dropping tiles functions
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The limitation of steps, goals, and score progress are arranged on the top of the Game
Scene as Figure 5.20 shows. The moves limitation locates on the left of the top bar, it
will exchange with the count-down timer according to the level type. The reach goal
or collect items shows on the left of the top bar, players should take it as a goal
reference to finish level. The progress bar is in the middle of the top bar, it shows the

progress of the score player earned.

Goal

Reach score:
999.999

Reach: 999.999

999.999 eI Rl

Figure 5.20: Top bar of Game Scene

The values in the top bar are stored as serialized fields and can be called each time

when the level is generated (Figure 5.21).

[SerializeField] private Text limitTitleText:
[SerializeField] private Text limitText;
[SerializeField] private Text scoreText;
[SerializeField] private ProgressBar progressBar:
[SerializeField] private GameObject goalPrefab;
[SerializeField] private GameObject scoreGoalltem;
[SerializeField] private Text scoreGoalltemText;
[SerializeField] private GameObject scoreGoalOnlvItem;
[SerializeField] private Text scoreGoalOnlyIltemText;

Figure 5.21: List of serialized values of game Ul
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There are two types of limits in the game: one is the move limitation while another is
the time limitation. If the type of limit is Moves, then the limit text on Ul is shown as
the number of moves. On the contrary, if the type of limit is a timer, the limit text on

Ul is shown as the time left (Figure 5.22).

private void UpdateLimitText ()

{
if (level.limitType == LimitType.Moves)
{
gameUi. SetLimit (currentLimit) ;
;
i
else if (level. limitType == LimitType. Time)
{
var timeSpan = TimeSpan. FromSeconds (currentLimit) ;
gameUi. SetLimit (string. Format(”{0:D2}: {1:D2}”, timeSpan.Minutes, timeSpan.Seconds)):
}
}

Figure 5.22: Limit text in Ul

The goal panel also has two versions: one is reaching scores and another is to collect
a certain number of animals. Therefore, if the goal is reaching scores, only the score
number is presented on the goal panel. If the goal is collecting items, the images of

animal icons are printed on the goal panel (Figure 5.23).

public void SetGoals(List<Goal? goals, bool scalelmages = false)
{
var childrenToRemove = goalbroup. GetComponentsInChildren{GoallUiElement? (). ToList():
foreach (var child in childrenToRemove)
{
Destroy (child. gameObject) :
}

var reachScorefoal = goals.Find(x => x is ReachScoreGoal);
if (reachScoreboal != null)
{
if (goals.Count == 1)
{
scoreboalltem. SetActive (false) ;
scoreboalOnlyltenText. text = ({ReachScoreboal) reachScoreGoal). score. ToString() ;
}
slse
{
scorefoalOnlyIten. SetActive(false);
scoreGoalltenText. text = ((ReachScoreBoal) reachScorefoal). score. ToString() ;

}
else
scoreGoalltem. SetActive(false) ;
scoreGoalOnlyItem. SetActive (false) :
1

foreach (var goal in goals)
{
if (!(goal is ReachScoreGoal))
{
var goalObject = Instantiate(goalPrefah):
nt {goalGroup. transform, false);
ement? (). Fill (goal) ;

goallbject. transform. SetPar

goalObject. GetComponent<Goalli

Figure 5.23: Goal panel implementation
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The progress bar used the filled type image to show the dynamic progress. The stars
will be lightened one by one when the players reach a certain score. The location of

stars is automatically set according to the proportion (Figure 5.24).

public void UpdateProgressBar(int score)
{

progressBarImage. fillAmount = GetProgressValue(score) / 100. 0f;
if (score »= starl &% !starlAchieved)

starlAchieved = true;
starllmage. Activate () ;
SoundManager. instance. PlaySound ("StarProgressBar”) ;

1
I

if (score >= star? &k !star2ichieved)

starZAchieved = true;

star2Image. Activate () ;

SoundManager. instance. PlaySound ("StarProgressBar”) ;
1
I

if (score »= star3 && !star3Achieved)

star3Achieved = true;

star3Image. Activate () ;

SoundManager. instance. PlaySound ("StarProgressBar”) ;
1
I3

starlImage. transform. localPosition = progressBarlImage. transform. localPosition +
new Vector3(
progressBarImage. rectTransform. rect. width *
(GetProgressValue(starl) / 100.0f) - 0.0f, 0, 0):
star2Image. transform. localPosition = progressBarlImage. transform. localPosition +
new Vector3(
progressBarImage. rectTransform. rect. width *
(GetProgressValue(star2) / 100.0f) - 0.0f, 0, 0):
star3Image. transform. localPosition = progressBarlImage. transform. localPosition +

Figure 5.24: Progress bar and stars

The configuration and attribute of each level are written as documents in the sequence
of level numbers. Here takes a configuration document example of level 8 (Figure
5.25). In configuration documents, the gird design and game level design both can be

implemented.

75



id”: 8, ————-) level numerb
e g, —== the width and height of grid

height”:
“tiles”: [
//1
{
“type”: "RandomCandy”, _* the first cell
“elementType”: "None”,
“$type”: "GameVanilla.Game. Common. CandyTile”

“type”: "RandomCandy”,

“elementType”: “None”,

“$type”: "GameVanilla. Game.Common. CandyTile”
} 3
/73
{

“type”: "RandomCandy”,

“elementType”: “None”,

“$type”: “GameVanilla. Game.Common. CandyTile”
h
//4
{

“type”: "RandomCandy”,

“elementType”: "None”,

“$tvpe”: "GameVanilla. Game.Common. CandyTile”

“type”: "RandomCandy”,

“elementType”: "None”,

“$type”: "CameVanilla.Game. Common. CandyTile”
} ’
/6

1, ..
"1imitType”: "Moves”, —_— limit type
;;2; 2[0’ === the numebr of limit moves
{
"elementType”: "Syrupl”,
“amount”: 18,
“$type”: "GameVanilla.Game.Common. CollectElementGoal”
}
1,
“availableColors”: [
El;;‘j ————mmmd five kinds of animals in this level
"Orange”,
“Red”,
“Yellow”

] 600 = 1star

“scorel”: 600

i " 600, > 650 = 2 stars
scorel: 2;3 680 = 3 stars

“score3”:

Figure 5.25: Level 8 configuration document

5.4 Internal Test
When the proposed game is basically implemented, an internal test (Figure 5.26) was

conducted to evaluate the functionality, usability, and bug review.
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Figure 5.26: Internal test

Four students participated in the internal test. They played Happy Zoo from level 1 to

level 15 in sequence. During the gameplay, they recorded the failure times and the

number of moves or remaining time at each level (Table 5.8). The level checklist was

used to adjust the difficulties of each level. After finishing 15 levels, they were required

to answer an overall checklist to evaluate the game (Table 5.9).

Table 5.8: Level difficulty checklist for internal test

First Try Second Try Third Try
n Tick ¢/ | remaining | Tick ¢/ | remaining | Tick ¢/ | remaining
Turn/time Turn/time Turn/time
Level 1 |4 3 steps 0 / 0 /
Level2 |4 5 steps 0 / 0 /
Level3 |3 9 steps 1 5 steps 0 /
Level4 |4 9 steps 0 / 0 /
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Level5 |3 5 steps 1 2 steps 0 /
Level6 |2 10 steps 1 8 steps 1 8 steps
Level 7 |1 15steps |3 10steps |0 /
Level 8 1 12 steps | 2 10s steps | 1 5 steps
Level9 |0 / 2 8 steps 2 4 steps
Level 10 | 0 / 0 / 4 Istep
Level 11 |0 / 1 2 steps 3 1 step
Level 12 | 1 5 steps 0 / 3 1 step
Level 13 |3 32s 1 21s 0 /
Level 14 | 2 15s 2 12s 0 /
Level 15 |2 28s 1 6s 1 I1s
Table 5.9: Overall check list for internal test

Element Check v Problem and Description
Functionality | Button v /

Match-3  elimination Some animals overlapped

system on the screen

Score system v /

Player history data v /

Level system v /
Game User Interface v /
Design BGM and Audio | ¢V /

Effects
Overall Game completeness v /

Achievable goals Level O9-Level 12 are

difficult. Especially Level
10
Reasonable difficulty Some animals in the corner

are difficult to eliminate
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Fit with Screen Size v /

Feedback 1. The level difficulty need adjust.
2. In 12 level, the level number is wrong.

3. Some level may add more steps.

After the internal game, some bugs related to the user interface and tile presentation
were found. Collecting and analyzing the level difficulty checklist (Table 5.7) and
overall checklist (Table 5.8), the most outstanding problem of the proposed game is
that some levels are too difficult to pass. Players became frustrated when they failed
at the same level many times. Therefore, the level difficulty was modified after the

internal testing.

According to players’ feedback, the cells in the corner are hard to match (Figure 5.27).
Only when they are lucky enough could eliminate the tiles in the corner, so all the tiles

in the corner are removed to reduce the difficulty.

Figure 5.27: The cells in the corner
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In order to speed up passing the game, a power-up bomb was added to the game. When
there is a four-tile matching or a five-tile matching, a bomb will be generated (Figure
5.28). The bomb can facilitate players to eliminate all tiles of the same type in the grid

by exchanging bombs with that tile.

if (match. tiles. Count >= 4)

if (swapDirection == SwapDirection. Horizontal)
T
l if (isPlaverMatch)
{ if (match. tiles. Contains(lastSelectedTile))
{ CreateColorBomb (lastSelectedTileX, lastSelectedTileY):
ilse if (match. tiles. Contains(lastOtherSelectedTile))
{ CreateColorBomb (lastOtherSelectedTileX, lastOtherSelectedTileY):

——

else if (randomIdx != -1)
{

var i andomIdx % level.width;
var j = randomldx / level.width;
CreateColorBomb (i, 3j);

H

if (isPlayerMatch)

if (match. tiles. Contains(lastSelectedTile))

1[ CreateColorBomb (lastSelectedTileX, lastSelectedTileY);

Ielse if (match. tiles. Contains(lastOtherSelectedTile))

: CreateColorBomb (lastOtherSelectedTileX, lastOtherSelectedTileY);

——

else if (randomIdx !'= -1)
{

var i = randomldx % level.width;

var j = randomldx / level.width;
CreateColorBomb (i, j);

Figure 5.28: Power-up bomb function

5.5 Final Game Presentation

The following figures (Figure 5.29 — Figure 5.50) are the screenshots of the final game.
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Home Page

The first page of the game, players can turn on / off the sound and check the setting.

b,

Sottinji

Alerts
!) Notifications
f_l) Messages

Reset Progress @ o o O 0

Figure 5.29: Home page
Level Page

The level page presents all levels, player only can open levels one by one.

Figure 5.30: Level page
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e Game Goals

The two types of goals at each level pop up.

Figure 5.31: Collect items (left) and Reach score(right) goal
e  Game goal reminder

The reminder of level goals pops up.

Reach score: 300 |

16

Figure 5.32: Game goal reminders
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e Game board (turn-based version)
The turn-based version with two different goals.

Goal

Reach score:
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Figure 5.33: Game scenes of Reach score (left) and Collect items(right)

e Game board (timer version)

The game board of timer version.
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Figure 5.34: Game scenes of timer version
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e Game board (timer version)

The success page and failed page.

Failed!

Level 13

== ity | Your score: 860

Your score:540 7 =i
(% )

o o

Figure 5.35: Success page (left) and the Failed page(right)

e  Game Setting

The setting function in the game.

Do you really want to
quit now?

.. We will miss you

) &

Figure 5.36: Quit game (left) and music controller (right)
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e Screenshots of 15 levels

Goal

Reach score:
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Figure 5.37: Level 1 Happy Zoo Interface  Figure 5.38: Level 2 Happy Zoo Interface
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Figure 5.39: Level 3 Happy Zoo Interface  Figure 5.40: Level 4 Happy Zoo Interface
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Figure 5.41: Level 5 Happy Zoo Interface  Figure 5.42: Level 6 Happy Zoo Interface

Figure 5.43: Level 7 Happy Zoo Interface  Figure 5.44: Level 8 Happy Zoo Interface
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Figure 5.47: Level 11 Happy Zoo Interface (Left)
Figure 5.48: Level 12 Happy Zoo Interface (Right)
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Figure 5.49: Level 13 Happy Zoo Interface (Left)
Figure 5.50: Level 14 Happy Zoo Interface (Right)

Figure 5.51: Level 15 Happy Zoo Interface
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5.6 Summary

The proposed game Happy Zoo was implemented in three months from game design
to game development. The final work presents 15 levels featured different Match-3
puzzle game mechanics. The internal test was conducted before the playtest for

evaluation. The result analysis is discussed more detailed in Chapter 6.
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CHAPTER 6

RESULT AND DISCUSSION

6.1 Overview

This chapter presents the data and analysis of playtest questionnaire. The result is
organized according to the research questions. Quantitative findings are the main
information source. The participants’ feedback is supplemented with quantitative

findings.

6.2 Participants

50 participants took part in the Happy Zoo playtest. From the initial 50 responses, 45
responses remained after data validation and cleaning. The data validation consisted
of the elimination of participants who finished the questionnaire within 90 seconds and
participants who do not allow to use their data. The participants are females studying
at Xiamen University Malaysia. Most of them are year-four students (57.78%), some
of them are year-two (28.89%) and year-three (11.11%) students, and several of them

are taking year-one study (2.22%).

Age

Year 1 Undergraduate Student : 2.22%

Year 2 Undergraduate
Student : 28.89%

Year 4 Undergraduate
Student : 57.78%

Year 3 Undergraduate
Student: 11.11%

Figure 6.1: Participants’ age range chart

Among 45 participants, 15 players (33.33%) only have one-year experience in the



Match-3 puzzle game, the majority of participants (42.22%) are progressive players
who played Match-3 puzzle game two to five years, a few participants (24.44%)
consider them as senior players with more than a five-year game experience (see
Figure 6.2). In general, all participants have more or less experience in the Match-3

puzzle game before.

Player Experience
50 -

42.22%

40

33.33%

30 4

24.44%

20 -

10 A

Figure 6.2: Match-3 puzzle game experience diagram

All participants were asked to test their player types before answering the
questionnaire. From Table 6.1, the majority player type of participants is Thinker
(42.22%), followed by Achiever (33.33%) and Thrill Seeker (17.78%). The number of
Skill Master players only takes 6.67% of participants. The proportion of four player
types exactly matches the trend (Thinker > Achiever > Thrill Seeker > Skill Master)

which was found in the preliminary research (Figure 4.6).

Table 6.1: Participants’ player types

Player Type n %
Thinker 19 42.22%
Achiever 15 33.33
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Player Type n %

Thrill Seeker 8 17.78

Skill Master 3 6.67
Total 45 100

6.3 RQ1: Does the proposed game meet the player's expectations?

The player expectation was reflected in the player experience. In this research, the
Player Experience Need Satisfaction (PENS) and GUESS questionnaires were used to
measure the player experience from competence, autonomy, intuitive control, and
personal gratification to four subscales. The subscales were calculated from the mean
value of related statements from each player type, for example, Competence was
presented as the average score from “I feel competent at the game.”, “I feel very
capable and effective when playing.” And “My ability to play the game is well matched

with the game’ s challenges.”. The following list scores more detailed:

Table 6.2: Average value of statements related to Competence

Competence
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master

(n=19) (n=15) Seeker(n=8) (n=3)

I feel competent at the
4.00 3.93 3.38 4.67

game.

I feel very capable and
4.00 3.53 3.75 4.67

effective when playing.

My ability to play the game
is well-matched with the 4.05 3.87 3.75 4.33
game’ s challenges.

Average Value 4.02 3.78 3.63 4.56
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Table 6.2 is the average value of statements that belong to Competence. Thinkers

scored 4.02 in Competence while Achiever scored 3.78, and Thrill Seeker rated lower

than Achiever (M = 3.78). The data from Skill master is 4.56, the highest mark may be

because the sample is too small.

Table 6.3: Average value of statements related to Autonomy

Autonomy
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
The game provides me with
interesting options and 4.16 3.93 3.13 4.33
choices.

The game lets me do

4.05 3.73 3.50 467
interesting things.

I experienced a lot of
3.89 3.67 3.25 4.33

freedom in the game.
Average Value 4.04 3.78 3.29 4.44

Table 6.3 is the average value of statements that belong to Autonomy. The average

scores from Thinker and Achiever are 4.04 and 3.78 respectively. Thrill Seeker only

rated Autonomy as 3.29 on average. The data from Skill master is 4.44, the highest

mark may be because the sample is too small.
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Table 6.4: Average value of statements related to Intuitive Control

Intuitive Control
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
Learning the game controls
(User interface/ menu/ 4.58 3.87 4.00 4.67
button) were easy.
The game controls (User
interface/ menu/ button) are 4.58 4.20 4.13 4.67
intuitive.
When I wanted to do
something in the game, it
4.42 4.20 4.63 4.67
was easy to remember the
corresponding control.
Average Value 4.53 4.09 4.25 4.67

Table 6.4 is the average value of statements that belong to Intuitive Control. Thinker

and Thrill Thinker both scored this subscale higher than 4.20. While Achiever scored

4.09 which is a little bit lower. The data from Skill master is 4.67, the highest mark

may because the sample is too small.

Table 6.5: Average value of statements related to Personal Gratification

Personal Gratification

Player Type (Mean Value)

Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
I feel successful when I
4.47 4.20 4.38 4.67
overcome the obstacles in
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Personal Gratification
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
the game.
I want to do as well as
4.53 4.13 4.25 4.67
possible during the game.
I am very focused on my
own performance while 4.32 4.00 4.00 4.33
playing the game.
I am very focused on my
own performance while 4.16 3.87 3.75 4.33
playing the game.
I find my skills gradually
improve through the course
4.16 3.60 3.88 4.33
of overcoming the
challenges in the game.
Average Value 4.33 3.96 4.05 4.47

Table 6.5 is the average value of statements that belong to Personal Gratification.
Thinker and Skill Master scored 4.33 and 4.47 respectively. Achiever and Thrill Seeker

scored 3.96 and 4.05 on average.

The descriptive analysis was used in the Audio Aesthetics and Visual Aesthetics. From
Table 6.6, participants enjoyed both audio aesthetic (Mean = 4.206, SD = 0.784) and
visual aesthetics (Mean = 4.504, SD= 0.606). The music and audio effects were
suitable and enhanced the player experience. The visual appeal of game graphics

played an important role in the proposed game.
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Table 6.6: Evaluation of audio aesthetics and visual aesthetics

Items N of samples | Min | Max | Mean | Std. Deviation | Median
Audio Aesthetics 45 1.750(5.000| 4.206 0.784 4.250
Visual Aesthetics 45 2.667|5.000| 4.504 0.606 5.000

e Summary and Discussion

The comparison of average player experience scores for each type of player is shown
in Figure 6.3. Thinker and Thrill Seeker thought the proposed game have high intuitive
control during gameplay to a great extent, Achiever agreed the proposed game have
intuitive control. The game satisfied players' Personal Gratifications in terms of
completeness, motivation, skill improvement, and performance. It provides freedom
for players, while the acceptance of Autonomy is slightly not enough than other sub-
scales. Thrill Seeker held a neutral attitude toward game autonomy. Among the three
types of players, Thinker rated the highest score in Competence, which shows that
Thinker is most capable with the proposed game. This result also explained why the
majority player type of Match-3 puzzle game is Thinker. All data from Skill Master is
high, the average score is higher than the other three types, but the trend in Skill Master
is similar to other types. They strongly agreed that Intuitive Control was the most

outstanding part of the proposed game.
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PENS Factors and Player Types

467
4.56 453
4.44 4.47 433

4.04 402

4 1 378 378

Achiever Skill Master Thinker Thrill Seeker

B Autonomy [ Competence M Intuitive Controls Personal Gratification

Figure 6.3: Player types for PENS (Autonomy, Competence, Intuitive Control,

Personal Gratification)

In summary, from the feedback of player experience, the proposed game meets the

players’ expectations.

6.4 RQ2: Does the proposed game motivate players to keep playing?

After cluster statements into corresponding motivation factors of entertainment, skill
development, coping, and escape of real life, the mean value of players’ motivation
was calculated. For example, the average score of Escape motivation was calculated
from “This game helps me to forget about daily hassles.”, “This game makes me forget
real life.”, “This game helps me escape reality.”, and “This game helps me to forget
about unpleasant things or offenses.” The following shows each statement and group

in more detail;
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Table 6.7: Average value of statements related to Escape Motivation

Escape
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
This game helps me to
4.00 3.60 3.63 4.33
forget about daily hassles.
This game makes me forget
3.68 3.40 3.38 4.00
real life.
This game helps me escape
3.74 3.53 3.13 4.00
reality.
This game helps me to
forget about unpleasant 3.89 3.93 3.63 4.00
things or offenses.
Average Value 3.83 3.62 3.44 4.08

Table 6.7 shows the average score of Escape motivation. Thinker scored their Escape
motivation in 83.83, followed by Achiever and Thrill Seeker in 3.62 and 3.44. Among
them, Skill Master rated this factor with the highest mark (M = 4.08).

Table 6.8: Average value of statements related to Coping Motivation

Coping
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
This game helps me get
3.89 3.73 3.50 4.33
into a better mood.
This game helps me get rid
3.79 3.67 3.88 4.67
of stress.
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Coping
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
This game helps me

3.74 3.73 3.88 4.00

channel my aggression.

This game reduces my
4.05 3.87 3.63 4.33

tension.

Average Value 3.87 3.75 3.72 4.33

Table 6.8 shows the average score of Coping motivation. Thinker scored their
motivation at 3.87. The attitude toward this subscale is similar to Achiever and Thrill
Seeker, which are 3.75 and 3.72 respectively. The data is 4.33 from Skill master, the

reason for the high score may be because of the small sample.

Table 6.9: Average value of statements related to Skill Development Motivation

Skill Development
Player Type (Mean Value)
Thinker Achiever Thrill Skill Master
(n=19) (n=15) Seeker(n=8) (n=3)
This game sharpens my
3.74 3.73 4.00 4.00
senses.
This game improves my
3.79 3.60 3.13 4.33
skills.
This game improves my
4.37 4.07 3.88 4.00
concentration.
This game improves my
3.84 3.80 4.13 4.33
coordination skills.
Average Value 3.93 3.80 3.78 4.17
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Table 6.9 shows the average score of Skill Development motivation. Thinker scored
their motivation at 3.93. The attitude toward this subscale is similar to Achiever and
Thrill Seeker, which are 3.80 and 3.78 respectively. The data is 4.17 from Skill master,

the reason for the high score may be because of the small sample.

Table 6.10: Average value of statements related to Recreation Motivation

Recreation
Player Type (Mean Value)

Thinker Achiever Thrill Skill Master

(n=19) (n=15) Seeker(n=8) (n=3)

I think this game is
4.58 4.47 3.88 5.00
entertaining.
I will play this game for
4.26 4.13 4.00 4.67
recreation.
I enjoy playing this game. 4.47 4.07 4.00 5.00
Average Value 4.44 4.22 3.96 4.89

Table 6.10 shows the average score of Recreation motivation. All player types scored
this subscale with high marks. Thinker scored their motivation at 4.44. Achiever rated
it at 4.22, and Thrill Seeker rated it as 3.96 on average. The data is 4.89 from Skill

master, the reason for the high score may be because of the small sample.

e Summary and Discussion

It shows players have a high interest in keep playing the proposed game. Figure 6.4
presented the motivation factors of different types of players. Recreation is the top
motivating factor for all types of players to play the proposed game, followed by skill
development, coping, and escape from real life. Skill Master and Thinker have the
strongest motivation to play the proposed game among the three player types, and the

Achiever’s motivation is stronger than Thrill Seeker's to play the game. The ranking
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of motivation also verified why the main player type of Match-3 puzzle game is
Thinker. The stronger the motivation Thinker has, the more interest they perform to
continue to play the game. The scores from Skill Master are higher than other types

generally.

Player Type and Motivation Factors

4 4 ' 3.93 387 383

Achiever Skill Master Thinker Thrill Seeker

B Recreation [ Skill Development M Coping escape

Figure 6.4: Each type of player’s motivation evaluation

6.5 Other Findings
Apart from the research questions, other interesting results are also found during the

data analysis.

6.5.1 Players’ Game Mechanics Preference

Players’ game mechanics preference is measured by the score of enjoyment. The
higher score means players like it after gameplay. If the mean value is the same, the
lower standard deviation can be used to compare. The following list of the average

score of enjoyment in each game mechanic:
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Table 6.11: Players' preferences of different game mechanics

Player Type
Turn- Collect | Reach Ice  [Immovable
(Mean £Std.| Timer Dropping
based Items Score | Layers | Obstacles
Deviation)
Thinker
3.68+0.874.00+0.854.11+0.843.97+0.86[3.79+0.714.05+0.74 3.89+0.81
(n=19)
Achiever
3.93+0.703.67+0.9414.03£0.95[3.97+0.8113.70+0.96(4.07+0.70 3.77+0.86
(n=15)
Thrill

3.88+0.583.81+0.5314.13+0.793.94+1.183.25+1.003.69+1.03|4.06+0.56
Seeker(n=8)

Skill
5.00£0.004.67+0.584.50+0.504.50+0.504.50+0.504.33+0.58 4.67+£0.29
Master(n=3)

Different types of players' preferences towards seven Match-3 puzzle game mechanics
(Table 6.11) are consistent with the result shown in the preliminary research (Table
4.2). Thinker and Achiever are more fond of Dropping and Ice Layers mechanics,
while Thrill Seeker tends to prefer Dropping and Immovable Obstacles mechanics.
Skill Master prefer Timer and Immovable Obstacles. All four types of players enjoyed
Collect Items more than Reach Score. Therefore, the game mechanic design meets the
players’ expectations which is conducive to the player experience to some extent.

Through analyzing the Timer and Turn-based mechanics in more detail, Figure 6.5
reflected that Thinker like Turn-based mechanics more than Timer. Because the Turn-
based mechanic allows the player to take time to consider each choice, it meets the
characteristics of Thinker player type. Whereas, Achiever, Thrill Seeker, and Skill
Master players deemed the Timer mechanic more enjoyable and interesting than Turn-

based mechanics.
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Achiever

Preference of Timer and Turn-based Mechanic

5.00

Skill Master

M Timer

Thinker

[ Turn-based

Thrill Seeker

Figure 6.5: Players' attitude to Timer and Turn-based mechanics

6.5.2 The Relation Between Game Mechanics and Player Experience

Linear regression analysis is a method to predict the value of a variable based on the

value of another variable (IBM, n.d.). In this study, linear regression analysis is used

to explore whether the player experience can be predicted based on game mechanics.

The player experience consists of four factors: Autonomy, Competence, Intuitive

Control, and Personal Gratification. Four factors are taken as the dependent variables

respectively. Table 6.12 showed the linear regression analysis in the relation between

game mechanics and Competence.

Table 6.12: Linear regression analysis in predicting the game mechanics have an
impact on player experience (Competence)

Parameter Estimates (n=45)

Unstandardized Standardized
Coefficients Coefficients |t p VIF
B Std. Error Beta
Constant 1.941 0.719 - 2.698 (0.010*|-
Timer -0.307 0.206 -0.298 -1.491 0.144 2.164
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Unstandardized Standardized
Coefticients Coefficients |t p VIF
B Std. Error Beta
Turn-based 0.026 0.178 0.026 0.144 0.886 |1.818
Dropping 0.120 0.182 0.124 0.663 0.512 {1.900
Collect Items 0.304 0.177 0.326 1.710  0.096 [1.964
Reach Score 0.375 0.162 0.401 2.314  0.026*(1.626
Ice Layers 0.032 0.190 0.030 0.168 0.867 |1.758
Immovable
-0.044 0.198 -0.042 -0.221 10.826 |1.964
Obstacles
R’ 0.315
Adj R? 0.186
F F'(7,37) =2.436, p=0.037
D-W 1.782
Dependent Variable: Competence

* p<0.05 ** p<0.01

Table 6.13 shows seven game mechanics change 31.5% of the Competence (R >
=0.315). It is found that the model passes the F test (F=2.436, p=0.037 <0.05), so there

is at least one factor that has an impact on the Competence. Comparing the p values,
the regression coefficient value of Reach Score is 0.375(=2.314, p=0.026 <0.05). It

indicates that Reach Score mechanic has a significant positive influence on
Competence. The Reach Score mechanic benefits players to feel capable and
competent during gameplay. Others game mechanics are not found to have a

significant influence on Competence.
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Table 6.13 Linear regression analysis in predicting the game mechanics have impact
on player experience (Autonomy)

Parameter Estimates (n=45)

Unstandardized Standardized

Coefficients Coefficients |t p VIF

B Std. Error |Beta
Constant 1.079 0.630 - 1.714  10.095 |
Timer -0.041 0.180 -0.039 -0.230 0.819 P2.164
Turn-based -0.126 0.156 -0.127 -0.810 0.423  [1.818
Dropping 0.434 0.159 0.437 2.733  |0.010** |1.900
Collect Items 0.380 0.155 0.398 2.447  0.019* [1.964
Reach Score 0.278 0.142 0.289 1.958 10.058 |1.626
Ice Layers -0.038 0.166 -0.035 -0.228  0.821  [1.758
Immovable

-0.195 0.174 -0.182 -1.120  0.270  |1.964
Obstacles
R? 0.502
Adj R ? 0.408
F F (7,37) =5.334, p=0.000
D-W value 2.174
Dependent Variable: Autonomy

* p<0.05 ** p<0.01

Table 6.13 shows seven game mechanics that can explain 50.2% of Autonomy’s
change (R 2=0.502). It is found that the model passes the F test (F=5.334, p=0.000 <
0.05), so there is at least one factor that has an impact on the Autonomy. The regression
coefficient values show that Dropping, and Collect Items have a significant positive
influence on Autonomy, while Timer, Turn-based, Reach Score, Ice Layers, and

Immovable Obstacles would not influence Autonomy.
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Table 6.14: Linear regression analysis in predicting the game mechanics have impact
on player experience (Intuitive Control)

Parameter Estimates (n=45)

Unstandardized Standardized
Coefficients Coefficients / p VIF
B Std. Error Beta
Constant 2.633 0.553 - 4.757 (0.000%*| -
Timer -0.262 0.158 -0.329 -1.656 | 0.106 |2.164
Turn-based 0.009 0.137 0.012 0.065 | 0.948 |1.818
Dropping 0.108 0.140 0.144 0.772 | 0.445 | 1.900
Collect Items | 0.273 0.137 0.379 2.002 | 0.053 |1.964
Reach Score | -0.009 0.125 -0.013 -0.073 | 0.942 | 1.626
Ice Layers 0.153 0.146 0.188 1.050 | 0.301 |1.758
Immovable
0.146 0.153 0.181 0.958 | 0.344 | 1.964
Obstacles
R? 0.326
AdjR? 0.198
F F (7,37) =2.552, p=0.030
D-W value 1.938
Dependent Variable: Intuitive Controls

* p<0.05 ** p<0.01

From Table 6.14, seven game mechanics can explain 32.6% of Intuitive Control
change (R? =0.326). Concluding all parameters in the p value of seven game

mechanics, there is no p value reflecting the significant influence on Intuitive Controls.
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Table 6.15: Linear regression analysis in predicting the game mechanics have impact
on player experience (Player Gratification)

Parameter Estimates (n=45)

Unstandardized Standardized
Coefficients Coefficients t P VIF
B Std. Error Beta
Constant 0.653 0.479 - 1.365 | 0.180 -
Timer -0.072 0.137 -0.076 -0.529 | 0.600 |2.164
Turn-based -0.052 0.118 -0.058 -0.442 | 0.661 |1.818
Dropping 0.469 0.121 0.520 3.879 |0.000**| 1.900
Collect Items | 0.200 0.118 0.231 1.695 | 0.098 |1.964
Reach Score 0.078 0.108 0.089 0.721 | 0.476 |1.626
Ice Layers 0.081 0.126 0.083 0.644 | 0.523 |1.758
Immovable
0.166 0.132 0.172 1.261 | 0.215 |1.964
Obstacles
R? 0.650
Adj R 2 0.584
F F (7,37) = 9.819, p=0.000
D-W Value 2.497
Dependent Variable: Personal Gratification

* p<0.05 ** p<0.01

Table 6.15 shows seven game mechanics that can explain 65% of Personal
Gratification’s change (R ? =0.650). It is found that the model passes the F test
(F=9.819, p=0.000 < 0.05), so there is at least one factor that has an impact on Personal
Gratification. The regression coefficient values show that the Dropping has a
significant positive influence on Personal Gratification, while Timer, Turn-based,

Collect Items, Reach Score, Ice Layers, and Immovable Obstacles would not influence
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Personal Gratification.

In conclusion, Reach Scores, Dropping, and Collect items are three game mechanics

that have significant positive influences on player experience. While other game

mechanics do not show a significant influence on player experience.

6.5.3 Players' Level and Player Experience

Table 6.16: The difference between player level and player experience

Player Experience (Mean %Std. Deviation)
Kid player: | Progressive player: | Senior player: play
play match-3 |play match-3 puzzle| match-3 puzzle F p
puzzle game 1 game for 2-5 game more than 5
year (n=15) years (n=19) years(n=11)
Intuitive
4.0940.71 4.3240.59 4.7340.39 3.690 0.033*
Controls
Autonomy | 3.8240.93 3.6840.84 4.1540.64 1.108 0.340
Competence| 3.40+1.00 4.0240.46 4.39140).66 6.296/0.004**
Personal
4.0840.57 4.160.89 4.2940.77 0.240 0.788
Gratification
* p<0.05 ** p<0.01

From Table 6.16, the One-way ANOVA analysis method was adopted to analyze the

difference between player level (kid player, progressive player, senior player) and

player experience. No significance is found that player level will affect Autonomy and

Personal Gratification (p >0.005). For Intuitive Controls, the Player level demonstrated

a significant value of 0.05 (F=3.690, p=0.033). As can be seen from the specific

comparison differences, the comparison result of the average score of groups with

obvious differences is Senior player > Kid Player. For Competence, the Player level
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demonstrated a significant value of 0.01 (F=6.296, p=0.004). As can be seen from the
specific comparison differences, the comparison result of the average score of groups
with obvious differences is Senior player >Progressive player > Kid Player. Players
who are more experts in Mathc-3 puzzle games felt more competent and more familiar

with the user interface control.

6.5.4 Open-ended Feedbacks

The participants gave feedback and related comments after they played Happy Zoo.

The following table shows the feedback and suggestions after integration:

Table 6.17: Feedback from participants

No. | Feedback and Comments

1 The BGM can be more active and chill. Some levels should try several times

to pass while some levels are easier.

2 The game graphics design is really good. The speed of swapping game

objects can be faster.

3 The audio effects of elimination are too slight. The reward system should be

more motivated.

4 If the remained bombs can be eliminated automatically at the end of the game

and adding the scores would be better.

5 The game is funny. If there are more tips for game playing, it will be better.

6 The game rules are unclear at first. In general, it is a fun game, | will

download it to play.

7 If players can move when the bomb booms or other icons are eliminated it

will be more efficient.

8 It will be better if the display content like 'start' can be skipped or the time

displayed the content can decrease.

9 The game is very funnnn!! You should publish the game to the public, my

mom would love it.
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10 A bit easy to achieve the goals. Able to set more mechanics in the game. The

audio effect and graphic design are nice.

11 Nice game. | will continue to play if have more levels.

12 It will be better if the instructions can guide at first or during the first.

13 Can show the level in the game interface, so | can know which level 1 am in

when | am playing the game.

14 Very fun till I want to play it again. Later want to download back candy crush

again!!

15 The game is very interesting and | enjoyed it so much.

16 It is easy and friendly to players who are experienced in such games. Can

add some interesting game mechanics to differentiate it from other similar

games on the market.

From the feedback listed above, most of the participants thought the proposed game is
fun and were willing to continue playing it. The audio effects and game graphics
design was frequently mentioned in the feedback. The audio and visuals gave
participants a deep impression after they played the game. Players who have
experience with the Match-3 puzzle games deemed the game easy and friendly, while
some fresh players thought some levels are too difficult. Participants also gave various
and sincere advice in terms of innovative game mechanics, game tutorials, motivating

reward systems, etc. These suggestions are meaningful and significant for further study.

6.5 Summary

To sum up, the result and discussion above show the proposed game meet the players'
expectation and players are willing to continue to play such games in the future. The
participants are satisfied in terms of Competence, Autonomy, Intuitive Control,
Personal Gratification, Audio Aesthetics and Visual Aesthetics. The result also shows
that the top motivation factors are recreation, skill development, coping, and escape.

The players’ preference for game mechanics is consistent with the result in the
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preliminary result. Different player types demonstrate unidentical game mechanics
preferences. Dropping was the one game mechanic preferred by three types (Thinker,
Achiever, Thrill Seeker) of players in this study, the Ice Layer mechanic was chosen
by Thinker and Achiever, and the Immovable Obstacle mechanic was only picked by
Thrill Seeker and Skill Master. Through analysing the game mechanics and player
experience, the Dropping, Reach Scores, Collect Items have a significant positive
influence on player experience (Competence, Autonomy, Personal Gratification). The
player level also is found to have significant differences in terms of Competence and
Intuitive Control. Therefore, the appropriate game mechanics design for different

player groups is conducive to enhancing the player experience.
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CHAPTER 7

CONCLUSION

7.1 Research Achievements

The research has successfully achieved all objectives raised.

1) To identify puzzle game female players’ main player archetypes via preliminary
analysis.

The preliminary research was conducted before the proposed game design. The

quantitative research method was adopted during the preliminary research using a

questionnaire. In the end, there are 144 valid samples are used to analyse the player

types and predict players’ preference for game mechanics. The preliminary research

result identified the female players’ main types and provided instructional advice in

the Match-3 puzzle game mechanics combination (see Chapter 4).

2) To develop a mobile platform puzzle game by incorporating specific game
mechanics and design elements.

An integrated Match-3 puzzle game Happy Zoo was designed and implemented with

15 levels in this research (see Chapter 5). The game was designed based on preliminary

research to meet different types of players’ expectations and preferences. The game

featured the permutation and combination of difficulty and complexity.

3) To evaluate the effectiveness of the proposed game on player experience for
different female player archetypes.

A physical playtest was conducted in order to evaluate the effectiveness of the

proposed game. The questionnaire was used as a quantitative method to measure the

player experience and motivation. Finally, 45 participants took part in the playtest and

provide valuable feedback and suggestions. A comprehensive and complete result



analysis between player experience, player motivation, and game mechanics was

provided in Chapter 6.

7.2 Research Contributions

1) A general analysis of puzzle game female players’ types

The preliminary research has successfully analyzed the main female player types of
Match-3 puzzle games, which consists of Thinker, Achiever, Thrill Seeker, and Skill
Master in the proportion sequence. The result of main female player types can not only
be used as a reference in further Match-3 puzzle game design but also can be regarded

as a resource in other puzzle game player types research.

2) A developed Match-3 puzzle game with specific game mechanics combination

A Match-3 puzzle game was designed and developed in this study. The game has
significance not only for daily entertainment but also for academic research. Apart
from the proposed game itself, the game design concept also is regarded as a heuristic

method in other related studies.

3) Player type and motivation evaluation result

Comprehensive and detailed results and analysis through playtest have been provided.
From the research result, the Match-3 puzzle game player types and motivation are
demonstrated. The favorable game mechanics are listed through statistical analysis.
The results are meaningful and valuable for Match-3 puzzle game design, whether
from a market perspective or an academic perspective. The exploration of female

players’ motivation contributed to some extent in bridging the gap in this field.

7.3 Research Limitation

One of the main limitations of this research is the small sample size for player
experience data collection. Because the physical playtest should control the

environment and other factors, the one-to-one data collection also is a time-consuming
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activity. The limitation of site and time lead to the sample size limitation.

Additionally, the proposed game can be improved based on the participants’ feedback
and suggestions. The game is only designed based on the existing Match-3 puzzle
game mechanics, while lacks innovative game mechanics to explore the new findings.
What’s more, participants are assumed to be familiar with the Match-3 puzzle game in
the game design phase. It leads to the tutorials has been left out of the game, so many

participants gave the advice that adding tutorials in the game would be better.

7.4 Future Work and Recommendations

This research mainly explored Thinker, Achiever, and Thrill Seeker three female
player types in Match-3 puzzle games due to the sample limitation. More player types
of players can be considered in future studies. Meanwhile, a player’s type is multiple
rather than exclusive. Therefore, the multiclement player types classification is

expected in player types classification.

The proposed game can be improved with game mechanics and game reward systems
to explore the game experience in a more complete and accurate way. Some innovative
game mechanics can be added to the proposed game as well, to verify players'

experience with the existing game mechanics.

The study only researched the impact of player experience in motivation and game
mechanics two aspects. More dimensions of research related to player experience and
player archetypes can be implemented in the future. Also, the research target can

expand to other game genres.
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APPENDIX A

Identify Female Puzzle Game
Players' Types and Motivations

RR BB LI IRt
BFEFIR &

Puzzle mobile games are designed to test problem-solving skills including pattern
recognition, logic, word completion, or understanding a process. Puzzle games include
match-3 puzzles, action puzzles, coloring games, etc. Puzzle games are so popular in the
market such as Candy Crush, Gardenscape, Fishdom, and so on. The research mainly focuses
on Match-3 (three identical objects will be eliminated) puzzle game as study case. This
questionnaire is for exploring female and male players' player type and their preference for
different mechanics.

BFIE ST AR REARE ), SEETRS. B8, PSRRI, e
TEEIE= SR, MESSEENE. BOIES. Baimip CRTHSESERE: 7T
DiEET. CERE. WENNEE. HHFRTENE r Bairbm CEA =i (HEl
=AHE R EER) ARE. LSRRG B Ra R SRR A E
AR R .

* R

Part 1: About You
F—Hs: FIEE

This is the first part of the survey. This part asks about you and your gaming habits.
XBNENE—#S, TS ETEENFNEFEE AR FRETRR S .

Email (Your email would only be used in data collection.)

mRfE (IFRIEPREEMSMNATHIENE. ) *
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Age:
==

Below 18 (18LLTF)

18-23 (18-23)

O O O

23-28 (23-28)

() Above2s (28lAE)

Gender:

&l

O Female (ZITf¥)

(O Male (Bi%)

| typically play puzzle game:
It Eesiimg:

(O Everyday (%)

() Every week (f5/3)

() Every month (#H)

() oOccasionally ({R)

() Rarely (fR2)

O Mever (M)
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My favorite match-3 game | have
played before (Maximum THREE)
EIIHSEERNEEEE (&

. ——

Zik=1)

0

Candy Cnsh GRonscapes Toon Blast Royal Match
LA

Yang Le G Yang

T IPF

IBEEIHE 3 TR,

[ candy Crush (EsRiEZ)
[ Gardenscapes (E4I7E)
Toon Blast (RIBIBKE)
Royal Match  (25ii53)
Merge Dragon (BE/EHHKIE)
Woodoku (Woodoku)
Yang Le Ge Yang (ET4%)
Fishdom (ZF£I7KEERE)

Homescapes (E4JZH)

OO0000oon

Anipop (FRUNEBER)
|:| Craz3 Match (FREiE0R)

|:| PopStar! (GERESE)
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In puzzle game, | would consider myself as

GEEEFRE, RAAEECE: ¢

i_:l Kid player: play puzzle game 1 year ¥1#iin3: Rinid —SfIiEERE

() Progressive player: play puzzle game for 2-5 years FiRER: Frid2-SEREEAHTE

L

D Senior player: play puzzle game more than 5 years BHins : IEEEEFRHET S

Part 2: Game Experience

IS 5583 X )

This is the second part of the survey and asks you to rate each puzzle game
experience listed. Choose from a scale between "Strongly Agree” for experiences you
enjoy through "Strongly disagree” for experiences you would rather avoid. The result
of your player type would be based on your selection, so please try to avoid choosing
neutrality.

BRIAEEE Ry, (T HE SRR LETI. EREE R
FEEWEERNEE, FEAEE R ESREENEN. SENEREETIRN

| enjoy working out how to crack a challenging puzzle.

HEURE A RO,

1 2 3 4 3
Strongly Disagree Strongly Agree
(IERLER) (FERFEE)

| enjoy the moment of completeness that | have strove for.

REZTHENEHBIMRRE, *

1 2 3 4 3
Strongly Disagree Strongly Agree
(IERLER) (FERFEE)
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| like risk-taking and high-speed action.
HEWERMEERIE. *

1 2 3 4 5
Strongly Disagree Strongly Agree
(HEEFEE) (FERER)

| enjoy devising a promising strategy in next try.

BERMES Mo, BEESEFERE.

1 2 3 4 5
Strongly Disagree Strongly Agree
(HEEFEE) (FERER)

| will be motivated by a nervous and exciting game environment.

ERMARAFR R Rt SRR I, ¢

1 2 3 k) 5
Strongly Disagree Strongly Agree
(AEEAER) (FEREE)
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| prefer working out on my own.

REEVRZFERAE, *

1 2

Strongly Disagree
(IERLER)

| always look for ways to become better and better in a game.

RERSEhiEEREPTEEERE,

1 2

Strongly Disagree
(AERFEE)

| will be motivated if | need to collect the items in the game.

TP SIE R SRl B S N R E,

1 2

Strongly Disagree
(AERFEE)
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Strongly Agree
(FERFEE)

5

Strongly Agree
(FFREER)

5

Strongly Agree
(FFREER)



The excitement and suspense attract me more than slow-paced game play
requiring lots of strategic planning and thinking.

HEREARMBAYMEFMMETERE, FRNSSERSIHE, *

1 2 3 4 3
Strongly Disagree Strongly Agree
(AEEAER) (FERFEE)

| love getting 100% (completing everything in a game).
EEWCEEPAEESER, ¢

1 2 3 4 5
Strongly Disagree Strongly Agree
(HEEFEE) (FFREER)

| gain satisfaction when others acknowledge my high level of skill.

LR ASTEHFUKFGERSEREEFEHS#HE. *

1 2 3 4 5
Strongly Disagree Strongly Agree
(HEEFEE) (FFREER)
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| enjoy the moment when the solution to a difficult puzzle clicks in my mind.

HES— M EER R BRSSP H AR MEE, ¢

1 2 3 4 3
strongly Disagree strongly Agree
(FERFREE) (FFRER)

| enjoy finding what | need to complete a collection.

HESHEFEES T SREsEIFHEAEE,

1 2 3 4 5
Strongly Disagree Strongly Agree
(AERAFEE) (FERRE)

| play the puzzle game time a time again because of the sense of
accomplishment.

H—EEHPER A ERaE T RN

1 2 3 4 3
Strongly Disagree Strongly Agree
(AEE AR (IERRERE)

| am passionate about improving and honing all aspects of game play.

HARTOCHIESSMIEEITE, *

1 2 3 4 5
Strongly Disagree Strongly Agree
(FEFFER) (FRERR)

| seek excitement as a positive experience and a reward enhancer.

SREEE T HEeRR 2R RIS SEEARERIE, *

1 2 3 4 5
Strongly Disagree Strongly Agree
(FEFFER) (FERER)
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Part 3: Game Mechanic
FETERY RS

It is the third part of the survey. There are swapping match-3 (three same objects can
be eliminated) game mechanics listed below, please give the thumbs up to score
them based on your past game experience. The more thumbs up you give, the more
you like the mechanic.

XRIOENE=/S. LATFIHT —E=H= MERNMRRIEER NS, 1§
RBIERFEEK AR H KBTS, KREESEREREERX

22

Immovable obstacles
BEIERIEE *

An element that cannot be
matched with any other stays
immovable on the grid.
E=HiF R LSR5
B, mR—WAEBHE.

' -Je I

 EIRXTF: Immovable obstacle

No preference ((@HRE) & & & 87 & Strongly Prefer (FEBRE)
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A
24

Blocked element

(%8 (lear Sticky Goo by creating

EEaI=TirSkR ek amatch with the covered
An element that cannot be «I - fﬂiﬂ >

moved until it is unblocked. In
order to unblock it, player
needs to make a match with it.
FEERmEMG, BEBEFIE
Ef LA EE TR,

~

/1
No preference (;@&5RE) . </

ag

Turn-based

PRSI *

Players are limited to moving
certain steps in each level.

MREF—XAREEERAEN
AN A AN
No preference (;@5#®E) < < < <J < strongly Prefer (JEBIRE)
Timer ( 0%
Brted - “Timer:

There is a countdown in each
level, players should complete
the level in the given time.
NRBEEETHERARNE
XAES.
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Dropping
O
The level contains special

elements that need to be
dropped down in order to be

removed. _
A FEFEEMRHRNTER R
B &S BEHER.
Match below to drop
the Ice Cream!
No preference (8ERE) Strongly Prefer (IERRE)
Collect Items
WM *

The goal of each level is to
collect certain items.

WX E R SRR

No preference (;@HRE) : ! Strongly Prefer (IEERE)
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Reach the Score
BRSE -

The goal of each level is to
reach the certain score.

WX EIRRAR— B85 H.

No preference (;@HERE)

Layer

iEBRIkER *

To erase a layer, player needs
to make a match in its cell one
or several times.
IIRFBERERKRARKRE
ERYG, AEEEKRBER.

REMOVE ALL ICE TO COMPLETE
- THE LEVEL!

No preference (;@HERE) strongly Prefer (JEERE)

Contact

BRI

This research will conduct a game test related to the match-3 puzzle game, it would
be so grateful if you are willing to participate in game test in the future.

%ﬁmﬁﬁ%ﬁﬁziﬁﬁmmmﬁ, NEMEES SR, BT
Would you like to participate in game test?
FEELS S RRIERNHE? *

fj Yes (J2#Y)
(0 Maybe (aE¥F)

CJ No (A2)
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APPENDIX B

Research on Happy Zoo Match-3
Game Female Players' Game
Experience and Motivational Drivers

This questionnaire is to collect the feedback of female players after playing Happy Zoo. The
questionnaire includes 4 sections in total, including players' information, players' game
experience, players' motivational drivers and players' attitude toward different mechanics.

* WVERR

T WRBHITCRIFAER, RREEES.

Part 1: Your Information

This is the first section. This section asks about player basic information and player
type.

Email (Your email would only be used in data collection.) *

Age: *
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In Match-3 Puzzle Game, | would consider myself as: *

O Kid player: play match-3 puzzle game 1 year

'C) Progressive player: play match-3 puzzle game for 2-5 years

O Senior player: play match-3 puzzle game more than 5 years

Your main player type: *

Thinker

O O

Achiever

O Thrill Seeker

() skill Master

Part 2: Your overall Game Experience

This is the second part. This section will ask your game experience from competence,
autonomy, controls, personal gratifications, audio and visual aesthetics six aspects.

Competence *

Strongly
Disagree

| feel
competent at O
the game.

| feel very

capable and

effective O
when playing.

My ability to
play the
game is well
matched with
the game's
challenges.

o

Strongly
Disagree Undecided Agree Agres

O O O O

O
O
O
O

O
O
O
O
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Autonomy *

Strongly
Disagres

The game

provides me

with

interesting O
options and

choices.

The game

lets me do -
interesting O
things.

| experienced
a lot of
freedom in C-)

the game.

Intuitive Controls *

Strongly
Disagree

Learning the

game

controls (User

interface/ O
menu,/

button) were

£asy.

The game

controls (User

interface/ —
menu,/ l\—:]
button) are

intuitive.

When |

wanted to do

something in

the game, it

was easy to O
remember

the

correspondin

g control.

Disagree

O

Disagree

O
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Strongly
Undecided Agree Agree

O O ©

~ £y s
O O O
Strongly
Undecided Agree Agree

O
O
O



Personal Gratification *

Strongly

Disagree Disagree Undecided

| feal
successul

when | . ~
overcome the O O C/

obstacles in
the game.

I want to do
as well as

possible O O O

during the
game.

| am very
focused on

my own ~ ~
performance C) CJ (-__J

while playing
the game.

| feel the
game
constantly

motivates me
to proceed O O O

further to the
next stage or
level.,

1 find my
skills

gradually
improve

through the
course of O O O

overcoming
the
challenges in
the game.
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Agree

O

Strongly
Agree

O

O

O



Audio Aesthetics *

| enjoy the
sound effects
in the game.

| enjoy the
music in the
game.

| feel the
game's audio
(e.g., sound
effects,
music)
enhances my
gaming
experience,

| think the
game's audio
fits the mood
ar style of the
game.

Strongly
Disagree

O

O

Visual Aesthetics *

| enjoy the
game's
graphics.

| think the
graphics of
the game fit
the mood or
style of the
game.

I think the
game is
visually
appealing.

Strongly
Disagres

O

Disagree

O

@)

O

Disagree

O

O

O
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Undecided

O.

O

Undecided

O.

Agree

Agree

Strongly
Agree

O

O

O

Strongly
Agree

O

O



Your motivation factors toward the game

This is the third section of the questionnaire. This section would ask your motivations
toward game.

This game helps me to forget about daily hassles. *

Strongly Disagree Strongly Agree

This game helps me get into a better mood. *

Strongly Disagree Strongly Agree

This game sharpens my senses. *

Strongly Disagree Strongly Agree
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| enjoy playing this game. *

Strongly Disagree Strongly Agree

This game improves my coordination skills. *

Strongly Disagree Strongly Agree

This game helps me get rid of stress. *

Strongly Disagree Strongly Agree

This game makes me forget real life. *

Strongly Disagree Strongly Agree
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This game helps me channel my aggression. *

Strongly Disagree Strongly Agree

This game improves my concentration. *

Strongly Disagree Strangly Agree

| think this game is entertaining. *

Strongly Disagree Strongly Agree

This game helps me escape reality. *

Strongly Disagree Strongly Agree
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This game improves my skills. *

Strongly Disagree Strongly Agree

This game reduces my tension. *

Strongly Disagree Strongly Agree

This game helps me to forget about unpleasant things or offences. *

Strongly Disagree Strongly Agree

| will play this game for recreation. *

Strongly Disagree Strongly Agree
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The gaming experience towards different mechanics

This is the last section. The following statements list some important mechanics in the
Happy Zoo. You can rate your feelings accroding to each mechanic.

26

Immovable Obstacles * a ﬂ ﬂ m H 3 ﬁ a

Not at all slightly moderately fairly extremely

Ic;::enged. O O O O O

I had to put a

lot of effort O O O O O

P O O O @) O
I enjoyed it O @ O O O

27

- it 11 Jies
DWENG®
&0 W~

| M‘rﬂ-’* ,-*r@

()65 (M) g

Not at all slightly moderately fairly extremely

:::Iealltlenged. O O O O O

I had to put a

lot of effort O O O O O

into it.
Gesc O O O O O
| enjoyed it. O O O O O
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28

Reach the Score *

Mot at all slightly maoderately fairly extremely

Helenged. O O O ® O

I had to put a

lot of effort O O O O O

into it.
| thougnet O O O O O
| enjoyed it. O O O O O

Collect Items *

Mot at all slightly moderately fairly extremely

| felt '
challenged. O 7 O @) O

I had to put a

lot of effort O O O O O

into it.
——t 0 0 0 0 O
| enjoyed i. @, O O @) O
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Dropping *

Not at all slightly moderately fairly extremely

::lf\e;ltlenged. O O O O O

I had to puta

lot of effort O O O O O

into it.
_— 0 0o 0o 0o O
1 enjoyed it. O O O O O

21
a1

Turn-based *

Not at all slightly moderately fairly extremely

::I:ea:ltlenged. O O O O O

1 had to put a

lot of effort O O O O O

into it.
T © @ © 0 ©
| enjoyed it. O O O O O
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Timer *

Mot at all slightly moderately fairly extremely

| felt N
challenged. O et O O O

| had to put a

lot of effort O O O O O
into it.

| thought it

was fun. O O O O O

| enjoyed it O O @, O O

Do you have any other feedback or comment?
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APPENDIX C

S

Model Participant Consent Form

Title of Research Project: Exploring the Motivational Drivers on Female Puzzle Game Flayers
Mame of Researcher: Beining Chen

Please initial box

1. | confirm that | have read and vnderstand the information shestfletter
(delete as applicable) dated [insert date] explaining the above research project
and | have had the opportunity to ask questions about the project.

2. lunderstand that my participation is voluntary and that | am free to withdraw
at any time without giving any reason and without there being any negative
consequences. In addition, should | not wish to answer any particular

guestion or guestions, | am free to decline. Insert contact numaber here of
lead researcherfmember of research team (os appropriate).

3. lunderstand that my responses will be kept strictly confidential (only if true).
| give permission for members of the research team to have access to my
anonymised responses. | understand that my name will not be linked with
the research materials, and | will not be identified or identifiable in the
report or reports that result from the research.

4. lagree for the data collected from me to be vsed in future research

. |agreetotake part in the above research project.

Mame of Participant Date Signature
{or legal representative)

Mame of person taking consent Date Signature

{if different from lead researcher)
To be signed and dated in presence of the participant

Chen Beining 112022 réﬁ_'!j.{'\_z]'

Lead Researcher Date !Signature
To be signed and dated in presence of the participant

Copies:

QOnce this has been zigned by all parties the participant should receive a copy of the signed and dated
participant consent form, the lettenfpre-written scriptfinformation sheet and any other written
information provided to the participants. A copy of the signed and dated consent form should be kept
with the project’s main documents which must be kept in a secure location.

Date: Mame of Applicant:
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