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Abstract

Evidence-based gamification and mnemonics for logographic writing systems.

by

Oleksandra G. Keehl

People have many reasons to want to learn a foreign language: some want to enjoy
foreign media in its original form, some need it for business or travel, personal enrich-
ment, and so on. Roughly 1/6 of Earth’s population’s learn languages with logographic
writing systems (LWS) such as Chinese, Japanese and Korean as their native tongues.
These peoples harbor an enormous cultural, economic and academic wealth. As a re-
sult, these languages are a popular choice for a variety of learners ranging from serious
businessmen to K-pop' and anime fans. Whatever the motivation, learning additional
languages carries a slew of cognitive benefits and should be encouraged.

Maintaining the motivation and persistence needed to learn a language is a
difficult task, and the problem is amplified for learners with alphabetic roots tackling
an LWS language. One needs to memorize around 2000 characters to be considered
literate. This is routinely done through rote memorization, and the prospect discourages
many would-be learners. When it comes to LWS as a foreign language, there is a divide
between conversational fluency and literacy unlike that in any alphabetic language.

My research aims to help bridge this gap through development and evaluation of LWS

K-, C- and J- prefixes refer to Korean, Chinese and Japanese origin of the media in question. K-pop
refers to Korean pop music, C-drama stands for Chinese TV drama, J-rock is Japanese rock music.

xi



learning games. In this, I make a point to rely on insights from LWS teaching researchers,
best practices of educational game design, and advice from the videogame industry
experts.

My approach brings innovation in two areas:

I contribute to LWS instruction by introducing two LWS-learning game designs
that focus on production tasks, while the vast majority of games out today target recall
only.

I contribute to educational game design field by exploring the use of music
as a mnemonic for learning, and conceptualizing the potential future use of notorious

commercial game engagement and retention mechanics in an educational context.
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I dedicate this dissertation to my grandfather, Roman Urbanski

and to LWS learners everywhere
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Chapter 1

Introduction

Millions of people worldwide are taking up languages with logographic writ-
ing systems (LWS), such as Chinese or Japanese, as their second languages [97, 101].
However, one of the aspects that presents a unique challenge to the students coming
from alphabetic backgrounds is learning to read and write the logographic characters
[164]. The United States Foreign Service Institute classifies Chinese, Japanese and Ko-
rean among only four of the ”super hard” category IV languages, describing them as
exceptionally difficult for native English speakers [194]. They suggest 88 weeks or 2200
class hours for working proficiency in these languages. For comparison, category III lan-
guages (such as Farsi and Russian) require half as much time. When it comes to LWS
as a foreign language, there is a divide between conversational fluency and functional
literacy unlike that in any alphabetic language [163]. In recent years and with some
success, many aspiring polyglots are turning to mobile apps to help them overcome this

hurdle [27, 133]. The advantages of using such tools are clear: digital media allows for



instant feedback, gamification, inclusion of engaging graphics, audio, video, and even

finger-writing practice anytime and anywhere [27, 110, 111, 153, 29].

rén
INFO STATS Recognltlon /%‘ s >

Learn 1o recognise the kanji, and recall " Z
their basic meanings

Definition Reading £ 7 S
Learn 1o read whole words, and how to G I+ /]
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Outlier Dictionary Practice writing words, and lock the kaniji B J ]

§ into your memory
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Dictionary é;rL =
Search by various methods =
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Pro Version ¢

A depicts the side view of a person standing to

represent the original meaning “person, people,

" User Manual

human! v

Reference, p.630]
Scores

Alternate Forms: JL, 1 T

Figure 1.1: Screenshots of Skritter [176] (left) and Japanese Kanji Tree [179] (right),

two popular feature-rich apps for learning hanzi and kanji respectively.

Surprisingly, despite the potential and wide range of game-based learning ap-
proaches, hanzi learning apps (not to be confused with Chinese language learning apps)
fall largely into two categories of design [127]. First, purely educational apps with Spaced
Repetition System-enabled (SRS) flashcards, stroke order animations, dictionary exam-
ples and so on (see Figure 1.1 for examples). SRS stems from the phenomenon that
training sessions spaced with irregular intervals can lead to enhanced learning, in com-
parison to consecutive sessions, or sessions with very short intervals [178]. Second,
games-based approaches with almost exclusively exogenous designs [170, 141] that con-
sist primarily of multiple-choice questions tacked onto another game genre such as a

fighting game (see Figure 1.2 for examples). I believe that the second category could be



improved upon if one were to take into account lessons learned from Chinese language
teaching experts and educational game researchers. For instance, studies show that
component awareness has a positive impact on a student’s ability to memorize charac-
ters [60], however, to my knowledge, none of the commercially available games (with
a few exceptions covering only introductory characters) make use of that fact. Sim-
ilarly, educational game research suggests that endogenous integration of educational
content into a game results in better learner engagement [77, 200, 153, 154], however,
in most hanzi learning games today, the learning content is almost entirely separable
from the gameplay (e.g., it could be substituted for math questions without changing

the gameplay or story in any way).

1.1 Core Concepts

This section serves to provide brief definitions of frequently used terms. These
will be further discussed in depth throughout the dissertation.

Logographic writing systems (LWS).

A logograph (or logogram) is a written character that can represent a whole
word, or at least a morpheme. A morpheme is the smallest meaningful part in a lan-
guage. A logographic writing system, then, is one that is based on use of logographs.
Chinese and Japanese are two such languages.

Endogenous and exogenous design

When it comes to educational games, these terms refer to the manner in which



CORFECT

B8

[ baba]

It's easy.
All you need to do
B is pressing the correct
answer in time.

Figure 1.2: Screenshots of apps on Google Playstore listed as games for learning
Japanese and Chinese. Left to right: Learn Japanese Yami [189], Chinese Dungeon:

Learn C-Word [183], Kanji Battle [11].

the educational content is integrated with the game. With exogenous design, such con-
tent could be swapped for another subject without affecting the game story or mechanics
in any way. Endogenous design implies the educational content is inseparable from the
game world and/or gameplay.

Black and white hat gamification

Just like black and white hat hacking, black here represent gamification strate-
gies that are malicious, harmful or exploitative toward the end user, while white hat

strategies are, at worst, neutral.



1.2 Research Questions

In the projects described in this dissertation, I address the following research

questions:

e RQ1 task definition: Identifying the disconnect between current research on
effective LWS learning approaches, educational game design, and the commercially

available LWS learning technologies.

e RQ2 operationalization: Design, development and evaluation of several LWS

learning apps employing the missing elements identified in RQ1.

e RQ3 scalability: There are thousands of characters in LWS with complex subsys-
tems of structure and components within those characters. How can the authoring
burden be minimized to allow for inclusion of more characters in LWS learning

software?

e RQ4 Future work : Application of black hat motivational techniques to educa-

tional games in general and LWS in particular.

1.3 Relevance and Contributions

My approach brings innovation in two areas: I contribute to LWS acquisition
by introducing two LWS-learning game designs that focus on production tasks, while
the vast majority of games out today target recall only. I contribute to the educational

game design field by exploration of melody-based mnemonics, and conceptualizing the



use of notorious commercial game engagement/retention mechanics in an educational
context.

Digital gamification for knowledge acquisition is highly relevant in today’s
world, where access to devices is nearly ubiquitous, and opportunities for entertainment
and instant gratifications are nearly limitless. Commercially, this concept has largely
been applied either through highly exogenous gamification elements, or through highly
development-resource-heavy narrow-focused games aiming to cover a limited number of
lessons.

My research focuses on finding ways to aid a learner on their path of gaining
and retaining knowledge by making their learning experience both enjoyable and effi-
cient, and at the same time not creating an untenable burden on the game developer
teams. I do this by focusing on endogenous integration of learning material, devising
scalable content expansion schemes, and exploring mnemonic aids that can be integrated
into game mechanics.

As previously mentioned, acquiring literacy is a long-standing challenge for
students with an alphabetic background attempting to learn languages with LWS, such
as Chinese and Japanese. My research focuses on addressing this gap by developing and
evaluating scalable character-learning games with novel mnemonics and game mechan-
ics.

My contributions to SLA include an exploration of mnemonic efficacy of melody
for stroke knowledge acquisition, and a scalable, component-focused game design shown

to drastically improve learner’s hanzi production ability, at least in the short term.



1.4 Methodology, Goals and Principles

My methodology is primarily research through design. I’ve designed and devel-
oped several games and evaluated them through comparison studies, comparing either
different versions of the games, or the closest commercially available products.

My goal is to explore alternatives to the currently available apps and games for
learning hanzi and kanji. In this I make a point to rely on insights from LWS teaching
researchers, best practices of educational game design, and advice from the videogame
industry experts.

Based on my research on mobile minigame-like games and educational games,

I selected the following principles to follow in my design:

1. Intrinsic pleasure is a must [131]. This can be aided by appealing graphics and
sounds, and plentiful feedback to player’s actions with visual and audio effects.

Think juicy design [103] and Candy Crush Saga [114].

2. The game must have short rounds in order to fit into micro-leisure intervals of

contemporary life [122].

3. The learning content must be endogenously integrated into the game [77]. That
is to say, no Math Blaster-like “add two numbers to shoot at asteroid” [12]. The

game must be inseparable from the learning content.

4. The game must avoid orthogonal mechanics [193]. Orthogonal mechanics are those

that detract from the primary purpose of a serious game, in this case - learning.



An example would be requiring the player to become good at aiming and shooting
in order to access the learning content. Every action should serve to reinforce or

increase knowledge.

5. The game must be scalable to accommodate hundreds of kanji without hand-

authoring separate levels for each group of characters.

1.5 Dissertation Overview

The background section will include the current state of LWS learning prac-
tices, followed by a discussion on motivation and its role in creating an educational
game. Next, I offer a closer look at challenges and advances in educational game tech-
nology, followed by some insights on lessons learned from mobile games, and how they
could be used in educational games.

Chapter 3 is an in-depth exploration of two popular non-educational multi-
player mobile games with a feature-by-feature discussion of how the engagement mech-
anisms of those games could be applied to an educational game.

Chapter 4 details my exploration of using melody as a mnemonic device in a
musical kanji-learning game.

Chapter 5 describes a hanzi-learning game I developed using a component
focused approach.

In chapter 6 I share my vision for use of black hat motivational devices in

educational games.



In chapter 7 I summarize my work and offer possible directions for future
research.
While portions of the work presented here were collaborative, I’ll be using the

singular first person “I” for the purpose of this dissertation.



Chapter 2

Background

This section begins with an overview of the unique challenges in mastering
LWS faced by learners with background in alphabetic languages. Rather than an ex-
haustive explanation of the learning process and grammatological peculiarities of LWS,
this subsection is meant to highlight the problem I intend to address with my research,
as well as introduce the relevant linguistic and language acquisition vocabulary.

Next follows an examination of how motivation is talked about in the context
of college education; non-educational games targeting older audiences; and the gamifi-
cation field.

This is followed by a section on effective educational game design, highlighting
the principles I intend to follow in my own research and development of the educational
minigames.

Since my approach to tackling the LWS learning challenges centers on har-

nessing the engagement, accessibility and versatility affordances of mobile games, in the
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final subsection I dive into psychology behind mobile game appeal. This subsection too
is meant to introduce relevant vocabulary, as well as highlight specific features employed
in mobile games that have potential learning game applications but have not yet been

employed in educational software to my knowledge.

2.1 Challenges and methods of learning logographic char-

acters

Most of the modern-day logographic scripts came from the Chinese hanzi,
which have been adopted into Japanese and Korean written scripts. In my research
I primarily focus on these characters in the context of Chinese and Japanese foreign
language acquisition (FLA). Due to common origin, similarities in structure, and, in
fact, a significant overlap (about 60% of the 2000+ most commonly used Chinese and
Japanese characters were the same or similar as of 2012 [204]) between Japanese kanji
and Chinese hanzi, it is fairly safe to say that challenges and methods for learning to
write one group of these characters apply to the other as well. This is why I draw from
literature on learning to write in both Japanese and Chinese languages when motivating
my research. Notably, learning the pronunciation and meaning of the characters is quite
different between the languages and is not explicitly addressed in my research.

The LWS, such as Chinese and Japanese, are notoriously difficult to learn. The
traditional and most widely used way of learning these characters is rote memorization,

requiring students to write the characters over and over [125]. As a result, acquiring
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Figure 2.1: The anatomy of kanji. A kanji can consist of one or more radicals, which
in turn consist of one or more strokes. While radicals can carry a meaning of their own
(which may or may not relate to the meaning of the kanji), strokes are purely graphical

elements.

hundreds of characters through rote learning is a daunting task and can discourage a
casual learner from pursuing a language. Games have become a frequently utilized tool
to aid in FLA, addressing topics such as vocabulary and meaning [186, 41], tones [80],
conversational phrases [35], and culture [21]. However, there has been relatively little
focus on how FLA games can be employed to teach writing or other production skills
for logographic characters. For instance, while there are many educational games and
applications out there intended to help people memorize Japanese kanji, most focus

solely on the reading and meaning portions and don’t teach stroke order (such as the
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popular service WaniKani'). Furthermore, the majority of commercial writing apps
primarily amount to digital flashcards. While convenient and useful to a motivated
learner, they offer little extrinsic motivation to a casual student, which is a significant
hurdle for many kanji students [163].

The importance of learning the correct stroke order is debated by some, since
some of the important practical application of that knowledge, such as looking up a
character in a dictionary or being able to produce characters by hand, have lost much
of their value with the advent of romaji/pinyin (the romanized phonetic scripts for
Japanese and Chinese respectively) digital input methods, which allow users to type the
character’s pronunciation and then select the appropriate character from the list of those
that match that pronunciation [203]. However, stroke knowledge has been linked with
successful writing skill development, especially at the early stages of mastering an LWS
[130]. Incorrect stroke order has also been linked with errors in hanzi production [124].
The stroke order knowledge is also instrumental for reading and writing handwritten
scripts.

A survey of strategies of successful students of Japanese kanji revealed that
they employ a number of techniques, one of the prominent ones being component analy-
sis, that is breaking up the characters into their components (see Fig. 2.1), or graphemes,
for further analysis and memorization. Dr. Heath Rose [164], a researcher who exten-
sively studied the struggles of mastering writing of Japanese kanji for students from

alphabetic background, suggests that developing graphemic awareness at the beginning

"https://www.wanikani.com

13



of a student’s kanji learning quest can aid them in developing their writing skills.

In recent years, mobile apps for learning kanji and hanzi have gained popularity.
Apple’s App Store and Google Play Store list hundreds of apps and games developed
for that purpose?, some with millions of downloads. A study on use of multimedia
(including but not limited to apps) for learning kanji, showed that such methods were
effective when used strategically (e.g. taking advantage of Spaced Repetition System?
(SRS) included in many flashcard apps), and were also more enjoyable than the pen and
paper flashcards and writing practice [125]. The vast majority of the apps and games
focus on flashcard-style recall task, with few offering writing practice and none, to my
knowledge, offering mnemonics for remembering the stroke order and direction. There
is also little to be found in terms of graphemic awareness development. One exception to
the latter is WaniKani, which makes an emphasis on graphemic awareness by assigning
unique and often comical meanings to each radical (see fig. 2.2). The service then uses
these meanings to come up with short mnemonic-laden stories for each kanji based on
its radical composition. However, many of the mnemonics are stretched and abstract,
adding a layer of information for a student to memorise which has little to do with the
kanji. Rose warns against using such methods, as sometimes a student might remember
the story, but not the kanji itself [163].

My research focuses on aiding students in developing graphemic awareness

through utilizing novel mnemonic techniques, and providing motivation through use of

Zestimates obtained by searching for “kanji learning” and “hanzi learning” in the stores’ web interface
and counting the rows of results

3SRS stems from the phenomenon that training sessions spaced with irregular intervals can lead to
enhance learning, in comparison to consecutive sessions, or sessions with very short intervals[178].
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USER SYNONYMS
Name Mnemonic

There's something sticking out of you while you're in private. It's !
You can't just poop in public, that's illegal and gross in this day and age. So
the next time something starts to come out of you when you're in private,
think, "Ah yes, it's poop.”

Figure 2.2: WaniKani’s ‘poop’ radical is a great example of shock-value driven mnemon-

ics.

motivational devices found in modern F2P games. My target population are novice and
intermediate learners of Chinese and Japanese languages, who are already familiar with
such basics as phonetic scripts of the languages and have learned at least a handful
of the simplest and most frequently used characters. I target this audience because
the vast majority of kanji/hanzi learning games and apps target absolute beginners,
and because the beginner-appropriate material is fairly limited and has already been
covered in many creative ways. At the same time, novice and intermediate learners have
hundreds of characters to master and could benefit from a scalable system that could

provide motivation and mnemonics to aid in this momentous task.

2.2 Motivation

Motivation is a complex matter and has long been discussed in works of phi-
losophy and psychology. Before I dive into the intricacies of how educational games

could be used to motivate students to learn, it is worthwhile to examine how the sub-
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ject of motivation has been addressed in the two relevant fields of interest: education
(particularly, adult education) and games (particularly, mobile F2P games). Motivation
in educational games is addressed within the Recent Commercial Examples part of the
Digital Educational Games background section.

I will also briefly discuss motivation’s dark cousin when it comes to games:

addiction.

2.2.1 Motivation in Education

There exist many excellent, highly cited literature reviews on motivation in
education. In this section I briefly touch on several of them and share the authors’
conclusions.

In an essay titled “What Theories of Motivation Say About Why Learners
Learn,” the authors do an excellent job of summarizing the practical implications of
contemporary theories of motivation to education of college students [39]. They define
motivation as the force that initiates and sustains behavior. For education in particular,
it is what causes students to value learning and promotes active engagement in classroom
activities and homework assignments. According to the Self-Determination Theory
(SDT) [39], there are two basic types of motivation, intrinsic and extrinsic. Intrinsic
motivation refers to actions taken because they are enjoyable or interesting in and of
themselves. Extrinsic motivation refers to actions taken in order to achieve or avoid a
certain outcome. While intrinsic motivation is believed to lead to high quality of learning

and creativity, caution must be exercised when resorting to extrinsically motivating
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students [168].

In their discussion of motivation as a function of needs and expectations,
McMillan and Forsyth are talking of extrinsic motivation [137]. In this context, needs
means that a student perceives a skill to be learned as desirable or even necessary. Ex-
pectations here refers to the student’s belief about their ability to attain that skill. In
essence, if the student finds a lesson useless (i.e. “I'm an engineer, why would I ever
need biology”), they are unlikely to apply much effort into learning it. On the other
hand, even if they find a skill useful, if they don’t believe they can master it (i.e. “My
brain just isn’t wired for math. I could never get an A in this course.”), they are liable
to give up early, negating their chance at success.

The authors further identify several kinds of value a person might ascribe to
an action (such as a student choosing to participate in a learning activity). Among
them are the intrinsic value, described as the measure of how enjoyable or interesting
the task is in itself; and the utility value, a measure to which attaining one’s long-term
goals depends on the success in the given task. These two concepts translate very well
to the SDT’s intrinsic and extrinsic motivation.

Other factors related to student motivation have been identified over the years.
Competence (or the pleasure one derives from feeling competent) is considered one of
the core psychological drives. Dweck and Leggett demonstrated that students focused
on learning goals, i.e. increasing their competence, are more likely to select challenging
tasks than the students focused on performance goals, i.e. good grades or other extrinsic

rewards [54]. With this in mind, it may be prudent to search for ways to shape the
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reward and progression structure of the game in a way that maximizes a student’s feeling
of newly developed competence, rather than relying heavily on badges and points. It
is also of note that student motivation tends to be higher when students succeed with
reasonable rather than with high effort, as it leads them to see themselves as capable
(spending sleepless nights studying to pass a test is not a reasonable effort).

It was found that meaningful, reachable goals of moderate difficulty tend to
be most motivating [38]. The challenge then lies in designing tasks which would be
perceived by students as moderately difficult, and helping students understand how the
material is relevant to them, and therefore meaningful. When it comes to learning a
foreign language, students can have different motivations. Some might want essential
survival phrases like “where is the bathroom” for their upcoming vacation. Others
might want to learn enough every day words and phrases to have simple conversations
with their foreigner in-laws. Some need to learn specific terminology and the formal
ways of address for their work (for example, an ER nurse may wish to learn phrases like
“where does it hurt” in several languages). Yet others may wish to learn the language
in order to consume foreign media in its original form. Addressing such a variety of
goals in a single course is impossible, as would it be in any linear educational structure.
Games, however, have the advantage of the option of not being linear. It may be worth
exploring designing content in more or less self-contained modules and thus allowing
students to pick and choose the most personally relevant sections.

To sum it up, the recent consensus on keeping students engaged and moti-

vated relies on students choosing meaningful and moderately challenging tasks that are
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relevant to their long-range goals. The intrinsic enjoyment a task provides is another
contributing factor. As game makers, it is up to us to design moderately challeng-
ing learning tasks that can be adapted to a range of goals, and to make those tasks
intrinsically enjoyable. A good way to explore how to accomplish this is to examine
the strategies non-educational game makers employ for capturing their audiences. An-
other perspective worth exploring is that of gamification experts, as getting people to

persevere in using a product or a service is often one of their primary goals.

2.2.2 Motivation in non-Educational Digital Games and Gamification

To provide a more authentic representation of the subject of motivation in
these two fields in the way it is seen by its natives (game designers and gamification
experts), I chose to predominantly focus on the relevant non-academic writing as sources
for this section, such as industry professional blogs, magazine articles and the like. These
tend to have more detail on practical implementation and application of gamification,
and of motivational elements in games. The main goal of this section is to establish a
vocabulary for the subsequent case studies.

So what is gamification? In the decade since gamification became a main-
stream concept, different definitions for it have emerged, some more flattering than
others.

In their 2012 paper titled “Defining Gamification [...]” Huatori and Hamari
described it as “a process of enhancing a service with affordances for gameful experiences

in order to support [the] user’s overall value creation.”[92]. This is not surprising, as
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gamification emerged primarily as a marketing or business boosting tool, aiming to
motivate employees and to incentivise customers to spend more money.

A more contemporary view of the concept is reflected in a definition offered
by Yu-kai Chou, a well-known specialist on gamification: “Gamification is the craft
of deriving all the fun and engaging elements found in games and applying them to
real-world or productive activities” [25].

Game makers and gamification gurus ultimately have different goals and differ-
ent approaches to designing their user experience, however, there is a significant overlap
between the methods employed by the two fields.

Yu-kai Chou’s Octalysis framework for gamification offers a convenient struc-
ture for discussing player/user engagement methods (Fig. 2.3). Of particular interest
to me is his division of the methods into white and black hat gamification. He describes

white hat techniques as follows:

“If something is engaging because it lets you express your creativity, makes
you feel successful through skill mastery, and gives you a higher sense of
meaning, it makes users feel very good and powerful.”

Among these, he lists “Epic meaning and calling,” which refers to making the user feel
as though they are a contributing part of a greater whole; “Development and accom-
plishment,” referring to mechanisms for making users feel as though they are honing
their skills and achieving new heights, the elusive flow? falls into this category; and the

self-descriptive “Empowerment of creativity and feedback.”

4Flow is a concept coined by Mihaly Csikszentmihalyi in the 1970’s [33]. Some of the Flow char-
acteristics include extreme focus on the task, sense of control, merging of action and awareness, loss
of self-awareness, distortion of the experience of time and the experience of the task being the only
justification needed for continuing it.
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Figure 2.3: The Octalysis framework for classification of user/player engagement me-

chanics, developed by YuKai Chou.

Of black hat techniques Chou says:

“If you are always doing something because you don’t know what will happen
next, you are constantly in fear of losing something, or because there are
things you can’t have, even though you would still be extremely motivated to
take the actions, it can often leave a bad taste in your mouth.”

Among the black hat techniques he lists “Scarcity and impatience,” in which

players are made to endure artificially imposed time intervals before they can, for in-

stance, open a treasure chest, or have to grind to obtain a rare item; “Unpredictability



and curiosity,” which includes gambling-like gacha mechanics in addition to the more or
less harmless desire to know what happens next in a story; “Loss and avoidance,” which
makes use of Fear of Missing Out® (FOMO) (for instance, a chance to obtain limited
time content) in addition to fear of losing investment of time or money (such as breaking
a daily streak and not being able to collect the grand prize). Chou also describes two
categories which can swing both ways. One is “Social influence and relatedness,” which
can play into the feeling of belonging to something bigger, but can also make use of peer
pressure. The second is “Ownership and possession,” which plays on human drive to
collect things and accumulate wealth, but can be used to manipulate players through
FOMO and fear of loss.

While some of these technique categories have been used frequently in educa-
tional games and apps (think badges, points, daily streaks and leader boards), sometimes
to great success, others have not (I have yet to see gacha in an educational game). This
may at least partially be due to the notoriety of some of the techniques, particularly
in the black hat group: the techniques purportedly designed to make players part with
their money and time better spent sleeping or studying. Allow me to discuss the ne-
farious nature of some of these techniques and why I believe their evil powers could be
harnessed for the good of the students.

In his Gamasutra article on F2P game design, N. Lovell, an author and game

industry consultant (among other things), identified three distinct components of a

®The term FOMO was coined in a 2004 op-ed in relation to college students fear of missing out on
social activities [135]. The term has since been applied more broadly to nearly anything one might fear
to miss out on.
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game which require separate strategies [131]:

e The Core Loop is the basic activity the player performs over and over. This is
where the intrinsic pleasure is a must. Examples include a single round of Candy
Crush Saga [114], or a single match in League of Legends [71]. In terms of an
educational game, core loop aligns well with the learning and reviewing activity -
something that a language student would have to do repeatedly and that’s liable
to become boring and repetitive in the long run. Since this is where the learning
would take place, special care must be given to designing both an academically
sound and intrinsically pleasant experience. Lovell states that while important,

the core loop is usually insufficient to maintain long-term interest on its own.

e The Retention Game is the structure that entices the player to keep coming
back to the game. Retention mechanics include scores, progression, narrative,
achievements and competition. This is the category that almost perfectly overlaps
with gamification, as retention tends to be one of its main goals. While many of
the retentive elements have been employed in educational games and software
over the years, I argue that there are some that have not yet been explored in this

context, and some that have not been employed to their full potential.

e The Superfan Game is also known as the End Game, where the most pas-
sionate players and big spenders (a.k.a. whales) flourish. This can be facilitated
with player vs. player battles, clans and competitions. According to Lovell, this

category often develops on its own as the result of skillfully executed retention
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game, and one shouldn’t focus too much on it until the first two categories are
covered. Following Lovell’s advice, I will primarily be focusing on the core loop

and retention components in my research.

The concepts described by Chou and Lovell appear in many other game design

and gamification blogs and articles, though at times with other names [113].

2.2.3 From Motivation to Addiction

Addiction to technology has long been a concern for parents and academics
alike, be it TV, social media, the Internet in general, smartphones or video games. In
the context of this work, I focus on the latter. After all, video games have unique ways
to command a player’s attention for excessive amounts of time.

There are two parties in any addiction story - the addict and the object of
addiction. Psychology works on game addiction identify the following traits that make a
person vulnerable to what might be considered unhealthy gaming behavior: loneliness,
leisure boredom (a likely consequence of conflicting perceptions of having too much
time available with too little to do [86]) and low self-control(“the ability to override or
change one’s inner responses, as well as to interrupt undesired behavioral tendencies and
refrain from acting on them” [188]). In today’s hectic urban lifestyles, idle time is often
fragmented, such as in long commutes and waiting in line for services. During these
times, people may have a strong desire to alleviate boredom by engaging in entertaining
and stimulating activities [122].

Glued to Games suggests shifting the focus from fun - an ill defined concept,
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to need satisfaction using the Player Experience of Need Satisfaction (PENS) model
[173]. The authors highlight three specific intrinsic human needs: competence, auton-
omy, and relatedness. According to the authors, video games are compelling because
of the immediacy, consistency, and density with which they can satisfy these needs.
Unlike planning for a bowling activity with friends, video games are more easily and
immediately available, the payoff for effort and mastery in games is reliable (unlike, say,
promotion at work), and rewarding experiences are fairly frequent. Aside from need
satisfaction, there are some game mechanics that have a higher potential to become

exploitative toward the player and can target both the time and the wallet.

o Zeigarnik Effects (a.k.a unfinished business) - The book Glued To Games ded-
icated a chapter to “The Addictive Undertow of Games.” The authors call out
Zeigarnik Effects as one of the potentially addictive traits of Massive Multiplayer
Online Role Playing Games (MMO RPG’s). The players are usually pursuing sev-
eral quests at the same time, some of those being chain quests. While players may
try to tell themselves: “I’ll stop as soon as I finish this one thing,” there’s always
something else that will be on the verge of completion that will tempt them to
continue playing (Fig. 6.2). This technique is commonly employed by F2P games,
with multiple different timers counting down to rewards (some examples are Cat

Game — The Cats Collector! [69], and Companion for Dying Light [190]).

e Gacha (a.k.a. Loot boxes) - This term is a shortened variant of Japanese gachapon

(or gashapon), a name of special vending machines that gives the buyer a chance
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to get a randomly selected toy from a special set. The goal of purchasing these
toys is simple - to collect all characters from your favourite anime, manga, cartoon
or another special series of toys. In digital games, the term applies to any sort of
reward mechanic that requires time and/or money, without guaranteeing a specific

outcome. These could be loot boxes, roulettes, monster breeding, etc.

For a more thorough discussion of these mechanics, see the Discussion section
at the end of this document.

I argue that these techniques could be used in educational games to promote
extended play and learning. Chou warned that these kinds of black hat motivation
devices can leave a player with a bad taste. However, I posit that the bitterness comes
from the realization of the time and money wasted with little to show for it. In an edu-
cational game (with quality learning content), time spent in-game should correlate with
knowledge gained, thus counterbalancing the stereotypical harmful effects the addictive

game mechanics may cause.

2.3 Digital Educational Games

Learning through play is ubiquitous across time, cultures, and even species
[115]. Play in general can help kids develop social and motor skills, and alphabet cubes
and Legos assisted generations of kids in learning the ABC’s [82] and spatial reasoning
[74]. The advent of electronic computers brought with it an opportunity to create

more targeted learning experiences for a multitude of subjects and difficulty levels.

26



A notable early example being PLATO, Programmed Logic for Automatic Teaching
Operations [15]. It was distributed through thousands of graphic terminals worldwide
and boasted courses from elementary to university level on a variety of subjects, from
language to math, to chemistry and music. It included quizzes with free-text answers
(implemented via keyword search) and custom feedback to wrong answers. Digital
educational games were soon to follow. One of the first was a 1964 text-based resource
management game for grade schoolers, called The Sumerian Game [93]. No list of
educational games can be complete without the The Oregon Trail [138], or Where in
the World is Carmen Sandiego? [16]. Countless other titles, successful and not, followed.
This section discusses unique challenges associated with the development of educational
games and an overview of existing educational games, focusing on those targeting an

older audience and language acquisition, in theme with this dissertation’s subject.

2.3.1 Unique challenges

This section discusses three challenges associated with educational game de-

velopment:

e How to make the game fun and engaging without distracting the player from the

game’s main purpose - learning.

e How to effectively deliver learning material without making the game boring.

e Financing and monetization.

It takes time, effort and know-how to design and develop a compelling game.
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It also takes time, effort and know-how to design and develop an effective educational
curriculum. It shouldn’t be a wonder that doing both at once, without sacrificing the
quality of one or the other, is not a trivial task [65]. This implies two unique challenges
for the educational games domain. First, regarding motivation, how should educational
content of the game be made fun? Games that don’t have a good answer to this question
are often described as chocolate-covered broccoli [112]. Second, regarding effectiveness,
how should the fun aspects of the game be implemented so that they don’t undermine
the intended educational impact of the game? Games that don’t have a good answer
can end up teaching student players less than can be learned by a non-playing, passive
observer (possibly ascribed to cognitive load) [41].

In regard to the former question, Habgood et al. described an experiment of
using, what they called, intrinsic and extrinsic integration of educational material into
a game called Zombie Division [77]. The gameplay consisted of adventuring through a
3D maze and fighting skeletons along the way. In the intrinsically integrated version,
skeletons had numbers on their chests, and players had to use appropriate divider-
attacks to defeat them. In the extrinsically integrated version, all the same numerical
problems were presented in an abstract form between the dungeon sessions. Their
experiments showed that kids in the intrinsic group showed higher results on the post-
test, and that given a choice, kids preferred the intrinsic version to the extrinsic one.

Kathleen Tuite addresses the latter question in her paper “GWAPs: Games
with a problem” [193]. GWAP usually stands for a Game With A Purpose, of which

educational games are just one kind. Tuite defined a concept of orthogonal game me-
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chanics, which refers to mechanics within a GWAP that distract or otherwise hinder the
player’s effort to fulfill the game’s purpose. As an example, she describes Onto Galaxy
[116]. The purpose of the game is to populate an ontology. The mechanics involve nav-
igating a ship through a space filled with moving objects, identifying those that have
the needed ontological properties and collecting them. In order to meaningfully and
effectively contribute to the ontology, the player has to get good at the navigation part
of the game, which is a skill that doesn’t contribute to the game’s purpose.

Tuite asserts that for a GWAP to be effective, the mechanics of the game
should contribute to a player’s effectiveness in fulfilling the game’s primary goal, instead
of attempting to disguise the task at hand or even detract from it by putting extraneous
barriers in the player’s path.

Financing and monetizing educational games has also been an ongoing chal-
lenge and is often blamed for the poor quality of many educational games. A logical
target audience - the schools - rarely has budgets big and flexible enough to sponsor
production of a high quality game [32]. While I don’t have a solution for this challenge,
I offer some ideas for scalability of LWS learning software, that should help lower the

development effort and costs.

2.3.2 Recent Commercial examples

The ultimate goal of my work is to assist in creating educational games for
adults with the synthesis performed through the lens of a language learning game. With

that in mind, this section examines some of the prominent language learning games for
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Figure 2.4: Duolingo Android app screenshots left to right: the achievements screen,

the league screen, and avatar customization screen.

adults.

Duolingo is one of the most popular programs for second language acquisition,
boasting over 300 million active users [52]. It has all the hallmarks of gamification:
there are refillable hearts allowing one to continue despite mistakes, there’s an in-game
currency, there are unlockable customizations, there are level-up-able badges, daily-
login streak-tracking, leaderboards and weekly league competitions (Fig. 2.4). One can
readily compare their progress with their friends or random strangers who happen to
be assigned to the same league. The material is broken into bite-sized lessons, which in
turn are grouped into neat sections separated by proficiency tests - a clear way to give
students a sense of their progress and accomplishment. The only thing lacking from

making it a good game is... the gameplay. If Duolingo claimed to be a game, it would
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be yet another case of chocolate-covered broccoli, however, it does not, and thus is
instead an example of gamification done right. Learning-material-wise, Duolingo offers
both grammar and vocabulary, and, depending on the language, from short introductory
courses to extensive ones, well into intermediate or even advanced levels.

The majority of language apps advertised as games on Google Play Store
fall strictly into the chocolate-covered broccoli category, or what the language learning
community likes to call “glorified flashcards” (Fig. 1.2). With a thin veneer of game-
like visuals and a few of the most basic of gamification features (like customization
and badges) to facilitate motivation, but lacking an engaging story (like Final Fantasy:
Brave Exvius [95]) or entertaining mechanics (like Candy Crush Saga), these fall far
short of what one may consider a game.

One interesting mobile example that went a few steps beyond “press correct
answer to hit” is Chinese Spy [10]. The game’s Google Play Store page describes it as
embarking on a highly classified mission, which will take the player across China, det-
onating bombs, decoding encrypted messages, shooting targets and stopping assassins
along the way, and culminate in saving both the Chinese president and the world.

For motivation, Chinese Spy employs what the creators of Zombie Division
called intrinsic integration of learning material, making acquisition of vocabulary rel-
evant to the game world, albeit at a superficial level (Fig. 2.5). The game leans into
the Meaning axis of Chou’s gamification Octalysis, enticing the player with saving the
world.

The world of PC gaming offers another interesting example: Learn Japanese
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Figure 2.5: Screenshots of Chinese Spy. From top to bottom: in-game narrative, bomb-

disarming exercise, decoding secret message.
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to Survive (LJS) series [50]. The series consists of three titles which can be played
independently: Hiragana Battle, Katakana War and Kanji Combat. The first two fully
address the two Japanese phonetic writing systems, while the last one gives a sampling
of about 100 basic kanji (one needs to know over 2000 to be considered literate and
well over 10,000 exist in more advanced reading material). Each game is an RPG
adventure thematically connected with Japan. It boasts professionally created assets
and an engaging story (Fig. 2.6). Dozens of players on Steam shared their stories of
enjoying the gameplay and successfully mastering the material.

Even though there are undisguised lessons between play sessions and the battle
in the game is essentially a multiple-choice quiz, the players report that animation
and sound effects make the process sufficiently entertaining. LJS doesn’t attempt to
spice-up the learning process with badges and gold stars, nor does it hide its primary
purpose of teaching the player the basics of Japanese writing systems. Essentially, as
recommended by the creators of Zombie Division, LJS developers successfully executed
intrinsic integration of learning material into an otherwise entertaining game, and were
thus able to keep their players engaged and motivated to learn. One drawback of a
beautiful RPG as a learning material delivery method is its lack of scalability. While
LJS is sufficient to give newbie Japanese language enthusiasts a taste for what’s in store,
adding new educational material would at the very least necessitate additional narrative
and likely additional art and world development.

In conclusion, the current market is dominated by minimally gamified flash-

cards with rare exceptions of flashcards immersed in an elaborate story. Intrinsic in-
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Figure 2.6: Learn Japanese to Survive: Kanji Wars screenshots.Screenshots of Learn
Japanese to Survive. Upper left: the game’s impressive character design; Upper right:
the player encounters an enemy in an RPG setting; Lower left: choosing “Answer”
during the battle results in the familiar mechanic of “select correct answer to hit.”;

Lower right: one of the lessons offered to the player at the beginning of each game day.
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tegration of learning material is so far on a superficial level and orthogonal mechanics
(such as the ability to quickly find a correct answer on a cluttered screen) are a common
occurrence. As an academic passionate about games and language learning I see a lot

of room for improvement.

2.3.3 Education Research via Game-Making

One necessary step of developing an engaging and educationally effective game
(or better yet, developing a methodology for developing engaging and educationally
effective games) is an evaluation of whether each feature produces the desired effect.
Such research via game-making has been undertaken in the past and offers some valuable
insights. If a game is made to explore a new technology in order to see said technology
in action and test its feasibility and scalability, the game doesn’t even have to aim for
engagement or effectiveness [134].

Butler et al. conducted research on automated game progression generation
in an educational puzzle game Refraction [17] (Fig. 2.7). Their paper focused on
evaluating the engagement metrics of the generated level progression in relation to the
original, human-authored version of the game. They deployed the game to several
popular Flash game websites and randomly assigned either the original or generated
version to each player, collecting play data from more than 2000 players. In order to
assess engagement in these in-the-wild conditions, they examined the total length of play
time and the number of levels completed. They used non-parametric tests to evaluate

the not normally distributed data and draw conclusions. Although this evaluation does
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Figure 2.7: Screenshot of Refraction, an educational game for learning fractions.

not tell us whether the game was educationally effective, it tells us that the automatic
progression design approach being evaluated indeed produced a valid progression of
educational content, which was the goal of this specific project.

Denning et al. designed and evaluated an educational card game for raising
computer security awareness [43]. They used multiple play-tests and show-and-tell
sessions both with representatives of their target audience and other interested parties
using the feedback to iterate on their design. Once the design was finalized, copies of the
game were sent to 150 educators, some of whom provided feedback on their experience
sharing the game with students both in and outside of the classroom. Fourteen of the

responding teachers used the game in class. Many of them reported that the game
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improved student proficiency and interest in the subject; that they would use the game
in class again to teach the topic; and two mentioned that they wouldn’t have otherwise
covered the material presented in the game. In addition to controlled user studies,
getting such feedback from target audience in the wild is crucial to evaluating the
game’s educational potential and feasibility of use in an intended setting.

Melcer et al. explored the use of tangibles and collaboration in a programming
game [140]. The researchers made two versions of the game, one with a point and click
mouse interface and another with physical blocks that had to be connected together to
execute a program. They ran a 2x2 study, where participants were randomly assigned
into either the mouse or tangible group, and further into either individual or collabora-
tive play. The experiment involved self-efficacy and engagement questionnaires, as well
as objective scoring and timing of participants’ performance on training and challenge
levels of the game. With statistical analysis, the authors were able to show that tangibles
resulted in higher engagement and enjoyment, as well as better in-game performance as
compared to the mouse group.

These are only three examples of educational research via game making amidst
many. It is a proven method to gain valuable insights into various aspects of games, such
as evaluation of a game’s educational and engagement potential, which is of particular

interest to my own research.
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2.4 Mobile Games

2.4.1 Unique Restrictions and Affordances

The subject of intricacies of mobile design has been discussed since the days
of Personal Digital Assistants and early mobile phones [31, 51]. While some of the early
concerns, such as processing power and highly limited network bandwidth, have since
become less of an issue, many of the other factors remain.

A search for documents matching “challenges designing for mobile platform”
returns a multitude of articles on the subject. The majority of these come in the
form of industry blogs, official design guidelines from commercial giants like Apple, and
some academic works that laid the foundation of what can now be considered common
knowledge.

The summary of the common themes is presented below.

Designing for a mobile platform differs from designing for PC or consoles. The
main limiting factors are the size of the screen and the number of available controls.
The battery life is also something to be considered.

The size of the smartphone screen severely limits the number of Ul elements
that can be placed on the screen without obscuring the game or running into the “Fat
Finger” problem®, which warranted attention from mobile UI blogs [150], to official

guidelines from major companies [44], to academic work on the subject [14].

5The term “Fat Finger Error” originated in financial trading, when an erroneous transaction occurred
due to inaccurate button press. The term has been adapted to modern days and is widely used in
discussions of mobile design.

38



The variety in screen dimension ratios of popular devices also contributes to
the problem, as the developer needs to build flexibility into their UI if they wish to
target a wider range of devices.

While on a PC, the designers have the whole keyboard and a mouse at their
disposal, and gaming consoles boast on average over a dozen buttons; on a phone,
a developer has to make do with touch, swipe, and hold [94]. These days though,
accelerator, the gyroscope and cameras all allow for additional innovative input forms.

On the other hand, the any-place-any-time versatility of mobile phones, the
nearly ubiquitous adoption by the general population, and the ease of distributing apps
and games via Google’s PlayStore and Apple’s AppStore make smartphones an appeal-
ing target for developers. The latter is a double-edged sword. The vast amount of games
available, many of which are free to play at least in some capacity, makes for a fierce
competition over the player’s attention. The retention data from Google Play shows
that a game has at most several minutes for the new player to decide whether to delete
the game they just installed [19]. Because of this, mobile developers need to be highly
conscious of load times, learning curves and tutorial lengths [13] (some games address
the latter concern by level-locking most of the features, so as to not overwhelm the new
player with options and explanations). Another design challenge that flows out of the
any-place-any-time property of mobile games, is that the intended play sessions should
fit into the short intervals of time a player might have. The 2019 Game Analytics report
on Mobile Gaming Benchmark showed that the median play session length is about 4-5

minutes [68]. With the unique restrictions and affordances of smartphones as gaming
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devices, both academics and industry professionals alike vie to understand how to make
best use of this new platform. Some of the recent efforts in that regard are reviewed in

the next section.

2.4.2 Psychology behind mobile game appeal

Mobile devices possess unique affordances when compared to other gaming
platforms, including but not limited to any-time-any-place accessibility and touch con-
trols. While making use of these unique affordances is at the heart of my research, it
is also worthwhile to include game design principles that apply more broadly. This sec-
tion draws on literature in both game design and gamification. While game makers and
gamification gurus ultimately have different goals and different approaches to design-
ing their user experience, there is a significant overlap between the methods employed
by the two fields. The main goal of this section is to establish a vocabulary for the

subsequent sections.

2.4.3 Free-to-Play (F2P) games

I chose to use F2P games (particularly those with idle game elements) as a

primary model to follow in my research for several reasons:
1. F2P games are a popular mobile medium.

2. The structure (discussed below) is well suited for a learning game for non-sequential
material—unlike math, in which many concepts build on one another, in the vo-
cabulary acquisition stage of language learning, rigid order of material presentation
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isn’t necessary. For example, it might be prudent to learn the names of domestic
animals before learning exotic ones, but you don’t have to know how to write

“cat” and “dog” in order to learn to write “elephant”.

3. F2P games employ many retention strategies that I'm curious to explore in the
context of an educational game. Are they capable of promoting prolonged engage-

ment, and does that result in increased learning?

2.4.4 Minigames

2.4.4.1 What’s and Why’s of Minigames

In videogame lingo, the term “minigame” can refer to several different things.
In this document, I use the term to describe fairly simple games/activities that could
conceivably stand on their own, but are included in a larger game [161].

Traditional F2P games that flooded Facebook in years past limited the player’s
playtime either through energy/health mechanic, or through increasingly long wait-
times for in-game tasks to complete [5]. For examples, think of running out of hearts in
Candy Crush Saga [114] or waiting four hours for a peach to grow in Farmville 2 [205].
The player has to either put the game away for a time, pester their friends for assists,
or pay hard-earned cash to speed up the in-game clock.

However, there’s a novel trend among mobile F2P games that make use of the
Zeigarnik effect, and it is inclusion of minigames [69, 184, 185]. These games impose

waiting periods too, but they offer alternative activities for players to do while they
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Figure 2.8: The Cat Game screenshots [69]. (a) The game’s main screen where the
player’s cat collection takes place. (b) The Poppy Cats minigame, where the player
must quickly merge same-colored cats into biggest possible combos and pop them to
earn points until the time bar below runs out. (c) The Blocky Cats minigame, where the
player places given parts onto the field, aiming to create complete lines, which disappear
similar to Tetris. There’s no timer, and the game is over when the player can’t fit a

given shape onto the screen.
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Figure 2.9: Castle Cats minigame screenshots [184] (These minigames are duplicated
in the same company’s dog version of the game Dungeon Dogs [185].) Top: Murrmory
(or Donna’s memory in the dog version) is a simple memory matching game. Bottom:

Matching Mania is a variation of the match-3 Bejeweled clone.
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wait for timers to complete (Fig. 2.8 and Fig.2.9). These simple colorful minigames
provide limited amounts of in-game resources to encourage play for a short time, but
not quite enough to justify considerable time investment. That is to say, if you’re bored
waiting for a train, you might as well spend the few minutes earning coins. Alternately,
if you open the game and see you have five minutes left for a timer to complete, you
might help pass the time with a minigame round or two. Finally, if you're a little short
on resources for a big craft, you might play a few minigame rounds to cover the deficit,
rather than waiting for resources to slowly accumulate on their own.

This is the model I'm interested in emulating: games that encourage waiting
but also offer an activity to pass the time while you wait. In an educational game, timers
could pace the student’s progress through learning material to prevent the student from
taking on too many new characters at once. The minigames could focus on reviewing
previously learned characters. By continuously reviewing old material, players could
speed up the timers on new characters. Notably, while reviewing is a crucial part of
the learning process, the benefits diminish as the length of review/study session extends
past a certain point[181]. This could be reflected in gradually reducing the rewards the

player earns with consecutive practice sessions to encourage breaks.

2.4.4.2 Educational Minigame Design

F2P games that include minigames usually have at least two of them and they
targets different skill sets. For example, quick hand-eye coordination like Poppy Cats vs.

logic puzzles like Blocky Cats (Fig. 2.8 (b) and (c)); timed Murrmory vs. turn-based
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Matching Mania in Castle Cats (Fig. 2.9). This gives players a choice of an activity
that might fit their mood/circumstances/preference. Following this example, I chose to
develop two minigames as the core of my LWS learning game.

Minigames are where the bulk of the learning/reviewing will take place in my
experiments. It’s also where I explore mnemonics and intrinsic pleasure / motivation.
Zeigarnik and Gacha are auxiliary devices supposed to make the students want to spend
more time playing the minigames. In order to study the effects of these auxiliary devices

on students’ time in-game, I must have some minigames for students to play.

2.4.5 Features linked to success

The current research on features linked to success in mobile games is somewhat
contradictory. There have been efforts to use statistics and machine learning to analyze
the top performing (downloads and revenue) games from the Google Play Store and
Apple’s AppStore to identify features predictive of a game’s success. The results weren’t
consistent across the papers, which may indicate (as some of the authors suggested) that
this method may not be well suited to solve the problem at hand. For example, one
study concluded that the best predictor of the number of downloads was the marketing
budget, which had nothing to do with game features. Another thing to keep in mind
is that studying the attributes of successful games doesn’t directly tell us about what
made them successful — it tells us about how much variation can exist in a design while
not blocking that success. This method is subject to survivorship bias [195].

Alomari et al. considered 29 game features and analyzed 50 Apple App Store
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mobile games from the top 500 grossing games in the US [6]. Their conclusion was as
follows: “the major factors that drive mobile game app success include the extent of
advertisement investments and approaches; the presence of violent and sexual content;
the opportunity to gamble; the opportunity to compete, and the illusions of fantasy.
[...] irrespective of the genre, the game has to have an addictive element, as opposed
to ‘just for fun’.” The authors didn’t elaborate on what they considered an addictive
element.

Karthic et al. considered 24 game features found in 60 games - top and bottom
10 from each of the three categories: top downloaded free games, top downloaded
paid games and top grossing games [107]. They attempted to identify the reliability
with which individual features or pair-wise combinations of features could predict a
game’s success. Some of the features that made the top 10 success prediction list
both in individual and pairwise analysis were as follows: Points (numeric reflection of a
player’s progress), Challenges (puzzles or other challenging elements in a game), Virtual
Goods (game assets with perceived or real money value), Leader Boards, and Content
Unlocking. Limitations of the study included a low sample size and treatment of game
features as binary values without taking into account the quality of implementation.

Moreira et al. selected 37 game features and evaluated top 100 games from
Google Play store’s top download and grossing charts [143]. Their analysis showed
that Achievements, Mobage integration (a Japanese gaming social network) and In
App Purchases (IAP) were positively correlated with the game’s position in the top

downloads chart; while Invite Friends, Item Upgrade and Status Upgrade (increasing the
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characters stats, such as strength or health) were negatively correlated. On the grossing
side, Random Elements, Event Offers and Versus Mode were positively correlated, while
Customization and Soft Currency Gambling were negatively correlated.

In a follow-up to Moreira’s study, Filho et al. analyzed 60 games from the top
100 games in Google PlayStore, and 40 games from the 400-500 range [63]. They found
that unlike the six features correlated with a game’s rank on the download chart in
Moreira’s study, no features were statistically tied to downloads. After consulting with
game industry specialists, the authors concluded that the download rate was largely tied
to external marketing campaigns, which overshadowed the possible effects the features
might otherwise have. As for the revenues, instead of five correlated features they found
12. Positively correlated ones include Timed Boosts, Soft Currency, Leaderboards,
Time Skips, Hard Currency Gambling, Request Friend’s Help, Consumables, Facebook
integration, Levels. Negative correlations include Hard Currency, IAP Potential and
Gambling. In this study, only permanent items, such as level packs or advertisement
removal were considered as IAP’s.

Using a different approach, Chou et al. conducted player surveys to identify
game characteristics contributing to gamer flow [24]. These included the following
statements: “I can feel my power and control over the game world,” “I can design
my game charter to express myself,” “The game is easy to pause and escape when
interruption[sic],” “The game can protect me from losing precious accumulated record
of accomplishment,” “The game’s help function is handy.” While most of these present

a sound advice for good game design in general, character customization is the only
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game mechanic on this list.

In a 2019 CHI-Play Work-in-Progress category paper, Legner et al. similarly
examined the top performing games, but opted for psychological analysis of common
features, with the goal to explain the motivational pull of each mechanic through existing
psychology theories [121].

In their book Mobile Game Design Essentials, Dr. Scolastici and Nolte detail
controls available to a mobile game designer and give extensive Ul advice, but say
nothing about game mechanics [172]. There are industry blogs on the subject, however
they often focus on monetization and usually only contain very general advice, such as
“Tell a story,” or “Make it easy, but addictive,” or “Create a stunning design,” [9] and
“Bring in Social [media].” A Forbes article titled “This Is The Formula For Creating
An Insanely Successful Mobile Game” suggests “Do something no one else has thought
of. Take an old, seemingly complicated genre and completely re-imagine it for a touch
interface” [66].

Similarly to Legner’s work, in the next chapter I present analysis of some mo-
tivational features in moderately popular games and discuss how they could be applied
to an educational game. This analysis will sidestep the issues of survivorship bias by
not counting what features were present in successful games but instead focus on how

those features worked in their specific contexts.
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Chapter 3

Mobile Game Case Studies

3.1 Case Study 1. The Walking Dead: Our World

3.1.1 Game Overview

TWD: Our World [70] is an official augmented reality GPS-based mobile game
for the popular AMC TV series The Walking Dead. Since its launch in July 2018,
the game has been downloaded over 5 million times on Google Play store alone. The
premise of the game is simple: the map of the local area (courtesy of Google Maps) is
populated with zombies, raiders, supply crates, and survivors in distress. The player
must walk around to interact with the objects on the map (Fig. 3.1).

The game uses cards as a power-up mechanic. The player collects character,
weapon and perk cards as rewards for completing missions. When a certain number
of a specific card is collected, the player can spend some in-game gold to level-up the

power of that card.
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Figure 3.1: TWD: Our World screenshots. Left to right: the game’s overworld view;

FPS battle mode; Power-up screen.

Encountering enemies results in a First Person Shooter (FPS) style gameplay,
where the player, assisted by a chosen character and weapon, clicks on the approaching

zombies to shoot them.

3.1.2 Clan Mechanic

The game is both collaborative and competitive. Both features are imple-
mented through the clan mechanic. Players are encouraged to organize into groups of
up to 25 players guided by a single clan leader and any number of co-leaders and officers.
Clan members have a private chat to talk and coordinate with their clan-mates (Fig.

3.2b) as they work together to complete challenge boards (Fig. 3.2a).
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Figure 3.2: TWD: Our World screenshots. (a) Weekly clan challenge board (b) Internal

clan chatroom (c¢) Global clan leaderboard (d) Seasonal challenge tiers (e) Player profile.
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The gameplay is temporally divided into seasons (as in seasons of a TV show,
not the time of year seasons). Each season brings with it a set of tiers (Fig. 3.2d), and
each tier consists of three challenge boards. The seasons are further subdivided into
weeks. If a clan is part-way through completing a tier at the end of the week, their
progress is reset to the beginning of that tier when the next week begins.

Since this is a post-zombie-apocalyptic game, the tasks include things like
“Kill 100 rotten zombies with a shotgun,” “Rescue 50 survivors with Carol,” “Build
15 shelters,” etc. With each completed board, the tasks become more specific and the
numbers increase dramatically. At any point, each player can see exactly how much
they’ve contributed to a specific task and which clan member contributed the most to
that task. Once a challenge has been completed, the challenge tile is replaced with the
avatar of the player who contributed the most (Fig. 3.2a). Completing challenge boards
unlocks rewards for the entire team.

The competitive aspect of the game is implemented through a clan leaderboard,
where a clan’s standing reflects the amount of points its members earned for completing
the challenges (Fig. 3.2c). It is noteworthy that there are no in-game rewards for
topping the leaderboard, short of bragging rights.

There are casual teams, who play as much or little as they wish, and there
are serious teams, vying for a spot on the global leader board. Those teams often
require players to log in daily and complete a certain number of missions or zombie-kills
(information available on a player’s profile page (Fig. 3.2¢)).

In my time with the TWD: Our World community (a year spent in casual
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and serious teams, eventually leading a semi-competitive team of my own, and scouring
Reddit forums for information) I found that players found the challenge boards a highly
motivating mechanic. While most teams couldn’t dream of making it to the top 200
list on the global leaderboards, completing the weekly challenges tended to keep players
engaged. The high visibility of individual contributions gave players a sense of ownership
and achievement over “their” tiles. Active players often make a friendly competition
out of it, trying to get their avatar onto the board as many times as possible, or get a
“Bingo” with their avatar taking up five tiles in a row. Beating the challenge boards
often resulted in cheers all around.

The clan structure addresses several of the players’ psychological needs, as
well as employing what Yu-kai Chou called black-hat motivation. Collectively working
toward a common goal (completing challenge boards and progressing through the tiers)
gives a sense of belonging, a positive form of Social Interaction. The visibility of a
top contributor on any given challenge plays into the Need to Achieve as well as giving
potential to peer pressure of contributing to the challenges on equal footing. The boards’
relatively short duration plays into the Limited Time Content, triggering FOMO and
loss avoidance. Often, the teams make a hard push to complete a tier in the last
day or two to avoid losing their progress when sent to the beginning of the tier. The
board completion rewards contain an element of gacha, since they are a randomized
arrangement of cards (higher rarity cards are awarded for higher tiers). Finally, the
clan leader board provides a low-key competitive element to indulge the competitive

players without discouraging the non-competitive ones.
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3.1.3 Periodic Quests
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screenshots. Left to right: Daily individual mission list;

Weekly individual mission list; Overworld with interactable items on reset countdown.

TWD: Our World uses several methods to encourage players to log in at regular

intervals (Fig. 3.3). For example, things like supply crates and minor missions respawn

every 30 minutes, tempting the player to open the game every so often, even if they

don’t have an opportunity to go outside and play, just to “farm” goodies accessible from

inside their home or workplace.

In addition to the clan challenges, the game also offers daily and weekly indi-

vidual quests. The daily quests include easier tasks and smaller rewards, but the weekly

ones allow the player an opportunity to get some in-game items that are otherwise avail-

able only with real-world money.
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Aside from encouraging the player to play every day or at least every week,
these quests serve another purpose. The wide variety of tasks ensure the player doesn’t
forget about the many mechanics available in the game. In a sense, this is very similar
to the clan challenges, but has the benefit of engaging even the lone-wolf players who
don’t wish to participate in a clan. Also, if the player went through the trouble of
starting up the game and completing quests, they may just keep playing a while longer,

even after the quests are fulfilled [67].

3.1.4 Educational Game Application

Many of TWD: Our World clan structure elements could be employed in an
educational game. For example, Duolingo uses leaderboards for some friendly compe-
tition to motivate its language learners to keep working on their lessons and earning
more points, but without clans, it misses out on the motivational benefits of collabora-
tive play, be it white-hat achievement and a sense of belonging, or the black-hat peer
pressure.

The challenge boards and daily quests have a potential to lend themselves to
a learning game. In a kanji-learning game, the possible challenges could include tasks

Y«

like “practice writing hanzi 500 times,” “unlock 10 kanji with more than 10 strokes,”
“successfully complete 200 reviews,” etc. The challenge board set-back mechanic could
help with a bit of loss aversion motivation. While making use of the aforementioned

engagement elements, all of these tasks would directly contribute to a player’s mastery

of the language.
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A player profile, with a detailed account of all of the player’s activities similar to
that of TWD: Our World is a convenient way to visualize the player’s accomplishments.
The stats could include things like number of kanji unlocked, number of strokes drawn
correctly, review accuracy and so on. They can also help with a sense of personal
accomplishment and growth.

The intra-clan leaderboard would provide the low-key competitive element.

3.2 Case Study 2. Cat Game — The Cats Collector!

3.2.1 Game overview

Cat Game (CG) is an idle game, where the core progression of collecting cats
and crafting decorative items revolves around waiting and heavy use of Gacha and the
Unfinished Business effect. The core gameplay includes the following elements: cats
occasionally drop gold; the players use gold to buy cat food; after a cat is fed, a timer
starts (Fig. 3.4 a.); after the wait time is over, the user gets a basket which may contain
a new cat or crafting materials. Some cats can only be unlocked after certain decorative
items have been crafted. The players use crafting supplies and gold to craft more
sophisticated supplies (yarn into ribbons, wood into planks, etc), and then use those
(and more gold) to craft the items (Fig. 3.4 b.). Both the cat basket timers, supply
crafting times, item recipes and prices escalate dramatically as the player reaches higher

and higher levels in their collection.
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3.2.2 Unlockable Content

Unlockable content is a hallmark of practically any game with a progression.
There are many types of unlockables: character customization (outfits, animations,
titles, etc.); visual and audio collectibles (unlocking items in galleries); achievement
trophies and badges; access to new levels, characters, mechanics and so on.

There are two categories of unlockable content in CG. The first are the agency-
restricting features. As mentioned in the Mobile Games section, it’s easy to overwhelm
a new player with a busy interface and a multitude of options. To prevent such overload,
CG gradually introduces game features to the player (Fig. 3.4 c.). Initially, the player
can feed the cats, do basic supply crafting, and participate in one daily contest. After
gaining some levels (which requires proficiency in the game’s base activities), the player
gradually earns access to more contests, the club feature (just like clans or guilds in
other games) and progressively more complex crafting recipes.

Next are the collectibles. The player earns stars each time they craft a decor
item or unlock a new cat. The stars are used to unlock new rooms in the tower,
along with a themed collection of cats and decor items to unlock. There is also the
Premium Cat Tower. By completing daily tasks, the player might obtain a premium
key. With those, they can unlock a random cat or decor item from the Premium Tower.
Normally, the Premium Tower contents are only available at certain events and promo-
packs (which cost real money). One level of the Premium Tower, the Club Kitties room

is special. Elements of this room can only be unlocked by participating in an active
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club. Unlocking a premium item is a rare event, and players are often eager to show
off their premium cats and items in their contest entries or customizable player rooms

(Fig. 3.4 d., 3.5 a, b.).

3.2.3 Supplementary Activities

CG makes heavy use of the Unfinished Business mechanic. A few days into
the game, a player might have over a dozen of baskets and materials in different stages
of completion (Fig. 3.4 a, b.). To avoid losing players’ interest as the wait times grow
from minutes into long hours, CG offers the players plenty to do while they wait. There
is a club system with member chat, where players can pass some time. Players can use
their favorite cats and props to deck out their showroom - something visible to other
players (Fig. 3.4 d.). They can participate and vote on themed daily contests, trying
to select cats and props from their collection that best match the theme (Fig. 3.5 a.),
and then, looking at two rooms at a time, try to guess community’s favorite in return
for a bit of gold (Fig. 3.5 b.). Finally, there are the minigames (Fig. 3.5 c, d.).

The minigames are nominally cat-themed, are hardly tied into the main game,
or give a feeling of progression (there is a limit on how much gold a single play-through
can award, no matter how skillful the player becomes at it, and those amounts become
inconsequential as the player progresses through the game). Still, they are colorful and
full of pleasant sound and visual effects, and satisfying combo-pops - the embodiment of
intrinsic pleasure. Notably, Blocky Cats (Fig. 3.5 c.) is a logic puzzle and the player can

spend unlimited time contemplating their each move, while the Poppy Cats minigame
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is a fast hand-eye coordination game with a short timer for each round (Fig. 3.5 d.).
This array of things for the player to do outside of the game’s main purpose
(collection of adorable cats) is not unique to CG. It’s a common feature among popular
mobile games. The assortment of activities, each with a different level of mental energy
required, allows the player to select one appropriate to the amount of time and attention
they have at any given moment, and allows them to avoid boredom by switching up the

activity whenever they wish.

3.2.4 Educational Game Application

The concept of unlockable content lends itself well to an educational game. A
student should show some proficiency with the current material before proceeding to
the next topic. In case of a language game, similar to the themed rooms in the CG
tower (i.e. farm, nightmare, etc), there could be themed rooms of words and grammar a
student could work on, gradually earning their right to start working on the next section.
Similar to the special items in the Premium Tower, some of the more specialized words
could be placed in the premium area. For example, only so many food words can
be reasonably included in the Breakfast section. However, additional words could be
unlocked through a bit of extra work.

Collectibles can be a bit more of a challenge to meaningfully integrate into an
educational game, lest it becomes a case of thinly applied chocolate-covered broccoli.
To be effectively motivating, the collectibles need to be desirable. To be desirable,

they need to be intrinsically pleasing, which translates into high quality digital assets

61



Score: 0

Best: 13

L

b, Iy, Ay

Figure 3.6: Left: screenshot of Radical Tunes, a musical game for learning to write kanji

[111]. Right: screenshot of Zen Hanzi, a puzzle-like hanzi-learning game [109].

(expensive and/or time consuming to produce). Costs aside, all the usual culprits can
be included - avatar and color theme customizations, badges, etc.

If a language learning game were to use the Spaced Repetition System [178] (in
use with many prominent language learning software like Rosetta Stone [182], Duolingo’s
Tinycards [53], and WaniKani [191]), wait times between the reviews are comparable to
CG’s idle waiting mechanic, because with each successful review, the wait time for the
next review increases exponentially. This sets the stage for minigames and other activ-
ities. However, unlike the minigames in a generic F2P game meant for nothing but idle
entertainment, minigames designed for educational software must contain educational
value in addition to intrinsic pleasure.

Returning to a hypothetical LWS learning game, a few minigames come to
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mind: a fast-paced musical kanji-drawing game used as a core mechanic in Radical
Tunes (Fig. 3.6) could be an analogue to Poppy Cats, and an at-your-own-pace hanzi-
assembly game used in Zen Hanzi (Fig. 3.6) could serve as a Blocky Cats analogue.

Other possibilities could include the following mechanics: given a set of radi-
cals, compose as many different hanzi as you can (this is similar to the English version
of the game, where given a set of letters, the player is encouraged to come up with as
many words as possible using nothing but those letters); and match hanzi into groups
if they share a reading or tone.

The games can provide some small reward to the player. To keep the rewards
in theme with the rest of the game, these could be various amounts of points that can
be used to unlock new hanzi.

Having a variety of minigames offers the player a choice of productive pastimes,
as each game would reinforce something they’ve learned. At the same time, the small
but relevant rewards may encourage the player to play multiple rounds.

Some things can also be done with the contest mechanic. For example, players
can be given a short proverb or poem to translate into Chinese to the best of their
ability. The other players can then vote which translation was the most accurate and
creative.

Once again, the key here is to offer a variety of activities without detracting

from the primary purpose of the game - to teach hanzi.
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Chapter 4

Radical Tunes: A Mnemonic Musical

Game for Learning to Write Kanji

4.1 Game Overview

Radical Tunes is a musical game for learning to write kanji, the Japanese
characters borrowed from Chinese language.

Many mnemonic devices exist for remembering the shape and meaning of a
kanji [165], but to my knowledge, beyond several rules of thumb, fraught with exceptions,
none of these are focused on learning the proper writing stroke order—which is vital
for handwriting proficiency[130]. I created Radical Tunes to fill that void. Past studies
have shown the positive effects of music on memorization of text, especially when it is
rhythmically aligned with the material [196]. I wanted to explore if this music mnemonic

effect could be extended to memorization of the stroke order of a kanji.
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Radical Tunes implemented the intended musical mnemonic mechanism by
employing a unique melody for each radical, thus giving each radical a melodic finger-
print of sorts. These melodies are further broken down, with each element of the melody
corresponding to a stroke within the radical. As a result, as the student correctly draws
a kanji, they will hear a unique melody corresponding to that kanji unfolding with every
stroke. To further amplify the effect, I matched the changes in melody’s pitch to the
direction of the strokes (Fig. 4.1). E.g., a downward stroke would go down in pitch.
This design leverages the concept of conceptual /embodied metaphors [118, 162], which
have been shown to map movement to music effectively [8, 7]. The melody of the “tree”
radical K consists of the melody for the “ten” radical |} with the additional two stroke
tunes.

The version of Radical Tunes used in the first study used pre-recorded melodic
elements for each stroke, which allowed me to use different instruments for each radical,
to further distinguish them from each other. The music for this version of the game was
composed by Oscar Alfaro. However, if the player drew the stroke too quickly or too
slowly, the sound and the drawing would be out of sync. For the second study I used
procedural sound generation, which made for a more responsive drawing experience, as
the sound could last for as long as the player’s finger touched the screen. However, this
limited the game to only the single type of melodic sound that I was able to procedurally
generate. This is relevant, as an informal post-hoc survey after the second study revealed
that many of the melodies were perceived as too similar, which may have muddled the

mnemonic effect. This is further discussed in the Implications for Design section.
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Figure 4.1: Melodies for the radicals “tree” (above) and “water” (below). I tried to
make the pitch of the melody follow the direction of the strokes. A horizontal stroke is
represented by a steady note. A long downward stroke is accompanied by a significant

drop in pitch, while a shorter upward stroke is matched by a moderate rise in pitch.

4.2 Study 1

4.2.1 Methods

The goal of the pilot study was to investigate the impact that music would
have on learning in Radical Tunes. Given that immersion can play an important role in
learning for educational games [23, 40] and music has been shown to impact immersion
[171], T also wanted to examine if the musical nature of Radical Tunes increased player
immersion.

The study had two versions of the game:

1. The original Radical Tunes with unique tunes for each radical and melodic ele-
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Figure 4.2: Radicals and kanji used in the first study. Left to right: person, mouth,

tree, rest, episode, annoyed.

ments accompanying each stroke.

2. The control version where the music was replaced with the sounds of chalk writing

on a blackboard.

For the initial study I selected three of the six most commonly occurring radi-
cals in the Joyo kanji (the 2,136 characters required for baseline literacy). I also selected
three kanji which consisted of combinations of those radicals, to add increased complex-

ity, for a total of six characters for the subjects to learn (Figure 4.2).

4.2.1.1 Procedure

The participants were told that the study was for an educational game where
they would learn the meaning and writing of six Japanese characters. They were then
randomly assigned to either the music or control condition and given an Android tablet
with the appropriate version of Radical Tunes loaded. For the experiment, meaning and
stroke order tests were built into the beginning and end of the game (Figures 4.3(a) and
4.3(b)).

For the meaning tests, the participants were shown the characters one at a
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Figure 4.3: Radical Tunes screenshots. (a) Meaning pre- and post-test. (b) Stroke order

pre- and post-test. (c) Stroke learning screen. (d) Timed and scored game portion.

time and had to choose an answer from 6 possible meanings (Figure 4.3a). The options
were the same for pre- and post-tests. For the stroke order tests, the participants were
asked to trace each character on the screen with their finger. I placed orange dots along
the lines, and the dots turned green when touched, to indicate which sections of a kanji
were already traced (Figure 4.3b).

No feedback was given on these evaluations, to prevent the participants from
learning during the pretest via confirmation of their guesses.

After the pre-tests for meaning and stroke order, the participants were taken
through the educational section of Radical Tunes. First, the subjects were shown the

animation of the correct stroke order with accompanying sounds. Then, they were
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asked to draw the strokes by following the arrows on the screen (Figure 4.3c). Finally,
they were asked to trace the character unassisted. A soft ping would let them know if
they made a mistake, and they would have to redraw the latest stroke. To ensure that
each participant received the same amount of instruction, I limited each step to two
unskippable repetitions.

Next, participants played the Radical Tunes game by tracing the characters
appearing on the screen as quickly and correctly as possible (Figure 4.3d). The game
included each character twice in a randomized order. The same randomized order was
used for all participants.

After the game was completed, the final score and time were displayed, and
the participants were directed to take the meaning and stroke order post-tests. Lastly,

they completed a demographic and experience questionnaire on a laptop.

4.2.1.2 Participants

Twenty four participants took part in the study. They were recruited through
class announcements and by word of mouth outside of the university. There were 11
female, 12 male and one non-binary participant. The ages ranged from 19 to 51 with
the average age of 25.6 (SD = 7.8). During the study, participants were randomly
assigned to one of the two conditions: music (7 female, 5 male) and control (4 female,
1 non-binary, 7 male). All participants reported no prior knowledge of Japanese or

Chinese.
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4.2.1.3 Measures

e Immersive Experience Questionnaire (IEQ)

I used the IEQ [98] to measure the level of immersion experienced by the subjects.
IEQ takes into account five dimensions of immersion: cognitive involvement, emo-
tional involvement, real world dissociation, control and challenge. The cognitive
involvement dimension covers factors like attention and effort the subjects invested
into the game. Emotional involvement covers the degree to which the subjects
enjoyed the game and were interested in seeing more of it. The real world disso-
ciation measures the degree to which the participants lost track of time and their
surroundings. The control dimension assesses the perceived responsiveness and
ease of use of controls. The challenge dimension measures the perceived difficulty
of the game. In their paper, Jennett et al. suggested that immersion is an im-
portant component of what is perceived as a good game. For Radical Tunes to
serve its educational purpose, it is important for it to be able to hold the players’
attention and provide an enjoyable experience that entices them to return. With
this in mind, I decided that IEQ would help me measure how well Radical Tunes

performed in this sense.

e Radical Tunes scores

The participants were given pre- and post-tests for meaning (Figure 4.3(a)) and
stroke order (Figure 4.3(b)) for each of the six characters. I used the relative

improvement between the pre/post tests to assess the learning outcome of the
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game.

4.2.2 Results
4.2.2.1 Prior Knowledge and Experience

According to a series of independent samples t-tests, participants in the two
conditions did not differ with respect to prior video game experience (p = .61), prior
rhythm game experience (p = .81), and on the pre-test learning outcome measures:
kanji meaning (p = .82) and stroke order (p = .31).

It can therefore be assumed that participants in both groups had similar prior

game experience and knowledge of kanji for the following analyses.

4.2.2.2 Immersion Experience

I first examine participants’ experience of immersion during gameplay for both
conditions (Table 4.1). To analyze differences between IEQ scores for the two conditions
I used an independent samples t-test. Table 4.1 shows descriptive statistics for TEQ
scores, as well as significant differences and effect sizes between conditions. Results
found a significant difference in favor of the music condition of the game increasing
overall IEQ scores (p = .04, r = .41), cognitive involvement (p = .026, r = .44), and
emotional involvement (p = .034, r = .42). There were no significant differences for real

world dissociation, challenge, or control (all p’s > .063).
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Table 4.1: TEQ mean scores, standard deviations, significant differences between the

two conditions, and the effect size, which is in the medium to large range for significant

differences.
Control Music Significance  Effect Size

IEQ Measures 7 o n o D r

TEQ Overall 100.33 18.1 115.25 15.29 .04* 41
Cognitive Involvement 30.08 7.01 36.08 5.13 .026%* .44
Real World Dissociation 25.58 6.49  28.5 5.81 .26 .23
Emotional Involvement 12.33 3.58 15.58 3.48 .034* .42
Challenge 16.33 1.5 17.67 1.83 .063 37
Control 16 3.54 1742 3.15 31 21

4.2.2.3 Learning Outcomes

To better understand players’ learning outcomes from the game, I analyzed
pre- and post-test scores for meaning and stroke order, as well as final scores from the
game portion of Radical Tunes. Descriptive statistics for the three measures are shown
in Table 4.2. A series of independent samples t-tests showed that both conditions had
a significant increase in both meaning and stroke order scores from pre- to post-test:
control (meaning - p < .001, r = .95; stroke order - p < .001, r = .96), and music
(meaning - p < .001, r = .92; stroke order - p < .001, r = .94). This suggests that the
game itself was indeed successful for short-term teaching of kanji meanings and writing
stroke orders to players. However, there were no significant differences in improvement
between conditions for meaning, stroke order, or in-game score (all p’s > .11). As
suggested by my second study, this was likely due to the limited number of kanji tested,

not providing enough time and difficulty for the music mnemonic approach to have a
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Table 4.2: Descriptive statistics of learning outcomes (meaning tests, stroke order tests,

and in-game scores).

Control Music

Learning Outcome Measures 7 o I o

Meaning Pre-test 1.08 9 1.16 .84
Meaning Post-test 5.5 1 5.58 .67
Meaning Improvement +4.42 1.73 | +4.42 1.17
Stroke Order Pre-test .33 .65 .59 .52
Stroke Order Post-test 5.41 9 5.67 1.16
Stroke Order Improvement +5.08 9 | +5.08 1.38
In-Game Score 102.17 8.93 | 106.58 2.19

significant impact on learning outcomes.

4.2.2.4 Perception of Usefulness

I asked participants to rate if they would recommend this game to someone
trying to learn Japanese or Chinese on a 7-point Likert scale (1 - not at all to 7 - very
likely). The scores were notably higher for the music condition (@ = 6.58, 0 = .67)
than the control condition (@ = 5.42, o = 1.78). An independent samples t-test showed
that there was a significantly higher likelihood of recommending the game for the music

condition (p > .045, r = .4).

4.3 Study 2

4.3.1 Rationale

With the second study I wanted to address the limitations of the Radical Tunes

pilot by expanding the learning content, increasing the pool of participants and adding
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a longitudinal post-test that the participants were encouraged to take about 24 hours
after the completion of the learning task. Additionally, since music improved immersion
in the pilot study, I decided to add music to both versions of the app in this study. I
used procedural generation to create ever-changing melodies for the control group and
hand authored stroke-specific melodies for the treatment group (the procedural sound
generation code was written by Dr. Adam Smith). This was done so that both groups
could benefit from the music’s immersive properties (or be equally hindered by the
increased cognitive load) while only the treatment group was exposed to radical-specific

mnemonic melodies.

4.3.2 Methods

4.3.2.1 Participants

A total of 69 participants completed the first step of the study. They were
recruited via Amagzon’s Mechanical Turk and were randomly assigned to either control
or treatment group. The participants were provided a link to an Android version of
the app and given instructions to not take any notes and only complete the study once.
This was done to ensure each participant received an equal amount of instruction and
review. Of the 69 first round participants, 47 returned for the follow-up test. Of these,
two were eliminated for admitting to prior knowledge of kanji, and one for completing
step one of the study twice. Using the Inter Quartile Range test for outliers, I identified
and removed two mild lower outliers on the stroke knowledge score, leaving me with

the final count of 22 and 20 people in control and treatment groups respectively. There
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were 28 male, 13 female, and one participant who chose not to disclose their gender.
The ages ranged from 18 to 50. There were no statistically significant differences in age

and gender breakdown across the two groups (all p > 0.4).

4.3.2.2 Procedure

The participants downloaded and installed either a control or treatment version
of the app. Next, within the app, they provided basic demographic data, including
their age, gender, and level of experience with Japanese/Chinese characters. After that,
they took a pretest on their knowledge of the meaning of the 15 kanji selected for the
study (Figure 4.4). The participants could not be expected to draw the characters even
approximately before having learned them, so the meaning test was the only pretest
administered.

The learning part of the experiment consisted of three steps for each kanji.
First, the participants would watch an animated demo of how the kanji was meant
to be drawn. Next, they would practice drawing the character twice by drawing over
the dotted lines, one stroke at a time (Fig. 4.4, center). Finally, they would practice
drawing the character three times without dotted guidelines (a hint would appear if the
participant attempted to draw the wrong stroke several times in a row). During the
demo and each instance of drawing of the kanji, a melody would play, a small part of it
corresponding to each stroke. In the treatment group, the melody would always be the
same, while for the control group, the melody would change every time.

After the learning part was complete, the participants were instructed to draw
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Figure 4.4: Screenshots of Radical Tunes. Left: the meaning test screen. Middle: the
learning screen. The dotted line indicates where the next stroke should be drawn, with
the biggest dot indicating the beginning of the stroke. Right: the writing test screen.
The second line of text displays how many strokes the target kanji has and how many
the participants already drew. The “listen” button in the treatment condition would

play the kanji’s melody. The button is absent in the control version of the app.
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the 15 kanji. For this, they were told the meaning of the kanji, and the number of
strokes it had (Figure 4.4, right). Both groups could use the “undo” button to make
corrections to their drawing before clicking “submit.” The treatment group had to listen
to the kanji’s melody before attempting to write it, and they could listen to the melody
as many times as they liked. I made the stroke number explicitly known on the screen
to make up for the fact that the melodic reminder in the treatment group could well
give a clue as to how many strokes were in a kanji. Next, the participants were given
the meaning post-test, identical to the pretest.

The participants were encouraged to take the follow-up test in the following
days. The follow-up test was identical to the post-test, consisting of the kanji writing
followed by the meaning test.

One of the limitations of this study is that the Mechanical Turk provided lim-
ited means for controlling when the participants would return, and there was significant
variance in the interval between the first session and the follow-up test, with the control
group taking on average 14 hours longer to take the test with p=0.03. However, this

did not have an impact on the study results (see Fig 4.5).

4.3.2.3 Kanji

For this study I selected six common radicals and nine kanji that consist of
combinations of those radicals for a total of 15 characters (Fig. 4.6). In the treatment

group, each radical was accompanied by a designated melody each time it appeared.
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Figure 4.5: The scores for meaning retention (calculated by subtraction of post-test
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between the two tests. The linear fit function shows no negative correlation between

the length of time and the changes in scores.
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Figure 4.6: The 15 characters selected for this study. All of the kanji consist of some

combination of the six common radicals (highlighted).
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Table 4.3: Descriptive statistics of meaning tests.

Control Treatment  Significance  Effect Size
Results for the Meaning tests I o " o D g
Pre-test 2.86 223 | 3.5 296 0.43 0.24
Post-test 10.22 4.31 | 12.6 2.74 0.04* 0.65
Longitudinal Test 10.86 4.22 | 13 2.13 0.048%* 0.63

4.3.2.4 Measures and Scoring

My main objective was to determine whether music could be used as a mnemonic
tool to help students acquire stroke knowledge. Stroke knowledge consists of stroke or-
der and stroke direction. Thus, each character was scored on two aspects: the number
of strokes drawn in the correct order and the number of strokes drawn in the correct
direction. I also collected pre-, post- and longitudinal test scores for the meaning of
characters. Even though I didn’t expect music to affect meaning retention, I was sur-
prised to see a statistically significant advantage in the treatment group. I discuss this
unexpected finding in the Discussion section.

I calculated the scores for the stroke knowledge manually by looking at the
images the participants drew during the post- and longitudinal tests and counting the

number of strokes drawn in the correct order and direction (Figure 4.7).

4.3.3 Results

I observed a number of statistically significant differences in learning outcomes
between the two groups, both for remembering the meaning (Table 4.3) and stroke

knowledge (Table 4.4) of the characters.
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Figure 4.7: Two of the post-test images for the kanji “foreign.” For scoring purposes,
the color indicates the order in which the strokes were drawn, while the large initial dot
indicates the direction of the stroke. The participant on the left drew the strokes in the
correct order, but the first stroke of the moon radical (purple) is drawn in the wrong
direction. The participant on the right drew all the strokes in the correct direction
(with the exception of the missing last stroke), but switched the order of the first two
strokes in the “ten” radical. The participant on the left received 9/9 on order and 8/9

on direction. The participant on the right received 6/9 for order and 8/9 for direction.

Table 4.4: Descriptive statistics of combined stroke knowledge scores.

Control Treatment  Significance  Effect Size

Stroke Knowledge test results | u o 7 o P g
<7 strokes Post-test Order 0.78 0.24 | 0.81 0.19 0.58 -
7+ strokes Post-test Order 0.51 0.24 | 0.69 0.25 0.02 0.73
<7 strokes Post-test Direction 0.82 0.2 | 0.87 0.16 0.36 -
7+ strokes Post-test Direction 0.54 0.24 | 0.72 0.24 0.02 0.75

<7 strokes Longitudinal Order 0.79 0.24 | 0.88 0.14 0.14 -
7+ strokes Longitudinal Order 0.62 0.24 | 0.7 0.22 0.27 -
<7 strokes Longitudinal Direction | 0.81 0.21 | 0.93 0.13 0.04 0.69
7+ strokes Longitudinal Direction | 0.66 0.23 | 0.77 0.19 0.09 -
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With respect to learning kanji meaning, the treatment group performed better
on the meaning post- and longitudinal tests (p’s < 0.05) with a medium effect size (g’s
> 0.6).

For ease of comprehension I combined the stroke knowledge scores for charac-
ters with 2-6 strokes and 7+ strokes (respectively 8 and 7 total kanji in this experiment).
The full list of individual kanji scores are at the end of the chapter (Tables 4.5, 4.6),
and figure 4.8). The differences between the two groups appear correlated with the
complexity of the kanji, with the differences becoming more pronounced for characters
with a higher stroke count, at least in the short term (See table 4.4). In Joyo kanji',
over 84% have 7+ strokes. Thus, while the results are mixed, the positive effect on
complex kanji is more important than the lack of perceptible effect in simpler kanji.

Our results showed that consistent melodies indeed helped the participants
remember the characters’ stroke composition better, particularly when it came to stroke
direction and characters with many strokes in them. It is possible that the simpler
characters with fewer strokes were easy enough to remember even without music, and

that is why the difference in scores wasn’t as pronounced there.

1The list of 2000+ kanji deemed necessary for daily life reading proficiency
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Stroke Knowledge Post-test Results
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Figure 4.8: Normalized scores for stroke knowledge of individual characters. Top to
bottom: stroke direction post-test scores, stroke order post-test score, stroke direction
longitudinal test score, stroke order longitudinal test score. The scores with statistically

significant differences are marked with an asterisk.
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4.4 Discussion

4.4.1 Music and Immersion

The first study found a significant difference in favor of the music condition of
the Radical Tunes increasing overall IE(Q) scores, cognitive involvement, and emotional
tnvolvement, but found no significant differences for real world dissociation, challenge,
or control (see Table 4.1). T expected challenge and control to be similar across the
two groups since the game controls and tasks were identical. Owverall, this indicates
that adding music to Radical Tunes—and likely SLA games in general—can improve
player factors (cognitive involvement and emotional involvement) but not game factors
(challenge and control) of immersion [98]. Furthermore, these findings fall in line with

existing studies showing increased immersion with the addition of pleasing music [171].

4.4.2 The Meaning Mystery

The second study was meant to explore whether music could help people re-
member the stroke order and direction of several Japanese kanji. Yet, I found that
the treatment group performed better on the meaning tests as well. I have a possible
explanation: During early testing of my app I found that people tended not to look at
the meaning of the character while going through the learning section of the app, and
would consequently not learn any of the meanings even though they learned to write the
characters. To help with this, I added a recorded spoken meaning that played each time

after the last stroke of a character was drawn during the learning phase. For the treat-
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ment group, that meant that the spoken meaning was always attached to the unique
melody assigned to that character, while the control group heard the meaning attached
to a new melody every time. A study by Wallace et.al. showed that accompanying text
with a repeated melody helped participants memorize text better than when a variety
of melodies was used [196]. I hypothesise that the treatment group benefited from the

same effect when it came to the spoken meaning.

4.4.3 Scalability

While there are thousands upon thousands of logographic characters, they all
consist of a finite number of radicals (around 80) and even fewer stroke types. It is
therefore feasible for a human musician to compose unique melodic elements either for
the individual strokes or radicals. An algorithm could then combine them (with pitch
adjustment, where needed) based on the composition of each kanji to generate a unique
melody for it. As a result, this work presents the groundwork for design and creation
of a scalable approach towards creating music for an otherwise intractable number of

characters.

4.4.4 Implications for Design

The study results illustrate that music has the potential to serve as a useful
mnemonic tool in stroke knowledge acquisition, with increases to learner immersion and
perceptions of usefulness. This provides initial evidence for the value of incorporating

consistent melodies into the design of logographic learning software. The results also
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showed that the mnemonic effect was more pronounced in characters with a greater
number of strokes. This suggests that a musical mnemonic design is particularly useful
for learning more complex logographic characters, while other memorization techniques,
such as repetition, may serve learning simple characters well enough. This is not to say
that a musical mnemonic design approach is not beneficial at an introductory level,
however, since even among the characters that are taught early on there are some with
9 strokes and more (e.g., Hij “before,” which is part of the word “name,” has 9 strokes,
and [ “time” has 10). Therefore, the musical mnemonic isn’t something useful only to

advanced learners.

4.5 Limitations and Future Works

The two primary limitations of this study were with the chosen platform for
participant recruitment, and the music. Amazon’s Mechanical Turk is a platform where
one can hire workers to perform remote tasks for a set reward. The workers are in-
centivised to complete tasks as quickly as possible to maximize their profit, and that
sometimes leads to sloppy performance. The evidence for this is some participants’ un-
willingness to use the “undo” button to correct a clearly accidentally misplaced stroke
(see the white stroke on the lower right of Fig. 4.7). Because I wasn’t able to observe
the participants, I can not be sure of the diligence they applied to the task.

As for the second limitation, I used procedurally produced sound in my app to

create a responsive musical experience. Without a designated sound generation expert
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on the team, I was limited in the variety of sounds I could generate. While pre-recorded
sound could offer infinite variety, I lacked the expertise to make it play in accordance
to the speed and direction of the stroke, the way I could with procedurally produced
sound. Additionally, I should have taken more care in designing melodies that were
clearly distinct from each other. If, as some informal feedback suggested, many of the
melodies sounded too similar, that would certainly dampen the music’s mnemonic effect.
Future work could explore different approaches to music creation and the effects they
have on the melody’s memorability.

In this study I made a point of using kanji consisting of a small subset of
radicals. Future work could explore whether music is equally effective for memorizing

characters with no common elements.

4.6 Conclusion

In this chapter, I described Radical Tunes—a musical game for learning to
write Japanese kanji, which uses unique melodies to aid with stroke order memoriza-
tion. I also described the results of two studies. One compared the musical version of
Radical Tunes with a version which instead had non-musical sound effects (the sound of
chalk writing on a blackboard). The second compared a version of Radical Tunes with
consistent melodies to a version with procedurally generated ever-changing melodies.

Through use of the Immersive Experience Questionnaire, I found that incor-

poration of music in Radical Tunes significantly increased player immersion. The par-
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ticipants from both conditions showed significant score improvement between pre- and
post-tests, which shows that Radical Tunes was effective in teaching the kanji to players,
at least in the short-term. The small scope of the pilot study—only six characters—
didn’t expose any mnemonic effects the music may have on players’ ability to retain
the kanji long term. However, the follow up study showed that exposure to consistent
melodies lead to significantly higher post-test results, particularly in kanji with a higher
number of strokes. I believe that if designed and implemented well, the ideas described
in this chapter could make a positive difference for the millions of novice learners of

LWS.
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Table 4.5: Descriptive statistics of post-test stroke knowledge scores.

Post-test Control Treatment  Significance
Stroke Knowledge Scores | o I o

-+ Order 0.64 0.49 | 0.55 0.51 0.58
-+ Direction 0.93 0.23 1 0 0.2
1 Order 0.8 0.39]0.93 0.21 0.19
1 Direction 0.79 0.39 | 0.93 0.21 0.15
v Order 0.86 0.35| 0.9 0.31 0.72
v Direction 0.76 0.39 | 0.87 0.33 0.34
H Order 0.89 0.3 | 0.83 0.36 0.55
H Direction 0.89 0.3 | 0.83 0.36 0.55
H Order 0.96 0.21 | 0.95 0.22 0.95
H Direction 092 024 09 0.24 0.78
K Order 0.77 0.37 | 0.93 0.25 0.13
K Direction 0.86 0.32 | 096 0.12 0.2
i Order 0.71 0.38 | 0.82 0.33 0.32
i Direction 0.82 0.33 | 0.86 0.33 0.68
[1] Order 0.58 0.45 | 0.61 0.4 0.85
[1] Direction 0.6 0441|064 041 0.75
N Order 0.53 0.43 | 0.56 0.38 0.82
[N Direction 0.59 0.42 | 0.62 0.39 0.81
vH Order 0.46 0.43 | 0.7 0.38 0.06
vH Direction 0.44 0.41 | 0.69 0.37 0.04
K Order 0.6 0.35|0.77 0.29 0.09
7K Direction 0.56 0.35 081 0.3 0.02
iH Order 0.75 0.37 | 0.79 0.36 0.7
B Direction 0.76 0.32 | 0.79 0.32 0.7
i Order 0.3 0.38 | 0.58 0.44 0.03
vt Direction 0.39 04 |0.63 0.44 0.08
£l Order 0.59 0.39 | 0.78 0.31 0.09
£k Direction 0.65 0.33 | 0.82 0.29 0.07
tH Order 0.35 0.34 | 0.64 04 0.02
tH Direction 0.39 0.36 | 0.67 0.35 0.02
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Table 4.6: Descriptive statistics of longitudinal post-test stroke knowledge scores.

Longitudinal test Control Treatment  Significance
Stroke Knowledge Scores | o I o

-+ Order 0.77 0.43 | 0.65 0.49 0.39
-+ Direction 0.96 0.21 1 0 0.35
1 Order 0.86 0.35 | 0.95 0.16 0.32
1 Direction 0.85 0.35 | 0.9 0.22 0.58
v Order 0.82 0.4 |0.95 0.22 0.2
v Direction 0.74 0.41 | 0.95 0.22 0.05
H Order 0.81 0.38 | 0.95 0.22 0.15
H Direction 0.8 0.38]0.94 0.23 0.15
H Order 0.86 0.32 1 0 0.06
H Direction 0.82 0.33 ] 0.94 0.11 0.13
K Order 0.82 0.33 | 0.95 0.15 0.11
K Direction 0.9 0.251]0.99 0.06 0.13
i Order 0.75 0.38 | 0.89 0.2 0.13
i Direction 0.79 0.37 | 0.95 0.16 0.08
[1] Order 0.62 0.39 | 0.72 0.39 0.43
[1] Direction 0.63 0.36 | 0.74 0.39 0.34
N Order 0.58 0.45 | 0.59 0.43 0.99
N Direction 0.63 0.44 | 0.69 0.37 0.65
H Order 0.62 0.41 | 0.72 0.39 0.4
vH Direction 0.66 0.37 | 0.71 0.38 0.62
K Order 0.75 0.34 | 0.83 0.22 0.37
K Direction 0.75 0.33 | 092 0.18 0.04
HH Order 0.77 0.37 | 0.89 0.22 0.21
B Direction 0.74 0.36 | 0.86 0.23 0.24
i Order 0.61 0.39 | 0.68 0.4 0.59
vt Direction 0.64 0.38 | 0.8 0.34 0.15
£l Order 0.63 0.39 | 0.62 0.37 0.94
£k Direction 0.76 0.32 | 0.73 0.35 0.78
tH Order 0.4 04 | 058 042 0.15
5 Direction 0.42 0.43 | 0.67 0.37 0.05
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Chapter 5

Zen Hanzi ((EIXF): A
Component-Focused (Game for Learning

Hanzi

5.1 Game Overview

Zen Hanzi is an experimental component-focused game for learning traditional
Chinese characters, i.e., hanzi. The title of the game is a play on the word “Zen”,
which—in addition to the western adaptation of the Japanese term derived from the
Chinese word chan (meaning “meditation”)—is a homonym of the Chinese word for
“how,” making the title into “how to hanzi”. It was inspired by research claiming that
component awareness is beneficial to learning hanzi/kanji [60], and the evidence that
recognition practice isn’t usually sufficient to memorize hanzi well enough to be able to

produce them [163]. In Zen Hanzi, the player must assemble a given hanzi by selecting
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Figure 5.1: Zen Hanzi screenshot. The player must drag the components from three
rows at the bottom into one of the four structures above to assemble the hanzi indicated

by the English translation and pinyin pronunciation at the top of the screen.

correct components and placing them into correct slots in a correct hanzi structure
(see Figure 5.1). In addition to drawing the player’s awareness to the component-based
nature of the characters, Zen Hanzi also makes sure to include look-alike options for
each correct component, ensuring the students are aware of some of the possible mistakes
they could make when writing (see Figure 5.2).

In terms of presentation of educational content, Zen Hanzi has a “Learn”
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Figure 5.2: Some examples of look-alike components. Some differ by a single extra
stroke, some by comparative length of two strokes, some by whether a stroke crosses

another.

and a “Review” mode. In “Learn” mode, the player is shown a picture of the hanzi
before assembling it (see Figure 5.3), while in review mode they are guided only by the
English meaning and Chinese pronunciation of the hanzi—requiring players to recall
the structure of the hanzi without guidance. Additionally, the “Hint” button allows the

player to view the hanzi one more time if they are stuck. The game also implements

bang
to help

Continue '

Figure 5.3: In the learn mode, the player is shown the hanzi before they attempt to

assemble it.
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a number of assistance features to help players keep track of options they previously
tried, such as by changing the color of the components after each attempt based on their
correctness (see Figure 5.4). Finally, the game has scoring and “lives” mechanics. While
those aren’t universally effective motivators, they are known to provide motivation for

some of the more competitive players [25].

5.1.1 Rationale

Acquiring and maintaining working knowledge of hundreds of hanzi/kanji needed
for LWS literacy requires frequent exposure to the characters, or, barring that, frequent
reviews and practice. This can often be a monotonous, tedious task, and many students
rapidly lose their reading and writing proficiency after they are done taking courses
[164]. While there are many learning and reviewing apps that offer structure and even
written practice, the persisting target language literacy deficiency of LWS students in-
dicates that the current technology isn’t quite enough to help them gain and retain
hanzi/kanji knowledge [206]. The apps often lack sufficient motivational elements, and
the existing games predominantly use exogenous flashcard-style multiple-choice exercises
disconnected from the game content and offer no component emphasis. The challenge
of designing a good educational game lies in the necessity of three things: effective ed-
ucational content, an enjoyable/motivating game, and a seamless connection between
the two [48, 200]. As a result, I researched methods for learning hanzi, educational
game design, and Free-to-Play (F2P) mobile game design. I came up with the following

principles, which I applied when designing Zen Hanzi.
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Structure:

Correct
Components:

1/3 Correct

1/3 Correct Position

Figure 5.4: The player receives feedback on their attempt, including whether they
used the correct structure, how many components are correct, and whether any of the
components were in the correct position. The game helps the player remember which
options they tried by coloring incorrect components and structures red, and correct ones
green. Once the correct structure is identified, the game also marks which components

were incorrectly tried in each slot.
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5.1.2 Zen Hanzt Design Principles

1. Intrinsic pleasure is a must [131]. This can be aided by appealing graphics/sounds
and plentiful feedback to player’s actions with visual and audio effects [103, 84,

177, 106, 34, 139, 47], as well as designing the game to be playful overall [153].

2. The game must have short rounds in order to fit into micro-leisure intervals of

contemporary life [122].

3. The learning content must be endogenously integrated into the game [77, 200,
154, 174]. That is to say, no Math Blaster-like “add two numbers to shoot at
asteroid” [12]. The core game mechanic must be inseparable from the learning

content [152, 151].

4. The game must avoid orthogonal mechanics [193]. Orthogonal mechanics are those
that detract from the primary purpose of a serious game, in this case — learning
LWS. An example would be requiring the player to become good at aiming and
shooting in order to access the learning content. Every action should serve to

reinforce or increase knowledge.

5. The game must be scalable in terms of authoring burden. Hand-authoring separate
exercises for thousands of characters to support learners of different skill levels

would make the game production logistically infeasible.

6. The game must raise students’ hanzi component awareness as developing compo-

nent awareness at the beginning of a student’s hanzi learning quest can aid them
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"REN

"pinyin":"xiang",

"hanzi":"A8",

"pinyin_sound":"xiang3",

"english":"to want",
"english_sound":"to_want",
"layout":{"type":"s_H","part_1":"s_V",

"part_2":"s_none"},

"components": [
{"name":"113","position":0},
{"name":"208","position":1},
{"name":"115","position":2}]1}

Figure 5.5: An example of one hanzi encoding

in developing their writing skills [164] and has a positive impact on a student’s

ability to memorize characters [60].

5.1.3 Designing for Content Scalability

Zen Hanzi’s design would be very impractical if one had to hand-author levels
for each hanzi, selecting look-alike components, and laying out hanzi structure frames.
To get around this, I designed a succinct way to encode all the necessary information
about each hanzi, including it’s structure and composition (Fig. 5.5). I also created my
own mini-database of hanzi components and their look-alikes. This way, the game can
randomly include at least one look-alike for each component within the hanzi.

Much of the information needed to encode any hanzi can be scraped from free
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A. J( B. W C. D. ;
Figure 5.6: Component variations with differences highlighted in red. The ‘water’
component (A) is written with a vertical line at the top in some of the hanzi (B). It’s
still considered the same component according to databases I examined, but it would
be incorrect to omit that line or add it where it isn’t needed. Similarly, the ‘great’
component (C) is occasionally written in a slanted form (D). In Zen Hanzi, I include

both versions of each component to draw the player’s attention to the possible mistakes

they could make.

databases online, such as the Chinese Character Decomposition!. The sounds can also
be obtained from free online datasets, like the Mandarin Voice Soundset?.

Things get trickier when it comes to the component database. While some lists
of look-alike characters and components can be found online, they typically don’t address
component variations, as in Figure 5.6, or include incorrect versions of components. The
latter ones are useful in highlighting mistakes a novice learner might make.

I used Fordham’s list of 800 most common components [64] as a foundation
for my own component database (Fig. 5.7). However, I only used the basic components

that couldn’t be easily broken up into smaller components, and added some of my own,

"Mttps://commons.wikimedia.org/wiki/Commons:Chinese\_characters\_decomposition
*http://www.chinese-lessons.com/
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"pie_h_7_7_7r":["7_7_7r","115"],

1l-'|‘|3lr:[lr21~|ll’1l‘|791l:|

Figure 5.7: Two entries from my component database. The principal component is on
the left. The name is composed of numbers in Fordham’s list, Chinese names for specific
strokes, horizontal or vertical division of the component, and a suffix ‘r,” indicating the
component is reversed left to right. On the right are the names of other components

within the database, that can be considered look-alikes for this component.

to account both for slight but important variations in some components; and some of
the common wrong versions of components.

With all this in mind, the bulk of work in making content scalabe in future
games/designs would be in the component database as it has to be assembled largely
from scratch—as I had to for Zen Hanzi. Notably, the hanzi database would also have

to be checked to replace components with their variants where necessary.

5.1.4 Unconventional Hanzi Component Design

After designing and prototyping Zen Hanzi, I showed it to three domain ex-

perts (i.e., Chinese language professors) to receive feedback on the design. All of them
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Figure 5.8: The conventional way of hanzi structure classification would identify this

hanzi as a vertically-split two-part hanzi. However, each of those hanzi parts consist
of two basic components, each carrying its own potential for a mistake. It’s also worth
noting that division into two parts in this case results in the transformation of the
lower-left component into a different variant of itself, which may confuse the student
about the proper shape within the original hanzi. Because of this, Zen Hanzi breaks

this hanzi into four parts.

expressed their surprise over how I divided hanzi into components (Figure 5.8). Rather
than using the conventional hanzi structure classification methods which split hanzi into
1-3 major parts, I broke them down into their more basic components®. This was done
as each small component holds its own potential for errors and is therefore worthy of
attention. Additionally, if I used complex components, my component database would
have to hold exponentially more components in order to achieve the same granularity of
possible errors and their combinations. I believe this would make both the design and
scaling of the component database logistically infeasible. It would also likely present the

student with a less effective learning experience, since they would have fewer incorrect

3There is no one comprehensive list of all hanzi components. I used Fordham’s list [64] and my best
judgement to identify which parts of the hanzi should be considered as independent components for my
purposes.
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options to eliminate at each stage.

5.1.5 What Zen Hanz: is and isn’t

Zen Hanzi isn’t meant as a stand-alone method of learning Chinese. While it
teaches pronunciation and meaning of included hangzi, it is a supplemental activity in-
tended specifically to minimize component substitution mistakes in writing. It is meant
to informally supplement formal classroom learning by deepening a student’s awareness
of the components within each hanzi. Those interested in learning the language as a
whole would need to learn sentence structure and nuances of using hanzi in various com-
binations elsewhere. Furthermore, Zen Hanzi is intended to be a supplemental informal
learning activity that students might engage in on their own time, thus avoiding the

hurdle of classroom integration.

5.2 Methodology

For this study, I wanted to see how the highly granular component-focused
design of Zen Hanzi compared to the whole-hanzi approach of typical existing Chinese
as a Foreign Language (CFL) learning tools with respect to players’ learning of hanzi
component composition and hanzi meaning. To this end, I performed a comparative
between-subjects study of Zen Hanzi and Quizlet, a popular flashcard app frequently

used in Chinese courses.
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Figure 5.9: Quizlet screenshots. On the top is a typical two-sided Quizlet flashcard from
a Chinese 1 course. On the lower left is Quizlet’s timed matching game, on the right
is their Asteroid game, where entering the corresponding option destroys the asteroids

speeding towards Earth.

5.2.1 Quizlet

Quizlet is a web-based digital flashcard software. I selected Quizlet for the
control group because several Chinese professors I spoke to in multiple universities use
it to assign hanzi and vocabulary homework for their students. It also takes the whole-
hanzi design approach that is common in most CFL learning apps where players are
presented with the entire hanzi to memorize/learn. Quizlet offers its users an ability
to create their own digital flashcard decks and several ways to study them, including
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quizzes and two gamified options (Figure 5.9, bottom). A typical flashcard from a
Chinese 1 course includes the hanzi or a multi-hanzi word, its pinyin pronunciation,
and an English translation (Figure 5.9, top). The students can also hear both the

English and Chinese words provided via Quizlet’s built in sound database.

5.2.2 Hypotheses

I set out to investigate the educational and experiential aspects of Zen Hanzi

and took an exploratory approach with the following research question:

e Research Question: Are there notable differences between user experience per-
ception and learning outcomes for the component-focused design of Zen Hanzi

and whole-hanzi design of current popular learning apps such as Quizlet?

To that end, I identified the following hypotheses:

e H1.1: Zen Hanzi’s component-focused gameplay will result in higher scores on
hanzi component composition post-test, as compared to the whole-hanzi approach

of existing hanzi learning tools.

e H1.2: since the approach to teaching hanzi meaning is roughly the same between
Zen Hanzi and Quizlet (i.e., both provide written and audio pronunciation of
hanzi meaning), they will have comparable effects on the hanzi meaning post-test

scores.
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To the best of your ability, try to match the hanzi to their English 1 | Inthis structure for hanzi "flower" which
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Figure 5.10: Qualtrics pre- and post-test screenshots. On the left is the hanzi meaning

test, on the right is the individual hanzi components test.

5.2.3 Participants

A convenience sample of participants were recruited for this study by online
announcements in large language-learning groups and Chinese drama fan-clubs on Dis-
cord, Facebook and Tumblr; as well as by word of mouth. In total, 73 people completed
the study. Of those, 10 participants were excluded from the final analysis, as they re-
ceived 25 or more points out of 29 on the pre-test. This indicated a high level of prior
hanzi knowledge, which in turn meant they didn’t have much room for improvement.
Of the remaining participants, there were 43 female, 13 non-binary, six male and one
of undisclosed gender. The ages ranged from 18 to 74, with the average age of 40.2
and median age of 30. The participants were also asked to self-report their reading and
writing proficiency in any languages that use hanzi or hanzi-derived written systems.

The participants were randomly distributed into two conditions (Zen Hanzi
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treatment group or Quizlet control condition) with the final count of 27 people in the
control group and 36 in the treatment group®. There were no statistically significant
differences in age, gender or prior knowledge distribution between the two groups, with
the exception of there being 10 non-binary participants in the treatment group vs. only
three in the control group. The participants were not paid or compensated for their

participation in any way.

5.2.4 Procedure

The participants were provided with digital instructions and links to the five
steps of the experiment. First, they were shown a short video tutorial explaining how
to use the survey platform, Qualtrics®, and how the drag-and-drop questions within
it work. Second, they were directed to a Qualtrics survey where they consented to
the study, filled out basic demographic information and took a hanzi pre-test. This
test consisted of matching 10 hanzi with their English meaning, and identifying correct
individual components and their placement in each of the 10 hanzi (see Fig. 5.10).

For the third step, they were provided a 2-minute YouTube video tutorial of
the app they were about to use — Zen Hanzi for the treatment group and Quizlet for
the control group. The participants were then directed to use their assigned app for 10
minutes to study the 10 hanzi. For Quizlet, this meant that participants could use either

digital flash cards or the two gamified quizzes to study (see Figure 5.9). As the final

1 slightly increased the odds of a participant being assigned to the treatment group, as I wanted to
collect as much experiential feedback on Zen Hanzi as possible.
Shttps://www.qualtrics.com
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Table 5.1: Questions Used in Experience Analysis

Questionnaire | Subscales Used Modifications
I replaced the word “game” with “app,”
and “play” with “use,” so the questions
made sense both in the context of Zen
PENS v1.6 Competence Hanzi and Quizlet. 1 chose not to use the

Intuitive Controls Immersion, Relatedness, and Autonomy
subscales, because the questions were
geared toward story-driven or
multi-player games.

Positive Affect I chose not to use the Immersion subscale

GEQR Negative Affect from GEQ-R, because it was geared

Competence toward a story-driven game (i.e. “I was

Flow interested in the game’s story.”)

Exploration Intention

Instant Enjoyment

SI Attention Quality None

Challenge
Novelty

step, upon completion of the 10 minute study session, the participants were once again
asked to complete a Qualtrics survey. This survey consisted of a post-test identical to
the pre-test, followed by a 48-question survey consisting of select questions from Player

Experience Needs Satisfaction (PENS) [159], Situational Interest (SI) [20], and modified

Game Experience Questionnaire (GEQ) [102].
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Table 5.2: Hanzi Test Scores and significance values from ANCOVA with pre-test scores

as covariates

Test Treatment (avg / std) Control (avg/std) p 95% CI
Meaning pre-test 3.14 / 3.16 3/3.37 0.86

Component pre-test 8.78 / 6.97 7.19 / 6.39 0.28

Meaning post-test 4.33 / 3.36 8.48 / 2.72 0.17 -2.64 / 0.06
Component post-test 21.06 / 5.52 15.81 / 5.99 0.0006 1.97 / 6.89

Table 5.3: Hanzi Test Scores and significance values from ANCOVA with pre-test scores

as covariates

Test Treatment (avg / std) Control (avg/std) p effect-size g
Meaning pre-test 3.14 / 3.16 3/3.37 0.86

Component pre-test 8.78 / 6.97 7.19 / 6.39 0.28

Meaning post-test 4.33 / 3.36 8.48 / 2.72 0.17

Component post-test 21.06 / 5.52 15.81 / 5.99 0.0006 0.91

Table 5.4: Experience Evaluation results and significance values from ANCOVA with

pre-test scores as covariates

Subcategory Treatment (avg/std) Control (avg/std) p 95% CI

PENS Competence 11.67 / 3.54 13.07 / 2.7 0.08 -3.21/0.14
PENS Controls 15.11 / 2.5 14.41 / 2.24 0.25 -0.46 / 2.03
SI Exploration 13.92 / 5.32 13.96 / 5.49 0.97 -3/ 2.66

SI Enjoyment 19.69 / 5.86 20.26 / 5.47 0.7 -3.65 / 2.32
SI Attention 18.28 / 3.57 18.44 / 4.25 0.87 -1.99 / 2.02
SI Challenge 6.94 / 4.16 8.26 / 4.75 0.25 -3.29 /1.07
SI Novelty 13.14 / 2.92 11.19 / 4.23 0.03 0.062 / 3.72
GEQ Positive Aspect 20.97 / 6.02 21.59 / 5.14 0.67 -3.48 /2.45
GEQ Negative Aspect 12.56 / 7.52 10.89 / 4.71 0.32 -1.26 / 5.22
GEQ Competence 14.44 / 4.38 16.67 / 3.89 0.04 -4.53 / 0.53
GEQ Flow 18.44 / 5.59 18.07 / 7.31 0.82 -2.38 /4.06
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Table 5.5: Experience Evaluation results and significance values from ANCOVA with

pre-test scores as covariates

Subcategory Treatment (avg/std) Control (avg/std) p effect-size g
PENS Competence 11.67 / 3.54 13.07 / 2.7 0.08 -
PENS Controls 15.11 / 2.5 14.41 / 2.24 0.25 -
SI Exploration 13.92 / 5.32 13.96 / 5.49 0.97 -
ST Enjoyment 19.69 / 5.86 20.26 / 5.47 0.7 -
SI Attention 18.28 / 3.57 18.44 / 4.25 0.87 -
SI Challenge 6.94 / 4.16 8.26 / 4.75 0.25 -
SI Novelty 13.14 / 2.92 11.19 / 4.23 0.03 0.55
GEQ Positive Aspect 20.97 / 6.02 21.59 / 5.14 0.67 -
GEQ Negative Aspect 12.56 / 7.52 10.89 / 4.71 0.32 -
GEQ Competence 14.44 / 4.38 16.67 / 3.89 0.04 0.53
GEQ Flow 18.44 / 5.59 18.07 / 7.31 0.82 -

5.2.5 Educational Content

Both Zen Hanzi and the Quizlet deck provided to the participants included the
following ten hanzi: 2|, ¥, %5, 3¢, 1€, 18, B, %F, &4, #f. These are all taught in the first

year Chinese courses at a large university and were chosen for their multi-component

structure.

5.2.6 Measurements

I scored the participants on the number of hanzi they correctly matched to
their English meaning (max score of 10), as well as the total number of components
correctly placed into the hanzi structures (max score of 29). I tested them both before
and after the treatment, to be able to use pre-test scores as a covariate in analysis.

To evaluate how Zen Hanzi measures up to Quizlet experience-wise, I used 48
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questions from three game/activity evaluation questionnaires — GEQ-R, SI, and PENS
— to assess user experience. The list of subscales used from each of the questionnaires

and minor modifications I made (if applicable) are in Table 5.1.

5.3 Results

Using the pre-test meaning and component scores as covariates to control for
individual differences in prior hanzi knowledge, I ran a series of ANCOVA tests to
examine the two post-test knowledge result sets (i.e., hanzi meaning and component
composition) and the 11 experience questionnaire subscale result sets.

The hanzi meaning and component test scores are listed in Table 5.3. The
treatment group displayed significantly higher post-tests scores for correct placement of
individual components (p < .001). The pre-test component scores were also significant
predictors of the post-test component scores with p = 0.002. I found no other significant
covariate interactions.

The experience evaluation results are listed in Table 5.5. Notably, I found sig-
nificantly higher scores with respect to novelty for Zen Hanzi (p = .03), and significantly
higher scores with respect to GEQ competence for Quizlet (p = .04). Although not quite
significant, PENS competency scores trended similarly to the GEQ competence scores

(p = .08). I discuss these results further in the Discussion.
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5.4 Discussion

5.4.1 Component-focused vs. Whole-hanzi Design

The treatment group did significantly better on the individual components
post-test, thus confirming the first hypothesis H1.1. This demonstrates that Zen Hanzi
was better at helping students recall details of each hanzi, rather than only their approx-
imate shape—at least in the short term and with visual cues. The second hypothesis,
H1.2, was similarly confirmed as there was no significant difference in post-test mean-
ing scores between the two groups. This indicates that Zen Hanzi was not significantly
worse or better than current popular hanzi learning apps such as Quizlet for teaching
hanzi meaning.

In an informal feedback I received from some of the participants, some reported
feeling frustrated at having to differentiate between components that differed by a single
stroke or even relative length of a single stroke (some examples are in Figure 5.2).
Unfortunately, this frustration is shared by any student tackling an LWS. The lack of
any such feedback from Quizlet users only highlights the fact that those participants
weren’t as aware of the shape of components within the hanzi. For example, some
explained to me that they would memorize one or two components within the hanzi
and then just look for that component to identify the hanzi, without bothering to give
any attention to the other components. That is a bad strategy, as there are many hanzi
that differ by a single component, or even have the exact same components arranged in

a different way.
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I suggest that hanzi and kanji learning app and game creators could include
Zen Hanzi’s fairly simple to implement mechanic in their products to help their users

learn the characters on a more than just superficial level.

5.4.2 Novelty

On the self-reported experiential side, novelty was significantly higher for Zen
Hanzi while competence was significantly higher for Quizlet, leaving the exploratory
research question about user experience without a definitive answer. With respect to
higher perceived novelty scores for situational interest, this is a good sign, as situational
interest is critical to the design of education tools (and education overall) since it is
essential for developing personal interest in learners which can in turn positively impact
learning [157, 85, 140]. I hypothesize that the novelty of Zen Hanzi may be due to
the novelty of the component-focused approach to learning. Many learners study for
a variety of topics, including English vocabulary, using flash cards and similar forms
of SRS tools. The logographic nature of hanzi makes learning a word and meaning
more complex, as shape becomes a factor of memorization—an area of emphasis in Zen
Hanzi’s design. Therefore, tools that focus on learning components rather than whole

words/whole-hanzi are much less commonly encountered by most learners.

5.4.3 Competence

It would be worthwhile to further investigate the users’ reported feelings of

competence, which trended lower in the treatment group. A person’s feeling of compe-
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tence plays an important part in their motivation to persist with a task [55]. Adopters
of this design should be aware of the possible competence penalty that comes with
increased awareness of hanzi components, at least at the early stages of learning. 1
speculate that having to memorize each individual component in a hanzi is more dif-
ficult than merely remembering the approximate shape of a hanzi. As a result, it’s
possible that Zen Hanzi players got the answer wrong more frequently than the Quizlet
users, and therefore felt less competent.

Overall, the results highlight some clear advantages of a component-focused
design over traditional whole-hanzi designs, as well as provide some areas that need
careful consideration (i.e., improving feelings of competency) in the design of hanzi

learning tools.

5.5 Limitations and future work

5.5.1 Design Limitations

While scalable by design, in its current form Zen Hanzi supports only a subset
of possible hanzi structures, so it does not include every possible hanzi at this time.
Additionally, many Chinese words are composed of multiple hanzi, so Zen Hanzi could
be further improved by an ability to practice multi-hanzi words. Furthermore, the
images for each component currently need to be drawn by hand. However, there are
a finite number of basic components, and once the assets for all of them exist, adding

new hanzi with the scalable component and hanzi databases is relatively easy. Finally,
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I was disappointed to see that Zen Hanzi players didn’t report higher enjoyment than
Quizlet users. The game would benefit from further user testing and design adjustments
to facilitate learner engagement and habit formation. For instance, adding more “juicy”
feedback may help to increase player feelings of enjoyment, engagement, and competence

(103, 84, 177].

5.5.2 Evaluation Limitations

There are some notable limitations to the study presented here, i.e., a small
sample size that might not be fully representative of CFL learners. However, on a small
scale, Zen Hanzi demonstrated notable improvement in short-term memorization of
hanzi component structure over the widely used Quizlet app. These promising results
warrant further research with a larger sample size, expanded learning content, longitu-
dinal testing, and testing of participants’ ability to produce hanzi unassisted. This will
provide a better understanding of the long-term effects that a component-focused design
might have in comparison to whole hanzi methods. Future work should also investigate
the possibility of lowered feelings of competence and ways to counteract that effect—as
feelings of competence have been shown to be important for the efficacy of educational

games [76, 169].

5.6 Conclusion

In this section I described my experimental hanzi learning game, along with
evaluations of its educational efficacy and user experience as compared to a popular
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flashcard app. The game’s component-focused design resulted in participants achieving
higher scores on the immediate post-test of hanzi component structure.

I discussed the possible drawbacks for the beginner students, and other aspects
of the game that bear further design improvement and investigation.

I shared both the visual design and the underlying data structures. I hope my
design has the potential to serve as a useful free resource for students of LWS in any
stage of their education, as well as to serve as a reference for the design of future LWS

learning tools.
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Chapter 6

Discussion

When I discuss my research, the first reaction I often face is doubt that some-
thing so “evil” could be used in a positive way. While it would be outside of the scope
of this work to provide a detailed cross-examination of each of the game mechanics
described in this dissertation, it is my hope that a thorough analysis of two of the most
notorious and pervasive F2P mechanics will provide a compelling argument in favor of

my chosen topic.

6.1 Variable Rate Reinforcement, Gacha, and the Loot

Box Controversy

Among all of the engagement and monetization techniques I've discussed, loot
boxes are arguably the most controversial in-game mechanic [126], and thus warrant a

closer look.
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In the following section, I delve into the history of loot boxes; the psychological
underpinnings that made them such an effective engagement and monetization mechanic
in digital games; and the ensuing controversy around their use. Next, for a more well-
rounded understanding on the subject, I look into loot boxes from the perspective of
game makers and players. Finally, I share my ideas on potential uses of this mechanic

to encourage learning through digital games.
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Figure 6.1: Gachapon: modern day toy capsule vending machines outside a game arcade
in the Namba entertainment district of Osaka, Japan. Some are featuring a set of Harry

Potter-themed necklaces [46].

The UK Parliament defines Loot Boxes as “items in video games that may be
bought for real-world money, but which provide players with a randomised reward of
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uncertain value” [201]. The suspected first instance of loot boxes in a game was the
2003 South Korean MMORPG, MapleStory [126]. In the game, the players could spend
real money to purchase an item called “gachapon ticket,” which could be exchanged for
a random in-game item. Gachapon (or gashapon) are a type of a mystery toy capsule
vending machine that originated in Japan in 1965 [72] (Fig. 6.1). With time, the concept
expanded to include any sort of blind or mystery box toys and items, called gacha. When
the concept migrated into the world of digital games, it became known as the gacha
mechanic. Henceforth, gacha and loot boxes will be used interchangeably. The defining
feature of gacha is that they always come in a thematically connected set, be it a brood
of cute kittens or a roster of characters from a popular anime or film. Collecting each
item in a set, or trying to get a specific toy can be an exciting, frustrating and expensive
experience, since the customer pays for the box without knowing its contents, and often
some items are more rare than others. With bated breath, the customer opens a box,
tears open a blister pack, or glimpses the clear capsule dispensed from a gachapon,
and then comes either elation or disappointment. This brings us to the variable rate
reinforcement (VRR).

Variable rate reinforcement or variable rate reward is a concept applicable to
elicitation of behavioral changes, such as, for instance, training a dog to sit on command
[62]. If one gives a dog a treat every time she sits on command, they are rewarding the
desired behavior and the dog learns the “sitting on command equals reward” concept.
If they stop giving treats, the dog will quickly stop obeying the command, since the

incentive is gone. However, if the dog is rewarded only once in a while, the model
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in her mind is “sitting on command sometimes leads to a treat,” and she is likely to
continue to obey the command, hoping that the next time is the charm. The concept
was first explored by Fester and Skinner in 1957, who evaluated VRR schedules with
pigeons and found that VRR produced stronger and more lasting responses than fixed
rate results. A subsequent productivity study with human subjects confirmed VRR’s
efficacy and added that VRR schedule in combination with a varied reward amount lead
to even better results [155]. VRR, also known as Probabilistic Reward, has been shown
to successfully effect desired behavioral changes in a variety of contexts, from inducing
better recycling habits [45] to increasing the number of purchases of a target product
[120]. In the latter case lies the crux of the loot box controversy: paying for a chance
to obtain a desirable in-game item is akin to placing a bet, and thus, loot boxes are
frequently likened to gambling [49].

Gambling is a classic example of probabilistic reward and is known to cause
addiction [147]. It is thus regulated in most countries, particularly in regards to the
minimal age of persons allowed to participate in it [2]. Loot boxes are a common feature
in games targeting younger audiences and there have been repeated calls for their legal
regulation [49] . Some countries have forbidden loot boxes altogether, while others
imposed various restrictions [78]. For example, Japan outright banned Kompu Gacha
in 2012 [37]. “Kompu” stands for “Complete” and requires players to collect a set of
common items in order to unlock the ultimate prize. It was prohibited under the false
advertisement clause, since the odds of getting the final prize weren’t disclosed and

some players (including children [167]) spent equivalents of hundreds of dollars trying
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to complete their collection without any guarantee of eventual success. In contrast, Box
Gacha, a legal alternative to Kompu, has a limited pool of items, so the player’s odds
improve with each draw [192]. Though it may not be cheap, it is ultimately possible to
buy every item in the virtual box and guarantee the final prize.

While gacha mainly got its bad rep as a morally dubious way to get money
out of players, monetization is not the only reason game makers employ this mechanic.
In a blog on ethics in the video game industry, one game maker suggests VRR and loot
boxes are only problematic if used for monetization [87], so what are the other uses?
In a talk bluntly titled “Let’s go whaling,” a mobile game company CEO claims gacha
is a lot more exciting and provides additional content, since it takes the players about
five times as long to unlock content through gacha than by collecting soft currency and
buying it outright [100]. Notice here that he talks about collecting soft currency, which
is usually obtained through in-game grinding as opposed to real money purchases, and
is thus not directly related to monetization. Others discuss the proper way to design
gacha in a way that will provide value to all players (both paying and non-paying), no
matter which random reward they get [3]. For example, one could augment gacha with
a fusion mechanic, which allows fusing less-desirable items to either get new items, or
to level up some other items. The same blog discusses seasonal and special event gacha
sets as a way to encourage players to keep returning to the game.

What do the players have to say about the positive sides of gacha? One
friendly gamer debate on loot boxes points out that loot boxes, when done right, are a

great way for game developers to cater to audiences of all income levels. For example,
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Overwatch [58] only provides cosmetic items in their loot boxes, such as character
outfits and poses. While these don’t affect the gameplay in a tangible way, players of
means are happy to invest into obtaining those unique looks, and in return, the game
makers can release significant new content, such as level maps and new characters,
free of charge, for everyone to enjoy [36]. Another gacha game enthusiast suggests
that despite all the flaws, there is a unique appeal to gacha-heavy games where the
loot box contents have a direct influence on the player’s progress (such as characters,
weapons and equipment) [88]. Namely, it is the uniqueness of every player’s experience.
As opposed to classic gacha-free RPG’s where a player can follow a 100% completion
guide and end up with the exact same equipment and character roster as any other
player following the same guide, there’s no one-size-fits-all for gacha games. As a result,
those games foster communities with extended wikis and forums where people discuss
strategies built around their unique sets of in-game assets (e.g. the fan-made wiki for
Final Fantasy Brave Exvius, a gacha-heavy game, has accumulated over 36,000 pages
since the game’s launch in 2015 [1]). The blogger also mentions that those who can’t
afford to pay cash for gacha can get there by grinding, and that as long as the grinding
core loop is enjoyable and further spiced up with things like special quests, the prospect
doesn’t have to be daunting.

With all these points considered, what are the potential applications of VRR
and gacha in an educational game? Since monetization is outside of the scope of this
work, I'm focusing on loot boxes obtainable through grinding. Once again, I'm using a

hypothetical hanzi learning game as an example below.
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Encouraging target behavior: Anyone who’s ever tried to learn a new language
knows that there’s no getting around frequent reviewing and practice when conquering
new vocabulary [178]. Thus, getting students to review is a target behavior. If our
LWS learning game’s grinding core loop involves reinforcement of previously learned
material, the VRR will be tied to that target behavior.

Pacing student progress: If a student tries to cram too much material at once,
it is likely that a lot of it won’t stick. Research on distributed learning suggests that
breaking the material into spaced out study sessions is more beneficial for learning [180)].
With that, gacha’s ability to pace the player’s progression is a good fit to prevent the
student from overwhelming themselves.

Gacha contents: For gacha to have a positive effect on engagement, the poten-
tial prizes need to be desirable. In an educational game without orthogonal mechanics,
these prizes also need to contribute to the student’s progress in mastering the language.
One potential set of such contents can consist of supplementary vocabulary words or
parts of such words that can be later assembled. Event and seasonal gachas can offer
unique sets of words, such as names of folklore characters or various festival-related
words. Word level up tokens can grant sample sentences for the upgraded word. The
game’s other features and themes can suggest other relevant loot options, for example,
if the game has a social element, avatar customization options could be added to the
pool.

In conclusion, after reviewing the history and the controversial nature of RVV

mechanics, such as loot boxes, I maintain that there is more to gacha than exploiting
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players for money. To my knowledge, there are no educational games employing gacha
to enhance learning outcomes. However, gacha’s capacity to generate excitement, en-
courage target behavior, and promote retention, among other things, could conceivably

be utilized in an educational game and thus warrant further investigation.

6.2 Zeigarnik (a.k.a. the Unfinished Business) effect
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Figure 6.2: Screenshot of a typical quest list in World of Warcraft.

Unlike with Gacha, there are no current attempts to legislate the use of Zeigar-

nik effect in video games, though it’s been named among the candidates for such legis-
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lature due to the power it can hold over players [142]. Despite its wide use in modern
mobile and online games, it receives a lot less media coverage, and the general public
appears a lot less aware of it and it’s potentially exploitative nature. Even when it is
talked about, it often isn’t mentioned by name [175], so let’s take a look into the origins
of the term.

Zeigarnik effect was first observed by a Russian psychologist of the same name.
She noticed that the waiters remembered the order contents and customers only until
the order was complete and the guests were out the door [42]. In a subsequent series of
experiments, the participants were given around 25 tasks. They were allowed to finish
some tasks, while for others they were interrupted. At the end of the experiment, the
subjects were asked to recall as many tasks as possible. On average, the participants
were twice as likely to recall the interrupted tasks. The ratio grew the closer a particular
task was to completion when interrupted. Zeigarnik hypothesised that the unfinished
task created a “psychic” tension in a person’s mind, which served as an impetus to
complete the task. Not only were participants more likely to remember unfinished tasks,
some were even compelled to return and finish the tasks, unbidden [158], as completing
the task can provide closure and release of the tension.

Ending a book chapter on a cliff-hanger and advertising a news segment with
a question can be considered examples of employing Zeigarnik effect to capture an
audience.

In digital games, it is often implemented either through a plethora of count-

down timers of various lengths, like in the Cat Game, or through lengthy quest logs,
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like in TWD: Our World [197].

Through an experimental non-educational game, Alexandrovsky et al. showed
that the mechanic of waiting (e.g. for resources to gather, or for a basket to arrive in the
Cat Game) promoted snacking ! behavior in players, which is linked with establishing
long-lasting behaviour change, and is ideal for getting the students into the habit of
reviewing the material on a regular basis [4]. Murphy et al. suggest that Zeigarnik
effect is well suited for motivating players in training games to improve their skills
through lists of skill-focused quests/tasks [146].

As with gacha, the main objection players have with the waiting mechanic is in
the way it’s been used for monetization [156]. One infamous case is the 2014 EA game
Dungeon Keeper, which made players wait up to 24 hours to excavate a single tile, all the
while taunting the player to speed up construction with real world money [199]. Most
F2P games allow for watching ads, waiting, or grinding as a way to progress without
spending money. If monetization isn’t an objective, a variety of supplementary skill-
focused activities can make the grinding and/or waiting a more agreeable experience
for the players.

(add section about application to educational game: pacing, both snacking
and extended play)

A note of caution: research showed that one way to diminish Zeigarnik effect
is by promising a reward, whether or not the task was completed [136]. In that study,

the participants who received a reward were less likely to return to attempt to finish the

' A pattern of brief periodic interactions [149]
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task than those who were given no reward (58% vs. 86%, p<0.05). This is something

to keep in mind when incorporating Zeigarnik effect into a game.

6.3 Ethics

F2P games are rife with exploitative elements, like gacha, Zeigarnik effect,
peer pressure, FOMO, etc., trapping players in the game and targeting their time and
money. Possibly due to their infamy, many of these elements have not been widely used
in serious games. I suggest that these techniques could be used in educational games
to promote extended play and learning. Chou [25] warned that black hat motivation
devices can leave a player with a bad taste. However, I suggest the bitterness comes
from the realization of the time and money wasted with little to show for it. In a
quality educational game, time spent in-game should correlate with knowledge gained,
thus counterbalancing the stereotypical harmful effects the addictive game mechanics
may cause [73]. While commercial developers seem to have no such reservation, I advise
caution against using black hat motivation in serious games targeting children in light
of their cognitive and developmental immaturity [57]. However, this still leaves the door

open for white-hat gamified learning opportunities like Radical Tunes and Zen Hanzi.
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Chapter 7

Conclusion

Acquisition of LWS languages such as Chinese and Japanese is a relevant sub-
ject in the modern world. Learning and retaining the thousands of characters needed
for functional literacy in these languages is an ongoing struggle for foreigners and native
speakers alike. In this dissertation I addressed some of the ways to ease this burden
through development of LWS learning games. Since learning hanzi and kanji is an on-
going months or even years-long quest, I also presented my ideas for using black hat
engagement and retention techniques that are widely used in commercial games, but
have been largely overlooked by the serious game community. It is my hope that the
ideas presented in this dissertation can be of use to the educational game research and

development community in general and LWS learning games in particular.
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7.1 Revisiting the Research Questions

At the beginning of this dissertation I outlined four research questions. In this

section I revisit them, along with ways I addressed them in my work.

e RQ1 Task Definition: Identifying the disconnect between current research on
effective LWS learning approaches, educational game design, and the commercially
available LWS learning technologies. My literature review on LWS learning, and
media research of popular commercially available games and apps showed that
some of the major disconnections included lack of component-focused learning
apps and games, while LWS educational research confirms again and again that
component awareness is instrumental in developing solid reading and writing skills.
Another area has to do with endogenous material integration, which research

shows is more effective, but the current learning games tend to overlook.

e RQ2 Operationalization: Creating LWS learning apps employing the missing el-
ements identified in RQ1. I designed, developed, and evaluated prototypes of two
LWS learning games with endogenous learning content integration, component-
focused mechanics and melody-based mnemonics. My findings conformed to the
current consensus of the efficacy of component-focused approach to learning hanzi.
Radical Tunes, the musical kanji-drawing game also demonstrated the promising
potential of melody as a mnemonic device in stroke knowledge acquisition, espe-

cially for characters with higher stroke number count.

e RQ3 Scalability: There are thousands of characters in LWS with complex subsys-
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tems of structure and components within those characters. How can the authoring
burden be minimized to allow for inclusion of more characters in LWS learning

software?

Open source svg databases of Chinese and Japanese characters can be scraped
for information such as stroke order, number and direction. This information
can be used to auto-generate unique melodies or other accompanying features for
each character. When it comes to focus on components to target substitution
or stroke addition/omission production errors, I designed a paired database of
hanzi and components. While one part succinctly stores the structural layout
information of the character, the other part keeps a record for each component
and its variants, along with a list of look-alike components, for easy retrieval for
component-manipulation based mechanics. The existing databases don’t make a
distinction between common component variants, or describe the character struc-
ture in terms of its smallest components, so these databases have to be created
by hand. However, once created, they can be used in many useful ways for LWS

education.

RQ4 Future work : Application of black hat motivational techniques to educa-
tional games in general and LWS in particular. I analyzed two moderately popular
mobile F2P games, identifying their engagement and retention mechanics, and dis-
cussing their application to a hypothetical LWS learning game. Focusing on two

of the more controversial game mechanics: gacha and Zeigarnik effect, I propose
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that the potential of employment of these powerful devices in educational games

warrants further investigation.

7.2 Looking to the Future

There are several areas in which my research could be expanded.

1. Comparative studies of several versions of an educational game with various en-
gagement features enabled in each, similar to Alexandrovsky’s work with non-

educational games [4].

2. Studies in the wild to assess the long-term efficacy and efficiency of the two mini-

game mechanics I described via longitudinal studies.

3. Completion of the hanzi and component databases, along with manuals for sug-

gested use.
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