Master’s thesis

NTNU

Norwegian University of Science and Technology

Faculty of Information Technology and Electrical Engineering

Department of Computer Science

Kristine Larssen
Andreas Amundsen

The Effect of Game Design Elements
on Engagement as a Multi-
Dimensional Construct in a Serious
Game Context

Master's thesis in Natural Science with Teacher Education &
Master’s thesis in Informatics

Supervisor: Boban Vesin

Co-supervisor: Michail Giannakos

June 2023

@ NTNU

Norwegian University of
Science and Technology






Kristine Larssen
Andreas Amundsen

The Effect of Game Design Elements on
Engagement as a Multi-Dimensional
Construct in a Serious Game Context

Master's thesis in Natural Science with Teacher Education & Master’s
thesis in Informatics

Supervisor: Boban Vesin

Co-supervisor: Michail Giannakos

June 2023

Norwegian University of Science and Technology
Faculty of Information Technology and Electrical Engineering
Department of Computer Science

@ NTNU

Norwegian University of
Science and Technology






Abstract

This research paper examines the effects of game design elements on engagement
as a multi-dimensional construct in a serious game for vocabulary learning and
retention. This relationship is investigated using self-report measures and log data.
We investigate how the introduction of game design elements affects the different
dimensions of engagement, namely behavioral, affective, motivational, and cognitive
engagement. Furthermore, we look at what elements contribute the most and the
least to engagement as a multi-dimensional construct. Lastly, we explore if the
benefits of game design elements are limited or enhanced by external factors, such
as age, gender, and game experience. To conduct the analysis, we developed a
serious game called LetterLink, which includes several game design elements,
including an achievement system, leaderboard, streaks, experience points and
levels, and different feedback components (pop-up modals, sounds, animations, and
statistics). In this research project, we contribute to the term engagement as a
multi-dimensional construct and how various game design elements affect
engagement. Furthermore, we contribute to the understanding of measuring
engagement using multiple methods: log data and self-report measures. Lastly, we
propose a serious game with several game design elements, which can be used to

learn new words and train to spell in Norwegian.

Our findings suggest that game design elements significantly affect various
dimensions of engagement, with different elements contributing to different aspects.
For example, levels influenced cognitive engagement, while sound influenced
affective engagement. Surprisingly, profile statistics, leaderboards, and confetti
animation did not predict cognitive, motivational, or affective engagement. The
introduction of game design elements increased overall engagement, including
heightened positive affect, increased game participation, and a greater sense of
challenge. Gender differences were not observed in the study. However, gaming
frequency had an impact on affective and behavioral engagement. Age was found to

influence behavioral engagement.






Sammendrag

Denne forskningsartikkelen undersgker effekten av spilldesign-elementer pa
engasjement som en flerdimensjonal konstruksjon i et serigst spill for lsering og
bevaring av ordforrdad. Denne sammenhengen undersgkes ved hjelp av
selvrapportering og loggdata. Vi undersgker hvordan introduksjonen av
spilldesign-elementer pavirker de ulike dimensjonene av engasjement, nemlig
atferdsmessig, affektivi, motiverende og kognitivt engasjement. Videre ser vi pa
hvilke elementer som bidrar mest og minst til engasjement som en flerdimensjonal
konstruksjon. Til slutt undersgker vi om fordelene med spilldesign-elementer er
begrenset eller forsterket av eksterne faktorer, som alder, kjgnn og spillopplevelse.
For a gjennomfgre analysen utviklet vi et serigst spill kalt LetterLink, som inkluderer
flere spilldesign-elementer, inkludert et prestasjonssystem, leaderboard, streker,
erfaringspoeng og nivaer, og forskjellige tilbakemeldingskomponenter (pop-up
modaler, lyder, animasjoner og statistikk). | dette forskningsprosjektet bidrar vi til
begrepet engasjement som en flerdimensjonal konstruksjon og hvordan ulike
spilldesign-elementer pavirker engasjement. Videre bidrar vi til forstaelsen av a male
engasjement ved hjelp av flere metoder: loggdata og selvrapportering. Til slutt
foreslar vi et serigst spill med flere spilldesign-elementer, som kan brukes til a leere

nye ord og trene pa a stave pa norsk.

Vare funn tyder pa at spilldesign-elementer i betydelig grad pavirker ulike
dimensjoner av engasjement, hvor forskjellige elementer pavirker ulike dimensjoner.
For eksempel pavirket spilldesign-elementet nivaer kognitivt engasjement, mens lyd
pavirket affektivt engasjement. Overraskende nok feilet profilstatistikk, poengtaviler
og konfettianimasjon a predikere kognitivt, motiverende, affektiv engasjement.
Innfgringen av spilldesign-elementer okte det generelle engasjementet, inkludert
gkte positive fglelser, gkt spilldeltakelse og en okt fglelse at spillet var utfordrende.
Kjonnsforskjeller ble ikke observert i studien. Spillernes erfaring med spill generelt
hadde imidlertid en innvirkning pa affektiv og atferdsmessig engasjement. Alder

pavirket spillernes atferdsmessig engasjement.
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1 Introduction

1.1 Motivation

By studying game design elements and gamification, one can understand how it
affects behavior, such as engagement, productivity, and motivation [1]. The insights
can be used to contribute to students' motivation and retention in an education
context [2, 3, 4], encourage users to be physically active in a health context [5], and

contribute to employee productivity in a workplace context [6].

Developers can use the knowledge to design or optimize user experiences [7].
Furthermore, they can more easily retain players and facilitate monetization by

implementing game design elements that keep players engaged.

By studying the effects of game design elements and gamification, one can gain
insights into potential adverse effects, such as not every player being fully engaged,
compromised performance, problems with attitude [8], and potentially fostering a

stressful environment [9].

As gamification becomes more prevalent in various industries, research into its
impacts can help us further understand how it works, when it is the most effective,

and who it is most effective for.



1.2 Background and Problem Statement

The COVID-19 pandemic has expedited the shift to online and hybrid learning,
inspiring the development of creative strategies for teachers and students to plan
their teaching and learning activities and engage in more flexible and individualized
online interactions [10]. This has led to an increased interest in gamification and
serious games [11], as the inclusion of game design elements (i.e., points, rewards,
and levels) can enrich the learning process and motivate students [10]. Game design
elements, such as leaderboards, play an essential role in promoting user
engagement [12, 13, 14, 15] by contributing to feelings of competitiveness [16] and
allowing users to compare themselves to each other [17]. User engagement in
games is one of the most critical constructs because it captures the user’s
persistence with the activity, curiosity and interest, cognitive strategies, and positive
emotions. Knowing the aspects that influence user engagement is critical to ensuring

the efficacy of serious games [11].

In a systematic review of measuring engagement in serious games, Hookham &
Nesbitt [18] states that when evaluating engagement, it is clear that a vast range of
subjective and objective methodologies have been used. Concerning subjective
methodologies, thirty-six questionnaires have been used (i.e., the User Engagement
Scale, the Game Flow Questionnaire, the Player Experience of Needs Scale, and
the Game Experience Questionnaire). In terms of objective methodologies, ten
papers used psychological measures such as measuring electronic pulses from
muscle activation, electrical activity in the brain, heart rate changes, and the physical
movement of eyes, posture, or limbs. Two papers used only physiological measures,
while one used physiological measures in addition to observations in a controlled
environment, both indirect and direct. Thirty-seven studies used only questionnaires,
while fifty-one used a mix of methodologies. Only twenty-six studies used indirect
observations by looking at game metrics. In addition, only 26 out of 107 articles

formally defined the term engagement.

This lack of consistency in defining and measuring the construct engagement

propagates wide misuse of the term, which leads to questioning the accuracy of the



findings drawn about engagement, as well as the testability of the research
questions, which in general lack specificity in defining what engagement is and how

it can be measured (i.e., methodological issues).

According to Bernardes et al. [19], further research on strategies and best practices
regarding gamification is necessary to utilize it effectively. This is supported by Suh
et al. [20], who state that few papers have theorized and empirically assessed how
and why game design elements affect engagement, despite the recent increased
attention to gamification. Suh et al. [21] further conclude in another paper that a lack
of a theoretical framework makes it unclear how gamification affects engagement. In
conclusion, there is a lack of understanding of how gamification can be used

effectively and how and why game design elements affect engagement.

To summarize, there is a lack of consistency in defining and measuring the construct
engagement, and various methods have been used to measure engagement.
Furthermore, there is a lack of knowledge on how to utilize gamification effectively

and how and why game design elements affect engagement.

To tackle these issues, engagement will, in this thesis, be defined and measured as
a multidimensional construct to ensure that all aspects of engagement (i.e., affective,
cognitive, behavioral, and motivational) are covered. In addition, by asking
participants how motivated they are by the different elements, we try to determine
which elements are the most effective for engaging the player. Moreover, we want to
explore which game design elements contribute most to users’ engagement in
serious games so that we can propose design guidelines for what and how to utilize

game design elements when developing serious games effectively.



1.3 Goal and Research Questions

1.3.1 Goal

The primary purpose of this study was to generate knowledge of how game design
elements added to a serious game can affect the engagement of players, viewed as
a multidimensional construct. By identifying the most effective game design
elements, developers can design applications that are effective in learning, training,

and spelling new words in language learning.

A sub-goal was to develop a serious game with game design elements to investigate
if participants can become more engaged when learning new words in a new
language by introducing game design elements. A front-end web application written
in NextJS, using Firebase Firestore and Firebase Cloud functions, was developed to

accomplish this. Technical details are introduced in Section 4.3.

1.3.2 Positioning Our Game as a Serious Game

Stege et al. [22] refers to the term “edutainment”, meaning games that can educate
players in addition to entertainment. The authors call such games serious games.
Contrary to educational games, serious games are more like traditional video games
in terms of the look and feel of the gameplay. Ferdig & Winn [23] states that serious
games are similar to entertainment games but are intended to serve a goal other
than pure entertainment. Zhonggen [24, p. 1] defines serious games as: “Different
from entertaining games, serious games are designed for an educational rather than

an entertaining purpose.”.

Serious games have been used in different contexts, such as education,
rehabilitation, environmental awareness, or physical exercise [25, 26, 27, 28], and
can be utilized as an educational tool, replacing traditional methods [29]. Several
papers have looked at the relationship between vocabulary learning and retention

and serious games:



Khowaja & Salim [30] devised a framework to design serious games which
aim to increase vocabulary among children with autism spectrum disorder
(ASD).

Dincer & Dinger [31] looked at the effect of a serious game called X-Plane 11,
a flight simulator, on aviation vocabulary.

Kara [32] investigated the effect between a serious game and vocabulary
acquisition from primary school English regarding foreign language students.
Results showed that the serious game had a notable effect on vocabulary
acquisition compared to traditional instruction.

Roslin & Hosseinpour Emam [33] looked at the effect between a serious
game and vocabulary learning and retention among English foreign language
learners. Compared to the control group, the experimental group participant’s
vocabulary learning and retention significantly increased with the usage of the

serious game.

Considering the research in serious games and the elements a serious game

requires to be called a serious game, we position our game LetterLink as a serious

game. LetterLink offers more than pure entertainment - it offers the opportunity to

learn new words and train in spelling in the Norwegian language with another peer.

For example, the game can be customized only to allow nouns from the Norwegian

Bokmal or verbs from Norwegian Nynorsk. As such, it can be used as an additional

tool to traditional classroom language learning. In that regard, we position LetterLink

as a serious game because it is designed and developed to serve goals other than

pure entertainment, such as

1.

LetterLink is a game that can help users, e.g., immigrants in Norway, to
increase their vocabulary of Norwegian words (e.g., nouns, verbs, adjectives)

by playing and learning new words with another peer.

2. LetterLink can help users to train spelling in Norwegian by playing the game.

3. LetterLink can make learning new vocabulary more engaging and motivating

compared to traditional methods such as classroom lectures; thus, it can be
used by language teachers as an additional tool to learn and train outside the

classroom time.



1.3.3 Research questions

Building on the state-of-the-art research at the intersection between engagement
and inclusion of game design elements in serious games, our thesis addressed the

following research questions:

RQ1: How does the introduction of game design elements in a serious game context

affect the behavioral, affective, motivational and cognitive engagement of players?

RQ2: What specific game design elements in a serious game context contribute the

most and the least to engagement as a multidimensional construct?

RQ3: Are the potential benefits of game design elements in a serious game context
limited to or enhanced in participants depending on external factors such as age,

gender, and experience with playing games?

Many factors come into play when determining what makes a game engaging [34,
35]. Addressing the first research question will contribute to the knowledge regarding
the connection between game design elements and engagement. In addition, with
the second research question, we will investigate what game design elements affect
various dimensions of engagement, such as behavioral, affective, cognitive, and
motivational, that in the future might support other researchers to coin the construct
engagement as a multidimensional construct that captures individual, interpersonal,
and contextual factors related to human learning [36]. Finally, with the third research
question, we will investigate if external factors, such as gender, age, and experience
with playing serious games, can in some way affect the engagement of the players
with LetterLink. Previous research (as shown in Section 2.3) shows that age and
gender do not have any influence on player engagement, similar to what
Csikszentmihalyi [37] has demonstrated with the Flow theory, i.e., enjoyment is the
same regardless of age, social class, or gender; however, players’ experience was

found that can affect and predict the player's emotional reactions [38].



1.4 Research Approach

In Table 1.1, we present the different phases of working with this thesis. The
research was conducted using a design-based research approach, which is further

explained in Section 5.1.

Table 1.1: The different phases of working with this thesis

Phase Description

Literature review To determine what has already been studied, what is
missing from the research, and lastly, to assist in
defining the problem description and research question
for the thesis, a review of the literature in the fields of
gamification and engagement was undertaken. See
Chapter 2 for more details.

Designing the game A design for the game created for this thesis was
conceptualized using theories from the literature review,
inspiration from similar work, and existing solutions. See
Section 4.2 for more details.

Research design Plan of how the experimental study should be done,
what data we need, and how it could be analyzed.

System development  Development of the game. See Section 4.3 for more
details.

Experimental study The game developed for this thesis was used in the
experimental study. The participants played the two
versions of the game over two different weeks - with and
without game design elements. See Chapter 5 for more
details.

Data analysis Analyzing the data gathered during the experimental
study. See Section 5.6 for more details and Chapter 6
for the results.




1.5 Contribution

Novelty

As a serious game, LetterLink includes a streak feature and strongly focuses on
performance and usability, unlike many other serious games considered in this thesis
(Chapter 3). Furthermore, various game design elements are included to assess
which contributes the most to engagement. Lastly, one can only play against other
peers and not a computer. For further explanations, see Section 3.6. Engagement is
conceptualized as a multi-dimensional concept, including affective, behavioral,

cognitive, and motivational engagement. For further explanations, see Section 2.4.1.

Conceptual

By looking at engagement from a multi-construct point of view, we aim to contribute
to the research community in their future endeavors to coin the construct

engagement, thus, adding to the conceptual definitions of the term engagement [39].

Empirical

By examining how the introduction of game design elements can increase or
decrease the engagement of players, we aim to examine the effect various game
design elements have on engagement. Furthermore, by employing the measurement
of engagement as a multidimensional construct (i.e., the level at which engagement
is conceptualized, observed, and measured), we aim to better understand user
engagement, compared to only measuring engagement as a one-dimensional

construct.

Operational

To design, implement and develop a serious game with game design elements that
will increase engagement among users, compared to having a serious game without
game design elements or a serious game with a poor design that lacks game design

elements which research has shown leads to decreased engagement.



1.6 Thesis Outline

Table 1.2 presents the structure and different chapters of the thesis.

Table 1.2: Outline of the thesis structure

Chapter Description

2 Background Introduces the theoretical grounding and
theoretical frameworks. Here the literature is
reviewed and terminology defined.

3 Related games Discusses related games, advantages and
disadvantages of those, and takeaways for the
serious game LetterLink.

4 Concept - LetterLink Introduces the serious game LetterLink, design
decisions, game design elements implemented,
and the technological implementation.

5 Methodology Describes the research strategy, context,
instruments, procedure, and analysis conducted.
Presents a mapping of each measurement to each
dimension of engagement.

6 Results Present the result and findings from the analyses
conducted in the study.

7 Discussion Discusses the results.




2 Background

This chapter includes the literature review on the current state of the art in serious
games and engagement, the definition of terms used, and theoretical grounding and

frameworks.

2.1 Theoretical Grounding

To scientifically investigate how game-based elements affect engagement as a
multidimensional construct and how engagement as a multidimensional construct
can be measured in serious games, we grounded this thesis into Malone’s theory of
enjoyment [34], the Flow theory [37], and Self-determination theory [40]. The
theoretical grounding and the theoretical frameworks, including the GameFlow Model
[35], Game Reward System [41], and Gamification Taxonomy [42], will assist us in
interpreting the findings from the empirical study we performed concerning the posed

research questions.

2.1.1 Malone’s Theory of Enjoyment

In 1980, Malone [34] presented a taxonomy of intrinsic motivation of what makes a
computer game fun and rewarding for its own sake rather than for some external
reward. Intrinsic motivation is when performing an activity is motivating by itself,
contrary to extrinsic motivation, where the activity is being done because of an
external outcome, for example, money [43]. The taxonomy is emphasized for
educational games, but he states that the focus is on what makes them fun rather
than educational. Therefore, Malone's enjoyment theory can be suitable for different
games, including serious games. The three essential characteristics that make
computer games fun are challenge, fantasy, and curiosity. We further elaborate on
the challenge and curiosity characteristics, which are relevant to answering the

research questions posed in this thesis.

10



Challenge

Challenge is essential in creating enjoyable games. Creating a challenging game
must provide an appropriate goal and uncertain outcomes and enhance the
player's self-esteem. A game should have an appropriate goal to be challenging.
Even games with rich and responsive environments may be unpleasant without
appropriate goals. For simple games, the goal should be obvious. For complex
games, the user should be able to generate goals of appropriate difficulty. The
players must get feedback on whether they are getting closer to the goal. Practical

or fantasy goals are preferable to simply goals of using a skill.

Games are typically dull if the player is sure to win or lose. To introduce uncertain
outcomes, the game can hide information and selectively reveal it. This seems to
trigger curiosity and enrich the challenge of the game. Introducing randomness is a
final approach to making an uncertain outcome. Challenges and goals are capable of
influencing the player's self-esteem. Success in any challenging activity can make
people feel better about themselves. Conversely, failure can lower self-esteem and
decrease the player's desire to play the game again. To maintain the player's
self-esteem, the game should find a balance between the player's skill and difficulty
level. Performance feedback, which tells players if they are moving closer to a
given goal, should be presented in a way that does not damage the player's

self-esteem.

Curiosity

Malone [34, p. 165] defines curiosity as the following: “Curiosity is the motivation to
learn, independent of any goal-seeking or fantasy-fulfilment.” He further divides

curiosity into two parts, namely sensory and cognitive.

Malone states that sensory curiosity involves how variations or patterns in light,
sound, or other sensory stimulations affect the attention-attracting value of an
environment. He mentions four ways sensory curiosity can contribute to interest and
motivation for a game. It can be used either as decoration, to enhance fantasy, as a

reward system, or as a representation system.

11



Malone [34, p. 166] defines cognitive curiosity as the following: “Cognitive curiosity
can be thought of as a desire to bring better form’ to one's knowledge structures”. By
only supplying the players with partial knowledge rather than telling the whole story,
they will become motivated to learn more. Feedback should have a surprising effect
to engage the player's cognitive curiosity. This can either be accomplished through
randomness or have the consistency of the environment being revealed through

surprising things.

2.1.2 Flow Theory

The most crucial goal for computer games is player enjoyment [35]. In 1990,
Csikszentmihalyi [37] researched what makes experiences enjoyable. He introduced
the flow theory in the 70s, researching what people enjoyed, and did activities for
pleasure, even without being awarded money or fame. Through his experiments,
Csikszentmihalyi discovered that the optimal experience (flow) is the same in the
world - different activities are described similarly when enjoyed. That enjoyment is

the same regardless of age, social class, or gender.

According to Csikszentmihalyi, flow happens during work (e.g., performing music,
dance, or writing) rather than free time because it relates to learning skills [37]. The
activity must be difficult and involve risk to achieve the flow state, as the person
needs to stretch their capacity and feel challenged. Flow [35, p. 3] is described as
“an experience so gratifying that people are willing to do it for its own sake, with little
concern for what they will get out of it, even when it is difficult or dangerous.”. To
experience flow, the person's skills must match the challenge associated with the
task (see Figure 2.1). If the task is too easy or too difficult, the person will feel bored

or anxious respectively.

12
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Figure 2.1: The Flow Model.
Source: Primary.

2.1.3 Self-determination Theory (SDT)

Self-determination theory (SDT) has previously been used to explain reasons why
people play games [44]. SDT states that autonomy, competence, and relatedness
are the three basic psychological needs influencing human behavior [40, 44, 45].
These concepts are central to understanding how behavior is initiated and controlled.
Autonomy refers to feeling liberated from constraints and acting in line with one's
sense of self. On the other hand, competence is the desire to be challenged and
interact efficiently with the surroundings. Lastly, relatedness refers to the desire to
have a sense of community and to be connected to other individuals and collectives.
A study by Ryan et al. [46] indicated that satisfaction with all three basic needs
predicted persistent play, while frustration with the exact needs predicted a lack of

persistence in play.

13



SDT distinguishes four types of motivation that underlie human behavior [45]:

e Intrinsic Motivation refers to the free, conscious selection of activities for
their own sake, that is, for the inherent enjoyment and satisfaction they
provide.

o Identified Regulation is seen when activity is perceived as self-determined
but still subject to external motivation since it is carried out to further an
objective rather than for its own sake.

e External Regulation involves behaviors driven by external rewards or to
avoid punishments.

e Amotivation is a lack of motivation, drive or aim, which results in a lack of

self-control.

2.2 Theoretical frameworks

2.2.1 GameFlow model

Based on Csikszentmihalyi’'s research [37], several frameworks for describing flow
have been developed. One of these frameworks is the GameFlow model developed
by Sweetser and Wyeth [35]. This model comprises eight core elements -
concentration, challenge, skills, control, clear goals, feedback, immersion, and
social interactions. Each element consists of several criteria related to
Csikszentmihalyi’'s concept of flow [37] and is conformed to make sense in a game

context.

The aim of each element in the GameFlow model is:

e Concentration - Games should require concentration, and the player should
be able to concentrate on the game.

e Challenge - Games should be sufficiently challenging and match the player’s
skill level.

e Player Skills - Games must support the player's skill development and

mastery.
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e Control - Players should feel a sense of control over their actions in the
game.

e Clear Goals - Games should give players goals at appropriate times.

e Feedback - Players must receive appropriate feedback at appropriate times.

e Immersion - Players should experience deep but effortless involvement in the
game.

e Social Interaction - Games should support and create opportunities for social

interaction.

A complete list of GameFlow criteria can be found in Appendix H.

2.2.2 Game Reward System

Rewards are important in games as it positively influences the player's interest and
enjoyment [47]. A game should include various reward types, as the different

rewards impact the player experience differently [47].

Wang and Sun [41] propose eight forms of rewards. Rewards intend to give the

player positive experiences during gameplay and provide social meaning.

1. Score systems serve as tools for players to assess themselves and be compared

to other players.

2. In an experience point reward system, one can typically gain experience points

during gameplay, which can be used to level up skills and abilities.

3. Item granting systems typically consist of glory or facility rewards, catering to the
sensory curiosity of the player, which players and avatars can use. ltems boost
players' desire to explore the game world and maintain player interest in low-intensity

moments. Items have a collecting and social comparison value.
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4. Resources are valuables that may be acquired and utilized to influence gameplay
and are primarily for practical game use or sharing. Examples include life counts or

virtual wood and stone.

5. Achievement systems involve rewards bound to players/avatars and can be
obtained upon completion of stated goals. Achievement systems motivate players to
play in more challenging ways, explore the game world, or complete side quests.

Badges are examples of such rewards.

6. Feedback messages provide instant rewards, like responses to successful
actions. Images, music, and video snippets are frequently used as feedback

mechanisms.

7. Plot animations and pictures to reward the player after important events.

Examples include defeating a boss or completing a mission.

8. Unlocking mechanism is a form of reward where the player can access
previously locked game content, such as new levels or abilities, once certain

conditions are met.

2.2.3 Gamification Taxonomy

Toda et al. [42] propose a gamification taxonomy of five dimensions (Figure 2.2). The
five dimensions are performance, ecological, fictional, personal, and social. The
taxonomy can be used to design and evaluate gamification implementations.
Furthermore, considering a lack of naming conventions in gamification research,
where badges and trophies are the same concepts [48, 49, 50], using a framework

complete with definitions is advantageous.

All five elements from the performance dimension and one element from the social
dimension are considered relevant to this research project. Due to time and
complexity constraints, the remaining elements from the social dimension and all

from the fictional, ecological, and personal dimensions have not been included.
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Examples of elements not included are narrative elements from the fictional

dimension, cooperation from the social dimension, and economy from the ecological
dimension.

GAMIFICATION

TAXONOMY

Figure 2.2: Gamification Taxonomy Overview.
Source: [42]

The performance dimension relates to how the environment and feedback are given
to the player. This dimension has five elements:

1. Acknowledgment involves badges, medals, trophies, and achievements. It
acts as extrinsic feedback and aims to reward players after a set number of
actions is completed, for instance, a player winning three games.

2. Level, skill level, or character level is an extrinsic hierarchical layer. A

player can progress through levels by, for instance, completing achievements.
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3. Progression, often shown through progress bars, aims to give extrinsic
guidance on where a player is in an environment or completion towards a
goal.

4. Points, scores, or experience points aim to give extrinsic feedback after
player actions.

5. Stats, also known as information or graphs, provide visual information about

the environment, such as how many tasks a user has completed.

The level element becomes especially relevant when connected to the progression
element [51]. According to the authors, progression is a particularly relevant element.
Furthermore, players might feel frustrated or anxious if this element is absent [52].
Dignan further concludes that the lack of statistical elements and information about

the environment makes players feel disoriented [52].

The social dimension relates to the interaction between players. The lack of this
dimension leads to players feeling isolated because they cannot interact with each
other. The social dimension consists of four elements; however, only one (i.e.,
competition) is considered relevant for the application of this research project. The
game does not include any form of cooperation or titles as a social status to create a
hierarchy, so the elements of cooperation and reputation, respectively, are not
considered. Furthermore, the game has no form of social pressure to pressure the

user, so this element from the social dimension is not included either.

The competition element involves leaderboards, scoreboards, or player vs.
player overviews. The competition is often tied to a challenge, for instance, obtaining

the most points by the end of the month, where players compete against each other.

The competition element can foster a healthy environment of players competing but
can also demoralize players who feel they are not performing as expected [42].
When designing the competition element, it is vital not to connect it to any
content-based activity, such as a specific skill, or group players together, which might

lead to an isolation effect [53, 54].
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2.3 Literature Review

Some of the following paragraphs are based on the preliminary report [55].

The main subjects in this project were engagement, game design elements, and
gamification. These terms were used in conjunction to gather literature. As new
knowledge was obtained, more specific search terms like intrinsic motivation, flow,
and positive affect were used. These specific strings were combined with the broad
subjects. To find relevant papers, we looked at papers submitted to the following
conferences: ACM CHI Conference on Human Factors in Computing Systems (CHI),
Frontiers in Computer Science, Behaviour & Information Technology, and
International Conference on Human-Computer Interaction (HCI). In addition to this,
Google Scholar was used to conduct the literature review. We also used the
snowball search technique, where reference lists (backward snowballing) and
citations (forward snowballing) are used to identify new papers and evaluate their
relevance [56]. Snowballing was chosen as a search approach for the literature

review because it is efficient and reliable [56, 57].

A study by Suh et al. [20] divides user engagement into the sub-dimensions of vigor,
dedication, and absorption. Vigor represents physical engagement and describes
how much effort users are willing to put into completing a task set out by a gamified
system and how persistent they are in the face of setbacks. Dedication represents
emotional engagement and indicates the users’ pride, enthusiasm, challenge, and
inspiration. Absorption represents cognitive engagement and refers to when a
person is completely immersed and fully focused on a specific activity, time passes
rapidly, and they are unable to disengage. They concluded that game design
elements (i.e., points, levels, badges/trophies, and leaderboards) lead to user
engagement by increasing needs satisfaction, which in turn increases intrinsic
motivation after controlling for age, gender, and education level. Needs satisfaction
measures essential psychological needs, including autonomy, competence, and
relatedness. The fact that game design elements increase needs satisfaction is also
supported in another paper by the same authors [21], which uses the same

engagement framework as used by [20].
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Klimmt et al. [58] looked for significant differences in enjoyment between three
different versions of a game (i.e., regular play, redacted perceived effectance, and
reduced perceived control). According to the study, the users' enjoyment of games is
reduced by decreasing the immediate feedback about players' actions. However,
lowering the players' control by increasing the game's speed did not reduce the
enjoyment felt by the players. This suggests that game enjoyment can arise from

being in control or when players struggle to gain control.

Furthermore, Chou et al. [59], using the definition of flow by Csikszentmihalyi [37],
state that players who feel powerful and in control will have an increased flow
experience. As a result, the player controls' impact on player enjoyment seems more
complex, while immediate feedback seems essential for the player's subjective game
experience. Furthermore, quickly pausing the game and continuing later could

enhance their feelings of flow.

Additionally, the presence and absence of sound and music are found to have an
impact on subjective experience, demonstrated by Nacke et al. [15] using the Game
Experience Questionnaire (GEQ). When sound was present, positive and natural
GEQ dimensions (Flow, Positive Affect, Competence, Immersion, Challenge)
received higher subjective ratings, whereas negative GEQ dimensions (Negative
Affect, Tension) received lower ratings. Similarly, Levy et al. [60] found that music
increased the players' flow experience, stating that music sharpened their focus on
the game and made them lose track of time. Thus, the game sound was essential for

an enjoyable gaming experience.

Another study [61] found that playing against humans in the online game
Neverwinter Nights evokes increased flow experience, presence, and enjoyment
compared to playing against a computer/Al. Thus, a player's game experience
seems to be influenced by the type of opponent, where human opponents are
favorable. No significant differences were found when controlled for age or playtime

frequency.
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Research by Chumbley and Griffiths [38] demonstrated that the player's affective
state could be affected in different ways by the reinforcement qualities of a game.
Increasing negative reinforcement increased their frustration and lowered their
enjoyment. At the same time, increasing positive reinforcement increased the
likelihood of players continuing and returning to play. Additionally, they revealed that
the player's experience level (time spent on gaming) strongly predicted the player's
emotional reactions to computer gameplay, whereas gender and impulsivity had no
effect. The questionnaire included three items designed to measure participant
inclination to continue and repeat play, where findings indicated no significant

differences regarding gender.

Based on the self-determination theory framework, Sailer et al. [62] aimed to analyze
game design elements' effect on fulfilling basic psychological needs. The findings
showed that the inclusion of badges, leaderboards, and performance graphs
positively affected task meaningfulness, in addition to competence and
satisfaction. Furthermore, according to the authors, avatars, meaningful stories,
and teammates affected social relatedness. They concluded that gamification is
ineffective, but those different game design elements have specific psychological

effects.

Kao & Harell [13] found that badges and avatars promoted player experience and
intrinsic motivation during gameplay. The player experience was measured using the
PENS scale [46] based on the self-determination theory. Intrinsic motivation was
measured using the IMI scale [63] using four dimensions: interest/enjoyment,
effort/importance, pressure/tension, and value/usefulness. In addition, having
avatars lead to players playing for longer durations. They measured motivated

behavior with time played, time testing, and time taking screenshots.

Bai et al. [17] state that, through social comparison, leaderboards can be used to
increase engagement and motivation. The researchers used the Student Course
Engagement Questionnaire [64], which divides engagement into four dimensions:
SKill, participation/interaction, emotion, and performance. According to Bai et al.,

absolute leaderboards, where all players are shown in the table at once, lead to a
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higher degree of feelings of comparison towards others and competitiveness rather
than relative leaderboards. In addition, Amo et al. [16] state that leaderboards

contribute to feelings of competitiveness, which affects users’ engagement.

Bowey et al. [65], using the PENS and IMI scale, looked at how manipulation of
success perception would affect player experience. The player’'s perception of
autonomy, enjoyment, competence, positive affect, and presence was increased by
altering the success perception in the leaderboard, compared to manipulated failure.
Positive affect, autonomy, and player enjoyment were increased by showing the

Score.

In an educational game context, Kiili [14] observed that precursors to flow were,
among other things, clear goals and feedback, a sense of control, and challenges
matching players' skill levels. Measurements were done using the Flow Scale 1, a
scale self-constructed by Killi consisting of nine dimensions: challenge, goal,
feedback, control, playability, frame story, concentration, time distortion, and autotelic

experience.

Fritz & Avsec [66] looked at predictors of positive affect in students during musical
activities, such as rehearsals and solo performances. They found that clear goals, a
balance between challenge and skill, concentration on the task, and the task
having a purpose were predictors of positive affect. Furthermore, a balance between

challenge and skill also predicted negative affect.

Lewis et al. [67] concluded in a project looking at the effects of achievements in a
controlled environment that achievement showed no strong correlation with intrinsic
motivation. The authors [67, p. 2] define intrinsic motivation as: “ the undertaking of
an activity for its inherent satisfactions rather than for some separable
consequence.”. They conclude that the game itself has more of an effect on intrinsic

motivation; however, achievements may lead to more players returning to the game.

In an educational context, Denny [68] discovered that having a badge-based

achievement system led to a higher quantity of contributions without sacrificing
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quality and overall engagement with the tool used in the project. Students
participating stated they enjoyed earning badges and having them in the
application's user interface. The authors do not define the term engagement itself.
The author measured engagement using a survey of seven questions in addition to
the following metrics: the number of days students used the tool and the number of

guestions answered.

Based on the self-determination theory framework, Groening & Binnewies [12]
deployed a one-factor between-subjects design to examine the effect the amount of
game design elements has on motivation. The participants were divided into four
groups representing the number of game design elements: 1) none, 2) one (points),
3) two (points & story) 4) three (points, story & bonus points). They found that
increasing the amount of game design elements increased player motivation and
performance. In addition, they found that game design elements would positively

affect competence and relatedness from self-determination theory.

2.4 Concepts used in the thesis

2.4.1 Engagement

Engagement has been used to describe numerous constructs, including classroom
behavior; students' academic performance; teacher methods in learner-centered
classrooms; features of instructional and learning settings intended to start, support,
and foster learning; how students interact with educational resources; how students
play out cognitive, motivational, affective, metacognitive, and social processes,
especially in academic situations [36]. Engagement is an essential construct in
education because it has been linked to positive learning outcomes [69] and
increased motivation and achievement [39]. Contrary to frustration and boredom, a
learner in a state of flow and engagement often exhibits a high degree of satisfaction
(i.e., delight), a positive affective state with the complementary effect of broadening

the scope of attention [70].
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In a game context, engagement influences the player’s experience and motivation to
continue playing [71]. Engaged players are more likely to be interested in the game
and become passionate fans or game enthusiasts [72]. In contrast, players who are
not engaged will rapidly lose interest in the game and look for alternative games [73].
Therefore, a game must engage players to maintain higher retention and

monetization [74].

Previous studies on engagement have differing views on what engagement is.
Azevedo [36] states that engagement is one of the most often misused and
overgeneralized terms, widely used without proper definitions. According to a
systematic review of engagement in serious games [18], only 26 out of 107 articles
formally defined the term engagement. This lack of consistency in defining and
measuring the construct engagement propagates wide misuse of the term, which
leads to questioning the accuracy of the findings drawn about engagement, as well
as the testability of the research questions, which in general lack specificity in
defining what engagement is and how it can be measured (i.e., methodological

issues).

Mills et al. [75, p. 72] define engagement as “a complex meta-construct with
behavioral, affective, and cognitive components that vary both situationally and
dispositionally.” The behavioral components refer to effort and task persistence,
whereas affective components include valence, arousal, and discrete emotions like
curiosity and interest. Attention, concentration, and the use of learning strategies are

examples of cognitive components of engagement.

In our thesis, we will characterize engagement as a multidimensional construct with
a behavioral, affective, and cognitive dimension [75], where each dimension is
underpinned by a motivational construct [39]. Although motivation is not identified as
a separate dimension of engagement because in research, implicitly or explicitly is
often present in the characterization of engagement [39], we are going to include the

motivational dimension as a separate dimension due to the following:

24



1. The core aspects of engagement, e.g., motivation, cognition, and affect, are
based on distinctive theoretical models [36, 76, 77]. However, engagement is
interchangeably and synonymously used with motivation and flow [78]. Thus,
looking at motivation as a separate dimension in our study will allow us to
derive insights that can help in the conceptualization of the different aspects
(i.e., cognition, motivation, affect) that trigger behavioral, cognitive, affective,
and motivational processes during task performance, learning sessions, and
so forth while playing serious games.

2. The self-reported measures in the GEQ questionnaire [79] used in our thesis
measure the user's perception of cognitive, affective, and motivational beliefs.
Thus, we will look for motivational belief as a separate dimension because we

have the data for it.

2.4.2 Gamification

Gamification is “the use of game design elements in a non-game context” [80, p. 10].
Non-games are software not considered a game, such as language-learning
software, puzzle games, or simulation software. Gamification aims to improve the

user experience (UX) and user engagement [81].

2.4.3 Game Design Elements

Game design elements or game elements are features of a game that contributes to
the overall game experience. Popular game design elements include points,
leaderboards, and badges [82]. Although game design elements are often talked
about in the context of gamification, the term is used in this thesis even though the

concept is not strictly a non-game.
In the next chapter, we will look closely at related games and analyze which game

design elements they implement and why. Next, we will explain which game design

elements we have chosen to include in our game.
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3 Related Games

Some of the text in the following sections is based on the preliminary report [55].

Scrabble was the main inspiration for the serious game developed in this research
project. Scrabble is a well-known physical word game developed by Alfred M. Butts
in 1931 [83]. The game has been translated into many languages and used for
multiple objectives, such as improving vocabulary and language skills [84, 85]. The
game's goal is to arrange letter tiles on a board to create words accepted by a
dictionary. The number of people that may play Scrabble ranges from two to four.
Each player takes turns building words on the board to earn points based on the
letters they use and how they arrange their tile. It includes power-ups on the board,

such as a double word score if the player places a word on a given cell (Figure 3.1).

Figure 3.1: Scrabble board.
Source: [86]

Scrabble is restricted in the way that it is a physical board game. Online games and
digital tools are increasingly becoming a part of our lives. One does not have to
physically meet to play in an online game. Furthermore, one can play with friends
who live worldwide and even against strangers. These factors make online games
far more accessible than physical games. Online games allow for game design
elements, such as feedback (i.e., sounds and animations), and competitive
elements, such as leaderboards. The physical board game Scrabble, extended to an
online game, was the basis when designing and developing our concept, hereby
referred to as LetterLink. Related games were analyzed to gain more inspiration on

how to make a performant and user-friendly application, namely WordFeud, Wordle,
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WordPlus, Play Scrabble, and Duolingo. Most important, however, by investigating
similar games, one can obtain valuable inspiration for what has been done regarding
game design elements. One can improve upon and add game design elements that

some games lack, creating an application with various elements.

3.1 Wordfeud

Wordfeud [87] is a multiplayer turn-based puzzle game. The game shares many
game mechanics with Scrabble. Each player is given seven letter tiles, and the aim
is to form words that connect with other words on the board in order to win points.
The game is over when all the tiles have been used or when one of the players

resigns.

Wordfeud gives feedback on how many points a word is worth before the move is
submitted and shows the player and opponent’s score (Figure 3.2). This corresponds
to feedback messages from the Game Reward System and feedback from the
GameFlow framework. The game also contains a social chat component that
allows users to communicate with one another. This relates to the social dimension

of the Gamification Taxonomy.
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Figure 3.2: Wordfeud in-game.
Source: [88]
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3.2 Wordle

Wordle [89] is a popular puzzle game where participants attempt to identify a
five-letter word by applying techniques and suggestions to solve a daily challenge.
By trying different words, the user is given feedback on how close the word entered

was to the word of the day. In total, the user has six attempts to find the word.

To engage users, Wordle displays the number of games played, the win streak as
a percentage, the current streak, and the max streak (Figure 3.3). These statistics
relate to performance feedback under challenge, as proposed by Malone.
Furthermore, because there is just one word per day, users are likely motivated to
return to the game and find it. This challenge relates to cognitive curiosity, as

proposed by Malone.
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Figure 3.3: Wordle in-game statistics.
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3.3 WordPlus

WordPlus [90] is a strategy-based game where players test their vocabulary
knowledge and analytical thinking (Figure 3.4). The game begins with a letter
centered on the board. During each turn, players must add a new letter to the board
and form a word with that letter. Players may create words by combining vertical,
horizontal, and diagonal characters. The player receives one for each letter in a

word. Finally, the person with the most points wins the game.

The game includes a leaderboards feature, corresponding to the Gamification
Taxonomy competition element and the Game Reward System scoring system.
Visual feedback is given after a word is placed, which relates to feedback from the
GameFlow framework and feedback messages from the Game Reward System.
Gameplay statistics are presented, such as the number of games won and lost and
the win percentage. This caters to performance feedback and self-esteem, as
proposed by Malone. The game includes unlockable badges corresponding to
unlocking mechanisms, item granting and achievement systems from the Game
Reward System, and acknowledgment from the Gamification Taxonomy. Players can
select a custom grid size to play on, which relates to challenges under the

GameFlow framework and Flow theory.
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Figure 3.4: WordPlus in-game.
Source: [90]
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3.4 Play Scrabble

Play Scrabble [91] is an online version of the physical Scrabble board game (Figure

3.5). The game allows players to play against other humans but a computer too.

The game plays a sound when placing a letter and a separate sound when the
opponent has placed a word. This corresponds to sensory curiosity by Malone and
feedback messages from the Game Reward System. It also relates to concentration
from the GameFlow framework, which claims that a game should provide stimuli
from different sources. The game provides feedback messages when an illegal
move is made, such as a letter not connected to another. This corresponds to

feedback from the Game Reward System and GameFlow framework.
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Figure 3.5: Play Scrabble.
Source: [91]
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3.5 Duolingo

Duolingo is a well-known language-learning app developed by Luis von Ahn and
Severin Hacker in 2011 [92] (Figure 3.6). The app uses algorithms to personalize
language courses for users depending on their proficiency level and prior
performance [93]. The application focuses heavily on gamification through
game-design elements, such as leaderboards, streaks, achievements, sounds,
experience points, levels, and feedback messages, which have been found to

increase users' motivation toward learning a second language [94, 95].

After a completed learning session, feedback animations are played along with
statistics on the session, encouraging the player to keep learning. This relates to
feedback from the GameFlow framework and feedback messages from the Game
Reward System. The game includes a leaderboards feature, corresponding to the
Gamification Taxonomy competition element and the Game Reward System scoring
system. The game includes unlockable badges that can be redeemed into
so-called gems, which can be used in the shop. This corresponds to unlocking
mechanisms, item granting, and achievement systems from the Game Reward
System and acknowledgment from the Gamification Taxonomy. Contrary to the
games mentioned above, it includes streaks (Figure 3.6), which measure how many
consecutive days a user interacted with the app. This corresponds to performance

feedback by Malone.
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3.6 Summary and Takeaways

Wordfeud has board tiles with power-ups and a social chat component contributing
to engagement, yet it lacks a streaks and leaderboards feature. Wordle has a
“one challenge each day” approach, which can encourage users to return to the app.
On the other hand, it lacks a leaderboard feature. WordPlus includes various game
design elements, but it does not have a streaks feature. Play Scrabble includes
sounds and other feedback messages. However, no encouraging sound is played
when the player places a valid word. Furthermore, the game does not include
leaderboards, streaks, achievements, levels, or experience points. In addition,
the design is not particularly responsive. Duolingo also includes various game design
elements. When designing and developing LetterLink, this insight was taken into
account. The aim when designing LetterLink was to address the shortcomings

mentioned, improve upon features and focus on performance and user experience.
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As a serious game, LetterLink is novel in four different ways:

1. The inclusion of a streaks feature

Contrary to Wordfeud, WordPlus, and Play Scrabble, LetterLink includes a streaks
feature, which displays how many consecutive days the user has been playing the
game. To our knowledge, few papers have looked at the effects of such a streak
component on engagement. With this, we want to investigate the effect of a streaks
feature on engagement and whether it should be a part of future gamification

frameworks.

2. A strong focus on performance and usability

LetterLink focuses strongly on performance and usability. For instance, it aims to
improve Play Scrabble's lack of responsive design. To accomplish high performance
(i.e., fast initial webpage load and instant response times) in the application,
server-side rendering using NextJS and real-time data listeners in Firebase Firestore
has been used (see Section 4.3 for more details). To ensure a pleasant user
experience [97], Mantine has been used as the component library. Rather than
developing user interface components ourselves, we use pre-made, established, and
rigorously tested ones. See Section 4.3.4 for further details on Mantine. In addition,
regular user testing has been done to ensure features work as expected in terms of

performance and user experience.

3. Inclusion of several game design elements to assert which might be the

most effective

LetterLink is a more complete serious game, compared to Wordfeud, Wordle, and
Play Scrabble, by including several game design elements. To address the
shortcomings of Wordle and Play Scrabble, LetterLink includes a leaderboard.
LetterLink has a streaks feature, which Wordfeud, WordPlus, and Play Scrabble do
not have. LetterLink includes an achievement system, experience point and level
system, and proper feedback inspired by WordPlus and Duolingo. Board tiles with
power-ups were omitted due to time constraints. However, power-ups were

considered a bonus and not vital for the gameplay experience. In addition, the aim is
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to determine which of the different game design elements might be the most effective

in increasing engagement.

4. No playing against a computer, only humans

In LetterLink, players do not have the option to play against a computer, as one can
in Play Scrabble. The fact that one can not play against a computer is intentional
because we want to include the social component through peer-to-peer playing,
which has been shown to increase feelings of flow, presence, and enjoyment, in

contrast to playing against a computer [61]
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4 Concept - LetterLink

4.1 The application - LetterLink

The following paragraph is based on the preliminary report [65]

LetterLink is based on the Multiplayer Worlde document in Appendix A. LetterLink is
a two-player turn-based word game where players create Norwegian words based
on letters they pick. Players are awarded points on how long each valid word is (one
point per letter). The winner is the player with the most points after a set number of
rounds. Figure 4.1 illustrates a simplified way of how the game works, and Appendix
D includes a more detailed description. The project is stored in a GitHub repository
[98].

Player 1 picks
a letter and
places it

Player 1 places
the letter

Player 2 places
the letter

Player 2 picks
a letter and
places it

Figure 4.1: LetterLink game flow

Source: Primary.
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4.2 Design Decisions

Section 4.2.1 describes the design decisions for LetterLink, without the game design
elements. The decisions are rooted in theory by Malone, Flow, and the GameFlow
framework, as described in Chapter 2. Section 4.2.2 describes the implemented
game design elements for LetterLink. The game design elements are rooted in the
same theories, in addition to the Game Reward System and the Gamification

Taxonomy.

4.2.1 Base Game

To ensure the game is enjoyable to play, as suggested by Malone and in the
GameFlow framework, the game has a clear goal: to get more points than the
opponent by the end of the game. This goal is communicated through the showing of
points and by telling how many rounds are left. In addition, it is communicated in the
game manual (Appendix D). The rounds left and points messages also tell how fast
players approach the goal. This corresponds to feedback under clear goals by

Malone and feedback from the GameFlow framework.

To enrich the game's challenge and trigger player curiosity, the game implements
hidden information and uncertain outcomes, as proposed by Malone. The
opponent's board is hidden, which in turn hides and makes it uncertain how many
points the opponent can obtain in the next round. This might increase the user's
emotional involvement in the game, as suggested in the GameFlow framework under

immersion.

To heighten the player's interest, randomness, as suggested by Malone, is a crucial
component of the game to heighten the player's interest. Players are given
seemingly random letters, picked by the opponent, to place on their own board to

create words with.
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To avoid demoralizing and ensuring players stay motivated, only neutral or positive
feedback is given, in the form of pop-up messages or visual animations, which

Malone emphasizes is essential for self-esteem.

When a valid word is placed, the cells containing the word are highlighted with a
border color to provide visual feedback. This caters to sensory curiosity by Malone
in addition to concentration (stimuli from different sources) and feedback from the

GameFlow framework.

Players play against other humans, contrary to an Al, promoting social interaction
and competition. This relates to the ideas of social interaction from the GameFlow

framework.

To ensure players are not confused about how to play the game, different descriptive
messages, such as “Select a letter”, “It is your opponent's turn,” and “Drag the letter
to the grid,” are shown. This relates to player skills from the GameFlow framework,
regarding that a player should be able to play the game without a manual. Players
who are still uncertain how to play can look up the PDF explaining the game and

game design elements.

No breaking error messages or gameplay restrictions are in place to ensure players
are not demotivated or feel restricted to play in a certain way. This relates to the

ideas of control from the GameFlow framework.

The game allows the player to adjust the difficulty by choosing which board size to
play. The player can choose between a 3x3, 4x4, 5x5, or 6x6 board size. Larger
board sizes allow for more complex gameplay, where you have more space to form
words, for instance, using words already placed on the board. This relates to Flow

theory and challenges under the GameFlow framework.
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4.2.2 Game Design Elements

The game design elements in LetterLink are based on Malone’s Theory of
Enjoyment, the GameFlow Framework, the Game Reward System, the Gamification

Taxonomy from Chapter 2 and related games Chapter 3.

4.2.2.1 Achievement System and Badges

To encourage play and ensure the player stay motivated, LetterLink includes an
achievement system with corresponding badges (Figure 4.2 and Figure 4.3), built
on the ideas of item granting, achievement systems, and unlocking mechanisms
from the Game Reward System and acknowledgment from the Gamification
Taxonomy. Once the goals for achievement are met, the player gets the
corresponding badge. In order to trigger the cognitive curiosity of the player, as
proposed by Malone, the game hides badges for achievement that are not

completed.

Achievements

' Play 10 games 4 /10
1

' Play 3 different opponents 1/3
]

' Win 3 games 2/3
-

Figure 4.2: LetterLink Locked Achievements

Source: Primary.
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Achievements

1 0 Play 10 games 10 /10

' m Play 3 different opponents 3/3
¢l

Win 3 games 3/3

Figure 4.3: LetterLink Unlocked Achievements

Source: Primary

4.2.2.2 Leaderboards

In order to promote competition, the game has a leaderboard feature (Figure 4.4),
which relates to the ideas of a scoring system from the Game Reward System and
the competition element from the Gamification Taxonomy. It is an absolute
leaderboard, showing all players at once in one view, as recommended by Bai et al.
[17]. In the leaderboard, other players can not see how many games you, as the
player, have lost, which is done to prevent a reduction in self-esteem. As proposed

by Malone, low self-esteem can reduce the player's desire to continue playing.
To foster a healthy competitive environment in LetterLink only points and levels are

displayed in the leaderboard. Players are not classified based on skill or grouped

based on skill, which [53, 54] mention might lead to an isolation effect.
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1. Hamster

9

2. Lion

418 XP > -
Level 9 ‘?

3. Cow

313 XP
Level 7

4., 0 Beetle Level1 O XP

Figure 4.4: LetterLink Leaderboard

Source: Primary.

4.2.2.3 Streaks

In order to encourage players to play more, the game has a streaks feature (Figure
4.5), which is responsible for counting how many days a user was active and
displaying the information. A user is registered as active when the game board is
rendered at least once daily. This relates to acknowledgment from the performance
dimension in the Gamification Taxonomy, as it provides feedback that recognizes
player effort. It also corresponds to feedback messages from the Game Reward

System.

Welcome, Lion! @

Keep it going, you are on a 4 days streak! ¢}

Figure 4.5: LetterLink Streak

Source: Primary.
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4.2.2.4 Experience Points and Level System

To provide feedback to the player, the game has experience points and level
system (Figure 4.6), which relates to the idea of an experience point reward system
from the Game Reward System and level, progression, and points from the
Gamification Taxonomy. Everyone is awarded experience points, but players are
given more if they do well in the game. Furthermore, playing a game on a larger
board will take longer and might be more difficult, but it will award more points
because you can place longer words. This relates to the idea that players should be
rewarded for their effort and skill, from player skills in the GameFlow framework.
The name of the next level is hidden, which tries to stimulate the player's cognitive

curiosity, as Malone suggested.

6 Lion

313 XP
Level 7 - Word Wizard 37 XP to Level 8

Figure 4.6: LetterLink experience points and level system

Source: Primary.

4.2.2.5 Feedback

Modals

In order to provide feedback to the player about achievements and levels, modals
appear when new achievements are unlocked or the player levels up (Figure 4.7 and
Figure 4.8). This corresponds to feedback messages from the Game Reward

System and feedback from the GameFlow framework.
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LEVEL UP!

LE)
N KX

LEVEL 7
Word Wizard

Figure 4.7: LetterLink Level-Up Modal
Source: Primary.

ACHIEVEMENT UNLOCKED!

10
1 Bx

PLAY 10 GAMES

, |

Figure 4.8: LetterLink Achievement Modal
Source: Primary.
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Sound

Sound effects are played to provide feedback to the player when a letter is placed
on the grid or when a valid word is formed. This corresponds to the feedback
messages from the Game Reward System, sensory curiosity by Malone and
concentration (stimuli from different sources), and feedback from the GameFlow

framework.

Animation

To provide feedback to the player if a game is won, a visual confetti animation is
shown to the winning player after the game is completed (Figure 4.9). This
corresponds to the feedback messages from the Game Reward System, sensory
curiosity by Malone and concentration (stimuli from different sources), and feedback

from the GameFlow framework.

The game is over
You won the game
_ ’ _
¥ = "N
@101 % g5 O
Lion Hamster
@ :',

R | A®| K | E | R

O | S IE R IA

= O
N ’l I
] -
P | E [, ke [ R |1
) ?
= Nk
E R | T | ¥ | v
N
[ 3K J

b

Figure 4.9: LetterLink Confetti Animation

Source: Primary.
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Statistics

On the profile page, statistics are shown to positively encourage the user’s
self-esteem and tell if he or she is approaching some goal (a high win rate, for
instance). This corresponds to performance feedback and self-esteem, as proposed

by Malone. The number of games, win rate, opponent you have won the most,

and the opponent you have lost the most against is displayed (Figure 4.10).

O
20%

Games played Win rate

Most wins against Hamster Most defeats against Hamster

Figure 4.10: LetterLink Profile Statistics

Source: Primary.

44



4.3 Technology Implementation

4.3.1 Design and Development Process

A custom agile development approach was followed during the development process
(Figure 4.11). For a given feature, this involved first planning and designing it in
Figma, based on the design principles (e.g., consistency; similar buttons should
produce similar output) by Don Norman [99]. The feature was then developed and
tested. The testing was done by ourselves in addition to weekly testing by externals.
Once the feature was ready for production, it was deployed. External people

reviewed the features, verifying that they worked as intended.

During development, it was decided not to follow the well-known Scrum
methodology. A Scrum methodology includes working with sprints, sprint backlog,
daily scrum, and sprint review [100]. Based on previous experience, this worked well
for larger teams. In our case, however, we were only two developers. Following the
scrum methodology would be ineffective because we cooperated so tightly with

design and development, through constant pair programming, for instance.

Due to the continuous testing and integration, we ensured better quality software
[101, 102]. In addition, due to early detection and fixing of issues, we reduced the
risk of problems that could have severely impacted our application [102]. Last but not
least, it made it easier to be flexible and adapt to changes, such as changing a

planned feature [101].

I |

v
‘ Plan ‘,—»‘ Design H Develop H Test }—» Deploy H Review ‘

Figure 4.11: Development process.

Source: Primary.
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4.3.2 Functional Requirements

The following table shows the functional requirements for LetterLink. These were

used when designing the component diagram (Figure 4.14).

Table 4.1: Functional requirements

ID Requirement Priority

FR.A The user should be able to log in to the application High
using the provided pre-generated username and
password

FR.1.2 The user should be able to log out from the Low
application

FR.1.3 The user should be able to withdraw from the study High

FR.1.4 The user should be able to see all data stored about High
them

FR.1.5 The user should be able to view their profile

FR.2 The user should be able to propose a game to High
another user

FR.2.1 The user should be able to receive proposals from High
other users'

FR.2.2 The user should be able to accept received game High
proposals

FR.2.3 The user should be able to withdraw game proposals
FR.3 The user should be able to open an active game High
FR.3.1 The user should be able to exit an active game

FR.3.2 The user should be able to make a move and submit High
it in an active game

FR.3.3 The user should be given points when placing a valid High
word

FR.3.4 The wuser should have points added to their High
experience points value after a finished game

FR.3.5 The user should have the game registered either as High
won or lost after a finished game
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FR.3.6 Depending on the game state, progression towards High
achievements should be updated

FR.4 The application should have working game design High
elements

FR.4.1 The Streak feature should display how many High
consecutive days a user has been playing the game

FR.4.2 The Leaderboard feature should display the highest High
performing users in descending order

FR.4.3 The Achievement system feature should display the High
progress of objectives and badges of completed
objectives

FR.4.4 The Experience points and level system feature High,
should keep track of experience points and levels,
and show this on the profile page

FR.4.5 The application should notify through a Modal when High
the user either unlocks an achievement or gains a
new level

FR.4.6 The application should play a Sound when either a High
letter is placed, or points are gained by placing a
valid word

FR.4.7 The application should display a Confetti animation High
to the user who has won the game

FR.4.8 The game should display Statistics in regard to High
gameplay performance on the user profile page

FR.5 The user should be able to compare their High
performance against others in the Leaderboard
feature

FR.5.1 The user should be able to see the achievements in High
the Achievement system

FR.5.2 The user should be able to see their experience High
points and level in the Experience points and level
system feature

FR.5.3 The user should be notified through a Modal when High
an achievement is unlocked, or a level is gained

FR.5.4 The user should hear a Sound when a letter or valid High
word is placed
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FR.5.5 The user should see a Confetti animation if the game High
was won

FR.5.6 The user should see Statistics regarding gameplay High
performance on their profile page

4.3.3 Non-functional requirements

The following table describes the non-functional requirements for the application, on

which the architectural design decisions were based on.

Table 4.2: Non-functional Requirements

ID Category Requirement Priority

NF.1 Usability Users should not experience any issues High
relating to the user experience

NF.2  Security The application should use the HTTPS High
protocol to handle communication between the
client and server

NF.3  Performance Once a player makes a move and submits it, High
the application of the opponent should update
in less than one second

NF.4  Reliability The game should handle a minimum of 500 High
requests per second simultaneously, without
any errors or lag

NF.5  Availability During the two weeks where the participants High
play the game, the application should have a
minimum uptime of 99%

NF.6  Compatibility The application should be compatible with High
both a mobile and desktop web browser
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4.3.4 Deployment Diagram and Technology Stack

Figure 4.12 depicts our deployment diagram. It consists of a user device that runs a
web application on a web browser. The web application talks to a Firebase server',
which includes an instance of Firebase Firestore? to store data and an instance of
Firebase Cloud Functions® to handle typical backend server tasks, such as

generating a profile in the database when the user signs up.

<<device>> (mobile or computer) <<semer>>
Firebase

<<web browser>>

<<web application>>
Front-end N
app'!llcatt:jc;n in <<database>> <<cloud functions>>
ex Firebase Firestore Firebase Cloud
Functions

Figure 4.12: Deployment Diagram

Source: Primary

The web application is written in the NextJS framework* by Vercel’. A web
application was chosen because of our expertise in developing for the web and the
fact that a web application would be accessible on both mobile and desktop. The
latter corresponds to NF.6 - “The application should be compatible with both a mobile
and desktop web browser.” An application working on desktop and mobile was
necessary because the threshold for part-taking in the project should be low.
However, a native approach would have benefits such as push notifications when a
move is made and overall smoother Ul interactions. To compensate for the features
by making a native approach, the application is a progressive web application. This

allows users to install it as a regular application, either on a desktop or mobile.

' https:/ffirebase.google.com/

2 https://cloud.google.com/firestore

3 https://ffirebase.google.com/docs/functions
4 https://nextjs.org/

5 https://vercel.com/
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NextJS was chosen because of its maturity as a web framework and ease of use
regarding Server-Side Rendering. The application is hosted using Vercel, which was
picked because of its supreme tooling, low costs, and how well it supports NextJS
applications. By using an established cloud provider like Vercel to host our
application, the chance of the application going down due to a hosting issue would
be negligible. This corresponds to NF.5 - “During the two weeks where the
participants play the game, the application should have a minimum uptime of 99%".
Furthermore, the HTTPS protocol is used to communicate between the client and
NextJS server and the client and Firebase API. Encrypted connections make the
application far more secure [103] and meet the NF.2 - “The application should use

the HTTPS protocol to handle communication between the client and server.”.

Mantine® was used as the user interface component library. This was chosen to not
be required to design and make custom user interface components, which can be
highly time-consuming. Mantine components are easily customizable in coloring and
appearance and include animations, such as on-button hover and click. Furthermore,
the components are well-tested and should not include any bugs. Lastly, Mantine
helps make the design responsive, allowing it to scale depending on whether the
user is playing on a desktop or mobile. The fact that Mantine was used accomplishes

NF.1 - “Users should not experience any issues relating to the user experience.”

Google Firebase is the backend service used by the application. This was chosen
because of its many built-in features, such as database and authentication services,
serverless functions, and analysis tools. Google Firebase services remove the need
for a dedicated backend. This allows the application to be serverless, which is not
dependent on a dedicated backend, which reduces complexity and hosting costs.
Google Firebase is a well-established and stable cloud provider that will have no
problem dealing with high amounts of requests. This accomplishes NF.4 - “The game
should handle a minimum of 500 requests per second simultaneously, without any

errors or lag’.

% https://mantine.dev/
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Firebase Firestore, a NoSQL document-oriented database, reads, writes, deletes,
and stores data. This was chosen over Firebase Realtime Database’ because it
structures data in a collection, contrary to Realtime Database, which is a single
JSON file. Firestore supports data listeners that trigger when data is updated,
changed, or deleted, which allows for a real-time gaming experience when playing
LetterLink. This fulfills NF.3 - “Once a player makes a move and submits it, the

application of the opponent should update in less than one second.”

Firebase Authentication® was chosen because it provides an easy-to-set-up and
uses an authentication service that integrates easily with Firebase Firestore.
Firebase Cloud Functions handles events, such as a user creating an account, which

would initially require a dedicated backend.

4.3.5 Application Components and Information Architecture

Figure 4.13 shows how the pages are laid out in the application. To improve the user
experience, the application has a flat design, making it easy to find a certain page.

This is in contrast to a page only being accessible from another page, for instance.

Home

v v v v v

Open game ’ Profile ‘ ’ Settings ‘

3

‘ Signin ‘ ‘Leaderboard‘ }Achievements

~>| New game »  Sign out
Finished . |Withdraw from
games g study

Dark color
theme

A4

Figure 4.13: Information Architecture.

Source: Primary

7 https://ffirebase.google.com/products/realtime-database/
8 https://firebase.google.com/docs/auth
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The following table describes each component (page) and its purpose.

Table 4.3: Component purpose

Component Purpose

Sign in Allow the user to sign in using the provided username and
password to access the application. Users who are not signed in
/signin are automatically redirected to this page.

Leaderboard  Allows the user to compare their performances against other
users. See Section 4.2.2.2 for a detailed description
/leaderboard

Achievements Allow the user to see the progress of achievements and look at
badges if one or more achievements are unlocked. See Section
/achievements 4.2.2.1 for a detailed description.

Home Allow the user to start a new game, open up an active game, see
finished games, and inspect their streak. See Section 4.2.2.3 for a

/ detailed description of streaks.

Profile Allow the user to see their level, experience points, games
played, and win rate, in addition to the most win-against and most

/profile defeat-against data. See Section 4.2.2.4 and Section 4.2.2.5 for a

detailed description.

Settings Allow the user to log out, withdraw from the study and delete all
data connected to the user and change to a dark color theme.
/settings

4.3.6 Component diagram

Based on the functional requirements from Section 4.3.2, we devised the following
component diagram (Figure 4.14). The component diagram describes how the
components (i.e., pages, APIls, consoles, database, and serverless functions)

communicate. Note that «GDE» refers to the game design element.
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«Container»

«Page»
Index

App

«Container»
Firebase Console

«GDE» {]

Streak

«Page» $:|

Profile

«GDE» %]
Experience points

«Server»

«GDE»
Levels

«GDE»
Statistics

« Page»
Game

«GDE»
Confetti animation

NextJS Server

«API»

A 4

«API»

«GDE»
Modals

«GDE»
Sounds

2]

«Page / GDE»

Leaderboard

2]

«Page / GDE»
Achievements

2]

« Pag e»
Settings

Game API

2]

Firebase API

2]

«Database»
Firebase

A

Figure 4.14: Component diagram

Source: Primary.
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4.3.7 Anonymity

No personal data is stored in the Firebase Firestore database or Google Analytics.
Participants log in to the application using a pre-generated email and password. The
UID in Firebase Firestore, a random string that uniquely identifies a user, maps to a
data row in an Excel sheet containing the email and name of the participant. This
Excel sheet is stored securely at NTNU servers behind two-factor authentication.
Only the researchers conducting this project, Andreas Amundsen and Kristine
Larssen, can access this document. After the project's termination, the Excel sheet is
deleted, and all data is stored in Firebase as well. This means that the project fully
complies with the Norwegian University of Science and Technology and Sikt rules for

gathering and storing personal data.
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5 Methodology

5.1 Research strategy

We have adopted Design-Based Research (DBR) [104] as an iterative process that
systematically adjusts (e.g., analyze, design) and tests different aspects of a
designed context with the purpose of informing practice and generating or improving
theory [105]. The first DBR cycle includes playing the game without any gamified
elements. This way, we wanted to understand how much the players are engaged
without game design elements. The second DBR cycle included an intervention,
where the participants were asked to play the game which included gamified
elements. The intervention was introduced because we wanted to understand if and
how the introduction of game design elements can increase or decrease the

engagement of players.

The DBR methodology fits well with our study for the following three reasons: 1) we
need theory to validate the patterns in the data [106], which is why we have
grounded our study in the theoretical frameworks presented in Section 2.2; 2) the
context of the study we designed as part of the intervention allows us to
acknowledge the situated nature of learning [107]; and 3) we will try to communicate
findings beyond the specific context to create an impact on practice for designing

serious games [108].

Building on the current state-of-the-art empirical methods in game-based design

research, our thesis addressed the following research questions:

RQ1: How does the introduction of game design elements in a serious game context

affect the behavioral, affective, motivational, and cognitive engagement of players?

RQ2: What specific game design elements in a serious game context contribute the

most and the least to engagement as a multidimensional construct?
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RQ3: Are the potential benefits of game design elements in a serious game context
limited to or enhanced in participants depending on external factors such as age,

gender, and experience with playing games?

5.2 Context and Participants

We designed a serious game to see if participants could become more engaged
when learning new words by introducing game design elements. The main task was
to play the online word game (LetterLink) against another human player on their
personal device, either desktop or mobile. We asked them first to play the game for
one week in the field, whenever and wherever they wanted, as much as they
wanted. This version of the game was without the game design elements (see
Section 4.2.1). After a week of playing, they were asked to answer a questionnaire.
After that, they would play the game for one week in the field, again as much as they
wanted, this time with game design elements. They would then answer a new
questionnaire. During both weeks, log data containing player actions would be

logged and stored for further analysis.

The sample of this study was random people recruited through email. Of the 55
individuals invited to participate in our study, 43 agreed, resulting in a response rate
of 78%. Four players were eliminated after the first week of play because they made
no moves in the game. Thus 39 participants were included, whereas 21 were men
(54%) and 18 were women (46%). The average age was 28 (SD = 10.6) and ranged
from 16 to 66 years. Thirteen (33%) participants report that they play games more
than three hours per week, eight participants (20%) play games two hours weekly,
three participants (8%) play one hour, eight participants (20%) play 30 minutes and

seven participants (18%) does not play games weekly.
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5.3 Instruments

As mentioned in Section 2.4.1, we will look at engagement as a concept that
consists of motivational, cognitive, affective, and behavioral components. Azevedo
[36] states that self-reports are ideally suited to measure cognition, affect, and
motivational engagement. Therefore, a self-report questionnaire was used to
measure the participants' affective, cognitive, and motivational engagement,

whereas behavioral engagement was measured through log data.

Cognitive, affective, and motivational engagement

Cognitive and affective engagement was measured using Game Experience
Questionnaire (GEQ) developed by IJsselsteijn et al. [79]. GEQ is a self-report tool
for an extensive assessment of gaming experience and has been utilized in various
contexts in the literature to examine game experience [109, 110, 111, 112]. It
consists of 33 items that measure game experience across seven factors,
specifically = competence, sensory and imaginative immersion, flow,
tension/annoyance, challenge, negative affect, and positive affect. The respondents
were asked to rank how well the statements (e.g., “/ thought it was fun” and I felt
bored’) described how they felt while playing the game on a 5-point Likert scale (1 =

not at all, 5 = extremely).

The motivational impact of game design elements

To measure the motivational impact of game design elements, an adapted version of
a self-report survey developed by Chapman and Rich [113] was included. Even
though self-report measures might produce insufficient data when measuring
outcomes, self-report is specifically appropriate for measuring internal participant

impressions, like motivation [36, 109].

For each game design element (leaderboard, achievements, levels, profile statistics,
streaks, experience points, and feedback in terms of sounds and confetti animation),
the participants were asked to answer the following question on a 5-point Likert scale

(1 = much less, 5 = much more):
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“In this game, due to [Game design element], | was [much less, less, neither
less nor more, more, much more] motivated to play the game compared to

playing this game without [Game design element].”

In addition, to measure the overall impact, participants were asked to respond to the

following question on a 5-point Likert scale (1 = much less, 5 = much more):

“Overall, due to the game design elements mentioned previously, | was [much
less, less, neither less nor more, more, much more] motivated to play the

game compared to playing the game without the game design elements.”

Behavioral engagement
Log data is a key resource for gaining insights into the players’ behavior in online
environments [114, 115]. For that reason, behavioral engagement was measured

through the log data of each user and game in the Firebase database.

Log data for each user:

e Number of wins, losses, and draw games

e Number of games (not started, active, and ended)

e Number of games they have proposed

e Number of game proposals they have received

e Amount of experience points (points from ended games)

e The total number of points (from both active and ended games)
e Number of days they made a move in the game

e Number of opponents they have ended games with

Log data for each game:

e Players involved in the game

Points for each player

Boardsize of the game

The game status (not started, active or ended).

If the game was ended, it tracked who won the game
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5.4 Variables and mapping

We have mapped all the variables to each of the engagement dimensions (i.e.,
affective, cognitive, behavioral, and motivational) in order to extend the
understanding of user engagement through the multidimensional construct of
engagement. The seven constructs used in the GEQ questionnaire cover statements
that coincide with various cognitive, affective, behavioral, and motivational aspects of
learning. For example, ‘I felt bored” or “| felt frustrated” coincide with the affective
dimension as shown in the research work performed by D’Mello [116]. Thus, we
decided to map the seven constructs to the four dimensions that describe the
concept of engagement [39], except for the construct of flow, which was left to figure
as a flow because of its complex nature, including cognitive, affective, and physical

components [117].

A full explanation and overview of all variables used in the thesis can be found in

Appendix I.

Self-report measures

Table 5.1 shows the mapping of the Game Experience Questionnaire seven

engagement factors to affective, cognitive, and motivational engagement, in addition

to flow.
Table 5.1: Mapping of GEQ’s seven engagement factors
Constructs Meaning Engagement
dimension
Flow Being engrossed in the game, forgot time Flow
and connection to outside world

Positive affect Feeling happy, good, and enjoyed it Affective
Negative affect Feeling bored, tiresome, bad mood Affective
Tension/annoyance Being annoyed, irritable, and frustrated Affective
Sensory and Feeling impressed, imaginative, exploring Affective

imaginative immersion things, aesthetically pleasing.
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Challenge Feeling pressured and challenged Cognitive

Competence Feeling skillful, successful, and good at it Motivation

Reference for the mapping: positive affect [118], negative affect [119], flow [37], sensory and
imaginative immersion [120], Tension/annoyance [116], competence [121] and challenge [122].

Table 5.2 shows how the motivational impact measurement of each game design

element is mapped to motivational engagement.

Table 5.2: Mapping of the motivational impact of game design elements

Measures Meaning Engagement
dimension
Confetti animations How motivated the player was to play the game Motivation
compared to playing the game without confetti
animations
Leaderboard How motivated the player was to play the game Motivation

compared to playing the game without leaderboards

Achievements How motivated the player was to play the game Motivation
compared to playing the game without achievements

Levels How motivated the player was to play the game Motivation
compared to playing the game without levels

Sounds How motivated the player was to play the game Motivation
compared to playing the game without sounds

Profile statistics How motivated the player was to play the game Motivation
compared to playing the game without profile
S
Streaks How motivated the player was to play the game Motivation

compared to playing the game without streaks

Experience points How motivated the player was to play the game Motivation
compared to playing the game without experience
points

Overall motivation How motivated the player was to play the game Motivation

compared to playing the game without all game
design elements

60



Log data

Table 5.3 shows how the in-game log data measurements are mapped to behavioral

engagement.
Table 5.3: Mapping of the log data
Measures Metric Meaning Engagement
dimension
Games Sum of active and ended games Behavior
Proposed games list Sum of unanswered games proposals, both sent and Behavior
received proposals
Proposed games Number of games the player has proposed Behavior
Received proposals Number of game proposals the player has received Behavior
from other players
XP Amount of experience points gathered in total by the Behavior
player. One in-game point equals one experience
point. Experience points are only added if the game
is finished
Total points Sum of experience points and points obtained in Behavior
unfinished games
Lost Number of games the player has lost a game Behavior
Wins Number of games the player has won a game Behavior
Draw Number of games the player has a game resulted in Behavior
draw
Opponents Number of opponents the player has a finished
game with
Not active games Number of games that have not been started yet, Behavior
caused by players not yet accepting a proposed
game or made any move
Active games Number of active games that are yet to be finished, a Behavior
game was at least one player has made a move
Ended games Number of ended games Behavior
Days active Number of days the player did a in-game move Behavior
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5.5 Data collection and procedure

Data was collected over four weeks, from February to March 2023. The research

design and procedure are illustrated in Figure 5.1.

. Start of experiment ) Close questionnaire 1 X
Recruit sample Activate user accounts ~ Deactivate users Reset user and game data Deactivate users End of experiment
Collect consent Send out login info Open questionnaire 1 Activate users accounts ~ OPen questionnaire 2 Close questionnaire 2
Sample izr;ii::;‘g:t Questionnaire 1 gc:?nr;ﬁ:;::,hn Questionnaire 2
L A A A J
T T T T
1 week 1 week 1 week 1 week
Week 1 Week 2

Figure 5.1: Overview of the data collection

Source: Primary.

Before the recruitment process, our research project was granted ethical approval by

Sikt — Norwegian Agency for Shared Services in Education and Research.

At the start of the first week, each participant received an email (Appendix C1) with
their unique anonymous username and password. The username linked
questionnaire answers to users in the Firebase database. Throughout the first week,
the participants were presented with the basic game version (Section 4.2.1) and
encouraged to play the game as much as they wanted. At the end of the first week,
all users were disabled so that their in-game behavior could successfully be logged

without distractions.

The following week, the participants got an email (Appendix C2) with a link to an
online survey (Appendix F) the following week. The online survey was hosted by
Nettskjema, a service provided by the University of Oslo [123]. The questionnaire

consisted of demographic questions and the Game Experience Questionnaire.
After a week, the questionnaire was closed, and all users were enabled, with their

progress (such as active games) being reset. This was done to make the conditions

as similar as in the first week. The participants received an email (Appendix C3) with
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a reminder that the second and last round of playing the game had started. They
were again encouraged to play the game as much as they wanted. In addition, they
were informed that the game now contained new features (Appendix E). This week,
the game design elements (Section 4.2.2) were enabled. All users were disabled at
the end of the week so that their in-game behavior could successfully be logged

without distractions.

The following week, the participants got an email (Appendix C4) with a link to
another online survey (Appendix G). This survey contained the Game Experience
Questionnaire and questions regarding the motivational impact of game design

elements.

5.6 Statistical Analysis

The statistical analysis was done using IBM SPSS Statistics version 27. The level of

significance was set to p = .05.

5.6.1 Average score and reliability measure

Average scores were computed separately for week one and week two for every of
GEQ'’s seven engagement factors (e.g., flow score week one, flow score week two)
[79]. The average score refers to the participant’s score on the specific dimension
when game design elements are absent and present. See Section 5.4 for a mapping

of the factors into the different dimensions of engagement.

Cronbach’s Alpha was higher than .70 for almost every factor, indicating high
reliability [124], except for the negative affect score in week one (a = .59), challenge
score in week one (a = .443), negative affect score in week two (a = .61), challenge
score in week two (a = .59) and tension score in week two (a = .59). However when
dealing with psychological constructs like engagement, values lower than .70 can

realistically be expected due to the diversity of the constructs being assessed [125].
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5.6.2 T-test

Paired sample t-tests were conducted to investigate the effect of game design
elements on the different dimensions of engagement, counting GEQ’s seven
engagement factors, and the participants' in-game data (i.e., number of games,
number of opponents, number of wins and total points). The participants'
engagement scores in week 1 (without game design elements) were compared with

their engagement scores in week 2 (with game design elements).

Independent samples t-tests were performed to examine the gender and player
experience effect on the log data measures (week one and week two), the motivation
impact of game design element measures, and the GEQ’s seven engagement
factors (week one and week two). Gender was coded 0 = “male” and 1 = “female”. To
measure the player experience, we collected background information about the
frequency of playing games in general per week, which each of the participants
answered in the survey. Considering the frequency, we divided the participants into
frequent- and non-frequent players. Players’ weekly time spent on games was coded
0 = “less than 2 hours” (non-frequent player), 1 = “more than or equal to 2 hours”

(frequent player).

5.6.3 ANOVA

One-way ANOVAs were conducted to examine age’s effect on the log data
measures (week one and week two), the motivation impact of game design element
measures, and the GEQ's seven engagement factors (week one and week two). The
participants were divided into three age groups (16-24 years, n = 18; 25-39 years, n
=17; 40+ years, n = 4).

5.6.4 Regression analysis

Linear regression analysis was conducted with each of GEQ's seven engagement
factors as the dependent variable and the motivational impact of game design

elements as the independent variable. Age, gender, and the players’ gaming
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frequency (i.e., weekly playing time in general) were used as control variables. The
aim was to build a model to predict engagement based on the players' motivation for
each game design element. We chose to run a stepwise method for the regression
analysis because we were building an exploratory model based on mathematical
criteria and not a theory for selecting predictor variables [124]. Theoretically, each
framework has game design elements that contribute to increased engagement.
However, we wanted to explore which one of the elements based on the data (i.e.,
data-driven method) contributes the most to engagement increase among the
players. The backward elimination method was chosen as it is better than forward
elimination when the sample size is small [126]. The analysis uses adjusted
R-squared to cross-validate the model, i.e., to observe how well our model

generalizes [124].
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6 Results

At the end of the first week, a total of 115 games were created, where 15 games had
not yet started (i.e., unanswered game proposal, none of the players had made any
move yet), 70 games were active (i.e., players had made some moves) and 30
games were ended. In contrast, when the game design elements were introduced at
the end of the second week, 150 games were created, which is 35 more games than
in the first week. Similar to the first week, 15 of the games were not active. In
contrast, 90 games were active, and 45 games were ended, indicating an increase in

active and ended games (see Figure 6.1).

B week1 [l Week?2

100

75

50

25

Non active games Active games Ended games

Figure 6.1: Game status
Source: Primary.

Figure 6.2 illustrates the number of games of each board size used in the first and
the second week. There was an increase in smaller board sizes and a decrease in
the use of larger board sizes in the second week when the game design elements

were introduced.
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Figure 6.2: Board Size
Source: Primary.

6.1 Descriptive statistics

The following tables (Table 6.1, 6.2, and 6.3) present the descriptive statistics and
are crucial in exploring the data before further analysis. These tables provide a
comprehensive overview of the dataset's main characteristics, allowing us to gain

initial insights and understand the data’s distribution, trends, and patterns.

When it comes to the GEQ’s seven engagement factors, we can see that almost all
mean values increased in the second week, except for the mean of tension/
annoyance, which decreased (AM = .12), and negative affect, which remained the
same but with a minor standard deviation (ASD = .10). Positive affect (Myee1 = 3.55,
M,ee2 = 3.78) had the highest mean score, while tension/annoyance (M,eeq = 1.70,
M, eek2 = 1.58) had the lowest.
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Table 6.1: Descriptive statistics - GEQ’s seven engagement factors

Week one Week two

M SD Min Max M SD Min Max
Positive affect 3.55 .67 2.00 4.80 3.78 .61 2.40 5.00
Competence 3.09 .70 1.40 4.20 3.30 .69 2.00 4.60
Sensory and 2.68 71 1.50 4.33 3.00 .79 1.50 4.67
Imaginative Immersion
Challenge 212 .51 1.20 3.20 240 .62 1.20 3.80
Flow 2.03 .72 1.00 3.80 2.32 .86 1.20 4.20
Negative affect 1.71 .61 1.00 3.00 1.71 .51 1.00 3.00
Tension/Annoyance 1.70 .79 1.00 4.67 1.58 .61 1.00 3.67

Note. N = 39

Regarding the motivational impact of game design elements, we can see that the
overall inclusion of game design elements had the highest mean score. When
looking at the game design elements separately, the leaderboard (M = 3.92) had the

highest mean score, whereas sound (M = 3.26) had the lowest mean value.

Table 6.2: Descriptive statistics - Motivational impact of game design elements

M SD Min Max
Overall 4.15 .59 3 5
Leaderboard 3.92 .74 3 5
Profile statistics 3.92 .74 3 5
Achievements 3.74 .64 2 5
Experience points 3.72 .61 3 5
Levels 3.67 .66 3 5
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Streaks 3.56 .94 2 5

Confetti 3.44 75 1 5
Sounds 3.26 .79 2 5
Note. N = 39

For the behavioral engagement measures, all mean values increased in the second
week. In contrast, the highest value of experience points (XP) was observed in the

first week.

Table 6.3: Descriptive statistics per user - Log data measures

Week 1 Week 2

M SD Min  Max M SD Min Max
Number of games 4.97 2.38 1 1" 713 4.50 2 21
Number of active games 3.44 2.45 0 9 4.62 3.29 0 14
Number of ended games 1.54 1.68 0 6 2.31 243 0 12
Number of non-active .67 1.55 0 9 .74 1.09 0 5
games
Number of wins 72 .92 0 4 .92 1.40 0 7
Number of lost games 72 1.05 0 4 .92 1.09 0 5
Number of game 2.87 2.91 0 15 3.85 4.39 0 18
proposals sent
Number of game 2.77 1.91 0 8 3.82 2.36 0 10
proposals received
Number of opponents g7 71 0 2 .92 1.09 0 5
Number of XP 85.90 116.11 O 443 94.85 104.02 O 379
Number of days playing 2.69 1.34 1 5 2.74 1.52 1 6
the game
Note. N = 39
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6.2 T-test

Twenty paired sample t-tests were conducted to investigate the effect of game
design elements on the different dimensions of engagement, counting GEQ’s seven
engagement factors and the log data (e.g., number of games, number of opponents,

number of wins, and total points). The results are presented in Tables 6.4 and 6.5.

Table 6.4: Paired sample t-test summary for GEQ factors

95% CI of the

Difference Differences
t df M SD Lower Upper

Challenge -4.10*** 38 -.28 43 -42 -.14
Sensory and imaginative -3.39** 38 -.33 .61 -.53 -13
immersion

Flow -3.02* 38 -.29 .61 -.49 -.10
Positive affect -2.76** 38 -.23 .52 -.40 -.06
Competence -1.84 38 -.21 71 -44 .02
Tension/Annoyance 1.22 38 A2 .61 -.08 .32
Negative affect .08 38 .01 .51 -.16 A7

Note. N = 39, ** p <.01, *** p <.001

Table 6.5: Paired sample t-test summary for log data

95% CI of the Differences

Difference
t df M SD Lower Upper
Games -4.18*** 38 -2.15 3.22 -3.20 -1.11
Active games -3.99*** 38 -1.18 1.85 -1.78 -.58
Received games -2.75* 38 -1.05 2.38 -1.82 -.28
Draw -2.51* 38 -.31 77 -.57 -.06
Opponents -2.43* 38 -.56 1.45 -1.03 -10
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Proposed games -1.86 38 -.97 3.27 -2.04 .09

Lost -.88 38 -.21 1.55 -.68 27
Wins -.78 38 -.21 1.64 -74 .33
Ended games -73 38 -.80 2.78 -1.67 13
Proposed games list 45 38 13 1.78 -.45 71
XP -.36 38 -8.95 155.45 -59.34 41.44
Not active games -.28 38 -.08 1.74 -.64 49
Days active -.21 38 -.05 1.54 -.55 45

Note. N = 39, *p <.05, ** p <.01, *** p < .001

When game design elements were introduced, participants experienced a significant
increase in the challenge (d = .66), flow (d = .48), positive affect (d = .42), and
sensory and imaginative immersion (d = .54). In addition, significant increases
were observed in the number of games (d = .67), number of active games (d =
.64), number of received game proposals (d = .44), number of games that

ended in a draw (d = .40), and in the number of opponents per player (d = .39).

Note: Since there is not much text between the tables and to keep off the repetition
of reporting t-values, in the text, we will report only the effect size, i.e., Cohen’s d,

and in the tables will be the rest of the t-statistics.

Gender differences

A total of 51 independent sample t-tests were conducted to examine the differences
between males and females for behavioral engagement measures (week one and
week two), motivation impact of game design measures, and GEQ’s seven
engagement factors (week one and week two). None of the t-tests yielded a
significant difference between the groups, as what has been already shown by most
of the research on gender’s influence in serious games (for more, please see
Section 2.3).
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Differences in gaming frequency

A total of 51 independent sample t-tests were conducted to examine the differences
between frequent gamers and non-frequent gamers as described in Section
5.6.2, regarding behavioral engagement measures (week one and week two),
motivation impact of game design measures, and GEQ’s seven factors of
engagement (week one and week two). There was a significant difference between
frequent and non-frequent gamers for negative affect (£(33.60) = -2.10, p < .05, d =
.67) in the first week and in the total number of games (£(31.32) =-2.21, p < .05, d
= .68) and the number of games that ended in draw #(35.60) = -2.24, p < .05, d =
.70) in the second week. Frequent players (M = 1.89, SD = .69) had a significantly
higher negative affect score than non-frequent players (M = 1.50, SD = .42) during
the first week, where there were no game design elements. In addition, frequent
players (M = 8.48, SD = 5.26) were involved in more games than non-frequent
gamers (M = 5.56, SD = 2.79) in week two, with game design elements. Frequent
players (M = .62, SD = .74) also experienced more games that ended in a draw than

non-frequent players in the second week (M = .17, SD = .51).

6.3 ANOVA and age differences

A total of 51 one-way ANOVAs were conducted to examine the differences in
engagement measures among three age groups (16-25 years, n = 18; 26-39 years,
n = 17; 40+ years, n = 4). The dependent variables included behavioral engagement
measures (week one and week two), motivation impact of game design measures,
and GEQ's seven engagement factors (week one and week two). The age group
was the independent variable. Levene's test was insignificant, suggesting that equal
variances could be assumed. Given the unequal group sizes and the need for
multiple comparisons, Gabriel’s procedure was chosen as the post hoc test [124]

as it has greater power.
The results revealed significant differences in the behavioral engagement measures

between the age groups. Specifically, in the first week (without game design

elements), there was a significant difference in the number of games played (F(2,
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36) = 6.86, p < .05, n? = .28). The middle-aged group (25-39) played significantly
more games than the oldest age group (40+) (AM = 3.93, p <.01).

In the second week (with game design elements), significant differences were found
in the number of experience points earned (F(2, 36) = 4.54, p < .05, n?=.20), the
number of lost games (F(2, 36) = 4.75, p < .05, n? = .21), the number of
opponents faced (F(2, 36) = 5.17, p < .05, n? = .18), and the number of total
points achieved (F(2, 36) = 4.47, p < .05, n?=.20). The oldest age group (40+) had
a significantly higher amount of experience points than the youngest age group
(15-24) (AM = 129.28, p < .05). The middle-age group (25-39) lost significantly more
games (AM = 1.03, p < .05), had significantly more opponents (AM = 1.05, p < .05),
and a higher amount of total points than the youngest age group (15-24) (AM =
103.79, p <.05).

6.4 Regression

Seven linear regression analyses were conducted to investigate to what extent the
motivation impact of game design elements could predict each of the GEQ’s seven
engagement factors. Durbin-Watson was used to investigate independent errors, and
collinearity was investigated by Inflation Factor (VIF). Durbin-Watson score varied
between 1.64 to 2.27, which indicates weak correlations between residuals as
wanted [124]. VIF scores varied between 1.00 and 1.09, thus showing a small
degree of collinearity [124]. The requirement for homoscedasticity and linearity was
also satisfied, and thus all the assumptions for regression were met. Adjusted R?
was reported to overcome the r-inflation problem (i.e., adding variables causes a
slight increase in the correlation level, regardless of its significance), as it adds a

penalty for each variable added [127]. The results are presented in Table 6.6.
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Table 6.6: Linear Regression Analysis Summary for Predicting Engagement

B SEB B adj. R?
1. Flow® B60***
Motivation of Sounds .65 1 .58***
Motivation of Experience points 57 15 38
Motivation of Achievements .35 14 .26*
2. Sensory and imaginative immersion?® 46>
Motivation of Experience points .64 .16 49>
Motivation of Sounds 48 A2 48***
3. Negative affect® 37
Overall Motivation of GDE -.48 NN -.55%**
Age .01 .01 .28*
Weekly time playing games 10 .04 .28*
4. Positive affect? 297
Overall Motivation of GDE 45 15 43
Motivation of Experience points .28 14 .28
5. Competence?® 21
Motivation of Experience points 47 A7 41**
Motivation of Sounds 24 A3 27
6. Tension/Annoyance?® .08*
Motivation of Streaks -.21 10 -.33%
7. Challenge?® .08*
Motivation of Levels .30 15 .32F

Note. N = 39, *p <.05, ** p < .01, *** p < .001, @ Dependent variable.

When it comes to the flow of the players, we can see that there are three game
design elements sound, experience points, and achievements, all with a p-value

below .05, describing 60% of the variance in flow.
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The game design elements that significantly affect sensory and imaginative
immersion are experience points and sound, counting for a total of 46% of the
variance. Regarding negative affect, the player's age, gaming frequency (weekly
time playing games in general), and overall inclusion of game design elements were
significant predictors, describing 37% of the variance. Positive affect was
significantly predicted by the overall inclusion of game design elements and

experience points, counting for 29% of the variance.

Important predictors of competence are the game design elements, experience
points, and sounds, explaining up to 21% of the variance. We can see that streaks
are negatively associated with tension/annoyance, describing 8% of the variance.
Regarding the challenge experience, we can see that levels are the most important

game design elements, accounting for 8% of the variance.
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7 Discussion

The aim of the present thesis was to examine the effects of game design elements
on engagement as a multi-dimensional construct in a serious game for vocabulary
learning and retention. We have investigated how the introduction of game design
elements affects the different dimensions of engagement, what elements contributed
the most and the least to engagement, and if the benefits of game design elements
are limited or enhanced by external factors, such as age, gender, and game

experience.

Our findings indicated that game design elements, in general, had a large (B > .25)
[128] effect on cognitive, affective, and motivational engagement. The different game
design elements contributed to different dimensions of engagement (e.g., levels
affect cognitive engagement, whereas sound affects affective engagement), except
for profile statistics, leaderboard, and confetti animation, which failed to predict
any of them (i.e., motivational, cognitive, and affective engagement). The
introduction of game design elements increased almost all aspects of engagement
(e.g., more positive affect, playing more games, feeling more challenged), except for
negative affect, which remained the same, and tension which decreased. No gender
difference was observed. However, the player's gaming frequency impacted
affective and behavioral engagement. In the first week, frequent players experienced
more negative affect. When game design elements were introduced in the second
week, frequent players were involved in more games and experienced more games
that ended in a draw. In addition, the player's age affected their behavioral

engagement.

76



7.1 Game Design Element’s Effect on Engagement

RQ1: How does the introduction of game design elements in a serious game context

affect the behavioral, affective, motivational, and cognitive engagement of players?

7.1.1 Affective engagement

The findings suggest that older people were more likely to experience negative
affect while playing the game. Likewise, Bittner and Shipper [129] found that older
people (40+) perceived less enjoyment compared to the younger groups (15-38).
This is consistent with the fact that gamification's perks diminish with age [48]. The
reason may be associated with the fact that older adults are more likely to have less
experience with game design elements in a serious context (e.g., education), which
may have caused them to struggle with the game and thus experience more

negative emotions (e.g., felt bored, tiresome, and had a bad mood).

Furthermore, the regression analysis indicates that people who spend more time
playing games, in general, are more likely to experience negative affect. This
finding is also supported by the findings from the independent t-tests conducted on
frequent vs. non-frequent games discussed in Section 7.3.2. In contrast, Heeter et al.
[130] found that non-games felt more negative affect when playing a tower defense
serious game, suggesting that the type of serious game may influence gamers'
negative affect differently. Frequent players might have compared LetterLink to other
more comprehensive and polished games, making them feel bored when playing the
word game. It is possible that frequent players experienced a greater lack of
challenge and stimulation of sensory and cognitive curiosity [34] compared to those

games that might have bored them or distracted them.

The inclusion of game design elements, in general, was an essential predictor of
decreasing negative affect and increasing positive affect. This is unsurprising
because different game design elements increase positive affect, like sound [15] and
leaderboard [65]. The findings correspond to Groening and Binnewies's [12]
conclusion, which argues that increasing the amount of game design elements will

increase motivation and performance.
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The findings suggest that people motivated by streaks were more likely to
experience less tension. A reason may be in the way streaks introduce a daily goal -
to log in to the game every day. This goal can be easier to overcome than other
goals, like winning three games or being on the top of the leaderboard. In addition,
people motivated by streaks may be satisfied enough as long as the streak is
preserved, and they feel less tension, frustration, and irritability than people
motivated by competitive elements may be. Further research is needed to evaluate

these statements.

Experience points (XP) and sound were important predictors for sensory and
imaginative immersion. The fact that sound increases sensory immersion by
stimulating the sense of hearing might be explained by sensory curiosity, as
proposed by Malone [34]. A similar conclusion was reached by [131, 132, 133].
However, the authors do not specifically mention immersion as sensory or
imaginative. The fact that LetterLink provides a “place-a-piece-on-wood” sound when
the player places the letter on the board may evoke mental images and increase

sensory immersion by transporting the player into the game's fictional universe.

A potential explanation for the association between experience points and sensory
and imaginative immersion could be that experience points are shown as an
eye-catching and standout green progress bar under the profile page, which can be
aesthetically pleasing to players. The visual input and the sense of progress and
accomplishment can enrich the game's sensory experience, making it visually

exciting and immersive.

In LetterLink, certain intervals of experience points are tied to a certain level. For
instance, if you have between 300 and 350 experience points, you have achieved
Level 7 - Word Wizard. Earning experience points to achieve new levels and new
level titles may increase excitement and the desire to explore further, which results in

a richer and more immersive experience.
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7.1.2 Cognitive Engagement

Players motivated by levels were more likely to experience challenge. This might be
because achieving the next level can act as an appropriate goal, which according to
Malone [34] is essential for a game to be challenging. In order to level up, the player
must collect a certain amount of experience points. In LetterLink, experience points
are given when a game is finished, and the amount is based on how many valid
words the player has placed. To optimize the received amount of experience points
to level up, the player has to choose words wisely, which may serve as a cognitive
challenge. Also, the higher the level a player achieves brings a recognition of goal
attainment and success, which cognitively engages the player to strive for more

progress, recognition, and achievement of goals.

7.1.3 Motivational Engagement

The regression analysis indicated that people motivated by experience points (XP)
were more likely to feel competent. As previously argued, experience points can be
a measure of skill. Competence includes how successful and skillful a player is. With
experience points being a measure of skill, this might have affected this feeling of
success and therefore increased the feeling of being a competent player. It can also
be explained in light of self-esteem, as proposed by Malone [34], where the gaining
of experience points contributes to self-esteem, which increases the feeling of

competency.

7.1.4 Behavioral Engagement

When game design elements were introduced, there was an increase in the use of
smaller board sizes (3x3 and 4x4) and a decrease in games with larger board sizes
(5x5 and 6x6). This may be associated with including achievements, where one goal
was to play ten games. Considering the fact that a game on a smaller board takes a

significantly shorter time, this might be the reason for the change in board sizes.
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Further, the results of the paired sample t-tests suggest that the inclusion of game
design elements affected the players' behavioral engagement. When game design
elements were included, the players’ had more games (specifically active games),

game proposals, and unique opponents, and games ended in a draw.

Games (specifically active games), game proposals, and unique opponents

The increase in game proposals and games might be due to the inclusion of
achievements. As argued before, achievements introduce some goals to overcome
and reward the player with a secret badge when it is achieved. This might have
motivated the players to reach the goal, either for their own sake (intrinsic
motivation) or to unlock the achievements badge. The achievement objectives were

A1t

‘play ten games,” “win three games,” and ‘play against three opponents,” which
encourage the player to be involved in more games and opponents to overcome the
challenges and might explain the increase of game proposals, games in general and

unique opponents.

Another reason might be the inclusion of experience points, levels, and
leaderboards. In LetterLink, the leaderboard was implemented with all players
shown on the table at once, which may have contributed to greater levels of
comparison to others and competition, as proposed by Bai et al. [17]. To be on the
top, the player needs to have the highest amount of experience points and, thus, be
at the highest level. Therefore, including these game design elements may positively

affect the users’ motivation and engagement.

Another reason may include the desire to continue playing. Considering that the
players were not notified when the opponent made a move, it makes sense that the
players sent out more proposals in order to increase their chances of playing the
game. By sending out game proposals to several users, they can avoid being
dependent only on one player having the time to play. However, there is also the
possibility that the increase in games may be because the players were more
familiar with the game in the second week. Further analysis, with the inclusion of a
control group, is needed to evaluate our results and to exclude the potential risk of

repeated measures design [134].
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Games ending in draw

A potential reason for an increase in games ending in a draw when game design
elements were introduced may be associated with the inclusion of competitive
elements like leaderboards. Competitive elements may cause players to concentrate
more on defensive strategies than aggressive or risky moves. The players may
emphasize preserving their winning percentage (shown on the profile page), which
can result in more defensive and cautious gameplay. Players using defensive
strategies will calculate their moves carefully, and the fact that both players have the
same prerequisites for success (i.e., the same letters and board size) may increase

the likelihood of draws.

7.1.5 Flow

The regression analysis indicated that people motivated by sound, experience
points (XP), or achievements were more likely to experience a flow state. Flow is
described as the optimal experience [37], an experience so pleasurable, involving
both cognitive, affective, and physical components of engagement [117]. To achieve
the state of flow, there must be a balance between the player's skill level and the
challenge they are given [37]. Achievements give the player a goal to reach and a
challenge to overcome, making an enjoyable gaming experience [34]. In LetterLink,
achievements provide the player with clear goals (e.g., winning three games), and
different challenges to overcome and give the player feedback on their progress
against the goal. This feature corresponds to what Kiili [14] observed as precursors

to flow and may explain why achievements are an essential predictor of flow.

Furthermore, experience points (XP) can represent the player's skill level. In
LetterLink, the amount of experience points indicates the number of valid words a
player has placed. For instance, a player with many experience points is most likely
skilled because the player must have played many games to get a high amount of
points. On the other hand, experience points can also represent a challenge in the
sense of obtaining the most amount of experience points. In LetterLink, the amount
of experience points can be shown and compared in the leaderboard component. A

possible explanation why experience points can predict the players' state of flow
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could be in the way that experience points skill and balance facets ensures a perfect

balance between skill and challenge which are essential for achieving flow.

The fact that sounds can increase the player's flow is supported by [15, 60]. Levy et
al. [60] argue that sound improved the participants' ability to focus, made time seem
to pass more quickly, and made the activity feel more gratifying. For that reason, it
seems like including sounds in games is an essential factor in achieving flow. This
also shows that for someone to be in the state of flow, a combination of cognitive,
affective, motivational, and metacognitive factors is required [36]); thus, the state of
flow (as well as engagement) cannot be measured or researched as a
unidimensional construct, particularly, when we aim to understand the complex
processes of learning and engagement as combinations of individual, interpersonal,

and contextual factors related to human learning and engagement.

7.2 Game Design Elements Contribution to Engagement as a

Multidimensional Construct

RQ2: What specific game design elements in a serious game context contribute the

most and the least to engagement as a multidimensional construct?

The game design element that contributed the most to engagement as a
multidimensional construct is experience points (XP), which was found to influence
flow, affective (i.e., sensory and imaginative immersion), and motivational
engagement (i.e., competence). It also seems like experience points have an effect
on behavioral engagement. For that reason, experience points seem vital to include
in the design of a serious game in order to increase the players’ engagement in

various dimensions.

Following, the inclusion of game design elements in general was found to affect
the players' positive and negative affect. Sound influenced affective engagement
(i.e., sensory and imaginative immersion) and affected the players’ flow state.

Streaks were also found to influence affective engagement.
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The achievement influenced the player's flow state and is assumed to impact
behavioral engagement. Level influenced behavioral engagement and was the only
game design element to affect cognitive engagement. Therefore, levels are crucial to

adapt to serious games to ensure cognitive engagement.

Both profile statistics and leaderboard failed to predict any of the GEQ’s seven
engagement factors, which might indicate they were less important to engage the
player. However, it seems reasonable that the leaderboard impacted the increase in
behavioral engagement. Previous research has found that the leaderboard is
important in promoting user engagement [12, 13, 14, 15] by contributing to feelings
of competitiveness. Considering the fact that both profile statistics and leaderboard
shows the users' amount of experience points, a possible explanation is that these
game design elements are not properly isolated from experience points, making the
user pay less attention to the leaderboard and the profile statistics as separate game

design elements.

Another explanation might be that the LetterLink game, as designed for learning
vocabulary and training spelling, did not require nor spark competitiveness among
the players as they intended to learn and engage in a learning experience and not
have the need to win. This shows that serious games can be designed with the
intention to learn and engage in a learning experience without the need to be
competitive or aim to win more than the aim to learn and have a positive experience

with peers.

Confetti animation failed to predict any engagement dimensions, which may

indicate that it is not vital for the user's engagement in serious games.

Overall, the findings demonstrate that different game design elements affect various
dimensions of engagement. For players to be engaged, a combination of cognitive,
affective, motivational, and behavioral factors must be present. Including a
leaderboard might affect the players' behavior and make them engage in more
games and play longer. The inclusion of levels and cognitive challenges introduces a

goal to reach for. The inclusion of experience points seems to evoke the players'
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emotions by making them feel good about themselves and feel successful in what
they are doing so that they are motivated to continue playing. The game should also
make the player feel a certain level of tension so that they are willing to put some
effort into overcoming the challenges, and to be in the flow zone [37]. All these
factors capture different dimensions of engagement and point out that engagement
cannot be measured or researched as a unidimensional construct. Further studies
should coin engagement as a multidimensional construct that captures individual,

interpersonal, and contextual factors related to human learning [36].

7.3 Gender, Gaming Frequency, and Age’s Effect on

Engagement

RQ3: Are the potential benefits of game design elements in a serious game context
limited to or enhanced in participants depending on external factors such as age,

gender, and experience with playing games?

7.3.1 Gender

There were no significant differences regarding gender, which are consistent with
previous research [37, 38]. This indicates that the player's level of engagement

seems to not be limited to the player's gender.

7.3.2 Gaming Frequency and Experience

Regarding the players' gaming frequency, frequent players (i.e., players who spend
more than 2 hours playing games in general per week) experienced more negative
affect in the first week, where no game design elements were present. This
difference may arise because frequent players may have more gaming experience
and therefore have greater expectations and standards for the game [135]. When
game design elements are missing, the players may perceive the experience as

shallow or without depth, resulting in disappointment, boredom, or irritation. In
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contrast, non-frequent players may have lower expectations and approach the game

with a more easygoing perspective, resulting in fewer negative emotions.

In addition, frequent players were involved in more games in the second week
than non-frequent players, where game design elements were present. This
difference may arise because frequent players have experience with other games;
they might have a higher perceived level of skill compared to players who do not play
games often. As a result, frequent players may be more likely than non-frequent
players to have the time and motivation to play numerous games within a given
timeframe. This is supported by Larche and Dixon [136], who states that players with

high perceived skill experience more flow, making them more motivated to play.

Frequent players also had significantly more games ending in a draw in the
second week than non-frequent players. Because frequent players have more
experience with games in general, they may be more skilled in the game. Frequent
players might better understand the rules, tactics, and optimal play, which could lead

to more evenly balanced play and a higher probability of draws.

7.3.3 Age

When no game design elements are present, it is interesting to note that
participants between the age of 25 and 39 had significantly more games than the
oldest age group (40+). This disparity may show that factors other than game
design elements contribute to the greater game count among people aged 25 to 39.
People between the ages of 25 to 39 may be more comfortable with technology and
more experienced with educational games, making them less likely to expect to be
as engaged in a serious game as in an authentic video game [137]. This may
increase their likelihood of accessing and exploring a greater choice of serious

games.
When game design elements were introduced in the second week, the middle-aged

group (25-39) had significantly more opponents, higher total points, and lost

more games than the youngest age group (15-24). The findings indicate that
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people in their late twenties and thirties have particular features that allow them to
succeed in gaming situations. Firstly, the number of opponents may imply that
people aged 25 to 39 actively seek competitive challenges and are more likely to
engage in multiplayer gaming. Second, the higher total points might indicate that the
middle-aged group (25-39) has established a level of competency and knowledge in
terms of their vocabulary, allowing them to attain greater scores and succeed in
various game design elements. Finally, the greater frequency of losses could
indicate that people between the ages of 25 and 39 are more willing to take risks, try

new techniques, and learn from their mistakes in order to improve their gameplay.

In addition, the oldest age group (40+) had significantly more experience points
than the youngest age group (15-24) in the second week. A possible explanation is
that older people, due to their life experience, may have developed better strategic
thinking and problem-solving skills, which may have contributed to their ability to
choose words wisely [138], leading to a higher amount of experience points. In
addition, older people may have had more exposure to gaming over the years, which

may have contributed to a deeper comprehension of game dynamics and tactics.

Overall, the age-related findings contradict Koivisto and Hamari's [139] assertion that
the advantages of gamification diminish with age. This may be because their
research was conducted in a different setting (i.e., exergames) where age

differences may express themselves differently.

7.4 Strengths and limitations

7.4.1 Strengths

The game design elements in LetterLink are grounded in different theories (Malone’s
Theory of Enjoyment, the GameFlow Framework, the Game Reward System, the
Gamification Taxonomy) and by analyzing related games. With this, we ensure the

game design elements are relevant and implemented correctly.
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As described in Section 3.6, LetterLink includes several different game design
elements. This includes a streaks feature, which many games do not have.
Furthermore, the application strongly focuses on performance and usability through
server-side rendering, Mantine as a component library, and Firebase real-time data
listeners. We believe LetterLink provides a pleasant and fun gameplay experience
even without the game design elements. This is advantageous because we reduce
the risk of players being frustrated by poor performance or user experience, affecting

the questionnaire answers and behavioral data.

In this research project, engagement is thoroughly defined [18] and considered a
multidimensional construct [39, 75]. This is advantageous because it provides clarity
of understanding engagement as a complex concept and clarity in terms of what is

being measured.

To answer the research questions, multiple analysis methods were conducted to
increase the robustness of the results in this thesis. Each analysis method provides
unique insights and perspectives on the data, allowing for a more holistic
interpretation of the findings. When different methods consistently yield similar
outcomes, it enhances confidence in our findings and reduces the potential for bias

or chance effects.

7.4.2 Limitations

The game design element experience points were a part of both profile statistics,
levels, and leaderboards. This might have affected the questionnaire results, where
participants might have thought that questions regarding the experience points

component also included profile statistics, levels, and leaderboards.

When using the Chrome browser application on iOS devices, users could not drag
the letter to a grid slot on iOS devices. Those who experienced this error were told to
use a different mobile browser or switch to playing on a desktop. Users might have
felt frustrated and less engaged in the playing experience when encountering this

error, affecting the questionnaire results.
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After each week that participants were playing, they had one week to answer the
questionnaire. Some participants waited several days, sometimes postponing
answering until Sunday. This might have led them to forget how they felt during
playing. Since GEQ is shown to have a forgiveness effect (i.e., players may forget or
forgive an adverse event if it is followed by a time when they have a positive one)
[112], this might have affected the questionnaire results. Ideally, participants would
answer the questionnaire the Monday following the playing week, but it is unrealistic
to expect this. We could have set a deadline for answering the questionnaire the
following Wednesday, but we felt this would be intrusive, especially when participants

were not rewarded for partaking.

Except for the game design elements, the game and gameplay were identical in both
playing weeks. A disadvantage of choosing a repeated measure design is the risk of
order effects [134]. For instance, players might have practiced in the first week,
making them better at placing words that give points in the second week. In addition,
the players might be tired of playing the game already in the first week, making them
feel bored in the second week. Both situations could have affected the participants'

motivation and engagement positively or negatively.

The application does not notify players when it is their turn to make a move, for
instance, through a push notification or an email. This feature was highly prioritized
during development. However, due to users in Firebase being anonymous, there was
no way of notifying a user after a move. Players were required to open the app to
see if the opponent had made a move. In cases where a player regularly checks, but
no move has been made, it might make the player feel frustrated or irritated,
affecting the questionnaire results. We foresaw this issue and, as a countermeasure,
encouraged players to play and finish a game during one session, meaning players
would take five minutes or so to start and complete a game. On the other hand, with
participants being anonymous, it took much work for players to find others to play
with.
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7.5 Implications of Findings

Based on the findings, we propose the following guidelines for adding game design

elements in a serious game, as can be seen in Table 7.1:

Table 7.1: Guidelines for engaging users through the use of game design

elements
Engagement Game design element found to increase the
Dimension engagement dimension

Flow Sound
Experience points
Achievements

Affective Streaks
Experience points
Sound

Cognitive Level

Motivational Experience points

Behavioral Achievement
Experience points
Levels
Leaderboards

7.6 Future work

The findings of this thesis suggest that the inclusion of game design elements in
LetterLink had a positive effect on the player's engagement. Therefore, looking
further at the educational effect for vocabulary learning and retention that LetterLink
can provide would be interesting. According to Perttula et al. [140], flow experience
positively affects learning. Furthermore, Natucci and Borges [141] claim that there is
a knowledge gap between certain game design elements and the effect they might
have on learning. Researching this would add to the current knowledge of the

relationship between game design elements and learning.
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While serious games have been used for vocabulary acquisition and retention, few
have implemented and tested input and output language skills in a digital
game-based language learning context [142]. This is a possible use case for
LetterLink.

Determining the effect notifications have on player retention and engagement would
be interesting. However, one would need to figure out how to send notifications to

users when everything on the server and in the database is anonymous.

Research with a control group would be valuable to verify our findings. In addition, it
would be interesting to conduct regression analysis with the behavioral
measurement as dependent variables to justify our assumptions on the specific

game design elements' effect on behavioral engagement.
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8 Conclusion

This research assessed the effects of game design elements on engagement as a
multidimensional construct (including behavioral, affective, cognitive, and
motivational dimensions) in a serious game for vocabulary learning and retention.
The research was conducted using a design-based research approach. Participants
first played the serious game without game design elements for a week, then with
game design elements, counting an achievement system, leaderboard, streaks,
experience points, and feedback components such as animations, sounds, level, and
profile statistics. Self-report and log data were collected. Each measurement was
mapped to one of the engagement dimensions to extend the understanding of user

engagement as a multidimensional construct.

Overall, the results indicate that including game design elements in a serious game
like LetterLink is critical to ensure user engagement. Our findings suggest that
different game design elements significantly affect various engagement dimensions.
Age, gaming frequency, streaks, experience points, and sound influence affective
engagement. Levels were the only game design elements contributing to cognitive
engagement, and experience points were the only element contributing to
motivational engagement. Age and gaming frequency was found to predict
behavioral engagement. In addition, it seems like the inclusion of achievements,
experience points, levels, and leaderboards contributed to the increase in behavioral
engagement. No gender differences were observed. Our results indicate that
engagement must be considered a multidimensional construct, and we hope that

these findings will inspire further research to coin engagement in the same way.
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Appendix A - Multiplayer Wordle task description
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Multiplayer Wordle

Description

Multiplayer wordle is a two (or more) player wordle-like strategy game. The player can play against
other players on the network or against the Al.

Rules of the game

Each player has their 5x5 matrix hidden from other players, which should be filled with letters. The
object of the game is to form as many as possible three, four or five letters words. The game starts
when one player chooses the letter and makes it visible to another player. Both players are
required to choose the place for the letter in their matrix. Then, players interchangeably define

letters that another player must also use. The game ends after 25 rounds when both matrices are
filled with letters.

Calculating results
The winner is the player who earned more points after the following calculation:

e Five-letter word is worth 10 points
e Four-letter word is worth 4 points
e Three-letter word is worth 3 points

Words can be formed both vertically (from top to bottom) and horizontally (from left to right).

Example of results’ calculation:
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Player A total points: 44 Player B total points: 37
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Notice that both matrices must contain the same letters.

Other variations of the game
Possible extensions of the game:

e Offer games for more than two players, where players choose letters one by one, and all
other players are required to put the defined letters in their matrix.

e The matrix can be extended to 6x6, 7x7, etc.

e Different gradings of the words can be used.
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Appendix B - Information letter

Vil du delta i forskningsprosjektet

LetterLink — Effekten av spilldesign-elementer

Dette er et spgrsmal til deg om 3 delta i et forskningsprosjekt hvor formalet er a se pa effekten av
spilldesignelementer. | dette skrivet gir vi deg informasjon om malene for prosjektet og hva
deltakelse vil innebzere for deg.

Formal

Forskningsprosjektet inngar i en masteroppgave i informatikk. Hensikten med studien er a studere
effekten av spilldesign elementer. Forskningsspgrsmalet er « To what extent do players become more
engaged when introducing game design elements?”.

Hvem er ansvarlig for forskningsprosjektet?
Institutt for datateknologi og informatikk ved NTNU er ansvarlig for prosjektet.

Hvorfor far du spgrsmal om 3 delta?
Utvalget velges ved a kontakte tilfeldig aktuelle personer for undersgkelsen. Aktuelle deltakere er
studenter og voksne i arbeid. Vi skal rekruttere ca. 30 personer.

Hva innebaerer det for deg a delta?

Hvis du velger a delta i prosjektet, innebaerer det at du over to perioder (én periode varer i én uke)
skal bruke spillet LetterLink, hvor du selv bestemmer hvor mye du gnsker 3 spille. Etter hver periode
skal du fylle ut et spgrreskjema. Det vil ta deg ca. 5 minutter. Spgrreskjemaet inneholder pastander
om hvordan du fglte deg da du spilte spillet. Dine svar fra spgrreskjemaet blir registrert elektronisk.

Videre vil det samles inn anonym data om brukere sin adferd pa tjenesten, bade nar det kommer til
brukerbasen som en helhet men ogsa individuelle brukere.

Det er frivillig 3 delta

Det er frivillig & delta i prosjektet. Hvis du velger & delta, kan du ndr som helst trekke samtykket
tilbake uten a oppgi noen grunn. Alle dine personopplysninger vil da bli slettet. Det vil ikke ha noen
negative konsekvenser for deg hvis du ikke vil delta eller senere velger a trekke deg.

Ditt personvern — hvordan vi oppbevarer og bruker dine opplysninger
Vi vil bare bruke opplysningene om deg til formalene vi har fortalt om i dette skrivet. Vi behandler
opplysningene konfidensielt og i samsvar med personvernregelverket.

Det er kun studentene Kristine Larssen og Andreas Amundsen som vil ha tilgang til opplysningene om
deg. Navn og kontaktopplysningene dine vil vi erstatte med en kode som lagres pa egen navneliste
adskilt fra gvrige data. Navnelisten, som eneste dokument som inneholder personopplysninger i
dette forskningsprosjektet, vil bli lagret pd NTNU sine servere pa en bruker med to-
faktorautentisering.
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Svarene fra spgrreskjemaet blir bearbeidet av Nettskjema.

All data knyttet til spillet LetterLink blir bearbeidet av Google Firebase og analysert ved hjelp av
Google Analytics. Dette gjgres helt anonymt og her vil det ikke lagres noen personopplysninger.
Google kan derfor ikke identifisere deltakere.

Deltakerne vil bli anonymisert i oppgaven, og det vil derfor ikke vaere mulig a gjenkjenne deltagerne i
masteroppgaven.

Hva skjer med personopplysningene dine nar forskningsprosjektet avsluttes?
Prosjektet vil etter planen avsluttes 10. juni 2023. Etter prosjektslutt vil datamaterialet bli slettet.

Hva gir oss rett til 3 behandle personopplysninger om deg?
Vi behandler opplysninger om deg basert pa ditt samtykke.

Pa oppdrag fra Institutt for datateknologi og Informatikk ved NTNU har Sikt — Kunnskapssektorens
tjenesteleverandgr vurdert at behandlingen av personopplysninger i dette prosjektet er i samsvar
med personvernregelverket.

Dine rettigheter
Sa lenge du kan identifiseres i datamaterialet, har du rett til:
e innsyn i hvilke opplysninger vi behandler om deg, og a fa utlevert en kopi av opplysningene
o afarettet opplysninger om deg som er feil eller misvisende
e afaslettet personopplysninger om deg
¢ asende klage til Datatilsynet om behandlingen av dine personopplysninger

Hvis du har spgrsmal til studien, eller gnsker a vite mer om eller benytte deg av dine rettigheter, ta
kontakt med:
e Veileder og fgrsteamanuensis ved institutt for datateknologi og Informatikk ved NTNU:
o Boban Vesin, epost: boban.vesin@ntnu.no, telefon: +47 48 21 74 55
e Studentene:
o Kristine Larssen, epost: krlarss@stud.ntnu.no, telefon: 98 83 41 80
o Andreas Amundsen, epost: andramu@stud.ntnu.no, telefon: 98 89 97 24
e Vart personvernombud:
o Thomas Helgesen, Epost: thomas.helgesen@ntnu.no eller telefon: 93 07 90 38

Hvis du har spgrsmal knyttet til vurderingen som er gjort av personverntjenestene fra Sikt, kan du ta
kontakt via:

e Epost: personverntjenester@sikt.no eller telefon: 73 98 40 40.
Med vennlig hilsen

Boban Vesin Kristine Larssen & Andreas Amundsen
(Veileder) .
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Samtykkeerklzering

Jeg har mottatt og forstatt informasjon om prosjektet LetterLink - Effekten av spilldesign-elementer,
og har fatt anledning til a stille spgrsmal. Jeg samtykker til:

O adeltaia bruke spillet LetterLink over to perioder pa én uke hver

O adeltaito spgrreundersgkelser angdende engasjement i spill
O adeltaiindirekte anonym observasjon av brukeradferd

Jeg samtykker til at mine opplysninger behandles frem til prosjektet er avsluttet

(Signert av prosjektdeltaker, dato)
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Appendix C - Email communication

C1: Template for email sent to the participants in week 1

Hei navn!
Da har forste spilluke startet! #& Den vil forega frem til ssndag 5 mars 23:59.

Logg inn pa hitps://www.letterlink.no/. Ditt brukernavn og passord er:

[animal_name]@letterlink.no
[password]

Spillet kan spilles pa bade PC og mobil. Prgv gjerne begge deler og finn ut hvor du liker
best a spille.

Vi gnsker ikke & legge noen faringer for hvor mye eller lite dere spiller. Det vi gnsker er at
dere spiller tilstrekkelig nok til at dere kan svare pa sparreundersgkelsen som vil bli sendt
ut tidlig neste uke

Vi har laget en powerpoint med enkle instruksjoner hvordan man spiller ®: [...]

Dessverre sa far dere ikke varslinger nar det er deres tur. Vi anbefaler & sjekke innimellom
om det er deres tur eller enda bedre spille ferdig et spill i en gkt.

Verktgyene vi bruker for logging fungerer ikke med adblock. Dersom dere har adblock
installert gnsker gjerne at dere skrur den av for LetterLink.

Lykke til og kontakt oss gjerne dersom det er noen spgrsmal, ting som ikke fungerer eller
andre tilbakemeldinger

Mvh
Andreas og Kristine
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C2: Template for email sent to the participants in week 2

Hei!

Da var farste spilluke over ¢y

Brukerne har blitt deaktivert, men blir aktivert igjen pa mandag for neste og siste spilleuke
Na gnsker vi gjerne at dere svarer pa spgrreskjemaet innen 12 mars kl 23:59 / Det tar
rundt 5 minutter a fylle ut skjemaet

Lenke til sparreskjemaet: https://nettskiema.no/a/323810

Mvh
Andreas og Kristine

C3: Template for email sent to the participants in week 3

Hei!

Da er andre og siste spilluke i gang! Den vil vare frem til sendag 19. mars 45

Nytt med denne uka er nye spill-elementer. Hva som er nytt kan dere se i vedlegget ¢
Igjen sa @nsker vi ikke & legge noen fagringer for hvor mye eller lite dere spiller. Det vi
gnsker er at dere spiller tilstrekkelig nok til at dere kan svare pa sperreundersgkelsen som

vil bli sendt ut tidlig neste uke

Lykke til og kontakt oss dersom det er noen sparsmal, tilbakemeldinger eller om dere har
glemt innloggingsinformasjonen

Mvh
Andreas og Kristine
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C4: Template for e-mail sent to the participants in week 4

Hei!
Da var andre og siste spilleuke over &=
Vi gnsker at dere svarer pa sparreskjemaet innen 26 mars kl 23:59

Lenke til sparreskjema: https://nettskjiema.no/a/327103

Tusen takk for din deltakelse i prosjektet! All data vil bli slettet innen midten av juni 2023

Send oss en mail dersom du fortsatt har lyst til & spille spillet, sa gir vi deg tilgang.

Mvh
Andreas og Kristine
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Appendix D - Application guide week 1

Introduction

This is your own
personalboard

Your opponent has their
own board, hidden from
you!
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The goal is to form as
many valid norwegian
words as possible

ﬁ Compare your score
The game is 13 w16
over when both J
players’ boards
are full against your opponent
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Start a game

Start a new game!
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Select an opponent!

Select a board size

Propose game
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Wait for your
opponent to approve
your request

Withdraw proposal

Receive game requests
from other players

Accept or rejectit
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How to play

Click on the game to
make a move when it's
your turn
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Drag the letter
to the grid

Submit your move

Sit back and relax

wait for your opponent
to make their move

Their turn
'f Cow
X R 5
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Appendix E - Application guide week 2

New features

Maintain your
streak
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LEVEL 2

Unlock

achievements

Check out your
achievements

Track your progress
towards unlocking the
achievements
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Check out your
profile

" Hamster

Level up by gain XP by completing games

Keep track on your
game statistics

Compare your score
against the other
players

Are you the best player in
this game?
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Appendix F - Questionnaire Week 1

LetterLink - Survey of game experience part 1

Side 1

Obligatoriske felter er merket med stjerne *

The first week of playing is over. Thanks for taking the time to play the game - we appreciate it.
The next step is to fill out this survey. It will take approximately 5 minutes.

First, we want to collect some information about you. Please fill in your username so we can connect the answers
with your in-game behavior and the responses from the following survey.

After that, we want you to rank how well the statements describe how you felt while playing the game.

=} sideskift

Side 2

Obligatoriske felter er merket med stjerne *

Your animal username from the game *
Age *

Gender *
O airl
O Boy

QO Other

How often do you play games (like video games, board games, mobile games etc.) weekly? *

O None

30 minutes
1 hour

O
O
O 2hours
O

more than 3 hours

= sideskift
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Obligatoriske felter er merket med stjerne *

Please indicate how you felt while playing the game for each of the items, on the following scale:

| felt content *

| felt skilful *

| was interested in the game's
story *

| thought it was fun *

1 was fully occupied with the game *

| felt happy *

It gave me a bad mood *

| thought about other things *

| found it tiresome *

| felt competent *

I thought it was hard *

It was aesthetically pleasing *

| forgot everything around me *

| felt good *

1 was good at it *

| felt bored *

| felt successful *

1-Notatall

O

@)

O

o o o o o o o o o o o o o o

2 - Slightly

O

O

O

o o0 0 0 0O o o o o o o o o o
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@) @)
@) @)
@) @)
@) @)
@) @)
@) @)
(@) (@)
@) @)
(@) @)
(@) (@)
@) @)
(@) @)
@) @)
(@) @)
@) (@)
©) @)
(@) (@)

5-

Extremely

O

(@)

(@)

o o0 0 0 0O o o o o o o o o o

Side 3



| felt imaginative *

| felt that | could explore things *

I enjoyed it *

| was fast at reaching the game's
targets *

| felt annoyed *

| felt pressured *

| felt irritable *

I lost track of time *

| felt challenged *

I found it impressive *

| was deeply concentrated in the
game *

| felt frustrated *

It felt like a rich experience *

I lost connection with the outside
world *

| felt time pressure *

I had to put a lot of effort into it *

= sideskift

O

O O O O O O O

O

O

O

©c O O O O O O

(@)

(©)

(@)

O O O O O O O

(@)

(@)
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Appendix G - Questionnaire Week 2

LetterLink - Survey of game experience part 2

Side 1

Obligatoriske felter er merket med stierne *

The last week of playing is over. Thanks for taking the time to play the game - we appreciate it.
The next step is to fill out this survey. It will take approximately 5 minutes.

First, we want to collect some information about you. Please fill in your username so we can connect the answers
with your in-game behavior and the responses from the following survey.

After that, we want you to rank how well the statements describe how you felt while playing the game.

= sideskift

Side 2

Obligatoriske felter er merket med stjerne *

Your animal username from the game *

= = -
= Sideskift
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Side 3

Obligatoriske felter er merket med stjerne *

Please indicate how you felt while playing the game for each of the items, on the following scale:

3- 5-
1-Notatal 2-Slightly  Moderately 4 - Fairly Extremely

| felt content * O O O (@) O

| felt skilful * O O O O O

| was interested in the game's
story *

O
(@)
@)
O
O

| thought it was fun *

| was fully occupied with the game *

1 felt happy *

It gave me a bad mood *

| thought about other things *

| found it tiresome *

| felt competent *

I thought it was hard *

It was aesthetically pleasing *

| forgot everything around me *

I felt good *

| was good at it *

| felt bored *

o O 0O O O O O O O O O O o O
o O 0O O O O O O O O O O o o
o o 0o o o o 0o o O o o o o o
o o 0o o 0o o 0o o o o o o o o
o O O O O O O O O O O O O O

| felt successful *
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| felt imaginative * O O O O O

| felt that | could explore things * O O O O O

I enjoyed it *

(@)
(@)
(@)
(@)
(@)

| was fast at reaching the game's
targets *

(@)
(@)
(@)
(@)
(@)

| felt annoyed *

| felt pressured *

| felt irritable *

I lost track of time *

| felt challenged *

o O O O O O
o O O O O O
o O O O O O
o O O O O O
o O O O O O

1 found it impressive *

| was deeply concentrated in the
game *

(@)
(©)
(@)
(@)
(@)

(©)
(@)
(@)
(@)
(@)

| felt frustrated *

It felt like a rich experience * O O O O O
| lost connection with the outside
st o O O O O O

| felt time pressure * O O O O O

I had to put a lot of effort into it * O O O O O

= sideskift

Side 5

Obligatoriske felter er merket med stjerne *

Ganmification includes various game design elements intended to influence your level of motivation.

For EACH of the game design elements presented in the following pages, respond to the following statement:

"In this game, due to the (game design element), | was [much less, less, neither less or more, more, much more] motivated to play the
game compared to playing this game without the (game design element)."

= sideskift
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Side 6
Obligatoriske felter er merket med stjerne *

In this game, due to the leaderboard, | was [much less, less, neither less or more, more, much more] motivated to play the game com-
pared to playing this game without the leaderboard.

Neither Less
Much Less Less or More More Much More

Leaderboard * O O O O O

Butterty

=, Sideskift

Side 7
Obligatoriske felter er merket med stierne *

In this game, due to achievements, | was [much less, less, neither less or more, more, much more] motivated to play the game com-
pared to playing this game without achievements.

Neither Less
Much Less Less or More More Much More
Achievements * O O O O O

Fray 3 astacent cpposants

win 3 games.

=} sideskift
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Side 8

Obligatoriske felter er merket med stjerne *

In this game, due to confetti animation, | was [much less, less, neither less or more, more, much more] motivated to play the game
compared to playing this game without confetti animation.

Neither Less
Much Less Less or More More Much More
Confetti animation * O O O O O

'
The game is over
You won the game

51409

Hamster

= sideskift

Side 9

Obligatoriske felter er merket med stjerne *

In this game, due to levels, | was [much less, less, neither less or more, more, much more] motivated to play the game compared to
playing this game without levels.

Neither Less
Much Less Less or More More Much More
Lovels* O O O O O

LEVEL UP!

» =

LEVEL 2

Word Warrio

=} sideskift
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Side 10

Obligatoriske felter er merket med stjerne *

In this game, due to sounds, | was [much less, less, neither less or more, more, much more] motivated to play the game compared to

playing this game without sounds.

Neither Less
Much Less Less or More More Much More
Sounds * O O O O O

Sounds wf))

Orag the lettr o the grt

Dowo® Placing the letter

Horse

Placing valid words

= sideskift
Side 11
Obligatoriske felter er merket med stjerne *

In this game, due to profile statistics, | was [much less, less, neither less or more, more, much more] motivated to play the game com-

pared to playing this game without profile statistics.

Neither Less
Much Less Less or More More Much More
Profile statistics * O O O O O

% Hamster

ORC,

Games played Win rate

Q

mstlion  No defeats

= sideskift
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Obligatoriske felter er merket med stjerne *

Side 12

In this game, due to streaks, | was [much less, less, neither less or more, more, much more] motivated to play the game compared to

playing this game without streaks.

Neither Less
Much Less Less or More
Streaks * O O O
weicome, Hamstert ()
Keop it ousre ona 2 days
3
=l o -
= Sideskift

Obligatoriske felter er merket med stjerne *

More Much More

(@) @)

Side 13

In this game, due to experience points (XP), | was [much less, less, neither less or more, more, much more] motivated to play the

game compared to playing this game without experience points (XP).

Neither Less
Much Less Less or More
Experience points (XP) * O O O

More Much More

(@) (@)

= sideskift
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Side 14

Obligatoriske felter er merket med stierne *

Overall, due to the game design elements mentioned previously, | was [much less, less, neither less or more, more, much more] moti-
vated to play the game compared to playing the game without the game design elements.

Neither Less
Much Less Less or More More Much More
Overall* (@) O @) O (©)
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Appendix H - GameFlow Criteria

Element Criteria
Concentration e games should provide a lot of stimuli from different
sources
e games must provide stimuli that are worth attending
to

e games should quickly grab the players’ attention and
maintain their focus throughout the game - players
shouldn’t be burdened with tasks that don’t feel
important

e games should have a high workload, while still being
appropriate for the players’ perceptual, cognitive, and
memory limits

e players should not be distracted from tasks that they
want or need to concentrate on

Challenge e challenges in games must match the players’ skill

levels

e games should provide different levels of challenge for
different players

e the level of challenge should increase as the player
progresses through the game and increases their skill
level

e games should provide new challenges at an
appropriate pace

Player skills e players should be able to start playing the game

without reading the manual

e learning the game should not be boring, but be part of
the fun

e games should include online help so players don’t
need to exit the game

e players should be taught to play the game through
tutorials or initial levels that feel like playing the game

e games should increase the players’ skills at an
appropriate pace as they progress through the game

e players should be rewarded appropriately for their
effort and skill development

e game interfaces and mechanics should be easy to
learn and use

Control e players should feel a sense of control over their
characters or units and their movements and
interactions in the game world
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e players should feel a sense of control over the game
interface and input devices

e players should feel a sense of control over the game
shell (starting, stopping, saving, etc.)

e players should not be able to make errors that are
detrimental to the game and should be supported in
recovering from errors

e players should feel a sense of control and impact onto
the game world (like their actions matter and they are
shaping the game world)

e players should feel a sense of control over the actions
that they take and the strategies that they use and
that they are free to play the game the way that they
want (not simply discovering actions and strategies
planned by the game developers)

Clear goals e overriding goals should be clear and presented early
e intermediate goals should be clear and presented at
appropriate times

Feedback e players should receive feedback on progress toward
their goals
e players should receive immediate feedback on their
actions
e players should always know their status or score

Immersion e players should become Iless aware of their
surroundings
e players should become less self-aware and less
worried about everyday life or self
e players should experience an altered sense of time
e players should feel emotionally involved in the game
e players should feel viscerally involved in the game

Social e games should support competition and cooperation
interaction between players
e games should support social interaction between
players (chat, etc.)
e games should support social communities inside and
outside the game
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Appendix | - Explanation of variables

Log data

Week 1 - Without game

elements

A_games

A_proposed_games_list

A_XP
A lost_games

A_wins

A oppo_end

A_proposed_games

A_recievd_proposals
A_draw

A_ended_games

A_active_games

A_not_active

A_days_visit

A_total_points

Week 2 - With game
elements
B_games

B_proposed_games_list

B_XP
B_lost games

B_wins

B_oppo_end

B_streaks

B_proposed_games

B_recievd_proposals
B_draw

B_ended_games

B_active_games

B_not_active

B_days visit

B_total_points
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Description
Number of games (active and ended)

Length of the list of proposed games, both
sent and received proposals

Amount of experience points gathered in
total by the player.

One in-game point equals one experience
point. Experience points are only added if
the game was finished

Number of games the player has lost
Number of games the player has won

Number of unique opponents the player has
finished game with

Number of consecutive days the player has
been playing. Resets when the player does
not play for 24 hours

Number of games the player has proposed

Number of game proposals the player has
received from other players

Number of games that resulted in a draw
Number of games that were finished

Number of active games that are yet to be
finished

Number of games that have not been
started yet, caused by players not yet
accepting a proposed game

Number of days the player did a move
in-game

Number of total points obtained by the
player. Includes points obtained in
unfinished games



Data collected from the questionnaire

Demographic

Username Username Unique username - a given animal name
age Age of the player
gender Gender (male = 0, female = 1)

Time spent playing games per week
(1 = None, 2 = 30min, 3 = 1h, 4 = 2h, 5=
time_playing_weekly more than 3h)

Game experience questionnaire (GEQ)

1 =not at all, 2 = alightly, 3 = moderately, 3= fairly, 4 = extremely

Variable - Variable -
Questionnaire Questionnaire
week 1 week 2 Question Component
W1_P_content W2_P_content | felt content Positive affect
W1_P_fun W2_P_fun | thought it was fun Positive affect
W1_P_felt good W2_P_happy | felt good Positive affect
W1_P_happy W2_P_felt_good | felt happy Positive affect
W1 _P_enjoyed it W2 P_enjoyed it | enjoyed it Positive affect
W1_CO_skilful W2_CO_skilful | felt skilful Competence
W1_CO_competent W2_CO_competent | felt competent Competence
W1_CO_good_at it W2 _CO _good_at it |was good at it Competence
W1_CO_succsessfu
I W2_CO_succsessful | felt successful Competence
W1_CO fast reach W2 CO fast reach | was fast at reaching the game's
_target _target targets Competence
Sensory and
W1_SI _interested g W2_SI _interested g | was interested in the game's immaginative
ame_story ame_story story immersion
Sensory and
W1_SI_aestetical_pl W2_SI_aestetical_pl immaginative
easing easing It was aesthetically pleasing immersion
W1_SI_imaginative 'W2_SI_imaginative | felt imaginative Sensory and
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immaginative

immersion

Sensory and
W1_SI_explore_thin W2_SI_explore_thin immaginative
gs gs | felt that | could explore things immersion

Sensory and
immaginative

W1_SI_impressive W2_SI_impressive | found it impressive immersion
Sensory and

W1 _SI rich_experie W2_SI _rich_experie immaginative

nce nce It felt like a rich experience immersion

W1_F_occupied_wit W2_F_occupied_wit

h_game h_game | was fully occupied with the game Flow
W1_F_forgot_everyt W2_F_forgot_everyt

hing_around hing_around | forgot everything around me Flow
W1 _F lost track ti W2 F lost track ti

me me | lost track of time Flow

| was deeply concentrated in the

W1_F_concentrated W2_F_concentrated game Flow
W1_F _lost _connecti W2_F_lost _connecti | lost connection with the outside

on on world Flow
W1_N_bad_mood W2 _N_bad_mood It gave me a bad mood Negative affect
W1_N_thought_othe W2_N_thought_othe

r_things r_things | thought about other things Negative affect
W1_N_tiresome W2_N_tiresome | found it tiresome Negative affect
W1_N_bored W2_N_bored | felt bored Negative affect
W1 _CH_it was_har W2 _CH_it was_har

d d | thought it was hard Challenge

W1 _CH_pressured W2 CH_pressured | felt pressured Challenge
W1_CH_challenged W2_CH_challenged | felt challenged Challenge
W1_CH_time_press W2_CH_time_press

ure ure | felt time pressure Challenge

W1_CH_lot_effort W2 CH_lot_effort | had to put a lot of effort into it Challenge

W1_T_annoyed W2_T_annoyed | felt annoyed Tension/Annoyance
W1 _T irritable W2_T irritable | felt irritable Tension/Annoyance
W1_T frustrated W2_T frustrated | felt frustrated Tension/Annoyance
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Motivational impact of game design elements

1 =much less, 2 = less, 3 = Neither Less or More, 4 = more, 5 = much more

How much motivated the player were to continue play the game when
Confetti_animations the game design element was present.

How much motivated the player were to continue play the game when
Leaderboard the game design element was present.

How much motivated the player were to continue play the game when
Achievements the game design element was present.

How much motivated the player was to continue play the game when the
Levels game design element was present.

How much motivated the player were to continue play the game when
Sounds the game design element was present.

How much motivated the player were to continue play the game when
Profile_statistics the game design element was present.

How much motivated the player were to continue play the game when
Streaks the game design element was present.

How much motivated the player were to continue play the game when
Experience_points the game design element was present.

How much motivated the player were to continue play the game when all
Overall_motivation the game design elements were present.

Computed variables

Average score is computed for each engagement component in GEQ

W1 P w2 P Positive affect - Average score
W1_CO W2_CO Competence - Average score
Sensory and imaginative immerison -
W1_SI W2_SI Average score
W1 F W2 _F Flow - Average score
W1 N W2_N Negative affect - Average score
W1_CH W2_CH Challenge - Average score
W1 T W2_ T Tension/Annoyance Average score
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