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Abstract

How can we make tedious, repetitive, and difficult tasks on the computer more engaging and fun?
Is it possible to make education or work more exciting, by making the experience feel more like a
game without compromising the effectiveness? Gamification, being the addition of game elements
into non-game environments, has become a popular software trend. It has been criticized for its
widespread implementation due to a lack of scientific evidence and thorough understanding of its
inner workings. Studies on gamification have most often reported an overall increases in motiva-
tion and engagement, while other studies have found that it can have a demotivating effect on part
of the user group. The game-element that is most often linked to negative effects such as loss of
performance is the leaderboard. To advance the discipline, we have set our focus on providing a
deeper understanding of what aspects cause, influence and effect the gamification element leader-
board and provide requirements and recommendations for implementing the leaderboard into an
education context. Two studies were conducted for this purpose. The first study was a quantitative
study (N=34) in which students competed in a knowledge quiz. Consequently each student re-
ceived a score, and with that a rank in their group’s leaderboard. This part of the study ended with
a reflection on their experience. The second part of the study consisted of two qualitative 1-hour
focus group sessions (N=8), in which a more thorough understanding of the experience and the
results was discussed. Seven factors that influence the leaderboard effect were identified, as well
as five requirements when implementing the leaderboard in educational context. Our study shows
an increase in motivation for some people, while simultaneously creating a less enjoyable learn-
ing environment for others. This research presents an overview of what causes this motivation or
demotivation to occur, as well as recommendations on how to design, implement and evaluate the

leaderboard in educational contexts.
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Preface

During my educational carrier, laptops, smartboards and other digital tools have largely replaced
the traditional books, chalk board, pen and paper on schools and universities. In primary school,
I remember having to save my word-files to a floppy-disk, and having to ’dial-in’ on my fathers
expensive dial-up connection to access the internet. As I am now ending my educational carrier, I
am almost entirely working on a permanent internet connection in the cloud, accompanied by the
soft buzz of a robot vacuuming my floor. Technology has moved at a rapid rate, often transform-
ing traditional tools towards digital versions of the same tool. As we gotten used to using these
digital product, we have sometimes forgotten the possibilities of software to go much beyond the
capabilities of digital tools. Educational tools are still largely digitized books (pdf’s, websites),
combined with a digitized pen (keyboard, or stylus). One could argue that this is, to say the least,
not very creative.

My motivation is derived from friends who failed in the regular education system. Smart
people, who were unable to concentrate and sit still. They were punished, given medicine to con-
centrate, and demotivated. These same people were, to the discontent of parents and teachers, able
to concentrate for hours on end playing video games. I've wondered what it was about video-
games that made them forget they had issues concentrating. I have always believed that if we
could understand what creates this concentration and motivation, and implement it in the educa-
tional systems, people like them might become the best performing students in class. This master
thesis is dedicated towards that goal, aiming to create educational tools that go much beyond the
capabilities of the traditional, especially in motivation.

I would like to express my heartfelt gratitude to my first supervisor, Ana Ciocarlan, who gave
me the freedom and guidance to truly do the research that I was inspired to complete. I want to
thank her for all the online meetings, positive reinforcement, suggestions and effort she has spend
to allowed this thesis to be completed. Furthermore, I would want to thank Hanna Hauptmann,
my second supervisor, for her feedback, support during the quizzes, feedback on multiple aspects

of this thesis and for helping me in finding the thesis topic.



Chapter 1

Introduction

How can one make tedious, repetitive, and difficult tasks on the computer more engaging and fun?
Is it possible to make education or work more exciting, by making the experience feel more like a
game, without compromising the effectiveness? The idea that game design holds valuable princi-
ples to make even the most tedious activity more enjoyable has a long history in Human-Computer
Interaction, design and education, re-emerging under names such as ludic design, serious games,
game-based learning or playful interaction (Deterding| [2014a). Gamification can be seen as one

of the newest iterations of this idea, though it has its flaws (Deterdingl 2014b)).

“Mowing the lawn or waiting in a dentist’s office can become enjoyable provided one
restructures the activity by providing goals, rules, and the other elements of enjoy-

ment” - |Csikszentmihaly1 and Csikzentmihaly|(1990)

Corporations and educational institutions are implementing gamified experiences across the
board in order to encourage productivity, boost morale, and improve engagement (Zhonggen,
2019). Gamification has become a widespread technological trend in recent years (Cagiltay et al.,
2015). It is defined as the process of adding game-elements towards otherwise non-game contexts
(Deterding et al., 2011). The most commonly implemented game-elements are levels, points,
badges, leaderboards and avatars (Barata et al. [2017). One example is the popular language
learning application Duolingo, which currently holds 300 million users worldwide. It is generally
seen as a strong representation of gamification with game-elements such as systematic levels,
reward incentives and the ranking of users according to their achievements (Shortt et al., 2021)).

Though promising, the popularity and widespread implementation of gamification has been
criticized for the lack of scientific evidence and thorough understanding of its inner workings
(Dichev and Dicheva, 2017). Research often focuses on metrics such as increased motivation and
engagement, disregarding why these effects occur. More critically, Toda et al.|(2017) showed that
implementation may cause various problems if not well designed and supported by theory. One
of the problems that could arise is a decrease in user performance or motivation. There is a gap in
the literature as to which aspects influence the positive or negative response of individual game-
elements. Studying these elements individually was proposed by [Toda et al.| (2017), which will
be the main focus of this paper. This research focuses on uncovering the inner workings of one
the most implemented game-element in gamification: the leaderboard (Barata et al., 2017). The
leaderboard is perhaps the most challenging game-elements, which is both one of the elements

that can create the greatest increase in motivation, as well the being the most likely to demotivate
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users (Toda et al., 2017)).

Therefore, the first research goal is to explore if social comparison theory can be used to
understand the psychology of the leaderboard. The second research goal is to investigate what as-
pects of the leaderboard create an increase or decrease in motivation. The third and final research
goal is to discover requirements that could reduce the demotivation and increase the motivation

that occurs due to the implementation of the leaderboard.

1.1 Scope, contributions and research question

The primary goal of this research is to follow a user-centered approach to explore the inner work-
ings of the leaderboard and proposes a different psychological background. The research is divided

into four parts:
¢ RQ1 How is the leaderboard used?

* RQ2 How are people effected by the leaderboard?

RQ3 Can social comparison theory be used to understand the leaderboard?

RQ4 What requirements make the leaderboard applicable to an educational context?

Having defined the goals and questions of this research, chapter [2] discusses the relevant
definitions, concepts and theories, as well as related gamification literature. How these questions
are answered are explained in the methodology chapter [3] Finally, the results of the study are
shown in chapter [ and are summarized, interpreted and discussed in chapter [5] and is combined
with the limitations of this research and options for future work. The main contributions to the

research are concluded in chapter|[6]



Chapter 2

Literature Review

In this chapter, relevant background information and related work is presented by investigating key
components in the form of a theoretical review. We will firstly discuss what gamification is and
its relation to persuasive technology and education. Secondly, we investigate current gamification
research, how it is implemented, and what gaps in literature still exist. Here, we also discuss the
psychological background that underlies gamification research. Thirdly, we elaborate upon what

may influence the effectiveness of gamification according to prior work.

2.1 Gamification and its effect
2.1.1 What is gamification?

The term Gamification became popular in 2010 and is in most studies used to describe the im-
plementation of game-inspired elements into non-game environments (Deterding et al., [2011).
Specific game-mechanics are referred to as game elements, the most common are points, badges,
avatars and leaderboards (Barata et al [2017). They are meant to engage and motivate the user,
and to enhance the user experience (Zainuddin et al., 2020). A popular gamification example can
be found in the language learning application Duolingo, which currently holds 300 million users
worldwide. Duolingo implemented (amongs others) the elements points, leaderboards and badges
in order to create a more interesting learning experience (Shortt et al., [2021). Gamification has
shown to be able to stimulate learners to achieve greater goal orientation by increasing their persis-
tence, motivation and engagement (Zainuddin et al.,|2020). Gamification is sometimes confused
with "Serious Games" or "Game-based learning", as all three topics of research are inspired by
games. However, game-based learning makes use of existing games and serious games is the cre-
ation of custom-made games for the purpose of learning, whereas gamification adds an extra layer

of game elements to existing (non-game) environments (Plass et al.l 2015).

2.1.2 Gamification in educational context

‘Gamification in Education’ refers to the introduction of game design elements into the design of
the learning process (Dichev and Dicheva, [2017). Within education, gamification often aims to
increase motivation and engagement for learning objectives as they are considered to be impor-
tant predictors for student academic achievement (Linehan et al.l [2011). By incorporating game
elements in the design of a learning process, it is possible to engage learners in a more produc-
tive learning experience (Caponetto et al., |2014). Researchers have given increased attention to
gamification in educational context in the last decade due to its effectiveness and the emergence

of technology assisted education (Zhonggen, 2019). This interest was further increased due to the
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COVID-19 pandemic, as it forced the sector to switch primarily towards digital education (Zain-
uddin et al} [2020). It was implemented to support learning in various ways, such as improving
self-guided study, increasing completion of assignments and promoting collaboration (Caponetto
et al.l 2014). Gamification proved to play a crucial role in improving upon the low completion
rates of Massive Open Online Courses (MOOC’s), such as Coursera and Skillshare, where the im-
proved completion rate often results in an improvement of the user’s learning performance (Khalil
et al., 2018)

2.1.3 Gamification as a Persuasive Technology

Research in the area of Human-Computer Interaction (HCI) has been exploring the role of Persua-
sive Technologies in order to encourage and motivate people towards more sustainable lifestyle
(DiSalvo et al., 2010). Games and gamification are being used increasingly to persuade players
to change their behavior, or to adopt a particular perspective on complex (social) issues, often
combining persuasive strategies with game-elements (Kors et al., 2015). Persuasive Technology
is an interdisciplinary research field that focuses on the design and development of technologies
that are aimed at changing attitudes and behaviour through persuasion and social influence, but not
through coercion or deception (Hamari et al.,|2014a). For a technology to be called a persuasive
technology, the persuasion must be intentional (Fogg, (1998)). The technology must be designed to

guide the user towards an attitude or behavioral change which guides the design process.

However, while Persuasive Technology may employ some strategies used in gamification,
persuasive strategies differ from the goal of gamification. For example, a user might be rewarded
a badge after a specific set of actions has been completed, like finishing the first level of a game
within a certain time. The badge is in gamification described as a mechanism to show the user
his or her progress and achievements within the system (Thiel, [2016). In Persuasive Technology
on the other hand, the badge would be seen as a reward given to drive behavioral change. For
example, rewarding a badge when a user completes at least one learning-exercise, every day, for
one week. Badges are rewarded in both examples, but only in the latter is the reward given to
specifically shape behaviour. In the study of (Shih and Jheng| [2017), persuasive strategies were
linked to 29 game-elements in order to create an effective intervention to encourage energy-saving
behaviour, which is only one example that shows how game-elements and persuasive technology

can work together.

2.2 Existing research
2.2.1 Existing psychological background for leaderboard’s

In order to understand the leaderboard, this study makes the assumption that the effects of a leader-
board can be explained by first understanding the psychological background related to the leader-
board, including social comparisons theory. As such, this section dives into the leaderboards
psychological background.

Prior research on gamification and gaming has often aimed to find specific effects, such as
increased motivation (Przybylski et al., 2010). The techniques and theories they use assess the
degree to which gamification can have a favorable, negative, or no impact on particular outcomes

under a specific set of conditions. In gamification research, motivation often refers to intrinsic
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motivation based upon the SDT theory (Seaborn and Fels| 2015). Other measures such as engage-
ment most often refer to immersion, presence and absorption (Abbasi et al.,2017). It is less widely

studied what underlay these conditions.

The underlying theoretical framework in gamified learning is in most studies the Self-
Determination Theory (SDT) (Seaborn and Fels| [2015)). According to the theory, human moti-
vation can be understood as a drive to satisfy three basic psychological needs: Competence, Re-
latedness and Autonomy (Deci and Ryanl, [2012). Competence describes the need to be effective
in dealing with the environment, and being able to build competence and develop mastery over
important tasks. Autonomy described the need to control the course of one’s life, and the need to
feel control over behavior. Relatedness (also called connection) described the need of a sense of
belonging and connection with others. To motivate students and satisfy these needs, (Buil et al.,
2020) provided empirical evidence that shows how various game design elements can effectively
be used for this purpose. Figure [2.T|shows which game-elements were linked to the psychological
needs from the SDT theory.

Figure 2.1: Psychological needs (SDT) linked to game design elements. Figure used with the
permission of Dr. Zamzami Zainuddin. From his work (Zainuddin et al., 2020}

Points Teammates Avatars
Performance graphs Leader boards Meaningful stories
Badges Meaningful stories E Virtual goods
Levels ﬁ Virtual goods g Quests
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§ Virtual goods % Quests g <
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8 Collections
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The flow theory, put out by (Csikszentmihalyi et al., 2005) is the second-most popular hy-
pothesis in gamification research. The state of mind known as "flow" is characterized by a person’s
complete immersion in a sense of energised focus, full involvement, and enjoyment in the process
of the activity. According to the theory, three conditions must be met to achieve a flow state.
These are: a clear set of goals that channel attention towards a specific purpose, a balance between
perceived challenges and the user’s perceived skills and clear and immediate feedback. Another
study discovered that the presence of game features in gaming activities has the potential to put
players in a state of flow, given that the challenge is acceptable for the player’s level of expertise
(Rachels and Rockinson-Szapkiw, [2018)). The ability of game features to promote a more fun and

engaging player experience and enhance their gamified learning experience is also implied by this.

Models such as the Learning Mechanics and Game Mechanics model (LM-GM), linked game

mechanics to specific learning activities (Natucci and Borges| |2021). However, current models
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give little insight on the optimal combination of game elements and lacks insight to create a gam-
ified environment (DiSalvo et al.l |2010). Hence, there is gap in the literature that can be solved
by conducting research into the the incremental effects of certain game elements in educational
context. However, these theories give a general idea on implementations and recommendations,
while specific aspects are yet to be researched. Most game-elements, whereas specific game-
elements could be further understood by matching the specific game-element towards a related
psychological theory.

2.2.2 Social comparison theory and leaderboards

People will, every now and again, have the urge to compare themselves to others. Social compar-
ison should, according to (Gerber et al.,[2018]), be recognized as inevitable. In our daily lives, we
might want to, for example, compare our athletic performance, psychical attractiveness or even
intelligence with each others. The social comparison theory was first proposed by Leon Festinger
in 1954 (Festinger, [1954), whom suggested that people have a innate drive to evaluate themselves.
He argues that this evaluation is often done in comparison to others. In theory, if a social compari-
son derives its (motivational or engaging) value as an evaluation tool, than this would suggest that
the leaderboard should also be understood as being mainly an evaluation tool.

Who people want to compare themselves to, and what the effects are when people compare
themselves, have been studied ever since his original work and is summarized in the meta-analysis
of (Gerber et al., 2018). Their analysis finds that people predominantly want to compare them-
selves with other who they believe are, in some way, superior to them. As most studies on this
subject have been done on students, these students wanted to compare their grades with better per-
forming students. These comparisons significantly effected the Mood and Ability Estimate of the
students. The Ability Estimate is how good the students believed to be at a certain subject or skill,
whereas Mood gives an estimate on how the student felt after the comparison. When the other
student (the ’target’) had performed worse, both Ability Estimate and Mood showed to increase.
When the other outperformed the student, both showed a similarly effective decline. Long-term
effects on mental well-being and the feeling of insecurity that have been published throughout the
years showed to be insignificant after taking publication bias into account. If the leaderboard were
to be created towards the wishes of the user, this information would suggest that better performers
should not be hidden from the user, and that other solutions then not showing this information
should be explored to compensate for the possible negative effects.

In order to find how the negative effects can be diminished, we first have to understand what
causes the comparison’s effects to be greater or weaker. According to (Gerber et al., 2018), the
effects of a social comparison is greater when the target is within the persons proximity. Proximity,
in this case, refers to closeness in physical or mental form. This is in line with the idea that
a comparison is more influential when it influences the self, which is more likely to happen with
people within one’s social circle. The closer, the greater the impact after a comparison. The effects
of a comparison are also diminished when a person is already knowledgeable with the topic or
skill in which he or she is compared on. For example, a professional cyclist that is knowledgeable
about his or her own average performance, can use this knowledge to mentally nuance a ’bad race’,
diminishing the negative effects on the Mood and Ability Estimate. If this also applies toward a

digital environment is yet to be studied.
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2.2.3 Prior research on leaderboards

The leaderboard is a game-element defined as a "visual display that ranks players according to
their accomplishments" (Christy and Fox| |2014). Leaderboards are one of the most widely used
game elements in gamification (Hamari et al.l 2014b) and are considered one of the ten "main
ingredients" of game design (Reeves and Read, 2009).

Depending on the design of a leaderboards, it can emphasize the users continues performance,
the users performance in comparison to other users (Christy and Fox| 2014)), status reporting or
competition (Butler, [2013]). They are used to enhance engagement through social comparisons (Jia
et al.,[2017). According to (Zichermann and Cunningham), 2011)), we can distinguish leaderboards
as being either absolute or relative. Absolute (also called ‘infinite’) leaderboards display all users
and their scores, often starting at the top. This causes the top players to experience a broader sense
of accomplishment in comparison to players at the bottom. Relative (also called 'no-disincentive’)
leaderboards place the user in the middle of the leaderboard, only showing the users above and

below them. Figure 2.2 gives an example of an absolute leaderboard.

Figure 2.2: Example of an absolute leaderboard from Duolingo
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Devin 27 XP

-
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9 @ UZIEL LOPEZ - ANGU... 20 XP
=

IVFRIKIERYE XpP

PROMOTION ZONE

How information is presented on the leaderboard can influence the users reaction. In the
experiment of (Butler, 2013), both the experienced fun and user behaviour were effected by the
presentation. In the experiment, users were presented with a leaderboard that showed either (A)
only people that performed better, (B) only people that performed worse or (C) no other people
at all. According to his research, the amount of points received had no impact on the experienced
fun of the user. Instead of points received, it was the leaderboard position in comparison to others
that impacted both fun and behaviour. Unlike the expectations of the researchers, the perception
of fun was not increased when users were presented with a winning condition, which instead
polarised the reported fun towards being either highly negative or positive. In relation to the
neutral condition, users were 50 percent more likely to replay the game in order to increase their

score. The losing condition centralized the perception of fun, causing responses in the middle of
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the scale. The losing condition caused users to replay the game 100 percent more often in relation
to the neutral condition. (Butler, [2013) concludes that the affect of the player is not always as
expected, and that the response to the leaderboard is not the same for each player. This shows
that no matter the position on the leaderboard, users are more likely to try again. These findings
are similar to the empirical study of (Ortiz-Rojas et al., 2019)), in which the relative and infinite
leaderboard were both used as a solution to enhance the learning performance (LP) of students. In
comparison to the neutral condition without a leaderboard, both leaderboard implementations had
a significant positive impact on learning performance, leading to significantly increased average
learning performance.

Result on leaderboard implementation have often found to be mixed, and researchers have
tried to differentiate the user group based upon player type, gender, and context. While these
differentiation’s would influence the results of the experiment, they do not give a thorough under-
standing of the inner workings of the leaderboard. Instead, in order to understanding the leader-
board, the psychology of how people compare themselves in a natural situation should first be
understood, as well as the effects of a comparison. When this is discovered, it could be assumed

that the same mechanics play a role in a digital environment, that has yet to be studied.

2.3 Gaps in gamification research

Gamification’s popularity and widespread implementation has been criticized for the lack of sup-
portive evidence and thorough scientific understanding of its inner workings (Dichev and Dicheva),
2017). In their review, they conclude that the focus of research in gamification is as diverse as the
outcomes of these studies, with too broadly stated research questions and conclusions. In the sys-
tematic review of (Zainuddin et al.| 2020)), 46 papers were summarized for their aims and effect,
which found that 37 of these papers focused on motivation. The analysis concludes that gam-
ification showed to achieve positive outcomes in motivation and engagement. However, in the
research of (Broer, 2014)), concludes that the current focus of gamification on badges, levels and
leaderboards is too narrow to be useful in the long run, as many components of motivation are
ignored. The research of (Toda et al.|[2017)) focused specifically on the negative effects that can be
caused by gamification, and found that loss of performance was the most occurring negative effect,
most often cited in relation to the leaderboard. The leaderboard was most strongly associated to
many negative effects mapped in their work.

According to (Dichev and Dicheva, [2017), there is currently too little knowledge on how to
avoid gamified scenario’s that could harm learning. Research may conclude a positive result with a
slight average positive effect on the sample, while disregarding a great negative effect on a few. If
gamification is to be implemented for everyone, a solution should be found for the current unlucky
few. The main challenge in gamification might be to move away from mere behavioral data, and

use other methods to discover their inner workings.

“Today, the main challenge has become to work against the grain of existing precon-
ceptions of gamification (be they apocalyptic or utopian), established by evangelists,

critics, industry practices, and mass media reporting.” - Deterding| (2014a)



Chapter 3

Methodology

The methods that were applied to answer the research questions, including the design of the ex-
periment, are presented in this chapter. Figure|3.1|shows an overview of the five parts of the study
design. In the first two steps, the participant is required to sign the research consensus and fill out
the pre-experiment survey. Then, participants will complete a quiz once a week that will test their
learning knowledge in a university course. After each quiz, for a total of three weeks. Each week,
the participant will receive their score on a ranked absolute leaderboard with other students. After
the quizzes, the post-experiment survey answers how participant perceived the leaderboard and
how it effected them. Finally, two focus groups were planned to discuss the results and to explore

the research questions further.

Research .| Pre-experiment . Quantitative .| Post-experiment .| Qualitative focus
consensus survey 7| investigation study survey 5 group study

k.
k.

Figure 3.1: A summery of the research design

3.1 Participants recruitment

For this experimental study, university students were recruited from Utrecht University. This was
done to perform the experiment in an educational setting, and due to convenience. The assumption
was made that students enrolled in a game-related course would be more interested to participate
in this study. Due to this, participants were recruited from the master course "Serious Gaming".
This decision was made in agreement the course coordinators. The course is a non-compulsory
course lasting 8 weeks with 61 students enrolled. Considering this study as a pilot for this topic, it
was assumed that recruiting 30 participants (about half of the group) would be both realistic, and

sufficient.

3.2 Participants incentive & quiz rational

As similar studies had trouble in finding a sufficient amount of participants, precautions were
made that were meant to increase participation. As this leaderboard study allows for any action
to be performed on which to score a participant, it was decided to create a knowledge-quiz about
the course content in the assumption that students following the course would be interested in
being quizzed about the content of the course. To ensure correctness and understandably of the

questions, the knowledge questions were made in co-creation with the course coordinators.
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There was no reward or prize incentive during this quizzes, as this could influence the results
on how the quiz and leaderboard itself were perceived. However, a small prize incentive (chocolate
or ice-cream) was awarded to those who completed the post-experiment survey or participated in
one of the two focus groups, as these parts require a greater time and energy investment and were
believed to be less valuable to the participant.

Finally, it was assumed that some participants might forget about the quiz or to perceive their
time to be insufficient to complete it. These issues were addressed by allowing the quizzes to
be made at the beginning of a lecture, where the lecture remained on-hold until the quizzes were
completed. All participants received an email at the beginning of the lecture to start the quiz,
regardless of their presence, to allow those not present at the lecture to complete the quiz. An
example of this e-mail can be found in appendix [§] In the scenario where participants would not

have completed the quiz, the participant would receive up to two reminders in their personal email.

3.3 Materials

Surveys and quizzes: The research consensus, pre-and post test survey and the three quizzes are
built using the survey software tool Qualtrics, as it is the recommended and licensed tool by
Utrecht University. Qualtrics complies with current GDRP regulations and allows the surveys to
be completed on both mobile devices, laptops and computers.

Leaderboards: The leaderboards were created using the online leaderboard maker keepthescore.co.
Announcements and reminders: The reminders will be sent to the participants personal email us-
ing Outlook.

Analysis The built-in software of Qualtics was used to explore the data. Python 3.1 was used to

perform the quantitative analysis. The qualitative part of the study was analysed using Nvivo 12.

3.4 Design

The five parts of the study design will be elaborated upon further in this section.

The first qualitative part is similar in setup to other research, and consists of a knowledge quiz
in which the participants are scored and ranked on a leaderboard. The study follows a between-
subject design, exposing half of the participants to a leaderboard showing students from their
project group which were considered to be in direct proximity of the participant. The other half
will receive a leaderboard with people not in their project group, considered outside of their prox-
imity. This split is visualized in figure[3.2] Based upon the maximum group size mentioned in the

course as five, this will be the amount of people displayed on the leaderboard.

Participants

Within proximity Outside of proximity

Figure 3.2: Diagram showing the split between groups A and B
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The results of the quantitative research will give both behavioral data and information col-
lected from the surveys. In the second part of the research, the results of the first part of the
research will be discussed in two focus groups. This allows a reflection on the quizzes and leader-
board on their own and a more through interpretation of the results found in the first part of the

study.

3.4.1 Research consensus

Precocious measures were taken to ensure the safety of participants with the requirement of the
informative research consensus. The consensus emphasized the voluntary nature of the study and
the ability to withdraw from the research at any given time, in which case the data would be
deleted. Participants had to accept being ranked to others students in order to participate and were
specifically instructed to contact the researcher in the case of any questions or concerns. At the
end of every quiz, the contact information of the researcher was repeated with the same message.

The research consensus can be read in appendix [§]

3.4.2 Pre-experiment survey

The pre-experiment survey asks participants for demographic data, the amount of time they be-
lieved to invest in the course and their grade estimation at the end of the course. The complete list

of all questions in the pre-experiment survey can be viewed in appendix [§]

3.4.3 Quizzes and leaderboards

Participants performed a scored quiz every week for a total of three weeks. This number is chosen
to measure a possible change in effect when the experiment would be run for multiple weeks.
Three weeks was believed to be sufficient to evaluate these effects, given the duration of the
course. The scores were placed on a ranked absolute leaderboard. The scores reset each week in
order to give participants a new chance each time.

To study the effects of social comparisons, the study follows a between-subject design, expos-
ing half of the participants to a leaderboard with participants in their direct proximity (within their
course-group) while exposing the other half with a leaderboard that only shows participants out-
side of their direct proximity (outside of their current course-group). Within the course, students
are required to create groups of five for the mandatory group project. Based upon the maximum
project group size mentioned in the course, five people will be the amount of people displayed on
the leaderboard. With 30 participants in total, and five participants per leaderboard, there will be
a total of six groups.

The leaderboard design within the experiment is purposefully build to make a social com-
parison more likely to occur to study its effects. As such, the leaderboard shows the full first and
last name of the participants on the board, as well as the exact amount of points received and their
current rank in comparison to the others on the board. The visual theme of the board is called
"Pixel", which is chosen for being both clear and because of it’s game-like appearance. The par-
ticipant ending first is visually emphasized by a trophy-symbol next to the name. Figure[3.3|shows
a fictitious example of what the leaderboard looked like during the experiment.
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1;}“5) Ana Ciocarlan 25.0 Points
2 Hanna Hauptmann 24.0 Points
3 Bernardus Schotanus 16.0 Points
4 Brian Jeffrey Fogg 12.0 Peoints
5 Sjoerd André de la Porte 9.0 Points

Figure 3.3: A fictional example of the leaderboard

3.4.4 Post-experiment survey

The post-experiment survey is an online survey with 61 questions. The majority of questions
are multiple-choice (50) in order to reduce the required time-investment for participants. For
the same reason, most (9) open-ended questions are skip-able. The survey itself is divided into
four sections. These are; Motivation (1), Social Effects (2), How the Leaderboard is Used (3),
and Technical Difficulties and Feedback (4). The first section is aimed at finding the participant’s
general motivation to aim for high grades and study and the course material. To find the motivation
of the student, the validated Science Motivation questionnaire II (Glynn et al., [2011]) was used as
the main inspiration for the questions in the survey. Modifications were made to the questionnaire
to fit the current research. The first alteration was in the word-usage, which was transformed to fit
the context of the current research. For example, the first statement in the SCII was "Getting a good
science grade is important to me", which has been altered to have the word "science" removed,
making the first question "Getting a good grade is important to me". Another example is question
2: "I like to do better than other students on science tests", which was altered towards "I like to
do better than others on tests". As the SCII is extensive and only a general sense of motivation is
required in this research, the second alteration was to make the questionnaire shorter. Questions
that were removed were seen as either irrelevant (such as "I will use science problem-solving
skills in my career") or questions too similar to others questions in the context of this research
(such as "I believe I can master science knowledge and skills" and "I am sure I can understand
science"). Questions that scored high on reliability in the factor analysis of (Glynn et al., 2011}
were preferred. On average, two questions from each motivational factor (Career, intrinsic, grade
or other motivation) were included in the questionnaire with a reliability factor of 0.68 at the
lowest. With two highly reliable questions of each motivational factor, the shortened questionnaire
was believed to be sufficient to give an indication of the participants general motivation for this
research. The second part of the survey was about what social effects the leaderboard may have

had, such as comparing scores and the judgement of others. The third is how the leaderboard was
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used and how it effected the participant, while the final section is aimed at finding any technical
difficulties that may occur during the experiment as well as giving the participant the option to
give feedback.

3.4.5 Focus groups protocol

The aim of the focus groups was to find a deeper understanding of the influence of the leaderboard
on people. This was done by discussing the findings discovered in the experiment phase. The
questions were meant as guidelines, while the main goal was to find the reasons that certain effects
can occur. The insights are structured based on the research questions. The protocol and analysis

is further explain in chapter[5| The main guiding questions were:
* 1. How would you describe your experience making the quizzes and leaderboard?
* 2. (How) did the leaderboard effect you? Was this a positive or negative experience?
* 3. How would you describe the social effect of the leaderboard?

* 4. If a leaderboard would be implemented within an education context; What requirements

should be considered?

Using the methods described, we conducted the quantitative study and focus groups. The

next chapter will present the results of the quantitative study.



Chapter 4

Quantitative investigation on the effects of the
leaderboard through proximity

The results of the experiment and focus groups are presented in this chapter. It is first explained
how the analysis is performed and how data has been handled. Then, the quantitative results
are presented and summarized, followed by the results of the semi-structured focus groups. The

insights are structured based upon the research questions from chapter|[I}

4.1 Analysis

The survey responses and participation are analysed as quantitative data. All data, including the
participation rate, has been merged into one file and explored using Qualtrics built-in analysis
tools and were confirmed and tested in Python R.

The recorded focus group sessions were first transcribed using Otter.Al voice to text recog-
nition software. The text was then edited to filter out mistakes made by the software and to
anonymize the conversations. Then, a Thematic Analysis was performed to find the most promi-
nent patterns from the focus groups. An inductive method to find patterns in the data, based upon
the research questions, was applied.

Important parts of the conversation were then manually highlighted. Next, the thoughts and
opinions were summarized for each research question together with reoccurring topics that are
believed to be relevant for the research. Information that was considered not relevant enough for
the scope of the research is placed in the future work section. This information, together with the

prior background information, was used to discuss and conclude the initial research questions.

4.2 Data checking, screening and pre-processing

Duplicate data and entries with mostly missing data were removed from the data set. When dupli-
cate data was found, the most complete entry was kept. Quizzes that where started but not com-
pleted were kept if one question was answered and no duplicate existed. Unanswered questions
were scored as “I am not sure”, resulting in O points. On average, seven entries were removed per
survey. During the analysis of the pre-and post-survey, only participant that answered both were
included in the data set. The first quiz had the most entries containing missing data, while the final
quiz had the largest amount of (removed) duplicates. Table [.1] shows a detailed overview of the

removed data for each part of the research.
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H Removed data Concensus Pre-test Quiz1 Quiz2 Quiz3 Post-test H

Duplicates 5 3 5 5 9 3
Missing data 2 2 4 1 0 1
Total removed 7 5 9 6 9 4

Table 4.1: Removed data per research part

4.3 Response rate

Out of the sixty-one students that signed up for the Serious Gaming course, 70.5% (N=43) signed
the research consensus to participate in the study. Out of this group, 76.7% (N=33) would continue
to complete the first quiz. The second quiz had the largest amount of participants (N=36), while
the final quiz had the lowest participation rate (N=30). Table 4.2 shows the amount of participants
for each part of the research (after the duplicates and incomplete answers were removed).

H Research part: Consensus Pre-test Quiz1 Quiz2 Quiz3 Post-test Focus Group H
| Responses: 43 37 33 36 30 34 8 |

Table 4.2: Responses per research part

A total of 27 participants filled in both the pre and post-test survey. Five participants did fill
out the pre-test, but not the post-test survey. Two participants did fill out the post-test, but not the
pre-test. Out of the participants that made the first quiz, 81.8% (N=27) participated in every quiz.
Some participants skipped over only one quiz, with the most common reason mentioned being
“lack of time” and “Forgot to make the quiz” (both mentioned three times). Table 4.3 shows the

number of participants that skipped over only one quiz, labeled as “unique”.

H Participation: Quiz1 Quiz2 Quiz3 H
H Unique: 4 1 2 H

Table 4.3: Number of participants that skipped over a single quiz

4.4 Participants
Table shows the demographic data about the participants. The prior knowledge level was

reported to be similar between participants, with an average of 2.91 out of 5. The male/female
ratio is close to equal, with some participants having reported not wanting to share their gender.

The average age was close to 24, with an age variance of 10 years.



4.5. QUIZ RECEPTION 24

H Male Female Knowledge level Average age SD age Age variance H

| 47%  44% 2.91/5.00 237 years  3.24 105 ||

Table 4.4: Participant demographics

4.5 Quiz reception

Figure 4.1] shows the questions and given answers of participants on quiz and communication
related questions. Participants reported not having prepared for the quiz (N=33, 97%). The main
reason that was given was because the quiz-score did not effect the final grade, and that there was
no other reward present. While making the quiz, most participants did try their best while making
the quiz (N=26, 76.5%) and often either liked making the quizzes (N=18, 52%) or did not like nor
dislike making them (N=10, 29%). The communication and questions were most often reported
to be clear (N=20, 58.8%) or very clear (N=9, 26.5%). On average, participants were indifferent
if the quizzes helped them to focus on the course, with the majority of 35.3% (N=12) remaining

neutral and an almost equal divide between agreement and disagreement.
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fiar all best on all satisfied making the guestions communcatic  helpt me to
quizzes. quizzes. with all my quizzes. were clear n about the focus on
quiz to me quizzes was the course.
results clear.

M Strongly disagree M Disagree | Neutral © Agree [ Strongly agree

Figure 4.1: Answers to the questions on how the quiz was received
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4.6 Exploring how the leaderboard is used

What makes a leaderboard interesting, how is it used, and what aspects are believed to be im-
portant? This chapter provides answers to research question 1, how is the leaderboard used?’.
The results of exploring what information participants look for when opening the leaderboard and

which aspects influence time spend studying are described in this chapter.

4.6.1 What information are people looking for on the leaderboard?

When send out, the leaderboard was looked at by 88% of participants (N=30). After opening the
leaderboard, 67% (N=23) reported looking at the performance of others and using that information

to evaluate their own performance. Figure .2]shows how participants answered each question.
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at the the performance my performance leaderboard to able to see the
leaderboard when of athers. to athers evaluate my own performance of
it was send performance. others

B Strongly disagree M Disagree MNeutral Agree Strongly agree

Figure 4.2: Answers to the questions about looking at the leaderboard

The most important reason to look at the leaderboard was to evaluate their own performance
(56%, N=19). Not a single participant reported that they were most interested to see who had
performed worse then them. Figure f.3]shows the given answers.
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0%

I wanted to evaluate my own performance

I wanted to know my position relative to others on the leaderboard
I wanted to know my overall score on the board

I din't really look at the leaderboard

OOOoo

Figure 4.3: Answers to the post-experiment survey question: "What was your main reason to
look at the leaderboard?”

When evaluating their own performance, participants reported that the most interesting aspect of
the board was to see how other people performed that the participant knew (41 %, N=14), and
seeing who had performed better then them (26 %, N=9). Many reported not being interested in

the performance of others (32 %, N=11). The given answers are visualized in Figure .4

4.7 RQ4: How are people (emotionally) effected by the leaderboard?

What effect did the leaderboard have on participants? The effects are explored and divided into the
categories of score, motivation, emotion and social effects. This chapter answers research question

2, ‘How are people effected by the leaderboard?’.

4.7.1 Which aspects of the leaderboard influence time spend on studying?

Figure [4.5] shows which aspects of the leaderboard were believed to increase or decrease the
amount of time spend studying. The two main factors reported to lead to an increase were be-
ing able to see their previous ranking (N=18, 28.2%) and adding a reward that is related to the
score (N=18, 28.2%). Other factors that would increase study time are the ability to see who
performed better then them (N=15, 44.1%), if people close to the participant would see the leader-
board (N=12, 35.3%) and being able to see the performance of others that the participants knows
(N=18, 28.2%). Few reported a decrease on time spend studying, with the visuals of the leader-
board and the ability to see who performed worse then the participants (both N=3, 9.4%) having
the highest chance, followed by the ability to select who is on the leaderboard (5.9%, N=2).

The most common answer was that certain aspects had no effect on the time spent studying.
Participants reported that the visual aspects, being able to see who performed worse and how many

people would see the leaderboard had no effect.
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People who T knew.
The performance of others did not interest me.
People who performed better than me.
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Figure 4.4: Answers to the post-quiz question: "What interested you the most?"

People who performed worse than me.

4.7.2 Score

Did participants like seeing each others score? 58.8% (N=20) liked being able to see the perfor-
mance of others (with 12% strongly agreeing), while 32% remained neutral. Only 26.5% (N=9)
liked that others could see their score, while the majority of 41.2% (N=14) did not agree nor dis-
agree. 35.3% (N=12) disliked that others could see their score, out of which 14.7% (N=5) strongly
disliked it. 53% (N=18) would feel proud when they achieve a high score with their name next to
it. 32.4% (N=11) would feel ashamed when a low score would be shown with their name next to
it.

4.7.3 Motivation

Were participants more motivated because of the board? 47% reported feeling more motivated due
to being compared with others, while 30% disliked it (12% strongly disliking it). 30% reported
being motivated for the quiz because others would be able to see their score, while 53% disagreed
with this statement (24% strongly disagreed).

47.1% (N=16) of participants liked the quizzes more because of the leaderboard. 35.3%
(N=12) did not agree nor disagree, while 17.6% (N=6) preferring to have made the quizzes with-
out the leaderboard. 20.6% (N=7) reported that they would not have participated in the quizzes
if the leaderboard was not present. 67.7% (N=23) would still have made the quiz without the
leaderboard.

18% would have liked the quizzes more without the leaderboard, while 35% remained neutral
on this and 47% liked it more with the leaderboard (15% strongly disagreeing). A majority of 67%
would still have participated without the leaderboard (41% of participants strongly disagreed with

this statement), while 12% was not sure.
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Figure 4.5: Aspects that increase, decrease or have no effect on the time spent on studying.

4.7.4 Emotional state

How did the leaderboard effect the emotional state of the participant? 17.7% (N=6) reported that
the leaderboard made them anxious, while 23.5% (N=8) felt excited by the board. 35.3% (N=12)
reported that the leaderboard made them question their own abilities, while the same amount of
people reported they felt more confident in their abilities due to the leaderboard. 50% (N=17)
reported that the leaderboard made them feel as if they had to perform.

When running a pairwise correlation test, the ranking performance showed a slight positive

correlation with reported anxiety, with a correlation coefficient of 0.4377.

4.7.5 Social

What are the social effects of the leaderboard?

20.6% (N=7) of participants talked about the leaderboard with the people who were on their
board, while 50.0% (N=17) never talked about it within their group. 23.5% (N=8) Talked about
their score with people not on their board, while 61.8% (N=21) did not. Only 14.7% (N=5) talked
about the leaderboard within their project group. The post-experiment survey asked in an open
question with whom the leaderboard was discussed, if at all. The results from this question is that
most talked about their score with people from their project group (41.2%, N=14), while others
talked about it with friends from class (20.6%, N=7) or other friends (17.7%, N=6).

29.4% (N=10) likes to know how others in their project group performed, while 32.35%
dislikes it. 20.6% (N=7) believed that seeing the scores of others on the leaderboard influences
how they think about them. Participants did not believe that people with a low score are lazy
(97%, N=33), while 35.3% (N=12) did believe that those with a high score are hardworking.
29.4% (N=10) was afraid to be judged by others.

When running a pairwise correlation test, the ranking performance showed a slight negative
correlation towards believing others are lazy, with a correlation coefficient of -0.3121. Perfor-
mance ranking was similarly negatively correlated with liking that others could see their perfor-

mance with a value of -0.3995.
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4.8 Can Social Comparison theory be used to understand leader-
boards?

In social comparison theory, people were significantly effected in both their ability estimate and
mood. Can the same effects be found in the case of leaderboard? If so, does proximity then have
a similar effect? This chapter answers research question 3, *can social comparison theory be used

to understand the leaderboard?’.

4.8.1 Ability estimate

Is there a relation between the score of the participant, and their own estimation of the grade they
will receive at the end of the course? Figure [d.6]shows the average score of the participant on the
X-axis, while showing the reported difference in expected grade on the Y-axis. The graph shows
that most participants did not change their grade estimation between the pre-and post-survey, and
that there seems to be no relation between score and grade estimate. When running a pairwise
correlation test, the score of the participants was slightly negatively correlated towards questioning

their own capabilities, with a correlation coefficient of -0.3792.
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Figure 4.6: Scatter-plot showing the average change in grade estimation and average obtained
score

The relation between the leaderboard position and the grade estimation is shown in Figure[d.7]
It shows the average leaderboard position of each participant on the X-axis, with the difference in
grade-estimate on the Y-axis. While most participants reported no difference in grade-estimate, the
place on the board does seem to correlate with their grade-estimation. When running a pairwise
correlation test, the ranking of the participants was negatively correlated to their believes in their
own capabilities, with a value of -0.48 when all test results are included. When 0-values, indicating

the absence of a change in grade estimate, are removed, we find a correlation coefficient of -0.69.

4.8.2 Proximity

Are the effects of the leaderboard strengthened by proximity? Figure 4.8] shows the emotional
effects of the leaderboard, divided between group A and B. The graph shows that the within-
proximity group felt both more excited and anxious due to the leaderboard. They felt more pride
with a high score, while also feeling more pressure to perform, and being more often afraid to be

judged.
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Figure 4.7: Correlation between change in grade estimate and position on the leaderboard aver-
aged over all three quizzes.
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Figure 4.8: Emotional effects of the leaderboard

Figure #.9] shows the social effects of the leaderboard, divided between groups A and B. The
within-proximity group reported to like to seeing the scores of others more often. They were much
more likely to talk about the leaderboard with people on their board. Group B was more likely to

talk about the leaderboard with people who were not on their board.

4.9 Requirements for the educational context

This chapter answers how the leaderboard can be implemented into an educational context, while
emphasizing the positive effects and minimizing the negative effects. It answers which negative
effects are believed to be likely to occur gives some mentioned solutions. This chapter answers
research question 4, *What requirements make the leaderboard applicable to an educational con-
text?’.

4.9.1 What positive effects can occur and how can these be emphasized?

When asked about the positive effects of the leaderboard, the most common answer was that it was

a fun addition and that it helped participants to practice (N=10). Participants reported that more
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Figure 4.9: Social effects of the leaderboard

positive effects could occur if more detailed feedback was given, such as showing the difference
in score in comparison to the previous week (N=3). Participants also mentioned that making the

leaderboard an opt-in solution could be beneficial, as well as making it anonymous.

In the general feedback section (open questions), participants reported that more detailed
feedback would be the most wanted feature that was missing in the current experiment setup
(N=11). Participants mentioned wanting to know which question they got right and wrong, as
well as showing the percentage of people that did get that question right. Other details mentioned
were the mean of scores and an arrow indicating if somebody had risen or dropped in comparison

to the previous week.

The leaderboard itself could be improved by displaying more participants (N=4), as some
wanted to see how the group in general performed. This feedback was given only by high-
performers. During the focus-group session, top performers explained that they felt the urge to
know if they were the best overall, or just from their group. They thought that it could be more in-
teresting to be put on a leaderboard with others from similar backgrounds, as some felt they might
have had an unfair advantage because of their prior knowledge. A possible solution mentioned

was to give participants a total top 3 of the whole class to satisfy this urge.

Low-performers were more interested in detailed feedback, and mentioned that showing only

their own improvement over last week would have been interesting to them.

One participant would have liked it if the theme of the quiz could be altered by the participant
itself.

4.9.2 What negative effects can occur and how can these be avoided?

When asked about the negative effects of the leaderboard, the most often mentioned negative
effect is the demoralization of lesser performers (N=13). Participants were often afraid that it
could increase stress and anxiety for pupils if not implemented correctly (N=9). Fear of bullying
(N=4) was also mentioned, as well as different treatment of students based upon their score (N=2).

One participants believed it could increase the chance of unwanted behaviour such as cheating.
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Possible given solutions were to not show the last names, or to make the leaderboard anony-
mous (N=3).

4.10 Reported technical difficulties and feedback

The communication about the quiz and the clarity of the presented information on the leaderboard
were both reported to be excellent, with only one participant reporting it being unclear. The main
reasons to not have made one or more of the quizzes was lack of time, being busy with other
things, or having forgotten to make the quiz. One participant reported wanting to prepare for the

quiz before making it, and then forgetting about it.

4.10.1 Feedback
The feedback section allowed participants to give feedback that they wanted to share before the

end of the survey. The positive and negative effects of the leaderboard and the recommendations
are added to earlier questions about these topics. Two participants reported that the researcher did
a good job, while two others reported that there were some grammatical errors in the survey (2).
Another mentioned that five questions was a good amount of questions for a quiz, and that one
participant was mainly motivated to help the researcher and not interested in the research itself.
Building upon the findings, we conducted focus groups following the protocol described in

section 3| The next chapter presents the results from the focus groups.



Chapter 5

Qualitative focus group study

This chapter presents the results of the qualitative focus group study. The aim of the focus groups
was to find a deeper understanding of the influence of the leaderboard on people. This was done
by discussing the findings discovered in the experiment phase. The questions were meant as
guidelines, while the main goal was to find the reasons that certain effects can occur. The insights

are structured based on the research questions. The main guiding questions were:
1. How would you describe your experience making the quizzes and leaderboard?
2. (How) did the leaderboard effect you? Was this a positive or negative experience?
3. How would you describe the social effect of the leaderboard?

4. If a leaderboard would be implemented within an education context; What requirements

should be considered?

5.0.1 Participants

Two focus groups were planned. The session was conducted on Utrecht University Master stu-
dents (N=8, 8 female) that had participated in the experiment phase of this study. It was expected
that the first focus group would create a better understanding of the experience from the perspec-
tive of the student, and that useful feedback on the results of the study would be collected. The
second group was chosen to verify earlier findings and to gain further understanding in the possi-
ble wide variety of experiences that may have occurred with a more narrowed focus. In terms of
performance during the experiment, the first group consisted of one high performing student, one
average performing student and two students who had performed at the bottom end. The second
had two students who performed at the top end and two who had performed at the bottom end.
The backgrounds were Dutch (N=4), Spanish (N=1), Russian/American (N=1), German (N=1)
and Chinese (N=1). Participants were all part of Group A (within proximity) due to convenience

sampling.
5.0.2 Procedure

When starting the session, participants were first required to consent to record the session which
was done vocally. Next, the ground rules of the focus group were explained. Participants were told
that all experiences are unique and all experiences are equally interesting, to give others time when
they are talking, and to try to be respectful towards each others privacy even when the focus group

had ended. Next, participants were provided information regarding the background of the study,
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as well as the session’s goals and outline, and an introduction about the main contradictions in
the leaderboard research. Participants were asked individually to talk about how they experienced
the leaderboard and how it effected them or others. They were also asked to elaborate on their
answers given on the post-experiment survey. Special attention was given to the causes of certain
experiences. For instance, if according to one participant the leaderboard created more motivation,
but the overall experience was explained as a negative, this seemingly contradictory information
was elaborated upon. Participants were encouraged to share their thoughts that came up during
the session. After the rounds of personal experiences, the participants were asked as a group to
elaborate on the results from the survey and to share their explanation of the results. After the
elaboration round, the final round focused on the broader question of how the leaderboard should
be implemented in educational context, and what requirements are believed to be necessary to
avoid any unwanted effects. The total duration of the focus groups were each about 1 hour and 15

minutes.

5.0.3 Analysis

The recorded session were transcribed using Otter.Al voice to text recognition software. The text
was then edited to filter out mistakes made by the software and to anonymize the conversations.
The transcriptions were then imported into Nvivo 12. Next, a Thematic Analysis was performed to
find the most prominent patterns from the Focus Groups, based upon the related research questions
following an inductive method. The effect the leaderboard can have on an individual is divided
into the categories that influenced this effect according to the participants (see [5.0.5] This infor-
mation, together with the prior background information, was used to discuss and conclude the
initial research questions. Information that was considered not relevant enough for the scope of

the research is placed in the future work section.

5.0.4 Exploring how the leaderboard is used

Similar to the results from the survey, the interest to look at the leaderboard comes from the
interest to self-evaluate, together with general curiosity. Figure [5.1] shows the reasons that were
mentioned during the focus group, divided between curiosity and self evaluation. The figure shows
that participants were curious about their score, how others scored in relation to them and seeing
if they were not at the bottom of the board. The latter was due to not wanting to stand out (in a
negative sense) towards their peers. In terms of self-evaluation, participant said that validation for
understanding the course material, checking if the course knowledge was understood and seeing
whether or not they were a top performer interested them.

When looking at the leaderboard, prior leaderboard position changed what information was
looked at on the board. Bottom-end performers wanted to see if they performed better in relation
to previous weeks and often scanned through the names of better performers, while top performers

wanted to know if they were still on top, without looking at worse performers.

5.0.5 The effect of the leaderboard

The effect of the leaderboard is divided into the categories of behavioral, social and emotional
effect. In this research, behavioral describes how the behavior of an individual changes due to
the leaderboard, by for instance increasing time spent studying. The social effects are how the

leaderboard (score, ranking) influences how others are perceived (judged, looked at differently)
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Figure 5.1: Mind-map of why and how the leaderboard was used

and if the leaderboard was talked about within their social environment. The emotional response
is how a person felt in response to the leaderboard, for example, feeling stressed or joyful. Finally,

influential factors for these responses are elaborated upon at the end of this section.

5.0.6 Behavioral effects

The behavioral effects were not felt strongly during the experiment, as the scores and ranking had
no effect on the final grade and were not directly related to a reward. It was mentioned that the
behaviour of a participant could change based upon their score over multiple weeks. Participants
that performed well over a longitude of time mentioned to keep wanting to perform well to fit the
created expectations about them. Some of the participants that did not perform well mentioned
to try to figure out what they are doing incorrectly, by asking how others study, learn from them,
and change the way they study. However, participants believed that if the performance would not
improve over multiple weeks after these efforts, they would become demotivated and discontinue

trying to compete.

“I can ask the people like, Hey, what is your system? How you doing this? How did

you manage to learn these things?" - Participant 1

5.0.7 Emotional effects

The emotional effects are mentions of, for instance, pressure, anxiety, happiness or joy. When so-
cial and emotional topics overlap, the emotional category is chosen when social events are merely
imagined, without actually taking place. For instance, if there is an increase in anxiety due to
the fear of being bullied without this bullying taking place, it is regarded as an emotional effect
(’Social anxiety due to the presence of the leaderboard’). If the bullying would take place, it is
regarded as a social effect (’Social action caused by the presence of the leaderboard’).

“The problem for me is that knowing that I'm going to be judged, just puts out pres-
sure, even while I'm making the quiz. I started doubting myself." - Participant 1

An overview of the emotional responses, divided between positive and negative reactions, are
shown in figure [5.2] The chart shows how the emotional effect of the presence and the visibility

of the leaderboard were perceived. The positive effects are increased trust in their capabilities,



5. QUALITATIVE FOCUS GROUP STUDY 36

described as a "small ego boost", as well as a fun experience with the group and being able to
score high. The positive experiences were mainly created due to a good group dynamic, good
performance, and the scores not influencing the final grade. On the negative side, there are feelings
of annoyance, anxiousness and losing the believe in being able to perform. These feelings were
mainly created by bad performance, the possibility of being judged by others and prior negative
experiences. Participants agreed that the negative effects were only felt slightly, due to the quiz

not having any other influence on the course grade.

“I’d say I don’t really care about the scores. Because we are not in competition, we’re
not competing for something like rewards, so it doesn’t really have much impact." -

Participant 4
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Figure 5.2: Mind-map of the emotional responses and their explanation

5.0.8 Social effects

The social effects are all effects caused by the group. For example, mentions of an increased
ability estimate due to outperforming others falls under this category. Discussing the leaderboard
and thinking about others differently due to the leaderboard score or ranking, is also categorized
under social effects.

In terms of social interactions, the leaderboard was not discussed often. Top performers
did not discuss the board with others on their board, as they believed it could be perceived as
"boasting" or "bragging". They did talk about their score with others that they knew from class
that had scored similarly well, challenging them personally. Performers on the top 3 on the board
sometimes mentioned their score in friendly competition to better performers on the board, while
bottom-end performers did not talk about their score at all. Bottom-end performers generally
mentioned they did not feel the urge to talk about their score and did not care about the score "too
much", as they had not prepared.

In terms of the opinion of others, top performers mentioned that they did not think differently

about others who performed worse then them. The reason was that they only looked at the board to
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see if they were again a top performer while disregarded the other information, even if they knew
others on the board. Middle and bottom-end performers did look at the performance of others,
being able to remembering (rare) low score of specific people. They feared others to look at them
differently if the low scores continued for multiple weeks, a possibility which created stress and

anxiety.

“I don’t think I would judge other people too much. I do remember that one person
had a one’ once. But I feel like maybe they just didn’t really care about filling in the
quiz then. But I was really glad that I never finished last because I feel like that would
have affected me more." - Participant 2

5.0.9 Influential factors

The influential factors are the factors that increased or decreased the effect the leaderboard had on
the participant. In this research, the main focus is on the ability estimate and proximity. Figure
[5.3] shows a mind-map overview of the mentioned influential factors during the focus groups. The

mentioned topics are elaborated upon further in this section.

Closeness/ Score/ranking
proximity consequences

Figure 5.3: Mind-map of the mentioned influential factors

Closeness: Being compared to others who are unknown, or hardly known, makes the compar-
ison less impact-full then with people close to us. Participants mentioned that an insufficient (bad)
grade could generally create disapproving thoughts, such feeling disappointed in themselves or
questioning their personal ability, but that these thoughts or feelings can cease to exist when those
close to the participant scored equally or similarly bad. Likewise, getting a high (good) score can
feel much less impressive if somebody close to us scored even higher. Closeness was mentioned

to be one of the most influential aspects.

“I’ve definitely had situations where we both failed an exam and it was like a very

small difference and we just ended up laughing about it." - Participant 5

Score/ranking consequences: When the score or ranking has no impact on the individual, be
it with a reward or final course grade, the impact of the scores and ranking are mentioned to be
greatly reduced. Participants mentioned that this creates a more playful environment, lowering the
bar to participate. However, this also causes some to lose (all) interest in the scores and ranking.
When the consequences of the score and ranking are increased, the positive and negative effects
of the leaderboard can similarly be effected. The strength of this effect was believed to be based

upon the perception of the impact of the consequences.
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“I will be like, grounded, if I will get a seven, as my parents believe that to be a low
grade. And I was not allowed to get out of the house to play. So yeah. My life you
know, that I do for some grade that is worth really nothing at the end?" - Participant 1

Time/energy investment: Regardless of how participants performed, the prior time and en-
ergy investment greatly influenced how they were effected after seeing the leaderboard. A bad
performance was mentioned to be easier to cope with if there was no or little prior time or energy
investment in learning. A similar decrease in impact was mentioned when performing well with-
out prior time or energy investment, as the high score could now in some cases be perceived as

mere luck.

“I think the difference is that if you didn’t really learn at all, it’s like 'nice!’. If you
learn a lot you think: I did good. But if you learn a lot and get low score, you think,
what did I do wrong, what happened?" - Participant 5

Score/ranking performance: The score and ranking was mentioned as a great influence on
the impact on the individual. Good performance on the board was generally regarded as rewarding
and fun, while some only looked at their own score. Participants believed that continues high
performance could create an expectation pattern that could possibly feel like a burden. Middle
performance was regarded as fine, while bottom-end performance could change how a participants
felt and behaved. To avoid ending in the bottom-end again, participants would first check what
there mistakes were and if they could have done it right, requesting feedback and reviewing their
answers. Participants said that if their score would not improve after having tried multiple times,

they would lose the believe in being able to improve and stop trying.

“I feel I'm too far away from the top. So it’s like, no matter how much effort I put in,
I won’t get to there. So I somewhat gave up, but that’s not a very good experience, I

would say." - Participant 4

Prior experiences: While participants mentioned that the leaderboard in the experiment had
only a minor impact, many related the ranking and score to prior experiences with social com-
parisons and competition. Positive prior experiences were fun competitions, having little impact
when not performing well and receiving great support to improve. Negative experiences were
mentioned of parents with high expectations, a ’toxic’ group dynamic and unfair teachers. The
initial (emotional) response to the leaderboard was created by prior experiences with similar com-
parisons and scores. This initial reaction was mentioned as the reason to start to perform, or not
to perform. To talk in friendly competition about the scores, or not want to talk about the scores
at all.

“I got bullied a lot when I was younger. I was really glad that I never finished last on
the leaderboard because I feel like that would have affected me more. Because I do
feel judged by other people very, very quickly, even though they don’t. I feel like if
this leaderboard would exist in that time, then I would have been bullied more in the

math area, specifically, probably." - Participant 2

Group dynamic: The effect of the leaderboard is believed to be greatly influenced by a good

or bad group dynamic. A positive group dynamic would be support towards each other, help each
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other with good feedback, without being too competitive and having an overall good ’vibe’. A
negative group dynamic was believed to be harsh towards each others (bad) performance, non-

supportive and filled with judgement, also described as being "toxic".

“If you can motivate each other positively, like help each other out to get both get a
higher rank, I think then competition could be a positive addition, because you really
want to help your friend out of like, maybe a bad grade. Because she knows you and
maybe if you know like that your skills are the same, but one got a better score than

the other, it would motivate me to work harder, basically." - Participant 7

Perceived fairness: The effect of the leaderboard is greatly effected by how the score and
ranking are calculated and rewarded. If the leaderboard position was rewarded for unjust reasons,
such as favoritism, "sneaky" or unjust correct answers and unfair metrics, participants would no
longer try to perform or compete. Whether or not the leaderboard position was awarded fairly was
important mostly for middle to low performers, as top performers did not mention it as something

of importance when receiving a good score.

“In another class, a lot of favoritism came in. So like, if a teacher likes you personally
you would get high grades. So I was like, well, this is stupid. I am not going to try to
fight for this because there is no chance for it. You know, it doesn’t mean that I don’t

know the material, which I definitely know." - Participant 1

5.0.10 Requirements for educational context

Special attention was spent discussing how the leaderboard could be implemented in educational
context that would emphasize the positive effects and minimize the negative effects. The influential
factors and possible designs were discussed. This lead to five requirements that were believed to
create a positive motivational effect on people, while reducing the negative consequences as much
as possible. These five requirements are shown in figure [5.4] and will be explained later in this

section.

Positive group Insightful

; I
dynamic feedback aIr Sconng
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Figure 5.4: Mind-map of the requirements for education

Anonymity: Anonymity protects bottom-end performers from bullying or judgement from

higher performers and was most often mentioned as a necessity. It allows them to decide by
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themselves if they want to share their scores with others or not, lowering the barrier to participate.
However, complete anonymity could reduce the motivational effects for high performers and those
with a competitive mindset. Letting people decide names for themselves, allowing for random
("funny") names that can be changed if wanted, was believed to be anonymous and visible enough
for both the top and bottom performers. This kind of anonymity does not necessarily deplete the
competitive motivation from top performers, as top performers are believed to make themselves

visible regardless and are generally uninterested in the names of worse performers.

“I would be like I’'m the panda! Yeah. But only if the score was good, otherwise, it

just wouldn’t say my fake name." - Participant 7

Positive group dynamic: See group dynamic in section[5.0.9]

Opt-in: The possibility to opt-in allows those confident in their ability, or those who enjoy
competition, to compete against others that want to compete as well. Opt-in protects the individ-
uals from a negative response due to prior negative experiences with competition or leaderboards
(see[5.0.9). Simultaneously, it allows participants to judge other influential or important aspects to
be sufficient, such as group dynamic and anonymity.

Fair scoring: See perceived fairness in

Insightful feedback: Insightful feedback is feedback that allows the participant to improve
upon their score. Improvement is especially necessary for bottom-end performers to keep com-
peting, as continues bad performance will terminate people to keep competing and deplete their

perceived ability on a subject or skill.

“If you want to get better grades, but it is not working and I am trying my best. That’s
wrong. I have to try something different, you know, so I can compete with them. If
you score like, badly, five times in a row, that you would at some point, say, I think I

will stop with this competition, because it is not for me" - Participant 1

The next chapter will present a discussion of the findings from the two studies.



Chapter 6

Discussion

The aim of this research was to explore the inner workings of leaderboard and find reasons for its
effect on the learning process. This contribution to the knowledge gap was identified during the
literature review, where the need for a deeper understanding of specific Gamification elements was
mentioned in several meta-analyses to be necessary. In this chapter, the will interpret the results,
discuss limitations, list the research contributions and provide recommendations for future work.

The research is summarized in chapter|[6]

6.0.1 How the leaderboard is used

Our findings suggest that the leaderboard is used out of curiosity and as a tool to self evaluate.
This is different from studies such as (Jia et al., 2017) and (Zainuddin), 2018)), that categorize
the leaderboard as an effective way to motivate users through competition. However, while top
performers did care to remain a top performer, they were not interested or looked at those who
performed worse, even if these people were known to them. This shows that the ranking is used
in a similar way as the score itself, answering how well an individual performed. While not
everyone uses the performance of others to judge their own performance, most (67%) did use the
leaderboard for this purpose. The most interesting aspects of the board are the participants own
score and ranking, being able to see who performed better then the participant and how others
scored that the participant knew or is close to. It is likely that leaderboards showing only ranking,
without showing how others performed such as those in (Ortiz-Rojas et al., 2019), would remove
some of the main interesting aspects of the board and part of its effect. Our findings suggest that
the leaderboard becomes more interesting if the scores are related to a higher final grade or reward.
During the focus-group session, top performers explained that they felt the urge to know if they
were the best overall, or just from their group. This finding adds to the research of (Jia et al.|

2017), who attributed the personality type extraversion to this behavior instead of performance.

6.0.2 The effect of the leaderboard

The effect of the leaderboard had been studied in prior research, often focusing on specific ef-
fects such as learning performance, (intrinsic) motivation and engagement as mentioned in the
meta-analysis of (Zainuddin et al.,|2020). Others have put their focus on specific contexts and per-
sonality traits, such as (Jia et al.l[2017). However, research in this field had often been conducted
based upon behavioral data, without a deeper understanding of why these behaviors occur. This
research identified seven influential factors that could influence a positive or negative response to

the leaderboard, as perceived by the participants themselves. The most notable additions to earlier
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research is what aspects influence these effect outside of the software and design itself. These are,
closeness to the people on the leaderboard, consequences caused by the rewarded score, prior time
and energy investment, score and ranking performance, a (positive) group dynamic, perceived
fairness of the score and prior (good or bad) experiences with comparisons and competition. This
research showed that motivation and learning performance can increase, while simultaneously cre-
ating a less desirable learning environment that can, for some, be demotivating. Future research is
therefore advised to keep the mentioned aspects of influence in mind, before generalizing results

towards a broader audience when conducting research on leaderboards.

6.0.3 Can Social comparison theory be used to understand leaderboards?

This research suggests that social comparison theory can be used to understand part of what creates
the effect of the leaderboard, as ability estimate and proximity both greatly influence the impact
of the leaderboard on the individual, similar to the findings of (Gerber et al., [2018)). However,
social comparison theory does not give specific recommendations on how to take these effects into
account for a practical contexts to improve motivation or learning performance. The research at
hand adds to this existing knowledge in the form of recommendations within a specific educa-
tional context, studied within the digital form of the leaderboard, specifically aimed to increase its

beneficial aspects.

6.0.4 Requirements for educational context

This research found five requirements when implementing a leaderboard into an educational con-
text, namely; anonymity, positive group dynamic, the option to opt-in, insightful feedback and
fair scoring. The research suggests that these requirements minimize the possible negative effects
the leaderboard can have, without removing the positive benefits of its implementation. To maxi-
mize performance, all five requirements for educational context are recommended to carefully be
taken into account, requiring the necessary time and energy investment from those involved in the
learning process, such as the teacher (for the fairness of the exam and how its scored, as well as
insightful feedback and managing group dynamics), the group (in terms of group dynamic), the
student (in terms of energy investment), combined with a system that minimized the chances of
demotivating behavior (with the option to opt-in and anonymity) and maximizing the motivating
aspects (allowing top performers to keep being challenged and to improve and allowing some so-
cial comparison), the implementation of the leaderboard in education can be a welcome addition
that can improve learning performance and overall motivation. Additionally, the implementer is
advised to consider if the 'unnatural’ increased importance to perform and improve created by
game-elements like the leaderboard is justified by the benefits it will have for the live of the in-
dividual, as the implementer is believed to have some responsibility as to not drive them towards

goals against their better judgement.

6.0.5 Recommendations

To implement the leaderboard in educational context, the implementer needs to carefully consider
the consequences of the implementation, which this research has shown to be more complex then
motivation and engagement alone.

Next to the factors influencing successful implementation, the leaderboard element is often

mentioned to lure participants into comparing themselves with others within their group, which



6.1. LIMITATIONS 43

has its own implications. This effect, while perhaps beneficial for motivation and overall perfor-
mance, could still deviate from getting the most out of each individual, or even to get them to a
certain level of education. This research shows that a low grade, or even a insufficient grade to
pass, can for some lose its value when those within the social circle of the individual performed
similarly badly. Group performance can in some situations completely detach any emotional re-
sponse to personal performance, as mentioned during the focus group. In theory, this would mean
that groups that consist of high performers will judge themselves based upon other high perform-
ers, which could create a very high average standard to uphold. In contrast, groups filled with
low performers could create a much lower standard, and thus, less energy and time investment
required to spend on learning to remain ’part of the group’. For example, as some participants
in the focus group mentioned feeling motivated to not perform at the bottom of the group, this
goal will be much more competitive in a high performing group. As the leaderboard made top
performers less interested in feedback and improvement, this could mean that top performers of
low-average groups will not improve towards their maximum capability due to their self reflection
being dependent upon the groups performance. As such, when implementing the leaderboard,
the top-performers require a greater challenge to keep improving upon their already good perfor-
mance. This also came up during the experiment, as top performers searched out for other top
performers on other leaderboards to keep experiencing friendly competition, while spending no
time discussing their performance with others on their board. Bottom-end performers on the other
hand require insightful feedback to improve, and should constantly notice how their efforts are

translated into an improvement in score.

6.1 Limitations

Participants were recruited from the master course "Serious Gaming" at Utrecht University and
cannot be generalized to a general audience without further research. As noted by some of the
participants, it is possible that the results would differ when the study would be performed on
participants who are not interested in (serious) games. Most participants were of similar age, and
other (learning)contexts and factors need to first be evaluated on their effect. Notable limitations

of the study are the relatively short duration and the limited number of participants.

Context and quiz In the current study, participants had to perform in a knowledge quiz in
order to end up high on the leaderboard. The knowledge quiz was beneficial for the participant,
as the knowledge was related to the knowledge of the course. This could have influenced how
answers were given in relation to why people looked at the leaderboard, as they could have solely
wanted to use the leaderboard to understand their own knowledge of the course and only used the
leaderboard to check their own score. It was not possible the see the score without looking at the
leaderboard. This could partially explain the high amount of participants that mentioned not being

interested in the scores of others and only using the leaderboard to see their own score.

Focus group The focus group was limited in that, due to convenience sampling, all partic-
ipants were female and came from group A (within proximity). Specific attention was given to
change this outcome, without success. It is possible that men would have given different answers

during the focus group.
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Experiment setup The first experiment limitation accrued during quiz 2. While only one an-
swer was correct in quizzes 1 and 3, the second quiz had questions in which two answers were
scored as being correct. This was done after the quiz had been made in agreement with the super-
visor, as the answers were too similar. This caused the scores of quiz 2 to be higher, on average,
then the other quizzes. There is no visible indication in the data that suggests this had an effect on
the results.

The second limitation was that the experiment was done inside a lecture-room at Utrecht
University under supervision of the researcher and one of the supervisors. However, some whis-
pers and soft discussions could be heard, and it is believed that some may have cheated. Others
spend an amount of time on the quizzes that far exceeded the average (sometimes by a multitude
of 4), which may be an indication of looking up answers. No actions have been taken against this
behaviour, and no effect of this behaviour was found in the data.

The third limitation is that the quizzes were presented at the beginning of a lecture to improve
participation, which indeed caused nearly all present students to participate. However, not every
students is present during each lecture, and the amount of students present during the final quiz
was notably lower then during the first two quizzes. This seemed to have had a direct negative
effect on the amount of participants that filled in the third and final quiz. The reasons given to not
be present were lack of time due to upcoming deadlines and the exam. One more reminder then
usual was sent out to improve the situation, creating an additional three entries for the final quiz,
while still remaining lower then others. This explains the low participation rate of the third quiz.

The final limitation during the experiment was that the first quiz was made on a Friday, with
the first leaderboard sent out on the following Monday. This created a time-frame of 3 days for
participants to make the quiz. Due to scheduling re-arrangements, the other quizzes were made on
Wednesday’s and had a shorter time-frame of 24-hours to answer. Some of noted this time-frame
as being too short, and some have made the quizzes after the deadline. These were not included in
the data-set, but may have slightly effected the participation rate.

Participants One participant reported that he *figured out’ that the leaderboard scores were
fake. This was because he received points on the leaderboard, without participating in the quiz
itself. After some research, it appears that another individual may have incidentally answered
(some) of the quiz questions on the wrong name, before exiting the quiz early (perhaps to try
the quiz again using the right name). As a few questions were answered on the incorrect name,
this score was presented on the leaderboard. After asking in the focus group, it seems that this
participant did tell others that the scores are fake, but that others disregarded this comment. There
is no indication in the data that suggests this had an effect, but it could have influenced factors
such as the willingness to invest time to improve the score next week or general motivation for the

quiz, leaderboard and research.



Chapter 7

Conclusion

7.1 Main findings & contributions

The results of this study provides a deeper understanding of what aspects cause, influence and ef-
fect the Gamification element Leaderboard and provides requirements and recommendations when
implementation the leaderboard into an education context. It shows that the social comparison the-
ory can be used to understand parts of the effect of the leaderboard and that the implementation of
leaderboards can lead to an increase in while simultaneously creating a less enjoyable and learn-
ing environment for some. From the results and discussion of this research, the following main

conclusions can be drawn:

» Seven aspects were found that influence the effect of the leaderboard on participants. These
are; closeness to others on the leaderboard, the consequences related to the score and rank-
ing, prior time and energy investment, the performance of the participant, prior experiences
with competition and social comparisons, a positive group dynamic and the perceived fair-

ness of the received score and ranking. For more information, refer back to chapter 5]

* Five requirements were found for implementing the leaderboard into an educational context.
These are; anonymity, (positive) group dynamic, insightful feedback, fair scoring and the
possibility to opt-in. The implementation of the requirements can vary and should be deter-
mined by a person involved in the course design, such as a lecturer. For example, a positive
group-dynamic and insightful feedback might be encouraged with peer-reviews and social

activities. For more information, see chapter [4]

* The leaderboard is most often used out of curiosity and as a tool to self evaluate. This adds to
the field of HCI research, that often describes the effect of the leaderboard as mainly a com-
petitive tool. The performance of others was used by 67% of participants to self evaluate,
showing that a substantial part of the group is not interested in the performance of others.
More research is required to discover what causes the participant’s performance relative to
others to be used for this purpose. This research suggests that the leaderboard should be de-
signed around the goal of self evaluation. For more information, see the recommendations
in

* The most interesting information on the board from the viewpoint of the participant, is who
performed better and how others socially close to the participant scored. This research

suggests that this information should be shown to the user if implemented. Anonymous
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leaderboards and the option to opt-in could be used to avoid negative comparison effects,

including those related to people close to each other.

* Time spend studying could be increased if the score on the leaderboard would influence the
live of the participant, such as when the score is related to the final course grade, or when
a reward is added. The performance could be increased if the score would be accompanied
by personalized, insightful feedback, that would allow the participant to improve. Time
spend studying could decrease when the participant does not improve after multiple weeks
of trying, showing the need for feedback, and to experience improvement. Low and middle
performers were most interested in insightful feedback. High performers were very not in-
terested in feedback and improvement, showing that high performers could require a greater

challenge to continue to improve.

* Social comparison theory can be used to understand part of the effects of the leaderboard.
The ability estimation and emotional response are greatly effected by the performance of
the group. This effect is stronger when the comparison is made with people who are close
to the participant. This stronger effect can be recommended as it can be both beneficial and

fun, under the condition of a positive group dynamic and the ability to opt-in.

* Motivation can show an increase while simultaneously creating a less enjoyable learning
environment. This increased motivation could be beneficial when quick training is required.
For example, in training scenario’s for fireman or policemen. In the educational context, a
more enjoyable learning environment for the entire group could be recommended. To take
benefit from the motivational increase for part of the group, a positive group dynamic and

the ability to opt-in are considered especially important.

* We have contributed to the field of HCI with the literature review, proving a foundation of

knowledge.

* This research contributes to the field of HCI in the form of empirically gathered data. The

data consists of the scores, participation, and answers in the questionnaire.

* This research contributed to the methodological design in which a cohort of students is
engaged in one common activity, split into two groups of within and outside of proximity,
and tested over multiple weeks on their understanding of the activity. This method has
shown to find differences identify factors that influence how the game element Leaderboard

effects the user.

7.2 Future work

There are many directions in which future research could take place. How the leaderboard is best
used as a tool to self evaluate is not currently studied, and could be studied in future work. Each of
the mentioned aspects that influence the effect of the leaderboard could be studied in detail, by re-
running the experiment and focusing on each of these aspects individually. Next to the influences

themselves, understanding in which contexts these aspects have a greater or lesser effect, as well
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as understanding the role of a personality of these aspects could prove to be equally valuable to

study. Other directions of possible future studies are explained and elaborated upon in this section.

Study into other contexts and actions: This study was performed on Utrecht University in
The Netherlands. Other educational contexts, such as primary and high school, could give new
insights into the effects of the leaderboard. Participants mentioned that the leaderboard was not
often discussed as the master students only had ’professional’ contact, mostly online, with other
students in their group. This is not the case in high schools, as children are often required to
spend their days in close physical proximity to one another every workday for multiple years.
Future research could implement the leaderboard in different contexts to find the differences in
the measures effects and improve upon the recommendations and requirements or even provide

guidelines.

Study into the possibility of multiple aspect scoring:
This study showed that a received grade and the group performance can have a great influence
on the individual. An interesting idea mentioned during the focus group was that the issue might
be that only one type of score is shown. Games, such as Call of Duty or Mirror’s Edge, show
a leaderboard that has multiple points on which the player is scored. When a player scored low
on one part of that score screen, it was mentioned to be less influential when other parts showed
higher numbers. In games, people might be scored for teamwork, being quick, accurate, etc. It
might be beneficial if students could be scored on other aspects as well, similar to what happens
in games. Which kind of information the final result could be mixed with to reduce the impact,
could influence the impact of a (bad) score on the user. What information could be shown and the

implications of that information are left to be discovered.

Study in the mental blockade of prior experiences:
During the focus group sessions, the difference in how people responded to the leaderboard was
effected greatly by prior experiences in their lives in relation to leaderboards, competition and
social comparisons. Others who liked to perform, had great experiences with friendly competi-
tion that was fun and enjoyable, often with a good group dynamic. This shows that a negative
response to the leaderboard and even the lack of willingness to compete is not directly related to
the leaderboard or the competition itself, but is partially or entirely created by a mental blockade.
In theory, this mental blockade can, at least for some, be removed or reduced. Future research
could focus on finding recommendations for teachers to help students with this mental blockade,
by for instance talking with them about their negative experiences and seeing if they are willing to
give it another chance. New positive experiences could just as well aid this goal. A digital solution
that would motivate students to give competition another chance might be a possibility that could

further increase the effectiveness of the implementation.

Study into the implementation of anonymity:
This study shows how anonymity is essential to protect participants from negative consequences
such as bullying and increased experienced pressure. However, there are still gaps into how this
anonymity should be implemented. If the leaderboard is ’too’ anonymous, it will decrease the
beneficial, motivational effects for those who want to perform. When the leaderboard is not anony-

mous enough, the same negative aspects of the board mentioned earlier could return.
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Final statement:

As numerous aspects influence the effect of the leaderboard, it is recommended to implement
this element carefully considering the influential aspects mentioned in this research. Studying the
leaderboard on itself is not enough, and careful attention needs to be paid to the other aspects
that influence its effect to implement it successfully. More research is necessary to add to these

findings and to further advance the discipline.
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Appendix A

8.1 Research Consensus

Introduction: You may have experienced how difficult it can be to stay motivated when studying.
For some, the educational system can be more of a motivational challenge rather than an intellec-
tual one. The digital education industry has widely implemented game-elements (such as points
and leaderboards) in their products to increase the engagement and motivation of students. This
process is called "Gamification". However, game-elements are currently implemented without a
thorough scientific understanding of its inner workings. The focus of this research is to create a
deeper understanding on what influences how people experience the game-element "Leaderboard"

to make the implementation of this element more successful.

The aim of this study is to further understand how the "Leaderboard" influences motivation

and learning performance.

If you participate in the study: Each week, for a total of three weeks, you will be asked
to ’play’ (fill out) a digital quiz. The quizzes are scored and compared with other students on
a Leaderboard. The Leaderboards reset each week, creating a new possibility to end on top each
week. The quizzes will take about five minutes to complete and can be completed on every modern
computer, tablet or smartphone. You will also be required to fill in a pre- and post-test question-
naire.

What you will gain from it: The questions in the quiz are derived from the course material
and are inspected and agreed upon by the course professors. By participating in the study, you
are more likely to stay on track with the course material and gain feedback into your current
knowledge level. The study itself could be interesting for those who will, at some point, make their
own master thesis as it provides both an example as well as an experience from the perspective
of the participant. We also hope that you are interested, in general, to contribute to scientific
discovery and progression for yourself, your environment and the generations to come. Finally, if
you completed all parts of the study, you will have a chance to win a delicious reward at the end
of the study.

Participation for this study is voluntary. You can withdraw from the research at any given
time (until the point of data analysis) without providing a reason and without consequence. Your
data will be stored securely, deleted upon request and will not be sold or used for reasons other
than this research. The scores do not influence your grading or any other aspect of the course.

Your data or scores will not be used, viewed or otherwise analyzed by the professors from the
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course.
If you have any questions, concerns or if you just want to talk about the research feel

free to send a message to s.a.andredelaporte @students.uu.nl
o I consent to participate in this study under the listed conditions

Please fill in your full name:
Please fill in your student e-mail address:

8.2 Pre-test survey
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§L’}}’% Utrecht

%A§ University

Information about the study

Please select your full name

Demographics

What is your age?

What is your gender?

O Female

O Male

(O Other
(O Prefer not to say

1 of 4 22/08/2022, 19:12
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Previous knowledge

How would you rate your knowledge on Serious Games or other
related topics that may aid you in this course?

Some previous  Expert knowledge /
knowledge / similar very similar courses

No / little previous  courses completed completed
knowledge previously previously
1 2 3 4 5

Estimated prior
knowledge level

How many hours per week are you planning to spend on the course
Serious Games?

(O 0-4hours

(O 5-8hours

O 9-12hours

(O 13-16 hours

(O 17 -20 hours

(O 21-24 hours

(O 25-28 hours

(O More then 29 hours

2 of 4 22/08/2022, 19:12



Qualtrics Survey Software

3 of4

https://survey.uu.nl/Q/EditSection/Blocks/Ajax/GetSurveyPrintPrevie...

What grade do you (realistically) expect to receive at the end of this

course”?

O Below 5.5
O 55-6.0

O 6.1-65

O 66-7.0

O 71-75

O 76-8.0

O 8.1-9.0

O 9.1-10.0

Relation

How well do you know the others listed below? Use the slider.

We've We see
We've met  worked We see each other
We've just before this together each other socially

met course before socially  frequently
1 2 3 4 5
${e://Field/t1}
${e:/IField/t2}
${e:/IField/t3}
${e:/IField/t4}

22/08/2022, 19:12
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Do you currently work together with one of the people listed above in
another course or activity? Please fill in the name(s) of the
student(s) and the activity / course.

Powered by Qualtrics

4 of 4 22/08/2022, 19:12
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8.3 Quiz1l

Introduction: Welcome to the Serious Gaming Quiz! You will receive +5 points for each right
answer and -2 points for each wrong answer. The option "I’m not sure" gives +0 points. More

points are rewarded to those who are quick. Select your name from the list below to get started.

Question 1: "Flow Theory" is often seen as a key feature of well-designed games. According
to Fullerton’s theory, appropriate levels of (...) and (...), can cause a player to achieve a "Flow"

state.
1. Motivation & Ability
2. Difficulty & Skill
3. Anxiety & Boredom
4. Skill & Motivation
5. I’'m not sure

Question 2: Picture 1 shows an influential way to promote sales in online webshops. Which

of the following principles of influence by Dr. Robert Cialdini is most present in the image?
1. Liking
2. Authority
3. Social proof
4. Unity
5. I'm not sure

Question 3: What is the difference between "Play’ and *’Game’?

p—

. Play requires explicit rules, a Game does not

2. Play is extrinsically motivated, whereas gaming is intrinsically motivated
3. Play does not require a purpose, a Game does

4. A Game requires explicit rules, Play does not

5. ’'m not sure

Question 4: Which sentence would create the strongest feeling of product scarcity, according

to Dr. Robert Cialdini principles?
1. "Buy one, get one free!"
2. "Doctors and medical experts recommend this item"

3. "Only a few units left at this price."
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4. "Two of your friends want this item"
5. I'm not sure

Question 5: Re-create the map of the decision making process by putting them in the right
order. Put the process that costs the least amount of thinking on the left as 1. Put the process that

requires the most thinking on the right as 5.
1. Conscious, cost-benefit calculations
2. Habits
3. Heuristics
4. Intuitive responses and assessments
5. Intuitive check of self-concept

8.4 Quiz?2

Introduction: Welcome to the second Serious Gaming Quiz! You will receive +5 points for each
right answer and -2 points for each wrong answer. The option "I'm not sure" gives +0 points.
More points are rewarded to those who are quick. Select your name from the list below to get
started.

Question 1: What best descripes the term ’participation design’?
1. A design approach that involves the stakeholders
2. A design approach variant utilizing interviews and focus groups
3. A design approach that finds solutions in co-operation with the end-user
4. An interactive prescriptive design approach
5. Idon’t know

Question 2: The characterizing goals of (serious) games can be matched to competence
domains. One example can be found in the centuries-old board game Chess, in which the winner
of a match was believed to be more intelligent (or a better strategist) then the other. Which domain

of competence was Chess believed to be part of?
1. Cognitive & perceptual competences
2. Sensory-motor competences
3. Personal competences
4. Emotional & voliational competences

5. I’'m not sure
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Question 3: Bloom’s taxonomy of cognitive objectives describes learning in six levels of
complexity. At the first (lowest) level, people only remember information. What is considered the
highest level of thinking?

1. Analyze: Draw connections among ideas

2. Evaluate: Motivating or justifying a stand or decision
3. Understand: Explaining ideas or concepts

4. Create: Producing new or original work

5. I’'m not sure

Question 4: Interesting emergent behaviour makes a game more enjoyable. What could be

seen as a good measure of how emergent the game-play is?
1. The interplay between novel and known actions
2. The ratio between strategic and basic actions
3. The amount of meaningful achievable goals
4. The variance in game-play objectives
5. I'm not sure
Question 5: Which description gives the definition of the term game-mechanics?
1. Game Mechanics are the objects, attributes and states of a game
2. Game Mechanics are the story and visuals that create the game experience
3. Game Mechanics are the capabilities and limits of the underlying technology of a game
4. Game Mechanics are the interactions and connections between the player and the game
5. I'm not sure

8.5 Quiz3

Introduction: Welcome to the final Serious Gaming Quiz! You will receive +5 points for each
right answer and -2 points for each wrong answer. The option "I’m not sure" gives +0 points.
More points are rewarded to those who are quick. Select your name from the list below to get
started.

Question 1: Which of the following is NOT a Game Mechanic?

1. Actions.
2. Emotions.

3. Skills.
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4. Chance.
5. I’'m not sure.

Question 2: Picture 1 shows the ATMSG model, but the term Serious Game is missing.
Where should it be placed?

1. In the model, a serious game is an (instructional) activity.
2. In the model, a serious game is a tool.

3. In the model, a serious game is the object or motive.

4. The term serious game should not be in this model.

5. I'don’t know

Question 3: The Self-Determination Theory (SDT) was coined by Ryan & Deci in 2000.
They describe three basic psychological needs that encourage human motivation. What are these

three needs?
1. Interest, compliance, reward.
2. Autonomy, competence, relatedness.
3. Competence, compliance, inherent satisfaction.
4. Que, routine, reward.
5. I'm not sure.
Question 4: Which of the following specifically increases extrinsic motivation?
1. By making actions easier to perform.
2. Avoiding boredom and stress, aiming for a perfect flow state.
3. Increasing the experience of safety by compelling or controlling one’s behaviour.
4. Showing the benefits and progress of the action to the user.
5. I’'m not sure.
Question 5: What is not true about the attributes of game objects?
1. Attributes are always dynamic
2. All objects have at least one attribute
3. Attributes are categories of information about the object in the game
4. Attributes are the "adjectives" of game mechanics

5. I’'m not sure
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Focus group session: Would you like to participate in the focus group session? The focus
group will take 30 to 60 minutes. We will contact you to see what works best for you in terms of

time and location. Note that no points are awarded or deducted for this question.
1. Yes, I would like to participate.
2. No, sorry.

Explanation: Attributes can be static and dynamic.

8.6 Post-test survey
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§ W)}’% Utrecht
%T“\§5 University

Identification

Welcome to the post-test survey! The survey is devided into 5
parts and should take between 10 and 15 minutes to complete. Due
to the time investment, there is a treat waiting for you after you're
done. We recommend you to make this questionnaire on your
laptop, as there are a few open-ended questions. Note that this is
the final part of the research. Thanks a lot for your help! Select your
name below to get started.

Each part and it's expected duration:

1. Motivation (3 minutes)

2. Comparison with others (5 minutes)

3. Leaderboard aspects (2 minutes)

4. Your experience (3 minutes)

5. Technical difficulties and feedback (2 minutes)

1 of 13 21/08/2022, 00:05
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Select your full name

Motivation questionnaire

Part one: motivation. 19 multiple-choice questions. Expected
duration: 3-5 minutes.

Q1: What grade do you (realistically) expect to receive at the end of
the course?

O Below 5,5
O 55-6.0

O 6.1-65

O 6.6-7.0

O 71-75

O 76-8.0

O 8.1-9.0

O 9.1-10.0

2 of 13 21/08/2022, 00:05
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Questions about motivation. 10 questions.

Getting a good grade is
important to me.

| like to do better than
others on tests.

| put enough effort into
learning the course

material.

| enjoy learning.

Learning for this course
will help me get a good

job.

| am confident | will do
well on the upcoming

exam.

| spend a lot of time
learning for this course.

Understanding the
course material will give
me a career advantage.

| think about the grade |
will get for this course.

| believe | can master
the required knowledge
and skills before the end

of the course.

30f13

Never

O

O O O O O O O O O

Rarely

O

O O O O O O O O O

Sometimes

O

O O O O O O O O O

Usually

O

O O O O O O O O O

Always

O

O O O O O O O O O

21/08/2022, 00:05
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4 of 13

| prepared for all quizzes.
| did my best on all quizzes.

| was satisfied with all my
quiz results.

| liked making the quizzes.

The questions were clear to
me.

The communcation about
the quizzes was clear.

The quizzes helpt me to
focus on the course.

reason?

Strongly
disagree

O O O O O 0O

https://survey.uu.nl/Q/EditSection/Blocks/Ajax/GetSurveyPrintPrevie...

Questions about The Quiz. 7 questions.

Disagree

O O O O O 0O

Neutral

O O O O O 0O

Agree

O O O O O 0O

Strongly

agree

O O O O O 0O

Q19: If you didn't make one or more of the quizzes, what was the

The effect of Social Comparison & Proximity

21/08/2022, 00:05
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Part two: Comparison with others. 28 multiple-choice questions.
Expected duration: 5-7 minutes. (Note: this is the biggest part.)

5of13 21/08/2022, 00:05
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6 of 13

Comparison with others (part one). 14 questions.

| always looked at the

leaderboard when it was send.

The information on the
leaderboard was clear to me.

| always look at the
performance of others.

| always compare my
performance to others.

| always use the leaderboard
to evaluate my own
performance.

| like being able to see the
performance of others.

| like that others could see my
performance.

| always talk with others who
where on my leaderboard
about their score or my own.

| always talk with others who
where not on my leaderboard
about my score (or their
score).

Comparing my performance
with others motivates me to
perform better.

A high or low score could
influence how others look at
me.

I'm motivation to make the
quiz because others can see
my score.

Without the leaderboard, i'm
not sure if | would have made
the quizzes.

| would have liked the quizzes
more without the leaderboard.

Strongly
disagree

O

O O O O O O O O

O O O O O

https://survey.uu.nl/Q/EditSection/Blocks/Ajax/GetSurveyPrintPrevie...

Disagree

O

O O O O O O O O

O O O O O

Neutral

O

O O O O O O O O

O O O O O

Agree

O O O O O O O O

O O O O O

Strongly

agree

O

O O O O O O O O

o O O O O

21/08/2022, 00:05
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15. The leaderboard made me
anxious.

16. People with a low score
are lazy.

17. The leaderboard made me
question my own capabilities.

18. The scores of others on
the leaderboard influence how
| think about them.

19. | feel ashamed when
others see a low score with my
name next to it.

20. | feel proud when others
see a high score with my
name next to it.

21. People who perform well
in the quiz are hardworking.

22. | was afraid to be judged
by others.

23. The leaderboard made me
feel as if | had to perform.

24. I've always talked with
people in my project group
about the leaderboard (score).

25. The leaderboard made me
excited

26. | like to know the score of
others in my project group.

27. 1 am more curious about
score of people in my project
group then outside my project
group.

Strongly
disagree

O

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

https://survey.uu.nl/Q/EditSection/Blocks/Ajax/GetSurveyPrintPrevie...

Disagree

O

o O o O O o o O O O O

Comparison with others (part two). 14 questions.

Neutral

O

o O O O O O O O O O O

Agree

o O o O O O o O O o O

Strongl
agree

O

o O o O O o o O O o0 O

y

21/08/2022, 00:05
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28. The leaderboard made me

feel confident about my O O O O O

abilities.

What is the leaderboard to you?

Part 3: Leaderboard aspects. 3 multiple-choice questions.
Expected duration: 2 minutes.

Q1: What was your main reason to look at the leaderboard?

O | wanted to know my position relative to others on the leaderboard.
(O 1 wanted to know my overall score on the leaderboard.

(O 1 wanted to evaluate my own performance.

(O 1didn't really look at the leaderboard.

Q2: What interested you the most?

O People who performed better then me.

O People who performed worse then me.

(O People who | knew.

(O The performance of others did not interest me.

8 of 13 21/08/2022, 00:05
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Q3: How would you cathogorize these aspects of the leaderboard to
increase time spend on studying?

ltems Increased time spend on studying

Seeing others that |
know.

Being able to see
people that performed
better then me.

Being able to see
people that performed
worse then me.

No effect on time spend studying

My ranking relative to
my previous
ranking/score.

The visuals of the
leaderboard, such as
theme, icons and fonts.

How many people

would look at the Decreased time spend on studying
leaderboard.

If people close to me
would see the
leaderboard.

Being able to select

the people who | am

on the leaderboard
with.

When the score is
related to a reward.

9 of 13 21/08/2022, 00:05
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Would there be another aspect of the leaderboard that would
influence your time spend on studying that is not mentioned above?
If so, what aspect would effect you?

The effects of the leaderboard

Part 4: Experience. This part will ask your opinion in 7 open-ended
questions. No expected duration is given.

Q1/7: If you discussed your score with others, with whom did you
discuss it and why? You don't have to give actually names, only your
relation and reason (older brother, friend from my project group, etc).
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Q2/7. Would you have preferred if your leaderboard showed scores
of others in the class who were now excluded?

Q3/7: Would you have liked to select the people that are on your
leaderboard? If so, who would you have wanted on the leaderboard?

Q4/7. How would you describe the effect the leaderboard had on
you?

Q5/7: Would you like to have a leaderboard in other courses?
Please explain why (not).

Q6/7: What negative effects could the leaderboard have in general,
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in your opinion?

Q7/7: Can you think of a scenario in education where you would not
want a leaderboard?

Technical difficulties and feedback

Part 5: The final part about technical difficulties and feedback. 2
open-ended and 2 multiple-choice questions. Expected duration: 2
minutes.

Q1/4: Could something have been improved that would have made
the leaderboard more interesting for you?

Q2/4: Do you have any feedback about the research or other tips

12 0f 13 21/08/2022, 00:05
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that should be mentioned?

Q3/4: Do you want to be part of the focus group?

O Yes
O No

Q4/4: Would you like to receive the final research paper?

O Yes
O No

Powered by Qualtrics
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8.7 Reminder e-mail
Dear Serious Gaming participant,

We need your participation in the final Serious Gaming quiz!
It will only take 2 minutes to complete. The deadline is on 15:00 today.

Click here to start the quiz now!

Thanks a lot!

Kind regards,
Sjoerd André de la Porte

Figure 8.1: Example of a reminder email
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