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Abstract

Gamification, the use of game elements in non-game contexts, has been shown to
help people reaching their goals, affect people’s behavior and enhance the users’
experience within interactive systems. However, past research has shown that
gamification is not always successful. In fact, literature reviews revealed that
almost half of the interventions were only partially successful or even unsuccess-
ful. Therefore, understanding the factors that have an influence on psychological
measures and behavioral outcomes of gamified systems is much in need. In
this thesis, we contribute to this by considering the context in which gamified
systems are applied and by understanding personal factors of users interacting
with the system. Guided by Self-Determination Theory, a major theory on hu-
man motivation, we investigate gamification and its effects on motivation and
behavior in behavior change contexts, provide insights on contextual factors,
contribute knowledge on the effect of personal factors on both the perception and
effectiveness of gamification elements and lay out ways of utilizing this knowl-
edge to implement personalized gamified systems. Our contribution is manifold:
We show that gamification affects motivation through need satisfaction and by
evoking positive affective experiences, ultimately leading to changes in people’s
behavior. Moreover, we show that age, the intention to change behavior, and
Hexad user types play an important role in explaining interpersonal differences
in the perception of gamification elements and that tailoring gamified systems
based on these personal factors has beneficial effects on both psychological and
behavioral outcomes. Lastly, we show that Hexad user types can be partially
predicted by smartphone data and interaction behavior in gamified systems and
that they can be assessed in a gameful way, allowing to utilize our findings in
gamification practice. Finally, we propose a conceptual framework to increase
motivation in gamified systems, which builds upon our findings and outlines
the importance of considering both contextual and personal factors. Based on
these contributions, this thesis advances the field of gamification by contributing
knowledge to the open questions of how and why gamification works and which
factors play a role in this regard.
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Zusammenfassung

Gamification, die Nutzung von Spielelementen in spielfremden Kontexten, kann
nachweislich Menschen helfen, ihre Ziele zu erreichen, das Verhalten von Men-
schen zu beeinflussen und die Erfahrung der User in interaktiven Systemen
zu verbessern. Allerdings hat die bisherige Forschung gezeigt, dass Gamifica-
tion nicht immer erfolgreich ist. So haben Literaturiibersichten ergeben, dass
fast die Halfte der Interventionen nur teilweise erfolgreich oder sogar erfolglos
waren. Daher besteht ein grofser Bedarf, die Faktoren zu verstehen, die einen
Einfluss auf psychologische Mafle sowie auf das Verhalten von Usern in gam-
ifizierten Systemen haben. In dieser Arbeit tragen wir dazu bei, indem wir
den Kontext, in dem gamifizierte Systeme eingesetzt werden, betrachten und
personliche Faktoren von Usern, die mit dem System interagieren, verstehen.
Geleitet von der Selbstbestimmungstheorie, einer der wichtigsten Theorien zur
menschlichen Motivation, untersuchen wir Gamification und dessen Auswirkun-
gen auf Motivation und Verhalten in Kontexten zur Verhaltensdnderung. Wir
liefern Erkenntnisse tiber kontextuelle Faktoren, tragen Wissen iiber den Einfluss
personlicher Faktoren auf die Wahrnehmung und Effektivitdt von Gamification-
Elementen bei und bieten Moglichkeiten, dieses Wissen fiir die Implementierung
personalisierter gamifizierter Systeme zu nutzen. Unser Beitrag ist mannigfaltig:
Wir zeigen, dass Gamification die Motivation durch Bediirfnisbefriedigung und
durch das Hervorrufen positiver affektiver Erfahrungen beeinflusst, was letztlich
zu Verhaltensidnderungen fithren kann. Dariiber hinaus zeigen wir, dass das
Alter, die Absicht, das Verhalten zu dndern, und Hexad-Usertypen eine wichtige
Rolle bei der Erklarung von interpersonellen Unterschieden in der Wahrnehmung
von Gamification-Elementen spielen. Ebenso zeigen unsere Resultate dass die
Anpassung von gamifizierten Systemen auf Basis dieser personlichen Faktoren
positive Auswirkungen auf psychologische und verhaltensbezogene Ergebnisse
hat. Letztlich zeigen wir, dass Hexad-Usertypen teilweise durch Smartphone-
Daten und Interaktionsverhalten in gamifizierten Systemen vorhergesagt werden
konnen und dass sie auf spielerische Art und Weise erhoben werden kénnen. Dies
ermoglicht, unsere Erkenntnisse in der Gamification-Praxis zu nutzen. Auf Basis
dieser Ergebnisse schlagen wir ein konzeptuelles Framework zur Steigerung der
Motivation in gamifizierten Systemen vor, das die Wichtigkeit der Berticksich-
tigung sowohl kontextueller als auch personlicher Faktoren hervorhebt. Diese
Erkenntnisse bereichern das Forschungsfeld Gamification, indem sie Wissen
zu den offenen Fragen, wie und warum Gamification funktioniert und welche
Faktoren in diesem Zusammenhang eine Rolle spielen, beitragen.
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Chapter 1

Introduction

This thesis contributes to the research field of gamification, “the use of game
design elements in non-game contexts” ([105], p. 10). More specifically, we will
contribute to the question of why and how gamification works, to better under-
stand how to tailor it to the application context and the user, in order to enhance
its outcomes. In this regard, we will shed light on how it affects motivation in
behavior change contexts. We also contribute to the personalization of gamified
systems by studying which factors mediate the perception of gamification, which
effects personalized gamification has on psychological and behavioral outcomes,
and how personalization can be facilitated.

To do so and to get an understanding of when gamification is considered to
work, it is important to understand what gamification aims for. In this regard,
gamification is described as “a developing approach for encouraging user mo-
tivation [..]” ([315], p. 16) or simply as “designing for motivation” ([104], p. 1).
Thus, the ultimate goal of gamification is increasing motivation [104,303, 315].
Consequently, we will investigate how and why gamification works through the
lens of Self-Determination Theory [299], a major theory of human motivation.

We begin this chapter by highlighting the integral role of games and play for
our culture and society. We highlight the great potential of video games in
satisfying basic psychological needs and how they are consequently able to lead
to pleasurable, motivational experiences. Afterwards, we focus on gamification,
which aims to transfer these motivational experiences from games to a non-game
context. We will also discuss gamification as a persuasive technology, i.e. the
idea to utilize elements known from games to increase motivation for behavior
change. After motivating the importance of investigating contextual and personal
factors in order to realize gamified systems enhancing motivation, we establish
the research questions and outline the structure of this thesis.



2 Chapter 1. Introduction

Figure 1.1: Ancient Senet board found in Abydos from about 1500 B.C. Taken
from [270].

1.1 The Ubiquity of Games in Culture and Society

“In culture we find play as a given magnitude existing before culture itself existed,
accompanying it and pervading it from the earliest beginnings right up to the phase of
civilization we are now living in” (Huizinga [158], p.4).

In their work, Huizinga describe Homo Ludens, “man the player”, as a model
according to which humans develop their personality and cultural abilities pri-
marily through play. This model is based on the fact that all culture (e.g. religion,
science, philosophy, art, politics) follows certain rituals containing elements of
play. Moreover, Huizinga proclaims that humans discover their individual char-
acteristics through the experiences they gain about themselves when playing.
Thus, games and play are seen as the primary factors shaping both culture and
personality.

In fact, the significance of games and play have a long tradition, since games were
already played in early stone- and iron-age cultures, where toys were made from
bones, ceramics, and iron [31]. Later, ancient cultures worldwide engaged in play
and developed different types of games: Over 5,000 years ago, Egyptians invented
a boardgame called Senet [270]. In this game, players had to strategically move
game pieces across a board consisting of thirty squares, arranged in three rows of
ten, to reach a superior position on the board. Figure 1.1 shows a Senet board from
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about 1,500 B.C. Also, games which are still popular today, such as Backgammon,
were already played about 5,000 years ago in ancient Mesopotamia [57]. Besides
board games, ancient cultures such as the Babylonians used talus bones as dice
for games and amusement, more than 2,500 years ago [184]. Later, in the Middle
Ages, people played many boardgames, such as Alquerque, a predecessor of
Checkers, and engaged in a wide range of card, string and dice games [362].

Today, ongoing digitization and increasing global connectivity have transformed
many aspects of our culture into the digital world. For instance, we are able
to communicate and connect through social networks and real-time voice and
video chats, or through completely new forms of synchronous or asynchronous
communication. Ubiquitous computing technology is increasingly tracking our
actions and behavior, and smartphones, allowing for interactive experiences and
connectivity independent of place and time, are used by more than 85% of Ameri-
cans?®. These transformations of culture have also impacted and transformed how
and what we play [300]. In video games, players can explore complex virtual
worlds allowing for completely new forms of immersive experiences. They can
perform a broad range of actions and behaviors, master challenges and interact
with other players to compete or collaborate. Moreover, online video games are
increasingly replacing traditional places to meet and interact with peers [249].
They have increasingly become popular over the past decades, making them —
with an estimate of over 2.7 billion gamers worldwide and a revenue of $ 159.3
billion in 2020 [249] - the fastest-growing form of human recreation [249, 300].
However, elements of play are not only present in video games, but also in
non-game contexts in digital culture: For instance, mobile fitness applications
incorporate game elements such as points, badges or high score lists to motivate
physical activity; websites borrow game elements to increase user participation;
and online communities introduce levels or ranks to represent the reputation
of their members. This practice of using elements known from games in non-
game contexts has been defined as gamification [105]. The significant number of
users worldwide who freely choose to spend a considerable amount of money,
resources, and time indicates that there must be something about games and
elements of games that captivates and motivates them. To better understand the
underlying reasons, we will elaborate on the motivational power of games.

1.1.1 The Motivational Power of Video Games

In this thesis, we conceptualize motivation based on Self-Determination Theory
(“SDT”) [299], a leading3 scientific theory of human motivation, which is widely
used in the domain of games and gamification research [350]. SDT is a macro the-
ory which consists of six mini-theories focusing on different aspects of motivation

*Pew Research Center: Demographics of Mobile Device Ownership and Adoption in the United States,
https://pewrsr.ch/3unCPmc (last accessed: 2021-12-01)

*Self-Determination Theory: An approach to human motivation,
https://bit.ly/33wDCp2 (last accessed: 2021-12-01)
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and well-being processes. A detailed description of SDT, the mini-theories that
are relevant for this thesis, and a brief history of human motivation can be found
in Section 2.1. At its core, SDT is based on three universal psychological needs
which fuel motivation and well-being processes. The basic psychological need for
autonomy refers to the experience of volition, having the feeling that actions are
self-endorsed and authentic. The need for competence is satisfied when one feels
in control of the outcome of an action, feeling capable and effective. Lastly, the
need for relatedness describes the feeling of social belonging and reciprocal care.
SDT further states that both contextual and personal factors play an important role
in whether these basic needs are supported or thwarted (see Section 2.1.2 and
Section 2.1.2). Thus, for stimuli such as game elements to be motivating, both
these factors need to be considered and studied.

Contextual Factors

Context can be defined as “the circumstances that form the setting for an event,
statement, or idea, and in terms of which it can be fully understood”#. This broad
definition makes it hard to pinpoint single factors of a context. However, the
context as a whole plays an integral part in SDT, as will be explained in more
detail in Section 2.1.2. Broadly speaking, SDT states that the context may support
or thwart the aforementioned basic psychological needs. As a consequence, this
supports or undermines intrinsic motivation and has an effect on the extent to
which behaviors are internalized. These processes are important for gamification,
since they may have a considerable impact on the success of certain gamification
elements and to what extent these affect motivation. That considering the context
of a gamified system is important can be illustrated by an example from Disney-
land in Anaheim, which introduced a leaderboard showing the speed of laundry
workers on a public display. Although leaderboards have been shown to lead
to positive outcomes in past research [146,185], laundry workers at Disneyland
were so afraid of the gamified system that they even skipped breaks’. Rather
than leading to engagement, the system was perceived as an “electronic whip”
and employees reported feeling “controlled even more”. The fact that the users
of the gamified system had an employment relationship is an important aspect in
this context, as it may have shifted the type of motivation to extrinsic, because the
system “made other employees worry that a reasonable pace won’t be enough to
keep the boss happy”. Consequently, the feedback on one’s performance might
have been perceived as controlling rather than informative. In this thesis, we
aim to enhance the understanding of how gamification affects motivation and
related measures in different behavior change support contexts. Investigating this
allows us to also reason more broadly about the role of contexts for the success of
gamified systems.

*Lexico: Definition of CONTEXT by Oxford Dictionary,
https://bit.ly/2SIyc8n (last accessed: 2021-12-01)

>Los Angeles Times: Steve Lopez: Disneyland workers answer to “electronic whip’,
https://lat.ms/3vIdGé6qg (last accessed: 2021-12-01)
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Personal Factors

SDT states that motivational orientations differ across people (see Section 2.1.2),
which means that people differ in how they interpret certain stimuli, such as
gamification elements. As a consequence, whether these stimuli support or under-
mine intrinsic motivation is largely dependent on the person and their individual
characteristics. In the field of gamification, past research has observed that such
inter-personal differences are also prevalent in the perception of gamification ele-
ments [182]. While some users might embrace competition and challenges, other
users might instead prefer exploratory gamification elements such as unlockable
content or creativity tools [342]. These findings mark a turning point in gamifica-
tion research — while most gamified systems relied on one-size-fits-all solutions,
i.e. using the same set of gamification elements for all users, tailoring the gamified
system to the user has gained more and more attention in research [186,281].
To tailor gamified systems, several personal factors have been studied, includ-
ing demographic factors such as gender or age, personality traits and player
types [182]. In this thesis, we contribute to an enhanced understanding of such
personal factors by considering age as a demographic factor, behavior change
intentions as a dynamic factor related to the degree of internalization of behavior,
and Hexad user types, representing the types of motivation that are particularly
relevant for a user. We motivate the consideration of these factors based on SDT
and provide insights on the relationships between the personal factors we have
investigated and empirical findings from SDT research in Chapter 4.

Basic Psychological Needs in Video Games

When trying to understand why video games and elements of games are so
attractive, we can observe that video games are incredibly powerful in increasing
motivation by satisfying the aforementioned basic psychological needs intro-
duced by SDT [299]. They provide a wide range of circumstances to fulfill the
basic needs for autonomy, competence and relatedness [299], which are key to
intrinsic motivation and the organismic integration processes surrounding extrin-
sic motivation (see Section 2.1.2). In simpler terms, Jesse Shell stated that “every
game is a complex ecosystem of motivations” ([307], p. 153). Indeed, research has
demonstrated that satisfactions of these basic needs lead to game enjoyment and
even predict future play [300].

When we think of games such as Animal Crossing (see Figure 1.2 a), one of the most
popular contemporary video game series where the current release ranks as the
second-best-selling game on Nintendo’s Switch console®, the need for autonomy
may be satisfied in myriad ways. First, the game allows one to create a human-like
avatar representing the player in the virtual world, offering a substantial range of
choices ranging from individual hairstyles to special clothes and accessories that

®Nintendo: Top Selling Title Sales Units,
https://bit.1ly/379x5CZ (last accessed: 2021-12-01)
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Figure 1.2: Games and need satisfaction. a) Animal Crossing: Pocket Camp (by
Nintendo, 2017; own screenshot). b) Fruit Ninja 2 (by Halfbrick Studios, 2018;
screenshot taken from press kit, https://bit.1ly/3by3S71I (last accessed:
2021-12-01)). c) World of Warcraft (by Blizzard Entertainment Studios, 2004;
screenshot taken from press kit, https://bit.1ly/3ibIF54 (last accessed:
2021-12-01)).

can even be further customized to the players” preferences. Also, the core game
mechanics are highly autonomous, as the player may freely decide to explore the
open game world, talk to its inhabitants or collect and discover entities of the
game world, such as new insects, fish or fossils, which can be traded in to obtain
items that can be used to further customize the avatar and the virtual world. In
fact, research has demonstrated that offering such choices in the game positively
affects need satisfaction, and as a consequence leads to enhanced immersion
and enjoyment: Birk et al. [42], for instance, allowed participants to create an
avatar and adjust parameters related to the avatar’s appearance, personality, and
characteristics. They demonstrated that offering the choice to manipulate these
attributes enhances the extent to which participants identified with the avatar.
This, in turn, led to an increased satisfaction of autonomy, and thus fostered
intrinsic motivation and game enjoyment. Besides the avatar, an open game
world, allowing the player to travel around and freely explore and discover any
part of it, inherently adds to the satisfaction of autonomy needs [299]. In popular
video games such as Grand Theft Auto V or World of Warcraft this very element
of exploration and discovery of the open world and the broad range of possible
interactions with the environment is what many players enjoy [299]. While the
Grand Theft Auto series has often been criticized because of its violence, research
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has shown that people primarily do not play the game because of the violence
but because they can freely decide what they want to do [299]. Such a wide
range of opportunities in games is what essentially makes them highly capable
of supporting the need for autonomy [286,299].

However, it is not only autonomy which can be supported by video games. When
we think about what makes games so appealing, the rich, immediate feedback
on our performance towards clearly communicated goals is an important aspect
to consider, making games very effective in satisfying our innate need for com-
petence [286,299,300]. A relevant example of competence support in games can
be seen in casual games mostly played on mobile devices, such as Fruit Ninja
(see Figure 1.2 b). In Fruit Ninja, a very popular game for mobile devices’, the
core game mechanic is very simple. Players have to slice fruits by performing
a slicing gesture on the touch screen as fruits appear. The fact that the game is
very easy to understand is part of its success, since we have to feel capable of
eventually succeeding at a task to be motivated to engage in it (see Section 2.1.2).
The game itself has various means to satisfy the need for competence - it gives
instant performance feedback and provides stimulating challenges by altering
the number of fruits shown at once or by introducing bombs that should not be
sliced. For each fruit that is sliced, immediate positive feedback is given to the
player in the form of points and praise, which is not controlling, but emphasizes
the player’s skill in an informative way. When slicing multiple fruits at once
— called “combos” — the player receives extra points, adding to the feeling of
mastery. But it is not only casual games that support the need for competence. In
fact, almost every game has elements to it that are capable of satisfying the need
for competence: In shooter games, killing enemies provides instant feedback and
may evoke feelings of accomplishment; in racing games, it may be the the skill
to master difficult race tracks or drive faster than the opponent and in platform
games, solving puzzles to advance to the next level or combating enemies to
receive power-ups may satisfy the need for competence very effectively [286]. In
fact, besides game mechanics, it may even be the narrative of the game which
adds positively to feelings of mastery, especially when the player takes on the
role of a heroic character [286].

Lastly, games are also capable to fulfill relatedness needs: Referring back to the
example of World of Warcraft (see Figure 1.2 c), a Massively Multiplayer Online
Role-Playing Game (“MMORPG”), numerous gameplay elements are included,
facilitating social interaction. The mere fact that players can simultaneously
join a shared virtual space, see each other’s avatar and communicate through
various means ranging from gestures the avatar can perform to text messages
and voice chats, may fulfill the need for social relatedness [299]. This need is
further facilitated through features such as teaming up in guilds, cooperative
play to accomplish tasks via teamwork, trading items among players or simply
exploring the virtual game world together [299]. But relatedness is more than

”The Guardian: Fruit Ninja: how the slice-and-dice game reached 1bn downloads,
https://bit.ly/22czt2W (last accessed: 2021-12-01)


https://bit.ly/2ZcZt2W

8 Chapter 1. Introduction

communication and belonging; it is equally important to have the feeling of being
important to others (see Section 2.1.2). This aspect is inherently fulfilled in World
of Warcraft (and similar games of this genre) by introducing several classes that
players must select when creating their avatar, with choices such as priests or
warriors. These classes have unique skills, rendering a certain importance to
players of a particular class. Moreover, boss fights are often easier to complete in
groups with a diverse set of characters, requiring users to value and appreciate
each other’s unique skills, which in turn might positively add to the feeling
of reciprocal belonging. However, it is not only MMORPGs that support the
need for relatedness — modern games incorporate leaderboards, shared goals
and collaboration, or allow players to team up to play together in the virtual
environment, offering a wide range of communication options. Therefore, it is
not surprising that a cultural shift is being observed among younger people, with
games increasingly replacing social networks as places to meet and interact with
their peers [249].

Now that we have seen the potential of games for satisfying basic psychological
needs and thus contributing to motivation and well-being, it seems intriguing to
utilize these elements and experiences known from games in non-game contexts,
to enhance motivation for various actions and desirable behaviors. This approach
has been labeled gamification and will be introduced next.

1.1.2 Gamification: Game Experiences in Non-Game Contexts

When confronted with tasks or activities in which we find little or no interest or
value, we may decide to either quit the activity, or seek aspects of the activity
or its surrounding context which can be turned into strategies which foster
more autonomous forms of motivation [305], e.g. by enhancing the perceived
competence for a rather boring activity [286]. Sansone et al. [305] empirically
demonstrated that when confronted with boring tasks, participants come up
with a wide range of coping strategies, turning an uninteresting task into a
more interesting one to self-regulate motivation and thus decouple part of it
from external contingencies. This observation holds for many different contexts:
Long distance truckers introduce certain game-like elements such as challenging
themselves to spot deer near the road, whereas other workers cope with boredom
by setting personal goals or pacing the tasks involved, e.g. by introducing time
pressure [295].

In line with the strategies mentioned before, the concept of gamification builds
upon a similar idea. The term itself was introduced roughly a decade ago, and
many different definitions exist. For instance, Werbach [359] defines gamification
as “the process of making activities more game-like” (p. 1), thus emphasizing
the procedural aspect of gamification. Huotari and Hamari [161] follow this
procedural approach. They define gamification as “a process of enhancing a
service with affordances for gameful experiences in order to support [a] user’s
overall value creation” (p.3). Although these definitions provide a good notion
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about what the concept of gamification means, they are less detailed about how
processes can be made more “game-like” or how “gameful experiences” can be
created.

In this thesis, we refer to gamification as “the use of game design elements in
non-game contexts” ([105], p. 10), which is the most widespread definition [359],
being cited more than 8900 times by December 2021, according to Google Scholar.
The definition relies on “game elements”, elements known from games, which
can be used to create such gameful experiences. For the sake of this thesis, we
consider game elements (also referred to as “gamification elements” when used
in the context of gamification) as the “elements that are characteristic to games
— elements that are found in most (but not necessarily all) games” ([105], p. 4),
i.e. building blocks that are characteristic to games and respectively gamified
systems [335], such as points, badges, leaderboards, or virtual characters. Although
none of the definitions explicitly state that gamification is tied to digital computer
systems, it is commonly approached and used within interactive systems [315].
Thus, although the examples given at the beginning of this section adhere to the
definitions, it is arguable whether they would be considered gamification, since
they do not incorporate any type of interactive system.

It is assumed that gamification has its roots in marketing and the digital media
industry [105, 315], where e.g. loyalty programs have long since been using
points and other collectibles. The advancement of technology and the substantial
increase in digitization in the past years are considered as key enablers for
gamification [239,315]: A wide range of wearables and other tracking devices
and systems are on the market nowadays, allowing users to seamlessly track
their activities, while smartphones and other small-sized personal computers
have become ubiquitous, allowing for a wide range of feedback and interaction
channels [294]. As a consequence, gamification has become a thriving field in
human-computer interaction research and has been investigated in a broad range
of contexts, including education, health, crowdsourcing and commerce [146,315].
Moreover, it has become an established practice in industry [239].

Before we provide some examples of how gamification is used in current products
on the consumer market, we need to further differentiate various forms of game-
like approaches, since not all of them are considered as gamification. Serious
games, for instance, can be defined as “any form of interactive computer-based
game software for one or multiple players to be used on any platform and that
has been developed with the intention to be more than entertainment” ([289], p. 6).
The term itself dates back to the work by Abt, which stated that “Games may be
played seriously or casually. We are concerned with Serious Games in the sense
that these games have an explicit and carefully thought-out educational purpose
and are not intended to be played primarily for amusement. This does not mean
that serious game are not, or should not be, entertaining” ([2], p.9). Consequently,
serious games — although serving purposes beyond mere entertainment — are
considered as being a game, whereas gamification refers to adding game-like
elements to a non-game context. Similarly, games with a purpose are regarded as
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Figure 1.3: Duolingo as an example of gamification, own screenshot

games which are built to make players solve human computation tasks such as
tagging images [354]. Thus, games with a purpose differ from serious games, as
they are not concerned with learning. They, in line with serious games, also differ
from gamification, as they are not adding game elements to a non-game context,
but rather are games themselves.

There are numerous examples of the use of gamification in today’s digital ser-
vices or products. Duolingo, a web service to learn new languages, uses various
game elements to add to the motivation of users and make learning a language
more enjoyable (see Figure 1.3). Whereas users can set their own daily goals,
Duolingo divides learning goals into smaller so-called exercises. In these exer-
cises, progress bars are used, indicating how close users are to completing them.
Also, encouraging sound effects provide positive feedback when tasks are solved
correctly; this is also supported by virtual characters, providing further positive
feedback from time to time. Completion of exercises is rewarded with experience
points, power-ups or gems, and the user’s skill tree is expanded, tracking their
learning progress. In fact, the effectiveness of this gameful approach was also
supported empirically, showing that Duolingo is very effective in teaching new
languages [352].

Another example in the domain of physical activity is Fitbit. Fitbit is a company
offering fitness trackers and corresponding mobile applications, allowing their
users various insights into their physical activity (amongst others). In the mo-
bile application, several game elements are employed such as daily step goals,
progress feedback towards reaching these goals, badges that can be unlocked by
being particularly active and leaderboards, through which users can compete
with their friends. Thus, the mobile application falls under the definition of
gamification, since various game elements are used to increase the motivation of
users in a non-game context — physical activity in this case. Similar to Duolingo,
research has demonstrated that Fitbit is well-accepted and effective in enhancing
the motivation to walk, when compared against a standard pedometer [70].

There is also a huge number of other examples for gamification — websites such
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as StackOverflow, a Q&A platform mainly for programmers, use badges and
points to represent users’ the reputation; PayPal, a service for money transfers,
uses progress feedback to motivate users to complete their profile information;
Starbucks, a popular coffeehouse chain, introduced a loyalty program, where
users can collect virtual stars by consuming products or interacting with the app.
This unlocks levels depending on the degree of customer loyalty, and stars can
be used to get certain products for free. Overall, it can be seen that gamification
is almost ubiquitous in our daily lives, which is why research on this topic is not
only relevant, but also essential to better understand how gamification affects
motivation and how to prevent negative outcomes.

1.1.3 Gamification as Persuasive Technology

The term persuasive technology has been introduced by Fogg [126]. They define
persuasion as “an attempt to change attitudes or behaviors or both (without using
coercion or deception)” (p. 15) and thus refer to persuasive technology as “inter-
active computing systems designed to change people’s attitudes or behaviors”
(p-1). In their book, they outline various benefits of computers as persuaders
such as their interactivity, persistence, anonymity, capability to manage large
amounts of data, scalability and ubiquity. Moreover, they see persuasive technol-
ogy at the intersection of computers and persuasion, with persuasion including
behavior change and motivation. Consequently, gamification, with its capability
to motivate behaviors, can be seen as an instance of persuasive technology [106],
with persuasive systems commonly using gamification strategies [7].

Indeed, gamification has been frequently investigated in the context of behavior
change. Research investigated the capability of gamification to motivate people
to do more sports [88], to eat more healthily [76], to drink enough water [82],
to be more productive in the context of microtasks [224], to enhance learning
outcomes [352] or to save energy [189], just to name a few. The effectiveness of
gamification in such contexts has been demonstrated by literature reviews by
Hamari, Koivisto and Sarsa [146] as well as Seaborn and Fels [315], concluding
that gamification leads to positive behavioral and psychological outcomes.

1.2 Problem Statement and Contribution

Since its introduction to the academic field roughly a decade ago, there was
soon substantial hype around gamification, with a rapidly growing literature on
the topic [186]. This led to research on gamification being extended in various
directions and domains, including health, commerce, education, work, crowd-
sourcing, sustainability, marketing, and others [146,315]. In the first years of
gamification research, the main research question was related to whether gamifica-
tion works [239]. Since the literature quickly became massive, Hamari, Koivisto
and Sarsa [146] published a literature review in 2014 summing up the question
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of whether gamification works by analyzing the results of articles published
between 2010 and 2013. In 2015, Seaborn and Fels [315] followed with a similar
literature review focused on the results and approaches in gamification research.
The general answer to the question of whether gamification works or not was
that, in most cases, gamification indeed can be considered as successful [146,315].
Both literature reviews reported a broad range of both positive psychological
and behavioral outcomes of gamification. However, they also found potential
problems with gamification, and emphasized that the question of whether gami-
fication works is multi-faceted, and that “gamification as a phenomenon is more
manifold than the studies often assumed” ([146], p.5). Indeed, it seems like
the general attitude at this time took for granted that adding game elements to
non-game contexts was inherently valuable [281]. In the midst of all the hype
around gamification, many came to believe that “if you put points on something
boring, add some badges, and provide a competitive leaderboard, that once bor-
ing product will automatically become exciting” ([84], p. 17 f.). As a consequence,
this over-simplification of gamification and the mere focus on adding seemingly
random game design elements to non-game activities led to estimations that as
of 2014, 80% of current gamified applications would fail due to poor design [132].
Among the issues identified by the literature reviews in 2014 [146] and 2015 [315]
was the disconnect between theoretical and applied work, such that theoreti-
cal work was not backed empirically, and applied work was not well-informed
through theory [315]. This also includes the importance of understanding how
certain game design elements affect motivation and which factors play a role in
that respect [315]. Hamari, Koivisto and Sarsa [146] agree on this aspect, outlining
that two main aspects — the role of the context being gamified and the quality
of the users — should receive more attention. Thus, a major lesson learned from
the initial phase of gamification research is that particular contexts and types of
users should be studied more thoroughly and in a more theory-driven way.

In recent years, gamification research has evolved in several ways. For instance,
research has come to the conclusion that one-size-fits-all approaches are inade-
quate to handle the huge amount of interpersonal differences in how gamification
is perceived, leading to substantial efforts being spent in personalizing or cus-
tomizing gamification approaches [182]. As a consequence, factors having a
moderating influence on the perception of atomic gamification elements were
extensively studied, including for example player or user typologies, gender,
personality traits, age or culture, among others [182]. As part of this development,
psychological theories were used increasingly in gamification, in particular Self-
Determination Theory, informing research questions [281] and leading to a user
typology specifically focused on gamification [342]. But even with the ongoing
shift in gamification research from analyzing whether gamification works to
better understanding why and how it works [239], Nacke et al. [239] emphasize
that investigating “different individual and situational contexts is [...] very much
in need today” (p. 5). In recent work, researchers highlight that research has
not been able to provide definite answers to what constitutes or creates gameful



1.2. Problem Statement and Contribution 13

experiences [186], that the mechanisms for how gamification affects motivation
and behavior are mostly unclear and that the outcomes of gamification interven-
tions are, although mostly positive, remarkably mixed [186]. In their literature
review from 2019, Koivisto and Hamari [186] call for future gamification research
to widen its thematic scope and study factors across a wider range of domains.
They also emphasize considering the role of users and their individual attributes,
as well as paying more attention to the usage context.

In this thesis, we contribute answers to the intertwined questions stemming from
the effort to understand why and how gamification works. We investigate the
effects of gamification on intrinsic motivation through the lens of SDT and across
different behavior change contexts, allowing us to shed light on contextual factors
and how they can support but also thwart need satisfaction and thus intrinsic
motivation and organismic integration processes. Considering contexts is im-
portant, since both gamification researchers and SDT itself highlight the integral
role that contextual factors play in the success of gamified interventions and
human motivation, respectively. Moreover, besides contextual factors, we con-
tribute insights on factors on the personal level that play a role in how motivating
certain gamified interventions are. In this regard, we provide both theoretical
knowledge about factors having an influence on the perception of certain gamifi-
cation elements and empirical investigations on the actual effects of these factors —
when using them to tailor gamified systems — on psychological and behavioral
outcomes. Focusing on such differences on the personal level is equally impor-
tant, since SDT, through Causality Orientations Theory (see Section 2.1.2), has
demonstrated that motivation orientations can differ across individuals and since
gamification research has demonstrated that accounting for these individual
differences is essential to gamified systems. Moreover, to facilitate the utilization
of these factors in practice, we contribute approaches to gain insights on individ-
ual preferences without disturbing the gameful experience. These contributions
mainly advance the field of gamification within human-computer interaction (“HCL”)
and persuasive technology. More specifically, this thesis adds insights to ongoing
efforts to understand how gamification affects motivation and to personalization
research in the gamification domain. It also contributes domain-specific findings
in the field of public health, sports and advertising, as well as adds to the body of
knowledge regarding the field of older adults in HCI.

In sum, this thesis advances the understanding of how gamification affects
motivation by investigating contextual and personal factors: We study to what
extent basic needs in a given context can be satisfied by gamification; which
personal factors have an influence on the perception of gamification elements;
whether considering these factors in gamified systems has actual effects on
motivation and behavior; and how we can facilitate the personalization of
gamified systems without disturbing the gameful experience.
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1.3 Research Questions

In this thesis, we mainly address the following fundamental research question:

How does gamification affect motivation in behavior change sup-
port contexts, what effect do personal factors have and how can we
utilize this knowledge to increase motivation in gamified systems?

This fundamental research question is centered around the goal to inform the
design of gamified systems for behavior change in order to make these systems
more enjoyable and motivating. We will investigate this fundamental research
question by breaking it down into the following main research questions, which
this thesis sets out to answer:

RQ1 How does gamification affect motivation and related behavioral as well as
psychological measures in behavior change contexts?

RQ2 How do personal factors affect the perception of gamification elements?

RQ3 What effects does the personalization of gamified systems have on behav-
ioral and psychological outcomes?

RQ4 How can we unobtrusively assess personal factors to personalize gamified
systems without disturbing the gameful experience?

These research questions are based on theoretical assumptions of SDT as well as
empirical results from the field: In Basic Psychological Needs theory (“BPNT”,
see Section 2.1.2) we learn that the three basic psychological needs are essential for
intrinsic motivation and organismic integration. Thus, if gamification is capable
of satisfying these needs, it should add positively to intrinsic motivation and
should be able to support organismic integration by shifting external regulation
to the more autonomous regulatory styles (identification, integration). From both
BPNT and Organismic Integration Theory (“OIT”, see Section 2.1.2), we know
that the social-contextual environment affects need satisfaction and has a direct
impact on internalization processes, which is why investigating gamification
in specific contexts is important (RQ1). The need to research gamification in a
broader range of contexts was also pointed out in a recent literature review by
Koivisto and Hamari [186] and was supported by Nacke et al. [239].

Moreover, from Cognitive Evaluation Theory (“CET”, see Section 2.1.2) we learn
that intrinsic motivation can be undermined through external stimuli, such as
gamification elements, when these external stimuli are perceived as controlling.
Since the perception of such external stimuli is heavily dependent on the mo-
tivational orientation of an individual and thus differs across different users
according to Causality Orientations Theory (“COT”, see Section 2.1.2), investigat-
ing personal factors that may have an impact on the perception and effectiveness
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of gamification elements is equally important (RQ2, RQ3). While RQ2 is more
focused on finding theoretical evidence for the moderating role of certain factors
in the perception of gamification elements, RQ3 is centered around the actual effects
of personalization of gamified systems based on these factors on both behavioral
and psychological outcomes. RQ2 is important, since it provides answers to what
moderates the success of gamification, contributing directly toward answering
the open question of what constitutes gameful experiences [186].

Although different factors have already been shown to have an impact on how
certain gamification elements are perceived, the research on actual effects of
personalized gamified systems is sparse, lacking empirical evidence of the actual
effectiveness of personalized gamification [182], which underlines the relevance
of RQ3. With RQ2 and RQ3, we follow both the demand for gaining more the-
oretical evidence of which factors moderate how gamification is perceived and
the demand to investigate these theoretical findings empirically in practice [315].
Since utilizing certain factors that are useful to personalize gamified systems
require users to, for example, fill out extensive questionnaires [342], which may
detrimentally affect the gameful experience, we also seek ways to assess such
factors less obtrusively (RQ4). In addition, since the underlying idea of unob-
trusively measuring factors that are relevant for personalization relies on the
behavior of users, we expect that investigating RQ4 also adds insights relevant
to RQ3. While RQ4 is less important to advance the theoretical knowledge in
gamification research, is it essential to utilize the theoretically grounded factors
in practice, which were empirically investigated as part of RQ3.

1.4 Thesis Outline

The remainder of this thesis is structured as follows. Chapter 2 will introduce
important theories and models which have been used as a foundation for the
research that was conducted. We will also present related work from the field
and situate our research questions and findings within past research.

In Chapter 3, we investigate the effectiveness of gamification and its effects on
need satisfaction and motivation in behavior change contexts. We demonstrate
that gamification is capable of satisfying basic needs leading to higher enjoyment
and intrinsic motivation. Moreover, we show that gamification affects the behav-
ior of users and other psychological states related to a positive user experience.
Besides showing these beneficial outcomes, we also shed light on the role of
the context regarding our findings and to what extent context-inherent need
frustrations may demand specific gamification concepts, contributing to RQ1.

In Chapter 4, we shift our focus from the role of the context towards personal
factors that have an influence on how certain gamification elements are perceived.
We investigate to what extent age is important to consider and show that pref-
erences for gamification elements change in old age. Moreover, we show that
behavioral intentions, i.e. to what extent behavior has already been internalized,



16 Chapter 1. Introduction

affects how certain gamification elements are perceived. Next, we focus on the
Hexad user typology and its impact on the perception of gamification elements.
We demonstrate that Hexad user types indeed have a moderating effect on the
perception of gamification elements and that combining Hexad user types and
behavioral intentions is a promising concept to personalize gamified systems.
Overall, the findings from Chapter 4 contribute insights relevant to RQ2.

In Chapter 5 we investigate whether using the theoretical knowledge obtained in
Chapter 4 to build and implement personalized gamified systems actually has
an effect on the behavior and motivation of users. We demonstrate that Hexad
user types and behavioral intentions have a moderating influence on affective
experiences and motivation in the context of physical activity. Moreover, as part of
a controlled lab study, we show that a system which adapts its set of gamification
elements dynamically to the users” Hexad type increases flow experiences and
intrinsic motivation as well as positively valenced affective experiences. Lastly,
in this chapter, we show that providing users suitable gamification elements
according to their user type affects not only psychological outcomes, but also
their behavior. In a longitudinal in-the-wild study over almost two years, our
results suggest that offering personalized gamification elements has a more
lasting impact on the behavior of users, compared to offering non-suitable ones.
Overall, these insights contribute to RQ3.

Chapter 6 is focused on approaches that allow us to assess factors relevant to the
personalization of gamified systems without disturbing the gameful experience
of these systems. For instance, the Hexad user type is traditionally assessed by
asking users to fill out a 24-item questionnaire, which might break the immersion
of gamified systems and affect their gameful experience detrimentally. Therefore,
we investigate whether Hexad user types can be predicted based on the user’s
personal smartphone data. We found first evidence that this approach might in-
deed allow user types to be assessed unobtrusively, to a certain extent. Moreover,
we demonstrate that Hexad user types can be assessed in a gameful way and
can be predicted based on the interaction patterns in gameful applications. This
opens the door for the personalization of gamified systems in practice. While
these insights contribute mainly to RQ4, we also obtain knowledge about the
relationship between interaction with gamification elements and Hexad user
types, which contributes toward RQ3.

Lastly, in Chapter 7, we provide a general conclusion of our findings and contri-
butions. We discuss the fundamental research question in regard to our findings
and, based on this, propose a conceptual framework to guide the successful use
of gamification to enhance motivation. The consideration of the usage context
and its inherent need frustrations, as well as accounting for individual differences
in motivational orientations, are the core pillars of this framework. Finally, we
outline opportunities for future work and ways to build upon this thesis.



Chapter 2
Background and Related Work

In this chapter, we will introduce important models, frameworks and theories
playing a major role for our research questions, hypotheses, and study method-
ologies, and for interpreting our findings. Due to the integral role of SDT for this
thesis, we will discuss the connection of other models and theories to SDT. After-
wards, related works from fields that are relevant to each established research
question will be presented, their implications for this thesis will be summarized,
and their findings will be used to discuss and frame our contributions.

2.1 Understanding Why We Act: Human Motivation

What causes us to act as we do and why do we pursue goals that require us to
invest a lot of effort, time, and costs? These and similar questions concern the core
of understanding human behavior and have been related back to a concept called
motivation. Motivation comes etymologically from the latin word movere, meaning
to move. Thus, motivation can be broadly defined as the cause of movement or
action, although it is hard to find a consensus on the definition in the literature.
While some definitions are phenomenological (focusing on cognitive processes
and experiences), others are more physiological (based on internal biological
processes), energetic (seeing motivation as an energizing force) or functional
(implying a certain goal-directed behavior), just to name a few [180]. This wide
range of viewpoints originates from the equally wide range of concepts and
theories that were established around the term in the past, as will be summarized
briefly in the following section.

17
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2.1.1 A Brief History of Motivation

The effort to explain why human beings act in certain ways, and what the underly-
ing reasons are, was a subject of early philosophical works in ancient Greece [282].
Plato (428-348 B.C.), for instance, postulated the soul to be trifold and hierarchi-
cally ordered [282]. Appetite, being located in the abdomen [327], was considered
the most primitive level, reflecting bodily needs such as thirst or hunger [282].
Above that, courage was considered to be located in the chest [327], being respon-
sible for competitive aspects and feelings induced by the social surroundings,
such as feeling ashamed or honored [282]. At the most sophisticated level, Plato
considered reason to be in the head [327], representing rational processes such as
decision-making and reflecting [282]. Separating human behavior into rational
versus non-rational determinants, i.e. instinct and reason, was not only the main
concept behind Plato’s theories, but also the main idea behind the theories of
other ancient philosophers such as Socrates (470-399 B.C.) [113] and Aristotle
(384-322 B.C.) [327], forming the foundation for mind-body dualism [327].

Thousands of years later, this mind-body dualism was taken up by René Descartes
(1596-1650) [312]. To explain motivation and behavior, Descartes distinguished
between the body, which they considered passive and mechanical, responding
to the environment through physiology, and the will, which they considered the
active source of motivation, being capable of controlling the body and regulating
its aspirations. Descartes assumed that the will interacts with the rather pas-
sive, bodily aspects of motivation through mechanical movements of the pineal
gland. This assumption — that the will is translated to actions of the human body
through physiology — and Descartes’ idea to understand human motivation by
understanding the will, marks a turning point: While understanding the will
turned out to be similarly complex as understanding motivation from a philo-
sophical standpoint, the idea that bodily actions and needs are regulated by the
will through physiology led to subsequent research focusing on physiological
and biological aspects rather than on philosophical ones [282].

Charles Darwin’s theory of evolution can be seen as part of this development.
For motivation research, Darwin’s conceptualization of instincts is relevant: They
considered instinct as a behavioral adaptation to the environment, as they found
that animal behavior is not entirely based on experience but seems to be par-
tially unlearned [282,327]. In the new scientific field of psychology, which can
be attributed to Wilhelm Wundt based on the work Principles of Physiological
Psychology in 1873 [312], William James was the first scientist building upon Dar-
win’s notion of instincts to explain human behavior [282]. James lists a number
of instincts such as sucking, locomotion, imitation, hunting, fear or cleanliness
and argues that there must be a certain stimulus, an impulsive root, that acti-
vates these instincts and translates them into behavior [164]. McDougall [220]
regarded instincts as “prime movers of all human activity” (p.41), making them
the central cause of human behavior. They defined instincts as inherited or in-
nate psychophysical dispositions that direct attention, excitement and actions
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towards a specific goal. They were convinced that without instincts, “the organ-
ism would become incapable of activity of any kind” (p.42). Although there are
many parallels to James’ theory of instincts as causes for behavior, attributing all
actions solely to instincts marks the major difference between them [282]. This
focus on instincts as the only causes for behavior quickly became problematic, as
researchers aimed to determine how many instincts existed, leading to lists with
over 6,000 entities [282]. Also, criticism regarding the missing explanatory aspect
of this theory emerged, since instincts do not explain behavior but rather serve
as labels [282]. Ultimately, the theory of instincts was dropped [327].

Woodworth, who was convinced that psychology’s goal should be to understand
why people behave as they do [312], introduced the motivational concept of
drive [364]. According to this theory, behaviors consist of two parts: a mechanism
(how an action is done) and a drive (what induces the action). Its general assump-
tion was that drive can be seen as “the power applied to make the mechanism
go” (p.37), i.e. drive was assumed to energize behavior. This conceptualization
of drive as a form of energy was meant in a biological sense: Drive was seen as
an energy that an organism releases, given a stimulus, to start mechanisms to
accomplish actions [364].

The concept of drive was adapted by both Freud’s and Hull’s drive theories.
Freud’s drive theory [128] consists of four components. The source of drive
comes from a bodily deficit, leading to an increased energy level in the nervous
system causing bodily discomfort and anxiety (impetus). To reduce the bodily
discomfort, the person seeks an object, which is utilized to fulfill the drive’s aim
and ensure bodily comfort. However, Freud’s drive theory suffered from several
issues including its weak empirical basis, its inability to make predictions and
thus its lack of falsifiability, and its overestimation of biological aspects [282].
In contrast, Hull’s drive theory was empirically grounded and stemmed from
experimental research [282]. According to Hull [159], behavior is influenced
by both the environment and the organism and follows — since both are part of
nature — natural laws. Consequently, Hull considered drive to have a purely
physiological basis. Drive, according to this theory, increased depending on
the amount of time an organism is exposed to bodily deficits. As such, drive
is a direct consequence of bodily needs, such as the need for food or water, the
need for air, the need to avoid pain, the need for sleep, or the need for activity,
and becomes stronger the longer an organism is exposed to a deficit in one (or
more) of such needs. This definition of drive was particularly important, as
it allowed making predictions of behavior and thus was falsifiable. However,
Hull postulates that drive has no direction, i.e. it energizes behavior but does
not guide it. Instead of drive, habit was considered to direct the drive into a
certain direction. Based on Hull’s experiments, habit strength was assumed to
be formed by learning, and learning occurs through drive reduction: When an
organism executes a response that removes a bodily deficit, the resulting drive
reduction is a reinforcement for the corresponding behavior, and learning occurs.
Consequently, Hull defined the strength of behavior as the product of habit times
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drive. Since this formula was not able to explain motivational forces outside
the organism that are not caused by bodily deficits, Hull extended it in their
later works [160]. They introduced another motivational concept besides drive
which was called incentive motivation. Incentive motivation represents external
stimuli through objects of value that are capable, similar to drive, of energizing
organisms. As a consequence, they updated their formula such that the strength
of behavior was a product of habit, drive and incentive motivation. Despite this
adaptation of the formula, drive theory was not able to explain human behavior
holistically and thus declined in relevance [282]. For instance, motivation was
shown to be rooted in factors beyond bodily needs: People eat not only because
of hunger, but maybe because they are curious about the taste of food [282]. Also,
learning was shown to occur without drive reduction [282].

In contrast to Hull, Freud and Woodworth, Skinner refused to speculate about
motivational forces inside the organism and focused solely on observable causes
of behavior and the study of responses [312]. Skinner was not trying to explain
behavior but rather to describe it through controlled experiments involving a
stimulus and studying the response [312]. They believed that analyzing the
causes of an action and its consequences is the best way to understand behavior
and called this approach operant conditioning [320]. In contrast to what Skinner
called respondent conditioning, in operant conditioning, no observable external
stimulus is available; the stimulus appears spontaneously. While in respon-
dent conditioning, an observable stimulus is presented to the organism, which
reinforces the organism’s action, the stimulus is not observable in operant condi-
tioning, and operates on the organism’s environment. In Skinner’s experiments,
they used an apparatus called a “Skinner box”: a box in which rats were placed
and where a lever was installed, which — once it has been triggered — led to
food being dispensed. Instead of rewarding the rat after a desired behavior
was performed, the rat learned what the desired behavior (pressing the lever)
was by spontaneously performing it and thus operating on the environment.
Based on these experiments, Skinner introduced the law of acquisition, stating
that a positively reinforced stimulus increases the strength of operant behavior.
According to Skinner, operant conditioning is the cause for learning and all be-
haviors are learned [312]. Consequently, all behaviors can be explained through
past reinforcements [312]. However, this very assertion was challenged by other
researchers, showing that the instinct of some animals was sometimes stronger
than the reinforced behavior, resulting in unwanted actions [312]. Also, some
behavior was found to be inherited, which speaks against operant behavior as
the only source for action [312]. Furthermore, explorative behaviors of infants
or people engaging in sports, artistic or other leisure-time activities do not seem
to be reinforced by environmental stimuli [299]. In sum, there is a considerable
amount of evidence speaking against the assumption that all behavior can be
attributed to reinforcement and conditioning [299].

Maslow was not satisfied with the idea that human beings are solely passive or-
ganisms being moved by external stimuli as supposed by Skinner, nor were they
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Figure 2.1: Maslow’s Hierarchy of Needs, “Creative Commons Maslow’s Hier-
archy of Needs” by Androidmarsexpress is licensed under CC BY-SA 4.0

satisfied with the idea of behavior as a way of restoring biological equilibrium
as was postulated by drive theorists [215]. They were convinced that behavior
typically has more than one motivation, that one should be human-centric when
aiming at explaining human behavior and that any motivated behavior should
be interpreted as a channel through which basic needs are expressed. Further-
more, they considered human beings as active organisms, who strive towards
self-actualization. Maslow suggested that all human beings are driven by basic
needs which must be satisfied for their survival, health and growth towards self-
actualization. They assumed that these needs are hierarchically ordered such that
the needs at the bottom of the hierarchy are basic needs important for survival.
Once satisfied, they become less important and the needs of the next higher level
become prominent. This hierarchy, according to Maslow, consists of five levels
(see Figure 2.1). At the lowest level, they propose physiological needs, which repre-
sent vital needs such as those for food, water, air, and so on. Once satisfied, safety
needs become more prominent, representing needs for personal security, property,
health or employment. On the third level, the need for love and belonging, includ-
ing friendship, family, a sense of connection or intimacy is introduced, followed
by the esteerm needs such as reputation, recognition, strength or self esteem on the
fourth level. On the highest level, Maslow proposed self-actualization, which is
considered as the need for self-improvement, self-fulfillment or to become the
best version of oneself. Maslow noted that the emergence of self-actualization
“rests upon prior satisfaction of the physiological, safety, love and esteem needs”
(p-381) and thus strengthens the assumption of the hierarchical arrangement
of basic needs. However, Maslow’s theory did not meet the rigors of scientific
research, which they themselves admitted, and had weak empirical support [312].
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Also, the assumption that needs of a lower hierarchical level must be satisfied
before needs of a higher level become prominent was frequently challenged by
examples of human behavior that cannot readily be explained by this assump-
tion, such as people staying up all night (and thus neglecting the physiological
need for sleep) to finish work such as an essay, or people risking their safety to
experience self-actualization [299].

To sum up, this brief historical overview of theories aiming to explain human
motivation, which is far from being complete, demonstrates the high complexity
of motivation. It also suggests that relying on one single grand theory to explain
the causes of human behavior is impossible. Therefore, to cover the broad range
of human motivation, research more and more refrains from single grand theories
and rather focuses on mini-theories to explain specific facets of motivation [282].
One contemporary umbrella for such a set of mini-theories is Self-Determination
Theory, which is introduced in the next section.

2.1.2 Self-Determination Theory

Self-Determination Theory (“SDT”) [299] is an empirically-based macro-theory of
human motivation and wellbeing, focused primarily at the psychological level. It
assumes that organisms are inherently active and strive for psychological growth,
engagement and wellness, and it focuses on which conditions support or thwart
these processes. SDT is particularly concerned with intrinsic motivation, which
refers to the type of motivation that energizes behaviors which are interesting,
enjoyable and satisfying in themselves, and organismic integration, i.e. the process
of integrating and internalizing extrinsic motives into the developing self, such
that originally external behavioral regulations shift (or do not shift) towards inter-
nally perceived behavioral regulations. On a meta-level, SDT posits that intrinsic
motivation and internalization processes as part of organismic integration are
energized by satisfying three basic psychological needs — the needs for autonomy,
competence and relatedness. Moreover, it states that motivation for a certain activity
is not a uni-dimensional concept but rather that people are motivated by intrinsic
motivation or several types of extrinsic motivation (differing in their degree of
internalization), or are amotivated. While intrinsic motivation is characterized
by inherently interesting or enjoyable activities, extrinsic motivation refers to ac-
tivities induced by external sources, such as external rewards. Amotivation is
characterized by a state in which there is no intentional motivation for any action.
Out of these types of motivation, intrinsic motivation is the most autonomous
form, which has been shown to be positively related to health, well-being and
enjoyment. SDT is organized into six mini-theories, which are concerned with
different aspects of motivation and related processes.

SDT has received substantial empirical support, has been used across a wide
range of contexts and has been widely applied in the games research community
to analyze the player experience, inform game design and create gameful systems
that motivate people by using gameful design in non-game contexts [350]. Fur-
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thermore, SDT is considered as the most frequently used theory in gamification
research [239]. In the following, we will introduce four of its six mini-theories,
since these mini-theories will be used throughout this thesis to inform, guide,
discuss and interpret our approaches and findings, thus providing a frame to
the research that we conducted. SDT is particularly relevant for the research
questions presented in Section 1.3 and serves as a theoretical basis for them, as
will be explained in the following sections. We will omit goal contents theory,
which is more concerned with general life goals and their effects on well-being
and thus less helpful to explain motivation in specific (gamification) contexts.
Also, we leave out relationship motivation theory, since it focuses on friendships
and the quality of close relationships, which is less relevant for our research
questions. The following description of SDT’s mini-theories is based on [299].

Cognitive Evaluation Theory

Cognitive Evaluation Theory (“CET”) is primarily concerned with intrinsic mo-
tivation and the social-contextual factors which support or undermine intrinsic
motivation towards an activity. The theory was the first of SDT’s mini-theories
and can be seen as the starting point of SDT. It is rooted in first experiments by
Deci [101], in which the effects of external rewards on intrinsic motivation were
investigated in a series of three experiments. The first two studies found that
when money was administered as a compensation for working on an interesting
task, intrinsic motivation was lowered. On the other hand, the third experiment
revealed that positive verbal feedback did not harm, but rather supported intrin-
sic motivation. CET explains these findings through a concept called perceived
locus of causality. An internal perceived locus of causality means that actions are
truly self-endorsed and are perceived as originating from oneself. An external
perceived locus of causality, on the other hand, refers to actions which one feels
orchestrated to perform by external regulators. CET proclaims that extrinsic
rewards may lead to a change in the perceived locus of causality from internal to
external, undermining the basic psychological need for autonomy. Whether ex-
trinsic rewards undermine intrinsic motivation or support it is dependent on the
functional significance, i.e. whether external rewards are perceived as informational,
controlling or amotivating. When external rewards are perceived as informational,
they can support the feeling of competence and thus have positive effects on
intrinsic motivation. However, perceiving external rewards as supporting one’s
own competence can only occur when one’s autonomy is not undermined. Thus,
when rewards are perceived as controlling one’s behavior, the need for autonomy
is thwarted and intrinsic motivation is reduced. Lastly, extrinsic rewards that are
perceived as impossible to reach, that signify incompetence or that are perceived
as not valuable lead to amotivation, a state in which both intrinsic and extrinsic
motivation is undermined.

As key take-aways from CET, we remark that intrinsic motivation can be under-
mined by external events relevant to the regulation of behavior, when they are
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perceived as controlling. In contrast, intrinsic motivation can be facilitated by
external events which are perceived as informative and competence-supportive,
e.g. through positive feedback. Lastly, external events that make subjects feel
incompetent to perform actions or that are perceived as not valuable can lead
to amotivation. Thus, for gamified systems, it is essential that the rewards and
feedback mechanisms are perceived as informative instead of controlling, to
positively affect the motivational impact on the user.

Basic Psychological Needs Theory

Basic psychological needs theory (“BPNT”) proposes three basic psychological
needs that are essential for driving humans’, intrinsic motivation and organismic
integration processes. It is concerned with the relationship between these basic
need satisfactions and frustrations and the effects on well-being or ill-being.
The first of these basic needs is autonomy, described as the need to regulate
one’s own actions. It refers to feeling completely volitional and having a sense
that actions are self-endorsed and congruent with one’s true inner values and
interests. Competence refers to the basic need to feel in control of the outcome of
an action, experience mastery and feel that one’s own actions are effective. Lastly,
relatedness refers to a sense of social belonging and reciprocal care. While this need
is typically satisfied when having a feeling of being cared for by others, having the
feeling of giving or contributing to others is equally important. BPNT also states
that the satisfaction (or thwarting) of these basic psychological needs is dependent
on social contextual conditions. As a consequence, contexts may support as
well as fail to nourish each of the three basic needs, resulting in satisfactions
and frustrations of them respectively, leading to supportive and detrimental
motivational experiences. As a consequence, contexts in which certain needs
are supported or thwarted play a major role in motivational experiences, and
introducing certain measures in order to support psychological needs which are
thwarted by the context may add positively to well-being and motivation.

To sum up, we may derive two major implications. First, there are three basic
psychological needs — autonomy, competence and relatedness — which energize
intrinsic motivation as well as organismic integration processes and are essential
nutriments for well-being. Second, we learned that contextual factors can support
or diminish basic needs’ satisfaction and thus play a major role in the study
of motivational experiences. Therefore, for gamified systems, it is important
to support basic psychological needs, to facilitate more autonomous forms of
motivation and to better understand how motivation in gamified systems is
affected by the context or environment in which a gamified system is established.

Organismic Integration Theory

While CET is concerned with intrinsic motivation, Organismic Integration Theory
(OIT) focuses on extrinsic motivation and the process of internalization, in which
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externally regulated behaviors can be integrated to the self. It differentiates
extrinsic motivation on a continuum ranging from a fully external perceived
locus of causality to an internal perceived locus of causality, and defines four
types of extrinsic motivation that differ in how behavior is regulated. External
regulation is the least autonomous form, being under full control of external
factors or events. This type of regulation is characterized by the feeling that the
reason for doing an activity is solely due to external contingencies, e.g. to obtain
a reward or to avoid punishment. Introjected requlation refers to a regulatory style
in which the aforementioned dependencies on external stimuli are decoupled
to a substantial degree, but have not been completely accepted as part of the
self. The driving forces for engaging in activities are intrapersonal, i.e. they come
from controlling contingencies from within the individual. Behaviors which are
motivated by introjected regulation are performed to avoid feelings of guilt or
achieve feelings of approval. In contrast, identified regulation is characterized
by increased feelings of autonomy towards a behavior due to the fact that the
behavior and its regulation are consciously valued and perceived as personally
important. Here, although the perceived locus of causality shifts towards internal,
the activity itself has not been set in relation to one’s own identity and thus is not
yet fully internalized. The most autonomous type of extrinsic motivation which
has an internal perceived locus of causality is integrated regulation. This type
of motivation is characterized by having brought activities fully in congruence
with one’s values, needs and other aspects of one’s self. Figure 2.2 provides an
overview of the different motivations and regulatory styles within OIT.
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Figure 2.2: Motivations and regulatory styles as described by Organismic In-
tegration Theory. Adapted from [299] (p.192).
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The process of internalization, i.e. integrating external events to oneself, is ener-
gized by satisfying basic psychological needs. This means that contexts which
support the three basic needs when performing an action can facilitate internal-
ization, while contexts which are controlling or do not support relatedness or
competence needs will less likely lead to identification or integrated regulation.
CET also notes that individuals do not necessarily move through all different
types of regulatory styles when internalizing behaviors, nor is this process uni-
directional, as the type of extrinsic motivation might change due to changes in
the social-contextual environment. Thus, we learn that extrinsically motivated
behavior involves different regulatory styles that differ in their relative autonomy
and perceived locus of causality. Also, we saw that satisfactions of basic psycho-
logical needs facilitate one’s internalization of a behavior into oneself and that
the social-contextual environment and its effects on need satisfaction have an
impact on the internalization of extrinsically motivated behavior. For gamified
systems, these findings again emphasize the importance of supporting basic
psychological needs and the need to study gamification in different contexts to
better understand how gamification affects motivation.

Causality Orientations Theory

While CET and OIT describe social-contextual factors influencing intrinsic motiva-
tion as well as the process of internalization of extrinsic motivation, Causality
Orientations Theory (“COT”) describes global-level individual differences in mo-
tivational orientations. The theory suggests that people differ in their causality
orientations, which are labeled autonomous, controlled and impersonal. It is impor-
tant to note that people rarely have only one of the three orientations, but rather
have some degree of each of them. Depending on their causality orientation,
people give different functional significance to contexts. This is an important
fact when reconsidering that CET states that it is the functional significance that
makes a difference in whether external stimuli are perceived as informational,
controlling or amotivating. Therefore, individual differences in causality orienta-
tions can have a direct impact on whether external stimuli support or undermine
intrinsic motivation. When people are high in the autonomy orientation, they
lean towards higher levels of intrinsic motivation and self-regulated behaviors,
are taking interest, and usually use the identified and integrated regulatory styles
in internalization processes. Autonomy-oriented people usually give informa-
tional functional significance to contexts, which means that they tend to give
informational meaning to external stimuli that support basic needs satisfaction.
Control-oriented people, on the other hand, are usually more receptive to external
contingencies, tend to use external or introjected regulatory styles and usually
have low intrinsic motivation. They lean towards giving controlling functional
significance to contexts, which means that they tend to perceive external stimuli
as controlling their behavior. This undermines their autonomy and thus decreases
their intrinsic motivation. Lastly, impersonal-oriented people tend to see many
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obstacles in their way, lean towards feelings of incompetence and perceive a lack
of control over behavioral outcomes. This results in a lack of intentionality and
passiveness, and ultimately leads to amotivation.

COT further states that the individual differences in motivational orientations are
the result of need satisfaction or frustration over time, i.e. that individuals learn
or develop their own approaches to regulate their behaviors, based on whether
they lived in a need-supportive and autonomous or in a need-thwarting and
controlling environment. This means, for instance, that people being primarily
exposed to controlling environments usually develop controlled motivational
orientations, which consequently leads to interpreting new environments and
stimuli as being controlling. Lastly, COT also notes that although motivational
orientations are context-independent, certain contextual factors might trigger cer-
tain motivational orientations, which means that both contextual factors as well
as motivational orientations should be considered to understand an individual’s
motivation in a given context. To sum up, we learn that there are global-level
individual differences in motivational orientations, which have a direct influence
on how contexts and external stimuli are perceived and consequently, whether
they support or thwart intrinsic motivation. Also, it should be noted that to
understand the type of motivation and the underlying regulatory processes, it is
important to consider contextual factors and individual differences. For study-
ing gamification, this implies that it is essential to study the individual person
and the inter-personal differences in how gamification affects the motivation
of users. Since the same feedback mechanisms and rewards used in gamified
systems might be perceived as controlling by more control-oriented persons and
informative by more autonomy-oriented persons, personalization is an important
topic for gamification research. Consequently, the factors of importance, effects of
personalization, and ways to elicit personalization factors are important research
topics to consider.

2.1.3 Summary

We began this section by providing a brief overview of how motivation research
evolved throughout history, leading to the conclusion that so-called “grand theo-
ries” are hard to formulate due to the complex nature of motivation. Therefore,
research focused on mini-theories such as SDT, which was introduced afterwards.
We described the integral role of SDT for this thesis and presented the most im-
portant mini-theories of it, which play an essential role for our research questions.
That contextual factors can have an effect on need satisfaction and internalization
processes, which we learned from both OIT and BPNT, underlines the importance
of studying gamification in different contexts and understanding its effect on
need satisfaction (RQ1). Considering CET, stating that intrinsic motivation can
be undermined when external stimuli are perceived as controlling or amotivating,
and COT, stating that the perception of such stimuli depends on motivational
orientations tied to the person, studying personal factors (RQ2, RQ3) is integral
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to understand motivation in gamification. Consequently, RQ1 — RQ3 are both
grounded in empirical findings in the field (as described in Section 1.3) but also
theoretically grounded due to their tight coupling to SDT. RQ4 is more focused
on gamification practice, i.e. allowing to disseminate the findings of this thesis,
and therefore more implicitly based on SDT.

2.2 Theories Related to Motivation

In this section, we will introduce important theories and models that have been
used in addition to SDT to guide the research conducted in this thesis as well
as explain and interpret corresponding findings. We will also elaborate on the
relationship of these models and theories to SDT.

2.21 Transtheoretical Model of Health Behavior Change

The Transtheoretical Model of Health Behavior Change [275,276] (“TTM”) is an
integrative theory explaining the processes involved in health behavior change. It
was developed by analyzing and synthesizing prominent theories of psychother-
apy and behavior change, which is why it is labelled “transtheoretical”. At its
core, it proclaims that behavior change has a temporal dimension, i.e. that behav-
ior change is a “a process involving progress through a series of six stages” ([276],
p. 2), the so-called stages of change. Through identifying ten processes of change, the
model also provides activities that people use to progress through these stages
of change. Furthermore, it acknowledges that individuals weigh the pros and
cons of changing their behavior as part of the decisional balance construct. It also
states that self-efficacy, i.e the situation-specific confidence people have in being
able to perform the target behavior, is a core pillar of behavior change. Lastly,
the construct of temptation refers to the “intensity of urges to engage in a specific
habit when in the midst of difficult situations” ([276], p. 3). We will elaborate
further on these core constructs in the following. Also, we will provide insights
on the relationship to SDT. TTM is relevant for the studies described in Section 4.3,
Section 4.5, and Section 5.2.

Stages of Change

The stages of change construct describes the process of health behavior change
by establishing a temporal dimension. At its core, the underlying assumption
is that behavior change occurs over time and is seen as a process rather than
an event. The stages of change construct states that behavior change involves
progress through six stages. Since the sixth stage, termination, “may not be a
practical reality for a majority of people” ([276], p. 2), and is less suitable in the
domain of physical activity or weight control, only five stages of change were
frequently assessed and investigated in past research [276]. The stage of change
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construct integrates attitudinal and behavioral changes, i.e. while the first two
stages focus on the attitude to change, the third stage focuses on attitudes and
more concrete intentions to change, whereas later stages put their focus more on
the behavior as such. These stages are characterized as follows:

Precontemplation: People in this stage of change have no intention to change
their behavior in the foreseeable future (which usually means in the next six
months). As potential reasons for why people are in this stage, Prochaska and
Velicer [276] mention a lack of information on the consequences of a certain
behavior, or that people might have tried to change their behavior but failed,
leading to them questioning their ability to change and becoming demoralized.
People in this group usually avoid thinking or having conversations about their
behavior and are frequently described as resistant or unmotivated.

Contemplation: In contrast to the precontemplation stage, people in this stage
have intentions to change their behavior in the foreseeable future (usually mea-
sured as the next six months). They are more aware of the consequences of
changing their behavior and weigh the pros and cons. This inner conflict between
the advantages and drawbacks can lead to a state of ambivalence. Consequently,
people might stay within this stage for a long time. This state is also referred to
as “behavioral procrastination” ([276], p. 2).

Preparation: People in this stage have more concrete intentions to change their
behavior in the immediate future (usually measured as the next month). They
have a plan in mind, which they aim to execute (e.g. going to the gym, buying a
self-help book or consulting a doctor). People in this stage are willing to change
and are ready to take action.

Action: This stage is characterized by a concrete change of observable behavior,
in contrast to changes in attitude or intentions. People in this stage have made
modifications to their behavior, usually in the last six months. This is the first
stage in the process of behavior change where observable outcomes can be
detected. For example, people intending to do more sports go running twice a
week; people intending to stop smoking have not had a cigarette for the last three
months or people intending to lose weight have reduced their calorie intake from
fat considerably for a certain amount of time.

Maintenance: People in this stage have been able to maintain a certain behavior
usually for more than six months and are working to prevent relapse to an earlier
stage. People intend to maintain the behavior change and have to put less effort
in actively controlling their behavior, i.e. change processes (activities that people
use to cope with progressing through the stages) are not applied as frequently as
they are applied in the action stage.

Termination: People in this stage have zero temptation to relapse to an earlier
stage and have gained 100% self-efficacy in the new behavior. Even when con-
fronted with emotionally challenging situations, people will not return to their
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old behavior. This stage is regarded as unrealistic in many health-related areas
such as exercise or weight control. In such health contexts, a “realistic goal may
be a lifetime of maintenance” ([276], p. 2). Therefore, this stage has not been
investigated in depth, compared to the other five stages mentioned above.

Besides on the aforementioned stages, the TTM also introduces the concept of
relapse. Relapse refers to the return to an earlier stage, mostly from the action or
maintenance stage. According to Prochaska and Velicer [276], relapse happens
very frequently, but usually a majority of people relapse to a stage in which the
intention to change is still persistent, instead of relapsing to precontemplation. It
should also be noted that, although the stages of change are presented in a linear
fashion, people may also progress non-linearly through these stages. People may
re-cycle through the stages or relapse to earlier stages. Also, the stages of change
themselves have been changed over time: While there used to be only five stages
of change in which termination was replaced by relapse and preparation was not
included [275], the authors clarified that relapse should not be seen as a stage on
its own and introduced the preparation and termination stages [276]. Instruments
to asses the stage of change of users have been developed for a broad range of
health contexts including healthy eating [25] and physical activity [212].

Processes of Change

Processes of change refer to the activities being used by people to progress
through the stages of change. Based on empirical research, ten such processes
have been identified and received support. Consciousness raising is a process
enhancing awareness about the causes and consequences of a behavior. Educa-
tion and feedback are means to enhance awareness, for example. Dramatic relief
is a process in which strong emotional experiences are induced (e.g. through
media campaigns) which may lead to relief when action is taken. Self-reevaluation
involves reflections on oneself and assessing one’s self-image (e.g. as a couch
potato). In contrast, environmental reevaluation focuses on the assessing and re-
flecting on the effect of one’s own behavior on the environment. Also, becoming
aware of the fact that one could serve as a role model for others and what impact
this has on the behavior of other people might be part of this process. Self-
liberation is a process in which people believe that they can change and commit
to this belief. New year’s resolutions are an example of a self-liberation process.
Social liberation refers to social means of supporting people’s health, or providing
alternatives allowing people to engage in healthy behaviors. Examples include
smoke-free zones or salad bars in a restaurant. Counterconditioning is a process of
replacing unhealthy behaviors with healthier ones. Such healthier behaviors may
serve as a substitute for unhealthy ones, e.g. using nicotine patches instead of
smoking cigarettes. Stimulus control is a process focused on the stimuli triggering
unhealthy behavior and replacing them with stimuli supporting healthier behav-
iors. Parking at a further walking distance from one’s workplace might be one
way of adding a stimulus to support healthier behavior. Contingency management
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is a process of providing consequences to behaviors. Punishments and rewards
are means to realize such consequences, although rewards (i.e. positive reinforce-
ment) have been shown to be more effective than punishments. Lastly, helping
relationships involves caring and feeling cared for by others and social support,
e.g. through a therapeutic alliance or buddy systems.

Decisional Balance

This core construct of the TTM concerns a person’s weighing of the advantages
and disadvantages of changing their behavior. Initially, an eight-factor structure
was used to conceptualize the pros and cons. However, in empirical research,
a much simpler factor structure has been found, consisting of only two factors
representing the pros and cons, respectively. The balance between these pros
and cons has been found to vary when people pass through the stages of change
in a meta-analysis across 48 health behaviors by Hall and Rossi [142]. The
authors found that the cons of changing are more prevalent than the pros in
the precontemplation phase. In the intermediate stages, i.e. contemplation and
preparation, there seems to be a balance in pros and cons, which may lead to a
certain ambivalence about changing the behavior. From the action stage on, the
pros outweigh the cons of changing the behavior.

Self-Efficacy

Self-efficacy refers to the confidence people have in their own abilities to cope with
(high-risk) situations without relapsing to their old behavior, i.e. how confident
people are that they can maintain the new behavior. The construct is adapted
from Bandura’s self-efficacy theory [32], stating that higher levels of perceived
self-efficacy are related to the success of people in adopting new behaviors,
i.e. that self-efficacy is positively related to “whether coping behavior will be
initiated, how much effort will be expended, and how long it will be sustained in
the face of obstacles and aversive experiences” ([32], p. 1).

Temptation

Temptation refers to the urge of relapsing to old behaviors when being confronted
with difficult situations. Such situations might be characterized by increased
anxiety or emotional distress, but may also be evoked by social peers.

Relationship to Self-Determination Theory

Research has investigated the relationship between TTM and SDT. Mullan and
Markland [237] found that the stage of change is related to the process of in-
ternalization explained as part of the Organismic Integration Theory of SDT, in
the domain of physical activity. More specifically, the authors found that the
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behavioral regulation of participants in the later stages of change was more self-
determined than those in the earlier stages of change (e.g. that people in the action
or maintenance stages use more autonomous regulatory styles such as identified
or intrinsic regulation). They conclude that the behavioral regulation becomes
more self-determined with increasing stage of change. Similarly, Kennedy and
Gregoire [174] investigated whether the type of motivation (as defined by SDT)
would predict people’s stage of change in the context of drug addiction. In
line with Mullan and Markland, they found that participants having a more
autonomous form of motivation and thus regulation were more likely to be in the
higher stages of change than those having less autonomous motivation. These
findings are also supported by Kushnir et al. [191] in the domain of gambling.
The authors found that higher autonomous forms of motivation predicted greater
intentions for change and thus higher stages of change. In contrast, people using
more controlling regulatory styles and having more external forms of motivation
were less likely to have advanced their stage of change.

2.2.2 Achievement Goal Theory

The concept of achievement goals originates in the independent and collaborative
work of several researchers in the late 1970s and early 1980s [118]. Here, the
works by Ames [22], Maehr and Nicholls [209], Dweck [112] and Nicholls [250]
are considered as fundamentals of achievement goal theory [118]. The overarch-
ing understanding of achievement behavior was that “achievement behavior is
defined as behavior directed at developing or demonstrating high rather than low
ability” [250] and that achievement goals are seen as the purpose for engaging
in achievement behavior [118]. The aforementioned works had in common that
they established two types of achievement goals, differing in how competence
is defined. The overlap of these works was high enough that they could be
subsumed as the dichotomous achievement goal model [118]. Achievement Goal
Theory is relevant for Section 4.3.

Dichotomous Achievement Goal Model

In the dichotomous achievement goal model, two types of achievement goals are
distinguished: mastery and performance goals, which differ in how competence
is conceived [118,250]. The purpose of mastery goals is developing competence
and mastery [112]. Thus, mastery goals focus on learning and improving one-
self. In contrast, performance goals focus on gaining positive judgments from
others [112]. Thus, the purpose of performance goals is demonstrating (rather
than obtaining) normative competence [118], often involving social comparison.
Both types of goals are conceptualized as approach goals in the dichotomous
goal model [118], meaning that they focus on approaching success rather than
preventing failure (e.g. getting a lot of right answers on an exam rather than
avoiding incorrect answers [118]).
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Trichotomous Achievement Goal Model

The trichotomous achievement goal model emerged out of the observation that
effects of performance goals on intrinsic motivation were inconclusive [116,
118]. Research assumed that performance goals would undermine intrinsic
motivation. However, a substantial amount of studies, using a dichotomous
achievement goal model (without differentiating performance goals in terms
of approach/avoidance), did not find evidence for this assumption. Therefore,
Elliot and Harackiewicz [116] extended the dichotomous achievement goal model
by adding an approach/avoidance dimension to performance goals. Thus, the
trichotomous achievement goal model consists of three goal types: mastery,
performance-approach and performance-avoidance. It was found that the performance-
approach goal type facilitated intrinsic motivation, similar to mastery goals,
while performance-avoidance goals were more likely to undermine intrinsic
motivation [116]. However, it was also found that perceived competence plays
an important role in the effect of performance goals on intrinsic motivation:
Butler [67] found that performance goals are more likely to undermine intrinsic
motivation when perceived competence is low.

2x2 Achievement Goal Model

In the 2x2 achievement goal model [117], the mastery goal type is divided into ap-
proach and avoidance types, similarly as was done in the trichotomous achieve-
ment goal model for the performance goal type. This leads to four types of
achievement goals, spread along two dimensions: the valence and definition dimen-
sion. Mastery-approach goals are positively valenced (i.e. focused on approaching
success) and defined as absolute or intrapersonal. Mastery-avoidance goals differ
in how competence is valenced, i.e. they focus on avoiding failure (e.g. striving
to avoid failing to learn course material, or for people in the later stage of their
careers, striving not to do worse than before [117]). The performance-approach and
the performance-avoidance goal types differ on how competence is defined, since
they rely on normative regulations rather than intrapersonal or absolute ones.

3x2 Achievement Goal Model

Lastly, in the 3x2 achievement goal model [118], another type of definition for
competence is added. In this model, the mastery goal is split into three types
differing in their definition of competence: task-based, self-based and other-based
goals. In line with the 2x2 achievement goal model, there are two types of how
competence is valenced for each definition of goal type: approach and avoidance.
Thus, there are six types of achievement goals, as illustrated in Figure 2.3. Task-
based goals focus on attaining task-based competence, i.e. evaluating how well
or badly a task was solved, given a predetermined objective. As an example,
reaching 5000 steps per day would count as a task-based goal. Self-based goals,
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Figure 2.3: Goal types of the 3x2 Achievement Goal Model. Positive and neg-
ative refers to how competence may be valenced. Absolute, intrapersonal and
interpersonal represent the definitions of competence. Based on [118].

in contrast, focus on one’s own person by evaluating the current goal in relation
to one’s previous performance. For example, reaching a higher daily step count
than yesterday would be seen as a self-based goal. Self-based goals focus more
on self-improvement instead of task-based competence. While the standard of
competence is mastery for both task-based and self-based goals, other-based goals
focus on normative performance. With other-based goals, one’s own performance
is evaluated in relation to the performance of other people. An example of a
performance goal would be reaching a higher daily step count than other people.

Task- and self-based goals are similar (which is why they have previously been
considered as one, called mastery goals): they both have an “evaluative standard
that may be used privately and at one’s own discretion in the acquisition of
competence information” ([118], p. 2). Thus, the evaluation of both these type
of goals is not dependent on the performance of others. However, there are
differences in the two types of goals upon closer examination concerning their
cognitive representation: Task-based goals are rather simple, as they only require
representing a task and evaluating to what degree the task has been accomplished.
Also, the standard of competence is inherent in the task and more decoupled from
oneself, allowing for immediate feedback during task engagement. In contrast,
self-based goals are more complex and require more cognitive capacity to be
represented. They require the ability to simultaneously represent two outcomes
(the past and the current, not yet available outcome) and compare them across
a temporal dimension. While self-based goals might be optimally challenging,
since the evaluative standard is defined by oneself, they might also lead to self-
worth concerns, since the regulatory focus shifts away from a process orientation
in task-based goals to a regulation depending on oneself.
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Relationship to Self-Determination Theory

In general, it has been assumed that mastery goals facilitate intrinsic motivation
while performance goals undermine intrinsic motivation [116]. For instance,
Heyman and Dweck [154] found that mastery goals (called learning goals in
their article), which focus on improvement, learning and gaining competence, are
associated with enhanced intrinsic motivation. This is explainable by SDT, since
aspects like self-improvement might be related to more autonomous regulatory
styles and an internally perceived locus of causality. Heyman and Dweck [154]
also found that performance goals focusing on the (normative) evaluation of
competence are more likely to undermine intrinsic motivation and may lead to
attributing failure to one’s incompetence and anxiety. However, the assumption
that performance goals generally affect intrinsic motivation negatively was not
empirically supported: It was found that less than half of the experiments on
the relationship between performance goals and intrinsic motivation supported
the assumption that performance goals undermine intrinsic motivation [116].
Instead, Elliot and Harackiewicz [116] found that the valence of performance
goals has a substantial impact in this regard. Performance-avoidance goals
in particular were associated with negative effects on intrinsic motivation. In
addition, Butler [67] emphasized that perceived competence plays a major role
in the effect of performance goals on intrinsic motivation. When perceived
competence is low, intrinsic motivation is more likely undermined.

Ultimately, Gillet et al. [136] found more recently that the type of motivation
underlying achievement goals has a major impact on the effects of such goals on
affective and behavioral outcomes. They were able to show that the reasons for
engaging in achievement goals, especially whether these reasons are autonomous
or controlling, have a stronger impact on the aforementioned measures than
the types of goals themselves. Their results revealed that people engaged in
each type of goal in the 3x2 achievement goal model due to different, controlled
or autonomous, reasons. Notably, they found that performance goals (other-
based goals) were associated with higher satisfaction when being pursued due
to autonomous reasons. These findings might explain why past research found
negative effects of performance goals and positive effects of mastery goals on
intrinsic motivation: Performance goals might be seen as controlling or out of
reach (when perceived competence is low), leading to more controlled forms
of regulation or even amotivation, according to SDT. In contrast, mastery goals,
emphasizing potential to learn and develop without introducing normative or
external evaluative pressure, might lead to more autonomous forms of regulation,
since it might be easier for individuals to identify with such goals.

2.2.3 Hexad User Type Model

The Hexad user type model aims to explain user motivation within gamified
systems by introducing six different user types [342]. To date, the Hexad is the
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only model specifically developed for gamified systems (in contrast to player type
models focusing on player behavior in games) [261]. It was initially developed
by Marczewski in the book “Even Ninja Monkeys Like to Play” [213]. The model
is not based on observation and has not been empirically established. Instead,
the model is based on SDT and practical design experience in the domain of
gamification [342]. SDT is thereby the foundation for the six user types, since
these user types are personifications of intrinsic and extrinsic types of motivation.

To investigate its validity, Tondello et al. [342] created a survey instrument to
assess the degree to which a user belongs to each of the six user types. This
implies an important attribute of Hexad: the user types should be seen as traits,
meaning that a user can seldom be classified as one specific type. Instead, users
— although often showing a tendency towards a user type — are in most cases
motivated by all types to a certain extent [342]. The 24-item survey developed by
Tondello et al. showed promising reliability in the first publication in 2016 [342],
yet an empirical validation was still lacking. However, the authors demonstrated
that Hexad user types and preferences for gamification elements are correlated.
This is an important finding, as it suggests that knowledge of a tendency towards
a certain user type allows tailored gamification elements for that type to be
offered. In 2018, Tondello et al. [337] solved the issue of the lack of validation,
adapting two items of the initial scale slightly and providing a validation of the
Hexad scale in English and Spanish. Next, we will elaborate further on the six
user types established by the Hexad model and their underlying motivational
factors. The Hexad user type model is relevant for the studies described in
subsequent chapters of this thesis (Section 4.2, Section 4.4, Section 4.5, Section 5.2,
Section 5.3, Section 5.4, Section 6.2, and Section 6.3).

The Six User Types

Marczewski [213] introduced six user types. These user types differ in the degree
to which they are driven by intrinsic or extrinsic motivational factors, as defined
by SDT. Regarding the intrinsic sources of motivation, the Hexad includes the
basic psychological needs postulated by SDT, namely competence, autonomy
and relatedness. In addition, it considers meaning as an additional intrinsic source
of motivation. Although meaning is not officially a basic psychological need
according to SDT, it has been suggested as a candidate need [299]. The Hexad
establishes the following user types [213,342]:

Philanthropists (“PH”) are socially-minded, like to bear responsibility, and enjoy
sharing their knowledge with other users. Also, they are altruistic and like to
give, provide help and support others without expecting a reward. Overall, they
are driven by purpose or meaning.

Socializers (“SO”) are socially-minded, too. However, they are more interested
in social interaction, fostering social connections with other users of the gamified
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system and communicating with others. Consequently, relatedness is their main
motivation.

Free Spirits (“FS”) like acting without external control and having freedom to
express themselves. They also like to engage in exploration and creation processes
and customize the gamified system to their needs and preferences. Autonomy is
most important for them.

Achievers (“AC”) are motivated by competence. They like to overcome obstacles,
make progress in gamified systems by reaching goals or completing tasks and
engage in difficult challenges to prove themselves and obtain a feeling of mastery.

Players (“PL”) focus on their benefits and seek to earn rewards for doing activ-
ities within a gamified system. They represent the least autonomous form of
motivation within the Hexad model by focusing exclusively on extrinsic rewards
and external stimuli regulating their motivation.

Disruptors (“DI”) like to disrupt gamified systems to achieve negative or positive
changes for others or themselves. Negative changes include cheating behavior,
but Disruptors might also work to improve the system. Related to the SDT need
for autonomy, Disruptors are ultimately driven by triggering change.

Relationship to Self-Determination Theory

The six user types established by the Hexad model can be seen as personifications
of different types of motivation described by SDT [342]. Intrinsic motivation is
reflected through the different user types related to basic psychological needs,
while one user type is specifically focused on extrinsic motivation. Consequently,
SDT, or more specifically organismic integration theory and basic psychologi-
cal needs theory, are at the heart of the Hexad model, and the Hexad as such
could be seen as a gamification-focused layer on top of them. Thus, the Hexad
model follows the assumption that individual motivational orientations exist
(proclaimed by causality orientations theory as part of SDT) and could be seen as
a proxy conceptualizing inter-personal motivational orientations and differences
in the domain of gamification.

2.24 Summary

In this section, we have introduced important models and theories guiding our
research in relation to the development of research questions and hypotheses
but also regarding the interpretation and discussion of our findings and deriving
implications. We have also demonstrated the tight coupling of these models and
theories to SDT. First, we have introduced the transtheoretical model of health
behavior change, adding a temporal dimension to motivation of intentional be-
havior change through the stage of change construct. This dimension allows us
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to formalize and assess intentions to change behavior and evaluate the impact
of this temporal dimension of the perception and effectiveness of gamification
elements. We have also seen that the stages of change construct is tightly related
to the internalization process introduced by SDT. Next, we introduced achieve-
ment goal theory and the various types of achievement goals. We have seen
that the different types of goals establish different types of standards for how
competence is defined and valenced. Again, we showed the relationships to SDT,
since these different types of goals have been shown to stimulate different moti-
vational outcomes, either supporting or thwarting intrinsic motivation. Finally,
we introduced the Hexad user type model which can be used to formalize user
motivation in the domain of gamified systems. By establishing six user types
differing in the degree to which they are motivated by intrinsic or extrinsic regula-
tions, it contributes a theoretical basis to investigate preferences and motivations
of users in gamified systems. Since the Hexad model builds upon SDT and its
sub-theories, its close relationship to SDT is obvious and was discussed at the
end of this section.

2.3 Gamification and Game-Like Approaches in Different
Contexts

To investigate the research questions of this thesis, we conducted studies in
different behavior change contexts. Therefore, we will present past research
that was conducted in these contexts in the following. First, we will start by
presenting related works making use of gamification or game-like approaches in
the domain of physical activity and nutrition. These works are relevant for the
study of contextual factors when adding a public display to a gamified mobile
application, as presented in Section 3.2; for establishing design guidelines for
fitness goals to increase their persuasiveness (Section 4.3); for studying the impact
of behavior change intentions and Hexad user types on the perception of gamifi-
cation elements in the fitness context, as part of Section 4.5; to analyze the actual
effects of behavior change intentions and Hexad user types on behavioral and
psychological outcomes when running on a treadmill (Section 5.2); to investigate
the long-term effects of personalizing gamified systems based on Hexad user
types in a course booking system for a gym (Section 5.4) and to investigate the
role of Hexad user types in explaining preferences for gamification elements in
the domain of healthy eating (Section 4.4).

Afterwards, we will present past research about gamification being applied in the
field of hand washing. This field of study is relevant for the Germ Destroyer system,
encouraging proper hand washing in shared bathrooms, which is presented in
Section 3.3. Lastly, we will focus on the domain of advertising and shed light
on how gameful approaches have been used in this area. This is relevant for
our studies about the potential of gamification to enhance advertisements” user
experience and acceptance (Section 3.4).
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2.3.1 Healthy Lifestyle

Physical activity and nutrition are core determinants of a healthy lifestyle [139].
Given that overweight and obesity are the most prevalent health issues to-
day [103], encouraging users to be physically active and cultivate healthy eating
habits has been investigated via numerous interventions in the past. Often, gami-
fication or game-like approaches have been used to enhance users’ motivation in
this regard [7,146,315].

Physical Activity

For instance, Consolvo et al. [88,89] developed a mobile application called “UbiFit
Garden”, giving users feedback on their physical activity. The application uses a
virtual garden as a metaphor to reflect what kind of activity has been performed
and how frequently certain activity goals were completed. Such activity goals
are reflected by flowers and butterflies, which may appear and grow. The virtual
garden is visualized on the mobile phones of participants, without having them
open any application. The different types of activity (e.g. cardio, strength or
flexibility) are differentiated by the color or type of flower being shown. To infer
the types of activity and track the user’s performance, the system uses a small
wearable containing several sensors such as an accelerometer or a barometer.
In a field test with 28 participants, the authors found that the virtual garden
visualization helped participants maintain their physical activity levels, while
these decreased among participants who did not receive the virtual garden visu-
alization. This finding was also supported by qualitative data from the interviews
with participants, where a majority of 25 participants liked the ubiquitous pres-
ence of the virtual garden. After analyzing potential environmental influences,
the authors came to the conclusion that it was the game-like virtual garden which
contributed most to helping users maintain their fitness levels. In another study
by Consolvo et al. [87], the focus was on investigating whether sharing step
counts with social peers, compared to seeing only one’s own step counts, has an
influence on the number of steps taken per day. The authors present “Houston”,
a fitness application running on a mobile phone to track steps. The app has two
versions. The “personal” version uses daily step goals and visualizes progression
towards these goals over the last seven weeks. The “sharing” version offers the
same set of features but also allows users to see the progress made towards daily
step goals by others. Based on a three-week user study with 13 participants,
the authors found that participants who received the “sharing” version were
more likely to reach their daily step goal. They also presented several design
requirements, one of which was supporting social influence.

Zuckerman and Gal-Oz [371] developed “StepByStep”, a smartphone application
to motivate people to increase their walking behavior. The authors developed
three versions of the application. In one version, the application provided infor-
mation on the users” walking time, set a daily step goal and provided real-time
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feedback towards this goal. In the second and third version of the application,
gamification elements such as virtual rewards (points) and social comparison
were used, respectively. In the second version, users were rewarded with points
based on walking time and goal attainment. In the third version, users were
shown a leaderboard, on which the step counts of other users were ranked. In
the course of two user studies, the authors found that the versions offering ad-
ditional gamification elements (points, social comparison) were just as effective
as the first version, in which only goals and real-time feedback were used. They
furthermore found that certain gamification elements were very effective for
some participants, but not for all. As a potential reason, the authors state that
interpersonal differences might explain the absence of effects in the gamified
conditions. They also acknowledge the role of specific contextual factors as es-
sential antecedents for engaging gamification. StepStream [230] is a system that
serves the purpose of motivating adolescents to increase their physical activity
levels. The system consists of a pedometer counting steps, which are uploaded to
a website employing several gamification elements on a daily basis. This website
has a social stream, showing achievements when users reach their daily step
goals. The authors performed a user study with 42 middle school students which
revealed that the system did not lead to an increase in step counts. As reported by
the authors, participants were living in an urban community with low walkability.
Thus, their intention to perform physical activity might have been low, and social
comparison might have been unsuitable to motivate this population effectively.
However, the results showed that the participants improved their attitudes about
fitness and physical activity, and also reported a stronger sense of social support.

Chen and Pu [79] set out to investigate the different types of social gamification
elements in the domain of physical activity. They compared the effectiveness
of social collaboration, social competition and hybrid settings combining com-
petitive and collaborative settings. They developed a smartphone application
called “HealthyTogether” which pairs users to exercise together. In a user study
with 36 participants (each participant was paired with another, resulting in 18
dyads), they found that collaboration and hybrid settings outperformed com-
petition. In a similar fashion, Gui et al. [137] investigated social gamification
elements in pre-existing social networks on the social networking app WeChat.
Instead of pairing unknown users, the authors investigated whether existing
social peers stimulate an engaging environment motivating physical activity
through a qualitative user study with 32 participants. The authors concluded
that sharing fitness data with already existing social networks can stimulate
users to keep tracking their fitness activity. They also found that sharing fitness
data with their peers has great potential to improve the social relationships of
participants. Social gamification elements such as social comparison as well as
tailored coaching messages and self-monitoring were compared in the context of
step counting by Klein et al. [179]. The authors present “Active2Gether” [179],
a smartphone application utilizing the aforementioned gamification elements
to increase the walking behavior of users. In a user study by Middelweerd et
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a. [229], two versions of the system were created and compared against FitBit,
a commercially available fitness application. In the first condition, all gamifi-
cation elements were activated. In the second condition, only self-monitoring
and social comparison were activated. In the third condition, participants were
given the FitBit application using self-monitoring. In the user study with a total
of 104 participants, the authors found that the effect sizes for active time per day
were larger in the second condition and smaller in the first condition, compared
to the third, FitBit, condition. None of the differences was statistically signifi-
cant. Understanding determinants of behavior in gamified systems and studying
interventions accounting for individual differences is suggested as future work.

Further investigating the role of social factors, Cercos and Mueller [74] developed
a system called “Watch your Steps”, visualizing step counts on a public display.
They conducted a preliminary study with 15 users over eight weeks. It was
found that participants started socializing, discussing their step counts in front
of the public display. Also, the public display led to an increased usage of the
pedometers and more perceived motivation to be physically active. In the context
of stair climbing, Meyer et al. [228] also introduced a public display to serve as
a motivator. They developed the “ActiStairs” system, which was installed in a
public mall to encourage stair climbing, and were interested in evaluating its
acceptance. Through observations and interviews, the authors found that there
were differences in the perception of the system across different target groups.
Younger users, for instance, engaged more with the system than older users, and
users who were less physically active liked the system more than those who
were more physically active. Overall, the authors concluded that ActiStairs was
successful in increasing awareness for stair climbing.

Fish’'n’Steps [204] combined public and personal displays to investigate which of
these two experimental conditions was more effective in increasing users’ step
counts. The system used game-like features by linking the user’s step count
to the growth and emotional state of a virtual fish. The authors conducted a
user study in an office environment. While all participants were able to see their
personal fish tank, half of them were additionally grouped in teams. Each team
had their own fish tank, in which all of the team members’ virtual fish were
living. The public display, which was installed at a prominent location in the
office, visualized the fish tanks of each team, thus using social comparison. The
user study with 19 participants revealed no differences in the number of steps
taken between these two conditions. As a potential reason, the authors stated that
the absence of an effect might be due to the fact that participants had little chance
to socialize. Following the idea of ambient public displays to encourage physical
activity, Nakajima et al. [241] investigated so-called persuasive ambient mirrors.
In one of the four case studies presented, a system is introduced in which virtual
ambient paintings change their appearance based on how physically active users
are. For example, there is a landscape painting on which a tree grows, depending
on how active users are. In two user studies, one with 6 participants and the
other with 8 participants, no effects on the walking behavior could be found. The
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Figure 2.4: The ExerCube system. Left: Three walls on which the exergame is
projected upon. Right: Interaction with the exergame through touching the
walls. All images taken from [214].

authors speculated about the role of behavior change intentions in this context
and stated that the type of feedback might need to be tailored to the stage of
behavior change of the users.

While the aforementioned systems introduced game elements to a non-game
context and thus can be considered as representatives of gamification in the con-
text of physical activity, there is also a substantial amount of work on exergames,
which can be defined as “interactive video gaming that stimulates an active,
whole-body gaming experience” ([41], p. 1) or simply as “games that combine
play and exercise” ([46], p.1). For instance, Chittaro et al. [81] created a mobile
exergame to encourage walking called “LocoSnake”. The exergame builds upon
the well-known game Snake and allows users to control the snake by walking.
Users can first select a rectangular area on the map in which they would like to
play. Next, their GPS position is mapped to the movement of the snake within
the rectangular area, and their goal is to move the snake towards fruits to make
progress in the game. Based on a within-subjects user study with 15 participants
and two conditions (one in which participants played the exergame and one
in which they walked without playing), the authors found that “LocoSnake”
positively affected perceived exertion and was perceived as enjoyable. Another
exergame was presented by Martin-Niedecken et al. [214]. They implemented an
immersive and adaptive fitness system called “ExerCube”. The system consists
of three walls on which an interactive game is projected. The user stands within
these walls and has to perform various fitness exercises in a dynamic way to
make progress in the game (see Figure 2.4). Based on a user study with 40 partici-
pants, the authors showed that the ExerCube setup yields experiences of flow,
enjoyment and motivation, which are comparable to those achieved in personal
training with a human trainer. Similarly, Kosmalla et al. [188] implemented an
interactive slackline training assistant. The system consists of a wall-sized projec-
tion in front of a slackline and a unit to track the user’s position on it. Multiple
exercises are presented to the user, and the system provides real-time feedback as
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the user performs each exercise. Their results of a lab study with 12 participants
show that the gameful design led to an enjoyable experience and that the system
was an effective alternative to a personal trainer.

The design and perception of exergames has also been researched among older
adults. Gerling et al. [134] developed an exergame called “Silver Promenade”,
which takes into account age-related impairments and adapts its design to older
adults’ needs and preferences. The exergame itself is a collaborative game for
three players in which virtual walks form the main game mechanic. The players
have different roles. The walker performs walking movements on the Wii balance
board to walk through the virtual world, the shaker has to shake the Wii Remote
to count objects on the way and the pointer tries to catch objects by pointing
the Wii remote at them. Based on a user study with 18 participants, the paper
concludes that the exergame enhanced social interaction and was perceived as
enjoyable. Furthermore, design opportunities were outlined, recommending con-
sideration of the accessibility of exergames to older adults, relying on interaction
metaphors that are known from the real world, and providing different roles and
complexities to account for inter-personal differences. In a follow-up work by
Gerling et al. [135], common age-related changes and impairments are discussed
to derive game design recommendations, suggesting that physical impairments
mainly affect the design of the user interface, while cognitive impairments and
older adults” lower levels of gaming experience have more of an effect on the
game mechanics of exergames for older adults. Brauner et al. [55] also designed
and implemented an exergame for older adults. In the game called “Fruit Salad”,
apples and carrots are to be collected with a game avatar, which can be controlled
by performing the corresponding gestures to pick up a carrot from the ground or
grab an apple from the tree. Fruit Salad consists of three levels. In the first level,
only carrots need to be picked, while in the second level, only apples need to be
grabbed. In the third level, combinations of the two actions need to be performed.
In the user study with 21 older adults, the authors found that participants could
improve their performance when playing through the three game levels, and that
most of them considered the exergame fun and would play it again.

An important aspect of exergames and game-like approaches to encourage physi-
cal activity is goal setting. While such goals are often static and do not change
in the aforementioned systems and interventions, research has demonstrated
that designing for dynamic goals is important, since they might change over
time, as will be demonstrated in the following. Niess et al.[254] focus on fitness
tracker goals and emphasize that they are evolving. To formalize this, the authors
introduce the “Tracker Goal Evolution Model”. In essence, the model states that
qualitative goals (such as the general desire to do more sports) are built upon
internalized hedonic and eudaimonic needs related to the anticipated benefits of
tracking, which can be translated into quantitative, concrete fitness goals, often
expressed by numbers. Epstein et al.’s [119] lived model of personal informatics
is related to this. It also emphasizes the fact that motivations, goals and needs
while using self-tracking technologies are subject to change over time. Also, Li
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et al. [201] follow the assumption that the motivation of fitness tracker users
changes. According to their model, behavioral intentions are the cause for these
changes. Accordingly, the model states that fitness tracker users progress through
five phases (related to the stages of change introduced in Section 2.2.1), which
pose different challenges to the user, affecting their motivation.

As we have seen, game-like approaches have been used to both encourage
physical activity and guide users when performing physical activity. In fact,
the research in this domain is substantial, with physical activity being one of
the most targeted domains in gamification research [185,186]. Therefore, recent
literature reviews focused exclusively on the outcomes, approaches and issues of
gamification in this domain. Koivisto and Hamari [185], for instance, conducted
a systematic literature review on gamification encouraging physical activity at
the end of 2018. After applying their filtering criteria, they included 16 papers.
They analyzed which gamification elements have been used and found that goals
and points were used most frequently. In addition, they analyzed which outcome
measures have been used and found that subjective reports on physical activity
were most frequently applied. Based on the systematic review, the authors
identified gaps in research, highlighting that the effect of single gamification
elements needs further investigation, since studying a combination of elements
does not allow conclusions to be drawn on which aspects of the gamified system
have led to the detected results. We will contribute toward closing this gap by
studying the factors moderating the perception of single gamification elements
in Chapter 4. Furthermore, we will contribute by studying the actual impact
of adapting the set of gamification elements to these factors, as presented in
Chapter 5. Moreover, the authors state that past research either used objective
or subjective measures, which, taken on their own, do not allow the effects of
gamification to be understood holistically. Thus, they recommend utilizing both
types of measures to better understand the determinants of effects in gamification
research. We follow this recommendation to better understand both contextual
factors when applying gamification (Chapter 3) as well as individual factors
(Chapter 4). As well, the authors consider potential novelty effects in research on
gamification to encourage physical activity as problematic, since most studies had
rather short study durations. We also contribute on this issue by investigating the
long-term effectiveness of gamification in the context of a fitness course booking
system, presented in Chapter 5.

Instead of focusing solely on gamification, Aldenaini et al. [7] conducted a sys-
tematic literature review about persuasive technologies for physical activity. They
included 170 papers between 2003 and 2019. They found that roughly half of
interventions were successful in encouraging physical activity. This means, as a
consequence, that roughly half of interventions were only partially successful,
or were even unsuccessful. The authors speculate that inter-personal differences
might be part of the reason why interventions were not fully successful and em-
phasize that future work should be conducted on tailored persuasive strategies.
This motivates studying potential factors moderating such differences and the
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actual effects of tailored gamification, to which we contribute in Chapter 4 and
Chapter 5. Based on the literature review, the authors also recommend investigat-
ing the effectiveness of persuasive strategies across contexts, to get more insights
on context-specific factors which may affect the perception and effectiveness
of certain strategies. We will contribute toward this issue in Chapter 3. In line
with Koivisto and Hamari [185], the authors highlight that future work should
conduct long-term studies, investigate the perception of both multiple strategies
and single strategies on their own and make use of mixed methods to get more
holistic insights on factors affecting the perception and effectiveness of persuasive
strategies. Lastly, they call for a diversification of the target audience, to which
we contribute by studying the perception of gamification elements among older
adults, when investigating age as a potential factor moderating the perception of
gamification elements in Chapter 4.

Healthy Nutrition

Gamification and game-like approaches have also been used to encourage users to
eat healthily. For instance, Schaefbauer et al. [306] developed a mobile application
called “Snack Buddy”. This application offers several features to allow families
to track their snacking behavior and gives feedback on the healthiness of other
family members’ snacks. In addition to offering an informational interface where
snacking behavior could be reviewed, a gameful interface was implemented.
In this gameful interface, an avatar was shown and a narrative was used to
encourage healthy snacking behaviors. When eating healthily, the avatar in the
gameful interface makes progress in its life goals, i.e. when a healthy snacking
behavior was adopted, the avatar could, for example, attend college or buy a
house. The underlying core game mechanic was so-called snack healthiness
points: When eating a healthy snack like a carrot, users received ten healthiness
points, while rather unhealthy snacks like Hot Cheetos were worth only one
healthiness point. Based on a twelve-week field trial, in which five families were
assigned to a control group whereas five families were placed in the intervention
group, the authors found that the system led to a decrease in the number of
snacks, and that participants appreciated its social and gameful features. Bomfim
et al. [47] created a gameful application called “Pirate Bri’s Grocery Adventure”,
which aimed at improving the food literacy of users holistically by fostering
internalization of healthy shopping behavior. The gameful application could
be played at home or at the grocery store. It allowed users to create their own
character and provide information on their preference towards either salty or
sugary food. In the game, the users are presented with challenges, which —
depending on their preferences — are intended to stimulate their competence and
motivate them to buy less sugary/salty food when grocery shopping. With the
help of a virtual character, users are encouraged to create shopping lists. When at
the store, they can add products to the virtual shopping cart by either scanning
the barcode or entering the product manually. When leaving the store, the virtual
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character provides an overview on the items bought and stimulates reflection
by announcing whether the users mastered certain challenges or reached their
goals. Based on an exploratory 3-week long field study with 24 participants, the
authors compared the gameful app against a non-gameful app from the app store.
They found that the gameful app increased the participants” knowledge about
food and had direct impacts on what they bought in the store. For instance, it
was found that the gameful app was more successful in lowering purchases of
ultra-processed foods than the non-gameful app. In addition, both apps were
successful in increasing the amount of fruits and vegetables purchased.

Increasing fruit and vegetable consumption was also the goal of Jones et al. [170].
They investigated the effectiveness of a game-based intervention in an elemen-
tary school. This game-based intervention consisted of a narrative, which was
supported by public displays providing further information on the narrative’s
characters. At the beginning of the game, there was a gathering with students, in
which they were told the narrative, i.e. that heroes need their help in capturing
members of the “villainous VAT (vegetation annihilation team)”. Thus, students
were told each day before lunch to eat a little more fruit or vegetables than normal.
In an alternate-treatments study with 251 elementary school students, in which
the phases of intervention and baseline were alternated, the authors found that
on intervention days, fruit and vegetable consumption increased by 39% and
33%, respectively. Moreover, teachers reported that students enjoyed the game
and recommended the use of such a game-based intervention in other schools.
Similarly, Chang et al. [76] investigated a combination of a public display and
a mobile application to encourage healthy food choices in a company cafeteria.
On the public display, a collaborative food challenge was presented on a daily
basis. Also, normative feedback on the joint progress in the daily challenge by all
users currently eating in the cafeteria was visualized. To generate this feedback,
the reported real-time lunch food consumption was used. To report their lunch
intake, users could use a mobile application to input what they had for lunch
together with their progress in the daily challenge. Using the app, users could
also compare the nutritional content of their food to established guidelines as
well as to the food other users had. The authors conducted a three-week-long
field evaluation, having one week as the baseline and two weeks for the interven-
tion, with 171 registered users. The findings showed that the public display was
successful in attracting users and capturing their attention. Also, it was found
that the social and normative feedback elements were effective in encouraging
app use. Lastly, positive effects on self-awareness and self-reflection were found.

In a recent literature review from 2020 by Chow et al. [85], 43 publications were
analyzed regarding their effectiveness in changing the eating behavior of children
through gameful design. They found that the goals of the interventions could
be categorized into four themes: increasing fruit and vegetable intake, modifying
snacking behavior, encouraging food exploration and promoting healthy eating. Their
analysis shows that game-based approaches mostly have positive effects on fruit
and vegetable intake, increase knowledge on healthy eating and positively affect
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attitudes towards healthy eating. This indicates that the positive experience
emerging from games can be transferred to the context of healthy eating through
gamification and serious games. In terms of game elements being used in suc-
cessful interventions, the authors emphasize that a compelling storyline of heroes
completing quests seems to be particularly successful. They also highlight that
most interventions used rewards such as points, badges or currency, which might
be perceived as controlling. Thus, they might only lead to short-term effects on
behavior, which might not last when these external stimuli are removed. In this
regard, the authors conclude that the role of such game elements, as well as their
perception, should be investigated further. We contribute toward this demand
by investigating the perception of such gamification elements in the context of
healthy eating, and to what extent different user types affect their perception,
in Chapter 4. In line with the literature review by Koivisto and Hamari in the
context of physical activity, the authors state that there is a need to understand
the impact of single game elements, since the approaches studied so far used a
wide range of different game elements, which makes understanding the impact
of each individual one difficult. We will also contribute to this by investigating
single gamification elements in the healthy eating domain in Chapter 4.

2.3.2 Hand Washing

In this section, we focus on the important role of hand washing for public and
private health, which strategies to encourage proper hand washing have been
investigated and what interventions there are for improving hand washing in the
field of human-computer interaction.

Hand Washing as a Means to Improve Public and Private Health

The importance of hand washing for personal and public health was first noted
back in the 1800s by Semmelweiss [178]. It has been found to be one of the most
effective ways of preventing the spread of diseases [178], such as food poisoning,
flu or diarrhea [4,114] and is especially important in shared bathrooms [97].
It is also considered the most cost-effective way to improve public health [97],
and research has demonstrated that improvements in hand hygiene are directly
associated with lower rates of infectious illnesses [4,97].

Especially today, considering the ongoing COVID-19 pandemic, washing one’s
own hands properly is essential: Pogrebna and Kharlamov [271] have found that
the hand-washing culture of a country is a good predictor of the magnitude of
COVID-19 spread, and partially explains why the virus spreads faster in certain
countries than in others. Although it is simple, effective, and of substantial im-
portance for health, hand washing, especially after using the bathroom, is often
not done at all [169] and is mostly performed for a very short time [166]. This is
problematic, since hand washing duration has been shown to be a key factor for
properly removing microorganisms [322]. Past research suggests that we should
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wash our hands for 15-20 seconds, as this duration is most efficacious [166]. This
proposed duration was confirmed by many countries and organizations, such as
the Centers for Disease Control and Prevention [72]. It is also supported by Smith
et al. [322]. They found that a 20-second hand wash removes bacteria and mi-
croorganisms more effectively than using a gel sanitizer with 70% alcohol. They
also suggest that hand washing for less than 5 seconds is potentially worse than
not washing at all. Also, hand disinfection may lead to bacteria developing antibi-
otic resistances [4], which is why hand washing should be preferred over hand
disinfection in everyday life. However, Borchgrevink, Cha and Kim [49], who
conducted field observations of 3,749 people in restrooms located across a college
town, found that less than 6% of people washed their hands for longer than 15
seconds. Thus, they conclude that the general guidelines as recommended by the
Centers for Disease Control and Prevention are not being practiced. Furthermore,
a study by Wirthlin Worldwide and Bayer Pharmaceutical [363] aimed to provide
answers to the question of how many people wash their hands after using a
public bathroom. They also investigated whether self-reported hand washing
behavior corresponds to the actual behavior in a public bathroom. To do this,
they conducted phone interviews with 1,004 adults, and found that 94 percent
reported that they always washed their hands after using public bathrooms.
However, in observational studies in which the hand washing behavior of 6,333
people across five American cities was observed, they found that 32% of subjects
did not wash their hands at all after using public bathrooms. These findings are
supported by Guinan et al. [138]. The authors investigated the question “Who
washes their hands after using the bathroom?” by conducting observational
studies in the public bathrooms of middle and high school students. Based on
observing 120 subjects, they found that 42% of the female and 52% of the male
participants did not wash their hands at all when using a public bathroom. Such
gender differences have been found consistently across different studies [49].

Ways to Improve Hand Washing Adherence

These aforementioned findings highlight that there is a need to increase hand
washing adherence as well as hand washing duration in public bathrooms. This
is important, as we have seen that washing one’s hands properly and for a
long enough time has great potential to improve personal and public health.
Consequently, research has investigated how hand washing adherence could
be improved and how people’s attitude or behavior could be changed toward
washing their hands properly.

Kinnison et al. [178], conducted observational studies with 599 participants in
the public bathrooms of two shopping malls. They were interested in which
factors have an influence on hand-washing behavior. They investigated whether
gender, time of day and the presence of a sign reminding people to wash their
hands has an impact on the behavior of people, among other factors. In general,
they found that less than one third of participants washed their hands properly
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(i.e. in a way that would reduce contamination, meeting the guidelines of the
Centers for Disease Control and Prevention). They also found that females were
more likely to wash their hands properly than males (44.8% vs. 17.9%). However,
regarding the presence of signs and the time of day, no significant differences
could be found. Similarly, Johnson et al. [169] conducted observational studies
in public bathrooms on a university campus to investigate whether there are
differences regarding gender and the presence of a sign reminding people to
wash their hands. They found that 61% of the women and only 37% of the men
washed their hands properly after bathroom use, when no signs were present.
When signs were introduced, the number of participants washing their hands
properly increased significantly among women to 97%. For men, however, the
number of subjects washing their hands did not increase, with only 35% washing
their hands properly after public bathroom use in that case.

In line with the previous works, Edwards et al. [234] were interested in learning
more about the factors predicting hand washing adherence. In contrast to the
previously reported works, the authors investigated the impact of having an ob-
server present, in addition to factors like gender and time of day. They conducted
observational studies in public bathrooms on a university campus. To investigate
the impact of having an observer present, the observers either hid in the toilet
stalls such that no observer was visually present, or were standing at the sinks,
and hence were visually present. A total of 184 people were observed. They
found similar effects regarding gender as reported before, i.e. female participants
were more likely to wash their hands than male participants. Also in line with
previous findings, no effect regarding time of day was observed. However, they
found that there was a significant effect regarding whether an observer was visu-
ally present or not. Among participants who had no observer visually present,
70% washed their hands. In contrast, out of those who had a visually present
observer, 90% washed their hands after using the public bathroom.

The effect on hand washing adherence of having others present while in the bath-
room was also investigated in a study by Nalbone et al. [242]. They conducted
observational studies in a men’s public bathroom at a casino. Similar to the study
by Edwards et al. [234], the observer hid in the toilet stalls to give the illusion
that others were alone in the bathroom to investigate the observer effect. Overall,
93 subjects were observed. The study revealed that 90% of the people using the
public bathroom washed their hands while an observer was visually present.
However, when no observer was visually present, only 44% washed their hands.
Curtis et al. [97] conducted a review on the promotion of safe hygiene. They
highlight that social norms and disgust are key motivations for hand washing
and report positive effects of studies conducted in a public restroom and in a train
station, which relied on promoting disgust to increase hand washing adherence.
Regarding social norms, the authors provide an example from a public bathroom
of a motorway service station, which installed signs saying “Is the person next to
you washing with soap?”, thus providing normative feedback. This intervention
was successful in encouraging hand washing behavior.
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Hand Washing in Human-Computer Interaction

In the domain of human-computer interaction, hand washing and improving
associated behaviors has been targeted as well. For instance, Arroyo , Bonanni
and Selker [26] recognized the potential of interactive systems installed at the
sink. They conceptualized a variety of prototypes aiming at providing assistance
and inducing behavior change. For example, they present “HeatSink”, a system
which can be installed at the water tap to provide visual feedback on the water
temperature. It uses RGB LEDs to indicate whether the water is warm or cold.
Also, "SeeSink” automatically determines the right temperature of the water,
depending on what is presented to the sink. ”“CleanSink” encourages hand
washing compliance by using a CCD camera to check whether hands are present,
and provides feedback when enough time has passed by a flashing illumination
in the stream of water. However, it should be noted that the use of optical
sensors (CCD cameras) in the bathroom constitutes a substantial privacy threat
for users [233]. Lastly, they present “Waterbot”, a system to encourage saving
water, that can be attached to the water tap. The system uses RGB LEDs to
provide visual feedback about water consumption, and auditory feedback is
used to reinforce closing the tap. Since the paper is mainly focused on providing
several design concepts for feedback and assistance systems at the sink, no user
studies are reported to investigate the actual impact of such systems.

Asai et al. [27] investigated ways to encourage people to sanitize their hands.
They developed three systems. In all three systems, a public display was used
highlighting the importance of clean hands and attracting the attention of people
passing by. In the first system, a Wii Balance Board was used to detect when
users were in front of the sanitizer dispensers. Upon detecting a user, the system
prompted users to sanitize their hands. Once they pushed the pump of the santi-
tizer dispenser, a message was shown stating “Thank you for your cooperation”.
This system was installed in a cafeteria of a public university for five days. The
study revealed that the system was effective, as the number of people sanitizing
their hands increased from roughly 2% to roughly 23%. The second system used
the same feedback mechanisms, but relied on an optical sensor installed at the
entrance of a hospital instead of a Wii Balance Board to detect whether people
were passing by. A field test over four days in the public hospital revealed similar
results as the first system, with hand sanitizing rates growing from roughly 2%
without the system to more than 25% with the system. In the third system, the
authors used a different feedback mechanism. Here, they relied on augmented
reality, i.e. augmenting the camera view of the real world with digital content.
They used a camera directed at the sanitizer dispenser and showed the live view
of the camera on a public display. In this view, viruses and bacteria were visu-
alized, which disappeared once users made use of the sanitizer. In a brief user
study in a city hall over two days, the authors found that the system had only
a small effect, increasing the number of people who sanitized their hands from
about 1% to 3-5%. As a potential reason, the authors suggest that the context
had a major impact on whether users were inclined to sanitize their hands or not.
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However, considering the aforementioned work by Smith et al. [322] showing
various drawbacks of hand sanitizer use in daily life, washing hands seems more
conducive to a healthy lifestyle.

Targeting food workers, Mondol and Stankovic [233] developed a system called
“Harmony” providing real-time feedback on the quality of hand washing. It
reminds workers to wash their hands and is capable of storing hand-washing
data for further use and analysis. The system uses smart watches to detect hand
washing, determine its quality and provide feedback. Moreover, so-called “alert
zones” are installed. When workers enter these zones, the watch checks whether
the workers have washed their hands recently. If this was not the case, the watch
prompts the worker to wash their hands. If the workers have washed their
hands but with low quality, a quality prompt is presented on the smartwatch.
Otherwise, no prompt is triggered. These alert zones are detected by using
Bluetooth beacons. However, the research was more focused on the technical
aspects of the system. In particular, the main contribution of the paper was the
system itself and its classification algorithm to detect hand washing and infer
its quality. In a system evaluation, the authors were able to demonstrate a high
accuracy and robustness of their system. Similarly, Corato, Frucci and Di Baja [90]
contribute a system to increase hand washing adherence in the work context.
They focus on training surgery staff in proper hand washing. The virtual training
application, which they developed to teach surgery staff to follow established
hand washing procedures before accessing the operating theater, made use of
augmented reality and relied on a camera to detect hands and washing gestures
using color-based segmentation. On a monitor, the view of the camera is shown
together with a semi-transparent overlay showing a video on how to wash one’s
hands properly. In the paper, no user evaluation is presented, and the use of a
camera again raises certain privacy concerns.

Based on the findings of the past research, we develop a gamified system to
encourage hand washing of sufficient duration in public bathrooms, which will
be presented in Section 3.3. In contrast to previous research, we do not use any
type of optical sensors so as to avoid privacy issues, and we make use of gamifi-
cation elements to induce behavior change. Besides these rather system-focused
contributions, we also provide insights on the effect of the employed gamifica-
tion strategies on users’ motivation through the lens of SDT by conducting both
laboratory and in-the-wild user studies.

2.3.3 Advertising

Having presented related works from the field of physical activity, nutrition and
hand washing, we now focus on the field of advertising. This section represents
the last context in which we studied why and how gamification influences mo-
tivation and behavior by measuring variables related to SDT. These works are
relevant for Section 3.4.
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Advertising and its Effects on the User Experience

When online advertising emerged, the potential effects on the user experience
were greatly neglected, and designers of websites and interactive services re-
garded advertisements as design constraints to which they had to adapt [292].
However, research has shown that providing a good user experience of adver-
tisements is essential, as demonstrated by Rohrer and Boyd [292]. They reported
findings from a collection of user feedback regarding the perception of ads shown
on websites in the Yahoo! network. Their main findings were that deceptive
ads had a negative impact on the user experience, that intrusive ads were more
annoying but also positively affected perceived entertainment, and that ads that
undermined user control negatively affected the user experience. Similarly, Kim
et al. [176] investigated whether perceived entertainment value of advertisements
affects the users’ purchase intentions. They conducted a questionnaire-based
study, distributing questionnaires among offline customers who had previously
purchased from online shopping websites. Based on 264 responses, the authors
were able to show that perceived entertainment affects trust towards websites,
and thus buying intentions, positively. Their results highlight that perceived
informativeness and entertainment are the most important factors of websites re-
garding purchasing decisions, which supports the assumption that a gamification
approach in this context might be worth exploring.

Enhancing the user experience of advertisements was also the goal of Visuri, Ho-
sio and Ferreira [353]. The authors highlight the increasing importance of creating
entertaining and enjoyable advertisements to enhance the user experience as well
as the ad effectiveness. They focus on mobile advertisements and try to find new
formats that are advantageous in terms of enjoyment but also effectiveness. They
propose a new non-disruptive ad type, which can be easily moved and deacti-
vated, and thus returns control over ads to the user. This new ad type consists of
a movable icon which does not take up too much screen space. In a user study
with 10 participants, the authors found that besides having positive effects on ad
effectiveness, substantial benefits for user experience were identified, since the
proposed ad type facilitated interaction with the ad because it allowed users to
control where the ad is placed on the screen and when to deactivate it. Gaining
back control over ads can also be achieved by using so-called “ad blockers”,
i.e. software that prevents ads from loading. Such ad blockers are increasingly
used to mitigate the negative effects of online ads, as described by Miroglio et
al. [231]. The authors received usage reports of the Mozilla Firefox web browser,
which they used to select data from users that had either installed an ad blocker
or had not. After applying several criteria to select a set of eligible users, the
authors analyzed the data of 16,414 users in the test group (who had installed an
ad blocker) and 15,724 users in the control group (who had not installed an ad
blocker). They compared these groups regarding several variables related to their
engagement with the web, such as active time spent in the browser or number
of pages visited. The results show that users who had an ad blocker installed
visited more web pages than users without ad blockers, suggesting that using an
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ad blocker seems to be beneficial to the users” engagement with the web. Also,
users who have an ad blocker installed spend more time actively in the browser.
Considering these findings, it seems worthwhile to investigate whether giving
users the option to playfully deactivate ads might lead to similar positive effects
on enjoyment. These aforementioned findings highlight that enjoyment is very
important to the acceptance and user experience of ads. Also, they show that
autonomy is important, i.e. that giving users control over ads may improve the
user experience.

Interactivity in Advertising

The role of interactivity of advertisements has been investigated regarding ad
effectiveness as well as user experience. Liu and Shrum [205] state that interactiv-
ity in advertisements may create engaging experiences. They investigated under
which conditions interactivity can enhance advertisements, but also how inter-
activity might negatively affect ads. The authors propose a multidimensional
definition of interactivity to operationalize the term and apply this definition to
previous research. They highlight that interactivity in online ads positively relates
to user learning and user satisfaction. Consequently, positive effects on the recog-
nition and recall of ads are likely. Also, they emphasize the crucial role of feeling
in control for user experience. In contrast, Risden et al. [288] investigated the
role of interactivity empirically by comparing ad effectiveness between television
advertisements and interactive web advertisements. They created an interactive
website as well as a TV advertisement for the same products. They ensured that
the TV ad conveyed the same messages as the web ad; the only difference was
that the ads on the web were interactive, i.e. animated anchors were displayed
on a website, which, when the user rolled over them, showed a message for the
ad and played a sound. In a study with 70 subjects aged 12-13 years old, the
authors found that participants were more likely to mention a product that was
advertised interactively than a product shown on TV, supporting the positive
effects of interactivity.

Positive effects of interactivity were also demonstrated by Campbell and Wright [71].
They were interested in studying the interplay between interactivity, personal
relevance and attitudes towards ads. To investigate this, they conducted two
experiments: a survey study with 97 participants as well as a laboratory experi-
ment with 118 participants. In the first study, the authors tested four conditions
in a 2x2 factorial design (high/low personal relevance, high/low interactivity).
The results of this first study revealed that the level of personal relevance and
interactivity of the ad significantly influenced attitudes. In a second study, the
same procedure was followed but in a more controlled setting, to investigate
whether the results from the online study could be replicated. The results again
showed that the perceived level of interactivity and the perceived personal rel-
evance positively affected users” attitudes towards the ads and their featured
products, as well as towards the host site. This indicates that interaction might
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not only lead to positive effects for the ad or the advertised product, but also for
the website hosting such interactive ads. Related to this, Sundar and Kim [329] in-
vestigate the effect of interactivity, animation and ad shape on attitudes towards
the product and brand being advertised. They conducted a laboratory study
with 48 participants, in which 12 different ads (differing in the aforementioned
attributes) were placed on news websites. Their results show that interactivity
promotes user engagement with ads, which is expected to lead to positive at-
titudes towards the ad and the product as well as enhance user involvement
with the product or brand. In addition, they also found that animation leads
to similarly positive effects on user engagement, but negatively affects product
involvement, i.e. participants had problems recalling product information with
animated ads, which might be attributable to the distractive potential of animated
ads. Lastly, the results show that the shape of the ad had an influence on the
perception as well. Overall, square-shaped ads were favored by participants and
were shown to be more engaging. However, this type of ad was less successful in
conveying product information, compared to banner-shaped ads.

Game-Like Approaches in Advertising

Given the aforementioned results showing that the user experience and en-
joyment of ads is considered as a core dimension of ad performance and that
interactivity adds positively to the effectiveness and perception of ads, game-like
approaches in advertising seem a promising research direction. Consequently,
researchers have followed this direction and investigated whether game-like
advertising could transfer the positive feelings and emotions induced by games
to the advertised product or brand [45]. Also, a line of research analyzes whether
the interactivity of digital games has an impact on players’ memory and thus
enhances ad effectiveness [369].

A prominent approach called “In-Game Advertising” (IGA) integrates brands or
products into digital games as a means to (subtly) affect memory of the brand
or product [331]. However, in IGA, the focus is still on the game and on enter-
tainment; not on the product or brand being advertised. According to Terlutter
and Capella [331], several IGA characteristics influence attitudes towards the
advertised product or brand. For instance, a high congruence between the ad-
vertised product or brand and the game leads to improved memory, but also to
negative attitudes towards the brand or product. While the focus is on the game
in IGAs, it shifts towards the brand or product in so-called “advergames” [331]:
Such advergames are designed specifically to promote a product or brand. They
are usually free of charge, easy to install and play and offer quick rewards.

Regarding IGA, Nelson [245] investigated the (short- and long-term) effective-
ness and the perception of the approach. They conducted two studies. In the
first study, 20 subjects played the racing game Gran Turismo 2 on a gaming
console. The game has several in-game ads, e.g. for car brands. Five months after
playing the game, the subjects were contacted and asked about which brands or
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products they remembered. Directly after the game session, participants were
asked questions regarding their perception of IGA and also which brands and
products they recalled. The first study revealed that most players do not consider
the practice of brand placements as deceptive and that product placements could
add to the realism of games. Regarding brand or product recall, participants
could remember 4.53 brands on average directly after playing the game, whereas
this number dropped to a maximum of two brands or products being recalled
after five months. In the second study, 16 participants again played a racing
game. However, this time all players had the same car, and advertisements were
placed in the game. The procedure followed was the same as in the first study.
They found that players again did not perceive product placements negatively.
It was also found that players recalled 25% to 30% of brands immediately after
playing the game. Again, a drop was found five months later, with participants
recalling only one or two product placements. Similarly, Yang et al. [369] investi-
gated implicit and explicit memory for brands in two sports video games. They
conducted a study with 153 participants, using two games that participants were
asked to play. The first was a soccer game while the second was a racing game;
both games included several brand and product placements. After playing the
game for 20 minutes, participants were confronted with several tests assessing
their implicit and explicit brand and product memory. The results indicated that
both explicit and implicit memory were affected positively, compared to a control
group. However, stronger effects were found regarding implicit memory.

Regarding advergames, Ho et al. [319] investigated different ways of placing
brands and their effect on implicit and explicit memory. They compared three
types of brand placement. In associative placement, the brand is placed in the
background; in illustrative placement, it is placed prominently and in demon-
strative placement, the user may even interact with the product or brand. They
conducted a user study with 150 participants, in which each participant was
randomly assigned to either one of three intervention conditions (according to
the aforementioned types of brand placement) or a control group. Their findings
indicate that the type of placement has an effect on implicit and explicit mea-
sures of memory. Explicit memory was decreased in the associative placement
condition, compared to the other two conditions. However, at the same time,
associative placement led to higher implicit levels of memory than the other two
types of brand placements. Consequently, the authors show that subtle product
placements lead to a lower level of explicit but a higher level of implicit memory.

In the context of marketing campaigns, so-called alternate reality games, i.e.
games that “blur the distinction between a player’s experience in the digital world
inside the game and the real world outside the game” ([177], p. 1), have been
used to promote products and services. One prominent example is the alternate
reality game “I Love Bees” which had more than one million players [177]. It
was launched in 2004 to promote the release of the Xbox game “Halo 2”. For less
than a second, a URL was shown in the official trailer of the game, pointing users
to a website. This website seemed to be taken over by a mysterious artificial
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intelligence program from another universe. The website had various hidden
clues which, together with information provided through different channels and
the real world, helped players to make progress in the game. Step by step, the
players understood that they had to combine virtual gameplay with events in the
real world, to help an artificial intelligence that was stranded on Earth find its way
back to the Halo world. Similarly, “The Beast”, another alternate reality game
launched in 2001 to promote the Steven Spielberg movie “Artificial Intelligence”,
attracted over three million players worldwide [177]. In this game, players had
to collaboratively solve a murder mystery story including characters from the
movie. The first clue was printed on the movie posters, which prompted millions
of people to form a whole community around the puzzles, who discussed and
heavily engaged with the story to solve the crime.

Lastly, gamified advertising has also been researched. Bittner and Shipper [45]
investigated the use of gameful elements in advertisements for sports products.
Here, it needs to be considered that the authors did not investigate any interactive
system, but used the term “gamified products” for banner ads in which the
product slogans suggested playful features of the product. They conducted
an online study with 101 participants. Participants were shown gamified and
non-gamified ads for sports products in a within-subjects design. The results
revealed that the purchase intentions of gamified products were predicted by
different factors than the purchase intention of non-gamified products, such that
gamification could be useful to products being influenced by social pressure or
uncertainty (e.g. to decrease the (negative) influence of other people). They also
found that gamification might be more suitable for people who had experience
with digital games and that with increasing age, the positive effect of gamification
on purchase intentions seemed to vanish. Finally, it can be concluded that
gamified products may positively support intrinsic motivation, which in turn
leads to an increased enjoyment of the advertised product.

As revealed by the related works presented above, enjoyment and the user
experience are very important for successful advertising. This motivates the
approach of using gamification in this domain. Also, we have seen that game-
like approaches, such as advergames or alternate reality games, can be very
successful in marketing and advertising. However, we have also learned that a
lack of user control is one of the main issues with advertisements, relating to a
lack of autonomy. Therefore, it will be interesting to investigate to what extent
this lack of autonomy might have an influence on the success of gamification in
this context. We will elaborate on and contribute to these questions in Section 3.4.

2.3.4 Summary

In this section, we presented related work on the use of game-like approaches in
several behavior change support contexts such as physical activity, healthy eating,
hand washing and advertising. These domains were considered due to the fact
that the interventions presented in Chapter 3 are situated in these contexts. We
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learned that gamification, when using a one-size-fits-all approach, i.e. a static set
of gamification elements for every user, may lead to positive effects on the user
experience and may evoke changes in the behavior of users. These are important
findings, since they demonstrate the power of using game-like approaches to
enhance the motivation of people.

However, we also saw that gamification is not always successful. In fact, al-
most half of the interventions considered in systematic literature reviews were
only partially successful or even unsuccessful. The underlying reasons for this
phenomenon are still mostly unknown. A common problem related to this is
that most gamification interventions are not theory-driven and lack insights
about the reasons why gamification does or does not work. We will contribute
toward closing this gap in gamification research by investigating gamification in
different contexts, and elaborating on the effects of gamification on behavioral
and psychological outcomes through the theoretical lens of SDT. We are thus
able to contribute insights on the role of contextual factors: As we have seen
that e.g. a lack of control, and thus a lack of autonomy, is a core problem in
online advertising, it will be interesting to see whether gamification approaches
utilizing gamification elements which support the need for autonomy are capable
of overcoming this context-inherent lack of autonomy and thus increasing users’
motivation. In contrast, we saw that there might be a lack of knowledge regard-
ing proper hand washing. As a consequence, a gamified system targeting this
lack of knowledge by providing informative feedback might be able to enhance
the context-inherent lack of competence and thus add to users’” motivation to
wash their hands properly. Whether such assumptions hold, and to what extent
gamified systems may help to enhance users” motivation to become more physi-
cally active, wash their hands properly or engage in online advertisements will
be discussed in Chapter 3.

2.4 Factors in, and Individualization of, Gamification

As we have seen in the previous section, gamification was shown to have mostly
positive but also negative outcomes on psychological and behavioral measures.
Therefore, gamification research has focused on understanding what makes gam-
ification successful (or not) [239]. Since most empirical studies investigated a
combination of gamification elements, making it hard or even impossible to
understand the effect of individual gamification elements [146,315], one research
direction to follow was investigating the effect of individual gamification ele-
ments on psychological and behavioral outcomes. We will start by presenting
related research in this area. However, as we will see, although research in this
area revealed important findings regarding the motivational impact of gamifi-
cation elements, the findings still differ and contradict each other to a certain
extent. Therefore, gamification research has mainly focused on two approaches
to tackle this problem [260]: allowing users to adjust which gamification elements
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should be used in a gamified system, and modeling user preferences to allow for
adapting gamified systems to the user. The former approach will be presented
first and can be referred to as customization, i.e. the user adapting the system to
their needs, while the latter is called personalization (presented afterwards), i.e.
the system adapting to the user. Regarding personalization, research investigated
which factors mediate the perception of single gamification elements to allow for
such adaptations. The works presented in this section are mainly relevant for the
studies we present in Chapter 4 and Chapter 5.

2.4.1 The Effect of Gamification Elements on Intrinsic Motivation

To what extent single gamification elements affect intrinsic motivation has been
studied extensively by Mekler et al. [223, 224, 225]. For instance, Mekler et
al. [225] compared the effects of points and meaningful framing on intrinsic
motivation and task performance in an image tagging task. They set up an online
platform in which users were randomly distributed in one of four conditions
(meaningful framing and points, framing and no points, no framing and points,
no framing and no points). On this platform, participants were asked to provide
tags describing the mood of 15 abstract paintings after completing a practice
trial explaining the task. Participants in the condition with meaningful framing
received the information that their tags would help to improve affective image
classification and thus help to advance science. Participants in the condition
in which points were given received 100 points per tag provided. The current
score was shown to participants in the upper right corner of the platform. In
the experiment with 172 participants, the authors found that participants in the
points conditions provided significantly more tags and that framing significantly
increased the quality of tags. Regarding intrinsic motivation, it was found that
it did not matter whether points, meaningful framing or both were provided.
However, when neither meaningful framing nor points were provided, intrinsic
motivation was significantly lowered.

Using the same image-tagging task, Mekler et al. [223] investigated the effect of
points, a leaderboard and levels on task performance and intrinsic motivation.
The authors stated that these gamification elements were seen as extrinsic incen-
tives and thus could threaten intrinsic motivation. However, at the same time, the
authors acknowledged that such gamification elements also provided positive
feedback which might be perceived as informational rather than controlling.
Thus, such gamification elements could also lead to more autonomous forms of
motivation. To shed light on this aspect, they ran an online study with four condi-
tions and a total of 295 participants: a control condition without any gamification
elements, a condition in which participants received 100 points for each tag, a
condition in which fictitious users were shown on a leaderboard together with the
participant and a condition in which participants could reach levels (a progress
bar indicated the progress towards the next level). The results showed that all
gamification elements led to participants providing significantly more tags than
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in the control condition. Also, the level and leaderboard conditions outperformed
the points condition. Regarding intrinsic motivation, no effects were found at all,
i.e. the control condition did not differ compared to any of the conditions using
gamification elements. The authors speculate that the gamification elements did
not have detrimental effects on intrinsic motivation because they were not linked
to any pressuring external events. Also, they speculate that the gamification
elements did not lead to an increase of intrinsic motivation because they might
not have provided enough informational feedback on the participants” perfor-
mance. It was also mentioned that participants voluntarily participated in the
study, which suggests that their intrinsic motivation towards participation was
already reasonably high; this might also be a possible explanation for the absence
of effects on intrinsic motivation.

In the most recent work using the same image tagging platform by Mekler et
al. [224], the authors were interested in better understanding the moderating
factors that have an influence on whether gamification elements enhance or di-
minish intrinsic motivation. Similar to the previous work, they conducted an
online study with 273 participants who were confronted with the same gam-
ification elements as before, or were assigned to a control condition without
gamification elements. However, to better understand what mediates the ef-
fect of these gamification elements on intrinsic motivation, they assessed the
causality orientation of participants (control-oriented vs. autonomy-oriented;
cf. causality orientations theory described in Section 2.1.2). The results show
again that gamification elements led to an increased task performance with par-
ticipants providing significantly more tags in all gamification conditions than
in the control condition. Also, as before, the levels and the leaderboard con-
dition outperformed the points condition. Regarding the causality orientation,
no significant interaction effects between causality orientation and gamification
elements was found. However, a main effect of causality orientation was sig-
nificant: autonomy-oriented participants provided significantly more tags than
control-orientated participants. In line with the previous results, no effect (neither
a main effect of gamification elements nor an interaction effect of gamification
elements and causality orientations) on intrinsic motivation was found. In line
with SDT, a main effect of causality orientations on intrinsic motivation was
found: Autonomy-orientated participants were significantly more intrinsically
motivated than control-orientated participants.

In contrast to the results by Mekler et al., Hanus and Fox [147] found that badge
and leaderboard gamification elements detrimentally affected intrinsic motiva-
tion over time. They conducted a 16-week user study to investigate the effects
of gamification elements on intrinsic motivation in an educational setting. In
their study, 80 students from two different classes of the same course were re-
cruited. Data was gathered four times during a 16-week-long intervention. While
one class received no gamification elements at all, the leaderboard and badge
gamification elements were introduced to the second class. The findings showed
that students in the gamified class had decreased motivation and satisfaction,
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ultimately leading to lower final exam scores. When interpreting these results
it should be considered that participants could decide for themselves in which
class to participate. Thus, they were likely interested in the subject of the class
and might have been rather autonomously motivated. When confronted with
competition and badges, these were likely perceived as controlling, affecting
their motivation negatively. The fact that unlocking badges was mandatory in
the gamified course seems to have added further to the aforementioned prob-
lem. Furthermore, the authors emphasized that other factors, foremost among
them intra-personal factors, might play an important role in how gamification is
perceived and how it affects intrinsic motivation.

The findings of Sailer et al. [303], who investigated the effects of gamification
elements on need satisfaction, contradict the findings by Hanus and Fox to a
certain extent. Sailer et al. conducted a randomized controlled online study in
which participants were confronted with an order-picking task, i.e. participants
had to find products for an order in a storage depot. There were three conditions:
In the control condition, no gamification elements besides points were activated.
In the first experimental condition, badges, a leaderboard and a performance
graph were added. In the second experimental condition, avatars, a meaningful
story and teammates were introduced alongside the points. Overall, 419 partic-
ipants took part in the study. Regarding the competence need satisfaction and
the perceived meaningfulness of the task, the authors found a significant effect
between the control and the first experimental condition. The badge, leaderboard
and performance graph gamification elements significantly increased both the
perceived competence of participants and the perceived meaningfulness of the
task. Also, they found that participants in the second experimental condition
had significantly higher relatedness need satisfactions than those in the con-
trol condition and in the first experimental condition. This shows that having
avatars, meaningful stories and teammates as gamification elements enhances
social relatedness. These findings demonstrate that gamification elements can
positively affect psychological need satisfaction and thus intrinsic motivation. In
line with these findings, Xi and Hamari [365] show that gamification elements
“can have a substantially positive effect on intrinsic need satisfaction” (p.1). They
conducted a survey-based study in Xiaomi and Huawei online gamified commu-
nities with 824 participants, assessing the effect of immersion-related gamification
elements (such as avatars or narratives), achievement-related gamification ele-
ments (such as leaderboards or badges) and social-related gamification elements
(such as collaboration and social networks). The study revealed that immersion-
related gamification elements increased perceived autonomy and choice. Also,
achievement-related gamification elements were shown to enhance autonomy,
competence and relatedness need satisfaction. Finally, social-related gamification
elements were indicative for increased satisfaction of competence, autonomy, and
relatedness needs.

Considering all of the studies on the effects of gamification elements on intrinsic
motivation presented in this section, it becomes obvious that there is a broad
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range of outcomes: The work by Mekler et al. [223,224,225] revealed no effects
on intrinsic motivation, while the study by Hanus and Fox [147] showed that
gamification elements undermined intrinsic motivation. The opposite effect was
found by Sailer et al. [303] as well as Xi and Hamari [365]. Here, gamification ele-
ments substantially enhanced basic psychological need satisfaction and intrinsic
motivation. Thus, it seems like other factors besides the gamification elements
themselves play a major role in this regard. Individual factors were frequently
mentioned as potential mediating factors, leading to research focusing on how
individual factors can be accounted for. Here, two main general approaches —
customization and personalization — emerged and have been studied, as will be
described in the following.

2.4.2 Customization

One approach to account for the diversity in the perception of gamification ele-
ments is to allow users to adapt the gamification elements offered by a gamified
system to their needs through customization. This approach is particularly promis-
ing regarding satisfying the basic psychological need for autonomy, as it gives
users more control over the gamified system. It also follows the idea of mean-
ingful gamification posited by Nicholson [251], according to which gamification
should support users in building meaningful connections between the gamifi-
cation elements and the users’ personal objectives. Therefore, users should be
put at the center of gamified systems by involving them in the design process of
gamified systems. Nicholson also calls for customization options allowing users
to adapt the system to their needs and objectives.

Customization was also shown to be beneficial in the domain of games. Research
has, for example, found that allowing players to customize their avatar has pos-
itive effects on player identification with the avatar and the game experience.
For instance, Birk et al. [42] investigated the effects of offering customization
options in the context of avatar creation in an infinite runner game. In a study
with 130 participants, two conditions were compared against each other. In one
condition, participants received a random avatar in the game, while in the second
condition they were allowed to customize their avatar. Their results showed
that customization stimulated avatar identification, with significant differences
in identification measures. Moreover, the results revealed that customization
improved the satisfaction of the autonomy need as well as immersion. Regard-
ing intrinsic motivation, customization and its improvement in identification
significantly enhanced enjoyment and effort, and led to players playing the game
for a longer time. Also, measures of positive affect were predicted positively
by avatar identification and thus customization. In a similar study, Turkay and
Kinzer [348] investigated the effect of avatar customization on player identifica-
tion with the avatar in a massively multiplayer online game. They conducted a
laboratory study with 66 participants over a duration of two weeks. Participants
were invited four times during the study duration to play the game, totaling ap-
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proximately ten hours of playing time per participant. Furthermore, participants
were randomly assigned to one of two groups: customization, allowing players
to customize their avatar, and no customization, where players were given a
pre-configured avatar. The results revealed that participants in the customization
group identified with their characters significantly more than players in the no
customization group. This was found to potentially be the cause for a higher
sense of presence in the game among participants in the customization group.
The authors suggest that the positive effects found in the customization group
were due to the increased autonomy need satisfaction, similar to Birk et al [42].

In gamification research, customization was frequently treated as its own gamifi-
cation element enabling “the self-expression of the users through the creation and
decoration of their virtual space, their avatar or their character and the personal-
ization of some aspects of the system’s interface” ([182], p. 6). However, Lessel
et al. [198] went a step further by considering customization more globally in
what they called bottom-up gamification. Here, users could adjust which gamifica-
tion elements would be activated in the gamified system, adjust the gamification
elements regarding their goals and visual appearance and even combine gamifica-
tion elements as they saw fit — during the run-time of the system. They conducted
three user studies: In an online survey with 75 participants, they found that
participants were open to the bottom-up approach and could imagine defining
their own gamification elements. In an interview study with eight employees in
a manufacturing company, the authors found that, in line with the online study,
the concept of bottom-up gamification was well received. They also conducted
an in-the-wild study with 20 participants, who were using a task management
application which allowed them to create their own gamification setups with
a substantial amount of customization options. In this study, the perception of
bottom-up gamification and its effect on task performance were analyzed. The
results showed that significantly more tasks were gamified than not gamified by
participants; that participants did not use a wide range of possible combinations
of gamification elements, since simple gamification setups containing a small
set of gamification elements were mainly used; and that participants tended to
stick with the same gamification elements. This suggests that the broad range
of combinations was overwhelming for participants. However, on a descriptive
level, participants perceived the concept of bottom-up gamification well.

In a follow-up work, the effectiveness of bottom-up gamification was investi-
gated by Lessel et al. [199]. The authors used an image classification task on
a website to investigate whether bottom-up gamification and the potentially
increased autonomy results in higher task performance (see Figure 2.5). In an
online study with 106 participants and five conditions (control without gamifi-
cation and four gamification conditions differing in the amount of choice and
customization options), no effects were found between the conditions. However,
when considering only users who actively made use of bottom-up gamification
(i.e. those who activated a gamification element manually, or switched gamifica-
tion elements), a significant effect regarding task performance was found. Users
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Figure 2.5: Microtask user interface and gamification element selection as part
of bottom-up gamification. Taken from [199].

who were in adaptable gamification conditions (allowing them to switch, adapt
or select gamification elements) solved significantly more tasks than those in
other conditions.

To better understand the capability of users in coming up with motivating gamifi-
cation setups, Lessel et al. [197] conducted an online study with 140 participants,
in which they were asked to describe textually how they would gamify a certain
scenario (participants were confronted with one out of four scenarios). The tex-
tual responses were analyzed qualitatively by inductive coding with two raters.
The authors found that the range of gamification elements used was very broad,
showing that participants contributed diverse concepts to motivate themselves
with gamification elements. The analysis further revealed that participants not
only used a wide range of gamification elements but also subjectively considered
them as motivating. However, since it was not possible to investigate whether the
proposed concepts would actually be motivating for participants if implemented,
Schubhan et al. [311] bridged this gap by allowing participants to textually de-
scribe a gamification concept which would motivate participants in the context
of image classification to provide more tags, implemented the proposed concepts
and presented the participants with their self-created gamification setup. In an
online-study with 71 participants, these self-created gamification concepts were
compared against a no-gamification control group, and two top-down gamifi-
cation setups with fixed, pre-defined gamification elements in a within-subjects
study on an image-tagging platform, similar to Mekler et al. [223,224,225]. It
was found that participants receiving top-down gamification provided more
tags for images than participants in the control condition, and that providing
participants with their self-created gamification setups increased the number of
tags significantly, compared to the control and top-down gamification conditions.

While the aforementioned investigations show that customization can positively
affect the perception and performance of users in gamification systems, the
underlying reasons for the effect remain unclear — do users select gamification
elements which are particularly suitable for them, or is the mere choice the cause
for the positive outcomes? To shed more light on this question, Lessel et al. [200]
investigated whether a very simplistic form of customization — the choice to
enable or disable gamification —leads to positive outcomes. They again used an
image tagging platform, on which participants could select whether they would
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like to enable gamification or not, and compared this group against a group of
participants who were given no gamification and a group in which gamification
was activated by default. The online study with 77 participants revealed that
choice had an impact on the performance of participants. Those who were able
to decide whether to enable gamification or not, and who decided to disable
it, provided significantly more tags than users in the control condition without
gamification. Although no further differences were found, it can be concluded
that offering a choice may positively impact those who would like to disable
gamification and does not negatively impact other users.

Lastly, Tondello and Nacke [339] used an image tagging context to investigate
whether participants select gamification elements that match their Hexad user
type. Also, they analyzed whether the possibility to customize the gamification
setup has an effect on the performance of users, i.e. the amount of tags provided.
They conducted two studies, differing in their recruitment strategy, with 252
participants, in which participants were asked to interact with a customized
gamification setup (where participants were able to select which gamification
elements they would like to activate on the platform) or a top-down gamification
setup (in which participants were given a static set of gamification elements).
Their results revealed correlations between the selected gamification elements in
the customized condition and participants” Hexad user type scores. Also, users
who could customize their setup provided more tags than those in the control
condition without customization.

2.4.3 Personalization

Another way to account for individual differences in gamified systems is person-
alization. In contrast to customization, users do not adjust the system to their
needs, but the system adjusts to the user by modeling the user’s preferences
and considering their personal characteristics. Orji et al. [260] called this ap-
proach “system-controlled” and referred to customization as “user-controlled”.
They compared these two approaches in a study with 1,768 users. Participants
appreciated that customization gave them a sense of control, freedom and a
personal touch. However, the main finding was that users preferred personal-
ization over customization, i.e. the perceived persuasiveness of personalization
was significantly higher than the perceived persuasiveness of customization.
Reasons included that customization was seen as difficult, too time-consuming
and distracting users from the main goals of the system. Also, users seemed
not to trust their own knowledge on what would be best for them, questioning
whether they were able to select gamification elements that would actually suit
their preferences. These findings show that researching personalization is impor-
tant as it provides a potential solution to the problem of individual differences
in gamification, and is preferred over customization by users. In this section,
we will provide an overview on which factors have been studied to personalize
gamified systems and what the outcomes of these investigations were.
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Demographic Factors

Demographic factors like gender and age are among the most commonly used
factors to personalize gamified systems [182]. For instance, Tondello et al. [338]
conducted an online study with 188 participants, in which they were asked to rate
their perception of commonly used gamification elements in a general context.
Next, an exploratory factor analysis of people’s preferences was calculated to
find clusters in the preferences for gamification elements. For each of these
clusters, the authors analyzed to what extent demographic factors were related
to them. For gender, the authors found that women scored significantly higher
in clusters related to immersion and customization, and were more likely to
accept help when interacting with a gamified system. Men were shown to
score significantly higher in clusters related to socialization and collaboration as
well as altruism. Regarding age, it was found that clusters related to rewards,
incentives, customization and altruism were negatively correlated with age, i.e.
they decreased with increasing age. When interpreting these results, it should
be kept in mind that the sample was skewed towards younger participants (74%
were 30 or younger; the maximum age was 71).

The effect of age and gender was also investigated by Oyibo et al. [264]. They
analyzed to what extent the persuasiveness of persuasive strategies such as re-
wards, social comparison, social learning and competition were influenced by
these factors using textual descriptions of the persuasive strategies in the form
of questionnaire items, to which participants were asked to provide their level
of agreement in a general context (similar to Tondello et al. [338]). Based on the
responses of 323 participants, they found significant gender differences: female
participants were significantly less inclined towards rewards and competition
than male participants. Also, age-related differences were found: younger adults
perceived competition, social learning and social comparison as significantly
more persuasive than older adults. However, it should be noted that the authors
used age 24 as the boundary for splitting participants into “young” and “old”
groups. Furthermore, Orji [257] focused specifically on the role of gender in
the perceived persuasiveness of persuasive strategies commonly applied in the
health domain. They conducted a large-scale study with 1,108 participants and
created storyboards illustrating persuasive strategies such as social comparison,
rewards or cooperation in the context of healthy eating and losing weight. For
five out of eight persuasive strategies, significant differences were found between
male and female participants. Females perceived cooperation, customization,
personalization, praise and simulation as significantly more persuasive than
males. It is important to note that personalization was perceived as the most
persuasive strategy for both females and males and that customization emerged
as least persuasive. In a follow-up work by Orji et al. [258], both gender and age
were considered as potential factors influencing the perceived persuasiveness
of Cialdini’s persuasion strategies — reciprocity, scarcity, authority, commitment,
consistency, consensus and liking. Instead of using storyboards, the authors used
textual descriptions of these strategies as part of an online questionnaire with
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1,108 participants. The results revealed that female participants were generally
more open to all persuasive strategies, compared to male participants. Also,
differences on the level of the single strategies were found. Female participants
perceived reciprocity, commitment and consensus as significantly more persua-
sive than male participants. Regarding age, the authors grouped participants
into three age groups: 18-25, 26-35 and above 35. However, for the analysis
only the latter two groups were considered. While no main effect of age was
found, interaction effects between age and the strategies were identified: Adults
perceived commitment as significantly more persuasive, while younger adults
perceived scarcity as significantly more persuasive.

Denden et al. [102] investigated age and gender as factors moderating the per-
ception of gamification elements in the education domain. They set up online
courses using the course management system Moodle to teach object-oriented
programming and basic software skills. In these courses, eight game elements
were implemented: points, levels, a progress bar, a leaderboard, avatars, badges,
feedback, and chat. 90 undergraduates, who took part in these courses and used
the online platform for almost a month, were asked to fill out questionnaires
assessing their perception of gamification elements and their preferences; 83
completed them. Their findings show that all gamification elements but the
chat were perceived well and that female participants liked badges more than
male participants. Busch et al. [66] investigated the effect of gender on the per-
ceived persuasiveness of ten persuasion strategies in an online study with 592
participants. In line with previous research, storyboards were used to explain
commonly used persuasive strategies such as rewards, social comparison and
cooperation. In contrast to the previously described studies, Busch et al. decided
to use a dimensional approach to assess gender identity. Participants scored on
two dimensions: femininity and masculinity. Their results show that — while
there were only two significant differences regarding gender — femininity was
positively associated with eight strategies: competition, suggestions, simulation,
self-monitoring, reward, praise, personalization and customization.

Focusing on age as a factor that potentially affects the perception of gamification
elements, Kappen et al. [172] investigated exercise motivations in older adults.
They conducted semi-structured interviews with 19 older adults and a focus
group study with professional trainers and older adults leading an active lifestyle
(participants were aged 50 years and up) to identify barriers and challenges
in designing gamified applications encouraging physical activity. They found
that social interaction with other people in similar age groups is important and
that social comparison with younger people might reduce confidence. Also,
the fear of incompetence was shown to be a strong motivator to engage in
physical activity exercises. Overall, it was found that intrinsic motivations were
more prevalent among older adults and that extrinsic motivations were not
as valued by older adults. Birk et al. [43] also found that social interaction
is more and more important with increasing age and that older adults refrain
from performance-orientated goals when playing games. They conducted a
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cross-sectional study with 2,747 participants (ages 18-55) playing games to learn
more about how play preferences change with increasing age. They found
that as age increases, motivation to play and experiences while playing games
become more intrinsically-focused (i.e. players are less motivated by performance
goals and report higher levels of enjoyment and enhanced basic psychological
needs satisfaction). This is also reflected in player styles: With increasing age,
player styles shift towards completion-focused styles and tend to refrain from of
performance-oriented playing styles.

Personality

Besides demographic factors, research has also considered personality traits as
a potential mediating variable in the perception of gamification elements and
persuasive strategies. For instance, Jia et al. [168] investigated the influence of
Big-5 personality traits [219] on the perception of ten gamification elements such
as points, badges, leaderboards and rewards. They used videos of a researcher
interacting with gamification elements and textual descriptions of gamification
elements to explain how they worked. They asked participants to rate their
perceptions in a survey with 248 participants. Their results revealed several
linear relationships between personality traits and the perception of gamification
elements, based on calculating multiple regressions. For instance, they found that
extroversion was positively associated with points, levels and leaderboards, that
agreeableness was predictive of the perception of challenges, that conscientious-
ness was positively associated with levels and progress, that emotional stability
was negatively associated with points, badges, progress and rewards, and that
openness was negatively linked to the perception of avatars. In a follow-up work,
Jia et al. [167] again investigated personality traits as a factor in how people
perceive gamification elements, but focused specifically on the perception of
leaderboards. Similar to research presented earlier, they used storyboards to
explain the different types of leaderboards and asked participants to rate their
perceived enjoyment based on these storyboards. In an online study with 286
participants, they found that more extroverted users, and users scoring high
on the agreeableness factor of the Big-5 model, perceived leaderboards more
positively.

To investigate the influence of personality traits on the perception of persuasive
strategies in mobile health applications, Halko and Kientz [141] conducted an
online survey with 240 participants. They created storyboards depicting eight dif-
ferent persuasive strategies, which can be categorized into four types of strategies:
instruction style (authoritative and non-authoritative), social feedback (cooper-
ative and competitive, see Figure 2.6), motivation type (extrinsic and intrinsic)
and reinforcement type (positive and negative). After presenting the respective
storyboard to participants, seven questions regarding their perceived enjoyment,
likelihood of use, helpfulness, potential to improve the quality of life, perceived
time saving, and perceived ease of use, as well as a free-text field for general
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Figure 2.6: Storyboard used to illustrate the persuasive strategy competitive
social feedback. Taken from [141]

comments, were provided. The authors analyzed the relationship between the
persuasive strategies and Big-5 personality traits by calculating bivariate cor-
relation coefficients. It was found that neuroticism was positively correlated
with negative reinforcement and also negatively correlated with cooperation.
Conscientiousness was positively correlated to competition and cooperation,
while agreeableness was correlated positively with competition and negatively
with both negative and positive reinforcement. Extroversion was negatively
linked to extrinsic strategies and negative and positive reinforcement. Lastly,
openness was positively correlated with authoritative and competitive strategies
and negatively linked to extrinsic, intrinsic and negative reinforcement strategies.

Orji et al. [259] followed a similar approach as Halko and Kientz [141]. They
sought to investigate the role of Big-5 personality traits in the perception of per-
suasive strategies in the domain of unhealthy alcohol consumption. Again, story-
boards were used to explain ten persuasive strategies which are also commonly
applied in gamification: customization, simulation, self-monitoring, goal-setting,
personalization, punishment, reward, comparison, competition and cooperation.
In an online study, in which 660 participants were confronted with these sto-
ryboards and asked to rate their perceived persuasiveness, the authors found
that personality traits explain how persuasive certain strategies are perceived
to be. For instance, it was found that all persuasive strategies were positively
associated to the extroversion trait, and that extroversion and agreeableness were
the personality traits most responsive to the persuasive strategies. In contrast,
openness and neuroticism were found to be positively associated with the lowest
number of strategies, with openness being negatively linked to almost all strate-
gies. Tondello et al. [338], who conducted an online study on the perception of
commonly used gamification elements (as presented earlier), also considered
personality traits, age and gender. They found that extroversion is positively
correlated to socialization and assistance, that neuroticism is positively correlated
to incentives and that openness is positively correlated to customization.
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Buckley and Doyle [62] investigated the effect of learning styles and personality
traits in the context of a gamified learning intervention. Learning styles were
operationalized using the Index of Learning Styles [120], and personality traits
by relying on the Big-5 model. They used an existing platform, the National
Tax Forecasting Project, on which students have to think about and forecast the
outcome of the national budget in a gameful matter. They are given virtual
money, which they can use to invest in the outcome they consider most likely
to happen, regarding their predictions. As a tool for learning, the platform
thus requires users to reflect on their decisions, search for information about
the national budget and gather information from experts to make informed
decisions to invest their virtual money well. Several gamification elements are
integrated in this platform, such as achievements, avatars, leaderboards, levels,
and more. This platform and the potential moderating role of personality traits
and learning styles regarding the perception and effects of gamification were
investigated in a class of 158 undergraduate students, of whom 95 filled out the
surveys completely. It was found that active learners perceive gamification more
positively, that participants with a global learning orientation enhanced their
performance, that extroversion was positively correlated to the perception of the
intervention and gamification, that conscientiousness was negatively correlated
to the perception of gamification and that emotional stability was positively
correlated to performance.

Nasirzadeh and Fathian [244] focused their research on the finance domain —
they investigated the perception of gamification elements in banking and the
role of personality traits in this regard. In an online study with 412 participants
they collected information on the participants” Big-5 personality traits and their
perception of commonly used gamification elements, among others. Overall,
a considerable number of correlations were found; the authors focused on the
strongest ones in their results. They found that higher levels of extroversion
were associated with a more positive perception of avatars and a more nega-
tive perception of leaderboards. High agreeableness was positively related to
lottery and countdown elements and negatively associated with social interac-
tion. Participants scoring high on conscientiousness were associated with higher
ratings of epic meaning, whereas they were associated with more negative per-
ceptions of points and badges. Neuroticism was positively correlated to the
countdown, information, reward, penalty and epic meaning elements. Openness
was particularly positively associated with badges and competition.

Bartle’s Player Types

Besides personality traits and demographic factors, player typologies play a
major role in personalizing gamified systems and have even been identified as
the most used factor in a recent literature review by Klock et al. [182].

Bartle’s player typology [34] is one of the earliest player type classifications for
video games [107]. It was established based on Bartle’s observations about the
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underlying reasons why players play Multi-User Dungeon (“MUD”) games.
Bartle analyzed bulletin-board postings about the question of what players want
out of a MUD. Based on a qualitative analysis of the answers, there emerged
two dimensions along which reasons for playing can be categorized: action vs.
interaction and player orientation vs. world orientation. Within these dimensions,
four player types were established, each with different motivations and behaviors
in MUDs: Achievers like gathering points and leveling up; Explorers are motivated
by exploring the game world, looking for interesting features and figuring out
how things work; Killers are motivated by imposing themselves on others and
attacking other players; and Socializers are interested in social interaction with
other players. However, over the years, significant criticism of the model emerged.
For example, the typology is based on motivations and preferences of MUD
players, which limits its generalizability to other games or gamification [36].
Besides the lack of generalizability, the lack of empirical validation of the model
is even more concerning, as it poses a threat to use of the model for scientific
purposes [36,65].

Despite these criticisms, the model is still frequently used for personalization
purposes or to inform the design of systems, also in the field of gamification [182].
Akasaki et al. [5], for instance, investigated the perception of gamification ele-
ments across three case studies and found that people are diverse, so that relying
on one static gamification approach is not capable of accounting for users’ various
motivations and needs. In their second case study, 13 participants were inter-
acting with a sharing economy service, which used gamification elements such
as badges, collecting, ranks and a narrative. The authors analyzed preferences
for gamification elements, depending on the Bartle’s player type of participants.
They found that Achievers and Killers preferred collecting and badges, while
Explorers preferred collecting and the narrative. Fernandes and Junior [122]
relied on Bartle’s player types to select gamification elements in the context of
e-government services. They expected that points, levels and badges should be
positively perceived by Killers and Achievers and that levels, ranking and quests
should be relevant for Killers, Achievers, Explorers and Socializers. However, the
user study was not focused on evaluating whether these assumptions actually
hold. Similarly, Fufs et al. [130] used Bartle’s player types to inform the design of a
gamified application made for university courses. They integrated a gamification
element for each player type to motivate a broad range of users. As such, they
added tasks differing in their difficulty for Achievers, a high score for Killers,
social profiles and cooperation for Socializers and collectibles for Explorers.

BrainHex Player Types

The BrainHex player typology [238] is based on a series of demographic game
design studies and neurobiological research. It introduces seven player types:
The Seeker is motivated by exploring the game world and curiosity. The Survivor
finds pleasure in frightening situations in games. The Daredevil is motivated
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by excitement, likes to take risks and seeks thrills. The Mastermind is driven by
strategic planning and enjoys solving puzzles as well as making the most efficient
decisions. The Conqueror is mainly motivated by challenges and enjoys defeating
difficult enemies, achieving victory and mastering difficult situations. The Social-
izer is driven by social interaction and enjoys communicating with other players,
helping them and hanging around with them in the virtual world. Lastly, the
Achiever is similar to the Conqueror in the sense that they both like to complete
goals. However, the Achiever is more goal-oriented while the Conqueror is more
challenge-oriented. The Achiever is mainly driven by goal completion. Although
more than 50,000 players completed the BrainHex survey and self-selected their
player type based on textual descriptions, the typology itself has, similar to
Bartle’s typology, severe issues regarding its psychometric properties [336]. For
instance, Busch et al. [65] found that only two types — Socializer and Achiever
— could be differentiated as part of a confirmatory factor analysis and that the
results are not stable over time, i.e. there are issues related to the test-retest relia-
bility. Also, when trying to use player types of the BrainHex model as predictors
for the game experience, no significant relationships between BrainHex player
types and the game experience when presented with suitable game mechanics
could be found in a study by Busch et al. [64]. Furthermore, Tondello et al. [341]
re-analyzed the over 50,000 responses to the BrainHex survey by conducting an
exploratory factor analysis, and were only able to discriminate three rather than
seven stable factors. These findings show that the seven-factor structure pos-
tulated by BrainHex cannot be supported, detrimentally affecting the scientific
support for BrainHex.

Nonetheless, despite the lack of validity and the aforementioned issues regarding
the test- and re-test reliability, the model was and is still used for personaliza-
tion purposes, also in the domain of gamification. Orji et al. [262] investigated
whether relationships between the perceived persuasiveness of ten commonly
used persuasive strategies and the BrainHex player types exist. They used story-
boards illustrating the persuasive strategies in the context of healthy eating. In an
online study with 1,108 gamers, they identified the best strategies for each player
type. Achievers were most motivated by cooperation; Conquerors by competi-
tion and comparison; Daredevlis by simulation; Masterminds by self-monitoring
and suggestion; Seekers by customization, Socializers by cooperation; and Sur-
vivors by self-monitoring and suggestions. Monterrat et al. [235] investigated
whether tailoring gamification elements used within a gamified online learning
environment to learn French grammar rules, based on the BrainHex class of users,
has an impact on their perception of the system. They conducted a study with
280 participants, where they were randomly assigned to a group in which they
received two suitable gamification elements based on their BrainHex profile, or
two unsuitable gamification elements. The results showed that participants in
the group with suitable gamification elements spent significantly more time on
the platform. However, no differences in the enjoyment of the platform were
found between the groups. Similarly, Lavoué et al. [193] conducted a study on
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the effectiveness of adapting gamification elements based on BrainHex player
types in a web-based learning environment. They used the same platform as
Monterrat et al. [235], teaching French spelling and grammar to learners, and
recruited 266 participants. These were randomly assigned to one of three con-
ditions: In one condition, participants received adapted gamification elements,
based on their pre-assessed BrainHex class. In a second condition, participants
received gamification elements which were counter-adapted. In a third group, no
gamification elements were integrated. They found that among the learners using
the platform particularly frequently, those who received adapted gamification
elements spent significantly more time in the learning environment. Furthermore,
participants receiving counter-adapted gamification elements reported higher
levels of amotivation.

Hexad User Types

When investigating user preferences and personalizing gamified systems, the
Hexad user typology (see Section 2.2.3) stands out for numerous reasons. First, it
is the only model which has been specifically developed for gamified systems,
instead of games [261]. Second, a survey has not only been developed to assess
Hexad user type scores [342] but has also been empirically validated [337]. Third,
Hexad user types have been demonstrated to be predictive in explaining prefer-
ences for gamification elements [342] across various domains. Lastly, the Hexad
model has been shown to be favorable over personality traits or BrainHex player
types in predicting preferences for gamification elements [144]. We will elaborate
on these aspects further in the following.

When introducing the first questionnaire to assess Hexad user types to the field,
Tondello et al. [342] also investigated potential correlations between the score in
each of the six factors of the Hexad and the perception of commonly used gamifi-
cation elements. They also aimed to investigate whether the recommendations
for gamification elements established by Marczewski [213] could be empirically
supported. They conducted an online study with 133 participants, in which they
were asked to fill out the Hexad questionnaire and rate their perception of 32
gamification elements. To rate the perception of the gamification elements, each
element was presented textually and participants had to rate how motivating they
were on a 7-point scale. They found that overall, the user types were positively
correlated with the gamification elements which were suggested by Marczewksi.
As an example, Socializers were correlated with gamification elements such as
social competition, guilds or teams and social networks; Free Spirits were shown
to be positively associated with gamification elements such as unlockable content,
exploratory tasks and customization; Achievers were correlated with elements
such as challenges, badges or levels; Players with elements such as points, leader-
boards and badges; and Disruptors with elements such as voting mechanisms
and anarchic gameplay.

Orji et al. [261] examined to what extent preferences and the perceived per-
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suasiveness of persuasive strategies aiming at preventing unhealthy alcohol
consumption are explainable by considering Hexad user types. They conducted
an online study, presenting storyboards explaining each persuasive strategy to
participants, with a total of 543 subjects. The authors found that a user’s Hexad
type plays a considerable role in how persuasive participants perceived certain
strategies to be. Players were most positively associated with competition and
reward, and Philanthropists with simulation; Disruptors were negatively linked
to goal-setting, personalization and simulation; Free Spirits were only weakly
associated with personalization, Socializers with all strategies and Achievers
with none. A similar goal but a different application domain was investigated
by Kotsopoulos et al. [189]. They were interested in analyzing which gamifica-
tion elements are suitable for which Hexad user type in the domain of energy
conservation at work. In line with Tondello et al. [342], they conducted an on-
line survey in which 99 participants were confronted with several gamification
elements along with a textual description/definition of how the gamification
elements work. When analyzing bivariate correlations between the perception of
gamification elements and the factors of the Hexad model, they found significant
positive correlations between Socializers and points, badges, rewards and roles;
between Philanthropists and badges and roles; between Free Spirits and points,
badges, progression, status, levels and roles; between Disruptors and status; and
between Players and points, badges, leaderboards, status, and rewards.

Mora et al. [236] used Hexad user types to personalize learning experiences.
Hence, besides health and energy conservation, they extended the application
context of the Hexad model to the education domain. They investigated whether
gamified learning experiences are more motivating when tailored to the Hexad
type of users. In an online course with 81 students, they were asked to com-
plete the Hexad user type questionnaire. Afterwards, one group received a
one-size-fits-all gamification setup, while another group received gamification
elements tailored to their Hexad type. When comparing both groups, no sta-
tistically significant differences were found. When analyzing descriptive data
only, it was found that behavioral and psychological outcomes seemed to be
enhanced in the personalization group. However, it should be considered that
the distribution of participants among both groups was heavily unbalanced, with
only 21 participants receiving the one-size-fits-all setup. In the online study
with 188 participants conducted by Tondello et al. [338], which was presented
previously, the clusters in the preferences for gamification elements were also
analyzed regarding potential correlations to Hexad user types. They found that
Free Spirits were positively correlated with immersion; that Philanthropists were
positively associated with immersion, progression and altruism; that Achievers
were positively linked to socialization, immersion, risk and reward, progression,
and altruism; that Players showed positive associations to socialization, risk and
reward and incentives; that Socializers were strongly correlated with socializa-
tion, and moderately linked to assistance and altruism; and positive relationships
existed between Disruptors and immersion as well as risk/reward.
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Figure 2.7: Storyboard for the gamification element badges. Taken from [144].

The Hexad model was also compared against the BrainHex model and personality
traits regarding the extent to which these models are capable of explaining
interpersonal differences in the perception of gamification elements by Hallifax
et al. [144]. The authors conducted an online study with 300 participants, in
which storyboards were used to illustrate commonly used gamification elements
in a general context. The storyboards depicted the completion of a general task
and receiving feedback from a certain gamification element. Figure 2.7 shows
an exemplary storyboard for the gamification element badges. The authors
presented pairs of gamification elements and asked participants which one of
them they perceived as more motivating. When comparing the Hexad model, the
BrainHex model and personality traits regarding which one was most relevant to
explain user preferences for gamification elements, the authors found that the
relationships between the factors and the gamification elements for the Hexad
model were the most consistent with the definitions of the six user types and that
the Hexad had more influence in explaining the perceived motivational impact of
gamification elements than both other models. They assume that this is because
the Hexad model was specifically designed for gamification (which, again, was
not the case for other models) and because most of its user types are based on
the well-established SDT. Therefore, they recommend using the Hexad model to
tailor gamified systems.

In another study by Hallifax et al. [143], the authors compared three tailoring
approaches in an educational context: the Hexad model, motivation of partici-
pants to engage in learning tasks, and a combination of both. They conducted a
study with a gamified learning platform for mathematics. Participants were ran-
domly assigned a gamification element. When analyzing the data, participants
were split into two groups for each tailoring strategy, depending on whether the
randomly assigned gamification element matched the recommended element of
the strategy or not. Data was collected for six weeks among 4 high schools and
258 participants aged 13 to 14 years. One of six gamification elements were acti-
vated for each participant: an avatar, badges, progress, a leaderboard, points or a
timer. The results reveal that different tailoring approaches can lead to different
outcomes: Hexad-based tailoring was found to lead to more engagement but a
lower performance and had no effects on motivation, while an adaptation based
on initial motivation led to an increased intrinsic motivation to learn. When
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combining both these approaches, the results from motivation-based tailoring
can be maintained and extended by an increase in fun and excitement to learn.

244 Summary

In this section, we presented related work contributing to the question of why and
how gamification works. First, we have seen that gamification research focuses
more and more on analyzing the impact of individual gamification elements,
instead of investigating whether a set of combined gamification elements leads
to certain beneficial outcomes. This allows us to pinpoint the effect of individual
gamification elements on both psychological and behavioral measures. However,
we have also seen that the outcomes of individual gamification elements still
differ substantially. This has led to gamification research investigating factors
having a moderating influence on how single gamification elements are perceived.
We will also contribute to this by considering the impact of several factors on the
perception of individual gamification elements, as part of Chapter 4.

Next, we presented related work about how to account for interpersonal differ-
ences in the perception of gamification elements. Here, two main approaches
emerged: customization (the user adapting the system to their needs) and per-
sonalization (the system adapting to the user). Regarding the former, research
has shown that the increased autonomy is appreciated by users. However, we
have also seen that customization and the large amount of available options can
be overwhelming, and that customization may be considered as difficult and
complex, too time-consuming, or distracting, which is why participants preferred
personalization when asked about their preferences. Hence, in this thesis, we
focus on personalization and investigate which factors are relevant to adapt the
set of gamification elements to the user (Chapter 4), and what effects such an
adaptation approach has on psychological and behavioral outcomes (Chapter 5).

In the related work on personalization, we have seen that various factors have
been considered — demographic factors, personality traits and player typologies
such as Bartle’s or BrainHex. Regarding demographic factors, we will extend
previous research on the age factor by contributing insights from a considerably
older sample on their preferences regarding gamification elements than was
considered before, as well as by contributing qualitative insights, complementing
the primarily quantitative studies conducted in the field of gamification in Chap-
ter 4. Regarding trait models such as personality (Big-5) and player typologies,
none of these was theoretically grounded to be used for the purpose of adapting
gamified systems, and both player typologies lack a proof of validity. In contrast,
the Hexad user type model is based on SDT, has been empirically validated
and is the only model to date which has been developed specifically to model
preferences in gamified systems. Moreover, in a direct comparison regarding the
predictive quality of personality traits, BrainHex player types and Hexad user
types, it was shown that Hexad user types are advantageous and thus should
be used for personalization research in gamification. Therefore, we consider the
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model to investigate its predictive quality in explaining user preferences in health
domains which have not been investigated before in Chapter 4, and contribute to
open questions regarding the actual effects of tailoring based on the model on the
behavior and motivation of users in Chapter 5. Moreover, in previous sections
we have seen that behavior change intentions may change (as postulated by the
Transtheoretical Model presented in Section 2.2.1) and that fitness goals change
over time (see Section 2.3.1). Therefore, we extend the factors investigated in the
literature by investigating the impact of behavior change intentions in the fitness
domain on the perception of gamification elements in Chapter 4 and its effects
on behavioral and psychological measures in Chapter 5.

2.5 Subtle Assessment and Prediction of Personal Charac-
teristics

In this section, we present past research which has focused on predicting per-
sonal characteristics such as player, user, or personality traits without relying on
traditional questionnaires. Such research is relevant for the work presented in
Chapter 6, where our goal is to allow for subtle assessments of Hexad user types
to enable personalization of the set of gamification elements without detrimen-
tally affecting the gameful experience by asking users to complete questionnaires.
First, we will present approaches that focused on predicting personality traits
and highlight the potential of usage data from smartphones as a proxy for per-
sonal preferences. Next, we provide relevant examples from the gaming and
gamification domain, showing the general feasibility of such an approach.

2.5.1 Predicting Personality

Phillips et al. [269] investigated the relationship between personality traits and
self-reported usage of mobile phones. The authors conducted a study with 112
participants in which they were asked to fill out questionnaires assessing their
mobile phone usage. By using multiple regressions, they found that time spent
playing games on mobile phones was associated with low scores on agreeable-
ness. Also, Lane and Manner [192] investigated whether smartphone application
usage is explainable by personality using self-reported data from an online ques-
tionnaire with 233 participants. The authors found that personality traits explain
self-reported mobile phone application use. For instance, they found that extro-
verts reported greater use of gaming apps and less use of productivity apps. Also,
for less conscientious people, communications, productivity, and utilities apps
were less important. Participants scoring high on the neuroticism trait regarded
travel apps as more important. Using a list of smartphone apps installed on a
user’s smartphone to predict user traits such as spoken languages, countries of
interest or relationship status was researched by Seneviratne et al. [316]. The
authors collected data from 200 smartphone users and applied machine learning
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techniques to infer personal information. They were able to achieve over 90%
precision for most user traits by using the list of installed apps and informa-
tion such as app categories from the Google Play Store. Chittaranjan et al. [80]
investigated potential relationships between behavioral characteristics derived
from smartphones and personality traits. They collected the smartphone data
of 83 individuals over a period of 8 months. Based on their results, the authors
conclude that features obtained from smartphones can be used to predict Big-5
personality traits with an accuracy of up to 76%. In a recent study by Stachl et
al. [326], smartphone behavioral data such as calls, texting, contact entries, played
music, GPS locations, app starts and installations, photo events, and similar data
was collected from the smartphones of 624 participants over a duration of 30
days. Overall, the model consisted of 1,821 predictors obtained from smartphone
data. The authors used machine learning approaches and were able to show that
the Big-5 personality traits openness, conscientiousness and extroversion could
be predicted with a precision well above a baseline model, which constantly
returned the mean score in the corresponding training set. However, emotional
stability could only be partially predicted, and agreeableness not at all.

Instead of relying on smartphone data, Triantoro et al. [344] aimed to turn filling
out a validated survey into a fun and engaging experience. They investigated
whether Big-5 personality traits can be predicted when using a gamified survey
and compared it against a non-gamified survey. In the gamified version, the Big-5
survey items were transformed from Likert scales into binary, gameful decisions
while the non-gamified questionnaire used the traditional scale. They conducted
an online study with two conditions—the gamified survey and the traditional
survey—and 694 participants. Based on a path analysis, the authors found that
the Big-5 responses that were assessed in a gameful way could be used to predict
the actual Big-5 responses of the traditional survey:.

2.5.2 Predicting Player Types and Gameful Experience

Research was also conducted on whether preferences, experience or behavior
in games and gameful systems could be predicted. Mahlmann et al. [210], for
instance, explored whether player behavior in the game Tomb Raider: Underworld
could be predicted based on previously collected gameplay data. The authors
were interested in predicting whether players would stop playing the game,
whether they would complete it, and how much time they would spend playing
it. The authors received access to the gameplay data from approximately 203,000
players of the game, of which 10,000 players were selected for an initial study.
After cleaning the data (e.g. to remove players who completed the game and
started it again), a total of 6,430 players were considered for the analysis. In the
remaining set of gameplay data, 30 features were selected to represent player
performance in the first level of the game. Another 25 features were added for
players who also completed level 2. The accuracy to predict whether players
completed the game was 48% when using data from level 1 only and increased
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to 77% when also adding features from level 2. Also, regarding the completion
time, the authors were able to show that it can be predicted significantly better
than random guessing. However, given that the best absolute average error was
84%, there was still room for improvement.

Hadiji et al. [140] were interested in predicting player churn in free-to-play
games. They received gameplay data from five different free-to-play games
over a period of five months from about twenty million play sessions. The
authors created a model which formalizes player churn as a binary decision; it
predicts whether players have churned or will return. They used the number of
sessions, the number of days since the player has signed up for the game, the
current absence time, the average play time per session, the average time between
sessions, and other features regarding in-game purchases and spending behavior.
By employing different prediction classifiers such as naive Bayes and decision
trees, the authors show that the aforementioned features can be used to predict
churning with high accuracy (the highest F1 score (0.95 for predicting churn; 0.78
for predicting return) was obtained when using decision trees). Regarding the
prediction of player traits, Toker et al. [334] investigated whether player types
can be predicted based on automatically collected data in social network games.
They relied on the BrainHex player typology and collected gameplay data from
the Facebook game Pot Farm. They asked players of the game to voluntarily
complete a survey to asses their BrainHex type and, after cleaning the data,
considered 1,899 participants. Besides the gameplay data, personal information
was extracted from the participants” Facebook profile, such as music interests. In
a preliminary analysis, they solely investigated whether music interests could
be used to predict BrainHex player types, without considering any gameplay
features. They found some weak evidence that music interests are predictive of
BrainHex types.

Instead of relying on social network games, Li et al. [202] investigated relation-
ships between features extracted from user profiles on the gaming platform Steam
and preferences for gamification elements. They received data from 60,267 Steam
users including their number of games, unlocked badges, screenshots, reviews,
guides, friends and more. The authors conducted an exploratory factor analysis
on this pool of data and found nine factors which they labeled elites (a factor in-
dicating a user’s striving to become the elite of the steam community), achievers
(representing a preference towards mastering games), providers (representing
users who like to share their artwork and game guides with others), completers
(similar to achievers, but focusing more on gameplay than on achievements),
improvers (who like to improve games by providing reviews and their thoughts
to developers), traders (representing those who like to buy and sell game-related
virtual items), belongers (focusing on social interaction) and nostalgists (who
like to retain their gameplay memories by e.g. taking screenshots). The authors
hypothesized about potential connections to different types of motivations, as
introduced by SDT, and gamification elements. Thus, predicting which gamifica-
tion elements might be suitable for users could potentially be done by considering
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Steam profiles of users.

2.5.3 Summary

In this section, we have learned that predicting personality traits based on smart-
phone data is promising, as multiple studies have found considerable relation-
ships between these factors. Moreover, we have learned that personality can be
assessed in a gameful way by using binary choices instead of relying on Likert
scale items. Furthermore, we have seen that in-game behavior and even player
traits and gamification preferences can be assessed without directly measuring
the outcome variable. These results are important for our research presented in
Chapter 6 due to the following reasons. First, they show that smartphone data
is linked to personality traits. Considering that personality traits are linked to
Hexad user types [342], one could assume that smartphone data could also be
used to predict Hexad user types. This would allow dynamic adjustment of gam-
ified systems in a subtle way, without asking users to complete questionnaires.
This approach of assessing gamification preferences without explicitly querying
users is also motivated by research demonstrating that gamification preferences
could be assessed by utilizing Steam profiles or by using data from social network
games. Second, research has shown that turning a validated questionnaire into a
game-like approach has potential and allows for assessing personal characteris-
tics in a more engaging way. This could be very helpful in gamified apps, where
designers would like to tailor the experience but at the same time would like to
avoid detrimentally affecting the gameful experience. Thus, whether Hexad user
types could be assessed in a gameful way is a promising question to address.
We will investigate these two aspects — whether smartphone data can be used
to predict Hexad user types and whether Hexad user types can be assessed in a
gameful way — as part of Chapter 6.
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Chapter 3
Gamification in Behavior Change
Contexts

In this chapter, we will present results from studies investigating the effect of
gamification on motivation and behavior of users across three different behavior
change contexts: physical activity, public health, and marketing/advertising. All
three of these are commonly studied behavior change contexts, as revealed by a
literature review by Hamari, Koivisto and Pakkanen [145].

First, a system encouraging physical activity by using a gamified smartphone
application and a public display component is presented in Section 3.2. Here,
we will provide insights on how social relatedness can be increased by gamified
systems and to what extent this increase has an effect on behavioral measures.
Second, we present the Germ Destroyer system in Section 3.3, which aims to in-
crease hand washing duration in shared bathrooms by utilizing gamification
elements. With this system, we provide insights on how competence-enhancing
feedback can lead to positive effects on motivation and behavior as well as to
what extent the gamified system is able to elicit positively valenced emotions,
which support intrinsic motivation. Last, we present the results of a study com-
paring different gamification approaches in the context of online advertisement
in Section 3.4. Here, we found that gamification can increase intrinsic motivation
in a context in which autonomy needs in particular are thwarted. Also, we will
see that in this context, participants prefer a gamification concept that utilizes
gamification elements supporting the need for autonomy.

By investigating the impact of gamification on behavior and (intrinsic) motivation
in concrete behavior change contexts, we are able to provide answers to RQ1, i.e.
the question of how gamification affects motivation in such contexts. Section 3.2
is based on [14], Section 3.3 on [15] and Section 3.4 on [8].

81
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3.1 Motivation

Gamification is often used to promote behavior change and can be seen as a
form of persuasive technology (see Section 1.1.3). However, the fact that the
outcomes of gamification in behavior change contexts are mixed (see Section 2.3)
calls for a better understanding of how gamification works. In this regard, the
application context has been considered as a potential explanation. However,
a lack of theoretical grounding (both in the rationale of the studies and the
operationalization of relevant variables) in gamification studies has made it
hard to compare gamification studies across different contexts and pinpoint how
gamification affects motivation. By informing our hypotheses and the dependent
variables being measured in all our studies based on SDT, we have a consistent
operationalization and thus are able to contribute insights on how gamification
affects motivation in different behavior change contexts, which allows us to
reason about the influence of the context itself. We considered two health-related
behavior change contexts, physical activity and hand washing, since health is the
most prominent context in which persuasive technologies are investigated [145].
In addition, we investigate gamification in the context of online advertising,
another commonly used behavior change context [145].

Moreover, as we have seen in Section 2.1.2, SDT posits that the context may
inherently support or thwart certain basic psychological needs. Therefore, it will
be interesting to see to what extent such contextual affordances have an effect
on the success of gamification approaches. As we will see, it seems that contexts
in which certain needs are inherently thwarted benefit from gamification ap-
proaches supporting these unmet needs. For example, it seems that gamification
approaches utilizing gamification elements to support the perceived autonomy
of users work best in contexts in which autonomy is inherently thwarted (such as
when the user is required to consume online advertisements). However, besides
reasoning on the impact of context across the studies that we performed, we also
contribute important findings within each context, adding to ongoing efforts in
gamification research to better understand why and how gamification works
and whether gamification has an effect on the motivation and behavior of users
in behavior change contexts. By combining qualitative and quantitative study
methodologies, laboratory and in-the-wild studies as well as subjective and ob-
jective measurements, we are able to contribute a holistic picture on whether and
how gamification affects motivation, how gamification is perceived, and whether
and why gamification leads to changes in behavior.

3.2 A Gamified Mobile App and a Public Display to En-
courage Walking

In this section, we focus on encouraging physical activity. Given that physical
inactivity is one of the main health concerns [279], leading to a wide range of
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health problems, including cardiovascular diseases, obesity and numerous other
chronic illnesses [56], research on how gamification could be used to increase
motivation and change behavior is important. More specifically, we developed
a system consisting of a smartphone application, a public display and wrist-
worn fitness trackers. The smartphone application is used to gather step counts
from the fitness trackers and used several gamification elements such as social
comparison or achievements. The public display utilizes the same gamification
elements, but adds an additional layer of visibility and social interaction, since it
is installed in a prominent spot in a gym or meeting room. In this study, we were
interested in understanding to what extent gamification elements have an impact
on social relatedness, one of the basic psychological needs (see Section 2.1.2). In
this regard, we also wanted to investigate if it makes a difference whether these
are either shown in a mobile app or on a public display. Also, we wanted to
analyze whether the gamification elements that we used are capable of changing
the behavior of users. To do so, we conducted an in-the-wild study with our
system. Lastly, we also wanted to gain a better understanding of how social
gamification elements are perceived in this context and which potential issues
might detrimentally affect the outcomes of gamification by conducting semi-
structured interviews.

3.2.1 Concept and System Design
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Figure 3.1: System architecture

To investigate the effects of introducing a gamified public display on partici-
pants” motivation to walk, we propose a system design consisting of two main
components: a mobile app connected to a wrist-worn pedometer and a website
which is shown on a public display. Figure 3.1 illustrates the architecture of
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our system. Both main components share the same user interface elements and
game elements. To mediate the communication between smartphone app and
public display as well as between different users, a server was implemented
using WebSockets. This section explains all these components and illustrates
reasons for why we included certain gamification elements in our system.

Smartphone Application

We implemented a native Android application to read steps from the fitness
tracker. The app allows users to pick a nickname as well as choose a color
that is used to identify themselves (e.g. on the graphs). On the main view (see
Figure 3.2b), each user is shown their current step count, their step count of the
past seven days on a line chart, and information about whether the connection
to the fitness tracker is established. Moreover, users are able to see the current
step counts and nicknames of all other users in the app underneath each other
together with the time passed since the last step update. Other users’ step counts
of the past seven days are also visualized on the graph. Moreover, the number of
times users reached their daily step goals is shown on a trophy icon next to each
nickname. In the top bar, users are able to trigger the synchronization manually
by pressing a corresponding button. In addition, a button is available to highlight
oneself on the public display, to allow users to easily find themselves.

To keep the step counts as up to date as possible, and minimize issues related
to data loss (cf. [151,278]), the synchronization process to read step counts is
triggered frequently. The app notifies users whenever a synchronization process
was not successful for the last ten hours. Therefore, the app installs a background
service that synchronizes step counts periodically (at least every 15 minutes).
In order to avoid users seeing their outdated step counts (which was an issue
in [74]), the background service synchronizes whenever the device is unlocked.
To read step counts and configure the Mi Band, we developed an API based
on the open source app “GadgetBridge”8, as no official API is available for the
MiBand. Our AP’ provides methods to synchronize step counts, disable the
LED notifications (to ensure that no feedback is given during the baseline phase
of our study) and to read basic information such as the battery level. After a
successful synchronization, the aggregated step count for every minute of the
day is returned, which is sent to the webserver (distributing the step updates
to all clients), whenever the smartphone is connected to the internet. The main
view is implemented as a web application. We decided to use a website for the
user interface as it allows us to show the same interface on the public display
without having confounding factors caused by a different visual appearance,
which would have reduced the comparability of the app and the public display.

8 GadgetBridge: Freeyourgdget/GadgetBridge,
https://bit.1ly/2T6g3Bt (last accessed: 2021-12-01)

° BandSynchronization: m-altmeyer/BandSynchronization,
https://bit.ly/3cmaCoN (last accessed: 2021-12-01)
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Figure 3.2: User interface of the public display (a) and the mobile app (b)

The public display shows the same website as the mobile app, i.e. the interface
looked similar and the game elements were the same. The only difference is
that four users are shown next to each other on the public display instead of
underneath each other as in the mobile app (see Figure 3.2). For each user,
the same data as in the smartphone application is shown (step count, progress
towards the daily goal, total goals reached and time since last updated). In line
with the smartphone application, a graph showing the step history of the past
seven days of each user is shown under the user panels. The public display cycles
automatically through all users (every 15 seconds four different users are shown),
as no direct interaction with the display itself is possible. We used a Raspberry Pi
3, connected to a screen, as public display, which, after booting, opens the same
website as the smartphone application in a full-screen browser window.

Server

The server is used to host the web page, handle real time communication with
the app and the public display and store the step- and user data. Whenever the
smartphone application sends new step counts to the server, the step counts are
parsed and stored in the database. Afterwards, the step data is distributed to all
clients (smartphone application and public display).

Fitness Tracker

We use the Xiaomi Mi Band 1'° for several reasons: First, the Mi Band does not
have a display, which is important for the baseline phase of our study. Second,

"Mi Global: Mi Band - Understand your every move,
https://bit.ly/3z£fhzz1 (last accessed: 2021-12-01)
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it has a battery life of at least 30 days, meaning that participants do not need to
recharge the battery, which could lead to data loss or participants forgetting to
wear the band. Moreover, the Mi Band is water-resistant and thus can be worn
even when swimming. It is very lightweight (an important requirement partici-
pants established in [89,204]), able to store step data up to ten days (which further
reduces data loss) and was shown to be precise compared to other commercial
fitness trackers [115,203]. Finally, the Mi Band is cheap [115], having a price of
around 143%.

Gamification Elements

Based on past research, we included the following gamification elements (see
Figure 3.2):

Journaling Having a history of past activities was a design recommendation
from Consolvo et al. [87]. This is confirmed by Ashford et al. [28], stating that
interventions giving feedback on past performance and the performance of others
lead to the highest levels of self-efficacy, which is beneficial to encourage physical
activity. By recording their physical activity, users learn how much they usually
walk. A history of past activity reminds them how much they walked in past days,
and challenges them to reach the same step count again. Our system provides
this by recording the user’s steps, and allowing the user to see their daily step
count, as well as their history for the past seven days. Inspired by [74], we chose
graphs to display the step counts of the past week for every user. We limit the
history to one week, in order to make the display more easily comprehensible,
and to make the users focus on the current week, thereby reducing the chance of
being demotivated by poor performances in past weeks.

E]3520 b@ P

Figure 3.3: User panel showing a users’ step count, the progress towards the
daily goal and how often a daily goal was reached so far (a) and visualization
of a user who has reached the goal (b)

Achievements, Goals and Progression According to [87], the activity level per-
formance is very important to users, i.e., most participants were motivated by
knowing their progress towards the daily goal and appreciated receiving recogni-
tion for it. The importance of daily step goals is also emphasized in [74, 88, 89]. In
line with [74], we decided to use 10,000 steps as the daily goal to be reached. This
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appears to be reasonable, as it is the lower bound for healthy adults to be con-
sidered “active” according to Tudor-Locke et al. [346]. In addition, Le Masurier
et al. [194] found that individuals who achieve 10,000 steps/day are more likely
to meet the physical activity guidelines promoted by the Centers for Disease
Control and Prevention and the American College of Sports Medicine [266]. To
also visualize the progress towards a goal, we decided to use a circular progress
bar, in the middle of which the current step count is shown (see Figure 3.3a). As
soon as the user reaches the step goal, a blue glow is added to the circle and a
trophy is shown. Next to the trophy, the number of days on which the user has
reached the step goal is displayed (see Figure 3.3b).

Social Comparison Social comparison means that users are given information
about how well their performance compares to the performance of others, and
has the potential to motivate people to perform a target behavior [126]. Since fa-
cilitating social comparison is another recommendation from Consolvo et al. [87],
our system employs it by showing the step history of all users to all other users
and those coming by the public display. Besides triggering the positive effects of
social comparison, we also expect that people start socializing around the data at
the public display, as was reported in [74]. We decided to show the current daily
step counts and the daily step counts of the past seven days to all participants
to encourage social comparison and social influence, which were shown to be
motivators in the physical activity context [28,87,127,343]. As direct competition
may also have detrimental effects on improving step counts [146], especially
when users perform differently and have different abilities [79], we decided not
to use a ranking. Instead, participant’s step counts were shown in random order.

Usability Test

To ensure that our system is intuitively usable and to avoid inducing confounding
variables related to a bad usability in the evaluation, we performed a usability test
(5 participants, as proposed by [253], age 25 on average, 2 self-reported as female,
3 as male) using the German version of the System Usability Scale (SUS) [60], a
think-aloud approach [252] and the “Expectation Measure” method [6]. In the
latter, users are first asked how hard they expect a task to be in the system (with-
out knowing it) and later have to complete the task within the application and
rate how hard they found the task to actually be. The core idea of this method is
that some tasks are inherently harder perceived as others but that this perception
is often idiosyncratic and thus by comparing expected and actual difficulty, these
differences can be taken into consideration. Also, by comparing the expectation
to the actual effort, one can find what elements work well, and which need im-
provement. We identified 13 tasks to cover all functionalities of our system (see
Figure 3.4 for a list of all tasks), which had to be rated before interacting with the
system and afterwards. The users did not receive a compensation and had prior
experience with using smartphones (M=5.2, SD=1.22) and computers (Mean 5.2,
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Tasks:
1 Register yourself within the app.
2 Find out whether you are currently connected to your fitness tracker.
3 Find out how many steps you have taken today.
4 Find out how recently the step count was read.
5 Read out your step count from the Fitness tracker again.
6 Estimate how many steps a user took on Saturday.
7 Find out how recent the step count of a user is.
8 Change your username.
9 Try to find yourself on the public display by using the app.

10 Find out, what the desired goal is.

11 Find out how often a user has reached his daily goal.

12 Find out which user has reached the daily goal most often.

13 Find out whether a user reached his desired goal on Wednesday.

Figure 3.4: A scatter graph visualizing the average expectation- and the aver-
age experience rating of every task. Tasks are represented by 13 numbers with
each task being explained beneath the graph.

SD=1.78) (rated on a 7-point Likert scale). One of them had used fitness trackers
before.

The SUS revealed an average score of 87.5 (SD=5.90), indicating that the overall
usability of our system is “excellent” [33]. The Expectation Measure revealed
that the average expected difficulty for each of the tasks participants had to
perform was either higher than or roughly as high as the experienced difficulty
(all tasks are above or very close to the red line in Figure 3.4). Most of the tasks
are placed in the upper right “don’t touch” quadrant, with task 13 even being in
the upper left “promote it” quadrant, since it was expected to be more difficult
than it turned out to be. Task 2, 3, 10, and 9 were on or slightly below the red line,
meaning that they were perceived to be (roughly) as hard as expected. Overall
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these results further support that our system provides a very good usability, as
all tasks were in the quadrants that do not require adaptations of the system.
Nevertheless, we found some minor issues through the think-aloud approach
(e.g. language inconsistencies or problems interpreting icon symbols), that were
fixed for the in-the-wild evaluation.

3.2.2 User Study

The goal was to investigate the effects of introducing a gamified public display in
addition to a gamified mobile app on motivation and behavior. We decided to
run a within-subject study: After the baseline phase, in which no feedback was
given at all (i.e. participants were not able to see their step counts), an app-only
phase followed, in which participants had access to the mobile app, as presented
above. Afterwards, the public display was introduced in addition to the app. We
tried to find evidence for the following hypotheses:

H1: Step counts are higher in the app-only phase compared to the baseline

H2: Step counts are higher in the public display phase (the public display is
present in addition to the app) compared to the baseline

H3: Step counts are higher in the public display phase compared to the app-only
phase

H4: Introducing the public display has a positive effect on social relatedness
and thus intrinsic motivation

H1 is motivated by the fact that receiving feedback and using game elements
should motivate participants to reflect on their behavior and challenge them
to beat their own step counts [126,146]. Even though there is related work
in which introducing game elements did not increase step counts significantly
(e.g. [204,230]), we expect that the app, showing step counts of other participants,
leverages participants’ natural drive to compete [126] and thus leads to increased
motivation as was reported in [87,127,343]. The motivation for H2 follows the
same reasoning as for H1, since the game elements and the interface are similar.
However, social recognition, social pressure and social influence may additionally
encourage participants [126], motivating H3. Moreover, the socialization around
step data, which was reported in [74], may have positive effects on intrinsic
motivation, as the feeling of social relatedness might be increased, motivating
H4. We assume this to have an influence on participants” motivation since social
relatedness is one of three dimensions of intrinsic motivation according to the
Self-Determination Theory (SDT) [298].
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Procedure and Method

Since we wanted to reduce chances of participants forgetting to wear their fitness
trackers (which is a major problem in similar studies [151,278]), we decided to
conduct the study over a timespan of four weeks so that participants were not
required to charge the battery of their trackers. The duration of the baseline phase,
in which the mobile app did not show any step data nor game elements, was
one week. This was followed by a one-week app-only phase, in which the app
automatically unlocked and all functionality and game elements were active, and
a two-week-long phase in which the public display was introduced in addition
to the app (public display phase). The public display phase was longer, since we
wanted to ensure that participants came across the public display multiple times.

We recruited members from a fitness center and from the student council who
regularly (at least twice a week) visit the space in which each of the public
displays were placed (one was placed in a prominent spot in the fitness center
(approximately 100 visitors per day) and the other one was placed in a prominent
spot in the faculty room (frequently visited by students)). In the baseline and
app-only phase, the display was turned off. The two populations (fitness center
and student council) were separated, i.e. each public display only showed step
data from participants of the corresponding population. To investigate H1, H2
and H3, step counts were measured and participants were required to wear the
fitness trackers throughout the whole study. The fitness trackers did not give any
kind of feedback regarding participants’ steps.

Before the study started and between the study phases, participants were required
to fill out online questionnaires. These included demographics (only once before
the study) and the German version of the Balanced Measure of Psychological
Needs scale (BPMN) [317] by Neubauer and Voss [246] (after the app-only and
the public display phase). This scale can be used to determine the grade to which
the users’ needs for competence, autonomy, and relatedness are fulfilled for a
specific context. We used it to compare the effects of the mobile app and the
public display on intrinsic motivation, as we expected the social relatedness to be
higher when the public display is present (cf. H4).

The questionnaires moreover included the short German version of the Interna-
tional Physical Activity Questionnaire (“IPAQ-short”) [37]. This validated survey
was shown to be a reliable method for measuring moderate physical activity
(including walking) [208]. It uses the Metabolic Equivalent of Tasks (MET) [37]
to calculate physical activity. The IPAQ was used to validate the step data from
the fitness trackers and check whether participants subjectively support the step
counts measured, giving additional information to investigate H1, H2 and H3.
Moreover, we logged the number of app starts and asked participants how often
they were in proximity to the public display in the online questionnaires to infer
how frequently they interacted with the system.

After the intervention, we met with participants to conduct semi-structured
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Baseline App Only Public Display sig.
M=9976.88 M=10624.13  M=11603.08
Step Count SD=3345.08 SD=3376.29  SD=3614.22 p <.01*

Mdn=9254.50 Mdn=9303.50 Mdn=10991

M=4594.33 M=5034.33 M=5672.33
MET-min / week SD=4108.48 SD=4079.14 SD=4390.98 p < .05*
Mdn=2967 Mdn=3915 Mdn=4330.50

M=32.92 M=34.08

BMPN Autonomy - SD=2.88 SD=3.37 -
Mdn=33 Mdn=33.50
M=28.50 M=29.67

BMPN Competence - SD=3.61 SD=5.48 =
Mdn=28.50 Mdn=29.50
M=27.58 M=30

BMPN Relatedness - SD=2.84 SD=3.98 p <.05*
Mdn=27 Mdn=28.50

Table 3.1: Overview of the main results for every study phase. MET refers to
the IPAQ Metabolic Equivalent Times [37], BMPN to the Balanced Measure
of Psychological Needs scale [317]. * Friedman ANOVA was performed and
Wilcoxon signed rank tests for post-hoc analysis. ** Wilcoxon signed rank test
was used.

interviews. This was done to learn more about reasons for the effect of the
public display in this setting. The interviews were directly transcribed and
the transcripts were coded using a directed content analysis [156], i.e. we went
through the transcripts to find themes related to the perception of the public
display and to find reasons why it encouraged people to walk more. We then
counted for each theme how often it was mentioned and exemplary selected
statements related to each theme [96]. The following questions were asked
(additional questions were asked when the answers revealed interesting aspects):
Do you think that the public display influenced the number of steps you walked? Why
do you think so, especially considering that the app showed the same data?; Were there
discussions about the public display? Did other people ask you questions about the
display or your step data?.

Results

We recruited 16 participants, of which we had to remove four (one participant lost
the band after the baseline phase, from two participants we only had step data
from one day in the baseline phase due to technical problems with the band, and
one participant reported that the band stopped working after two weeks). Of the
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remaining 12 participants (8 from the fitness center, 4 from the student council)
having an average age of 29.58 years (SD=5.93, Mdn=27, Min=24, Max=42), 6
self-reported as female, 6 as male.

We removed single days from our sample on which the synchronized step data
for a user was not complete, i.e. we inspected the timestamps of the data and
made sure that there was no data missing. Therefore, we needed to exclude
67 days overall (5.58 days per participant on average). The main reasons for
why step data was incomplete were that either participants forgot to wear the
fitness tracker the whole day or because the fitness tracker itself had technical
issues. Thus, 269 single days were analyzed: 70 days in the baseline phase (first
week), 74 in the app-only phase (second week) as well as 125 in the public display
phase (third and fourth week). As revealed by a Shapiro-Wilk test, step data,
data from the IPAQ-short and the “relatedness” subscale of the BMPN were not
normally distributed. Therefore, if not otherwise specified, Friedmann tests were
performed and Wilcoxon signed-rank tests with a Bonferroni-Holm correction
for post-hoc analysis. Main results are shown in Table 3.1.

Interaction with the System Participants frequently opened the mobile app
in the intervention phases (2.46 times/day in the baseline (SD=3.56, Mdn=1),
4.38 times/day in the app-only (SD=3.44, Mdn=3.75), 3.75 times/day in the
public display phase (SD=1.86, Mdn=3)). These numbers differed significantly
(x?(12)=8.977, p=0.01) between the baseline and the app-only phase (Z=-2.18,
p=0.029) but not between the app-only and the public display phase (Z=-0.36,
p=0.721). This indicates that the gamification components, which activated after
the baseline phase, increased participants” interest in the smartphone app. The
fact that there is no significant effect between app-only and public display phase
is not surprising, as the app showed exactly the same as in the app-only phase.
During the public display phase, participants were in proximity to the public
display 5.20 times (5D=3.20, Mdn=4) on average. Overall these results suggest
that participants actively and frequently interacted with the mobile application
and that it was possible to be influenced by the public display, as they were in its
proximity multiple times.

Step Counts and Walking Behavior On average, participants walked 9976.88
steps per day in the baseline phase, 10624.13 in the app-only phase and 11603.08
in the public display phase (see Table 3.1). Each participant’s step count for the
study phases is shown in Figure 3.5. A Friedmann ANOVA among repeated
measures showed that these step counts differed significantly between the study
phases (x2(12)=12.17, p=0.002). The number of steps was statistically significantly
higher in the public display phase than in the baseline (Z=-2.90, p=0.004, r=0.48)
as well as significantly higher in the public display phase than in the app-only
phase (Z=-2.43, p=0.015, r=0.41). However, no significant difference was found
between the baseline and the app-only phase (Z=-1.65, p=0.099). While these
results support H2 and H3, we could not find supporting evidence for H1. The
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Figure 3.5: Step counts in each study phase. The x-axis represents participants,
the y-axis step counts

results show that the introduction of the public display has a positive effect on the
walking behavior of participants, as the number of steps is significantly higher in
the public display phase than in the app-only phase and the baseline. Finding
that the mobile application alone does not lead to a significant increase in step
counts is unexpected, but also in line with previous research (e.g. [204]), although
there exist research finding positive effects [87].

The self-reported physical activity (which was assessed using the IPAQ-short)
validates the aforementioned effects (results are shown in Table 3.1). The MET-
min/week values differed significantly throughout the study phases (x?(12)=8.71,
p=0.013). Post-hoc tests indicated that the MET-min/week values were signif-
icantly higher (Z=-2.67, p=0.008, r=0.45) in the public display compared to the
baseline phase. These were also significantly higher (Z=-2.29, p=0.022, r=0.38) in
the public display than in the app-only phase. In line with the actual step counts,
there was no significant difference between baseline and the app-only phase
(Z=-1.41, p=0.16). Finding the same effects between the study phases as for the
step counts, the IPAQ MET-min/week values support H2 and H3 even further,
i.e. that the public display had an effect on the walking behavior of participants,
as not only step counts but also self-assessed physical activity shows significant
positive results.
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Balanced Measure of Psychological Needs Average scores for each subscale of
the BMPN scale are shown in Table 3.1. To test for significant differences between
the app-only and the public display phase, we used paired samples t-tests for
the competence and autonomy subscales (as this data was normally distributed)
and a Wilcoxon Signed-Rank Test for the social relatedness subscale (as this data
was not normally distributed). We did not find any significant effects for the
competence (t(11) =-1.13, p = 0.28) nor the autonomy subscale (t(11) =-1.19, p =
0.26). However, the social relatedness increased significantly in the public display
phase (Z=-2.25, p=0.024, r=0.38), supporting H4. This indicates, as expected,
that the public display encouraged socialization and led to higher feelings of
social belonging, which in turn might have affected intrinsic motivation [298]
and thereby might have been the cause for the increase in physical activity.

Semi-Structured Interviews When asked whether the public display influ-
enced the number of steps walked, all but two participants agreed. Asked for
reasons, two main themes emerged:

* visibility for outsiders, mentioned by ten participants

* being confronted about the own performance by others, mentioned by
seven participants.

Concerning the first theme (“visibility for outsiders”), participants stated that
they were additionally motivated because the public display was visible to people
without the mobile app, thus reaching a broader audience: “I was walking more
steps because other people could see it. I agree that this was also true for the app, but the
display was visible to more people, even those that do not have a fitnesstracker nor the
app” (P3). Related to this, the app was perceived as a closed system, in which
participants were among themselves, while in contrast the public display was
visible to everyone, as P5 explains: “On the one hand they [users in the app] were
in the same boat and on the other hand I didn’t know all of them. But the display was
visible to more people and I knew some of them”. Here, it becomes also visible that the
relationship to other users might play a role in measuring how effective a public
display using social comparison is in motivating users.

Concerning the second theme (“being confronted about the own performance
by others”), 7 participants stated that the fact that people were able to directly
confront users of the system (by knowing their nickname or asking them about
their performance directly in front of the public display), when they are in
proximity to the public display, motivated them (“I think the public display led to
increased pressure. You always knew that whenever you go to the box [the fitness center],
it could be that someone would confront you with the number of steps that you have.
Having this in mind, I didn’t want to be exposed as performing particularly worse than
others” (P10), “I think the possibility that other people could approach me was a big
reason to care about my steps. Especially knowing that I have to justify myself, when 1
have a low step count” (P2)). Related to this, 4 participants explicitly stated that
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they wanted to avoid being talked about when having low step counts (“I told
myself that I need to walk more to not attract attention and thus have other people talking
about me” (P6)).

From the answers to the question whether there were discussions about step
data, we learned that only two participants actually were confronted directly
with their performance (P4 reported that a coach told them that they are keeping
an eye on their steps when they are not around and P2 stated that they were
confronted with their steps multiple times, especially when their steps were low,
which increased their motivation to walk). However, all participants reported
that the display was a conversation starter (which is in line with the finding that
social relatedness increased significantly, cf. H4). Other people (not taking part in
the study) asked questions about how the system worked and were joking about
reasons for why participants performed well.

We also asked the two participants who reported that the public display did not
affect their performance (P9 and P11) for reasons. P11 stated that they had the
feeling that they walked more steps after the app was introduced. However, it
was not possible for them to further increase their step counts because of their
occupation and their daily routine. They also reported that they felt bad seeing
other players performing better than them (“After some time I did not pay much
attention to the display anymore since it was just not possible to walk as many steps as
they did, because of my job and so on. So I stopped paying attention to the display”).
P9 told us that they do not need public recognition to perform well. However,
they liked the socialization around the public display, which they perceived to be
encouraging for other participants (they never heard of someone being blamed
because of a low step count).

3.2.3 Discussion and Limitations

The study revealed that introducing a gamified public display in addition to
a mobile app has positive effects on users” walking behavior (H2, H3) as was
shown by participants’ step counts and the IPAQ MET-min/week values. Since
the public display and the mobile app shared one interface having the same game
elements, it is very probable that the public display led to this increase in step
counts. As hypothesized (H4), one reason for this is the higher feeling of social
relatedness, increasing the chance to positively affect intrinsic motivation [298].
This was supported by participants indicating that the public display encour-
aged socialization and increased their motivation to walk because of a higher
visibility for outsiders and because they could be directly confronted with their
performance by others. Related to this, participants reported feelings of social
recognition and accountability. Although these findings are partially more re-
lated to peer pressure than socialization, they align well with the increased social
relatedness, as the feeling of belonging increases the power of peer influence
and promotes peer conformity [58]. The motivational effect of these aspects is
also explainable through Fogg’s [126] principle of recognition, stating that public
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recognition increases the likelihood that subjects adopt a target behavior.

In contrast to H1, the mobile app alone did not lead to a significant increase in step
counts compared to the baseline. Given previous literature, this is not surprising,
as research about using step trackers to motivate people being physically active is
inconclusive: While some investigations were able to show effects of pedometers
on daily step counts [347], others did not find effects [204]. Reasons for not
finding an effect might be related to observer effects in the baseline phase [232],
i.e. the fact that participants knew that their step counts were recorded and thus
increased them in the baseline [126]. As of our study duration, we also cannot
rule out novelty effects (which might also have had an influence on the walking
behavior in the baseline and/or in the intervention phases). Furthermore, we
are aware that there might have been ordering effects in our within-subjects
design, as we decided against counterbalancing the study phases. This was a
conscious decision due to two reasons: First, installing the public display in a
prominent area would have also affected participants in different study phases,
as the public display would have been visible for them, too. Second, it was shown
that removing feedback mechanisms (the public display) has detrimental effects
to participants in the gamification context [146].

Another limitation is that we cannot determine with certainty whether knowing
that the public display is installed, or its actual physical presence, led to the
increase in step counts. However, qualitative data from the interviews and the
increase in social relatedness indicate that the public display was a reason for
communication, suggesting that its physical presence was the deciding cause
for the effects. Nevertheless, an interesting research direction is to investigate
whether just the knowledge that one’s own performance is publicly exposed
leads to similar effects. Additionally, we acknowledge that our sample size was
rather low, which might be an explanation for why we could not find supporting
evidence for H1. We computed the post-hoc power of our study and found it to
be 0.56 for the step count tests, which is still acceptable according to [349], but
also shows that validating our findings with more participants is important.

Since we focused on the effect of introducing a public display in addition to
a mobile app, it is unclear whether a public display alone would have led to
similar results. We decided to investigate the combination of a public display
and a mobile app since having a public display alone would have resulted in
removing feedback, which might have negatively affected participants, leading
to skewed results [146]. As the public showing of the data was the only element
that changed, and due to the increased perceived social relatedness, it seems that
showing the data publicly led to the increased step counts.

3.2.4 Contribution to Research Questions

The findings of this study contribute to RQ1. In the specific context of this study,
the need for relatedness seems to open the door for gamification to succeed. Sat-
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isfying this need seems to have increased participants’ motivation to change their
behavior, i.e. to walk more. Although relatedness seems to be particularly im-
portant, the gamification elements that were used were also aimed at supporting
perceived competence. However, we could not show that gamification actually
helped to satisfy competence needs in this case. Potentially, in this specific con-
text, the needs for competence and autonomy were already satisfied inherently
to a certain degree: Participants were actively engaging in sports and already
had a high level of fitness. Their average step counts in the baseline were already
almost twice as high as the step counts of an average adult in the U.S. [35]. Thus,
the step goal promoted by our gamified system was not particularly challenging
to reach. These two facts — that participants were already fit and that the goal
promoted by our system was not hard to reach — might well explain why com-
petence might not have been enhanced by our system and might already have
been satisfied. Also, the need for autonomy might have been inherently satisfied:
Participants were fit, which suggests that they had already done sports for some
time and might already have internalized the importance of sports for themselves
to a certain degree. Thus, their type of motivation to do sports or to go to the
gym might be autonomous rather than controlled, potentially diminishing the
need for further autonomy support through a gamified system. In contrast, as
was revealed by the semi-structured interviews, the public display increased
social interactions both with other people attending the gym as well as with the
trainers working at the gym. This might have facilitated a stronger sense of social
belonging and reciprocal care, which might have been previously unmet needs,
potentially due to the anonymous nature of a gym.

However, we also need to consider that negative effects of the system were
found. The absence of an effect of the gamified smartphone application suggests
that the gamified mobile app did not support the motivation to increase step
counts for all users. Indeed, when looking at the individual step counts in
Figure 3.5, it can be seen that some participants even decreased their step counts
in the app-only phase, compared to the baseline. This suggests that there were
interpersonal differences in the perception of the gamification elements used
in the smartphone application. Moreover, the fact that daily step counts were
shown publicly was not perceived well by all participants. As we have seen
in the semi-structured interviews, some participants felt pressured to keep up
with others, potentially shifting their motivation towards less autonomous and
more controlled types, ultimately undermining intrinsic motivation. Even worse,
one participant reported feelings of incompetence, i.e. they said that they were
not able to keep up with others due to their daily routine. Such feelings of
desperation might not only shift motivation to more controlled forms but even
lead to amotivation. Therefore, it is important to also consider the individual
person in order to tailor gamified systems to their motivational orientations and
preferences.

Since the performance in this context is limited by human capabilities, i.e. the fit-
ness level of participants, we decided to investigate similar gamification elements
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in a context, in which such limitations are not as prevalent: encouraging people
to wash their hands for a long enough time. In this context, most people have the
same chance to make progress and reach the goals established by gamification
elements, since they can freely decide to adhere to the instructions given by the
gamified system. We will introduce this system and present findings of two user
studies in the following section.

3.3 A Gamified System to Increase Hand Washing Dura-
tion

In this section, we focus on the Germ Destroyer system. This gamified system aims
at increasing hand washing duration in (shared) bathrooms and thus can be seen
as a behavior change support system in the (public) health context. Similar to
physical activity, this context is among the most relevant in persuasive technology
research [145]. Encouraging people to take enough time to wash their hands
effectively is important, since people generally do not wash their hands for long
enough [49], even though it has been shown to be one of the most effective ways
of preventing the spread of diseases [178].

Figure 3.6: Our system during the in-the-wild study: a 3D-printed measur-
ing unit which can be mounted on the tap and a gameful mobile application.
The measuring unit detects whether water is running and whether hands are
present, and sends this information to the mobile application.
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We conducted two user studies: a laboratory study to investigate the perception
and the effect of our system on motivation, affective experiences and enjoyment
as well as an in-the-wild study to analyze the impact of Germ Destroyer on peo-
ple’s hand washing behavior. Since it may be hard for people to estimate the
exact amount of time they spend washing their hands, and since they might
not have enough knowledge about how long hand washing should take, we
used gamification elements providing informative, positive feedback, which
should educate users, increase their perceived competence and thus enhance their
motivation to perform the target behavior.

3.3.1 Concept and System Design

We realized an open source, unattended system which is installed and evaluated
in a shared bathroom. Encouraged by the success of gameful, persuasive systems
in other domains, we hypothesize that our system affects people’s behavior
positively. Based on the related work presented in Section 2.3.2, we deduce the
following design implications for our system:

D1: Focus on hand washing rather than hand disinfection [322]
D2: Encourage a washing duration of 20 seconds [72,166]

D3: Avoid camera-based approaches and any sensors that can record sound or
pictures [233]

D4: Ensure that the system integrates well with its surrounding and is self-
attended [90]

D5: Use normative feedback for behavior change [97,234]
Dé6: Promote disgust playfully to change behavior [97]

D7: Engage users by using gameful elements [14, 196, 306]
D8: Provide feedback about the washing duration [97,306]

In this section, we describe the concept and implementation of our system. It
consists of two parts — the sensing device and the gamified application — commu-
nicating via Bluetooth Low Energy (“BLE”). The sensing device can be mounted
on the water tap such that water flows through it. The sensing device also has a
base station which is responsible for sending hand washing states via BLE to the
mobile application, running on an Android tablet device.

BLE Sensor Device

Since we focus on encouraging a sufficient hand washing duration (D1, D2), we
conceptualized a sensing device which can be easily placed on the water tap,
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Germs Killed Today: 60

>

Figure 3.7: Different screens of the gameful mobile application. a) The screen
visualizing germs is shown whenever water is running. b) If users remove
their hands, germs are shown as getting angry to encourage the user to keep
on washing. c¢) During hand washing, germs are destroyed and generate
points. d) After destroying all germs, the app shows an animation illustrat-
ing clean hands and all destroyed germs are added to the daily number of
killed germs.

without interfering with the users” intended actions (D4, see Figure 3.8a). In
addition, we have a base station which has a wired connection to the sensing
device on the water tap. The base station holds the microcontroller as well as
the battery (see Figure 3.8b). We designed the sensing device such that it fits
on most water taps (see Figure 3.6) and can be further adjusted by tightening
or loosening a screw located at its edge. All housing parts of our system are 3D
printed. Figure 3.8c shows the 3D-model of the sensing device which is mounted
on the tap.

To measure whether water is flowing or not, we used a capacitive sensing ap-
proach in the inside of the sensing device’s tube (capacity changes as water
flows through the tube, determined by a tensioned wire connected to a 1 MOhm
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Figure 3.8: Overview of the measuring device. a) The 3D-printed measuring
unit which can be mounted on the water tap. b) The microcontroller in its
case. ¢) The exploded view of the 3D-model.

resistor). On the outer side of the sensing device, we installed a VL6180X time-of-
flight distance ranging sensor to detect whether hands are present or not. The
sensor uses a tiny laser source and is able to measure distances between 5mm
and 100mm, which perfectly fits our needs. Since only these two sensors are
needed, we are able to ensure a completely anonymous tracking process (D3), as
no personal information can be detected. In addition to building the hardware,
we also implemented a firmware to handle, interpret and transmit the measured
sensor values to the gamified application (or any other BLE-enabled device). Our
device transmits four different states using BLE characteristic notifications:

Idle: No water is flowing and no hands are present
Water Flow: Water is flowing and no hands are present
Hand Washing: Water is flowing and hands are present

Hands Only: No water is flowing and hands are present

Besides sending these notifications, the firmware also allows receiving commands
in order to adjust the sensor thresholds (e.g. the threshold which is used to decide
whether hands are present or not can be easily set by sending a corresponding
message to the device). This firmware is installed on the Adafruit Feather MO
Bluefruit LE module!!. To ensure a maintenance-free runtime (D4), our device
also has a 2000 mAh battery, allowing it to run for 200+ hours. It can be easily
recharged via a micro USB outlet. Besides sending the aforementioned states, the
firmware can also be configured to send the raw sensor readings. To allow fellow
researchers to use our system, we published the firmware, API documentation,

! Adafruit: Adafruit Feather MO Bluefruit LE,
https://bit.ly/3gh4cIM (last accessed: 2021-12-01)


https://bit.ly/3gh4cIM

102 Chapter 3. Gamification in Behavior Change Contexts

Germs Killed Today: 56

Figure 3.9: The idle-screen shows a hand washing animation to indicate that
the system can be interacted with by washing one’s hands.

circuit scheme, a list of electronic components and the 3D models on GitHub!2.
With a price of less than $50, the measurement device can be seen as a low-cost
solution.

Gamified Mobile Application

We conceptualized and implemented a gamified mobile application called “Germ
Destroyer”. Depending on the state transmitted by the sensing device, the app
shows different screens and provides different feedback to the user. When water
is flowing, the app visualizes nasty germs (see Figure 3.7a) to illustrate and
represent the microbiological contamination. We used germs as virtual characters
to promote disgust playfully since it was shown to lead to positive effects on
hand washing behavior in public restrooms, encouraging people to reflect on
proper hand washing (D6). Also, using virtual germs may highlight the impact
of washing hands on their real-world contamination, which may enhance the
persuasive power of our system [126]. Once users start washing their hands, i.e.
put their hands under the tap while water is flowing, soap bubbles and washing
animations appear in the app. Also, a progress bar next to a clock icon is shown,
providing feedback on how long hands should be washed (D8). The progress
bar fills at a constant rate until 20 seconds have been reached by the user. With
increasing progress, the germs start to move and shake faster as well as change
their facial expression from being nasty to being afraid to be destroyed. The
closer the user is to the target duration, the more germs are being washed away
and killed. Whenever a germ is killed, an auditory feedback is given and an
animation adding a point to the total score is shown. If users stop washing their
hands before destroying all germs, the remaining germs start looking angry (see
Figure 3.7b) to motivate users to keep on washing hands. The number of germs

'2Germ Destroyer: m-altmeyer/GermDestroyer,
https://bit.1ly/3w2g3RK (last accessed: 2021-12-01)
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killed by the user through washing is counted and visualized in the app. During
the 20-seconds-long hand washing phase, eight germs are being killed (one germ
each 2.5 seconds). Figure 3.7c shows the screen when washing hands. To further
encourage users to meet the recommended duration, the total number of killed
germs by all users today is visualized in every screen of the app, thus providing
normative feedback to the users (D5, D7). Once the user has finished washing
their hands, the app visualizes how many germs have been killed by the user
and adds these to the total number of killed germs per day. Also, an animation is
shown visualizing clean hands indicated by sparkles and supported by a positive
auditive feedback (see Figure 3.7d). The idle screen visualizes the total number of
killed germs and repeatedly shows an animation to indicate that the system can
be interacted with by hand washing, as can be seen in Figure 3.9. Independent of
the current screen, an overlay visualizes whether water is running and whether
hands are detected or not (indicated by an icon showing washing hands or a
dripping water tap respectively in the upper left corner). We implemented the
app using the Unity 3D engine, deployed it on a tablet device and laser-cut a
stand holding the tablet for the user studies (see Figure 3.6).

3.3.2 Evaluation
We investigate the following hypotheses:

H1: Hand washing is more enjoyable with Germ Destroyer

H2: Hand washing for 20 seconds seems shorter to participants when using
Germ Destroyer

H3: Germ Destroyer increases the hand washing duration

H4: Germ Destroyer increases the number of hand washing sessions meeting
the recommended duration

H5: The amount of bacteria or fungal cells, estimated by the number of colony-
forming units (“CFU”) on the door handle of the bathroom is lower when
using Germ Destroyer

H1 is a prerequisite for the system’s success in changing the behavior of users.
We expect that the use of game elements such as points, normative feedback,
progression and the presence of virtual characters makes hand washing more
enjoyable, since previous gamified systems have been shown to be successful
in this regard [315]. To investigate H1, we performed a user study assessing
the enjoyment of the system using validated questionnaires. H2 builds on H1
as we expect that the increased enjoyment makes hand washing less boring
and thus decreases the perceived hand washing time. H3 is based on related
work showing that gamified systems have been successful in changing people’s
behavior positively [145]. Thus, we expect that the use of our gamified application
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leads to an increase in the hand washing duration of users. H4 targets the number
of hand washing sessions meeting the recommended duration of 20 seconds. As
our gamified app takes 20 seconds of hand washing time to be completed, we
expect that the number of hand washing sessions meeting this duration should be
higher when using the system. H5 builds on H3 as related work has demonstrated
that the duration of hand washing is one of the most important factors to remove
bacteria and other microorganisms [49,322]. While H1 and H2 were studied
in the lab, H3, H4 and H5 were investigated as part of an in-the-wild study, in
which we installed our system in a shared bathroom for ten days and analyzed
the hand washing duration. Additionally, we monitored microbiological hygiene
of the bathroom’s door handle by using commercially available test slides. In the
next section, we present the method, procedure and results of the two studies we
have conducted.

Laboratory Study

To investigate whether our system provides an enjoyable experience (H1, H2),
we performed a lab study, in which participants were instructed to wash their
hands with and without our system using a within-subjects design.

Method After obtaining informed consent and answering demographic ques-
tions as well as questions concerning game experience (on 5-point Likert scales),
participants were instructed to wash their hands twice — once without Germ
Destroyer and once with Germ Destroyer. The order of the two conditions was
counterbalanced using a Latin Square design. In the baseline condition, par-
ticipants were instructed to wash their hands until they were told to stop by a
researcher. In the test condition, participants were asked to wash their hands
until all germs within the gamified app were destroyed. In both conditions, one
researcher was present and the hand washing duration was the recommended
20 seconds. Participants had to fill out questionnaires after each hand washing
session. More specifically, participants were asked to answer the validated short
German version of the Intrinsic Motivation Inventory [361] (“IMI”), consisting
of four sub-scales: Enjoyment, Competence, Choice and Pressure. Furthermore,
participants were asked to fill out the validated German version of the Positive
and Negative Affect Schedule [59] (“PANAS”) in order to measure whether Germ
Destroyer had any effects on positive or negative affect. Afterwards, participants
had to estimate how long they had been washing their hands. This was done to
investigate whether the presence of the gamified app had any influence on the
perceived duration. We expected that the gamified application would entertain
and engage users, which would make the long hand washing duration of 20
seconds appear shorter. Results were analyzed using paired t-tests.

Results We recruited 14 participants (6 male, 8 female; 50.0% were aged 18-
24, 28.6% 25-31, 7.1% 32-38, 7.1% 46-52 and 7.1% 53-59 years). Participants
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Scale Range Baseline Intervention

M=10.21 M=11.43

IMI Competence 1-15

IMI Choice 1-15 SD=2.57 SD=1.98
M=5.57 M=5.71

IMI Pressure 1-15 SD=1.70 SD=3.00

IMI Enjoyment 115 M=5.93 M=11.64

. |
Perceived Duration* [in seconds] SD=13.04 SD=7 41

Table 3.2: Mean (“M”) and standard deviation (“SD”) for each dependent vari-
able. Significant differences (p<.05) between conditions are represented by
an asterisk.

considered themselves gaming-affine (M = 3.36, SD = 1.15), claimed to frequently
play video games (M = 3.36, SD = 1.45) and to have a passion for them (M = 3.07,
SD = 1.49). Table 3.2 summarizes all results of this study. Results from the IMI
show no significant differences concerning the sub-scales competence, choice
and pressure. However, as expected, a strong significant effect was found for
the enjoyment sub-scale (t(13)=-7.26, p<0.001, d=2.68). Here, the mean score
roughly doubled from 5.93 without Germ Destroyer to 11.64 when using the
system. Regarding the negative affect as measured by the PANAS, we could
not find significant differences. However, complementing the findings for the
IMI, we found a strong significant increase in positive affect, rising from a mean
score of 2.19 in the baseline to 3.55 when using Germ Destroyer (t(13)=-6.42,
p<0.001, d=2.01). Considering both the significant increases in the IMI enjoyment
score and in the PANAS positive affect score, we conclude that Germ Destroyer
positively influenced the user experience during hand washing, supporting H1:
Hand washing is more enjoyable with Germ Destroyer. Since washing one’s hands for
the recommended 20 seconds takes much longer than people usually wash their
hands [49], we aimed at decreasing the perceived hand washing duration (H2).
Indeed, we found that participants estimated to have washed their hands for
significantly longer in the baseline condition, i.e. without using Germ Destroyer
(t(13)=2.44, p<0.05, d=0.52), even though they washed their hands for exactly the
same amount of time in both conditions. This supports H2: Hand washing for 20
seconds seems shorter to participants when using Germ Destroyer.
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Field Study

To investigate H3, H4 and H5, we installed our system for ten days in a shared
bathroom of a company. The bathroom was located on the first floor with approx-
imately 30 employees having their offices nearby.

Method The first five days were used to establish a baseline using the mea-
suring device only, while the gamified mobile app was installed additionally
for the last five days. In both conditions, we stored information about whether
water was running or not, whether hands were being washed and the microbial
concentration of the restroom’s door handle. The system was in place between
8am and 3pm, i.e. for 7 hours per day. Each morning, the door handle was disin-
fected to ensure comparability. The microbial concentration on the restroom’s
door handle was assessed at 3pm each day using mikrocount TPC slides'®. The
slides were incubated at 37° Celsius for 24 hours. Afterwards, the test slides were
photographed and the number of CFUs was counted. The study was approved
by our ethical review board'* and thoroughly discussed with the company’s data
protection officer and its employee representatives. Since the data protection
officer raised concerns about installing the system in the women'’s restroom (the
low number of women having their offices nearby would potentially allow one
to infer who was using the bathroom), we decided to test the system in the men’s
bathroom only. Given that literature has shown that men neglect hand washing
much more than women [169], we see this as acceptable. Due to the anonymous
data collection, all three parties involved approved the execution of the study.

Results Overall, 363 hand washing sessions were recorded throughout the
study (36.30 per day on average, SD=7.17) with a mean duration of 7.64 seconds
(SD=7.11 seconds). In the baseline phase (days 1-5), 161 hand washes were
recorded (32.20 per day on average, SD=6.26) having a mean hand washing
duration of 5.56 seconds (SD=4.99 seconds). In the intervention phase, i.e. after
installing Germ Destroyer (days 6-10), the number of hand washing sessions
increased to 202 (40.4 per day on average, SD=5.86). Also, the mean hand washing
duration strongly increased to 9.30 seconds (SD=8.07 seconds). As revealed by
a Welch’s t-test (the assumption of homogeneity of variance was violated), this
increase is significant (t(341.24)=-5.43, p<0.001, d=0.54). This provides strong
evidence for H3: Germ Destroyer increases the hand washing duration. Figure 3.10
visualizes the average hand washing duration and the standard deviation for all
days of the study separately.

In the baseline phase, only 1.86% (SD=13.57%) of hand washing sessions were at
least 20 seconds long. When relaxing this to a duration of 15 seconds (which is

13Schiilke mikrocount TPC: For the determination of the total plate count,
https://bit.ly/3z40hrn (last accessed: 2021-12-01)

'*Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK201ii (last accessed: 2021-12-01)
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Figure 3.10: Average hand washing duration in seconds for each day of the
study. The baseline phase was from day 1-5 (dark green), the intervention
phase from day 6-10 (light green).

the lower bound of the recommended hand washing time [166]), the number of
hand washing sessions meeting this criterion climbs up to 3.73% (SD=19.00%).
In the intervention phase these results change substantially. The number of
hand washing sessions lasting at least 20 seconds significantly increased to
17.82% (SD=38.37%; t(260.94)=-5.50, p<0.001, d=0.53). When relaxing this again
to 15 seconds, the number of hand washing events having at least this length
increases significantly to 26.73% (SD=44.37%; t(285.18)=-6.65, p<0.001, d=0.65).
Therefore, H4: Germ Destroyer increases the number of hand washing sessions meeting
the recommended duration is supported.

Since the door handle of the bathroom is most likely touched by all people using
it and thus provides an increased risk of infection, we analyzed the bacteria count
on it. The results were discussed with a microbiologist and a pharmacist. Since
we only have five measurements (one measurement per day) per study phase
and because the data was not normally distributed, we used the non-parametric
Mann-Whitney-U test to compare the number of CFUs. In the baseline phase, we
counted 90.40 CFUs per test slide on average (SD=67.67, Median=79.00, Min=27,
Max=204). In the intervention phase, the number of CFUs declined significantly
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Day 1 Day 2 Day 3 Day 4 Day 5
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Figure 3.11: Pictures of the mikrocount TPC test slides after 24 hours incuba-
tion at 37° Celsius and the number of colony-forming units for each day. Days
1-5 belong to the baseline phase while Germ Destroyer was in place during
days 6-10.

(U=3.00, Z=-1.98, p<0.05, r=0.63) to 33.60 on average (SD=22.19, Median=21.00,
Min=14, Max=62). These results support evidence for H5: The amount of colony-
forming units (“CFU") on the door handle of the bathroom is lower when using Germ
Destroyer. Figure 3.11 shows the CFU counts and pictures of the test slides after
incubation for each day.

3.3.3 Discussion and Limitations

In the course of a lab-based and an in-the-wild study we investigated the user
experience and the effectiveness of our system. We found that Germ Destroyer
makes hand washing more enjoyable and that people experience a more positive
affect when using the system (H1). We assume that these positive effects are ex-
plainable by the gameful feedback provided by the system. More specifically, we
suppose that gamification elements such as progression, points, virtual characters
and praise lead to the increase in the IMI enjoyment as well as in the PANAS
positive affect sub-scale since similar results have been reported in literature in
different health-related contexts [146,315]. The fact that participants perceived
the hand washing time as shorter when using Germ Destroyer (H2) is most
likely a direct consequence of the increased enjoyment [333] and thus supports
H1 further. Additionally, this finding shows that people tend to overestimate
their time spent washing hands, which might explain the short hand washing
duration found in the baseline phase of our in-the-wild study and in literature.
The aforementioned evidence we found supporting both H1 and H2 forms the
basis to find positive effects on hand washing behavior in the in-the-wild study.

Here, we found that the hand washing time in the baseline phase is far below
the recommended duration of 20 seconds, with participants washing their hands
for 5.56 seconds on average. This duration is in line with observational studies
reporting that most people wash their hands for about 4-7 seconds [49, 322].
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Additionally, the number of people washing hands for at least 15 seconds (3.73%)
or 20 seconds (1.86%) is in line with previous research reporting that roughly
5% washed their hands longer than 15 seconds [49]. In view of these results, our
measurement approach and our sample population seem appropriate. In the
intervention phase (when Germ Destroyer was installed in the bathroom) both
measures significantly increased (H3, H4). While the mean washing duration
almost doubled, the number of people washing their hands for more than 20
seconds even approached a tenfold increase. These results show clearly that the
presence of our system had a strong positive effect on the hand washing time.
Potential reasons for these effects include an increased awareness caused by the
application as was reported in [27], the higher enjoyment of hand washing (H1,
H2), receiving gameful feedback and praise [126] or simulating the decrease of
contamination using germs as virtual characters [97,126]. The analysis of CFUs
revealed that there were fewer viable bacteria or fungal cells when using Germ
Destroyer (H5). One reason for this decrease could be the longer hand washing
duration. Considering that the number of hand washing events was higher in
the intervention phase, another reason could be that that the number of people
who did not wash their hands at all was lower in the intervention phase. This
would be in line with research showing that 33% usually do not wash their hands
in shared bathrooms [363].

However, the studies presented in this section also have limitations. First, the
in-the-wild study was conducted in the men’s bathroom only. This was due to
ethical concerns of the data protection officer, since the low number of women
having their offices nearby would allow one to infer who was using the bathroom
and when. Therefore, even though both men and women appreciated the system
in the user experience lab study and no gender effects were found, it is not clear
whether installing the system in the women’s bathroom would lead to similar
results. Given previous literature consistently reporting that men wash their
hands less than women [49], we would expect that the effect might be smaller
in the women’s bathroom. It should also be noted that the system has been
evaluated in a company - testing the system in different environments could lead
to different effects. Although the results obtained as part of the in-the-wild study
align well with previous literature, we would like to acknowledge that we cannot
rule out measuring errors of our device. Due to the anonymous data collection,
which was necessary so as to not violate the privacy of participants, we cannot
give concrete information about the absolute number of discrete participants
during the in-the-wild test. Considering that men use the bathroom 4.8 times
during an 18-hour day on average [63] and thus assuming that people go to the
bathroom one to two times between 8am and 3pm, we expect to have had 18-24
distinct users per day. This is supported by the number of offices nearby, as stated
in the method section. It should also be noted that the duration of the in-the-wild
study was not sufficient to make a statement about the long-term success of the
system. Also, the potentially increased water consumption should be considered,
especially when using our system in regions with water scarcity. Lastly, the
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measurement of the number of CFUs per day on the door handle has limitations.
People possibly touching other things (like their face) between washing their
hands and leaving the bathroom might confound a direct effect between the
system and the bacterial counts. Also, the type of bacteria is unknown, i.e. it
is unclear whether these bacteria are related to the use of the bathroom or are
typical for human hands. Therefore, the results related to the bacterial counts on
the door handle should not be overstated and need further validation.

3.3.4 Contribution to Research Questions

The results of the two studies contribute insights relevant to RQ1. We have seen
that gamification affects psychological measures of motivation and (positive) af-
fect. More specifically, we found that Germ Destroyer led to a significant increase
on the interest/enjoyment subscale of the IMI. This subscale is considered the self-
report measure of intrinsic motivation'®. Consequently, we provide evidence that
Germ Destroyer is capable of turning a rather boring activity into an enjoyable
one and thus increases the intrinsic motivation of this activity. This is supported
by an increased positive affect, since positive affective experiences were shown
to foster intrinsic motivation [162]. Based on these results, it seems that the
gamification elements used in Germ Destroyer elicited positive emotions, which
in turn fostered intrinsically motivated behavior. In addition, besides positive
affect, Germ Destroyer seems to have supported the satisfaction of participants’
needs, as indicated by the increased intrinsic motivation. Although we did not
find significant differences on the IMI competence nor choice subscales, the com-
petence subscale descriptively increased when using Germ Destroyer. This may
indicate that the context-inherent need for competence, which might result from
people not knowing how long to wash their hands, could have been supported
through Germ Destroyer, ultimately leading to higher levels of enjoyment and
motivation.

That the positive effects on intrinsic motivation and positive affect actually trans-
late into a behavioral change was shown as part of the in-the-wild study with the
system. Here, not only did the duration and number of hand washing sessions
increase, but the level of microbe contamination on the bathroom door handle
also decreased. These results provide insights on how gamification works: Based
on the results of the two studies, it seems that the gamification elements both
elicited positive emotions and might have satisfied basic needs, translating into
an increased intrinsic motivation and ultimately affecting participants” behavior.
Besides contributing such insights, our findings also show the great potential
gamification has for improving public health. Considering the ongoing Covid-19
pandemic, a system like Germ Destroyer could be helpful to increase hand wash-
ing adherence and thus decrease the risk of infection, especially in public spaces
such as airports or train stations.

15Gelf-Determination Theory: Intrinsic Motivation Inventory,
https://bit.1ly/3ko0RcJ (last accessed: 2021-12-01)
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Figure 3.12: Deactivate ads by clicking a “close” button or by playing a Paint-
ball (b), Tetris (c) or Monster (d) game.

Now that we have considered a context in which social relatedness in Section 3.2
was particularly relevant and a context in which competence-supportive gami-
fication elements such as points, goals or progression [370] were used to assist
users in washing their hands in Section 3.3, we consider online advertising, a
context in which autonomy needs are inherently thwarted.

3.4 Gamifying Online Advertisments

In this last section of this chapter, we shift the behavior change context from health
to marketing and advertising. This context is also among those investigated
regarding persuasive technology and behavior change [145]. Nowadays, most
popular websites such as search engines, streaming services or news platforms
are primarily monetized through online advertisements [231,277]. This allows
them to offer many of these services free of charge. However, users perceive
ads increasingly as annoying (e.g. because of ad clutter) [83], intrusive (e.g.
caused by ads that require explicit interaction) [277] and disruptive (e.g. because
of animated content or autoplaying videos that cannot be deactivated) [23],
leading to a negative user experience [53,292]. As a result, users react with site
abandonment [92] or make use of so called “ad blockers”, preventing ads from
loading on websites [23]. These both present a serious threat to the business
model of commercial web services [277]. Therefore, we investigate to what
extent gamification could be used to change the user’s attitude towards and
experience of online advertisements, to bridge the gap between the enjoyment
and effectiveness of online ads.

Having previously focused on contexts in which the basic psychological needs for
relatedness (see Section 3.2) and competence (see Section 3.3) played an important
role in whether and how gamification works, to conclude this chapter, we now
focus on a context in which the need for autonomy is inherently thwarted. Users
usually have no choice about whether they will see or interact with online ads —
they have to consume ads to use the service on which they appear. Even if they
have installed ad blockers, many websites and services have started to detect
them and exclude users who have them installed. Thus, we can see that the
context of online ads is characterized by low autonomy, which may explain why
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we perceive ads rather negatively.

Based on two user studies — an online study and a laboratory study — we in-
vestigate whether playfully deactivating ads could help users regain autonomy
and control over when they would like to consume ads, increase their intrinsic
motivation and improve their overall user experience with ads. We also study
whether gamification can at the same time increase the effectiveness of online
advertisements.

3.4.1 Concepts for Gamified Advertisements
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Figure 3.13: Storyboards for the Paintball (a) and the Underwater (b) concepts

Since we provide the first investigation of playfully deactivating ads (as far as
we know), we created eight different gamification concepts based on simple and
well-known games [51,129]; these will be described in the following sections.
For each gamification concept a storyboard was created, based on the guidelines
by Truong et al. [345]. The storyboards were used to evaluate the perception
of each gamification concept in order to elicit well perceived concepts for later
implementation. All figures show the final versions of the storyboards, i.e. all
changes that were derived through the validation study described later in this
section are already integrated.

Paintball

In this gamification concept (see Figure 3.13a), ads can be shot at with a virtual
paintball gun, covering parts of them with color splashes. Once the advertisement
is completely covered, it disappears and will not be displayed again.
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Underwater Website

On the sidebar of the web page, a virtual penguin is displayed. When clicked,
the user has 30 seconds to memorize the layout of the web page. After that time,
the web page begins to fill with water and all ads turn invisible. Once the web
page is fully filled with water, the user can control the penguin through the water
by dragging the mouse and catch fish. Hereby, the penguin has to evade the
invisible advertisements. Catching fish gives points. Once a point goal is reached,
all ads disappear (see Figure 3.13b).

Rival Teams Competing Over Website Control

Two rival teams compete over control of ads on web pages. Users can capture
ads, which causes them to disappear and not be displayed again. The user’s team
gets rewarded points for the claimed ad. The number of claims is visualized and
shows which team is winning (see Figure 3.14a).

Pacman

In this concept, ads can be turned into a Pacman game (see Figure 3.14b). The
Pacman character follows the mouse and needs to evade the chasing ghosts. By
moving, the Pacman character bites off parts of the ad. Once the ad is small
enough, it disappears and will not be displayed again.

Tetris

The ad can be turned into a Tetris game (see Figure 3.15a). Falling blocks can be
moved with the arrow keys on the keyboard. The ad shrinks every time a row is

GHOSTS CHASE PACMAN PACMAN FOLLOWS
TWO RIVAL TEAMS
COMPETE OVER WEBPAGES |  TEAMS can cLAM ADS MERETHEAD MOLSE MOVEVENT _ ]
O==0
V‘ ol
NER
% OQ% j S w
N %S .
“dlick" S————1
= i | = V!
ADS DISAPPEAR FOR NUMBER OF CLAIMS PACMAN EATS THE AD AD DISAPPEARS
WINNING TEAM DISPLAYS WINNING TEAM &
AFTER BEING CLAIMED - S
~ — -
- O==0 ® - ]
- _ N
% e |
-~ \ e —
/il ——l——— |
p— v' —— A4

Figure 3.14: Storyboards for the Rival Teams (a) and Pacman (b) concepts
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Figure 3.15: Storyboards for the Tetris (a) and Minesweeper (b) concepts
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Figure 3.16: Storyboards for the Coins (a) and Monster (b) concepts

removed. Once the advertisement is small enough, it disappears and will not be
displayed again.

Minesweeper

The ad can be turned into a Minesweeper game (see Figure 3.15b). When tiles are
clicked, they give hint on the number of mines in their proximity. The mine tiles
can be flagged by right clicking. Once every mine is found, the ad disappears
and will not be displayed again.

Collecting Coins

In this concept, ads are hidden by default on the website. They can be manually
clicked to display the hidden ad, granting virtual coins to the user. These coins
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can be used to unlock exclusive content or other prizes on the web page (see
Figure 3.16a).

Ad-Eating Monster

On the sidebar of the web page a virtual character is displayed. It can be clicked
and dragged onto ads. The virtual character then eats the ad and receives a virtual
item that can be worn or equipped by the virtual character. The ad disappears
and will not be displayed again (see Figure 3.16b).

Storyboard Validation

Following the guidelines by Truong et al. [345], we performed a study to ensure
that the storyboards are comprehensible. We set up an online questionnaire, in
which the storyboards were shown to participants (all storyboards were presented
in random order). Participants were given the following task: “In your own words,
please describe the game idea that is illustrated in this storyboard”. Answers could be
provided in a free-text field. Afterwards, two independent raters read through all
answers and rated whether participants understood the underlying game idea,
using a scale of 1="the participant did not understand the concept at all”, 2="there
were minor comprehension issues” and 3="the participant fully understood the concept”.
Moreover, each rater was asked to note aspects that were misunderstood.

We recruited 20 American participants (15 male) from Amazon Mechanical Turk
(“AMT”), who were paid $1.50 each (the study took roughly 10-15 minutes
to complete). To ensure that the ratings could be interpreted objectively, we
calculated the inter-rater agreement and found it to be Cohen’s Kappa x=0.94,
which is considered almost perfect [221]. The average rating across all storyboards
was 2.78 (SD = 0.16, Mdn = 3), showing that there were no major comprehension
issues and that the storyboards indeed explain the intended gamification concepts.
This is supported by the fact that all storyboards were given a median rating of 3
by the raters and that their mean rating was higher than 2.50. Therefore, based on
the transcribed comprehension issues, only minor adaptations had to be made:
Before the validation study, we used the term “token”, on the “Collecting Coins”
storyboard, which led to false interpretations. Therefore, it was renamed to
“coins” instead. Also, some participants did not realize that the ad was embedded
in a web page, which is why scroll bars on the right side of each screen were
added, indicating the use of a web browser.

3.4.2 Online-Study: Concept Evaluation

To inform which gamification concepts should be implemented and to get further
insights about important requirements for later realization, we performed a study
assessing the perception of each gamification concept. For this study, the final
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versions of the storyboards, i.e. those after the validation study, were used.

Method

After asking about demographic data, and whether participants have an ad
blocker installed, participants were asked to develop a game idea, which has
the goal to improve their perception of ads on a website. This was done to
elicit requirements that should be considered when implementing well-perceived
gamification concepts. To get unbiased concepts, storyboards were presented
in random order afterwards and the following perception statements had to be
rated (on 5-point Likert scales) for each concept:

Enh.Perc.: “This game idea would enhance my perception of ads on a website”
LikePlay: “I would like to play this game to deactivate ads”

FunPlay: “This game would be fun to play”

Likeldea: “I like this game idea”

Furthermore, a comprehension question was asked for each storyboard, to be
answered on a 5-point Likert scale (“I think this game idea is easy to understand”).
American participants were recruited from AMT and paid $2.50 for participating
(the study took roughly 15-20 minutes to complete).

Results

50 participants took part (31 male), of which 66% had an ad blocker installed. The
written answers were analyzed by conducting an inductive content analysis [156]
with two coders. Results were discussed and deviations solved to establish a
final set of themes. Based on this, we derived the following requirements for the
realization of the gamification concepts:

R1: Casual games: Most gamification concepts (35) were using simple rules
without requiring substantial skill improvements.

R2: Entertainment over effectiveness: 20 participants emphasized that the
main purpose should be entertainment and not promotion of a product or
brand.

R3: Unobtrusiveness: 16 participants required that no ad-specific events (e.g.
redirecting to another website) should be triggered during playing the
game; the ad and the game should be separated regarding user interaction
(e.g. by using a start button).

R4: Short play time: The games should not take long to complete (mentioned
by 13 participants). Five participants even reported concrete time spans (15
to 60 seconds).
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Enhance Perception Like Play  Fun Play Like Idea

M =3.32 M =324 M =3.36 M =3.56
Paintball SD =142 SD=145 SD=143 SD=1.37
Mdn = 4.00 Mdn =4.00 Mdn=4.00 Mdn =4.00
M=324 M =3.04 M=29% M=312
Underwater SD=1.36 SD =1.43 SD =1.42 SD=1.61
Mdn = 3.50 Mdn=3.00 Mdn=3.00 Mdn=23.00
M =2.64 M =2.38 M =254 M =2.62
Rival Teams SD=1.24 SD=1.14 SD =1.39 SD=1.23
Mdn = 3.00 Mdn =2.00 Mdn=2.00 Madn =3.00
M =3.04 M =3.06 M=322 M =3.28
Pacman SD =143 SD=145 SD=143 SD=137
Mdn = 4.00 Mdn=3.00 Mdn=4.00 Mdn=4.00
M =372 M =376 M =3.96 M =3.86
Tetris SD =1.26 SD=138 SD=121 SD =1.18
Mdn = 4.00 Mdn=4.00 Mdn=4.00 Mdn=4.00
M =3.74 M =3.66 M =3.82 M =3.88
Minesweeper SD =121 SD =1.33 SD=134 SD=127
Mdn = 4.00 Mdn =4.00 Mdn=4.00 Mdn =4.00
M=292 M =296 M =328 M=3.14
Collecting Coins SD =1.31 SD =1.38 SD =1.42 SD =1.40
Mdn = 3.00 Mdn=3.00 Mdn=4.00 Mdn=4.00
M =324 M =3.28 M =3.36 M =3.52
Monster SD=1.38 SD=143 SD=134 SD=131
Mdn = 4.00 Mdn =350 Mdn=4.00 Mdn =4.00

Table 3.3: Mean (“M”), standard deviation (“SD”) and median (“Mdn”) for
each concept. Significant differences (p<.05) from the neutral choice are color-
coded (green for positive deviations, red for negative ones).

The gamification concepts were easy to understand (M = 4.21, SD = 0.35, Mdn
= 4.5), backing up the findings from the validation study. We performed one-
sample t-tests against the value 3 (“neither agree or disagree”) for all perception
statements, to see which gamification concepts were perceived significantly better
than the neutral choice. Based on the results (see Table 3.3), four gamification
concepts showed positive effects: “Paintball”, “Tetris”, “Minesweeper” and
“Monster”. Since it is hard to reduce the playing time of the “Minesweeper”
concept substantially (R4) because of the inherent strategic nature of the game, the
Paintball, Tetris and Monster concepts were implemented. These three concepts
differ in their level of interactivity (while “Tetris” requires the most interaction to
deactivate an ad, “Paintball” requires less and the “Monster” the least interaction).
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3.4.3 Implementation of the Gamification Concepts

The selected concepts were implemented within a fictitious news website. In
line with previous advertising research [61,92,99,368], we decided to use a news
website, since they are relying on financial revenue from ads [23,368], provide
the opportunity for goal-oriented tasks [99], and because reading news articles is
considered a typical activity users perform on the web [23,53,71], thus embodying
a realistic setting.

Since there are only a few simple rules to be considered to play each of the three
gamification concepts, we see R1 as fulfilled. Also, since we aimed for gamifi-
cation concepts that are independent of the actual ad, there was no connection
between ad content and the game, fulfilling R2. Regarding R3, we implemented
two buttons placed on the top left corner of an ad, to get information about how
to play the game and how to start the game. Once the button to start the game
is pressed, the interactivity of the actual ad (redirecting the user to the website
of the brand or product being advertised) is deactivated. Considering R4, we
adapted the game goals such that winning is possible within a short duration
(all games can be completed in less than 30 seconds). In the following, each
implementation is described in more detail.

Paintball

Once users start the game by clicking on the respective button, they can shoot
color splashes on the ad by clicking on it (see Figure 3.12b). In the game, the
ammunition is limited and the capacity of the magazine holds five shots, i.e. the
gun needs to be reloaded by pressing the space key. Once enough of the ad space
is covered with splashes, the game is won, a congratulatory message appears and
the ad finally fades out progressively. To account for R4, color splashes adapt to
the ad size. If the game is lost, i.e. there is no ammunition left, the game stops
and the user is shown the ad without the game tools. However, the game can be
started again at any time by pressing the “Start” button.

Tetris

After activating the game, the ad is overlaid with a semi-transparent playing field
(see Figure 3.12c). A random sequence of geometric pieces falls down. With the
“up” key, pieces can be rotated and with the “left” and “right” keys they can be
moved. By pressing the down key, pieces fall down faster. The goal of the game
is to place the pieces such that they create a horizontal line. When such a line is
created, the game is won, a congratulatory message appears and the ad steadily
shrinks until it is gone. To account for R4, we required users to only complete
one row. If blocks touch the upper edge of the playing field, the game stops. It
can be started again by pressing the “Start” button.
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Monster

In contrast to before, there is no dedicated “Start” button, since the monster is
always visible on the left side of the screen. However, to account for R3, the
monster needs to be dragged onto an ad. Similar to the storyboard, we created
a green, supposedly cute monster that likes eating ads. We implemented an
idle animation, in which the monster waits at the left side of the screen, slowly
moving its head and eyes. When the user starts dragging the monster, the
monster starts to smile. Once the monster is dragged over an ad, it sticks out its
tongue to indicate its pleasant anticipation (see Figure 3.12d). When released, an
eating animation starts, showing the monster chewing while the ad progressively
disappears. Afterwards, the ad turns into a virtual item (e.g. a cap), that can be
placed on the monster.

3.44 Laboratory Study

We conducted a lab experiment, which was approved by our ethical review
board!é, to investigate the effects of gamified ads on ad effectiveness and user
enjoyment. We compared every gamified condition against the baseline (deacti-
vating ads without gamification) and expected the following effects:

H1 Playfully deactivating ads is more enjoyable

H2 A lower number of participants prefers using an ad blocker for reading a
news article in the gamified conditions

H3 Brand recall is higher in the gamified conditions

H4 Product recall is higher in the gamified conditions

H5 Brand recognition is higher in the gamified conditions
H6 Product recognition is higher in the gamified conditions
H7 Ad recognition is higher in the gamified conditions

H8 Implicit brand memory is higher in gamified conditions
H9 Gamification enhances the perception of the website
H10 Gamification decreases the perception of news articles

H11 Gamification enhances the perception of ads

' Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK201ii (last accessed: 2021-12-01)
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We assume that the positive aspects of playful deactivation predominate over the
higher effort needed, based on the inherent motivational power of games [303],
affecting user motivation and thus enjoyment positively (H1, H2) [300]. H3 -
H7 are motivated by previous research showing that interaction with ads leads
to positive effects on explicit memory [205,288]. As all of our implemented
gamification concepts require directly interacting with the ad, we expect to
find similar results. Since embedding ads in digital games was found to be
beneficial for implicit (brand) memory [319, 369], we expect that the playful
approach augmenting ads with game elements should also lead to positive effects,
motivating H8. Because online advertising was found to influence the perception
of both the website hosting the ad [71,218,248] as well as of news articles [368]
previously, we were curious whether using gamified ads also leads to effects on
these aspects (H9, H10). While we expect positive effects of the attitude towards
the site, we expect that game elements should have a negative effect on the
perception of news articles. Since interactive ads and slogans indicating playful
features of an advertised product were found to affect the attitude towards the
ad positively [45,71,329], we expect similar effects (H11).

Method

The main task of the experiment was to visit a news website, read three different
articles, answer a comprehension question for each article and deactivate an ad
that was placed in each one. Participants were recruited via flyers on campus,
social media and mailing lists. The study took approximately 35 minutes to
complete, was available in English and German, and was compensated with a
7€ Amazon voucher. Following a between-subjects design, participants were
randomly assigned to one of four conditions (Baseline, Paintball, Tetris, Monster).
In the Baseline condition, they could deactivate ads by clicking on a button (la-
beled with an “X” mark) on the upper right corner of the ad (similar to [39]; see
Figure 3.12a). By requiring participants to close the ad in the baseline condition,
we ensured that they interacted with the ad, which was necessary for the com-
parability of the conditions (i.e. without requiring participants to deactivate an
ad, we could not ensure that the ad was recognized at all). Also, since interactive
ads were shown to have positive effects on ad effectiveness [205,288], using an
interactive baseline is necessary to investigate the effects of gamified ads.

Advertisements We created six different ads, promoting fictitious brands and
products, since advertising effects can be better assessed if participants have
no preexisting attitudes towards the brands [39,77]. Of these six, three were
chosen to be shown in each of the three articles on the news website whereas the
other three ads were added in the recognition tests as “false choices”, such that
each included ad had a similar product as a false counterpart. Based on related
work, we included an ad for mineral water with a soft drink as a counterpart
(based on [288,329]), an ad for a car having a motorcycle as a counterpart (based
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\euitate

The road is yours.

‘Hatori Motors

RIDE THE FREEDOM

Figure 3.17: Banner ads of fictitious brands used in the study. All ads in the
upper row were shown on the news web page; ads in the lower row were
added in the questionnaire as false counterparts that were never shown on
the news web page

on [77,99,211]) and an ad for a mobile phone and one promoting a notebook as
its counterpart (based on [125,227]). All ads (see Figure 3.17) were created as
banner ads (since this type of ad is the most frequently used [176]), in Google
Ad Words’ 336x286 format!” and placed approximately 2/3 of the way down the
page, following recommendations from an ad placement study [38].

Measures and Procedure

The experiment started with the instructor explaining the task to the participant.
Next, participants signed a consent form, took a seat in front of a desktop PC and
started filling out a web questionnaire guiding participants through the whole
study. It should be noted that participants were not informed that they would be
asked to recall brands or products, nor were they told to pay special attention
to the ads. The questionnaire started with questions about demographics, their
game affinity and whether they have an ad blocker installed. Next, participants
saw a description of their task, stating that they will have to read several articles
(articles were taken from a website offering free news content'®), answer a com-
prehension question for each article and deactivate an ad that is placed within
each article. The description of how to deactivate an ad changed depending on
the assigned condition (Baseline, Paintball, Tetris, Monster). These three tasks
were then presented to the user (in randomized order). As an example, one

'7Google: About common sizes for responsive display ads,
https://bit.1ly/2NPNO0O (last accessed: 2021-12-01)

18 BrandpointContent: Free Premium Content,
https://bit.ly/3ps0HmU (last accessed: 2021-12-01)


https://bit.ly/2NPN00O
https://bit.ly/3ps0HmU
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article was about group travel' and the task was “Please state benefits of group
travel”. Once participants found the article, deactivated the ad and answered the
comprehension question, they were asked questions about the perception of the
news article, and of the ad they had just deactivated.

For the news perception, we used Sundar’s news evaluation items [328], consist-
ing of three subscales (Value, Credibility, Entertainment). The perception of ads
was measured using the scale by Yang et al. [368] consisting of two subscales: Pro-
fessionalism and Appropriateness. Both news perception and ad perception items
were measured using 10-point Likert scales; for all remaining questionnaires 7-
point Likert scales were used. To investigate the enjoyment of deactivating ads,
the short German version of the Intrinsic Motivation Inventory [361] (“IMI”)
followed after completing the three tasks, consisting of four subscales: Enjoy-
ment, Competence, Choice and Pressure. The scale was translated to English by
a professional, bilingual translator. Afterwards, the perception of the news site
regarding the overall user experience and the attitude towards the website was
measured using the short version of the User Experience Questionnaire (UEQ-
S) [310] and the ”Attitudes Towards Site” scale developed by Chen and Wells [78]
(having the subscales “Entertainment”, “Informativeness” and “Organization”).
Next, participants were asked whether they would like to use an ad blocker or
deactivate ads as they did before for an additional article, even though they were
told afterwards that there would be no such additional article. This was done to
get another indication of the perception of playfully deactivating ads. The afore-
mentioned questionnaires also served as distraction tasks, clearing the short-term
memory prior to completing the word stem completion and recall/recognition
tests [369], which are explained next.

To measure implicit brand memory, word stem completion tests followed [369].
In these tests, participants had to fill in the missing letters of a word stem to
make it into a meaningful word. We included six word stems, of which three
were stems from brand names from the previously deactivated ads. To measure
unaided product and brand recall, two free-text fields followed, asking the par-
ticipants to name any product or brand they can remember. Textual recognition
tests followed, in which participants had to choose any brand or product they
recognize (again, six brands were shown in randomized order, of which three
were actually advertised, and six products, of which again three were actually
advertised). Lastly, visual ad recognition tests followed, in which participants
were shown six ads (in randomized order), of which three were the same as on
the news site, and were asked to choose any ad they recognized.

Results

Overall, 72 participants were recruited (42 male, 29 female, 1 not specified),
18 participants for each group. This number of participants was informed by

BrandpointContent: Consider a new way to see the world - the benefits of group travel,
https://bit.ly/3gclAvz (last accessed: 2021-12-01)
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Baseline Tetris Paintball Monster

LA LEhy By i 9.00/438/850 1428 /3.75 /1450 13.89 /434 /1250 14.50 /3.49 / 15.00

Range: 3-21
IMI Competence

14.94 / 448,/ 15.00 15.44 /434 /1550 1428 /4.11 /1450 18.06 /4.05 /19.00
Range: 3-21
LN Clipiiz 15.06 / 411 /15.00 15.00 /358 / 1550 13.72 /423 /1450 13.56 / 3.75 / 14.00
Range: 3-21
IMI Pressure (neg.)

17.56 / 419/ 19.00 1617 / 454 /1650 15.67 /521 /16.00 19.17 /3.90 / 21.00
Range: 3-21
UEQ-S 3633 /4.19 /3550 36,50 / 7.00 / 36.50 38.56 /7.33 / 39.50 34.67 / 7.43 / 34.50
Range: 7-49 : : . : : : : : : : : :
Site Entertainment
Range: 4.28 16.83 / 5.07 / 1650 15.89 / 5.86 / 1550 18.56 /5.22 /19.00 16.67 / 5.37 / 17.00
Site Informativeness 1, /4 00 /2050 1817 /510 /1750 21.00 /390 /2050 19.06 / 409 / 19.00
Range: 4-28
Site Organization ) &1 /305 /2000 23.00/350/23.00 23.67 /341 /2400 2439 /326 /2500
Range: 4-28
News Value

725/144 /738  646/135/617  727/138/717 596 /159 /621
Range: 1-10
News Credibility 19 /15 /755  628/156/638 745/121/700 635/115/ 625
Range: 1-10
News Entertainment g, 119 /670 635/181/622 725/190/706 588 /177 /622
Range: 1-10
Ad Professionalism

565/173/550  537/150/522 573/179/578  543/125/533
Range: 1-10
Ad Appropriateness

641/259/650  649/170/667  588/236/633 669 /227 /739
Range: 1-10
Erandikeeal 0.00/000/000  028/046/000  006/024/000 011/032/0.00
Range: 0-3
i el 200/077 /200  233/084/250 150/099/150 156 /098 /2.00
Range: 0-3

Brand Recognition
Range: 0-3

Product Recognition
Range: 0-3

Ad Recognition
Range: 0-3

Prefer Ad Blocker  oa0 / 5000 /100%  67% /49% / 100%  89% / 32% / 100%  33% / 49% / 0%
Range: 0-100

Table 3.4: Possible range of values and mean / standard deviation / median of
all dependent variables for each condition. Green cells indicate positive, red
negative significant effects compared to the baseline.

an a-priori performed power analysis (effect size f=.41 [256] and a power of
80.75% [86]). Participants considered themselves gaming-affine (M = 3.61, SD
= 1.10, Mdn = 4.00), claimed to frequently play video games (M = 3.21, SD =
1.32, Mdn = 4.00) and to have a passion for them (M = 3.31, SD = 1.37, Mdn
= 4.00). 82% (SD = 38.7%, Mdn = 100%) have an ad blocker installed. 56.94%
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were aged 25-31, 36.11% 18-24 and 6.95% were aged 32 and older. The following
sections present results from independent t-tests, comparing each game concept
against the baseline, to investigate our hypotheses. It should be noted that
our goal was not investigating effects between the game concepts (see H1-H11).
We argue that such comparisons would not lead to valid conclusions, as the
game concepts are not comparable due to their different specifics. Therefore, no
pairwise comparisons have been made. All reported p-values were corrected for
multiple comparisons using Benjamini and Hochberg’s False Discovery Rate, as
described in [40]. Table 3.4 visualizes relevant descriptive data for each condition
at a glance. Significant differences from the Baseline condition are colored.

Enjoyment and Acceptance All game conditions scored significantly higher
than the baseline on the “enjoyment” subscale of the IMI. Deactivating ads using
the “Tetris” concept was perceived as significantly more enjoyable than the base-
line (t(34) = -3.88, p = 0.000); this was also true for the “Paintball” (t(34) = -3.37,
p = 0.002) and the “Monster” (t(34) = -4.17, p = 0.000) concepts. This provides
strong evidence for H1: Playfully deactivating ads is more enjoyable. Furthermore,
for reading a news article, we found that participants prefer to use an ad blocker
instead of the gamification concepts for the “Tetris” (67% prefer to use an ad
blocker) and the “Paintball” (89% prefer to use an ad blocker) concepts. How-
ever, the “Monster” concept is an exception: Here, only 33% of the participants
preferred to use an ad blocker; thus 67% prefer to use the “Monster” gamification
concept. When comparing these values against the baseline, the “Monster” gam-
ification concept is the only one showing a significant effect. Therefore, H2: A
lower number of participants prefers using an ad blocker for for reading a news article in
the gamified conditions is supported for the “Monster” concept, while no statement
can be made for the other gamified concepts.

Product and Brand Recall Descriptively, the number of correctly recalled brands
is higher in every gamified condition than in the baseline (see Table 3.4). Partici-
pants in the “Tetris” condition recalled a significantly higher number of brands
correctly (t(34) = -2.56, p = 0.045). For both other conditions, no significant effect
was found. These results support H3: Brand recall is higher in the gamified conditions
for the “Tetris” concept, while no statement can be made for the “Paintball” and
“Monster” concepts. Additionally, there were no significant differences between
the baseline and any of the gamified conditions in the number of correctly re-
called products; thus our data do not support H4: Product recall is higher in the
gamified conditions.

Product, Brand and Ad Recognition We analyzed the number of correctly
recognized textual representations of products and brands and of recognized
ads. Our results show that participants recognized significantly more brands
correctly in all gamified conditions than in the baseline (Tetris: t(34) = -2.21, p
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= 0.036); Paintball: t(34) = -2.18, p = 0.036); Monster: t(34) = -2.18, p = 0.036).
This provides strong evidence for H5: Brand recognition is higher in the gamified
conditions. Regarding product recognition, we found a significant difference
between the “Tetris” condition and the baseline (t(34) =-2.56, p = 0.045). However,
no significant effects were found in the “Paintball” and “Monster” conditions.
Thus, Hé: Product recognition is higher in the gamified conditions is only supported
for the “Tetris” concept. Lastly, regarding ad recognition, we did not find evidence
supporting H7: Ad recognition is higher in the gamified conditions.

Word Stem Tests Although the number of correct brands is higher in all gam-
ified conditions, no significant effects could be found supporting H8: Implicit
brand memory is higher in gamified conditions.

Perception of the News Website, its Articles and the Ads Only the “Monster”
condition significantly influences the attitude toward the site and the perception
of news articles. We found a significant effect on the “organization” subscale
of the Attitude Toward the Site scale (t(34) = -2.64, p = 0.036), showing that
the “Monster” concept increased how organized participants considered the
website to be. However, no effect was found for the UEQ. At the same time,
participants perceived the news articles as significantly less valuable (t(34) = 2.56,
p = 0.045) in the “Monster” condition. Overall these findings support evidence
for H9: Gamification enhances the perception of the website for the “Monster” concept.
Also, H10: Gamification decreases the perception of news articles is supported for the
“Monster” concept. No evidence was found for the other gamified conditions.
Also, no evidence for H11: Gamification enhances the perception of ads was found.

3.4.5 Discussion and Limitations

Our results demonstrate that deactivating ads playfully is enjoyable for users, as
was shown by the increased IMI enjoyment score for all gamification conditions
(H1). The fact that the “Monster” concept was even preferred over using an
ad blocker for reading a news article further supports this finding (H2). The
reason why only the “Monster” game concept was preferred over using an
ad blocker might be because it is the only concept allowing to unlock virtual
rewards, stimulating users’ feeling of accomplishment [126]. Moreover, we found
that each gamified condition led to at least one increased measure of explicit
memory, thus indicating that deactivating ads playfully has the potential to
increase the effectiveness of ads (H3-H6). Considering that the “Tetris” concept,
requiring the most user interaction, showed the highest number of significant
effects on explicit memory measures, an explanation could be that the level of
interaction is a deciding cause. This would be in line with previous research [205,
288]. Also, the animations used in the “Monster” concept and the fact that
ads were covered with color splashes in the “Paintball” concept could explain
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why these concepts showed less of an effect on explicit memory [329]. The
reason for not finding any effects regarding visual ad recognition (H7) might
be related to the picture superiority effect [265], stating that images are more
likely to be remembered than words, which might lead to the high ad recognition
in all groups. Regarding implicit memory, no effects were found (H8). This
might be due to the comparatively conservative baseline condition, in which we
required users to interact with the ad, which in itself affects implicit memory
measures positively [319]. Given the descriptive data regarding the word stem
tests, testing more participants might lead to finding an effect. We also found that
the “Monster” condition led to a more positive perception of the website (H9).
This might be explainable by the fact that the positive perception of playfully
deactivating ads, was transferred to the website, similarly as was shown for
certain types of ads [71,248]. However, the value of news articles was seen
as significantly lower in the “Monster” condition (H10). This hints that the
playfulness of the “Monster” concept was perceived as inappropriate when
reading news articles. Lastly, we could not find evidence that augmenting ads
with game elements has a positive effect on the attitude towards the ad (H11).
However, it should be noted that the perception of ads was measured using
Professionalism and Appropriateness; thus effects might be found for other
criteria, like product involvement or purchase intentions, as was shown in [45].
As a limitation, it should be noted that our results could be different outside lab
conditions. In the wild, the current context of the user should be considered,
because playfully deactivating ads might be disturbing.

3.4.6 Contribution to Research Questions

We found that gamification can enhance the user experience of online adver-
tisements. More specifically, we found that all gamified concepts that were
implemented significantly increased intrinsic motivation to interact with adver-
tisements. We also found that the positive user experience seemed to positively
affect the perception of the website hosting the advertisement, as the site organiza-
tion rating increased for one gamification concept. However, using gamification
elements on a news website should also be carefully implemented, since the
value of news articles was partially found to be detrimentally affected by gamifi-
cation. Besides motivation, we found that gamification has an effect on cognitive
outcomes. Measures such as brand recall and recognition as well as product
recall and recognition were significantly increased when gamification was used.
Also, regarding users’ intention to change their behavior, we found that one
gamification concept (“Monster”) was preferred over using an ad blocker. Al-
though this is not a behavioral outcome per se, it suggests that the intention to
use gamified approaches to interact with advertisements increased, which, in
turn, might affect actual behavior. Overall, these findings contribute to RQ1 since
they show that gamification is capable of increasing enjoyment and thus intrinsic
motivation in this specific behavior change context. The increased enjoyment
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also seems to positively affect other attributes of the website, which indicates that
gamification affects not only a certain activity or behavior but also the attitude
towards other entities in the context. Moreover, the increased enjoyment seems to
favor increased cognitive engagement with advertisements and positively affect
the intention to interact with gamified advertisements.

On a more abstract level, the findings could again be seen as supporting evidence
for the theory that gamification elements which support the basic psychological
needs that are inherently thwarted by the context are particularly successful in
increasing motivation. In this context, the need for autonomy is thwarted, since
users have no choice over consuming advertisements on websites. By allowing
them to deactivate advertisements, this need for autonomy can be supported.
Regarding the game concepts, both the Tetris and Paintball concepts mainly use
gamification elements aiming at increasing perceived competence. In Tetris, users
have to strategically rotate blocks falling from the top of the advertisement to
the bottom. Thus, they have to apply puzzle-solving skills within a time limit
to master this task. This kind of task is primarily focused on the competence of
users. Similarly, in the Paintball concept, users have to shoot at the advertisement
to cover it completely with color splashes. Since they only have a limited number
of available shots, users have to come up with a certain strategy to solve this task.
Thus, solving this kind of task is also primarily focused on the competence of
users. In contrast, in the Monster concept, users are responsible for the well-being
of a virtual monster. They can decide when to feed it with advertisements to
improve its mood. Also, they can customize the virtual character as they see
fit. They can unlock certain decorative virtual items, such as a hat they can put
on the monster. The gamification elements used in this concept are focused on
meeting autonomy needs and less focused on competence needs. Interestingly,
this concept was the only one that participants preferred over using ad blockers,
and it had the highest enjoyment ratings.

3.5 Summary

In this chapter, we sought to answer the question of how gamification affects
motivation in behavior change contexts and which effects it may have on other
psychological as well as behavioral outcomes (RQ1). Also, we wanted to gain
a better understanding of how contextual factors may increase or diminish the
importance of basic psychological needs. We investigated these questions in
three different behavior change contexts — encouraging people to increase their
physical activity, to adhere to hand washing practices and to strengthen their
intention to consume advertisements.

We found that a significantly increased relatedness cleared the way for gamification
to affect walking behavior in a context in which users already have a rather high
fitness level and thus potentially a comparably high perceived competence (see
Section 3.2). We learned that showing the gamified system publicly facilitated
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social interaction and enabled users to get in touch with others, even those who
were not using the system (such as professional trainers in the gym). We found
that such a gamified system increased step counts as well as self-reported physical
activity levels significantly. However, we also learned that the inability to keep
up with others, e.g. because of one’s job or other occupations, detrimentally
affects the perception of the system and may even lead to amotivation. Also, we
saw that the gamification elements that were used did not affect all participants
positively. These aspects show that the individual characteristics and preferences
of a single user need to be considered to tailor gamified systems to that user
and to increase the motivation of all users. These personalization aspects will be
covered by RQ2 and RQ3.

Moreover, when evaluating Germ Destroyer (see Section 3.3), we found that
gamification elements focused on increasing the perceived competence of users
(such as points, progression, or goals [370]) by providing informational, gameful
feedback seem to affect intrinsic motivation positively in a context in which users
have less knowledge about how to perform the target behavior correctly (and
therefore potentially lack a feeling of competence). In addition, we learned that
gamification evoked positively valenced emotional responses when washing
one’s hands, which may have been another reason why intrinsic motivation
increased significantly, besides satisfying competence needs. In a field study
we were able to show that the increased positive affect and intrinsic motivation
ultimately led to users almost doubling the time they spent washing their hands.
This supports the power of Germ Destroyer to change hand washing behavior and
thus enhance public health. Also, the increased hand washing duration seemed
to be the cause for a significantly decreased level of microbial contamination on
the door handle of the bathroom, further adding to the positive effect on public
health.

Lastly, we also considered the domain of online advertisements, which inherently
thwarts the basic need for autonomy. In this context, we again were able to show
that gamification increases intrinsic motivation. This increased motivation, and
the increased interaction with online advertisements resulting from it, seemed to
be the cause for the significantly enhanced cognitive outcomes such as increased
brand or product recognition and recall. Notably, one gamification concept was
preferred over the other proposed concepts and even over using a conventional
ad blocker. In this concept, gamification elements were used which aimed at
supporting the basic psychological need for autonomy by offering users the
choice to decorate their virtual character with unlockable items and deciding for
themselves when to care for it. Thus, meeting the need for autonomy might be
particularly relevant in this autonomy-thwarting context.

To sum up, our findings demonstrate that gamification increased intrinsic moti-
vation and led to changes in actual behavior, or the intention to change behavior,
in all three contexts. These domain-specific insights contribute evidence for the
power of gamification as a method to shape behavior and increase motivation
in a gameful fashion. Moreover, we contributed insights on how gamification
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increases motivation and which SDT-related outcomes are affected by it. We
showed that positively valenced emotional responses can be evoked by gamifica-
tion and could be an explanation for why intrinsic motivation is increased. Also,
we demonstrated the importance of basic psychological need satisfaction as a
reason for an increased intrinsic motivation. We were able to show that meeting
the need for relatedness can open the door for affecting behavioral outcomes of a
gamified system positively. It also seemed as if gamification elements focused on
increasing the perceived competence could be the cause for the increased intrinsic
motivation in Germ Destroyer. The fact that, in a context in which their auton-
omy was inherently thwarted, participants preferred the game concept which
utilized autonomy-focused gamification elements, adds to the relevance of basic
psychological needs for the success of gamification. When recapitulating our
findings across the contexts and considering the specific needs that these contexts
supported and thwarted, it seems that gamification worked particularly well
when the gamified system supported the needs that were otherwise inherently
thwarted in the context. Therefore, to implement successful gamified systems,
contextual factors should be considered to understand which basic psychologi-
cal needs are diminished. Based on this, gamification elements can be selected
supporting these diminished needs.
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Chapter 4
Individual Factors Affecting the
Perception of Gamification Elements

We have seen that gamification can affect motivation in different behavior change
contexts, and that contextual factors could play a role in basic need satisfaction
and the extent to which gamification elements support motivation. However, we
have also seen that gamification elements which are perceived particularly well
by some users may undermine the motivation of others in the same context. Thus,
there must be factors beyond the context which affect the perception of gami-
fication elements: factors that are tied to the person. Therefore, in this chapter,
we will focus on the person, i.e. on individual factors which may differ between
people. We will present a study investigating to what extent age plays a role in the
perception of gamification elements in Section 4.2. Moreover, we will investigate
behavior change intentions (operationalized by the stage of change construct of
the transtheoretical model) as a potential mediator of how gamification elements
are perceived in Section 4.3 and Section 4.5. Lastly, we will investigate the role
of Hexad user types in explaining inter-personal differences in the perception of
gamification elements in Section 4.4 and Section 4.5. Investigating these three
individual factors mainly contributes to RQ2, i.e. the question of how personal
factors affect the perception of gamification elements. In addition, we will gain
knowledge on the effect of the context, since we will investigate the perception of
gamification elements across two health contexts, physical activity and healthy
eating, by using exactly the same approach for representing gamification ele-
ments. This allows us to better understand whether the preferences of users
differ across these contexts, and provides insights into RQ1. Section 4.2 is based
on [12], Section 4.3 on [16], Section 4.4 on [19] and Section 4.5 on [13].
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4.1 Motivation

Both the findings in Chapter 3 and previous research have demonstrated that
the perception of gamification elements differs substantially across users (for
an overview see Klock et al. [182]). Therefore, gamification research focuses
more and more on understanding why such inter-personal differences exist and
how they can be explained [182,239]. In this chapter, we contribute to this
question and investigate the impact of several factors — age, behavior change
intentions and Hexad user types — on the perception of gamification elements.
These factors were selected since they are either tightly coupled to mini-theories
of SDT or because they were empirically shown to have an effect on well-being
and motivational orientations as defined by SDT.

Age was selected since previous research has demonstrated that the perceived im-
portance of measures related to basic psychological needs differs in old age [283,
301,302]. It was shown that the need to achieve new goals is less salient among
older adults than among younger people [283], suggesting that satisfying compe-
tence needs might be less important in older age. In contrast, the importance of
the basic psychological need for social relatedness increases in old age and plays
a more important role [301,302]. We expected that this shift in the importance
of basic needs has an impact on the perception of gamification elements and on
preferences in gamified systems.

Behavior change intentions, operationalized by the stages of change construct
(see Section 2.2.1), play a major role in the internalization process as proposed
by Organismic Integration Theory (see Section 2.1.2). As we have explained in
Section 2.2.1, behavioral regulation becomes more self-determined in later stages
of change. Since the type of motivation has an effect on which functional signifi-
cance is given to a certain stimulus (or gamification element), we expect behavior
change intentions to play an important role in how gamification elements are
perceived. However, as far as we know, the extent to which the perception of
gamification elements is affected by behavior change intentions has not been
systematically investigated. We contribute toward closing this gap by investigat-
ing the impact of behavior change intentions on the perception of gamification
elements in a fitness context. On a more general level, we also shed light on how
behavior change intentions affect the perception of achievement goals.

Lastly, Hexad user types (see Section 2.2.3) were selected because they can be
seen as personifications of basic psychological needs defined by SDT. The Hexad
model is directly built upon organismic integration theory and basic psycho-
logical needs theory and can be seen as a proxy conceptualizing inter-personal
motivational orientations and differences in the domain of gamification. Previous
research has demonstrated its validity and reliability [337], and its capability for
explaining user preferences in gamification [189,261,342].
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4.2 Game and Gamification Preferences of Older Adults
Aged 75+

In this first section of the chapter, we focus on age as a potential mediating
variable in explaining preferences for gamification elements and individual dif-
ferences in this regard. We start by investigating the preferences and attitudes
towards playing games among older adults. In contrast to previous work, we
consider people who are older than 75 in our study. The minimum age at which
participants were considered as older adults in previous research ranges from
45 [100,313] to 50 [172] or 65 years [55,243,293]. Thus, our population can be
seen as underrepresented in previous research, although the benefits of gami-
fied systems could be particularly relevant for this target group: Playing digital
games has been shown to be associated with successful aging [222] and using
gamification for behavior change could help older adults to remain physically,
cognitively and socially active [133], which has positive effects on health and
well-being [195]. The relevance of considering this target group is further sup-
ported by the demographic transition, which will lead to a substantial increase
in the population of seniors in the near future [131]. Thus, a rapidly growing
number of people can benefit from research in this domain.

After investigating general perceptions and attitudes towards gaming, we shift
our focus to digital games and gamification. Understanding the preferences of
older adults in gamified systems is important since they are mostly not used
to game mechanics applied in digital games and might have different mental
models [134]. Moreover, life goals and priorities differ between younger and older
people [152] which might have an impact on what motivates or affects seniors and
what they consider to be fun while playing. This is further supported by the fact
that the importance of basic psychological needs changes in old age [283,301,302],
with social relatedness becoming more important (as explained previously) [283].
We expect all these differences between younger and older adults to have an
impact on how certain gamification elements are perceived. Understanding these
differences enables us to tailor the gamification elements in gamified systems to
older adults.

421 User Study

In this exploratory study, we did not have any a-priori hypotheses but instead
investigated the following sub-research questions by combining qualitative and
quantitative methods:

SRQ1: Reasons for playing games: What are underlying factors that motivate
seniors to play games?

SRQ2: Social play: What social gamification elements are suitable for seniors?
What do they fear or appreciate in competitive/cooperative settings?
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SRQ3: Perception of gamification elements: How are frequently used gamification
elements perceived by seniors?

SRQ4: Differences to younger people Do preferences for gamification elements
differ between older and younger people?

We started by gathering information about the reasons for why older adults
play games to implicitly infer conclusions about relevant gamification elements
(SRQ1). Since previous research in the field of psychology suggests that social
relatedness becomes more important in old age [283], we were particularly in-
terested in this aspect and to what extent it has an influence on the preferences
of older adults when playing games (SRQ2). After gathering insights on the
overall perception of and preferences when playing games, we shift our focus
to gamification elements specifically (SRQ3) and age-related changes in these
preferences (SRQ4).

We recruited participants from three nursing homes and participants who are
living on their own. To ensure that they do not suffer from severe mental dis-
eases and are able to communicate without problems, we consulted the nursing
management (having access to disease-specific diagnosis of all residents), who
recommended participants. All participants agreed on taking part in this study
voluntarily. The study started with a short questionnaire covering demographic
data and gaming frequency (both for analog as well as digital games) with state-
ments to be answered on 5-point Likert scales. A semi-structured interview
followed to learn more about their gaming experience, their motivation for play-
ing games and potential age-related changes in these aspects. The semi-structured
interviews were directly transcribed and were conducted in face-to-face conver-
sations alone with the participants in separate rooms (in the nursing homes)
or in participants” apartments (for those living on their own). We followed a
directed content analysis approach [156], i.e. we went through the transcripts to
find themes related to each of the SRQs (e.g. themes for SRQ1 included “socializ-
ing”, “watch others play”, and ”cognitive benefits”). We then counted for each
theme how many participants mentioned it and exemplary reported statements
of participants related to the theme [96].

After the interview, we adapted the procedure of Orji et al. [262]: participants
were shown seven storyboards, each explaining one gamification element in the
scenario “Motivate yourself to go for a walk”. We decided to use a concrete scenario
since context is crucial for a proper imagination of game concepts among older
adults [293]. The scenario was chosen based on a literature review of persuasive
systems [146] showing that a huge majority are conceptualized in the exercise
domain. For the scenario to be relevant, we ensured that all participants were
able to walk on their own. We also limited the amount of storyboards so as not to
overwhelm them (cf. [321]) and chose the gamification elements points, badges,
virtual characters, unlockables, competition, collaboration and progress bars, as
they are frequently used [315]. For every storyboard, we asked questions like
“What is awarded to the person on the storyboard?”, “What does the person on the story-
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| walked only
1500 steps

| walked =
3500 steps i

Great, | am in firs
place and better than
the others

| walked 4500
steps today!

Figure 4.1: The storyboard illustrating the concept of the gamification element
competition

board need to do to get the reward?” to make sure that the participants understood
the underlying gamification elements. We then assessed for each gamification
element whether it is considered to be motivational using 5-point Likert scales.
To improve older participants’ abilities to respond adequately [321] and to get
insights about reasons why participants like or dislike different elements, we
discussed their decisions in a semi-structured way. Exemplary, the storyboard
for “competition” is shown in Figure 4.1.

Lastly, we determined the Hexad user type of participants to get further insights
about motivating factors for this age group and to learn more about suitable
gamification elements. To do so, we used the German Hexad questionnaire of
Korbas [187]. We additionally classified a much younger sample using the same
questionnaire. This was done to investigate whether there are age-related changes
in game preferences. The survey consists of 24 statements that are divided into
four blocks consisting of six elements, each representing one user type. We gave
the printed statements in four blocks one after another to the participants to not
overwhelm them (following the recommendations from Smeddinck et al. [321]).

The study took approximately one hour per participant and was approved by
the Ethical Review Board of the Faculty of Mathematics and Computer Science at
Saarland Universityzo. During the study, drinks and snacks were provided to the
participants and breaks could be taken at any time.

Results and Interpretation

18 German participants took part in the study (10 female, 8 male — 13 living in
nursing homes and 5 living on their own) aged 84.61 years on average (Mdn=86,
Min=75, Max=93). They reported not to be familiar with technology (M=1.5,
SD=1.01, Mdn=1) but agreed to being interested in accumulating more experience
with technology (M=3.83, SD=1.12, Mdn=4). In addition, participants reported

»Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK201ii (last accessed: 2021-12-01)
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playing parlor games multiple times a week (M=3.72, SD=0.80, Mdn=4) but never
play video games (M=1.39, SD=0.83, Mdn=1).

SRQ1: Reasons for Playing Games Participants reported to enjoy playing card
games like Rummy or Skip-Bo, followed by the lottery game Bingo and board
games like Ludo, Merels or Checkers. They emphasized to value the time spent
playing: “After playing games I have the feeling of accomplishment, that time was not
wasted”?! (P3). Even those that do not play regularly stated that this is mostly
because they do not have people to play with: “When my children were younger we
used to have a whole cupboard full of games and played really a lot. Today I don’t have
people to play with. [...] I would definitely like to play more games again” (P16).

The main reason to play (mentioned by all), is socializing with others (“In first
place we meet to communicate. Playing games supports this by inducing a good
mood” (P14)). They also reported seeing games as a starter for conversations
(“The Bingo evenings here helped me to get in touch with other seniors living here” (P2)).
We furthermore found evidence that elderly people have fun watching others
play and use the occasion to get in touch with them (reported by 5): “Sometimes I
just sit there and watch others playing. It is fun to see their reactions and it offers me
the opportunity to talk to them” (P9). Despite socializing, 12 participants stated to
value the perceived cognitive benefits that arise from playing games (“A nice side
effect of playing games is that I keep mentally fit” (P10)).

SRQ2: Social Play Most participants (16) reported not to be driven by winning
the game in first place but instead enjoy spending time with others: “It is not
about winning at all, it's about spending time together” (P3). While for 6 participants
winning does not matter at all, 10 participants stated that they also like to win,
but that is not most important: “The main reason [to play] for me is to avoid being alone
and enjoy time with others. However, winning a game is also nice sometimes” (P10). We
also found that nearly all participants (17) prefer collaborating: “We sometimes do
teamwork when playing Skip-Bo. [...] Winning as a team makes me much happier than
winning on my own” (P6). Since Skip-Bo is a competitive game, this statement
underlines the strive for collaboration even more. In addition, the aspect of taking
care of others was mentioned by almost all (17). They indicated to have a better
experience when all players are satisfied: “It is not too much about winning, it is
more about ensuring everybody has a good time” (P9).

15 participants reported that they were more inclined to competition at younger
ages: “When I was young I was a swimmer and very ambitious [...]. Today I don’t
want to compete against others, those times are over” (P5). In addition, there is less
pressure to win a game and a more relaxed atmosphere during play: “I think what
has changed is that we don’t take things too seriously when playing” (P4). A majority
(14) of participants stated that they value social contacts and communication with

2! All statements were translated from German to English
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others much more than in their younger years: “Once you are old and live alone you
realize that having people around you is the most valuable thing you can have” (P18).

SRQ3: Perception of Gamification Elements Considering the storyboards rep-
resenting different gamification elements, participants rated both collaboration,
i.e. working as a team to reach a goal together, and caring for a virtual character
(we showed them a virtual dog), i.e. reaching a goal to make a virtual character
happy, to be most motivational (see Table 4.1). When discussing what participants
like about collaboration, reasons were related to statements mentioned in the
interview. In addition, most of the participants (10) reported that collaboration
includes all players when winning a game, regardless of their abilities, which is
especially important at older ages: “When collaborating, those that are not as fit as
others also participate in winning the game, which is important as age brings disabilities
that you cannot control. Being confronted with others reaching scores you will never be
able to reach because of your disabilities is very demotivating” (P5). 12 participants
reported that the virtual character provides a meaningful incentive for them,
since they felt responsible for it: “I would definitely do my best to make it [the dog]
feel good” (P1). P15 has some reservations and remarks that the character should
not try to imitate a real pet too much, but should “look like in a cartoon for example”
to be more authentic.

Customizing the virtual character, i.e. collecting/unlocking gifts for it, was con-
sidered to be slightly motivational. 8 participants liked this idea as they perceived
it as a way to care for it, but on the other side four of them reported that the
motivational impact strongly depends on the gift itself (“Of course I would like
to collect gifts or things for it, but I really need to have the feeling that the gift makes
it happy and that the gift is suitable for it” (P16)) and that they like to be able to
decide what kind of gift is given to their virtual character (“I want to be able to
decide what gift is given to my pet [...] just like in real life I don’t want to give generic
presents, they need to be personal” (P6)). Seeing the current progress towards a
goal was considered neutral regarding its motivational effect. Asked for reasons,
participants most of the time appreciated seeing their current progress towards a
goal, but also reported that they are afraid not to be able to reach the goal, which
would make them feel discouraged or sad.

Interestingly, points, badges and leaderboards were negatively perceived (see
Table 4.1). Participants (14) stated that they do not see the benefit of earning
points or emphasized that they miss the feeling of reaching something that is
meaningful: “I don’t have the feeling of having reached something that has value. I
don’t see the benefit of collecting points” (P7). Concerning badges, they had similar
concerns, with 8 participants that additionally disliked the visibility badges
provide: “I don’t want to show these badges to anyone, I don't like putting myself in the
foreground” (P3), “Having those badges would put me under pressure. I would have the
feeling that others expect me to perform even better” (P12).

The competitive aspect of leaderboards was criticized by all of our participants,
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Gamification element M SD Mdn
Collaboration 422 0.71

i/{rgu;fé};a;a;’ge;s 77777777 41 1777 717071 77777
Unlockables/ Customization 339 0.89 35
Progress Bars 339 068 3
Badges 167 082 15
Points 156 083 1
Competiton 144 060 1

Table 4.1: Mean (“M”), standard deviation (“SD”) and median (“Mdn”) of the
perceived motivational effect of gamification elements, rated using 5-point
Likert scales.

stating that they prefer playing for fun and leisure and do not want to make other
players feel sad. Digging deeper into that, we also found that a reason to avoid
competition comes from a fear of failure: “I am afraid that people will think I am
not fit anymore” (P16). P15 adds that reasons or explanations for failures changed
compared to when he was younger: “When I lost a competition at a younger age, there
were various reasons [...] you just had a bad day or something. When I fail today, people
often attribute this to my age which is quite frustrating.” Participants additionally
often stated being tired of competition: “I don’t want to compete against others, I
had enough competition in my life” (P1).

SRQ4: Hexad User Types Considering the user types of seniors, the large
majority of them (83.3%) were classified as Philanthropists, equally followed
by Socializer (5.6%), Player (5.6%), Achiever (5.6%) and no participants being
classified as Free-Spirits (see Figure 4.2a). To investigate age-related changes
in game preferences, we compared this distribution to a much younger sample
consisting of 31 participants that were recruited from our university (20 male,
11 female) having a mean age of 25.61 years (SD=4.64, Mdn=24). The user type
distribution of the younger sample was much more diverse than in the older
sample (supporting findings from Korbas [187] and from an online survey using
a different user type instrument?? both also considering a younger sample, see
Figure 4.2¢c). 29.41% of the younger sample were classified as Philanthropists,
followed by Free-Spirits (20.59%), Players (17.65%), Achievers (17.65%) and
Socializers (14.71%) (see Figure 4.2b).

2 Gamified UK: Gamified UK User Type HEXAD Results,
https://bit.ly/3x8palAw (last accessed: 2021-12-01)
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M Free Spirit Achiever Player M Free Spirit Achiever Player M Free Spirit Achiever Player
Socializer W Philanthropist Socializer W Philanthropist Socializer W Philanthropist

Figure 4.2: Distribution of primary user type classifications in different popu-
lations. a) User type distribution among elderly people (N=18). b) User type
distribution in the younger age group (N=31). ¢) User type distribution re-
ported by Korbas [187] (N=121)

4.2.2 Discussion and Limitations

We found that besides leisure and fun, socializing is a core motivator for partici-
pants to play games. This may come from the demand to socialize that was found
to be higher among seniors [91]. We also found that collaboration and care-taking
are motivating factors to reach certain goals, which may be explainable through
research done by Cornwell et al. [91] showing that age is positively related with
socializing and volunteering. We learned that socializing is a core motivator for
seniors to play. More specifically, we found that seniors play to communicate
and maintain social contacts and not to win the game in first place. In addition,
they considered taking care of and collaborating with other players to be very
important, as they do not want to make other players feel sad. These findings
indicate that the increased importance of the basic need for relatedness in old
age [283], might be transferable to the games- and gamification context. We
therefore suggest using collaborative gamification elements over competitive
ones and integrating communication capabilities to support the need for social
exchange.

We moreover found indications that the importance of games as a catalyzer for
social relationships increases in older ages and that winning the game is not as
important as it is in younger ages. These changes are very related to the changes
of the importance of basic psychological needs [283,301,302]. The increased
importance of positive relationships relates well to the importance of games to
build social relationships, to the aspect of care-taking and to the strive to ensure
all players feel well. The changes are also reflected in the distribution of user
types in our sample as a vast majority is classified as Philanthropists, a socially-
minded, altruistic user type that loves to share knowledge and take care of others.
The altruism and care-taking aspect underline the requirement to build positive
relations with others even more.

Points, badges and leaderboards, which are widely used in gamified interven-
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tions [315], are negatively perceived by the participants. Concerning points, the
main reason for the low perceived motivational influence on older adults was
found to be the lack of value, which is explainable by findings from Wandke et
al. [356] and Melenhorst et al [226], showing that older adults are more inclined
to value meaningfulness. Besides that, badges were often reported to harm moti-
vation as they provide a certain level of visibility, i.e. participants complained
that badges put them in focus. A potential explanation for this might be lower
self-esteem among elderly people: Robins et al. [291] investigated self-esteem
during the life span and found that self-esteem decreases in old age. Keeping in
mind that older adults like collaborating and care-taking, the low motivational ef-
fect of leaderboards is not very surprising. Reasons include the fear of failing, the
fear of making other players feel sad and of compromising harmony or starting
arguments.

Given that the younger sample we considered showed a much more heteroge-
neous user type distribution, it would be interesting to investigate reasons for
this as we cannot reliably say whether people turn into Philanthropists with
increasing age, whether the difference is attributable to the generation in which
participants were born or whether the instrument we used to determine the user
type is not suitable for older populations. Given our current results, we think that
the perception of certain game aspects changes during life-span, as a majority of
participants explicitly stated that they were more ambitious in games and that
the aspect of social relationships in games was reasonably lower when they were
younger.

Findings related to the gamification elements have two limitations: First, they
were not based on interventions in which these gamification elements were ap-
plied but on subjective assessments of the participants. Second, we used only
one specific context and did not investigate the gamification elements in other
contexts as well. Addressing the first limitation, we decided to use storyboards
over a software prototype due to similar reasons as mentioned in [262]: To avoid
inducing confounding variables (visual attractiveness of the prototype, usability
issues, issues related to the lack of experience with technology, concrete imple-
mentation details) as well as to provide a common visual language that is easier
to understand and does not involve game- or technology-specific knowledge.
Concerning the second limitation, we decided to use only one scenario so as
not to overwhelm participants (which was shown to be especially important for
seniors [321]). Participants’ little to no experience with digital games is another
limitation which may have an impact on the transferability of our findings to
digital games. However, low experience with digital games is very common in
this age group [135]. Moreover, the design of the storyboards themselves may
have also had an effect on the perception of the gamification elements.
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4.2.3 Contribution to Research Questions

Our findings show that age is an important factor to consider when conceptu-
alizing and implementing gamified systems. We have seen that the changes in
life goals and the shift in the importance of certain psychological needs for well-
being and motivation in old age seems to affect the reasons why older adults are
playing games and the perception of gamification elements. Instead of focusing
on competitive aspects and performance when playing games, older adults in
our sample valued the social aspects of playing games with others. They also
leaned towards altruistic and supportive playing styles. This was also seen in
the perception of commonly used gamification elements. The most frequently
used gamification elements — points, badges, and leaderboards — were perceived
especially unfavorably. Our findings can provide a good explanation for this,
because all these gamification elements provide feedback on users’” performance,
are rather competitive, and may involve social pressure. Lastly, the fact that the
Hexad user type distribution is completely different, compared to a younger
sample, underlines the fact that there seems to be a shift in what motivates people
when playing games and interacting with gamified systems with increasing age.
A huge majority of older adults scored highest on the Philanthropist factors of the
Hexad model, a social-oriented user type which is driven by meaning, purpose
and altruism.

Overall, these findings contribute knowledge relevant to RQ2: They provide
evidence for the importance of age as a personal factor affecting the perception
of gamification elements and elucidate potential reasons for why the perception
of gamification elements changes with increasing age.

4.3 The Impact of Behavior Change Intentions on the Per-
ception of Achievement Goals in Fitness Systems

In this section, we shift our focus to behavior change intentions, i.e. the stage
of users in the stages of change construct of the Transtheoretical Model (see
Section 2.2.1). The intention to change behavior, operationalized by assessing the
stage of change, can be seen as a proxy to assess the extent to which a behavior has
been internalized and brought in congruence with one’s own values and needs,
as proposed by the Organismic Integration Theory of SDT (see Section 2.1.2). The
shift from external and rather controlled types of motivation to more internal and
autonomously regulated forms of motivation plays an important role in whether
feedback and stimuli are perceived as informational, controlling or amotivating
(see Section 2.1.2). Thus, we expect that changes in one’s behavioral intention to
perform a target behavior should have an impact on how certain gamification
elements are perceived.

In this section, we contribute to this open question by investigating to what
extent the perception of different types of achievement goals (see Section 2.2.2)
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is related to the behavioral intention of participants. We decided to investigate
achievement goals, since gamification, being derived from games, is inherently a
goal-oriented activity [105]. There are various ways for goals to be realized in
gamified systems. For instance, they can be represented explicitly, e.g. as goals or
quests, or they can be used implicitly, e.g. when unlocking achievements, earning
badges, unlocking virtual items, collaborating to reach a team goal or competing
on a leaderboard [340]. Ultimately, goals are at the heart of most gamification
elements [340]. This means that understanding the perception of different types
of goals and their potential impact on user behavior can likewise advance our
knowledge about gamification elements.

We created visualizations for each of the three goal types of the 3x2 Achievement-
Goal model. In a mixed-methods study, we investigated their general perception
and perceived persuasiveness as well as potential correlations to behavioral
intentions, using both quantitative and qualitative evaluation approaches. Again,
we decided to use physical activity as the application domain, mainly due to the
fact that research in this domain has the potential to improve public health and
help to decrease the high prevalence of cardiovascular diseases. Also, it is one of
the most commonly studied domains in persuasive technology research [145],
increasing the impact of our research in academia and facilitating the replication
of previous findings.

4.3.1 Goal Design Process

We use the Achievement-Goal Model (see Section 2.2.2) as a basis for the three
types of goals. We started by a conducting a qualitative pre-study to elicit
requirements for the realization of the goal types. After designing the three
goal visualizations, we conducted another pre-study to investigate whether the
visualizations are comprehensible.

Design Requirements Analysis

We conducted an online study on Prolific?>. The study took approximately 8
minutes and participants were paid GBP 1. We asked participants “Imagine you
want to increase your daily step count. How would a step goal visualization have to
look like in a fitness application to motivate you reaching this goal?”. They could
enter their response in a free-text field. 18 participants took part (11 female,
7 male; age: 18-24:4, 25-31:4, 32-38:5, 39-45:2, 46-52:2, 53-59:1), of which 50%
reported to do sports on a regular basis. The written answers were analyzed by
conducting an inductive content analysis [156] resulting in a set of overarching
themes. Based on this, we derived the following requirements for the realization
of the visualizations:

2 Prolific: Quickly find research participants you can trust,
https://www.prolific.co/ (last accessed: 2021-12-01)
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10,000 Steps 10,000 Steps 10,000 Steps

Figure 4.3: Goal visualizations for task-approach ("TAG”) (a), self-approach
("SAG”) (b) and other-approach goals ("OAG”) (c).

RE1: Progress: 11 participants explicitly stated that real-time feedback is impor-
tant to them.

RE2: Visualize progress through a circular chart: 55% of those participants that
stated that real-time progress is important to them asked for visualizing step
counts through graphs. Of those, 67% explicitly asked for charts using circular
charts.

RE3: Show a concrete step count: 4 participants stated that showing a concrete
step count is important to them.

RE4: Use bright colors: The graphs should be visualized using bright colors
(mentioned by 2 participants).

Realization

The three types of goals to be designed are defined by the Achievement-Goal
Model. In addition, the requirements RE1 to RE4 were considered. We decided
to use circular charts to provide real-time feedback about the current step count
of users (cf. RE1, RE2). To account for RE3, we decided to show a concrete step
count in the visualizations. Since blue is in general a positively perceived color
irrespective of demographic factors [29], we decided to use blue for visualizing
progress in our designs (cf. RE4). To visualize the progress of other users in
the other-approach goal, we decided to use the complementary of blue, orange.
To realize the concept of the task-approach goal, a concrete objective is shown
to the user, indicated by a respective icon and a label. To avoid confusion, the
self-approach and the other-approach goal make use of a second circular chart in
the inner circle of the graph to visualize one’s own progress and the progress of
other users respectively. To ensure the comparability of the visualizations, each
one uses 5.500 steps as a goal. The final designs are shown in Figure 4.3.
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Comprehensibility Analysis

Next, we wanted to ensure that participants understand each type of goal. We
setup an online survey on Prolific showing participants each goal visualization
one by one and asking them to describe them textually. Again, the study took
approximately 8 minutes and participants were paid GBP 1. The textual descrip-
tions were analyzed by two independent raters (“RA1”, “RA2”). Their task was
to rate how well each goal visualization was understood on a 3-point scale (1-very
poor to 3-very well). Raters were told to assign the value “0” when there is not
enough information to judge whether a participant understood a certain goal
visualization. The neutral choice in the comprehensibility rating was used when
the main concept was understood, but specific details were either not mentioned
or misunderstood.

18 participants took part (11 female, 7 male; age: 18-24:6, 25-31:6, 32-38:1, 39-
45:1, 46-52:1, 53-59:2, >59:1) of which 39% reported to do sports on a regular
basis. When at least one rater rated a description as ”0”, the description was not
considered for the analysis. This lead to the exclusion of 17 out of 54 descriptions.
To ensure that the ratings can be interpreted objectively, we calculated the inter-
rater agreement and found it to be Kappa=0.85, which is considered as almost
perfect [221]. Analyzing the ratings of the two independent raters, we found
that the participants understood the goal visualizations very well (Mgra; = 2.90,
Mingai = 2; Mraz = 2.96, Minga, = 2). Based on this, the three goal visualizations
could be used to investigate their perception and perceived persuasiveness in the
main study.

4.3.2 Evaluation

We investigate the persuasiveness of the goal types, reasons and the role of
behavior change intentions.

Hypotheses

We expect to find evidence for the following hypotheses:

H1: The perceived persuasiveness and user preferences differ between the task-,
self, and other-approach goals.

H2: Task-approach goals are perceived as more persuasive among people in high
stages of change.

H3: Other-approach goals are perceived as more persuasive among people in
high stages of change.

H4: Self-approach goals are perceived as more persuasive among people in low
stages of change.
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We expect that the visualizations are perceived differently (H1). This is supported
by findings from [24], showing that self-based goals were more focused on im-
provement than on performance. H2 is motivated by task-based goals affording
a certain perceived competence to reach them and were shown to elicit responses
related to performance [24]. H2 is supported further by findings by Cham et
al. [75] and Locke and Latham [206], showing that performance is associated with
motivation and skill and that self-efficacy plays a major role in goal attainment.
Similarly, H3 is motivated by the importance of self-efficacy for the relevance
of goals. Since comparing to other users might establish normative standards
which seem to be out of reach for users in low stages of change, we expect that
other-approach goals should be more relevant for users in high stages. This is
supported by our findings presented in Section 4.5, showing that social gamifica-
tion elements are more suitable for users in high stages of change. In contrast,
establishing goals based on one’s own performance should lead to reachable
goals, which might be more suitable for users with lower self-esteem [75] in low
stages of change (H4).

Method and Procedure

We conducted an online experiment on Prolific. It took approximately 12 minutes
to complete and was approved by our Ethical Review Board?*. Participants were
paid GBP 1.50. After asking for demographic data, the stage of change was
determined using a validated scale for the physical activity context [212]. Next,
participants were shown each of the three goal visualizations individually in a
random order and were asked to fill out the validated perceived persuasiveness
scale by Thomas, Masthoff and Oren [163]. The scale consists of three factors
(effectiveness, quality, capability) measured on 7-point scales. In addition to
that, we also asked participants to describe what they like and dislike about the
presented visualizations in a mandatory free-text field. The textual responses
were qualitatively analyzed in order to understand why participants perceived
the visualizations as persuasive or not. We analyzed the responses systematically
by conducting an inductive content analysis [156] to identify patterns of meaning
(themes). After being shown each of the three goal visualizations individually,
participants were shown all visualizations at once (next to each other) and asked
to select which of them they personally like the most to assess their overall
preference. A Shapiro-Wilk test revealed that the persuasiveness scale items
were not normally distributed, which is why we used non-parametric tests for
our analysis. For correlation analysis, Kendall’s 7 was used, as it is well-suited
for non-parametric data [155]. Kendall’s 7 is usually lower than Pearson’s r for
the same effect sizes. Therefore, we transformed interpretation thresholds for
Pearson’s r to Kendall’s 7, according to Kendall’s formula [355] (small: 7 = 0.2;
medium: 7 = 0.3 ; large: 7 = 0.5).

#Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK2Qii (last accessed: 2021-12-01)
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Results

TAG SAG OAG
Task-Approach  Self-Approach ~ Other-Approach
M=0.25 M=0.44 M=0.31
Preference SD=0.44 SD=0.50 SD=0.46
Mdn=0.00 Mdn=0.00 Mdn=0.00
M=5.20 M=5.29 M=5.15
. Persuasiveness SD=0.94 SD=0.94 SD=0.98
6 Mdn=5.33 Mdn=5.44 Mdn=5.33
& e et
2 M=4.83 M=4.98 M=4.75
§ Effectiveness SD=1.37 SD=1.35 SD=1.45
3 Mdn=5.00 Mdn=5.33 Mdn=5.00
8 T T T T T
& M=5.26 M=5.31 M=5.05
T; Quality SD=1.00 SD=0.99 SD=1.07
% Mdn=5.33  Mdn=5.33 Mdn=5.00
k M=5.50 M=5.59 M=5.64
Capability SD=1.07 SD=0.98 SD=1.08

Table 4.2: Descriptive data of dependent variables for each goal visualiza-
tion. TAG=Task-Approach Goal, SAG=Self-Approach Goal, OAG=0Other-
Approach Goal

We excluded participants who answered one of three test questions incorrectly,
leading to a final answer set of 118 responses (64 female, 54 male; age: 18-24: 24,
25-31: 38, 32-38: 18, 39-45: 19, 46-52: 9, 53-59: 6, ;59: 4). 12 participants were in
the precontemplation, 18 in the contemplation, 28 in the preparation, 20 in the
action and 40 in the maintenance stage of change. 49 participants were not doing
any kind of sports whereas 69 did.

Differences Between Goal Visualizations The mean and median scores for
all dependent variables can be found in Table 4.2. All goal visualizations were
perceived as persuasive, as revealed by one-sample Wilcoxon signed rank tests
against the neutral choice of four on the 7-point scale. The persuasiveness score
is significantly higher than four for all goal types (each p<0.001). This leads
to result R1: All goal visualizations are perceived as persuasive. Next, we
analyzed whether there are differences between the goal visualizations. We
calculated a Friedman’s ANOVA for all dependent variables shown in Table 4.2
and used the Durbin-Conover method for post-hoc analysis. The Benjamini-
Hochberg false discovery rate [40] was used to adjust significance values for
multiple comparisons. We found a significant effect for the user preferences
("Preference”) (x?(2)=6.58, p<0.05) and for the “Quality” factor of the perceived
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persuasiveness scale (x?(2)=15.20, p<0.01). For all other variables, no effects were
found. The post-hoc analysis revealed R2: Participants prefer self-approach
goals over task-approach goals (p=0.039). Regarding the “Quality” factor of
the perceived persuasiveness scale, relating to the trustworthiness of the goal
visualizations, pairwise comparisons revealed that R3: Participants considered
self-approach goals as more trustworthy than other-approach goals (p=0.003)
as well as R4: Participants considered task-approach goals as more trustworthy
than other-approach goals (p=0.003). No further significant differences were
found.

Effect of the Stage of Change To analyze the effect of the stage of change on the
perceived persuasiveness of the three goal visualizations, we analyzed whether
the a-priori formulated relationships (cf. H2-H4) exist by calculating one-tailed
bivariate correlations between the stage of change and the items measuring
perceived persuasiveness. We found that the overall persuasiveness of both
the task-approach (7=.18, p<.01) and other-approach goals (7=.16, p<.05) are
positively correlated with the stage of change. More specifically, we found that
the “Effectiveness” (7=.16, p<.05) and "Capability” (7=.16, p<.05) factor of task-
approach goals are positively correlated with the stage of change. In sum, we
formulate R5: Task-approach goals are perceived as more persuasive with in-
creasing stages of change, mostly because of higher “Effectiveness” and “Ca-
pability” scores. For other-approach goals, we found a positive correlation for
the "Quality” factor (7=.17, p<.01), leading to R6: Other-approach goals are per-
ceived as more persuasive with increasing stages of change, mostly because
of a higher "Quality”. For self-approach goals, no correlations were found.

Qualitative Analysis To better understand the underlying reasons for the quan-
titatively found effects, we analyzed the textual responses by participants qualita-
tively. For each participant and visualization, one textual response was recorded,
resulting in 354 responses that have been analyzed. First, we analyzed whether
participants perceived the goal visualization negatively, neutral or positively by
assigning values from 1-3 to each textual summary (1=negative, 2=neutral, 3=pos-
itive). On average, participants were rather neutral about task-approach (M=2.08,
SD=0.49), self-approach (M=2.14, SD=0.60) and other-approach goals (M=1.92,
SD=0.69). A Friedman ANOVA revealed that there is a significant difference
between these values (p=0.043). Pairwise comparisons using the Durbin-Conover
method and the Benjamini-Hochberg false discovery rate [40] revealed that self-
approach goals were coded to be perceived more positively than other-approach
goals, which is similar to R3. No effects were found between task-approach goals
and other approach goals.

When analyzing what participants like and dislike about the goal types, several
themes emerged that might explain the results that have been found based on
the quantitative analysis. Themes are written in bold italics. First, the fact that
participants in general preferred self-approach goals over task-approach goals
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(R2) seems to be related to participants considering self-approach goals as mean-
ingful. This theme was found consistently across the free text answers about
aspects that participants liked about self-approach goals. Self-approach goals are
considered as “personally relevant” (P115), and considered to “give you a reason to
push yourself against your own goals [...]” (P115). In contrast, task-approach goals
were considered as arbitrary or meaningless. Participants reported that “it lets
you set an arbitrary goal that may not mean as much” (P105). A main reason for why
participants considered self-approach goals as more meaningful seems to be re-
lated to self-improvement. Participants said that "I like that it shows I am improving
so 1'd feel good about that” (P73) or that "seeing this makes me want to improve upon
my previous record” (P104). In addition, participants consider self-approach goals
as more healthy, i.e. they liked that the self-approach visualization establishes
moderate, reachable goals. P25 notes that “it can work slowly towards achieving the
goal”. This is supported by P47, stating that “it can make me more competitive with
myself in a fun and healthy way”.

Regarding R3 and R4, trust seems to play a major role. This is supported by the
thematic analysis, revealing that the major drawback of other-approach goals
is missing trust. We found that participants were afraid that other users might
cheat to increase their step counts or that technology is not capable to reliably
measure the steps taken. P67 notes that other people “may not be doing the right
thing anyway” and P68 states that “I would doubt the accuracy of the data [...] or want
more information about where it comes from”. In addition, our analysis revealed that
comparability is a major concern. Participants frequently stated that they do not
have enough information to judge whether others are comparable in terms of
their fitness level, their demographics or their circumstances. A statement by P77
summarizes this: “Circumstances are different for everyone. The people who walk more
could have more time on their hands, could be walking a lot in their work so it wouldn’t
influence me to exercise more”. In addition, participants were concerned about
over-training when using the other-approach goal. They noted that seeing other
users’ step counts might lead to peer-pressure which may result in people doing
more than is good for them. P79 states that "My targets are based on my health needs
and not on what others are doing” and emphasizes that the other-based goal “would
encourage me to do more than my limbs may be ready for by tapping into my competitive
spirit”. However, in line with R1, participants also reported positive aspects
about task-approach and other-approach goals. They like that task-approach
goals are objective, simplistic and consider them as reliable. P99 states that "I
like how accurate it is” and P78 supports this by stating that "It is motivating and
something concrete to base exercise on”. Also, participants like that task-approach
goals are not related to one’s own performance and thus are perceived as rather
non-binding: P81 states that "It encourages the reaching of goals without worrying
about shortfalls prior to the current day” which is supported by P71 stating that ”I
like the simplistic approach and that there isn’t a comparison to anything, it's just your
step count and whether you have beaten your daily goal”. For other-approach goals,
participants liked that it may push self-efficacy when one’s own performance is
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better than those of others: “it leads me to believe that I am achieving above average
results which makes me feel good about myself” (P64). Participants also reported
that competitiveness is a strong motivator for them: "I like that it keeps people
competitive” (P87).

4.3.3 Discussion and Limitations

Our results show that in general, all three goal types are perceived as persuasive
(R1). This might be related to the fact that all visualizations establish goals,
which has been shown to affect action [206]. However, differences between the
three goal visualizations were found. First, we found that participants preferred
self-approach goals over task-approach goals (R2). Based on the qualitative
analysis, it seems that participants appreciated that self-approach goals support
self-improvement and thus considered these goals as more meaningful. This is in
line with findings from Ansems et al. [24] who compared task-based against self-
based goals in a dance game and found that participants responded more in terms
of self-improvement in the self-based condition. Second, we found that both
self-approach and task-approach goals were perceived as more trustworthy than
other-approach goals, as revealed by significantly higher scores on the “Quality”
factor of the perceived persuasiveness scale (R3, R4). When analyzing reasons
for what participants did not like about other-approach goals qualitatively, we
found supporting evidence for this effect, since trust emerged as a main theme.
When further unfolding this, we learned that participants did not trust the data
of other users mainly because they expected them to cheat and because they are
concerned about measuring errors of step counters. These findings are in line
with results by Niess and WozZniak [254] who found that building trust in the goal
and in the fitness tracker is important for the goal to be meaningful. Thus, taking
R2-R4 together, H1: The perceived persuasiveness and user preferences differ
between the task-, self, and other-approach goals is partially supported.

We furthermore learned that the stage of change is positively correlated with
the overall perceived persuasiveness of task-approach goals. The ”Effectiveness”
and the ”"Capability” factors are positively correlated with the perceived per-
suasiveness of task-approach goals (R5). Given that objectiveness emerged as a
main theme when analyzing what participants liked about task-approach goals,
it seems that participants appreciated to have a clear goal which allows attain-
ing task-based competence. This seems to be a reasonable explanation for why
there is a positive relationship between the stage of change and the perceived
persuasiveness of task-approach goals when considering the findings presented
in Section 4.5. Here, we show that gamification elements such as challenges and
badges, establishing clear goals allowing to evaluate how well or badly a task was
solved, were perceived as significantly more motivating by participants in high
stages of change. As such, we consider our results as supporting evidence for H2:
Task-approach goals are perceived as more persuasive among people in high
stages of change. We found that the perceived persuasiveness of other-approach
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goals is positively correlated with the stage of change of participants. Besides
finding a positive correlation between the overall perceived persuasiveness and
the stage of change, we also found a positive correlation between the "Quality”
factor of the perceived persuasiveness scale and the stage of change (R6). Thus,
it seems like the perceived trustworthiness, which is measured by the “Quality”
factor [163], is the deciding cause for this positive correlation. Again, this is sup-
ported by the qualitative analysis, revealing that missing trust (mostly because
of expecting other users to cheat and a low perceived accuracy of technology) is
a main theme that emerged. Given that low ability to perform a task has been
shown to be a key factor for cheating behavior [314] the positive correlation to the
stage of change seems reasonable. Additionally, the positive correlation between
the stage of change and the perceived persuasiveness of the other-approach goal
is in line with [13], showing that leaderboards are perceived as significantly
more persuasive by users in high stages of change. These results support H3:
Other-approach goals are perceived as more persuasive among people in high
stages of change. When analyzing a potentially negative correlation between
the stage of change and the perceived persuasiveness of self-approach goals,
we could not find significant effects. It seems like self-approach goals are per-
ceived positively across all stages of change. This is in line with findings from
the thematic analysis, since no themes emerged in this regard. The fact that
self-approach goals adapt to the personal performance of participants, which in
turn encourages intrinsic motives such as self-improvement, seems to stimulate
both participants in high and low stages of change. Again, this seems to relate
to our results presented in Section 4.5, where we found that both people in low
and high stages of change perceived personalization, i.e. a system adapting the
step goal to individuals, positively. Thus, based on our results, we did not find
evidence for H4: Self-approach goals are perceived as more persuasive among
people in high stages of change.

Design Guidelines

Based on both the quantitative and qualitative results, we establish the following
set of design guidelines:

Use self-approach goals when having no information about a user’s stage of
change

Our results show that self-approach goals are perceived as persuasive and are
preferred over task-based and other-based goals, independent of the stage of
change of users (cf. R1, R2, R3). Therefore, we generally recommend to use
self-approach goals in systems encouraging physical activity in order to support
self-improvement, which was shown to be perceived as meaningful by partici-
pants. Also, this type of goal was considered as healthy, since it is based on one’s
own performance.
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Use task-approach or other-approach goals for users in high stages of change

The findings (R5) show that task-approach goals are more relevant for people in
higher stages of change. The fact that task-based goals establish a clear objective
and allow to easily evaluate whether or not it has been met seems to be the decid-
ing factor for the positive perception. Instead of focusing on self-improvement,
task-based goals focus on mastery [24], which has been found to be more relevant
for users that internalized their behavior [13].

Regarding other-approach goals, our results show that they should be more rele-
vant for users in high stages of change (R6) and that users like other-approach
goals mainly due to the inherent competitiveness of this type of goals. That
competition is more relevant for users in high stages of change has also been
shown in previous research [13], supporting our findings.

For self-approach goals, support self-improvement

Through the thematic analysis, we found that self-improvement is a strong
motivator when using self-approach goals as it is perceived as meaningful. There-
fore, we recommend to focus on supporting self-improvement when using self-
approach goals. This could be achieved by highlighting personal growth, e.g. by
visualizing trends of physical activity over time or by introducing metrics making
self-improvements more graspable such as showing the relative improvement
over a certain timespan.

For task-approach goals, avoid arbitrariness

Participants appreciated that task-based goals introduce a clear, reliable target
which can be objectively measured. However, there is as risk that this might seem
arbitrary and thus meaningless to users. Therefore, we suggest to make these
goals more meaningful, by adding personal relevance through comparisons to
the real world that make an arbitrary number more graspable. This could be
achieved by comparing the step goal to a distance that people might be able to
relate to (such as the distance between two cities that are known to users).

For other-approach goals, focus on transparency, comparability and avoiding
over-training

Missing trust emerged as a main theme. This is in line with our quantitative
results (R3, R4). Therefore, we recommend to communicate and explain trans-
parently how the data of others has been measured and aggregated. Moreover,
since comparability (in terms of demographics or fitness level) has been raised as
another major concern, we recommend to provide information about the sample
that the individual is compared to or even select a subset of other users which is
comparable to the individual in terms of fitness level and demographics. More-
over, as revealed by the qualitative analysis, measures to prevent over-training
should be incorporated.
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Limitations

We used static visualizations to assess the perceived persuasiveness of each goal
type; we did not implement them. Although this has several advantages such as
reaching a higher number of participants and abstracting from specific implemen-
tation choices, which could bias the results in a way that is hard to control [262],
validating our findings using real implementations is an important next step.
Also, the fact that we decided to show visualizations in which participants had
already reached their goal, might affect the perceived persuasiveness of the goal
visualizations. Although we tried to inform and validate the realization of the
three goal types by two pre-studies, it should be noted that there might be other
realizations of the types of goals leading to different results.

4.3.4 Contribution to Research Questions

In general, without considering the individual person, the self-approach goal
was preferred over task- and other-approach goals. Defining competence based
on one’s own performance stimulates self-growth and was able to elicit feelings
of meaningfulness and trustworthiness among our participants. Also, task-based
goals were seen as more trustworthy than other-approach goals. Participants
were concerned about other users who might cheat or have a different fitness
level, but they also raised concerns about the accuracy of technology, which
might explain these results. Overall, the insights about the perception of the
goal types mainly contribute not to understanding individual differences, but
rather to understanding how gamification affects motivation in behavior change
contexts (RQ1).

Regarding individual differences, we found that task-approach goals are per-
ceived as more persuasive among people in higher stages of change. The effective-
ness and capability factors of the perceived persuasion scale were the deciding
cause for this. This indicates that perceived competence, i.e. the ability to reach
a certain goal, plays a role in how effective a certain stimulus is in increasing
motivation. Since the perceived competence might be rather low in low stages
of change, the positive correlation between task-approach goals and behavior
change intentions seems reasonable. We also found a positive correlation be-
tween the perceived persuasiveness of other-approach goals and the stage of
change of participants. Since other-approach goals focus on performance and
because perceived competence plays a major role in the effect of performance
goals on intrinsic motivation (see Section 2.2.2), this effect seems plausible: In-
trinsic motivation is more likely to be undermined when perceived competence
to reach a performance goal is low. Overall, these findings show that behavioral
intentions should be considered when tailoring gamified systems to the person,
and contribute toward answering RQ2.
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4.4 The Effect of Hexad User Types on the Perception of
Gamification Elements in Healthy Eating

In this section, we focus on the role of Hexad user types in explaining preferences
for gamification elements. More specifically, we are interested in understanding
whether the score on a certain Hexad user type is correlated to how persuasive a
certain gamification element is perceived to be. We assume that the inter-personal
differences in motivational orientations, laid out by the Causality Orientations
Theory of SDT (see Section 2.1.2), should have an impact on the user types with
which users most closely identify themselves. Since these user types are tied
to the basic psychological needs and extrinsic motivations, the perception of
gamification elements should differ among these user types.

To investigate this relationship, we created storyboards explaining commonly
used gamification elements. These storyboards are validated in a qualitative
pre-study to make sure that they are easy to understand and describe the gami-
fication elements as intended. Instead of considering physical activity, we con-
textualized our study in the domain of healthy eating, which is, next to physical
activity, considered a core determinant of a healthy lifestyle [139]. Given that
overweight because of poor eating habits is among the most important health
issues today [103] and has been associated with chronic diseases such as cancer,
cardiovascular diseases and diabetes [103], using technology to cultivate healthy
eating habits is an important research topic.

4.4.1 Storyboards and Gamification Elements

We decided to use storyboards to explain the gamification elements in order to
give participants a better idea of how those elements work. For the storyboards,
we ensured to have at least one gamification element for each user type (based
on [213,342]), resulting in twelve different storyboards. A list of gamification
elements and expected correlations can be found in Table 4.3. Figure 4.4 shows
an exemplary storyboard. All storyboards are licensed under a CC BY 4.0 license

and can be found in full resolution on figshare?®.

Storyboard Validation

We conducted a study to make sure that the storyboards are comprehensible
(similar to our previous work, in which we created storyboards for the physical
activity domain [13]). In this study, a semi-structured interview was conducted,
in which participants were shown each printed storyboard in random order. First,
participants were asked to describe the storyboard in their own words. When nec-
essary, the interviewer asked questions to prompt participants to identify which

Bfigshare: Storyboards illustrating Gamification Elements to encourage Healthy Eating,
https://bit.ly/3pLndaH (last accessed: 2021-12-01)
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Gamification Element Short Storyboard Description Expected UT

The appearance of a virtual character
is linked to calorie intake of the user.

The user set themselves
a custom calorie intake goal.

The system personalizes

Virtual Character

Personalized Goal the users’ calorie intake goal. AC

Sl The user manages to reach AC
a demanding goal.

Bz The user reaches their goal three times, AC, PL
unlocking a new badge.

Points The sy'stem rewards the user with points PL, AC
for eating healthy.
The user receives a coupon code for

Rewards staying blow the daily calorie intake limit. PL

il St The user h‘elps other.s in a forum PH
by answering questions.

Unlockable Content Stayzng belq the daily calorie intake limit FS
three times in a row unlocks a new feature.

. The user decides to cheat by entering wrong data
Cheating about the food intake into the app. DI
. . A group of users have to collaborate,
Social Collaboration to stay below their shared calorie intake limit. S0
S el Gz i A group of users are shown on a S0, PL

leaderboard, competing for the top position.

Table 4.3: Gamification elements included in the main study, a short tex-
tual description explaining what is depicted in the corresponding storyboard
and the user types ("UT”) we expect to be positively affected by them based
on [213,342].

activities are depicted by the storyboard. Next, participants were given a short
textual summary of each gamification element. They were asked to assign each
of the storyboards its respective gamification element by using the short textual
summary. This was done to get an additional indication of whether participants
understood the storyboards. Finally, interviews were transcribed and analyzed
by two independent raters (“R1”, “R2”). They received the transcriptions for
each storyboard, without revealing which gamification element was described by
the participants. Their tasks were to evaluate which element was being described
and to rate how well the element was understood on a 5-point scale (1-very poor
to 5-very well).

8 German participants took part (4 female, 4 male, average age 21.75). They
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Figure 4.4: Storyboard of the gamification element “Cheating”

claimed to be gaming-affine (M=5.75, SD=1.40, Mdn=6), to frequently play video
games (M=6.00, SD=1.41, Mdn=7) and to have a passion for video games (M=5.63,
SD=1.85, Mdn=6.5). To ensure that the ratings can be interpreted objectively, we
calculated the inter-rater agreement and found it to be Kappa=0.63, which is
considered as substantial [221]. Analyzing the ratings of the two independent
raters, we found that the participants understood the storyboards very well (Mg
= 4.89, Ming; =4; Mgy = 4.92, Ming, = 4). This was supported by the fact that
both raters successfully assigned all gamification elements correctly based on
participants” storyboard descriptions.

4.4.2 Evaluation

We conducted an online survey, which was available in English and German.
Participants were recruited via social media and Academic Prolific (participants
were paid 1.50 pounds). The study took 10-15 minutes to complete and was
approved by our Ethical Review Board?®. After collecting demographic data,
participants were asked to rate their gaming affinity on a 5-point scale. Next,
participants” Hexad user type was determined using the 24 item Hexad User
Types scale developed by Tondello et al. [342]. Finally, as the main part of the

% Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK2Qii (last accessed: 2021-12-01)
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Mdn. PP AC DI FS PH PL SO

Virtual Character 4.25 J146%* - A52%* 134 [147**  186**
Custom Goal ! 500 - I - - a02¢ 036 112¢
Personalized Goal ~ 525 . 095* - - 097 - .095*
Challenge ! 500 114* - 139% 191% 125% .180%*
Badges - 45 - K - B 164 113*  200%
Points - 450 . 120% - - 106°  a52% 124%
Rewards ! 575 135% - 100* .142%  248*% 143+
Knowledge Sharing 425 - K S 132% 260%% 121%  .248%*
Unlockable Content 500 . 097¢ - .115* 196 .109*  .234%
Cheating 300 - 1 - BN - | -
Social Collaboration 475 - K - 2554 - 268%*
Social Competition ~ 450 - K - B - 1 223 143**

Table 4.4: Median perceived persuasiveness of all gamification elements
(“Mdn. PP”, colored cells indicate a significant (p<.05) deviation from the
neutral choice (red=less, green=more persuasive)) and bivariate correlation
coefficients (Kendall’s 7) between the Hexad user types and the gamification
elements (bold entries represent correlations that we expected (see Table 4.3)).
*p<.05, **p<.01

questionnaire, participants were shown the 12 storyboards in a randomized
order. To measure the persuasiveness of each gamification element depicted
in the storyboards, we adapted the perceived persuasiveness scale by Drozd et
al. [111] in the same way as was done by Orji et al. [259]. The scale consists of four
items to be answered on 7-point Likert scales. A Shapiro-Wilk test revealed that
the persuasiveness items were not normally distributed, which is why we used
non-parametric tests for our analysis. For correlation analysis, Kendall’s 7 was
used, as it is well-suited for non-parametric data [155]. It should be noted that
Kendall’s 7 is usually lower than Pearson’s r for the same effect sizes. Therefore,
we transformed interpretation thresholds for Pearson’s r to Kendall’s 7, according
to Kendall’s formula [355] (small effect: 7 = 0.2; medium effect: 7 = 0.3 ; large
effect: 7 =0.5).

Demographics

237 participants completed the online survey. 38.4% were male, 60.8% female and
0.8% identified themselves as “non-binary” or “genderqueer”. Most participants
(35%) were aged 18-24 years, followed by 25-31 (31.6%), 32-38 (14.3%), 39-45
(8%), 46-52 (4.2%) and younger than 18 (4.2%). The remaining participants were
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aged 53 and older (2.5%). They considered themselves as gaming-affine (M=3.58,
SD=1.11, Mdn=4.00), claimed to have a passion for video games (M=3.58, SD=1.03,
Mdn=4.00) and to frequently play video games (M=3.44, SD=1.16, Mdn=4.00).

Perceived Persuasiveness of Gamification Elements

The median scores of perceived persuasiveness can be found in Table 4.4. It can
be seen that all but the “Cheating” gamification element scored higher than the
neutral choice of 4 on the 7-point scale. To analyze whether the median scores
significantly differ from the neutral choice, we calculated one-sample Wilcoxon
signed rank tests for each gamification element. All gamification elements but
”Virtual Character” and ”Social Competition” differed significantly (p<.05) from
the neutral choice. Of those elements, “Cheating” is the only one where the
perceived persuasiveness is significantly lower than 4, whereas the rest scores
significantly higher. These results suggest that most gamification elements should
have positive effects on user behavior when being implemented and may help to
select gamification elements to encourage healthy eating, when no information
about the target audience or their user type distribution is known.

Socializer Achiever

15.6 % 18.7 %

Disruptor

13.9%

Free Spirit
19.1 %

Figure 4.5: Distribution of participants’ Hexad scores

Hexad User Types and Gamification Elements

The distribution of participants” scores across all Hexad subscales is shown
in Figure 4.5. Regarding the correlations between Hexad user types and the
perceived persuasiveness of gamification elements depicted in the storyboards,
we found 13 correlations between user types and gamification elements out of 17
expected ones (see Table 4.4). Besides replicating previous research in the context
of healthy eating [261, 342], we contribute correlations between gamification
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elements and the Philanthropist, which have been hypothesized, but not yet
shown. These results may help to further personalize the set of gamification
elements when implementing or designing behavior change applications to
encourage healthy eating.

4.4.3 Discussion and Limitations

We investigated the perceived persuasiveness of twelve commonly used gam-
ification elements by creating storyboards explaining each element, ensuring
their comprehensibility (N=8) and presenting them to users in an online study
(N=237). Our results show that most gamification elements scored significantly
higher than the neutral choice on the perceived persuasiveness scale. Thus, these
results may help researchers and practitioners to inform the design of gamified
behavior change support systems encouraging healthy eating.

Confirming previous findings [261,342], we also found that the Hexad user type
is a useful factor for personalization of gamified systems. Besides replicating
previously found correlations between gamification elements and Hexad user
types in the context of healthy eating, we contribute a set of new correlations,
which were expected in previous works [213,342], but have not been shown
before. This might be due to using storyboards rather than textual descriptions as
in [342] and because of using a concrete context rather than a general context, also
as in [342], potentially leading to a more concrete idea of how the elements work.
Taking our results together, we show that certain gamification elements seem
promising to encourage healthy eating and that Hexad user types are worthwhile
to consider as a factor for personalization of such systems, extending previous
work using the Hexad model.

This study has several limitations that should be considered. First, we used
storyboards to assess the perceived persuasiveness of each gamification element;
we did not implement them, i.e. we investigated perceived persuasiveness, not
actual persuasiveness. Therefore, validating our findings using real implemen-
tations is an important next step that should be followed. Second, even though
we investigated atomic gamification elements using storyboards, some aspects
of the realization of these gamification elements are inherently a matter of in-
terpretation, affecting the external validity of our results when implementing
gamification elements differently. Additionally, it should be noted that combin-
ing gamification elements may create different experiences for the user, which
has not been investigated and should be analyzed in future work. Also, we
cannot say whether our findings generalize to different contexts besides Healthy
Eating. Therefore, further research should be conducted about the Hexad user
model as a factor for personalization in different contexts. Last, we would like to
acknowledge that calorie intake is not the only factor of a healthy diet and that
the use of this metric should be seen as a design decision to conceptualize and
simplify healthy eating for the purpose of the study.
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4.44 Contribution to Research Questions

Besides providing insights on the general perception of commonly used gamifica-
tion elements in the healthy eating domain, we found that there are correlations
between the perceived persuasiveness of the gamification elements and Hexad
user types. This shows that Hexad user types should be considered to person-
alize gamified systems to the user. More specifically, we found that users who
score particularly high on a certain user type have particularly positive percep-
tions of gamification elements that mainly address the basic psychological need
underlying that respective user type. Also, we were able to show that the corre-
lations established by previous works in different contexts could be replicated,
supporting the validity of the Hexad model.

Overall, these findings contribute to RQ2 since they show that Hexad user types
play a role in explaining inter-personal differences in how gamification elements
are perceived. The set of significant correlations can be seen as a set of guidelines
to inform the design of gamified systems promoting healthy eating, and thus
contribute answers to the question of how personal factors affect the perception
of gamification elements.

4.5 The Impact of Behavior Change Intentions and Hexad
User Types on the Perception of Gamification Elements
in Fitness Systems

In this last section of the chapter, we will investigate the impact of both behav-
ior change intentions and Hexad user types on the perception of gamification
elements in the physical activity domain. This allows us not only to replicate
and extend our previous results but also to analyze whether both these factors
should be combined. We will compare the correlations between the perception of
gamification elements and Hexad user types of users in low and high stages of
change, to analyze whether the correlation strength and direction to Hexad user
types is affected by users’ behavior change intentions. Since Hexad user types
represent general, rather static motivational orientations, and behavior change
intentions represent the more dynamically changing extent to which a behavior
has been internalized, we expect these two factors to complement each other.

In line with the study presented in Section 4.4, we created storyboards illustrating
the same commonly used gamification elements. In contrast to that previous
study, we situated the gamification elements in the domain of physical activity.
This allows us to provide insights about potential correlations between Hexad
user types and the perception of gamification elements in the physical activity
domain and to compare these correlations to the healthy eating domain. Since
both studies used the same methodology and because the storyboards were
shown to be comparable (as we will elaborated upon in the following), we can
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provide further insights on the role of the application context by comparing to
what extent the perception of the same gamification elements and correlations to
Hexad user types changes.

Moreover, we provide a complement to the findings presented in Section 4.3, in
which the role of behavior change intentions on the perception of different types
of achievement goals was investigated. Instead of investigating high-level goal
types, we narrow our focus down to specific gamification elements and potential
differences between different stages of change in this study.

Lastly, as already stated, we contribute novel insights on the interplay between
Hexad user types (representing rather static motivational orientations) and stages
of change (representing more dynamic changes in the extent to which a behavior
has been internalized) in the perception of gamification elements. Since both
motivational orientations (see Section 2.1.2) and the extent to which a behavior
has been internalized (see Section 2.1.2) have been shown to affect the functional
significance of external stimuli, we expect that both these factors play a major
role in the perception of gamification elements.

4.5.1 Storyboards and Gamification Elements

For the storyboards, we ensured to have at least one gamification element for
each user type, based on [213,342]. This resulted in twelve different storyboards
(showing the gamification elements as stated in Table 4.5). These were created
using the guidelines by Truong et al. [345]. We decided to use storyboards since
they provide a common visual language that is easy to understand and do not
involve game- or technology-specific knowledge [262]. Two storyboards are
shown in Figure 4.6. All created storyboards can be found on figshare?’.

Storyboard Validation

To ensure that participants understand the storyboards, we conducted a qualita-
tive pre-study in the lab. Moreover, we wanted to make sure that the storyboards
for the physical activity domain are comparable to the ones used for the healthy
eating domain (see Section 4.4).

Method After answering demographic questions, the printed storyboards were
shown to each participant in random order. A semi-structured interview followed
in which all sessions were conducted by one researcher and audio recordings
were made. First, participants were asked to describe the storyboards in their
own words. When necessary, the interviewer asked questions to prompt partic-
ipants to identify which activities are depicted by the storyboards. Questions
included: “What is the character’s goal?” and “What means does the character use to

* figshare: All storyboards that were used in the user study,
https://bit.ly/3xctsXs (last accessed: 2021-12-01)
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Figure 4.6: Virtual Character (a) and Custom Goal (b) storyboards
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achieve her goal?”. Afterwards, participants were given a short textual summary
of each gamification element. They were asked to assign each of the storyboards
its respective element by placing the aforementioned pieces of paper (holding
the textual summaries) next to the respective storyboard. Also, they had to
assign each storyboard from the physical activity context to the corresponding
storyboard of the healthy eating context, to ensure the comparability of the story-
boards/gamification elements. Next, interviews were transcribed and analyzed
by two independent raters (“R1”, “R2”). They received the transcriptions for
each storyboard, without revealing which gamification element was described by
the participants. Their tasks were to evaluate which element was being described
and to rate how well the element was understood on a 5-point scale.

Results 8 German participants took part (4 female, average age 21.75). To en-
sure that the ratings can be interpreted objectively, we calculated the inter-rater
agreement and found it to be Kappa=0.75, which is considered as substantial [221].
Analyzing the ratings of the two independent raters, we found that the partici-
pants understood the storyboards very well (Mg = 4.90, Ming; = 4; Mgy = 4.86,
Ming, = 4). This was supported by the fact that both raters successfully assigned
the correct gamification element based on participants’ storyboard descriptions.
Regarding users assigning the textual summaries to the respective storyboard,
only one assignment was incorrect. However, this wrong assignment was due to
the participant misreading the descriptions of one of the gamification elements.
The participant assured us that the storyboard and respective gamification el-
ement were clear. In addition, no errors were made matching corresponding
storyboards from the two contexts, suggesting that comparability holds for both
healthy eating and physical activity storyboards.
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Gamification Element Short Storyboard Description Expected UT

The appearance of a virtual character

Virtual Character is linked to the amount of steps walked. AC, PL

Custom Goal The user sets themself AC, FS
a custom step goal.

Personalized Goal The syste,m personalizes AC
the users’ step goal.

Tl The user manages to reach AC
a demanding goal.

Badees The user reaches their goal three times, AC, PL
unlocking a new badge.

Points The syst?m rewards the user with points PL, AC
for walking steps.

Rewards After reaching the s.tep goal three PL
times, the user receives a coupon code.

Kot S The user h?lps anothe'r user in a forum PH
by answering a question.

Unlockable Content After reaching the step goal three times, FS
the app unlocks a new feature .

Chesting The user deczdgs to cheat by driving a DI
car to reach their step goal.

Social Collaboration A group of users have to collaborate, SO
to reach their shared step goal.

Sl Eraaiiion A group of users are shown on a PL

leaderboard, competing for the top position.

Table 4.5: Gamification elements included in the main study, a short tex-
tual description explaining what is depicted in the corresponding storyboard
and the user types ("UT”) we expect to be positively affected by them based
on [213,342].

4.5.2 Evaluation

We conducted an online survey, which was available in English and German.
Participants were recruited via social media and Academic Prolific (paid 1.50
pounds). The study took 10-15 minutes to complete and was approved by
our Ethical Review Board?®. After asking for demographic data and gaming
behavior, the stage of change (“SoC”) of the Transtheoretical Model of Behavior
Change (“TTM”) was determined using a validated scale for the Physical Activity

% Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK2Qii (last accessed: 2021-12-01)
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context [212]. For later analysis, participants were split into two groups: “Low-
TTM” (participants who did not take action so far, having a SoC <= 3 [366])
and “High-TTM” (participants who did take action, having a SoC >= 4 [366]),
according to the suggestions of Xiao et al. [366] on how to analyze the different
TTM stages. Afterwards, participants’ user type was determined using the
Hexad User Types scale [342]. Finally, as the main part of the questionnaire,
participants were shown the 12 storyboards in a randomized order. To measure
the persuasiveness of each gamification element depicted in the storyboards, we
adapted the perceived persuasiveness scale by Drozd et al. [111] in the same way
as was done by Orji et al. [259]. The scale consists of four items to be answered on
7-point Likert scales. A Shapiro-Wilk test revealed that the persuasiveness items
were not normally distributed, which is why we used non-parametric tests for
our analysis. For correlation analysis, Kendall’s 7 was used, as it is well-suited
for non-parametric data [155]. It should be noted that Kendall’s 7 is usually
lower than Pearson’s r for the same effect sizes. Therefore, we transformed
interpretation thresholds for Pearson’s r to Kendall’s 7, according to Kendall’s
formula [355] (small effect: 7 = 0.2; medium effect: 7 = 0.3 ; large effect: 7 =0.5).

Results

We excluded three participants who are unable to exercise or answered all gaming
related questions with “Strongly disagree”, leading to 179 valid responses. Of
these participants, 44.1% were male, 55.3% were female and 0.6% identified
themselves as “nonbinary”. Most participants (38%) were aged 18-24 years,
followed by 25-31 (34.1%), 32-38 (17.3%), 39-45 (6.7%) and younger than 18 (1.7%).
The remaining participants were aged 45 and older (1.7%). Participants claimed
to have a passion for video games (M = 3.70, SD = 1.11, Mdn = 4.00) and to
frequently play video games (M = 3.58, SD = 1.24, Mdn = 4.00).

SoC and Gamification Elements After splitting participants into two TTM
groups (as suggested in [366]), 72 participants were in the Low-TTM and 107
participants in the High-TTM group. To investigate whether the perceived per-
suasiveness changes between these groups, we performed a two-sided Mann-
Whitney-U test for each gamification element. Also, a one-sample Wilcoxon
signed rank test was performed against the value 4 on the 7-point scale to in-
vestigate which gamification elements were perceived as significantly better or
worse than the neutral choice. Table 4.6 shows an overview of these tests and
the means and medians of the perceived persuasiveness for each gamification
element. Overall, we found that some gamification elements were perceived
significantly different from the neutral choice in the High-TTM group but not in
the Low-TTM group. Also, significant differences for four gamification elements
were found. Badges and Challenges, both building on the need for mastery or
competence [213], were shown to be significantly more persuasive for users at
high stages of change than for users at low stages. This is explainable by goal-
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Low-TTM High-TTM Diff. sig.
X M =4.05,SD =177, M=2394,SD =181,
Virtual Character Mdn = 4.50 Mdn = 4.25 -
Custom Goal M=434,SD=149, M=470,SD=155
ustom L>04 Mdn = 4.63 Mdn = 5.25
Personalized Goal M= 488/SD=144, M=493,SD=138,
ersonalized L0ab N rdn = 5.00 Mdn = 5.25
Challen M=432,SD=165 M=488,SD=127, p=0.045,Z=-2.00,
allenge Mdn = 4.75 Mdn = 5.00 U =3173.50
Badecs M =395SD =157, M=446SD=140, p=0.028 Z=-2.19,
8 Mdn = 4.00 Mdn = 4.75 U = 3108.50
Points M=439,SD =146, M=452,SD=143,
Mdn = 5.00 Mdn = 4.50
Reward M=516,SD =148, M=550,SD=139,
ewards Mdn = 5.25 Mdn = 5.75
i M =4.06,SD =152, M=426,SD =151,
el 15 Mdn = 4.50 .
M=470,SD =149, M =484, SD =153,
Unlockable Content Mdn = 5.00 Mdn = 5.00 -
Cheati M=212,SD=116, M=235SD=144,
eatng Mdn = 2.00 Mdn = 2.00
. . M=423,SD=156, M=481,SD=161, p=0.009,Z=-262,
el \idn - 185 Mdn = 5.25 U = 2963.50
Social Competition M=4+09,SD=174, M=461,SD=176, p=0.048 Z=-1.%,
P Mdn = 4.50 Mdn = 4.75 U = 3180.50

Table 4.6: Persuasiveness of gamification elements in the Low- and the High-
TTM group and results of Mann-Whitney-U tests comparing them (“Diff.
sig.”). Significant differences from the neutral choice are colored (green =
positive, red = negative deviations)

setting theory (as both elements require reaching a goal), stating that goals are
most effective when users are committed to them [340], which is unlikely for
users in the Low-TTM group. Another reason could be that participants in Low-
TTM considered themselves not to be able to reach those goals [126]. Moreover,
Social Competition and Social Collaboration, both building on the relatedness
motive [213] were perceived as significantly more persuasive in the High-TTM
group. A potential reason for this includes the fear to not be able to keep up with
other users [126], detrimentally affecting users” motivation. These findings show
that the SoC on its own is a relevant factor that should be considered in tailoring
persuasive, gamified interventions in the physical activity context.
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Virtual Character - - - - 237 114%

Custom Goal . 205%% - 132* 119 - 106*
Personalized Goal ~ 211%* - R -
Challenge . 2000 - 5% - a7 -
Badges . a2s - - N
Points . 201 - 110¢ .192%  .169%* .105*
Rewards 145 - - B 152%%  250%*  109%
Knowledge Sharing 123 - - 2347 - 175
Unlockable Content 140 - 143 - 163 -
Cheating - - 1574 - ) - -
Social Collaboration .147% - 153+ 145% 216" .314%*
Social Competition  .105* - - 1 | 370% .204%%

Table 4.7: Kendall’s 7 and significance between the Hexad user types and the
gamification elements. Bold entries represent expected correlations (Table 4.5).
*p<.05, **p<.01

Hexad User Types and Gamification Elements Table 4.7 presents the signifi-
cant correlations of gamification elements to each user type. We found 16 positive
correlations between user types and gamification elements out of 17 expected
correlations (see Table 4.5). The positive correlation between the gamification ele-
ment “Virtual Character” and the “Achiever” user type is the only correlation that
was expected but not found. Given these results, we extend and replicate previ-
ous work [261,342]: We show the applicability of previous findings in the Physical
Activity context and contribute evidence for previously hypothesized, but not
yet shown correlations, i.e. between the Philanthropist and the gamification el-
ement "Knowledge Sharing” and between the Disruptor and the gamification
element "Cheating” [342]. In addition to expected correlations, some unexpected
correlations were found. However, this is in line with previous research about
the Hexad user types [261,342]. Also, all but one unexpected correlations are
weak (7 < 0.2), which suggests that their actual effect is negligible.

SoC, Hexad User Types and Gamification Elements To investigate potential
effects of the SoC on the set of suitable gamification elements for each user type,
we compared correlations of gamification elements to user types between the
Low- and the High-TTM group. Table 4.8 shows these correlations for both
groups. The analysis revealed that the set of significantly correlating gamification
elements is different in both groups, suggesting that taking the SoC into account
when tailoring persuasive systems for user types should improve personalization.
To emphasize this, we also investigated whether the strength of correlations
differs significantly between the Low- and the High-TTM groups. For this, we
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Low-TTM High-TTM
AC DI FS PH PL SO - AC DI FS PH PL SO
Vir. Cha.  .218* - - - - - - - - - 304*  .183*
Cus.Goal .192* - - - A71* - 215% - 78 194% - -
Per.Goal - - - - - - 253 o A7t - - -
Challenge .182* - - - - - 2% - - o 249% -
Badges - - - - 215 - del* - - . 141+ 2767 -
Points - - - . 213 - 191* 250 - 200% .170¢ 195% -
Rewards - - - - 8% - - o o 144 303% -
Kno.Sha. - - - - - - 91% - - R - 248+
Unl. Con. - -  22¢ - - - . 154 - - - 280% -
Cheating - 222* - - - - - oo
Soc.Col. - - A91* - - - . 153* - - 185 285" .343*
Soc.Com. - - - - 316* - - - - o 4% 206"

Table 4.8: Kendall’s 7 and significance between the Hexad user types and gam-
ification elements for the Low- and the High-TTM group. Colored cells indi-
cate that a correlation is significantly stronger in one group than in the other
group. *p<.05, **p<.01

converted Kendall’s 7 to Pearson’s r according to Kendall’s formula described
in [355]. Afterwards, we applied Fisher’s z-transformation to these coefficients
to check for effects. Here, we found multiple significant differences between the
groups for all user types but the Disruptor. Gamification elements for which the
correlation coefficient significantly increased on a user type level are colored green
in Table 4.8. For example, we found that the correlation between the “Virtual
Character” gamification element and the “Achiever” user type is significantly
stronger in the Low-TTM than in the High-TTM group. Similarly, we found that
social competition is positively affecting for Socializers only when being in a
High-TTM stage. Besides the Disruptor, we found similar findings for all other
user types. Therefore, these results should be considered when making decisions
about which gamification elements should be included in a system, in order to
enhance its persuasiveness.

Differences from the Healthy Eating Context

Since the storyboards that we used in this study and in the study presented in
Section 4.4 were shown to be comparable and the methodology was the same in
both studies, we also analyzed differences in the general perception of gamifica-
tion elements and regarding correlations to Hexad user types. When comparing
the significant correlations between Hexad user types and the perception of
gamification elements in both contexts, it can be seen that we mostly found
consistent results, supporting the validity of the Hexad types across different
contexts. However, we also found differences in the set of significant correlations.
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For example, while virtual characters were significantly correlated to the achiever
user type in the healthy eating domain (as expected), this expected correlation
could not be found in the physical activity domain. In contrast, the expected cor-
relation between badges and achievers was found in the physical activity domain,
but not in healthy eating. Regarding the perception of gamification elements
independent of the Hexad user type, we compared the perceived persuasiveness
of gamification elements by conducting Mann-Whitney U tests across the two
domains. We found that the perceived persuasiveness of social collaboration
(U=18990.50, p=.067, d=.10) and social competition (U=18989.50, p=.067, d=.10)
was descriptively higher in the physical activity domain. In contrast, the gamifi-
cation element cheating was perceived as significantly more persuasive in the
healthy eating domain (U=14691.00, p<.001, d=.31). These findings suggest that
the context itself plays a role in how persuasive certain gamification elements are
perceived to be.

4.5.3 Discussion and Limitations

We investigated the effect of behavior change intentions on the perception of
gamification elements in the physical activity domain. We contribute three
main findings: First, we presented results about the individual impact of the
SoC on the perception of each gamification element, leading to a set of well-
and poorly perceived elements for each TTM group. We found that there are
differences in this set, as many gamification elements are not perceived similarly
across groups, showing that the SoC impacts their perception. This is supported
by finding multiple significant differences between both groups, showing that
considering the SoC for tailoring gamified, persuasive systems in the physical
activity domain is important. Second, confirming previous findings [261,342],
we found 16 out of 17 expected correlations between gamification elements
and Hexad user types. Besides validating previous findings in the physical
activity context, we contribute a set of new correlations, which were expected in
previous works [213,342], but have not been shown. This might be due to using
storyboards rather than textual descriptions as in [342] and because of using a
concrete context rather than a general context, also as in [342], potentially leading
to a more concrete idea of how the elements work. Additionally, we examined
the “persuasiveness” of gamification elements, whereas past work by Tondello et
al. [342] investigated “enjoyment”.

Third, by analyzing the effect of the SoC on the set of relevant gamification el-
ements for each user type, we show that even though the user type itself may
remain stable [342], the set of relevant gamification elements does not. This is
important, as so far a static set of elements has been suggested for each user
type [342], not taking into account the dynamic process of behavior change inten-
tions [276]. However, our work has several limitations that should be considered.
First, we used storyboards to assess the persuasiveness of each gamification
element. Therefore, validating our findings using real implementations is an
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important next step. Second, even though we investigated atomic gamification
elements, some aspects of the realization of these gamification elements are in-
herently a matter of interpretation, affecting the external validity of our results
when implementing gamification elements differently. Third, it should be noted
that combining gamification elements may create different experiences for the
user, which should be analyzed in future work. Fourth, our participants reported
to have experience in games, which should be considered. Last, we cannot say
whether our findings generalize to different contexts besides physical activity.
Therefore, further research should be conducted about the SoC as a factor for
personalization in different contexts.

When comparing the perception of gamification elements between the healthy
eating and physical activity domains, we found that the correlations between
Hexad user types and gamification elements were largely the same. However,
some differences could be observed. While this could have been the result of
different samples and sample sizes, it could also be attributed to differences in
the contexts. The latter is supported by the fact that the general perception of
gamification elements differed across both contexts: Social competition and social
collaboration were descriptively perceived as more persuasive in the physical
activity domain (almost reaching significance) while cheating was perceived as
significantly more persuasive in the physical activity domain. These differences
could potentially be explained by context-inherent factors. The physical activity
context focuses on increasing the performance of users and thus might inherently
afford the satisfaction of competence needs and demand for performance goals,
as established by the achievement-goal model (see Section 2.2.2). In contrast, the
healthy eating context does not focus on increasing performance but rather to
change the eating habit of users, mainly by controlling their calorie intake. Thus,
the autonomy of users might be undermined by restricting the amount and type
of food users should eat. This might explain why cheating, a highly autonomous
gamification element which allows for a certain amount of rebellion, is more
important to users in this domain.

4.5.4 Contribution to Research Questions

In this study, we investigated the impact of Hexad user types and behavior
change intentions on the perceived persuasiveness of gamification elements.
We first had a look at each factor separately. Here, we found that the Hexad
user type is significantly correlated with several gamification elements. Most
of these correlations were expected based on previous work in a general con-
text. Thus, in line with the study in the domain of healthy eating presented in
Section 4.4, our findings show that Hexad user types play an important role in
explaining user preferences in gamified systems. In addition, complementing
the findings from the study presented in Section 4.3, we found evidence that
the perception of gamification elements differs significantly between users who
have more internalized motivations to change their behavior, as compared to
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users whose motivation is more extrinsically regulated, or who are amotivated.
Lastly, we investigated whether the intention to change behavior has an impact
on the strength of correlations between Hexad user types and the perception
of gamification elements. Thus, we investigated whether combining both these
factors changes which gamification elements should be considered for a user.
Indeed, we found that the strength of correlations between Hexad user types
and the perception of gamification elements differs significantly between users
having low behavior change intentions, compared to those having high behavior
change intentions. These findings suggest that both factors should be considered
to tailor gamified systems to the user.

Overall, these findings add insights to RQ2 since they provide answers to the
question of how personal factors may change the perception of gamification
elements. Although the set of significant correlations between Hexad user types
and the perception of gamification elements was largely the same between the
healthy eating and physical activity contexts, we found indications that the con-
text might affect how gamification elements are perceived. First, some expected
correlations between Hexad user types and gamification elements were found in
one context but not in the other. Second, certain gamification elements were per-
ceived as more persuasive in one context than in the other. As already discussed,
it seems that the physical activity context focuses on increasing performance,
which might demand gamification elements supporting the need for competence,
while healthy eating might thwart autonomy needs to a certain extent and thus
might demand gamification elements supporting the need for autonomy. These
findings support the importance of contextual factors and contribute to RQ1.

4.6 Summary

In this chapter, we were mainly interested in understanding to what extent per-
sonal factors play a role in explaining differences in the perception of gamification
elements (RQ2). We contributed to this question by investigating three different
personal factors. First, we considered age, since the importance of basic psycho-
logical needs, their impact on what motivates people and the life goals people
have change in older age [283,301,302]. More specifically, it was shown that the
importance of performance and achieving new goals — and thus potentially the
importance of satisfying competence needs — declines with increasing age [283].
In contrast, the relevance of relatedness needs has been shown to increase in old
age [301,302]. We found that this shift seems to be reflected in the motivations of
older adults to engage in games and gameful systems, since social interaction and
care taking — and thus social relatedness — were important drivers for older adults.
Also, performance motives were less salient and winning was found to play a less
important role for them. This was also reflected in the perception of gamification
elements. Frequently used elements such as points, badges and competition
were poorly perceived, while social collaboration and virtual characters, fostering
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reciprocal care, were particularly positively perceived. By comparing the Hexad
user type distributions of younger and older adults, we were able to provide a
third perspective (alongside the findings of the semi-structured interview and the
rating of gamification elements) to these findings. We found that a remarkable
number of participants scored highest on the Philanthropist trait in the older
sample, while previously reported score distributions and our own reference
sample consisting of younger people were much more heterogeneous. Since the
Philanthropist is a socially-minded and altruistic user type, further characterized
by care-taking, these results align well to the aforementioned findings. Overall,
our findings provide a consistent picture of what one should consider when
designing gamified systems for older adults, which can be readily explained by
previous research in the domain of motivation psychology.

Second, we investigated behavior change intentions and their impact on how
gamification elements are perceived. We found that the perception of different
types of achievement goals, which can be seen as inherently implemented by
most gamification elements, differs depending on the stage of change of users.
While self-approach goals were well perceived across all stages, task-approach
and other-approach goals were positively correlated with the stage of change of
participants. More specifically, our findings showed that perceived competence
might play an important role in how persuasive task-approach goals are. If
the goal seems unreachable, people may be less motivated or even amotivated
to try to reach it. Considering that people in low stages of change are likely
affected by a lack of perceived competence, a static goal imposed by the system
(a task-approach goal) might seem hard to reach for them. Similarly, if perceived
competence is low, other-approach goals could seem hard to reach. This might
undermine intrinsic motivation and could explain these findings. In contrast,
self-approach goals define competence based on one’s own past performance
and thus are less likely to lead to feelings of perceived incompetence. These
results and the importance of perceived competence, which might change when
moving through the stages of change and internalizing certain behaviors, can be
transferred to gamification elements. We found that social gamification elements
(competition, collaboration) and gamification elements establishing demanding
goals (challenges, badges) are perceived as significantly more persuasive in
higher stages of change. Overall, these findings underline the importance of
considering the extent to which a target behavior has been internalized to tailor
gamified systems to the user.

Third, we investigated Hexad user types as mediating factors regarding the per-
ception of gamification elements in two contexts: healthy eating and physical
activity. In both these contexts, we found significant correlations between Hexad
user types and the perception of gamification elements, which were expected
based on previous research and were mostly consistent across the contexts. When
looking at these correlations, it becomes obvious that those gamification elements
which support the basic psychological needs and types of motivations charac-
terizing a certain Hexad user type are particularly relevant for that user type.
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As a consequence, we can conclude that considering a user’s scores on each
of the Hexad user types, which may reflect motivational orientations and the
importance of certain needs, is important when personalizing gamified systems.

Fourth, we have seen that combining behavior change intentions and Hexad user
types could be a promising research direction, since we found that the strength
of the correlation between Hexad user types and gamification elements differs
significantly between users in lower stages of change and those in higher stages
of change.

Lastly, the fact that we used the same methodology to assess the perception
of the same gamification elements across two different contexts allowed us to
compare them. We found that the perception of certain gamification elements
differs between contexts, and we were able to associate these differences with
context-inherent need satisfactions and frustrations, which further supports the
need to consider the application context when tailoring gamified systems (RQ1).

To sum up, we demonstrated that age, behavior change intentions, and Hexad
user types, as well as the combination of the latter two, play a role in explaining
interpersonal differences and thus are important factors to consider when tailor-
ing gamified systems. We further showed that all our findings can be explained
through the lens of SDT and that the concept of basic psychological needs (see
Section 2.1.2) can be used to explain the differences in how gamification elements
are perceived. All considered factors have been associated with changes in what
motivates people and our results show that these changes are indeed reflected in
the preferences people have for or against certain gamification elements. What
is still missing at this point is empirical evidence for the actual effectiveness of
these factors, i.e. whether the changes in the perception of gamification elements,
which we have found in this chapter, actually can be used to increase motivation
and improve behavioral outcomes in implemented gamified systems, when these
systems are tailored based on our findings. We will contribute to answering this
question in the next chapter.
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Chapter 5
Effects of Personalized Gamified
Systems on Motivation and Behavior

In the previous chapter, we showed that the perception of gamification elements
differs between users and that personal factors — age, behavior change intentions
and Hexad user types — explain these differences to a certain degree. Therefore,
the factors could be used to tailor gamified systems to the user. However, whether
taking these factors into account to tailor gamified systems to the user actually
leads to measurable effects on motivation and behavior is unclear because so
far, we have relied on storyboards to explain gamification elements. While this
allows us to measure how participants perceive certain gamification elements, it
does not allow users to experience the gamification elements in an implemented
system. We will contribute to this open question in this chapter by implementing
gamified systems and investigating whether gamified systems that are tailored to
the user, using the findings from Chapter 4 and past research (see Section 2.4.3),
lead to beneficial effects on motivation and behavior compared to non-tailored
systems.

We will approach this question by implementing three different systems, each
of which we used for one respective study. First, in Section 5.2 we will present
findings from a gamified system called “Endless Universe”, in which we offer
a static set of gamification elements — which should be particularly suitable for
people who have certain Hexad user types or who are in high stages of change
— to motivate users to run on a treadmill. Thus, we contribute insights on the
performance and motivation impacts of using behavior change intentions and
Hexad user types to tailor a gamified system. In Section 5.3, we investigate the
approach of dynamically (counter-) tailoring the set of gamification elements
offered by a gamified system to users’ Hexad types in an image-tagging context.

173
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We measure whether activating gamification elements that should be particularly
suitable leads to a higher motivation, performance, an increased prevalence of
flow experiences and stronger positive affect, as compared to offering gamifica-
tion elements which are not tailored. In this study, we complemented validated
surveys with psychophysiological measures to obtain a more holistic picture
about the effects on the user experience. Lastly, in Section 5.4, we integrated
gamification elements that should be particularly suitable for certain Hexad
user types into a gym’s course booking system. Since the first two studies were
short-term laboratory studies which did not allow us to investigate whether the
positive effects of personalization on behavioral and psychological measures
persist in the long run, we conducted an in-the-wild study over almost two years
with participants visiting the gym.

Although we also contribute to RQ1 by investigating the effects of gamification
on motivation and behavior, we contribute mainly to RQ3, i.e. the question
of what effects the personalization of gamified systems has on behavioral and
psychological outcomes. Section 5.2 is based on [11], Section 5.3 on [21] and
Section 5.4 on [17].

5.1 Motivation

As we have seen in the previous chapter, people differ in how they perceive
gamification elements. Therefore, using a “one-size-fits-all” approach, i.e. pro-
viding users a static set of gamification elements, may not lead to optimal out-
comes. This general conclusion can also be drawn based on previous research,
which revealed inconclusive or even negative outcomes of using such a static
approach [7,146,315]. In line with our findings, it was found that there are
inter-personal differences in the perception of gamification elements [182], which
could threaten static gamification approaches. As a consequence, past research
focused on finding and investigating factors that moderate the perception of
gamification elements. As we have seen in Section 2.4.3, demographic factors
such as gender [258] or age [43], as well as personality traits [168] and user or
player typologies [182] were investigated. These studies revealed correlations
between the perception of gamification elements and the respective factors.

However, previous research investigating correlations between preferences for
gamification elements and certain personal factors relied on non-interactive
materials to explain gamification elements [182]. Consequently, participants in
these studies had no chance to interact with actual applications, but instead rated
their perception based on e.g. textual descriptions or storyboards. Thus, the actual
effects on behavioral or psychological outcomes, when users interact with gameful
applications that have been personalized based on these factors, remained unclear.
This limitation also applies to our findings presented in Chapter 4, since we relied
on storyboards to explain gamification elements. While this approach has several
advantages (such as allowing a larger number of participants to be recruited
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more easily and abstracting from implementation-specific details), the actual
effects on behavior and motivation cannot be studied.

We bridge this gap in this chapter by investigating whether personalizing gam-
ified systems based on our findings from Chapter 4 improves behavioral and
psychological measures. To do so, we focus on Hexad user types and behavior
change intentions, and investigate whether the moderating role of these factors
in explaining user preferences (as found in the previous chapter) translates to
actual differences in implemented gamified systems.

5.2 Behavior Change Intentions and User Types in a Gam-
ified Fitness System

The first section of this chapter continues our efforts to better understand the
role of behavior change intentions and Hexad user types in explaining why the
outcome of gamification differs across users. Similarly as in Section 4.3 and
Section 4.5, we focus on the domain of physical activity. As already stated, the
studies presented in the previous chapter, as well as studies from related work
done in the past, investigated factors for personalization by using a survey-based
methodology. This means that participants did not have the chance to interact
with applications, but instead rated their perceptions by imagining how the
gameful design elements would look in a real system. In contrast, we investigate
the actual effect of tailoring gamification to such personal factors by allowing
participants to interact with a gamified system.

More specifically, we contribute knowledge about the actual effectiveness of
personalization based on Hexad user types and behavior change intentions by
applying our findings from Chapter 4 in the context of “Endless Universe”, a
gameful application encouraging physical activity on a treadmill. We conducted
a lab experiment in which participants were asked to run on a treadmill and
thereby interacted with Endless Universe. The gamification elements used in the
system were intended to be particularly suitable for certain Hexad user types
and users in high stages of change, according to our findings regarding the im-
pact of behavior change intentions and Hexad user types on the perception of
gamification elements. In the lab experiment, we investigated whether users who
are in high stages of change and score particularly high on certain Hexad user
types increase their performance more than other users, whether they are more
intrinsically motivated and whether they show stronger emotional responses.
Besides investigating the effectiveness of behavior change intentions and Hexad
user types as factors for personalization, we also investigate whether Endless
Universe affects the aforementioned dependent variables without personaliza-
tion, i.e. when not considering any of the aforementioned two factors, in order to
replicate past research in the field of one-size-fits-all gamification.
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5.2.1 Concept and System Design

The actual effects of personalizing gameful applications based on behavior change
intentions and Hexad user types on task performance and user experience cannot
be investigated without allowing users to interact and experience the gameful
design elements in a real system. Therefore, we implemented Endless Universe, a
gameful application that builds upon the results of the online study to investigate
the effects of personalization on these aspects.

Endless Universe ties the distance covered on a treadmill to the progress within
several gameful design elements. To investigate which effects personalization
has on measures related to the users” performance and experience, we decided to
use the findings from the storyboards-based online study presented in Section 4.5
to tailor Endless Universe to a specific user group.

Theme

We decided to use outer space as the main theme of the gameful application. This
decision is based on previous research using gameful applications encouraging
physical activity, which demonstrated that this theme is well-perceived within
the physical activity context [68,98,108,109,124,304]. The core mechanic in the
gameful application is a spaceship exploring an endless universe. Hereby, the
real-time distance covered by the user on the treadmill has a direct influence
on the speed of the spaceship moving forward in the space exploration. The
spaceship is shown prominently in the middle of the screen and a moving illusion
is created by animating the background of the scene (i.e. stars and particles are
moving faster or slower). The distance covered by the user is shown permanently
in the application. When starting the application for the first time, an introduction
is given to the users, explaining that they belong to an alien species which is
competing to explore the universe with their spaceships. Figure 5.1 shows a
screenshot of the application.

Goal Setting

Endless Universe establishes a target distance to cover, which is shown next to
the distance covered in the main screen of the application. This target distance is
personalized to the user, i.e. is based on a users’ fitness level. This was done to
make sure that the target distance is reachable to all users and thus comparable.
This is in line with previous research within this context [204,230]. More specifi-
cally, this target distance was 10% higher than the previously covered distance.
The gameful design elements, which are described next, operate on this target
distance.
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Distance Covered (km) Target Distance to win (km) Badges Earned Current Position
0.51 4

Current Leaderboard

Rank Name Distance (km)
F Mark Howells 1.03

2 Jacob Bright 0.99
3 Larry Warren 0.96

4 You 0.51

Unlock Badges

oo

Cover 0.52 to unlock your secon d badge

Figure 5.1: Screenshot of the Endless Universe application. The distance cov-
ered, target distance, number of badges unlocked and current position on the
leaderboard are shown on the top. The leaderboard and badges are shown on
the right side of the screen.

Gamification Elements

The findings of the storyboards-based online study presented in Section 4.5 show
that behavior change intentions and Hexad user types are relevant factors for
personalizing gameful applications encouraging physical activity. Based on these
findings, we derived a set of gameful design elements to investigate the effects
of personalization. As such, we decided to use the gameful design elements
Badges, Challenges and Social Competition. These gameful design elements were
shown to be perceived as significantly more persuasive among participants in
higher stages of change (“High-SoC”, see Section 4.5) than among participants in
lower stages of change (“Low-S0C”, see Section 4.5) as can be seen in Table 4.6.
Also, these gameful design elements were shown to be positively correlated
with the Achiever, Player and Socializer Hexad user types (see Table 4.7 in
Section 4.5). Therefore, we expected that Endless Universe should be suitable for
users belonging to the High-SoC group or scoring particularly high on Achiever,
Socializer or Player. The gameful design elements are described in the following:

Badges: There are three different badges in the gameful application. To account
for inter-personal performance differences, the thresholds to unlock badges was
established relatively to the target distance. The first badge is unlocked when
reaching 20% of the target distance and is visualized through a bronze trophy.
The second badge, a silver trophy, is unlocked when reaching 50% of the target
distance. Finally, the golden badge is unlocked when reaching 100% of the
target distance. This progression concept follows the recommendations related
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to progression stairs in games by Werbach and Hunter [360]. The badges were
shown on the right side of the screen and darkened until they were unlocked.
The remaining distance until unlocking the next badge was shown permanently
below the badges. Based on the findings from Section 4.5, this gameful design
element should be perceived particularly well by users belonging to the High-SoC
group and users scoring high on the Achiever or Player factors of the Hexad.
Challenges: The ultimate challenge of Endless Universe is to reach the target
distance. This is explained to the user as part of the onboarding procedure before
starting the gameful application. When reaching the target distance and thus
mastering the main challenge of the application, a so-called “explorer of the day”
trophy is unlocked and shown to the user. Based on Section 4.5, this gameful
design element should be perceived particularly well by users belonging to the
High-SoC group and users having a high Achiever score.

Social Competition: We used a leaderboard to introduce social competition to
the gameful application, positioned on the right-hand side of the screen. In
this leaderboard, fictitious users were shown, similar to previous gamification
studies [224]. This was done to ensure the comparability across participants,
i.e. that all participants had the same chance to rise in ranks, and to avoid
introducing a confounding variable [354]. Similar to Badges, there were three
other fictitious users who covered distances that were calculated in relation to
the target distance described above. The fictitious user on the first rank covered
the target distance, the fictitious user on the second rank covered 5% less than the
target distance and the fictitious user on the third rank covered 8% less than the
target distance. This follows the same progression scheme as was used for Badges
and thus follows recommendations established by Werbach and Hunter [360].
Based on the findings from Section 4.5, this gameful design element should be
perceived particularly well by users belonging to the High-SoC group and users
scoring high on the Achiever, Player or Socializer factors of the Hexad.

7

Implementation

The user interface part of Endless Universe was implemented as a web application
and capturing the distance covered on the treadmill was realized by using an
Arduino Uno board and a QRE1113 infrared reflectance sensor comprised of an
infrared emitting LED and an infrared sensitive phototransistor. The hardware
and user interface are explained in the following.

Hardware to Capture the Covered Distance on the Treadmill Since the cov-
ered distance is a direct input to the gameful application, we implemented a
system to track the distance covered on the treadmill. We placed reflecting light
tape on the belt of the treadmill in equal, pre-defined distances and used an
infrared reflectance sensor to detect the tape. We used an Arduino Uno, which
was connected to a PC via USB to send an event to the main application running
on the PC whenever a tape was detected.
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User Interface The number of events that were triggered when the reflecting
tape on the belt was detected by the Arduino was sent via USB to a Node]S
Express webserver running on a PC in real-time. The webserver calculated the
distance covered based on the number of detections, i.e. the total distance could
be derived with a maximum discrepancy of 3.1 meters (the tape was placed every
3.1 meters). Besides calculating the covered distance, the webserver is responsible
for the game logic, i.e. deriving the current rank of the user on the leaderboard,
checking whether a badge should be unlocked and whether the main challenge
was completed. This information is populated to the frontend using bi-directional
websockets. The frontend itself was realized using HTML, CSS and Javascript.
Three.js was used for the visualization of the space, the rocket and to create the
moving illusion with various speed. Moreover, Bootstrap was used to make
sure that the application adapts to various screen sizes and jQuery was used to
manipulate the DOM of the web application whenever updated data from the
webserver has been sent.

5.2.2 Evaluation

To investigate whether the findings from the online study presented in Section 4.5,
which were based on the perception of storyboards, lead to effects on a user’s
performance or experience when actually interacting with a gameful application,
we conducted a lab study. In this lab study, participants were running on a tread-
mill and thus interacted with Endless Universe. In the following, the procedure,
method and the results of this study are presented.

Procedure and Method

The study followed a within-subjects design with two conditions. When recruit-
ing participants, we used the same validated questionnaire as in the online study
to assess the SoC within the context of Physical Activity [212], to make sure
that an equal number of Low- and High-SoC participants was recruited. In the
baseline condition, participants were running on a treadmill without getting any
kind of feedback (the display of the treadmill was covered using black foil). In
the intervention condition, Endless Universe was deployed on a 10 inch tablet
device, which was placed where the display of the treadmill is located, to ensure
that participants can easily see the gameful application. The study started with
the baseline phase to avoid detrimental effects when removing gameful design
elements [146] and to establish the target distance in the intervention phase (to
make sure that the target distance is reachable to all users [204,230]). After giving
informed consent, participants were asked to fill out a survey. In this survey,
demographic data was collected. Next, the Hexad user type was assessed using
the validated questionnaire by Tondello et al. [337], followed by a validated
questionnaire to assess the SoC within the context of Physical Activity [212].

After completing this survey, participants were asked to run on the treadmill for
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10 minutes in a speed that they felt comfortable with. They were told to stop
running when feeling uncomfortable. Drinks were provided.

After running for 10 minutes, participants were asked to complete a second
survey. In this survey, the validated version of the Positive and Negative Affect
Schedule (“PANAS”) [358] was administered in order to assess affective experi-
ences while running. Next, participants were asked to fill out the 22-item task
evaluation questionnaire of the Intrinsic Motivation Inventory (“IMI”) [216,297]
to assess intrinsic motivation and enjoyment of the running activity. Finally,
Borg’s Rating of Perceived Exertion (“RPE”) [50] was administered to assess
how exhausting participants perceived the activity. In this scale, users choose
a number between 6 (“no exertion”) and 20 (“maximum exertion possible”) to
describe their perceived exertion. Finally, a date for the intervention phase was
scheduled. We made sure that there is a break of at least one full day between the
baseline and intervention phase.

The intervention phase followed exactly the same procedure. The only difference
was that Endless Universe was in place while running. The task was exactly the
same, i.e. participants were asked to run on the treadmill for 10 minutes in a
speed that they felt comfortable with. The target distance was established based
on the covered distance in the baseline phase, as described in Section 5.2.1. After
running for 10 minutes, the same questionnaires as in the baseline (PANAS, IMI,
RPE) were administered.

Participants were compensated by a 10 Euro amazon gift card. The study has
been reviewed and received ethics clearance through an institutional Research
Ethics Committee?.

Hypotheses

Based on the findings of the storyboards-based pre-study and previous research,
we expected to find evidence for the following hypotheses:

H1: One-size-fits-all Gamification affects performance and experience
Hla: The covered distance is higher when using Endless Universe
H1b: Users perceive running as more enjoyable using Endless Universe
Hlc: Users have stronger affective experiences with Endless Universe

H2: SoC affects performance and experience with Endless Universe
H2a: The improvement in distance is higher for High-SoC users
H2b: High-SoC users perceive Endless Universe as more enjoyable
H2c: High-SoC users have stronger affective experiences

H3: Hexad types affect performance and experience with Endless Universe

¥ Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK2Qii (last accessed: 2021-12-01)
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H3a: The improvement in distance is higher for AC, PL, SO
H3b: AC, PL, SO perceive Endless Universe as more enjoyable
H3c: AC, PL, SO have stronger affective experiences

H1 is motivated by previous work showing that gameful applications can in-
crease physical activity and can have positive effects on the user experience
when doing sports [7,185]. Consequently, H1 can be seen as a replication of
previous work and is important to demonstrate the overall effectiveness and
validity of Endless Universe. H1 is analyzed by conducting paired samples t-
tests or Wilcoxon signed rank tests (when the assumptions of the t-test were not
met). H2 stems from findings of the storyboards-based online study presented in
Section 4.5. In this study, we found that the perceived persuasiveness of Social
Competition, Badges and Challenges is significantly higher among High-SoC
users. Since we are using these gameful design elements in Endless Universe,
we expect that the increased perceived persuasiveness should be reflected in
an increased actual performance and experience. H2 is analyzed by splitting
participants in Low- and High-SoC groups and conducting independent sam-
ples t-tests or Mann-Whitney U tests (when assumptions of the t-test were not
met). Similarly, H3 bases on our findings from the online study (Section 4.5),
which revealed significant correlations between the Socializer, Achiever, Player
and the aforementioned gameful design elements. Also, previous research has
demonstrated similar correlations for these gameful design elements in different
contexts [144,189,261,342]. To analyze H3, we calculated bivariate correlation co-
efficients. Similar to the online study, we used Kendall’s 7, since it is well-suited
for non-parametric data [155]. Also, research has recommended using Kendall’s
7 when the sample size is rather low [44]. Since we established one-directional
hypotheses beforehand (H3a, H3b, H3c) and to further increase the power of
the correlation analysis, we used one-sided tests. Again, when interpreting the
correlation coefficients, it should be considered that Kendall’s 7 is lower than
Pearson’s r for the same effect sizes.

Results

We recruited 20 participants. 11 self-reported their gender as male and 9 as
female. Most participants (50%) were aged 25-31 years, followed by 18-24 (45%)
and 32-38 (5%). The number of participants across the Low- and High-SoC groups
was equal (10 participants in each group). Achievers (M=24.80, SD=2.35) and
Philanthropists (M=24.10, SD=3.35) showed the highest and second-highest aver-
age scores, followed by Players (M=24.10, SD=2.92) and Free-Spirits (M=23.40,
SD=3.12). Socializers (M=22.90, SD = 3.80) and Disruptors (M=17.40, SD=3.95)
followed with lower average scores.

Effects of “One-Size-Fits-All” Gamification First, we investigated whether
Endless Universe has an effect on the performance of users, i.e. whether it moti-
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Baseline Intervention . .
N<20 N<20 Diff. sig.
Distance Covered M =0.96,SD =032, M =1.13,SD = 0.36, p =0.003
[km] Mdn = 0.97 Mdn = 1.12 7 =24.00
RPE M=935:SD=211, M=11.10,SD=295 p=0.027
[scale from 6-20] Mdn =9.00 Mdn =11.50 t=-2.40
IMI Enjoyment M=488,SD=197, M=543,SD =142, )
[scale from 1-7] Mdn = 5.50 Mdn = 5.67
IMI Competence M =4.42,5SD=1.89, M=538,SD=1.35, p =0.008
[scale from 1-7] Mdn =4.84 Mdn = 5.84 t=-2.97
IMI Pressure M=1.73,SD=1.04, M=6.07,SD =1.09, p<0.001
[scale from 1-7] Mdn =1.33 Mdn = 6.50 t=-10.40
IMI Choice M=6.03,SD=127, M=240,SD=1.56, p<0.001
[scale from 1-7] Mdn = 6.67 Mdn = 2.00 t=7.42
PANAS pos. M=3.03,SD=056, M=23.40,SD=0.83, )
[scale from 1-5] Mdn =2.90 Mdn = 3.45
PANAS neg. M=291,SD=0.14, M=290,SD=0.0.17, )
[scale from 1-5] Mdn = 3.00 Mdn =2.90

Table 5.1: Dependent variables of the lab study for the baseline and interven-
tion condition and results of paired samples t-tests / Wilcoxon signed rank
tests (“Diff. sig.”) comparing them.

vated participants to cover more distance than in the baseline. This is important
to replicate previous research, which showed the effectiveness of one-size-fits-all
gamification in this domain [14,79,185].

Table 5.1 shows the means, standard deviations, medians and significant differ-
ences for all dependent variables of the study for the baseline and intervention
phase. We found a significant difference in the covered distance between the
baseline and intervention condition (Z=24.00, p=0.003). Based on this, we estab-
lish result R1: Participants covered a significantly higher distance when using
Endless Universe. Next, we analyzed whether RPE differs across the conditions.
Again, we found a significant difference between the intervention and baseline
phase in perceived exertion (t=-2.40, p=0.027). Thus, R2: Perceived Exertion is
higher when using Endless Universe confirms that the increased distance (R1)
is also reflected in the subjectively higher feeling of exertion. Regarding enjoy-
ment and user experience, we compared the factors of the IMI and PANAS. Here,
we found a significant difference for the competence (t=-2.97, p=0.008), pressure
(t=-10.40, p<.001), and choice (t=7.42, p<.001) factors of the IMI. No significant
effects were found for the enjoyment factor (p=0.20). Thus we establish R3:
Perceived competence and pressure is higher when using Endless Universe
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Low-SoC High-SoC cep
N=10 N=10 Diff. sig.
Distance Improvement M =1.37,5D =031, M=1.11,5D=0.31, .
[intervention/baseline] Mdn =1.23 Mdn =1.15
RPE M=1190,5D =289, M=1030,5D =295
[scale from 6-20] Mdn =12.00 Mdn =11.00
IMI Enjoyment M=513,5D=177, M=573,SD=097,
[scale from 1-7] Mdn =5.33 Mdn = 5.83
IMI Competence M=507,SD=162, M=5.70,SD =1.01, }
[scale from 1-7] Mdn =5.17 Mdn = 6.00
IMI Pressure M=580,SD=125 ~M=633,SD=087,
[scale from 1-7] Mdn = 6.00 Mdn = 6.67
IMI Choice M=280,SD=163, M=200,SD=123,
[scale from 1-7] Mdn = 3.33 Mdn = 1.67
PANAS pos. M=3.02,SD=055 M=377,SD=092, p=0.040
[scale from 1-5] Mdn =2.75 Mdn =4.10 t=221
PANAS neg. M=280,SD=0.13, M=3.00,SD=0.15, p=0.005
[scale from 1-5] Mdn = 2.80 Mdn = 3.00 t=3.16

Table 5.2: Dependent variables of the lab study in the Low- and High-SoC
groups and results of independent t-tests / Mann-Whitney-U tests (“Diff.
sig.”) comparing them.

and R4: Perceived choice is lower when using Endless Universe. Regarding
affective experience, no significant effects were found for the positive (p=0.08)
nor the negative affect factor (p=0.62).

Effects of SoC-Personalization Similar to the online study, we split partici-
pants in Low- and High-SoC groups and compared these two groups to check
for significant effects. To ensure the comparability of the improvement of per-
formance, we did not consider the absolute distance but calculated the relative
improvement (i.e. we divided the distance covered in the intervention phase by
the distance covered in the baseline phase). Table 5.2 provides an overview of
descriptive data and significant differences. It can be seen that we could not find
a significant effect in distance improvement between the Low- and High-SoC
groups (p=0.07) and no significant effect was found for the perceived exertion
between the groups (p=0.24). In addition, none of the factors of the IMI revealed
a significant difference (enjoyment: p=0.36; competence: p=0.31; pressure: p=0.28;
choice: p=0.23). However, we found a significant effect for affective experiences,
i.e. a significant effect was found for both positive (t=2.21, p=0.040) and nega-
tive affect (t=3.16, p=0.005). Both positive and negative affect was significantly
higher in the High-SoC group. Consequently, we establish R5: Participants in
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AC DI FS PH PL SO

Distance Improvement
[intervention/baseline]

IMI Enjoyment
[scale from 1-7]

IMI Competence
[scale from 1-7]

IMI Pressure

[scale from 1-7]

IMI Choice
[scale from 1-7]

PANAS pos.
[scale from 1-5]

PANAS neg.
[scale from 1-5]

Table 5.3: Kendall’s 7 and significance between the Hexad user types and the
dependent variables in the lab study. *p<.05, **p<.01

the High-SoC group had stronger affective experiences.

Effects of Hexad-Personalization The results of the correlation analysis can
be seen in Table 5.3. When analyzing the significant correlations between the
dependent variables of the lab study and the AC, PL, SO Hexad user types,
we found that the score in the Socializer factor of the Hexad is positively cor-
related to the perceived competence of the IMI when interacting with Endless
Universe, having a medium effect size. This suggest that Socializers perceived
the feedback of the gameful design elements as particularly confirming and
leads to R6: Endless Universe positively affected the perceived competence of
Socializers. We also found correlations for Hexad user types besides AC, PL
and SO. For these remaining Hexad user types, we expected to find either no
conclusive correlations or expected that negative effects on the user experience or
performance would be found. Since we did not have specific a-priori formulated
assumptions for these user types, we used two-tailed tests for them. We found a
negative, medium-sized correlation between the distance improvement and the
Disruptor. This suggests that Disruptors were not encouraged to increase their
performance by Endless Universe and leads to R7: The performance of Disrup-
tors was negatively affected by Endless Universe. Also, we found a medium to
strong positive correlation between the perceived pressure and Free Spirits. This
means that R8: Perceived pressure was particularly high for Free Spirits when
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using Endless Universe.

5.2.3 Discussion and Limitations

We implemented a gameful application aiming to motivate users to cover a higher
distance on a treadmill to investigate whether the theoretical findings of the
storyboards-based study presented in Section 4.5 lead to effects on performance,
enjoyment or affective experiences when allowing users to interact with a real
implementation of gameful design elements.

In the study, we used Endless Universe to investigate its effectiveness and the
effects of behavioral intentions and Hexad user types. We relied on the findings
from the online study presented in Section 4.5 to decide which gameful design
elements to use for which Hexad user types and stage of change. Consequently,
we ended up using Badges, Challenges and Social Competition. These elements
were shown to be perceived as significantly more persuasive for users in the High-
SoC group in the online study. Also, expected correlations were found between
the perceived persuasiveness of these three elements and the Hexad user types
Socializer, Achiever and Player. Thus, by using these gameful design elements,
we expected to see positive effects on the aforementioned dependent variables for
High-SoC users and users scoring particularly high on the Socializer-, Achiever-,
or Player- factors of the Hexad.

As a first step of our analysis, we investigated whether the gameful elements
used in Endless Universe are effective (H1). We found that Endless Universe led
to a significant increase in covered distance on the treadmill (R1) and also to a
subjectively higher exertion (R2), thus supporting Hla: The covered distance
is higher when using “Endless Universe”. This finding is important as it repli-
cates previous research [7,185] and thus demonstrates the validity of the gameful
application itself. We also analyzed whether there is a difference in factors of
the IMI. We found that perceived competence and perceived pressure are signif-
icantly higher when using Endless Universe (R3) and that perceived choice is
significantly lower (R4). The increased perceived competence is considered as a
positive predictor of intrinsic motivation and thus contributes positively to the
enjoyment of Endless Universe [300]. On the other hand, perceived pressure is
considered as a negative predictor of intrinsic motivation [361]. However, the
increase in perceived pressure might also be related to a higher immersion, an
enhanced focus on the task and thus a higher sense of flow [94,148]. Therefore,
the significant increase of perceived pressure might be perceived both negatively
or positively and should be studied in future work. The fact that perceived choice
is significantly lower when using Endless Universe might be related to the in-
troduction of gameful design elements, which establish certain goals and norms
which might establish more guidance and thus lead to less choice. Taking R3 and
R4 together, we consider H1b: Users perceive running as more enjoyable using
Endless Universe as partially supported. Since no significant effects were found
regarding positive or negative affect, Hlc: Users have stronger affective experi-
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ences with Endless Universe is not supported. These mixed results regarding
user experience (H1b, Hlc) might be related to inter-personal differences in the
perception of gameful design elements, which have been shown by previous
research [261,342] and as part of the online study presented in Section 4.5.

Therefore, as a next step, we analyzed whether such inter-personal differences
could be explained by considering the behavioral intention and Hexad user
type of participants. Regarding behavioral intentions (H2), we did not find
any significant effects between Low- and High-SoC users regarding distance
improvement or perceived exertion. Thus H2a: The improvement in distance
is higher for High-SoC users is not supported, given our data. A potential
reason could be related to observer effects, i.e. the effect that participants act more
ethically, more conscientiously or more efficiently when being observed [232].
During the experiment, one researcher was in the same room as the participant.
This might have affected Low-SoC users more than High-SoC users to improve
their performance, since Low-SoC users might have wanted to avoid drawing
attention to the fact that they were performing worse than others. Consequently,
they might have powered more in the baseline, but could not improve in the
intervention. Regarding H2b: High-SoC users perceive Endless Universe as
more enjoyable, we found no significant differences on the respective IMI factors
(enjoyment, competence). Thus, this hypothesis cannot be supported. However,
it should be noted that the sample size to compare the Low- and High-SoC
users was rather small (10 participants per group), which means that the chance
of not finding small to medium sized effects is relatively high. Therefore, we
acknowledge that the absence of significant effects (H2a, H2b) should not be seen
as supporting evidence for the respective null hypotheses. Descriptively, both
factors were considerably higher in the High-SoC group, which might suggest
that a significant difference could have been found with more participants in
each group and that the size of the actual effect was too small to be detected
with a total N of 20. Finally, we found a significant increase of both positive and
negative affect among High-SoC users (R5). This supports H2¢c: High-SoC users
have stronger affective experiences.

The fact that positive affect was significantly higher when using Endless Universe
supports that tailoring a gameful application to the SoC of users positively affects
the user experience. Given that also negative affect was significantly higher
when using Endless Universe, these results need to be interpreted more carefully.
There is a lot of criticism of considering positive and negative affect as polar
opposites [296]. Research has found strong positive correlations between the
latent factors of positive and negative affect. Also, the instrument that we used,
PANAS, actually does not measure opposite affective experiences (as the names of
the latent variables might suggest) [296]. In fact, the items of positive affect were
chosen to represent a latent variable (named positive affect) which is defined as
activation plus pleasantness. The negative items were chosen to represent a latent
construct (named negative affect) defined as activation plus unpleasantness [296,
358]. This shows that these two latent constructs are not opposite on activation,
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which ultimately means that they are not opposite. We also found supporting
evidence of this effect in our data. When analyzing a potential correlation between
positive and negative affect, which should be strongly negative, assuming a
bipolarity of both latent variables, we found that there exists an insignificant
positive correlation between positive and negative affect (Kendall’s 7 = 0.25,
p=0.17). This supports the assumption that activation was the deciding cause
for the increase in negative affect, instead of unpleasantness. This assumption
is further supported by research showing that negative affect can lead to a
positive user experience in games [48]. Thus, we conclude that the increase in
negative affect seems to be related to higher arousal and activation. Considering
a significant increase in positive affect, this allows to interpret the results related
to affective experience in a way that supports the assumption of a better user
experience when using Endless Universe.

Regarding Hexad user types, we found no evidence for H3a: The improvement
in distance is higher for AC, PL, SO. Considering that correlations between
gameful design elements and Hexad user types using self-reported measures
were rather weak [261,342], the absence of significant correlations between the
improvement in distance and these Hexad user types might be related to the low
sample size and the resulting low test power. Future work should consider a
higher number of participants in order to be able to detect small to medium-size
correlations. However, it should be noted that we found a negative correlation
between the Disruptor and distance improvement (R7), suggesting that Hexad
user types seem to have an actual effect on performance. Furthermore, we found
that perceived competence was positively correlated to the Socializer user type
(R6) and that perceived pressure was negatively correlated to the Free Spirit user
type (R8). R6 can be interpreted as partially supporting evidence for H3b: AC, PL,
SO perceive Endless Universe as more enjoyable. For Players and Achievers no
significant correlations were found, meaning that H3b is only supported for the
Socializer. However, taking also R8 into account, the importance of Hexad user
types as a factor moderating the user experience in a gameful fitness application
is strengthened and should be investigated further in upcoming interventions.
Lastly, we did not find significant correlations regarding affective experiences,
thus H3c: AC, PL, SO have stronger affective experiences is not supported,
given our data. Potentially, this could indicate that tailoring for Hexad user types
affects measures related to motivation and the perception of gameful design
elements more than the measures related to emotional responses evoked by those
gameful design elements. However, this needs to be investigated in future work.
Also, it should be noted that we used concrete implementations of gameful design
elements, implying that certain design decisions needed to be made, which in
turn might have affected the perception of the gameful design elements.

Finally, regarding the question of whether gameful fitness systems should be
personalized using behavior change intentions or Hexad user types, the short
answer based on our findings is “most probably, yes”. No evidence was found
for personalization affecting immediate performance-related measures (H2a,
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H3a). However, we found significant positive effects on the user experience
of participants (H2c, H3b). This indicates that personalization using behavior
change intentions or Hexad user types might affect the performance or behavior
of users in the long-run, i.e. the improved user experience might lead to improved
retention rates and participants might be more motivated to keep increasing
their physical activity. Consequently, beneficial effects on the performance and
behavior of users are expected when conducting studies over a longer time-span.
This is an important direction that should be followed in future work.

5.2.4 Contribution to Research Questions

The findings from this lab study complement the findings from the online study
presented in Section 4.5. While the latter provided supporting evidence for the
assumption that Hexad user types and behavior change intentions affect the
perception of gamification elements, we were able to contribute results which sup-
port that these changes in the perception of gamification elements seem to have
an actual impact on motivation and affective experiences, when implementing a
gamified system that is tailored to specific user groups.

We found that using gamification elements which were perceived particularly
well by users in high stages of change leads to stronger affective experiences
among that category of users, when exposed to a gamified system implementing
them. Moreover, regarding Hexad user types, we found that participants scor-
ing high on the Socializer trait felt particularly competent when exposed to the
gamification elements. Since the gamification elements that were implemented
were shown to be perceived well by Achievers, Players and Socializers, these
findings support the results of the online study presented in Section 4.5. They
consequently show that using both Hexad user types and behavior change inten-
tions to personalize gamified systems has an actual impact on user experience
related measures of motivation and emotional responses. Additionally, we found
a positive correlation between Free Spirits and the pressure factors of the IMI.
Since pressure is seen as a negative predictor of intrinsic motivation, our find-
ings show that gamification elements which are particularly suitable for some
user types might detrimentally affect other user types. This finding supports
the importance of personalizing gamified systems by considering Hexad user
types, and could be seen as a possible explanation for the differences in whether
gamification leads to positive, neutral or negative effects that were reported in
previous research [7,146,315].

Overall, these findings mainly contribute to RQ3, i.e. the question of what ef-
fects personalization of gamified systems has on behavioral and psychological
outcomes. In addition, we have found that Endless Universe in general led to
an increased performance and perceived exertion. Thus, we contribute evidence
for the effect of gamification on behavioral measures, independent of personal-
ization. When analyzing reasons for this effect, we found that users” motivation
was affected. We found that the system increased participants’” perceived compe-
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tence, which should contribute positively to intrinsic motivation. However, we
also found that perceived choice decreased significantly and perceived pressure
increased significantly. These findings suggest that the gamification elements
served as rather controlling stimuli in this experiment, i.e. they seemed to un-
dermine autonomy (since perceived choice significantly decreased). Although
the increased perceived pressure could be an indication of the prevalence of
flow experiences (as discussed in the previous section), it could also support
the assumption that the gamification elements were perceived as controlling the
behavior of participants. We see these findings as important contributions to
RQ1, i.e. the question of how gamification affects motivation in behavior change
contexts. They show that, while increasing the performance of participants, gam-
ification elements might undermine perceived autonomy and introduce pressure.
This suggests that participants increased their performance by employing rather
controlled types of regulation (external or introjected regulation), instead of using
more autonomous regulatory styles (identified regulation, integrated regulation).

5.3 Effects of (Non-) Personalized Gamification on Task
Performance, User Experience and Psychophysiologi-
cal Reactions

In this section, we focus specifically on the effect of Hexad user types on behav-
ioral and psychological measures. Hexad user types have been used frequently in
past research on explaining user preferences in gamified systems, e.g. to explain
user preferences in the domain of education [236], physical activity [13], energy
conservation [189] or health [261] (see Section 2.4.3). However, as already stated,
past research did not investigate these preferences by using an implemented
system, but relied on non-interactive materials.

We present findings from a lab study in which participants interacted with an
image tagging platform. On this platform, various gamification elements could
be dynamically activated or deactivated. Thus, instead of using a static set of
gamification elements and investigating whether they are advantageous for user
groups which have been shown to perceive these elements particularly well, in
this study we dynamically adjust the set of gamification elements to the users’
Hexad type. Furthermore, in order to get a more holistic picture of the effects
of personalization on psychological measures, we complement survey-based
measures with psychophysiological ones. Investigating whether personalizing
gamified systems based on the Hexad types of users is important, since we know
much about the role of Hexad types in explaining differences in the perception
of gamification elements but very little about the actual effects of personalizing
gamified systems based on them, i.e. whether the findings from survey-based
studies translate to the real world. In the following, we will elaborate on the
design and implementation of the image tagging platform and the user study we
have conducted to investigate the aforementioned aspects.
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Tag Counter: 0 30f10 Leaderboard

(a) Image tagging task without any (b) Gamified image tagging task, us-
gameful design elements ing a leaderboard and points

Figure 5.2: Image tagging platform

5.3.1 Concept and System Design

We implemented a web-based study platform to investigate the effectiveness
of personalization of gameful systems based on Hexad user types. We thereby
followed the approach of Mekler et al. [223,224,225] by using an image tagging
context. The image tagging task on the platform and the set of gameful design
elements is described in the following sections.

Image Tagging Task

To ensure comparability, the general task and platform were similar to those used
by Mekler et al. [223,224,225]. To begin with, the platform allowed participants
to get familiar with the tagging task in a tutorial, i.e. allowing participants to
add tags for three consecutive images. After completing the tutorial, participants
were asked to tag ten images, appearing one at a time and in a random order. We
did not use the images employed by Mekler et al. [223,224,225]. The authors
noted in their most recent study using this platform [224] that utilizing abstract
paintings and asking participants to tag emotions makes it hard to objectively
assess tag quality. Instead, we decided to consider images that are used for
object detection. This allows us to assess the quality of tags in a more objective
way. The participants were shown images from the MIRFLICKR-25000 image
collection [157]. This collection consists of 25,000 images downloaded from the
social photography site Flickr and has been widely used in machine learning
research to train object detection algorithms. Participants were asked to type
anything they thought of when seeing the image, and could provide tags in a
free text field, separating them by pressing enter. Above every image there was a
brief description on how to tag it. Figure 5.2a shows the image tagging task.
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Gameful Design Elements

We implemented the image tagging platform in a modular way, such that gameful
design elements can be activated or deactivated on an individual basis. This
allowed for ad-hoc adaptations of the set of gameful design elements depending
on the Hexad user type of the participant. We realized five gameful design
elements, i.e. badges, points and leaderboard, virtual character, and unlockables,
which are described in the following. We made sure that each Hexad user type
has at least one suitable gameful design element, based on positively correlated
gameful design elements described in the study by Tondello et al. [342]. One
exception is the Disruptor, because it is negatively correlated (or not correlated
at all) to most gameful design elements [261] making it difficult to find and
include suitable gameful design elements. In fact, the Disruptor might also not
be as practically relevant as the other user types, since a huge majority of users
score lowest in this particular trait [13,342]. Except for leaderboards, all gameful
design elements used three score thresholds, which led to a state change of the
corresponding element (e.g. unlocking a badge, changing the mood of the virtual
character). These thresholds were based on previous gamification research about
image tagging [200,311]. The thresholds were the same across all gameful design
elements to avoid a bias in the tag quantity depending on which elements are
activated (the first state change happens after adding 20 tags, the second after
adding 45 tags and the third after adding 70 tags across all images). To ensure
comparability to Mekler et al. [223, 224, 225], who showed five users on their
leaderboard, we slightly adapted these thresholds for the leaderboard, without
changing the maximum amount to reach the first rank so as not to introduce
ceiling effects (in line with all other gameful design elements, the first rank had
70 tags). The second rank had 50, the third 30 and the fourth 10 tags.

Badges This gameful design element is especially suitable for Achievers as it
builds on the concept of mastery [213]. Previous research has shown that the
perception of Badges is positively correlated to the Achiever user type [342]. On

Earn the bronze badge for adding ' Earn the common item for adding
20 tags 20 tags

Earn the silver badge for adding 45 ' Earn the rare item for adding 45
tags
tags

Earn the legendary item for adding
Earn the golden badge for adding
70 tags
70 tags

Your monster is
feeling hungry.
30% Feed it with tags.

Figure 5.3: The gameful design elements Badges, Unlockables and Virtual
Character
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the platform, three different Badges (using the score thresholds mentioned before)
can be unlocked: A bronze badge could be unlocked after adding 20 tags, a silver
badge after adding 45 tags and a golden badge after adding 70 tags. The badges
are shown on the right side of the screen. A progress bar indicates the progress
towards unlocking the next badge (see Figure 5.3).

Points and Leaderboard Points have been shown to positively affect Play-
ers [213,342] and Socializers [13,261]. Similarly, both user types have been
shown to be particularly driven by social competition on leaderboards [213,342].
In line with Mekler et al. [224], the leaderboard on our platform shows fictitious
users with scores similar to the thresholds established before, to ensure that all
participants have equal chances to rise in the ranks. For each tag, users received
one point. The leaderboard is shown on the right side of the screen, while the
user’s current amount of points is shown right below the image (see Figure 5.2b).

Virtual Character Philanthropists are driven by purpose and like to care for
others [213,342]. Although past research has not revealed consistent correlations
between the Philanthropist factor and the perception of gameful design elements,
we expect that a virtual character should be particularly relevant for Philan-
thropists. A virtual character may induce feelings of care-taking and stimulate
striving for purpose [20]. We used an animated virtual monster whose emotional
state is coupled to the amount of tags. The three shifts in its emotional state
are based on the score thresholds described before. A progress bar indicates the
progress towards reaching the next emotional state of the monster (see Figure 5.3).
The virtual character field was placed on the left side of each image.

Unlockables Unlockables, i.e. unlocking unknown virtual items, are expected
to motivate Free Spirits because they are mainly driven by autonomy and cu-
riosity [213,342]. To realize Unlockables, we provided virtual items on the image
tagging platform that can be unlocked by adding tags. Reflecting the score thresh-
olds, there were three items differing in rarity (common, rare, epic). The virtual
items were blurred and gradually became more visible when adding tags, with
the intention to make users curious and more motivated to explore (which is
particularly interesting for Free Spirits [342]). The more tags the user added,
the clearer the virtual item would become and the closer the user would get
to unlocking it. A progress bar indicates progress towards unlocking a certain
item. Unlockables were placed on the right side of each image, as can be seen in
Figure 5.3.

5.3.2 Evaluation

We used the previously described study platform to investigate the effects of per-
sonalization based on Hexad user types on task performance and user experience.
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User experience entailed enjoyment, affective experiences and flow and was
measured by both questionnaires and psychophysiological reactions. Moreover,
we aimed to replicate previous research [200,223,224,225] by investigating the
effect of gamification on task performance.

This user study has a within-subjects repeated measures design, in which partici-
pants received three conditions: Control, Tailored Gamification, Contra-Tailored
Gamification. The selection of (un-) suitable gamification elements for the gami-
fied conditions was based on Hexad user types. The study has been reviewed and
received ethics clearance through an institutional Research Ethics Committee®.

Conditions

The user study had three different conditions, which all participants took part in.
There were three conditions differing solely in the type of feedback that was given
to users while tagging images. The conditions are explained in the following:

Control (“CO”): In this condition, participants were asked to complete the im-
age tagging task while no gameful design elements were activated.

Tailored Gamification (“TG”): In this condition, we activated gameful design
elements that correspond to the Hexad user type of the user (as described in
Section 5.3.1). If the user scored (equally) high in two or more Hexad user types,
all related gameful design elements were activated.

Contra-Tailored Gamification (“CG”): In this condition, gameful design ele-
ments were activated that correspond to the Hexad user types that the user
scored lowest on (as described in Section 5.3.1). These elements should be least
relevant to the user. If two or more user type scores were equally low, all related
gameful design elements were activated.

The Disruptor user type was not considered for assigning suitable or unsuitable
gameful design elements (see Section 5.3.1). This is in line with previous research,
excluding this user type due to a lack of practical relevance [236]. We decided
to activate multiple gameful design elements when a participant had an equal
score on their highest or their lowest user type to reflect the traits-based nature of
the Hexad model. In case of a conflict, i.e. when a participant scored highest on
Player and lowest on Socializer (or vice-versa), we activated the gameful elements
corresponding to their second-lowest score, since Players and Socializers are both
motivated by points and competition [342] and have been shown to be positively
correlated [337].

*Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK2Qii (last accessed: 2021-12-01)
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Subjective Measures and Analysis

7

We used the validated Hexad user type questionnaire [337] to assess participants
user type. Enjoyment and intrinsic motivation were measured using the task
evaluation questionnaire of the Intrinsic Motivation Inventory (“IMI”) [216,297].
Affective experiences were assessed by using the Positive and Negative Affect
Schedule (“PANAS”) [358]. The Activity Flow State Scale (“AFSS”) [267,268]
was used to measure flow. All questionnaires were analyzed as instructed by the
authors of the corresponding instruments [216,297,337,358].

Physiological Measures and Analysis

We used features of the electrodermal and cardiovascular system to analyze psy-
chophysiological responses, i.e. flow, enjoyment and affective experiences. The
electrodermal system, or sweat gland activity, is solely innervated by the sympa-
thetic “fight-or-flight” nervous system [69]. It was previously used to research
games [110,240], and persuasive messages [325] and is among the most commonly
used measures to assess flow [183]. An important feature of the cardiovascular
system is heart rate variability. The variability in time between heartbeats is
caused by an interplay between the sympathetic and parasympathetic nervous
system [69]. It is the most commonly used measure to detect flow states [183] and
was used previously to investigate the persuasiveness of messages [323,324] or as-
sess arousal and affective responses in game-related contexts [351]. It was shown
that increases in workload or arousal are associated with decreases in HRV [173].
Changes in blood flow beneath the skin, induced primarily by the sympathetic
nervous system, lead to changes in ST [287]. It was found that increased ST at the
hands is associated with positive arousal [287] and that skin temperature slopes
were more positive for conducive events within games [351]. For a full review on
the psychophysiology of emotions and cognition see Janig [165], Kreibig [190],
or Posner et al. [272]. Based on previous research, we included the following
physiological measures:

Skin conductance level (SCL): includes the tonic component measured in mi-
cro Siemens, uS. In our analysis, SCL was operationalized by dividing the
average skin conductance in each condition by the average skin conductance
while watching the relaxation video [110].

Skin conductance responses (SCR): concerns the phasic component in electro-
dermal activity, i.e. the number of abrupt increases in the skin conductance
(peaks) [52,69]. SCR was operationalized by counting the number of skin con-
ductance peaks during a condition and dividing it by the minutes it took to
complete that condition. Thus, we analyzed the average number of peaks per
minute. To count peaks, we used the scientific python package SciPy?!.

*1SciPy: SciPy Reference Guide,
https://bit.ly/3pFis2f (last accessed: 2021-12-01)
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Heart rate variability (HRV): was measured based on the inter-beat interval in
milliseconds, which was used to calculate the square root of the mean squared
successive heart period differences (“RMSSD”), a commonly used HRV statis-
tic [69], for each condition. The RMSSD was normalized by dividing it by the
RMSSD measured when watching the relaxation video.

Skin temperature (ST): was measured in °C and normalized by dividing the
average measure in each condition by the average measure when watching the
relaxation video [351].

Similar to Drachen et al. [110] we used a simple form of normalization, in which
we divided the average value of a measure by the average value of the respective
measure while watching the relaxation video, except for SCR.

Procedure

The user study was conducted in a laboratory. 30 participants were recruited
via social media and flyers on the university campus. This number of partici-
pants was chosen based on an a-priori calculated power analysis, assuming a
medium effect size of 2 = .06, a power of 80% and a correlation among repeated
measures of .5, revealing a minimum number of 27 participants. The expected
effect size was informed by analyzing the effect sizes of previous research in the
same context [224], which were between 1} = .02 (medium-small) and 7} = .10
(medium-large) on relevant measures. The study took approximately 60 minutes
to complete. Participants were compensated with an 8 Euro Amazon gift card.
Upon their arrival at the study site, the procedure was explained to the partici-
pants. After giving consent to participate, participants were asked to take a seat
in front of a desktop computer. Next, the validated Empatica E4 wristband [217],
a medical-grade wearable device to measure physiological data®?, was put on
participants” non-dominant wrist. In the task explanation partial deception was
used, since we did not want to reveal that the gamification elements were (contra-
) tailored to the participants” Hexad user types. We told them that the purpose
of the study was to advance the field of image classification and investigate the
perception of different feedback mechanisms in this context. This was done to
avoid introducing a potential bias due to participants trying to figure out which
condition was being presented to them (which might affect their behavior or
flow experiences). After the introduction, participants were asked to complete
an initial survey, consisting of demographical data and the validated Hexad
user types questionnaire [337]. After they filled out this survey, we assessed a
baseline of psychophysiological measures. For this, participants were asked to
relax while watching a 5-minute video of sea life [263], in the absence of any
discrete environmental event/external stimulus. This video has been successfully
used in previous research for the purpose of getting baseline measurements of

24 wristband: Real-time physiological data streaming and visualization,
https://bit.1ly/3g86FX6 (last accessed: 2021-12-01)
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physiology [263,323]. While participants were watching the video, we prepared
the Tailored Gamification and the Contra-Tailored Gamification conditions based
on the results of the Hexad user types questionnaire by activating suitable and
unsuitable gameful design elements on the study platform.

Next, participants completed the tutorial consisting of three image tagging tasks
(as described in Section 5.3.1). After they completed the tutorial and became
familiar with the task itself, the main part of the study followed. Here, partici-
pants were asked to tag ten images (one by one) in each of the three conditions.
Since the number of conditions was odd, we decided against using a full bal-
anced Latin square to counterbalance conditions (as it would have implied that
each participant would have needed to run through each condition twice [171],
resulting in a study duration of more than 3 hours, which we deemed ethically
unacceptable). Instead, we followed the recommendations provided by Kan-
towitz et al. [171] and incorporated practice trials (as described before). Thus,
the subjects could familiarize themselves with the task beforehand, reducing
learning effects [171,274]. To further minimize order effects, we used random
counterbalancing [274] instead of a full Latin square: The order of the conditions
as well as the order of the images shown to the user were fully randomized. After
tagging ten images, participants were administered a set of questionnaires in
each condition, to assess enjoyment, affective experiences and flow.

In order to distinguish psychophysiological measures between conditions in the
analysis, the study platform stored the current action of the user (e.g. starting/-
completing an image or the whole condition, watching the relaxation video etc.)
in the physiological recording. This allowed us to consider solely the physio-
logical data stored while the user was performing the task and exclude all other
measures. After completing all three conditions, the participants were debriefed
and the full purpose of the study was revealed.

Hypotheses

We investigated the following hypotheses:

H1: Task performance differs across conditions

Hla: Tag quantity is higher in gamified conditions than in Control

H1b: Tag quantity is higher in Tailored Gamification than in Contra-Tailored Gami-
fication

Hlc: Tag quality is higher in gamified conditions than in Control

H1d: Tag quality is higher in Tailored Gamification than in Contra-Tailored Gamifi-
cation

H2: User enjoyment differs across conditions

H2a: User enjoyment is higher in gamified conditions than in Control
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H2b: User enjoyment is higher in Tailored Gamification than in Contra-Tailored
Gamification

H3: The strength of affective experiences differs across conditions

H3a: Positive affective experiences are stronger in gamified conditions than in
Control

H3b: Positive affective experiences are stronger in Tailored Gamification than in
Contra-Tailored Gamification

H4: The prevalence of flow experiences differs across conditions

H4a: Experiences of flow are more prevalent in gamified conditions than in
Control

H4b: Experiences of flow are more prevalent in Tailored Gamification than in
Contra-Tailored Gamification

In general, H1 is motivated by previous research showing that gamification
has an impact on the performance of users when tagging images [200,223,224].
Specifically, we considered both tag quality as well as tag quantity as indicators
of task performance (based on [73]) and expected that gamification (independent
of whether it is tailored or not) should increase both (H1a, Hlc). For tag quantity
(H1a), this assumption is based on previous research showing that gamification
increases the number of tags in an image-tagging context [200,224]. We further
hypothesized that gamification should lead to an enhanced tag quality (H1c)
since a meta-analysis on performance predictors came to the conclusion that
motivation (especially intrinsic motivation, but also extrinsic incentives), which
should be positively affected by gamification and goal-setting [206,223], predicts
quality [73]. H1b and H1d build on the assumption that gameful design elements
which are tailored to a users” Hexad type lead to an additional increase on both
performance measures, due to previous research showing correlations between
user preferences for gameful design elements and their Hexad user type [342].

H2 refers to the enjoyment of tagging images. Based on literature reviews by
Seaborn and Fels [315] and Hamari et al. [146], we expected that enjoyment
should be improved by gamification (whether it is tailored or not) (H2a). We
also hypothesized that a set of gameful design elements which is tailored to a
user’s Hexad type should lead to an increased enjoyment when compared to a
contra-tailored set of gameful design elements (H2b), since user preferences [342]
should have an impact on the user experience of a gameful system. H3 follows
the same argumentation. We expect that an increased enjoyment is related to
positive affective experiences and thus assume that gamification should lead to
an increase in positive affective experiences (H3a), especially when tailored to
the user’s Hexad type (H3b).

Lastly, flow experiences, which can be defined as “the holistic sensation that
people feel when they act with total involvement” [93], are related to optimal
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P PL SO 6 AC PH FS DI P PL SO, 6 AC PH FS DI
1 |26 |24 |27 | 22*% | 27* | 21 16 | 24 | 24 | 23* | 26* | 23* | 13
2 17|28 |27 |22 | 28*| 28 17 | 25 | 27*% | 27* | 27* | 25*% | 15
3 [19% |27 |26 |28 |23 |12 18 | 28* | 21 | 27 | 20* | 22 | 16
4 | 21* |23 |23 | 25% | 25% | 15 19 | 26% | 24 | 26* | 24* | 25 | 20
5 |25% |17 |23 |22 |21*| 12 20 | 21%* | 21* | 23 | 24* | 24* | 19
6 | 28% | 27 | 27* | 28% | 27* | 16 21119 |23 | 25* |23 |19* | 12
7 | 21% |27 |24 |28 | 21* | 18 22 | 16* |17 | 18 | 23* |22 | 17
8 |23 |26 |24 |23 |20* |15 23 |19 | 14* | 19* | 19* | 19* | 15
9 27119 |23 |21* |26 |13 24 | 16* | 24 |26 | 28* |27 |23
10 | 20* | 23 |24 |27 |24 | 14 25 | 25% (24 |24 |22 |21* |13
11 | 20 | 24 | 26* | 26 | 25 | 21 26 | 26 |17 |25 |24* |25 |13
12 |25 | 27* |25 |23 | 21* | 8 27 | 19* | 28 | 28 | 28* | 28*% | 10
13 [ 17|18 |19 | 21* | 19 | 12 28 | 24* |18 | 23 |23 |22* |18
14 | 23 | 24* | 22 |23 | 21* | 16 29 |22 |26 | 27% |26 |22% |16
15 | 26 | 22 |23 | 15* |21 |19

Table 5.4: Hexad scores of all participants. Green cells represent particularly
high scores in the respective user type, red cells represent particularly low
scores. An asterisk marks which user type was considered for the personaliza-
tion of the gameful design elements.

task performance [268]. This includes being completely focused on the task and
an increased engagement [268]. Thus, following from H1-H3, we expect that
flow experiences are more frequent in the gamified conditions (H4a) and that
personalizing gameful design elements to a user’s Hexad type further increases
the prevalence of flow experiences (H4b).

Results

In the following, we will present the results of our user study. After presenting
descriptive results regrading our sample, findings related to task performance,
user experience and psychophysiological reactions will be described.

To investigate the aforementioned hypotheses, we used repeated measures
ANOVAs to compare the dependent variables between the three conditions.
When assumptions for the ANOVA were not met, Friedman tests were used as
non-parametric counterparts. When using Friedman tests, the Durbin-Conover
method was used for post-hoc analysis. The Bonferroni-Holm method was used
in both cases to control the family-wise error rate.

Participants Out of 30 participants, one had to be excluded due to technical
problems during the study, leading to a total sample size of 29 which was consid-
ered for the analysis.
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Out of these participants, 10 self-reported their gender as female and 19 as
male. Regarding age, 10 participants were aged 18-24 years, 18 participants
were aged 25-31 years, and 1 participant was aged 32-38 years. We assessed
gaming familiarity with 3 items (“I consider myself as gaming-affine”, “I fre-
quently play video games”, “I have a passion for video games”) with 5-point
scales (1=strongly disagree). The means were rather neutral: 3.12, 2.82 and 2.92,
respectively. The Hexad user types average scores are similar to the averages re-
ported in the validation study of the Hexad questionnaire by Tondello et al. [337].
Achievers showed the highest average scores (M=24.28, SD=2.52), followed by
Philanthropists (M=23.83, SD=3.10), Free Spirits (M=23.20, SD=2.71) and Socializ-
ers (M=22.90, SD=3.80). Players (M=22.34, SD=3.58) and Disruptors (M=15.86,
SD=4.13) followed with lower average scores. Table 5.4 shows the Hexad scores
of all participants as well as which user types were highest (marked green) or
lowest (marked red). An asterisk marks which user type was considered for the
personalization of the gameful design elements (sometimes, the highest/lowest
score could not be used for the selection of suitable/unsuitable gameful de-
sign elements due to a conflict in the reported preferences in the literature; see
Section 5.3.2).

Task Performance Overall, participants provided 3,967 individual tags (1,114
in Control (“CQO”), 1,402 in Tailored Gamification (“TG”) and 1,451 in Contra-
Tailored Gamification (“CG”)). Table 5.5 provides an overview of the mean and
median tag count per condition. We compared the average number of tags
per condition and found they differed significantly (#'(2,56) = 13.56,p <.001,
n2 = .33). Pairwise comparisons revealed result R1: The number of tags in
both gamified conditions is significantly higher than in CO (pno, <.001 each).
When comparing the TG and CG conditions, no significant result was found
(Pholm =-48).

To analyze tag quality, we followed a qualitative coding process, similar to Mekler
et al. [224]. The coding process was conducted by two independent raters who
manually inspected each of the 3,967 individual tags provided for the images
and rated whether the tag was: neither related to any given object in the image
nor captures a specific mood, or was just nonsense (value 1); describes a mood
or color scheme that was present in the pictures but not a specific object (value
2) or describes a concrete object in the picture (value 3). After both raters rated
all tags, the inter-rater agreement was calculated using Cohen’s Kappa «. The
result was k=.66, which is considered as substantial agreement [221]. The average
quality of tags for each condition is shown in Table 5.5. We compared the average
rating per participant across conditions and found that it differed significantly
(F(2,56) = 3.97,p =.024, n]% = .02). As part of the post-hoc procedure, we
found that R2: The average tag quality is significantly higher in both gamified
conditions than in CO (ppo, <.05 each). However, no significant difference was
found between TG and CG (ppoim =-82).

Also, the amount of tags per minute differed significantly (F'(2, 56) = 16.64, p <.001,
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Control Tailored Contra-Tailored
Mean SD Median Mean SD Median Mean SD Median

= Tag Count* 3841 21.44 31.00 4834 2471 46.00 50.03 2499 45.00
“g Tag Qual.* 2.66 021 271 2.73 019 279 272 023 279
A Tags/min*. 3.17 153 292 3.97 1.73  3.98 440 206 425

Enjoyment* 26.72 10.36 26.00 28.03 10.80 27.00 2497 998  26.00

= g Competence 19.69 474 19.00 20.76  6.90  20.00 19.90 5.17  20.00
& 2 Choice 23.03 533 23.00 2310 4.88 23.00 2245 521  22.00
Pressure 13.03 505 14.00 1455 649 14.00 1438 545 14.00
2 e DPos. Affect* 27.07 815 27.00 27.62 894 27.00 22,79 1039 18.00
E 2 Neg. Affect 1659 479 16.00 1590 5.03 15.00 15.00 3.32 14.00
MAA* 9.52 272 9.00 1048 2.68 11.00 9.17 311 9.00
CG 11.03 234 12.00 11.59 251  12.00 10.52 249 10.00
CcO 1541 228 16.00 15.03 3.17 15.00 1428 332 14.28
w — UF 6.59 1.82  6.00 7.48 1.72  8.00 6.83 228 8.00
£ E Cs 9.28 237  9.00 9.79 272 10.00 934 235 9.00
<= TT 9.07 281 9.00 9.66 325 10.00 886 3.03 9.00
CN 7.72 1.36 8.00 7.66 1.59  8.00 7.48 1.62  8.00
SC 10.52 257 11.00 1059 285 10.00 9.83 252 9.00
AE 897 274 9.00 10.17  3.12  11.00 928 328 9.00
= RMSSD 1.01 0.04 1.00 1.01 0.05 1.00 1.02 007 1.00
E, E SCL 1.22 039 113 1.33 056 1.18 134 076 1.10
2 g SCR*[p/min] 44.27 1426 50.34 4942 992 5240 50.86 7.28 51.85
=~ § ST* 1.02 0.03 1.01 1.04 0.04 1.03 1.04 005 1.03

Table 5.5: Mean, standard deviation (“SD”) and median for each dependent
variable and condition. Bold entries with * represent dependent variables for
which a significant difference across conditions was found.

77]2) = .37). We found that R3: The amount of tags per minute is significantly
higher in both gamified conditions than in CO (pyom, <.001 each). Also, when
comparing the tailored (TG) and contra-tailored (CG) conditions, we found
that R4: The amount of tags per minute in the Contra-Tailored Gamification
condition is significantly higher than in the Tailored Gamification condition
(Pholm =-049). Together with R2, R3 suggests that gamification might have helped
participants to come up with good tags, since the average time per tag decreased.

Subjective User Experience To analyze the user experience, we considered
enjoyment or intrinsic motivation, affective and flow experiences. In this section,
we report the results of the survey-based measures. All descriptive data can be
found in Table 5.5.

Regarding the IMI factors, we did not find a significant effect for the com-
petence (F(2,56) = .65,p =.52), choice (F(2,56) = .32,p =.73) nor pressure
(F'(2,56) = 1.51, p =.23) factors. However, the enjoyment factor differed signifi-
cantly across the conditions (#'(2, 56) = 3.45, p =.039, 77}% = .11). While there were
no significant differences between the gamified conditions and CO (ppojm =.28
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each), we found that R5: Enjoyment is significantly higher in the Tailored
Gamification condition than in Contra-Tailored Gamification (ppom =.003).

When analyzing the positive and negative affect factors of the PANAS, we
found that positive affect differed significantly between the three conditions
(F(2,56) = 6.39,p =.003, 7712) = .19). Post-hoc comparisons showed that posi-
tive affect in TG was not significantly higher than in CO (phoim =.71). How-
ever, positive affect was significantly higher in TG than in CG (phoim =.006),
leading to R6: Positive affect is significantly higher in Tailored Gamification
than in Contra-Tailored Gamification. In addition, we found that R7: Positive
affect is significantly lower in Contra-Tailored Gamification than in Control
(Pholm =-001). These results not only show that selecting gameful design elements
matching the users” Hexad types leads to increased positive affective experiences,
but also that choosing unsuitable gameful design elements is worse than having
no gameful design elements at all, regarding affective experiences. Concerning
negative affect, no significant differences were found (£'(2,56) = 2.06, p =.14).

To measure self-assessed flow states, we relied on the AFSS, having nine factors
(see Table 5.5). We found a significant effect on the Merging Actions and Aware-
ness factor (F(2,56) = 3.31p =.044, 77; = .11), indicating that flow experiences
differed across the three conditions [94]. Based on the pairwise comparisons, we
found that there were no significant differences between CO and TG (phoim =.15)
nor between CO and CG (ppoim =-52). However, similar to R5 and R6, we found
that R8: Flow experiences are significantly more prevalent in Tailored Gamifi-
cation than in Contra-Tailored Gamification (ppm =.048). This indicates that
the selection of gameful design elements has an effect on task immersion and flow
experiences [94] and that personalizing the gameful design elements to a user’s
Hexad type positively affects these experiences. For the remaining factors of the
AFSS, no significant differences were found. However, a similar pattern as in the
MAA factor can be seen in the remaining factors as well, almost reaching signifi-
cance on the clear goals (“CG”, F(2,56) = 2.36, p =.10), concentration on task at
hand (“CO”, F(2,56) = 1.98, p =.15), unambiguous feedback (“UF”, F'(2,56) =
2.45,p =.10) and autotelic experience (“AE”, F'(2,56) = 2.80,p =.07) factors.
We also did not find any significant effect on the challenge skill balance (“CS”,
F(2,56) = .67,p =.52), transformation of time (“TT”, F'(2,56) = 1.09,p =.34),
sense of control (“CN”, F'(2,56) = .35, p =.71) nor the loss of self-consciousness
(“SC”, F(2,56) = .94, p =.40) factors.

Physiological User Experience To complement the survey-based measures, we
used physiological measures to assess the user experience in a multi-faceted way.
These measures were analyzed using a Friedman test instead of an ANOVA,
because the assumption of normality and/or the assumption of sphericity were
violated. Table 5.5 provides an overview of the descriptive data across conditions.

For RMSSD, we found no effects between conditions (x?(2) = 1.10, p =.58). Also,
no effects were found regarding potential changes in SCL (x?(2) = .48, p =.79).
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However, we found that the number of SCRs differed between the conditions
(x?(2) = 18.83,p < .001). As revealed by post-hoc comparisons, both gamified
conditions showed an increase in SCRs compared to CO, leading to R9: The
number of peaks in the EDA (SCRs) is significantly higher in both gamified
conditions than in Control (pnom, <.001 each). This shows an increased sym-
pathetic arousal in both gamified conditions and hints at either increased flow
states (assuming that the arousal is positively valenced) or increased pressure
or tension (assuming that the increased arousal is negatively valenced) [69].
When comparing TG and CG, no significant difference was found regarding
SCR (Phoim =-64). We also found a significant difference in skin temperature
(x3(2) = 37.72,p <.001). In line with R9, both gamified conditions differed
from the CO condition, i.e. R10: Skin temperature is significantly higher in
both gamified conditions than in Control (ppo, <.001). No effects were found
between TG and CG (ppoim =-83).

5.3.3 Discussion and Limitations

We investigated whether personalization based on Hexad user types affects task
performance, user experience or psychophysiological reactions by letting partic-
ipants tag images in Control (without any gameful design elements), Tailored
Gamification (using gameful design elements tailored to the users” highest-scored
Hexad type) and Contra-Tailored Gamification (using gameful design elements
matching the users’ lowest-scored Hexad type). Our results show that both
gamified conditions lead to an increase in the amount of tags, compared to the
Control condition (R1). This supports Hla: The number of tags is higher in
gamified conditions than in Control. It shows that gamification, independent of
whether it is tailored or not, increases the number of tags in an image tagging
context. This is in line with previous research by Mekler et al. [223,224,225] as
well as Lessel et al. [200] and therefore contributes a replication of previous results
using a static set of gameful design elements. When comparing the number of
tags between the Tailored Gamification and the Contra-Tailored Gamification
conditions, we did not find a significant difference. Thus, H1b: The number of
tags is higher in Tailored Gamification than in Contra-Tailored Gamification
is not supported, given our data. This might be explainable by the fact that all
gameful design elements, regardless of their suitability, introduce goals. Accord-
ing to goal-setting theory [206], goals motivate people by introducing a state of
tension that activates actions. Also, the experimental setting and the fact that
participants were compensated for participating might have led to participants
feeling obligated to meet these established goals, independent of the gameful
design elements that were activated and their user experience. Therefore, this
aspect needs further research and should be investigated in in-the-wild studies
over a longer time-span.

Related to tag quality, we found that the average quality of tags was significantly
higher in both gamified conditions (R2), and that the time users took to create a
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tag was significantly lower in the gamified conditions (R3), both adding support
for Hlc: Tag quality is higher in gamified conditions than in Control. This
finding is explainable by the fact that increases in a user’s motivation to perform
a task (which likely occur due to the gamification that was used [206,223]) have
been shown to lead to increases in the quality of the task outcome [73]. Moreover,
the fact that the mean time to add a tag to an image was significantly lower in both
gamified conditions than in CO (R3) suggests that participants had to think less
about which tags to provide, which might have been caused by the potentially
stimulating gamification environment. However, it should be considered that
previous work in the same context did not find significant effects regarding tag
quality [200,224,311]. In contrast to these previous studies, we used images
showing actual real-world objects which participants had to tag, instead of using
abstract paintings and asking participants to tag the mood that the images might
evoke. This allowed us to assess tag quality in a more objective way and might
be the reason why we were able to find an effect of gamification on tag quality.
Additionally, we found that the average time per tag was significantly lower
in the NG than in the TG condition (R4). Since no difference between the CG
and the TG condition could been found regarding tag quality, the reason for
this result needs further investigation in the future. Also, based on these results,
we cannot support H1d: Tag quality is higher in Tailored Gamification than in
Contra-Tailored Gamification.

Regarding the enjoyment of tagging images, we found no significant difference
between the gamified conditions and CO. Thus, H2a: User enjoyment is higher
in gamified conditions than in Control is not supported. This is similar to pre-
vious research in the same context, which did not find any effect on the IMI
enjoyment factor [200,311]. A potential reason might be that the task itself, i.e.
tagging images, was perceived as unexciting or boring. However, we found
a significant effect between the Tailored Gamification and the Contra-Tailored
Gamification condition regarding enjoyment. Our results show that participants
in the Tailored Gamification condition enjoyed tagging images significantly more
than in the Contra-Tailored Gamification condition (R5). Thus, H2b: User enjoy-
ment is higher in Tailored Gamification than in Contra-Tailored Gamification
is supported. This shows that personalizing a gameful application based on
Hexad user types leads to an increased task enjoyment.

Related to this, we investigated whether positive or negative affect differs across
conditions. Again, no significant difference between CO and both gamified con-
ditions was found. Therefore, H3a: Positive affective experiences are stronger
in gamified conditions than in Control is not supported. Similar to the absence
of an effect regarding enjoyment between gamified conditions and CO, the repet-
itive nature of the task itself could be the reason here again. However, in line
with RS5, a significant difference was found between Tailored Gamification and
Contra-Tailored Gamification. Positive affect was significantly higher when
participants were exposed to gameful design elements that were suitable for
their highest-scored Hexad type (R6), adding support for H3b: Positive affec-
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tive experiences are stronger in Tailored Gamification than in Contra-Tailored
Gamification. R7, i.e. the fact that positive affect was even significantly lower in
CG than it was in CO, further supports H3b and underlines the importance of
personalization for the users’ experience in gameful systems.

The same trends and effects as for enjoyment and affective experiences can be
seen when analyzing flow experiences. Based on the AFSS questionnaire, we
found a significant difference between the TG and CG conditions on the Merging
Actions and Awareness (MAA) factor (R8), whereas no significant effects were
found on the remaining eight factors of the AFSS. However, since the results on
the remaining factors mostly followed the same pattern as on the MAA factor, we
see the significant effect on the MAA factor together with the same trend on most
of the remaining factors as supporting evidence for H4b: Experiences of flow are
more prevalent in Tailored Gamification than in Contra-Tailored Gamification.
Since no significant effects were found between CO and both gamified conditions,
we cannot support H4a: Experiences of flow are more prevalent in gamified
conditions than in Control using the survey-based flow assessment.

Taking together the aforementioned results related to the user experience covering
self-reported enjoyment, affective experiences and flow (R5-R8), we see that
all these factors differ significantly between Tailored Gamification and Contra-
Tailored Gamification. Thus, our results indicate that selecting a suitable set of
gameful design elements, based on the users’ Hexad type, leads to improvements
in enjoyment, positive affect and flow. These are important results that could
be found because participants were actually exposed to an interactive system
instead of presented storyboards [261] or textual descriptions [342], which have
been used in previous work.

Lastly, we analyzed physiological reactions (RMSSD, SCL, SCR, ST) to comple-
ment the survey-based measures. While we did not find significant effects for
heart rate variability nor skin conductance level, a significant effect was found
for skin conductance responses as well as skin temperature. Both the amount of
peaks in the skin conductance signal as well as the skin temperature were sig-
nificantly higher in the gamified conditions (R9, R10), showing that participants
were more aroused when interacting with a gameful system than when there
were no gameful design elements at all. This is a noteworthy contribution on
its own, since there is no previous research showing that gamification affects
psychophysiological measures, as far as we know. Thus, our findings provide ev-
idence for the fact that design elements providing gameful feedback affect users’
state of arousal. However, these psychophysiologial measures do not allow us to
assess whether participants are positively or negatively aroused. Therefore, to in-
terpret these findings, we consider the results from the survey-based instruments
measuring flow, affective experiences and enjoyment, since both skin temperature
and skin conductance responses were shown to be linked to such measures [183].
Combining them suggests that the significant increase in SCR and ST seems to be
related to positive experiences in the Tailored Gamification condition (supported
by the increase in positive affect, enjoyment and flow) whereas it seems to be
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related to negatively valenced arousal in the Contra-Tailored Gamification con-
dition (supported by the fact that positive affect, enjoyment and flow are rated
lower in Contra-Tailored Gamification than in the CO condition, and significant
effects were found between TG and CG).

Limitations

Our study has several limitations, which should be considered when interpreting
our findings. Although the selection of suitable gameful design elements is based
on previous research, certain design decisions when realizing these gameful
design elements are inherently a matter of interpretation, which might affect the
external validity of our results. The fact that we investigated a specific context
(image tagging) adds to this, although it should be noted that we contribute to the
replication of previous findings in this context, since image tagging is frequently
used for basic gamification research [199,200,223,224,225].

Another limitation concerns the approach we followed to select which gameful
design elements to activate in the TG and CG conditions. Here, we decided
to activate the gameful design elements, which were shown to be particularly
relevant for the participant’s Hexad type having the highest (TG) or lowest
(CG) score. While this approach was straightforward to implement for most
participants, we had two special cases that should be considered: First, since
the Hexad model is a traits model, it could happen that participants scored
highest/lowest on multiple user types. In this case, we considered these multiple
user types equally to select which gameful design elements to use.

Second, due to the fact that the mapping between relevant gameful design
elements and Hexad user types is not one to one, it could happen that the set of
suitable gameful design elements overlaps with the set of unsuitable gameful
design elements (i.e. Socializers and Players both have a strong preference for
leaderboards [342], which means that participants scoring highest on Socializer
and lowest on Player would get the leaderboard in both TG and CG conditions).
To avoid this and ensure that participants actually are presented with irrelevant
gameful design elements, we selected the user type where participants had the
second lowest score to decide which gameful design elements to activate in the
CG condition. These two decisions need to be considered when replicating and
interpreting our results.

Related to this, it must be noted that we excluded the Disruptor type (similar to
previous research by Mora et al. [236]), since no clear relationships to gameful
design elements have been shown previously. However, since the Disruptor is by
far the least common user type [342], we do not see a major limitation in terms
of the practical relevance of our findings. Lastly, we would like to acknowledge
that the validity of the psychophysiological measures is tightly coupled to the
technical specification of the Empatica E4 wristband which was used. Although
the validity of the band has been demonstrated [217], and participants were not



206 Chapter 5. Effects of Personalized Gamified Systems on Motivation and Behavior

moving a lot (due to the task itself), a certain level of noise is unavoidable.

5.3.4 Contribution to Research Questions

Our findings demonstrate that personalization, i.e. activating gamification ele-
ments that are suitable for users” highest-scored Hexad types, has an effect on
psychological measures. For instance, we found that participants enjoyed the
system significantly more in the tailored than in the contra-tailored condition.
This suggests that they were more intrinsically motivated when presented with
suitable gamification elements. This is supported by the finding that positive
affect was significantly higher in the tailored condition than in the contra-tailored
condition. Notably, positive affect was even significantly lower in the contra-
tailored condition than in the control. In particular, this suggests that using an
unsuitable set of gamification elements may lead to detrimental effects on the
users’ experience. In line with the previous findings, we were able to show that
the prevalence of flow experiences is higher in the tailored than in the contra-
tailored condition. Overall, these results show that personalization based on
Hexad user types provides benefits over using a one-size-fits-all approach.

Although we could not show that these benefits in terms of motivation and the
user experience translate to benefits in the performance of users in the system,
we assume that these benefits may become visible when investigating a person-
alized system over a longer time span in an in-the-wild study. These results
and insights provide answers to RQ3 and underline the importance of person-
alizing gamified systems to the user. In addition, we also contribute important
results for RQ1. First, we provide evidence for the fact that gamification not
only affects self-reported measures of motivation and user experience, but also
affects psychophysiological measures of arousal. This contributes a more objec-
tive perspective to gamification research and complements previous findings.
We were also able to show that gamification increased performance on the task:
Participants provided more tags, and tags of significantly higher quality. This
shows that gamification affected the participants” behavior. When analyzing
motivation-related measures, we see that this increase in performance seems to
be caused by different types of motivation.

Since enjoyment, positive affect and the prevalence of flow experiences were
significantly higher when participants received suitable gamification elements,
it seems that their motivation may have been more autonomously regulated in
this condition. Nevertheless, since the performance was also significantly higher
in the contra-tailored condition, it seems that although the type of motivation
may have differed, gamification was still capable of increasing performance.
This underlines the importance of investigating how gamification motivates, and
whether the type of motivation is controlling or autonomously regulated, to
better understand the users” experience in gamified systems, instead of solely
focusing on whether it leads to an increased performance.
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5.4 A Long-Term Investigation on the Effects of (Personal-
ized) Gamification on Course Participation in a Gym

In the previous two sections, we investigated the actual effects of personalized
gamification on psychological and behavioral outcomes in two controlled lab
experiments. In these experiments, we found that psychological measures of
affect, flow and motivation were positively affected when using gamification
elements personalized to the users” Hexad type or stage of change. However, we
could not find supporting evidence for the fact that these positive effects on psy-
chological measures also lead to an increased performance, or affect behavioral
outcomes more than non-personalized gamification does. We assumed that this
is because the duration of the interventions was too short to find such differences
and expected that the increased motivation and improved user experience could
affect performance and behavior over a longer time span.

In this section, we investigate this assumption by conducting an almost-two-
year-long in-the-wild study on the effects of using personalized versus non-
personalized gamification elements on the course booking behavior of users in a
gym. In line with the previously described studies, we used Hexad user types and
the findings from previous research and from Chapter 4 to decide whether certain
gamification elements are particularly suitable for certain users or not. Besides
contributing to the question of whether personalized gamification has advantages
regarding long-term effectiveness over non-personalized gamification, we also
contribute to gamification research in general, which lacks empirical evidence for
its long-term success [7,185]. Aldenaini et al. [7] found in their meta-review that
a huge majority of previous studies had a rather short duration. Thus, whether
gamification has a lasting impact on the physical activity levels of participants
remains unclear. This in turn poses the question, to which this study contributes,
of whether gamification is a suitable approach to motivate users to change their
behavior sustainably.

5.4.1 Concept and System Design

To investigate the effectiveness of gamification elements and personalization on
the amount of booked fitness courses, we were allowed to integrate gamifica-
tion elements into an existing web-based course booking system, which will be
described in the following.

Gym and Course Booking System

The local gym in Germany, which we collaborated with, does solely offer courses,
i.e. users have to register beforehand for a course manually and are not allowed
to participate in any fitness activity when not registered. Thus, course bookings
are binding. To book fitness courses, users have to login to the website of the
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gym with personal credentials. Next, they can see which courses are offered
in the following two weeks and can freely decide which courses to book. It is
important to note that courses need either to be payed manually or users may
have a subscription. In case of the latter, users pay a monthly fee and are allowed
to participate in a fixed number of courses per week. If they book more courses
in a week than is covered by their subscription, the respective courses will be
charged manually. This means that each booked course needs to be payed.

There are different types of courses. While some focus on strength, others focus
on endurance or combine fitness activities and exercises with teaching the proper
technique. The number of people in a course typically is bound to ten or twelve.
Also, courses are offered throughout the day and usually take an hour. The
earliest courses start at around 7am and the latest courses end at 9pm. There are
courses on each day of the week, but the number of courses per day is slightly
reduced on Sundays.

Gamification Elements

We included four different gamification elements, which are described in the
following. Additionally, we implemented an option to upload profile pictures and
set a username, which would be shown on the leaderboard and when booking a
course (such that users could see which other users take part in the course). This
was done to allow for social comparison outside of the leaderboard. The selection
of gamification elements orientated on frequently used gamification elements in
fitness contexts [185]. We also implemented an option to stay anonymous. This
means that the username is not shown when booking courses and is also hidden
in the leaderboard. Per default, users are anonymous and need to enable that
they would like to be shown on the leaderboard /when booking courses in their
profile settings.

Activity points Points have been shown to positively affect Players [213,342]
and Socializers [13,261]. We implemented a point system based on so-called
Activity Points (“AP”). When users book a course, they receive 10 AP. The current
amount of earned AP is permanently shown on the left side of the navigation
section as well as when users navigate to their profile page (see Figure 5.5). When
collecting APs, users make progress towards reaching their next activity level,
which is explained in the following section.

Levels Levels and progression have been shown to be particularly motivating
for Achievers and Players [213,342]. We introduced the concept of activity levels,
meaning that collecting Activity Points leads to increases in the activity level
of a user. The activity level is visualized together with the current amount of
Activity Points in a users’ profile page as well as permanently on the navigation
side bar. Below the current activity level, a progress bar indicates the current
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Figure 5.4: Profile information, after clicking on a user when booking a course
or on the leaderboard

progress towards the next activity level and shows how many Activity Points
are missing. The number of Activity Points to reach the next activity level grows
logarithmically with increasing levels.

Besides the activity level, we also introduced four different attribute levels: The
Strength, Endurance, Technique and the Knowledge levels. In consultation with
the professional fitness trainers, all courses were rated in terms of these attributes,
such that users who book a certain course, receive attribute points and make
progress in corresponding attribute levels (depending on the type of course).
When booking a fitness course, we added this information such that users know
how to improve their attributes and to give them an indication whether their
training reflects their personal fitness goals. Besides showing the fitness attributes,
we visualized the users who have booked the course (as stated before). When
clicking on a user, their profile picture, current rank on the leaderboard, unlocked
badges, activity level and the level in each attribute is shown (if the user is not
anonymous), see Figure 5.4.

Badges This gameful design element is especially suitable for Achievers as it
builds on the concept of mastery [213]. Previous research has shown that the
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perception of Badges is positively correlated to the Achiever and Player user
types [342]. We integrated nine different badges, of which three are triggered by
making progress in the activity level, four by completing a certain number of
courses per week and two by participating in particularly early or late courses.
Figure 5.5 shows a subset of badges offered.

Social Competition / Leaderboard Players and Socializers were shown to be
particularly driven by Social Competition and Leaderboards [213,342]. We
implemented a weekly and an all-time leaderboard to both allow new users to
keep up with others and also reward long-term participation. The leaderboard
was shown on the profile page (see Figure 5.5) and the current rank of users was
also shown when clicking on a certain user when booking a course (see Figure 5.4).
When clicking on an entry in the leaderboard, the same dialog opened as when
clicking on a user when booking a course.

5.4.2 Evaluation

To investigate the long-term effects of gamification on the number of booked
courses as well as the role of personalization based on Hexad user types, we
analyzed a fully anonymous dataset after the gamification elements were active
for one year (Gamification phase) on the booking system and compared it to the
year before gamification was introduced (Baseline phase).

Hulk Highscore
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ACTIVITY LEVE ACTIVITY POINTS (AP)
. 1 0 1 920 Rank Name Activity Points
Javlay 50
7 AP UNTIL THE NEXT ACTIVITY LEVE
- 192071627 AP “
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Figure 5.5: Gamification elements shown in the personal profile of the user.
The user interface shows the current activity level and the level for each at-
tribute as well as the current progress towards the next level. Also, Activity
Points, unlocked badges and the leaderboard are shown. If users have the
same score, they are ranked on the same position.
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Method

After the gamification elements were activated, users of the booking system were
asked to fill out the validated Hexad user types questionnaire [337] voluntarily.
They also had the option to skip filling out the questionnaire. When selecting
users to be analyzed, we had the following criteria: First, users should be regis-
tered for at least two years, i.e. before 2018-10-08 (we considered data between
2018-10-08 and 2019-10-07 as Baseline). Second, users should have booked at
least one course in the month before the end of the Baseline and before the end of
the Gamification phase (the Gamification phase started on 2019-10-08 and ended
on 2020-10-07). This was done to decrease the chance of including users who
quit going to the gym during the study duration. Lastly, we only included users
who voluntarily filled out the Hexad user types questionnaire completely. To
investigate the effects of personalization, we split participants into two groups.
Since the gamification elements described in Section 5.4.1 were shown to be par-
ticularly suitable for Achievers, Players and Socializers [213,342], users scoring
highest on at least one of these traits were matched to a group of users who
received a suitable set of gamification elements. This group was compared to the
remaining users, for who the implemented gamification elements should not be
particularly suitable, according to the Hexad model. Data was analyzed using
paired /unpaired t-tests or the non-parametric counterpart, when assumptions
were not met (determined by conducting Levene’s/Shapiro-Wilk tests).

Hypotheses

We had the following hypotheses:

H1: The number of booked courses per participant is significantly higher in
Gamification than in Baseline.

H2: Users scoring highest on the Hexad user types Achiever, Socializer or Player
— and thus receive a suitable set of gamification elements — increase their number
of booked courses significantly more than other users.

H1 is based on previous research demonstrating that gamification leads to an
increased physical activity [10,14,74]. Thus, we expect to find similar effects.
In contrast to previous work, the study duration is much longer in our study.
Therefore, we expect to find a smaller effect than was reported in previous work,
because novelty effects decrease over time. Since previous research conducting
rather short studies has found medium to large effect sizes [14], we calculated an
a-priori power analysis to detect a small to medium sized effect of dz=.40 with a
power of 80%, thus revealing a minimum number of 41 participants. H2 is based
on findings of past research, showing that there are correlations between Hexad
user types and the perception of gamification elements [13,342]. Thus, we expect
that these self-reported preferences should be reflected in the behavior of users,
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i.e. that receiving gamification elements that are suitable to the highest Hexad
user types should have an effect on the behavior. Given the minimum number
of 41 participants as calculated by the aforementioned power analysis, we are
able to find large effects of d=.80 with a probability of 80%. H1 is evaluated using
paired tests while H2 is evaluated using unpaired tests.

Dataset

We received the aggregated number of booked courses for each month and per
study phase for each eligible user together with the information whether users
scored highest on the Hexad factors Achiever, Player or Socializer. Besides that,
we received the following aggregated information: the average scores of all
Hexad factors, the average levels, the aggregated number of users who decided
to provide a username and the average number of unlocked badges. We did not
receive any non-aggregated data nor personal information such as age or gender
such that the dataset can be considered fully anonymous. This was important
to prevent any GDPR related issues. Due to the COVID-19 pandemic and the
resulting lockdown in Germany, we had to exclude data between 2020-03-02
and 2020-06-01. To ensure the comparability to the Baseline phase and prevent
seasonal effects, we excluded data from the same timespan in the Baseline, i.e.
between 2019-03-02 and 2019-06-01.

Results

Overall, 52 eligible users were considered. The Hexad user types average scores
are similar to the ones reported in the validation study of the Hexad ques-
tionnaire by Tondello et al. [337]. Philanthropists showed the highest average
scores (M=23.79, SD=3.15), followed by Achievers (M=23.60, SD=3.33), Socializ-
ers (M=22.75, SD=3.62) and Free-Spirits (M=22.13, SD=3.55). Players (M=19.60,
SD=5.34) and Disruptors (M=14.37, SD=4.87) followed with lower average scores.
Based on the Hexad user type scores, our sample consisted of 33 users who
received a suitable set of gamification elements (i.e. scoring highest on Achiever,
Player or Socializer) and 19 users who did not receive a suitable set of gamifica-
tion elements (i.e. who did not score highest on Achiever, Player or Socializer).
The Achiever, Player and Socializer scores of users who received suitable gamifi-
cation elements were on average significantly higher than the respective scores of
users who did not receive a suitable set of gamification elements, with large effect
sizes of d>0.5 (Achiever: t(25.11)=2.25, p<0.05, d=0.74; Player: t(40.44)=1.88,
p<0.05, d=0.53, Socializer: t(31.86)=2.40, p<0.05, d=0.73). Users unlocked 4.60
(SD=1.80) badges and a substantial majority of 92% actively decided to be shown
on the leaderboard by selecting a nickname.

Effect of Gamification on Course Bookings To analyze whether gamification
had an effect on the number of booked courses (H1), we compared the number
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Figure 5.6: Number of booked courses per month. Blue bars (left) represent
the number of bookings in Baseline, orange bars in Gamification. An asterisk
represents a significant difference between Gamification and Baseline

of booked courses per day between Baseline and Gamification. In the Baseline
phase, users booked 0.28 courses on average per day (Mdn=0.28, SD=0.14). This
number significantly increased in the Gamification phase (Z=491.00, p=0.036,
d=0.31) to an average of 0.30 courses per day (Mdn=0.29, SD=0.15). Thus, we
derive result R1: The number of booked courses per day is significantly higher
in Gamification than in Baseline.

In addition to comparing the full Baseline versus the full Gamification phase,
we also compared the number of booked courses on a monthly basis between
Baseline and Gamification phase. This was done to abstract from the fact that
the time of the year might have a general influence on the behavior and mo-
tivation of users to participate in fitness courses in a gym. When looking at
Figure 5.6, it can be seen that the number of booked courses is descriptively
higher in all months (but February, which might be due to COVID-19) in the
Gamification phase. Significant effects were found for five out of nine months
(October: t(51)=-3.38, p<0.01, d=0.47; December: t(51)=2.13, p<0.05, d=0.29;
June: t(51)=1.95, p<0.05, d=0.27; August: t(51)=1.76, p<0.05, d=0.24; September:
t(51)=1.68, p<0.05, d=0.23). This is summarized as R2: In the month-by-month
comparison, the number of booked courses per day is significantly higher in
Gamification for the majority of months.
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Effect of Personalization using Hexad User Types on Course Bookings Next,
we analyzed if users scoring highest on the Achiever, Socializer or Player factor of
the Hexad — and thus received a suitable set of gamification elements — were more
driven by the gamification elements than other users. Therefore, we calculated
the ratio between the average number of courses booked per day in Baseline and
the average number of courses booked per day in Gamification for each user,
to have a relative number indicating the difference in booked courses per day
between Baseline and Gamification. This relative metric was chosen to abstract
from the fact that users might have different subscriptions, which might introduce
a bias to comparing the users who received a suitable set of gamification elements
against users who did not. We then split users into a group that received suitable
gamification elements (according to previous literature on correlations between
Hexad user types and gamification elements, as described in Section 5.4.1; N=33)
and a group that did not receive suitable gamification elements (N=19).

On average, users who did not receive a suitable set of gamification elements
have a ratio of 1.01 (SD=0.29). This indicates that the number of booked courses
remained almost the same in the Gamification phase. When considering users
who received a suitable set of gamification elements, according to their Hexad
user type, the average ratio is 1.31 (§D=0.90). This shows that these users in-
creased their number of bookings in Gamification by more than 30% on average.
When comparing this ratio between the users who received a suitable set of
gamification elements and those who did not, we found a significant differ-
ence (t(42.31)=1.78, p<0.05, d=0.41). Thus, we derive R3: Users who received
a suitable set of gamification elements improved their participation during
Gamification significantly more than others. This suggests that personalization
had an effect on the number of courses that users booked.

Since users who received a suitable set of gamification elements increased their
number of course bookings significantly more than others, we also investigated
whether the results that were found regarding the impact of gamification (R1, R2)
still persist among users who did not receive suitable gamification elements as
compared to those who did. Indeed, for users who did not receive a suitable set
of gamification elements, none of the significant differences in course bookings
reported in Figure 5.6 were found (i.e. there is no significant difference between
Gamification and Baseline for users who did not receive suitable gamification
elements), whereas the same significant differences where found for users who
received a suitable set of gamification elements. Thus, we establish R4: The
significant differences in the month-by-month comparisons between Gamifi-
cation and Baseline seem to be attributable to users who received a suitable
set of gamification elements. Furthermore, we analyzed whether there are dif-
ferences in the amount of interactions with gamification elements. We found
that more users who received a suitable set of gamification elements updated
their profile (2.09 vs. 1.37 times), and wanted to show their name on leaderboards
(94% vs.89%), as compared to user who did not receive suitable gamification ele-
ments, without reaching significance. Regarding the amount of unlocked badges,
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we found a significant increase (4.94 vs.4.00) among users receiving suitable
gamification elements (t(33.38)=1.79, p=<0.05, d=0.54). These interaction-related
results lead to R5: User who received a suitable set of gamification elements
unlocked more badges than others.

5.4.3 Discussion and Limitations

The findings show that users increased their participation significantly during
the year in which gamification was activated (R1). Also, when analyzing the
number of booked courses per day on a monthly basis, it could be seen that the
number of booked courses per day was higher in all months but February, with
five out of nine months reaching significance (R2). This adds further to the fact
that gamification affected users positively, apparently even in the long-run. We
see R1 and R2 as supporting evidence for H1: The number of booked courses
per participant is significantly higher in Gamification than in Baseline. On a
more abstract level, these results contribute novel insights into the long-term
effectiveness of gamification, which has been controversially discussed in the
field [7,185,239].

We found that users who received a suitable set of gamification elements based
on their Hexad type increased their participation in fitness courses significantly
more than users who did not receive particularly suitable gamification elements
(R3). In fact, users receiving suitable gamification elements increased their partic-
ipation by more than 30%, while other users did not increase their participation
considerably. Furthermore, when only considering users who did not receive
a suitable set of gamification elements, the significant differences in the month-
by-month comparisons between Gamification and Baseline disappear (R4). This
together with R3 suggests that the increased participation in Gamification (H1)
might actually be caused by the group of users receiving suitable gamification
elements, which undermines H1 to a certain extent. Consequently, this could
mean that the suitability of gamification elements plays a substantial role in the
success of gamification. This poses the question, if the variety of positive, neutral
or negative outcomes in previous literature [7,146,185] is due to the selection of
suitable or unsuitable gamification elements. We also found that users for whom
the gamification elements were suitable unlocked significantly more badges and
interacted (descriptively) more with gamification-related features of the system
(R5). R3-R5 are important findings, since previous research has not considered
behavioral data but solely focused on self-reported preferences, as far as we know.
We see these results as supporting evidence for H2: Users scoring highest on
the Hexad user types AC, SO or PL—and thus receive a suitable set of gamifi-
cation elements—increase their number of booked courses significantly more
than other users.
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Limitations

Our study has several limitations which should be considered. First, we would
like to acknowledge that the users we considered had to pay for every single
course they booked, which limits the autonomy of their decision. Thus, it could
be that the effect sizes we reported are different in contexts were users have a
free choice of how much physical activity they would like to perform. Also, we
selected participants who were participating in at least one course both in the
last month of the Baseline as well as in the last month of the intervention phase.
While this ensures that users who quit the gym due to external factors (such as
changing the place of residence) are not considered in the sample, users who quit
due to other reasons are also excluded. Therefore, future work should follow a
study design which separates intervention and control groups, instead of doing
a within-subjects study or ask users who quit about their reasons. In addition, it
should be noted that our target group were users who already decided to visit
the gym, which might have an impact on the success of gamification elements as
reported in past research [13,285]. Regarding H2, it should be considered that
we used a dichotomous approach in deciding whether a certain user received
suitable gamification elements or not, which was based on whether the users
scored highest on the Achiever, Socializer or Player factor of the Hexad (because
the gamification elements that we implemented were shown to be perceived
particularly well among these user types). This has the advantage of an increased
statistical power (due to less factors to differentiate), but comes at the cost of
potential simplification (since the Hexad consists of six factors) and should be
considered when interpreting our findings. Lastly, it should be noted that the
Gamification phase was affected by the COVID-19 pandemic. Due to a nation-
wide lockdown and the closure of the gym, we had to remove roughly three
months from the Gamification phase. To account for this limitation and ensure
the month-wise comparability of the data, we removed the corresponding days
from the Baseline phase. However, we do not know in how far the pandemic has
influenced the behavior of users. The fact that the number of booked courses was
(descriptively) lower solely for the month February in the Gamification phase
suggests that the COVID-19 pandemic already had an effect on the behavior of
users in February 2020. Furthermore, we do not know whether the closure might
have led to users booking courses more frequently when the gym was re-opened.

5.4.4 Contribution to Research Questions

The findings presented in this section show that gamification increases course
participation, even over a longer time span. This contributes to gamification
research, since past studies in the field had a rather short study duration, which
did not make it possible to investigate whether the positive outcomes could be
retained. Therefore, these findings provide answers to RQ1, since they show that
gamification affects how people behave in the context of a course booking system,
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when using gamification elements like badges, points, and a leaderboard.

However, when investigating why gamification worked in this context by con-
sidering the individual Hexad type of users, we found that the increase in course
participation can largely be attributed to users receiving suitable gamification
elements according to their Hexad user type. This is an important finding: With-
out analyzing Hexad user types, we might have concluded that one-size-fits-all
gamification was successful in this context, even though users receiving a suit-
able set of gamification elements was the main cause for the positive effect on
booking behavior. This underlines the importance of better understanding how
and why gamification works, and contributes answers to RQ3 which strengthen
the argument for considering personal factors — especially Hexad user types in
this case — and tailoring gamified systems to the user.

5.5 Summary

This chapter mainly investigated what effects personalization, based on the
factors investigated in Chapter 4, has on behavioral and psychological measures
in gamified systems (RQ3). Overall, we conducted three studies — two in the lab
and one in the wild — to contribute answers to this question.

In the first study, we implemented a gamified system encouraging physical ac-
tivity on a treadmill to evaluate whether the findings regarding how Hexad
user types and behavior change intentions affect the perception of gamification
elements could be replicated when actually implementing a gamified system.
Besides showing the general effectiveness of gamification and providing insights
on how gamification affects motivation in this context, we found that both fac-
tors had an influence on measures related to affective experiences and intrinsic
motivation. This provides initial support for the assumption that differences
in the perception of gamification elements seem to translate into differences in
motivation in implemented systems. However, we could not demonstrate that
behavioral measures were affected when providing users gamification elements
that were suitable for their respective stages of change or Hexad user types.

In the second study, we dynamically adjusted the set of gamification elements on
an image tagging platform such that users received no gamification elements, or
gamification elements which were suitable or unsuitable for their Hexad type,
in three randomly ordered conditions. We first demonstrated that gamification,
independent of personalization, increased task performance and affected psy-
chological measures of arousal, contributing novel insights to the field. We were
also able to find a broad range of effects, supporting evidence for the benefits of
personalizing gamified systems. We found that enjoyment and positive affect
were significantly higher in the condition in which suitable gamification elements
were offered. Similarly, we found that flow experiences were more prevalent
in this condition. However, in line with the previous study, we did not find
supporting evidence that the differences in the motivation of users and their
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experience led to an increased performance.

In the third study, we aimed to better understand whether receiving gamification
elements that were suitable for the users’ Hexad type would have an impact on
their behavior. We assumed that this would be the case, based on the findings
of the two studies mentioned earlier. In those studies, we found that receiving
suitable gamification elements affected psychological measures positively, which
should affect behavioral outcomes in the long run. Therefore, we conducted an
almost-two-year-long in-the-wild study in a gym. The results of this study sup-
ported our assumption: Participants who scored particularly high on Hexad user
types which were shown to be positively linked to the perception of the gamifica-
tion elements we used increased their number of course bookings significantly
more than the others.

To sum up, our findings provide evidence for the benefits of personalizing gami-
fied systems. They show that personalization is essential to increase both psy-
chological and behavioral outcomes of gamification. In addition, our findings
suggest that the results regarding the perceptual differences of gamification ele-
ments and their relationships to Hexad user types and behavior change intentions
that we reported in Chapter 4, in which participants had to imagine how the
gamification elements might look and feel, translate into actual differences in
motivation and behavior when being implemented.



Chapter 6
Unobtrusive Ways to Facilitate
Personalization in Gamified Systems

In the past two chapters, we demonstrated that accounting for inter-personal
differences is important to increase motivation in gamified systems. In Chapter 4
we showed that the perception of gamification elements differs between users and
identified factors such as age, behavior change intentions and Hexad user types
to explain such differences. In Chapter 5, we demonstrated that accounting for
these factors in implemented gamified systems has actual effects on behavioral
and psychological measures. However, to allow utilizing factors like Hexad user
types to personalize gamified systems in practice, it is crucial to provide ways
of assessing these factors. While demographic factors like age can be assessed
in an unobtrusive way by e.g. using machine learning methods and very short
instruments are available to assess the stage of change of users [212], Hexad
user types require more effort to assess. This is problematic, since our findings,
and findings from related research in this domain (see Klock et al. [182] for an
overview, and Section 2.4.3), have demonstrated the usefulness of the Hexad
model for personalization purposes and showed that the model is superior over
other factors for personalizing gamified systems [144]. Therefore, in this chapter,
we focus on ways to facilitate the personalization of gamified systems based on
Hexad user types in practice. In particular, we are interested in exploring and
evaluating ways of predicting Hexad user types, without detrimentally affecting
the gameful experience of a gamified system or breaking the immersion of users.

Moreover, using an implicit way of assessing Hexad user types could help to over-
come issues being inherent to questionnaires. When users are asked to self-report
answers in questionnaires, problems such as social desirability bias (participants
answering in a socially desirable manner) and acquiescent responding (partici-
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pants tending to agree with statements) were found [290]. Also, constraints on
self-knowledge can lead to less accurate conclusions [290].

To overcome these issues and facilitate personalization in gamification practice,
we first explore the feasibility of predicting Hexad user types based on smart-
phone data (such as which apps a user has installed and the communication
patterns of users) in Section 6.2. Afterwards, we investigate whether Hexad user
types can be assessed in a gameful way and whether the interaction behavior
of users can be used to predict them in Section 6.3. The findings of both studies
mainly contribute to RQ4, i.e. the question of how we can unobtrusively assess
personal factors to personalize gamified systems without disturbing the gameful
experience. Section 6.2 is based on [18] and Section 6.3 on [20].

6.1 Motivation

As we have seen in Section 2.4.3, the Hexad user types model was used to inves-
tigate user preferences in gamified systems across different contexts, including
physical activity [13], education [236], energy conservation [189], health [261], and
others. These investigations and the results of our studies show the usefulness of
the Hexad user types model for personalizing gameful systems. The correlations
between the perception of gamification elements and Hexad user types [13,342]
enable dynamic adjustments to the elements of a gameful system, and our results
from Chapter 5 demonstrate that gamified systems which use Hexad user types
to personalize the gameful experience to the user are beneficial over non-tailored
gamification in terms of psychological and behavioral measures.

However, determining the Hexad user type requires people to fill out a 24-item
questionnaire. While this is appropriate in academic contexts so as to preserve
the psychometric properties of the Hexad model and ensure scientific rigour, it
may be disadvantageous when using the Hexad model to tailor gamified systems
dynamically to their users in practice. Because gamified systems usually aim at
providing an enjoyable and gameful user experience, requiring users to fill out a
survey up front may break immersion, lead to frustration and thus detrimentally
affect the overall user experience of a gamified system, as suggested by previous
work in the context of gamified surveys [148,149,175,344]. Therefore, researching
ways to tailor gamified systems without negatively affecting the user experience
of a gameful system is important.

In this section, we will contribute to this by evaluating the feasibility of alternative
approaches to determine Hexad user types without requiring users to fill out
questionnaires. We aim at establishing statistical models to predict Hexad user
types based on more subtle factors, which should not detrimentally affect the
gameful experience of a system. While we first try to predict Hexad user types by
using smartphone data, we investigate whether we can predict Hexad user types
based on the interaction patterns of users and whether we can assess Hexad user
types in a gameful way in the second study of this chapter.
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Figure 6.1: Regression models predicting user types from smartphone data. 5
= standardized regression coefficient

6.2 Towards Predicting Hexad User Types from Smartphone
Data

In this section, we investigate whether smartphone data such as the types of
installed apps and the communication behavior of users can be used to predict
Hexad user types. This approach would allow us to assess Hexad user types
in a subtle way, i.e. with the user’s consent, the data needed to predict Hexad
user types could be acquired in the background. This would not burden users
with filling out a questionnaire and could be seamlessly integrated into existing
gamified systems. The idea to predict Hexad user types based on smartphone
data is inspired by the studies presented in Section 2.5, showing that smartphone
data is linked to personality traits and that personality traits correlate with Hexad
user types [342].

We developed a smartphone app gathering smartphone data and obtaining
Hexad user types, which was used in a user study (N=122). We found regression
models for each user type, indicating that deriving user types on the basis of
smartphone data is promising (see Figure 6.1). In the following, the application,
methodology and study results will be presented.

6.2.1 Concept and System Design

We developed a smartphone application to gather data, which is summarized and
for which reasons are provided below. The application starts with a view in which
the aim of the study is explained, which data will be collected, and on which
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participants are able to give consent to participate. Afterwards, participants are
asked to fill out a survey.

Collecting Data

While filling out the survey, the application gathers the following smartphone
data in the background:

¢ Installed applications: Package name, application name, install date, cate-
gory of the app in the Google Play Store

* Phone calls: Average call duration, percentage distribution of types (initi-
ated, answered, missed, rejected, blacklisted)

¢ Short Message Service (“SMS”) messages: Average number of words for
sent and received messages, average word length for sent and received
messages, percentage distribution of sent and received messages

¢ Contacts: The number of unique message and call contacts

Attributes related to communication data (phone calls, SMS messages and con-
tacts) were inspired by Chittaranjan et al. [80], who found these attributes to be
related to the Big 5 personality traits. Similarly, installed applications were used
because Lane et al. [192] and Seneviratne et al. [316] found these to be related to
personality traits, too.

Displaying Study Results to Participants

Since we collect sensitive data, we aimed to make the data collection process
as transparent as possible. Therefore, after filling out the survey and gathering
smartphone data, the app visualizes all results in a graphical way using appro-
priate charts (see Figure 6.2). This is in line with [30], showing that users are
unaware of what data is collected by smartphone apps and appreciate receiving
feedback on that. First, our app shows participants the number of installed apps
and their category distribution (cf. Figure 6.2a), followed by the duration and
amount of their phone calls (cf. Figure 6.2b), the number of SMS messages they
wrote and received (cf. Figure 6.2c) and the average length of written and received
SMS messages. Afterwards, the distribution of the user type (cf. Figure 6.2d) and
Big 5 scores is shown. We ensured that participants could only participate once
and showed them their results once they had participated, whenever the app
was opened.

Implementation

The smartphone application was realized as a native Android app (minimum
API Level: 19). After giving consent to participate, the survey was shown while
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Figure 6.2: Prototype used to gather data and visualize study results to partici-
pants. a) Number of installed apps and their category distribution, b) duration
and amount of phone calls, ¢) number of SMS messages written and received,
d) user type score distribution

the required smartphone data was gathered in the background. To obtain a
category for each installed smartphone app, the app crawled the Play Store
(similar to [316]), offering 40 different categories overall. Once the data gathering
process finished, all data was sent to a webserver, which stored them in a database.
All data was completely anonymized as soon as it was sent to our server, i.e. it is
impossible for us to relate the gathered data back to an individual person. We
stored the Android ID, a 64-bit number which is unique to each combination
of app-signing key, user and device to check whether participants already took
part in the study (even re-installing the application would not change this ID). To
ensure privacy, the Android ID was stored in a separate table and not linked to a
specific participant.

6.2.2 Evaluation

Our study was approved by an institutional Ethical Review Board®. It was de-
signed to investigate the relationships between smartphone data and Hexad user
types. More specifically, we tried to find evidence for the following hypothesis:

Smartphone data can be used to predict the score of each of the six Hexad user types.

The hypothesis follows transitively from both studies showing that personality
traits and smartphone data are correlated [80,192,269,316] and studies showing
that personality traits and Hexad user types are correlated [338,342].

*Saarland University: Ethical Review Board of the Faculty of Mathematics and Computer Science,
https://bit.1ly/2TK2Qii (last accessed: 2021-12-01)
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Method

Participants were asked to install our smartphone app from the Play Store. While
the app gathered the above-mentioned smartphone data, they filled out a survey
covering the following:

¢ Demographical data

¢ Hexad user type (four items per user type to be answered on 7-point Likert
scales) [342]

* Big Five Inventory (BFI-10, ten items to be answered on 5-point Likert
scales) [280]

Participants

Roughly half of the participants (63) were recruited through mailing lists and
social media. The remaining participants (59) were recruited through Amazon
Mechanical Turk (“AMT”), resulting in 122 participants in total (gender: 41.8%
female; age <18: 2.5%, 18-24: 32%, 25-31: 29.5%, 32-38: 13.1%, 39-45: 11.5%, 46-52:
7.4%, 53-59: 4.1%). On AMT, we restricted the selection to US Turkers having
an Android smartphone as their primary device. AMT Workers received $2 as
compensation (the study took approximately 10 minutes to complete). The user
types score distribution was found to be almost the same as in the validation
study of the Hexad user type questionnaire [342]. Also, we found most of the
correlations between user types and personality traits from [342]. The average
scores for each user type (4 is the lowest, 28 the highest possible score) and
personality trait (2 is the lowest, 10 the highest possible score) and correlations
between user types and personality traits can be found in Table 6.1.

Smartphone Data

The average age of participants’ smartphones was 506.11 (SD=393.09) days (dif-
ference between the time of participation and the first app installed). On average,
participants had 73.11 (SD=35.45) apps installed, excluding system apps, i.e. apps
that are pre-installed on the smartphone and respectively 276.30 (SD=100.00)
apps including system apps. Furthermore, most of the installed apps belong to
the “Tools” (20.63%) , “Productivity” (12.99%) and “Communications & Messag-
ing” (11.29%) categories. The whole app distribution among categories along
with descriptions, the number of users having at least one app belonging to each
category and correlations to the Hexad user types can be found in Table 6.2. The
most frequently installed apps were YouTube (99.18%), Google Maps (96.72%),
Google Mail (94.26%), Google Hangouts (71.31%), Facebook (51.64%), WhatsApp
(50.82%), Facebook Messenger (50.00%), Instagram (43.44%), Samsung Push
Service (39.34%) and Spotify (38.52%).
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SO 1976 540 31+
FS 2263 311 29% 2% . _27%
AC 2194 38 4% . 17+ | -20%
PL 2136 452 a9 -18*
DI 1481 507 18* -17*  -22%
OP 775 194 1 19**

co 736 202 1 25t oo
EX 591 241 19% 1 . 17
AG 680 206 25% 1 -l6*
NE 534 228 29 A7 -16r 1

Table 6.1: Mean & standard deviation (SD) of the user types and the Big 5 and
bivariate correlation coefficients (Kendall’s 7). OP= Openness, CO= Consci-
entiousness, EX= Extraversion, AG= Agreeableness, NE=Neuroticism. * Sig-
nificant at p<.05. ** Significant at p<.01.

Regarding communication data, participants had 65.43 (SD=58.93, Mdn=55.00)
call and 30.07 (SD = 33.55, Md n= 18.50) message contacts. An average call lasted
3.33 minutes (SD = 2.77, Mdn = 2.52). Of all calls, 24.97% (SD = 13.06%, Mdn =
23.74%) were answered, 21.10% (SD = 15.37%, Mdn = 16.87%) were missed, 2.94%
(SD = 5.98%, Mdn = 0.71%) were rejected, 50.10% (SD = 18.33%, Mdn = 50.00%)
were outgoing, and 0.41% (SD = 2.04%, Mdn = 0.00%) were blacklisted. Moreover,
25.66% (SD = 19.21%, Mdn =2 7.93%) of all SMS messages were sent while 74.34%
(SD =19.21%, Mdn = 72.08%) were received. On average, received SMS messages
contained 15.74 words (SD = 8.86, Mdn = 14.82) with a word length of 5.85 (SD
= 4.33, Mdn = 5.33) while sent SMS messages contained 8.80 words (SD = 6.87,
Mdn = 8.28) having a word length of 3.91 (SD = 2.16, Mdn = 4.36). Correlations
between the aforementioned communication attributes and user types can be
found in Table 6.3.

Predicting Hexad User Types

We investigate the hypothesis using stepwise multiple regressions to find a
suitable model predicting the score for each user type (the score is between 4
and 28 for each user type). In stepwise multiple regression, a combination of
forward selection and backward elimination is used. In the forward method, the
highest simple correlated predictor is added to the model iteratively. Each time a
predictor is added to the model, a removal test is made (backward elimination)
to check whether redundant predictors can be removed [123]. It should be noted
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Attribute PH SO FS AC PL DI

Avg. call duration .16*

Avg. WL SMS sent =8

Table 6.3: Bivariate correlation coefficients (Kendall’s 7) of communication at-
tributes with each user type of the Hexad model. * Significant at p<.05. ** Sig-
nificant at p<.01. Cont=contacts, W=words, WL=word length, avg=Average,
rcv=received

that this method was chosen since we did not have specific assumptions about
which predictors are most relevant for each user type and because our goal was in
the first place to explore the potential and feasibility of using smartphone data to
infer user types implicitly. Given this kind of exploratory model building research,
stepwise regression is a suitable method [123]. To reduce Type 1 errors, which
might occur due to the multiple iterations performed by the stepwise method,
the Benjamini-Hochberg false discovery rate [40] was used to adjust significance
values for multiple comparisons. We chose this procedure as it maintains more
statistical power and since it is more suitable for stepwise regressions and the
increased amount of statistical tests than other correction methods like e.g. the
Bonferroni method [40].

As potential predictors, the absolute number of installed apps for each Play Store
category and participant, the relative number of installed apps per participant
for each Play Store category (the absolute number divided by the total number
of installed apps) and communication data (phone calls, SMS messages and
contacts) were entered into each model. We decided to include the absolute and
the relative amount of apps per category to reflect both personal preferences and
overall app distribution. Moreover, categories for which less than 15 unique users
had at least one app, were excluded (cf. [123]). Table 6.2 and Table 6.3 summarize
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all attributes that were initially included in the stepwise regression.

For all multiple regression analysis, the assumptions of normality, linearity,
homoscedasticity and independent errors were met (checked using histograms,
ZPRED vs. ZRESID plots, P-P plots and Durbin-Watson tests which were all
between 1.61 and 2.16). Additionally, indicators of multicollinearity (tolerance
and variance inflation factors) were within acceptable limits (for all tolerance>0.6;
VIF<2) [123].

In the following paragraphs, we provide the results of the multiple regression
analysis and the correlations we have found between Play Store categories and
Hexad user types. Based on these results, we discuss potential explanations for
each predictor and correlation we have found.

Predictor b SEB 3 Padi.
% of rejected calls -0.16  0.03 -0.43 0.000

Music & Audio (abs.) 034 0.15 0.17 0.021

Table 6.4: Predictors for the Philanthropist with beta values, standard error
(SE), the standardized beta values (3) and the adjusted p-value

Philanthropists We found a significant regression equation to predict the score
of the “Philanthropist” user type scale (R=.67, R* adjusted=.41, F(7,114)=13.03,
p<.000). As illustrated in Table 6.4, the percentage share of rejected calls, the
relative amount of apps in the “Food & Drink” and “House & Home” cate-
gory, the number of unique SMS contacts, the number of applications in the
“Sports” category, the percentage share of sent SMS messages and the number of
apps in the “Music & Audio” category all significantly predict the score on the
“Philanthropist” scale of the Hexad model.

The negative influence of the percentage share of rejected calls and the positive
influence of the number of SMS contacts might be well explained by the basic
social attitude of the Philanthropist. Taking into account that Philanthropists are
socially-minded but not primarily interested in initiating social interaction, the
negative influence of the percentage of sent SMS messages also seems reasonable.
Furthermore, the positive influence of “Sports” apps relates well to the preference
of Philanthropists for administrative roles, as many fantasy team management
apps belong to this category. However, the influence of “Music & Audio”, “Food
& Drink” and “House & Home” apps is not directly explainable by the definition
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and motivational factors of the Philanthrophist user type.

Moreover, we also found several correlations to smartphone data, which can be
found in Table 6.2 Table 6.3. In addition to the percentage share of rejected calls,
the “Food & Drink” and “House & Home” category, negative correlations to
the “Finance” and “Personalization” categories were found. For both a potential
reason is the lack of meaning: Philanthropists strive for meaningful goals and
purpose, which they might not find in monetary things or by changing their
wallpapers, home screens or ringtones.

Predictor b SEB g3 Padj.
% of answered calls 008 0.03 020 0.032

Puzzle Games (rel.) 040 020 0.16 0.057

Table 6.5: Predictors for the Socializer with beta values, standard error (SE),
the standardized beta values (f) and the adjusted p-value

Socializers For the score on the Socializer scale, we found a significant regres-
sion equation (R=.55, R? adjusted=.26, F(7,114)=7.07, p<.000) including seven
predictors as can be seen in Table 6.5. While the percentage share of answered
calls, received SMS messages, unique SMS contacts and the relative amount of
puzzle games and communication apps positively influence the score, the per-
centage share of rejected calls and the absolute number of strategy games have a
negative influence. Given that relatedness is the most important motivational
factor, the positive impact of answered calls, received SMS messages, unique
SMS contacts and the relative number of communication apps together with the
negative influence of rejected calls is not surprising and fits the motivational
aspects of the Socializer user type very well. However, the potential reasons for
why puzzle games positively and strategy games negatively influence the score
are not so obvious and do not directly fit the characteristics of this user type.

While we also found positive correlations to communication data (see Table 6.3)
and the “Communications” category, a negative correlation was found to “Simu-
lation Games” (see Table 6.2), which might be explainable by the extraordinarily
low social interaction in this kind of game (this category mainly includes games
like “Sim City” or “Car Mechanic Simulator”).
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Predictor b SEB (3 Padj.

Video Players (rel.) -042 0.14 -0.26 0.005
Board Games (abs.) - 093 036 022 0014
Avg. words SMS received  -0.12 0.03  -0.38  0.000
% of received SMS 003 001 031 0005
Travel & Local (rel) 028 013 018 0.039

Table 6.6: Predictors for the Free Spirit with beta values, standard error (SE),
the standardized beta values () and the adjusted p-value

Free Spirits For the “Free Spirit” user type scale, we found a regression model
consisting of five predictors (R=.48, R2 adjusted=.19, F(5,116)=6.80, p<.000),
which are shown in Table 6.6. While the preference for “Travel & Local” apps
might be well explainable by the need to explore and discover, which is likely
satisfied when traveling, the negative impact of board games might be related
to the fact that board games usually have a fixed rule-set and thus potentially
compromise the need for autonomy. However, why Free Spirits seem to receive
many SMS messages with a low number of average words and why the relative
amount of apps in the “Video Players” category negatively influence the score on
the Free Spirits scale is not directly explained by the characteristics of this user
type.

All positive correlations between app categories and the Free Spirit user type
(“Health & Fitness”, “Music & Audio”, “Travel & Local”, see Table 6.2) have
in common that these categories usually allow users to explore new things like
new exercises or healthy recipes, new songs and artists or new destinations for
traveling. Furthermore, the negative correlation to “Arcade Games” might be
explainable by the usually very restricted number of ways to play arcade games
and thus low autonomy. As stated above, the reason for the negative correlation
to the “Video Players” category is not as obvious.

Achievers Seven predictors (see Table 6.7) predict the “Achiever” user type
scale (R=.51, R? adjusted=.22, F(7,114)=5.83, p<.000). The “Shopping”, “Books &
Reference” and “Finance” category have in common that apps in this category
often convey competence (price comparison and product reviews, “Wikis” and
dictionaries, financial news and tip calculators; cf. Table 6.2). Also, “Word Games’
(e.g. “Scrabble”) build on competence and often require players to overcome
challenges demanding mental abilities, which relates well to the characteristics of
Achievers. However, the negative influence of “Adventure Games” and “House
& Home” is not directly explainable by the specific needs of Achievers.

7

In addition to these significant predictors, several correlations were found be-
tween the “Achiever” user type and the Play Store categories (see Table 6.2).
Besides “Finance” and “Adventure Games”, correlations were found for “En-
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Predictor b SEB g3 Padj.
Shopping (abs.) 047 014 029 0.002

Word Games (abs.) 1.08 048 0.19 0.032
House & Home (abs.) -256 091 -0.24 0.009
Finance (rel.) 032 013 022 0.025

Music & Audio (rel.) 036 017 0.18 0.034

Table 6.7: Predictors for the Achiever with beta values, standard error (SE),
the standardized beta values () and the adjusted p-value

tertainment”, “Sports” and “Travel & Local” (all positive). While the latter two
categories might satisfy the need for competence in a way (sports news, fan-
tasy team management games and hotel/trip comparisons), the “Entertainment”
category does not as strongly support the need for competence. We also found
positive correlations to the average call duration and to the number of SMS
contacts (see Table 6.3), which might be explainable by the positive correlation
between the Achiever and the Socializer user type [342].

Predictor b SEB g3 Padj.

% of rejected calls -0.15 0.04 -0.35 0.000
Sports (rel) 093 025 030 0.000
Lifestyle (rel) 042 018 021 0018
% of blacklisted calls  0.61 019 026  0.003
%ofsentSMS 005 002 022 0018

Table 6.8: Predictors for the Player with beta values, standard error (SE), the
standardized beta values (/) and the adjusted p-value

Players Also for the “Player” user type scale, a significant regression equation
was found (R=.51, R? adjusted=.26, F(5,116)=8.11, p<.000). As illustrated in
Table 6.8, the percentage share of rejected calls has a negative influence, while the
relative amount of “Sports” and “Lifestyle” apps together with the percentage
share of sent SMS messages and blacklisted calls positively influence the score.
While the positive influence of rejected calls might be explainable by the tendency
of players to take care of their own needs, the negative influence of rejected calls
and the positive impact of sent SMS messages seem contrary. However, the strong
positive correlation between the Player and Socializer, which was shown in [342],
might explain these findings. Also, the positive impact of “Sports” apps might be
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explainable by the strong correlation between the Player and the Achiever [342],
as this predictor was also found for the Achiever user type. However, no clear
potential explanation can be given for the “Lifestyle” category.

The highest number of correlations was found between the Player and Play Store
categories (see Table 6.2 and Table 6.3). Besides the ones that were also found
as predictors in the regression model above, we found that “Entertainment”,
“Finance”, “Food & Drink”, “Health & Fitness”, “House & Home”, “Productivity”,
“Shopping”, “Social”, “Tools” and “Travel & Local” are all positively correlated.
Moreover, we found negative correlations to the “Communications” and “Puzzle
Games” categories. Finding the highest number of correlations for the Player
type is explainable by previous work [342], showing that the Player type is the
one showing the most correlations to other user types (i.e. it is correlated with
the Socializer, Free Spirit and Achiever). This is also reflected in the high overlap
of correlations to Play Store categories to these three user types. Interestingly, the
“Social” category is positively correlated while the “Communication” category
shows a negative correlation. This might indicate that Players seek attention
(which might be rewarding) in social networks, but are not primarily interested
in communicating with others, i.e. the “communication” might be rather one-
directional. This would also possibly explain why blacklisted calls positively
influence the user type score, while the percentage share of sent SMS messages
also has a positive influence.

Predictor b SEB g3 Padj.
Maps & Navigation (rel.) 076 029 023 0.011

Travel & Local (rel.) 062 022 024 0.011
Productivity (rel.) 026 0.10 023 0.011
House & Home (abs.) 254 120 018 0.036

Table 6.9: Predictors for the Disruptor with beta values, standard error (SE),
the standardized beta values () and the adjusted p-value

Disruptors The Disruptor score was found to be predictable using five variables
(R=.46, R? adjusted=.18, F(5,116)=6.29, p<.000). As illustrated in Table 6.9, the
relative number of apps in the “Maps & Navigation”, “Travel & Local” and
“Productivity” categories and the absolute number of apps in the “House & Home”
category positively influence the score, while the average word length in outgoing
SMS messages has a negative impact. Considering that autonomy and creativity
are also important motivators for Disruptors [342], the positive influence of
“Maps & Navigation” and “Travel & Local” categories is not surprising as they
both relate well to the need to explore and discover. The positive influence of the
“House & Home” category also relates well to the importance of creativity as this
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category deals with apps about interior decoration and home improvement (cf.
Table 6.2). However, the positive influence of the “Productivity” category and
the negative impact of the average word length in sent SMS messages are not
directly explainable via the main motivations of Disruptors.

In addition to these predictors, we found two correlations to the Play Store
categories (see Table 6.2), of which one (“Word Games”) is not included as a
predictor. The negative correlation to the “Word Games” category seems to
make sense, as word games are typically challenging and build on the need for
competence rather than autonomy or creativity (following a clear rule-set and
demanding mental effort to win).

6.2.3 Discussion and Limitations

The overall goal was to explore whether smartphone data can be used to infer
the user type scores of users to tailor gamified systems implicitly, i.e. without the
burden of filling out questionnaires. Summing up, we found regression equations
that can be used to predict the score of each of the six user types of the Hexad
model. This is supported by the amount of variance these models explain. All
models we have found explain between 18% and 41% of the variance, showing
that we found medium [86] (explaining at least 13% percent of the variance in the
model: Free Spirits, Achievers, Disruptors) to large [86] (explaining at least 26%
of the variance in the model: Players, Socializers, Philanthropists) effect sizes.
Moreover, we found several significant correlations between smartphone data
and user types. Therefore, our study results suggest that inferring user types
from smartphone data is feasible to a certain extent and could be used to tailor
gamified systems automatically (supporting evidence for our hypothesis). This
finding is relevant for gamified smartphone applications that could adapt their
game elements without the need for explicit user input and thus could motivate
their users more effectively. However, our results are also relevant for gamified
systems in general, as users could also provide their smartphone data to these
systems in an automated way, which allows tailoring even such systems without
manual user effort.

Our descriptive findings are in line with previous research: The user type dis-
tribution is nearly exactly the same as the distribution in the paper by Tondello
et al. [342]. Also, the majority of correlations between the Hexad user types and
the Big 5 personality traits are in line with findings from [342]. Furthermore,
participants had a similar app category distribution as in [316]. This suggests that
our sample was comparable in terms of user type distribution and app categories.

Even though we were not able to explain all predictors and correlations found,
overall the most important motivational factors of each user type were reflected
in the corresponding model (e.g. “relatedness” was reflected by positive impacts
of communication data for Socializers, “autonomy” by the positive impact of
exploration and creativity applications for Free Spirits etc.). On a meta-level, this
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suggests that preferences for smartphone application categories and smartphone
communication behavior could explain the personal importance of motivational
needs (as defined by the SDT [298]), which might be a relevant result also outside
of the gamification domain.

Limitations

Although using stepwise regression is a suitable method for exploratory model
building [123], the method itself has two main issues that should be considered.
First, it is prone to model selection bias, resulting from including explanatory
variables because of significant F statistics, which might in reality have no (or very
weak) relationships to the response variable (“Freedman’s paradox”) [207]. This
can lead to overestimations of the importance of certain predictors, which should
be considered. As a consequence, the models we have found are not necessarily
the only possible models, nor the best ones. Second, stepwise regression involves
a large number of tests, inflating the probability for Type 1 errors. However, we
considered this by adjusting our alpha thresholds accordingly.

In addition, roughly half of our participants were recruited from AMT. Even
though we required an Android phone to be the primary device, we cannot
guarantee that actual personal smartphones were used, rather than “dummy”
smartphones, to earn the financial reward. However, since the Play Store category
distribution of our sample was in line with previous research [316] and because
we did not find significant differences between participants from AMT and the
rest of our sample regarding the number of apps, we think that using AMT did not
affect our results. On the contrary, we argue that using AMT was advantageous
in terms of sample diversity.

Lastly, it should be considered that Play Store categories are assigned by the
publishers of smartphone applications. Even though they should be interested in
assigning a suitable category, a certain amount of fuzziness is unavoidable.

6.2.4 Contribution to Research Questions

Although it should be noted that the models require validation and that the
statistical procedure to analyze our data was rather exploratory, we showed the
general feasibility of predicting Hexad user types based on smartphone data in
this study. The fact that there seem to be relationships between smartphone data
and Hexad user types, which can be explained well by the characteristics of each
user type, provides support for our approach of predicting Hexad user types
based on smartphone data, and may serve as a way of facilitating personalization
of gamified systems in practice, contributing answers to RQ4.
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a) Cloud Clicker

Not following Following my

rules

own path

Figure 6.3: Gameful applications used in the user study. Cloud Clicker (a)
asks users to decide which statement is more important to them. Snowball
Shooter (b) provides several gamification elements that users can interact
with.

6.3 HexArcade: Predicting Hexad User Types By Using
Gameful Applications

Here, instead of predicting Hexad user types based on smartphone data in the
background, we investigate whether Hexad user types can be assessed in a
gameful way and whether they can be predicted based on how users interact
with a gameful application. Since the regression models we established in the
previous section leave room for improvement, we want to investigate whether
using gamified applications to predict Hexad user types and explicitly tracking
how users interact with such applications increases the variance explained. To
do so, we conceptualized and implemented two gameful applications — Cloud
Clicker and Snowball Shooter — which will be explained in the following. While
Cloud Clicker focuses more on assessing Hexad user types in a gameful way
by turning the 24-item Hexad questionnaire into a gameful application inspired
by popular cookie clicker games, Snowball Shooter allows users to interact
freely with several gamification elements and builds on the assumption that
users scoring high on a particular Hexad type will interact more frequently with
corresponding gamification elements.

We present findings from an online study in which these two gameful applications
were investigated. Besides analyzing whether we could use these applications
to predict or assess Hexad user types, we were also interested in understanding
whether they were enjoyable and immersive. We compared these measures
with assessing Hexad user types using the validated questionnaire to better
understand whether assessing Hexad user types in a gameful way has advantages
over the questionnaire in terms of the user experience. Lastly, we discuss the
findings regarding the prediction of Hexad user types and the user experience of
the gameful applications in comparison to using the validated questionnaire.
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6.3.1 Gameful Applications

We implemented two gameful web applications using Angular]S** and Phaser®.
In the following, the concepts behind both gameful applications are explained
and discussed. For both applications, interactive step-by-step tutorials were de-
veloped, explaining how to interact with them. We used the systematic literature
review by Keusch et al. [175] to ensure that most relevant papers on gamified
surveys have been considered to inform the design of the gameful applications.

Gameful Application 1: Cloud Clicker

Similar to Triantoro et al. [344], we decided to transfer the 7-point Likert scales,
which the Hexad questionnaire uses into binary choice questions in the gameful
application. The whole design of the first gameful application (“Cloud Clicker”)
followed the process proposed by Harms et al. [148,150] and considered recom-
mendations and lessons learned from relevant previous work [148,149,175, 344],
as described in the following. In Cloud Clicker, users see two statements in each
of 15 rounds and then have to decide which of these two statements is more
relevant to them (see Figure 6.3a). We selected one statement for each Hexad user
type, which grasps its underlying motivation. We based the statements on the
definitions given by Tondello et al. [342] and on items with a substantial factor
load in the confirmatory factor analysis in the validation study of the Hexad
user types questionnaire [337]. This follows the same procedure as Triantoro et
al. [344] proposed to translate the Big-5 survey into a gamified counterpart.

Next, as part of the “aesthetics and relationship” layer of the design process
for gamified surveys by Harms et al. [148, 150], we decided to present the two
statements shown to the user using cloud visualizations to create visual sensa-
tion [148] and a convincing and motivational environment [175]. To enhance
questions and support the comprehensibility of the statements [148,175], we
created visual illustrations for each statement, explaining the statement by using
a gender-neutral avatar (Figure 6.4). For the Philanthropist, we decided to focus
on the aspect of helping others because the statements It makes me happy if I am
able to help others and I like helping others to orient themselves in new situations had
the highest factor load for this type [337]. For Socializers, we focused on being
part of a team because the corresponding statement I like being part of a team had
the highest factor load among this trait [337].

Similarly, we used the statements having the highest factor load in a trait for the
Free Spirit (It is important to follow my own path), the Achiever (I like overcoming
obstacles) and the Player (Rewards are a great way to motivate me) [337]. Because
the item having the highest factor load for the Disruptor type (I see myself as a

3 Angular]S: Superheroic JavaScript MVW Framework,
https://angularjs.org/ (last accessed: 2021-12-01)

**Phaser: A fast, fun and free open source HTML5 game framework,
https://phaser.io/ (last accessed: 2021-12-01)


https://angularjs.org/
https://phaser.io/
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Figure 6.4: Illustrations and statements used in Cloud Clicker.

rebel) was hard to illustrate visually, we decided to use the item I dislike following
rules instead, which had the second highest factor load [337]. Similar to Hallifax
et al. [144], statements were presented to users using a full paired-comparison
design (i.e., each user was asked to evaluate all possible pairs of statements,
resulting in 15 rounds of comparisons in Cloud Clicker). The order of the state-
ments as well as whether a cloud with a statement was shown on the left or
on the right side of the screen in a round was randomized to avoid biasing re-
sults [148]. Cloud Clicker provides a ranking of the statements, in which scores
of 0-5 are distributed across each statement representing its corresponding user
type, because each statement is compared to every other statement.

Clouds were shaking and dropping coins when being clicked (i.e., when a user
decided on a particular statement) to increase the gameful experience of Cloud
Clicker. Also, we added sound effects to indicate interactions with the gameful
applications. Both follow recommendations by Harms et al. [148], stating that
gameful feedback in surveys should be provided by using indicators such as
coins as rewards and supported by using auditory feedback. The coins were
colour-coded to represent the corresponding Hexad user type and were showing
a miniature version of the illustration of the related user type. Similar to Triantoro
et al. [344], we introduced time pressure when participants were asked to decide
between two statements in each round. This mechanic had three reasons: First,
it emphasizes and stimulates the gameful experience of the application [344].
Second, it supports spontaneous responses, which was shown to increase the
reliability of responses [247]. Third, it limits the time it takes to complete the
application and thus to assess the Hexad user type, which might be important as
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we aim to provide a practical way of assessing Hexad user types in gamified sys-
tems. To allow researchers and practitioners to use Cloud Clicker, we published
the source code as well as all graphical assets on GitHub?®.

Gameful Application 2: Snowball Shooter

Cloud Clicker aims at providing a gameful way of assessing Hexad user types
and, thus, builds on the original items from the Hexad questionnaire [337]. In
contrast, Snowball Shooter focuses on user behaviour when interacting with
gameful elements and whether it is possible to use this input to predict Hexad
user types. As such, Snowball Shooter provides some gamification elements that
users can interact with (see Figure 6.3b): The user controls a snowball cannon and
shoots snowballs at items representing each gamification element. These items
are randomly positioned in each round. Shooting at an item increases the internal
score of the corresponding gamification element. Similar to Cloud Clicker, the
application consists of 15 rounds in which users may shoot five snowballs. It
uses feedback sounds when shooting.

Following design suggestions from Harms et al. [148], we integrated progression
loops in each gamification element. Consequently, there are three score thresholds,
which lead to a state change of the corresponding element (e.g., unlocking a
virtual item). To ensure comparability, these thresholds were kept constant across
all gamification elements (given that a maximum score of 75 can be reached, the
first state change happens at a score of 10, the second at 35 and the third at 60). As
aresult, it is impossible to complete all gamification elements. This was explained
to users in the tutorial. It is important to note that — in contrast to previous
work — users could experience the gamification elements instead of being given
storyboards or textual descriptions only. Based on the user type descriptions by
Marczewski [213] and the proposed gamification elements by Tondello et al. [342],
we integrated the following gamification elements (Figure 6.3b):

Unlockables: Unlockables are expected to motivate Free Spirits because they
are mainly driven by autonomy [213,342]. In Snowball Shooter, we decided
to provide treasure chests which could be unlocked to obtain virtual items.
Reflecting the score thresholds, there are three different types of treasure chests
(wooden, silver, golden) unlocking items of different rarity (common, rare, epic;
see Figure 6.5).

Achievements: This element was shown to be especially suitable for Achievers
as it supports mastery [213, 342]. In Snowball Shooter, three Achievements
(using the score thresholds mentioned before) can be unlocked: “Snowball
Enthusiast” (bronze frame), “Snowball Master” (silver frame) and “Snowball
Guru” (golden frame), see Figure 6.5.

% GitHub: m-altmeyer/cloud-clicker,
https://bit.ly/3zjaDUo (last accessed: 2021-12-01)


https://bit.ly/3zjaDUo
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Figure 6.5: Visualizations of the score levels for Unlockables, Achievements
and Virtual Character in Snowball Shooter.

Points: Points have been shown to positively affect Players [213,342]. To under-
line the value of points as virtual currency (which is important for Players [342]),
points can be used to buy modifications for the Virtual Character (see below).
The amount of points that needs to be spent to buy all modifications (change or
customize the colour of and add wings for the virtual character, see Figure 6.3b)
equals the maximum score threshold described above.

Leaderboard: Social gamification elements such as Leaderboards are relevant
for Socializers [213,342]. However, findings by Tondello et al. [342] and other
researchers [13,189,261] consistently demonstrate that Leaderboards are also
positively correlated to Players, Achievers and Disruptors, which is why we
expect to also find such correlations in Snowball Shooter. Similar to Mekler
et al. [224], we decided to show fictitious users, having scores based on the
thresholds established before, to ensure that all participants have same chances
to rise in ranks.

Virtual Character: Philanthropists are driven by purpose and like to care for
others [213,342]. Although no significant correlations have been shown, we
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expect that this gamification element should be particularly relevant for Phi-
lanthropists because it may induce feelings of care-taking. We used a virtual
monster whose emotional state is coupled to the number of snowballs shot at
the respective item, a green doughnut. The three changes in its emotional state
(Figure 6.5) are coupled to the thresholds described before.

6.3.2 Evaluation

We used the aforementioned gameful applications to investigate the following
hypotheses stemming from our review of the related literature:

H1: Gameful applications can be used to predict Hexad types.

e H1la: The score of the statements in Cloud Clicker is correlated to the corre-
sponding Hexad user types and thus may be used to predict them.

e H1b: The amount of interactions with gameful elements in Snowball Shooter
is correlated to the corresponding Hexad user types and thus may be used
to predict them.

H2: The users’ perception of the gameful applications differs compared to their
perception of the Hexad questionnaire.

e H2a: Both applications are perceived as more enjoyable (measured by the
IMI enjoyment subscale) than the Hexad questionnaire.

e H2b: Participants feel more competent (measured by the IMI competence
subscale) using both applications than using the Hexad questionnaire.

e H2c: Participants feel more pressure (measured by the IMI pressure subscale)
in both applications than in the Hexad questionnaire.

e H2d: Both applications are perceived as more immersive (measured by the
PXI immersion subscale) than the Hexad questionnaire.

H1 is motivated by previous work showing that questionnaires can be trans-
formed into gameful applications without heavily affecting their validity [344].
Triantoro et al. [344] demonstrated that the Big-5 personality traits can be pre-
dicted based on gameful, binary choices in their survey, which is similar to our
approach and thus motivates Hla. The subjective assessments of preferences for
gamification elements using textual descriptions [342] or storyboards [13,261]
are correlated to the Hexad user types, which motivated us to find similar cor-
relations when investigating actual interaction with implemented gamification
elements (H1b).

H2a is mainly based on previous work in the domain of gamified surveys [148,
149,344], where positive effects on enjoyment-related measures have been demon-
strated. H2b relates back to feedback provided by gamification elements having
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been shown to increase perceived competence [303]. We expect to see an increase
in perceived pressure in the gameful applications mainly because of the time
pressure that is induced by Cloud Clicker and because of the round-based na-
ture of both applications (H2c). An increase in pressure does not necessarily
affect user experience negatively but might help to shape optimally challenging
systems [148]. This supports users in reaching a flow state, which is described
as a state of increased concentration and enjoyment [94]. To better understand
whether the perceived pressure related to feelings of flow and immersion, we
also evaluated immersion as part of the PXI questionnaire and expected it to be
higher in the gameful applications (H2d).

Procedure

We conducted an online study on Prolific*”, an online platform specifically tar-
geted at recruiting participants for scientific research studies. The only require-
ment was an understanding of the English language. The study has been re-
viewed and received ethics clearance through a University of Waterloo Research
Ethics Committee (ORE#41608). It took approximately 15-20 minutes to com-
plete and participants were paid £2 GBP. After giving informed consent, they
were asked to provide demographic data including age and gender. Next, the
24-item Hexad user types questionnaire [337] was administered. The question-
naire consists of four items for each of the six user types, being measured on
7-point scales. To obtain a baseline for how participants perceived filling out
the Hexad questionnaire, they were asked to fill out the 22-item task evaluation
questionnaire of the Intrinsic Motivation Inventory (“IMI”) [216,297] as well as
the “Immersion” subscale of the Player Experience Inventory (“PXI”) [1]. Both
the IMI items and the PXI items are measured on 7-point scales.

Next, participants were asked to interact with the gameful applications. The
order of the gameful applications was randomized. Before starting the actual
application, participants had to complete a tutorial explaining how to interact
with them. In Cloud Clicker, we measured how often participants chose each
statement. Similarly, the number of interactions with each gamification element in
Snowball Shooter was measured. After interacting with each gameful application,
participants were asked to fill out the IMI questionnaire and the PXI “Immersion”
subscale.

Participants

After removing participants who preferred not to answer questions of the Hexad
questionnaire, 147 participants were considered for the analysis. Of those, 49%
self-reported their gender as female, 49% as male, 0.7% as non-binary and 1.3%
preferred not to answer this question. The mean age was 33 years (SD=11.5,

%7 Prolific: Quickly find research participants you can trust,
https://www.prolific.co/ (last accessed: 2021-12-01)
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Mdn=30, Min=18, Max=66). The Hexad user types average scores are similar to
the averages reported in the validation study of the Hexad questionnaire by Ton-
dello et al. [337]. Achievers showed the highest average scores (M=23.6, SD=2.98),
followed by Philanthropists (M=22.8, SD=3.18), Players (M=22.8, SD=3.53) and
Free Spirits (M=22.3, SD=3.52). Socializers (M=18.7, SD=4.89) and Disruptors
(M=15.0, SD=4.49) followed with lower average scores.

Results

In this section, we present results related to predicting Hexad user types based
on each gameful application as well as findings related to the enjoyment and
perception of them.

Cloud Clicker and Hexad User Types To analyze whether Cloud Clicker may
be used to predict Hexad user types, a canonical correlation analysis (“CCA”)
was conducted using the score of the six statements in the gameful application
as predictors of the six Hexad user types measured by the Hexad user types
questionnaire. A CCA is preferable when analyzing the association strength
between two sets of variables and allows to evaluate the multivariate shared
variance between them (i.e., between the six statement scores of the gameful
application and the six scores of the Hexad subscales) [318]. Next, this method is
explained based on Sherry and Hanson’s guide on using CCA [318].

The core idea of CCA is that the set of predictor variables and the set of criterion
variables are combined into a synthetic variable each (i.e., there is a synthetic
predictor and a synthetic criterion variable). The canonical correlation is the
correlation between these synthetic variables. Each pair of synthetic variables
is called a canonical function (“CF”). Canonical functions are comparable to
principal components in Principal Component Analyses (PCA) with the main
difference that the CFs are composed of two different variable sets and thus can
be seen as an extension of PCA [357]. In line with this, CCA was loosely defined
as “a double-barreled principal components analysis” [332].

As long as there is residual variance left in the two variable sets which cannot
be explained by the already derived canonical functions, the above process is
repeated. This continues until either no residual variance is left to be explained
or there are as many canonical functions as there are variables in the smaller vari-
able set. Although CCA can accommodate variables without relying strictly on
multivariate normality [357], multivariate normality was assessed by inspecting
univariate Q-Q plots, skewness, and kurtosis of each variable included in the
CCA. The Q-Q plots mainly supported the assumptions of normality, whereas
some variables were shown to be slightly skewed. However, all skewness and
kurtosis values were within the acceptable thresholds of skewness < 3 and kurto-
sis < 8 [181], given that the maximum absolute values of skewness and kurtosis
were found to be 2.5 and 6.8 respectively such that the CCA could be conducted.
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CF1 CF2 CF3 CF4 CF5

Pred. co rs co |rs co rs co |rs co rs
G.DI 0 |46 | .04 | -21 (.19 |-03]|-06|-10|1.34|.76
G_FS 38 .73 | 11 | -12 | .32 36 | -12 | -22 | 49 -17
G_AC -53|-37|.21 |.01 |.89 |.85 |.34 |.36 |.76 |-.07
G_PL -11 .18 |99 |91 |-13 | -19| 45 | .31 | .90 .01
G_PH -22 | -30|-21|-64|-29 | -46 | .72 | 45 | .69 | .10
G.SO -64 | -67 | 40 | -.04 | .10 -30 | -.57 | -.65 | .98 .04
Crit.
Hex_DI | .30 | .41 | -31|-37|-18 | -08 | -.08 | -.17 | 1.00 | .78
HexFS |.75 | .39 | -01|-341|-09 .19 |-50|-41|-70 | -.08
Hex AC | -56 | -33 | -.07 | -.05 | 124 | .59 |-11|-19 | .37 | .30
Hex PL | 24 | -21 |92 |.60 |-40 |-12| .26 | .05 | .16 .36
Hex PH | -16 | -31 | -57 | -51 | -21 | -12 | 99 | .36 | -11 | .07
Hex SO | -64 | -63 | -19 | -17 | -58 | -35 | -.87 | -.46 | .03 13

Table 6.10: Structure coefficients (rs) and standardized canonical function co-
efficients (co) for predictor variables (statement scores in Cloud Clicker: G_DI
etc.) and criterion variables (user type scores: Hex_DI etc.) for the canonical
functions. Bold entries represent loads higher than |.35|, underlined entries
represent loads higher than |.50|.

Given that 10 participants per observed variable are recommended to reach a
reliability of 80% [330], our sample size can be considered as adequate.

Overall, the full model across all CF was statistically significant using the Wilks’s
A=.256 criterion, F'(36,595.59) = 6.01,p < .001. This shows that the variance
unexplained by the model is 25.63%. Consequently, the full model is able to
explain 74.37% of the variance (the r? type effect size is .74) shared between the
two variable sets. Given that the recommended threshold for strong effects was
derived to be r? = .64 [121], the model can be considered to explain a substantial
amount of variance between the two variable sets. Based on this, we derive R1:
The score of statements in the gameful application is substantially associated
to the scores of the Hexad user type questionnaire. This result shows that the
two variable sets are strongly related. As a next step of the CCA, we will consider
the results of the dimension reduction analysis to analyze whether the predictor
variables (the score of the statements in Cloud Clicker) load on the same canonical
functions as the corresponding Hexad user types. This is important to investigate
whether the statements we have chosen for a certain user type actually represent
this user type, given our data.

The dimension reduction analysis yielded six canonical functions (CF1-CF6) with
squared canonical correlations of .36, .33, .22, .17, .09 and .00 each. The first five
canonical functions were statistically significant whereas CF6 did not explain
a statistically significant amount of shared variance between the variable sets
(CF1-CF4: p < .001, CF5: p = .011, CF6: p = .99). Therefore, CF6 will not be
interpreted as part of the analysis. Figure 6.6 presents the structure coefficients
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Figure 6.6: Structure coefficients for CF1-CF5 being stronger than |.35| for
Cloud Clicker. Dotted and transparent lines indicate relationships which dif-
fered between the predictor and criterion variables.

for CF1-CF5 being stronger than |.35| (an upper threshold for weak factor loads
established in [367]). Dotted and transparent lines indicate relationships which
differed between the predictor and criterion variables. All standardized canonical
function coefficients and structure coefficients can be found in Table 6.10.

While standardized canonical function coefficients represent the weights applied
to the observed variables to combine the unobserved synthetic variables, struc-
ture coefficients are simple bivariate correlations between observed variables
and synthetic variables [255]. It can be seen that most predictor and criterion
variables have large structure coefficients loading substantially (i.e., > |.5| accord-
ing to [86]) on the same canonical functions. This is supported by the symmetry
of the relationships, which can be seen in Figure 6.6. In terms of strength of
the correlation, the Free Spirit subscale is an exemption to this as it is the only
variable having no structure coefficient higher than |.5| but loads moderately [86]
on CF1.

Thus, we formulate R2: All predictor and criterion variables have medium to
large structure coefficients loading on the same canonical functions. This re-
sult shows that there is not only a substantial relationship between the variable
sets (R1) but also that the predictor variables load on the same canonical func-
tions as the criterion variables. This means that the statements we have chosen
represent the corresponding Hexad user types.

To further analyze the correlations between the Hexad user types questionnaire
scores and the scores obtained through the gameful application, we calculated
bivariate Spearman’s rank correlation coefficients. Since the gameful application
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DIR FSR ACR PLR SOR PHR

G_DI 32 -23

GFS 21 36 36
GAac 5
e o
Gso -3 “
GpH -2 . 56
DI 44 -2 -3
s s -3
AC s
L -3 60 -3
so -2 -3 64
PH  -31 -23 -26 . 54

Table 6.11: Spearman’s rank correlation coefficients between the ranked
Hexad user type scores (DI_R etc.) and the score of each statement in Cloud
Clicker (G_DI etc.) as well as between the ranked Hexad user type scores and
the absolute Hexad user type scores (DI etc.). All p<.01.

requires users to make a binary choice whereas the original Hexad user types
questionnaire allows to have the same score in multiple user types, we ranked
the Hexad user type scores by assigning values from 0-5 to ensure comparability.
These ranked Hexad scores are denoted by “_R” in the results. As a reference
for interpretation, we also added the correlations between the absolute score of
each user type of the Hexad and the ranked Hexad user type. The results are
shown in Table 6.11. Providing further support for the results of the CCA, it
can be seen that there are medium to large size correlations [86] between the
scores of each statement of the gameful application and the ranked Hexad user
types. This leads to R3: The ranked Hexad scores are positively correlated to
the corresponding scores of each statement of Cloud Clicker having medium
to large effect sizes. This provides further support for the suitability of the
statements and visualizations used in Cloud Clicker. It can also be seen that the
correlations between the ranked Hexad user type scores and the score of each
statement in the gameful application are similar to the correlations between the
absolute Hexad user type scores calculated using the Hexad questionnaire and
the ranked Hexad user type scores concerning both strength and direction of
the correlations. Thus, we formulate R4: The correlations between the scores
of the statements of Cloud Clicker and the ranked Hexad scores are similar to
the correlations between the absolute Hexad user type scores and the ranked
Hexad user type scores. R4 is reflected visually by the two highlighted diagonals
in Table 6.11. In line with the results of the CCA, this indicates that assessing the
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CF1 CF1

Predictor co s Criterion | co s
Collectibles 42 -.05 Hex_DI 37 | .37
Achievements .20 .01 Hex_FS -35 | .10
Points 37 | .06 Hex_AC .62 | .69
Leaderboard 1.08 | .89 Hex_PL 51179
Virtual Character | -.06 | -.72 Hex_PH -40 | .09

Hex_SO 22 | .46

Table 6.12: Structure coefficients (rs) and standardized canonical function co-
efficients (co) for predictor variables (number of interactions with gamifica-
tion elements in Snowball Shooter) and criterion variables (score of each user
type: Hex_DI etc.) for CF1. Bold entries represent loads higher than |.35, un-
derlined ones higher than |.50|.

ranking of Hexad user types with Cloud Clicker is comparable to assessing the
ranking of Hexad user types based on the questionnaire. Consequently, taking
R1-R4 together, our results demonstrate that Cloud Clicker explains a substantial
amount of shared variance between the predictor and criterion variable sets, that
the statements and visualizations used in Cloud Clicker successfully represent
their corresponding Hexad user types and that Cloud Clicker can be used to
assess the ranking of a user’s Hexad type scores.

Snowball Shooter and Hexad User Types Again, a CCA was conducted to
investigate the shared variance between the amount of interactions with each
gamification element in Snowball Shooter as predictor variables and the Hexad
scores of each user type. The analysis yielded five canonical functions with
squared canonical correlations of .20, .12, .07, .01, and .00. The full model was
statistically significant (Wilks’s A\ = .659 criterion, F'(30, 546.00) = 2.00, p = .001).
This leads to result R5: The amount of interactions with gamification elements
in Snowball Shooter is moderately associated to the scores of the validated
Hexad user type questionnaire. Similar to Cloud Clicker, this means that the
amount of interactions with gamification elements and the Hexad user types are
related. However, the variance shared between the two sets of variables was con-
siderably lower than in Cloud Clicker as the model of Snowball Shooter accounts
for 34.1% of the shared variance. This indicates a moderate effect size [121].
As part of the dimension reduction analysis, it was found that solely CF1 was
explaining a significant amount of variance. Therefore, only CF1 was considered
for the interpretation of the canonical correlation analysis. An overview of the
structure coefficients and standardized canonical function coefficients for CF1
can be found in Table 6.12. The structure coefficients for CF1 being stronger than
|.35] are show in Figure 6.7.

Looking at the CF1 coefficients, it can be seen that the score in the gamification
elements Leaderboard and Virtual Character strongly contribute to the synthetic
predictor variable. While the score in Leaderboard contributes positively to CF1,
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Figure 6.7: Structure coefficients for CF1 in Snowball Shooter being stronger
than |.35|.

Virtual Character contributes negatively. Regarding the criterion variable set in
CF1, Achiever and Player were the primary contributors to the criterion synthetic
variable, with secondary contributions by Socializer and Disruptor. All of the
aforementioned variables add positively to CF1. Thus, the amount of interactions
with the Leaderboard is positively related to the score in the Achiever, Player,
Disruptor and Socializer factors of the Hexad. This is in line with previous results
based on self-reported preferences for gamification elements [342]. That the
Virtual Character is negatively contributing to CF1 indicates that participants
interacting with it were likely not interested in interacting with Leaderboards and
tended to score lower on the Player, Achiever, Socializer and Disruptor types.

Analyzing the relationships between interaction with gamification elements
and Hexad user types further, we again calculated bivariate Spearman’s rank
correlations. Similar to Cloud Clicker, we considered the absolute score in each
Hexad user type as well as the ranked Hexad user type. Table 6.13 shows
significant correlation coefficients.

Overall, the correlations support the results from the canonical correlation anal-

Collectibles

Achievements 1%
Points
Leaderboard . 19%  30% 33 23% -3¢
Virtual Character 25 Lo 9%

Table 6.13: Spearman’s rank correlation coefficients between the amount of
interactions with each gamification element in the Snowball Shooter applica-
tion and the absolute Hexad user type scores (DI etc.) as well as the ranked
Hexad scores (PH_R). Hexad user types having at least one significant correla-
tion are shown. *p < .05, **p < .01
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Hexad G1 G2
IMI Competence 5.00 /1.05 5.08/113 4.84/1.32
IMI Choice 529 /147 529 /137 548/1.36

IMI Immersion* 491 /110 524 /121 540/1.23

Table 6.14: Mean / Standard Deviation for each condition of the study. All
variables are measured on 7-point scales. Variables for which the Friedman
ANOVA was significant are marked (*). G1=Cloud Clicker, G2=Snowball
Shooter.

ysis. It can be seen that most correlations were found for the Leaderboard and
Virtual Character gamification elements. The positive correlation between the
ranked Philanthropist score and the amount of interactions with the Virtual Char-
acter gamification element indicates that, as expected based on the definition of
the user type [342], the Virtual Character seems to be particularly relevant for the
Philanthropist. Also, the positive correlations between the Achiever, Player, Dis-
ruptor and Socializer user types and the Leaderboard are in line with the results
from the canonical correlation analysis and were expected based on previous
work [342]. In addition, the positive correlation between Achievements and the
Achiever was expected and is in line with previous findings [342].

Taking these results all into account together, we establish R6: The amount
of interactions with gamification elements correlates to their corresponding
Hexad user types. On a more abstract level, R5 and R6 mean that users interact
with gamification elements that correspond to their Hexad user types. This is
an important result for the validity of the Hexad model, as previous research
did not consider actual user behaviour within gameful applications, as far as we
know. However, it should be noted that we could not find correlations between
Collectibles and Free Spirits as well as between Points and Players.

Perception of Cloud Clicker and Snowball Shooter To analyze the perception
of the gameful applications compared to completing the Hexad user types ques-
tionnaire, a repeated measures Friedman ANOVA was calculated for the IMI
and PXI factors (the responses in the IMI and PXI responses were not normally
distributed). The Durbin-Conover method was used for post-hoc analysis and
the Benjamini-Hochberg false discovery rate [40] was used to adjust significance
values for multiple comparisons. For this analysis, all participants who decided
to not answer either the PXI or IMI questions after the Hexad questionnaire,
Cloud Clicker, or Snowball Shooter, were excluded. Thus, the responses of 113
participants were considered.

Table 6.14 provides an overview of the mean and standard deviations of the
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IMI subscales and the PXI Immersion subscale in each condition (Hexad ques-
tionnaire, Cloud Clicker, Snowball Shooter). When analyzing the Competence
subscale of the IMI, we did not find significant differences between the conditions
(x*(2) = 5.54, p = .063). Similarly, no significant differences were found for the
Choice subscale of the IMI (x?(2) = 4.94,p = .085). However, the Enjoyment
score differed significantly (x?(2) = 35.8,p < .001). The post-hoc analysis re-
vealed that both gameful applications were significantly more enjoyable than
completing the Hexad questionnaire (p < .001 each). Also, Snowball Shooter was
perceived as more enjoyable than Cloud Clicker (p = 0.012).

We summarize these effects by R7: Both gameful applications are perceived as
more enjoyable than completing the Hexad questionnaire. This result indicates
that gameful approaches might be more suitable to be used within gameful
systems than the Hexad questionnaire, when a gameful experience is important.
In addition, we found that the perceived pressure differed significantly between
the conditions (x?(2) = 11.7,p = .003). Both gameful applications scored higher
in the Pressure factor of the IMI (both p < .001), whereas no difference was found
between the gameful applications themselves (p = 1.00), leading to R8: The
perceived pressure is significantly higher in both gameful applications. This
finding is likely related to the timed and round-based nature of the gameful
applications (i.e., the fact that we used a timer in Cloud Clicker and 15 rounds of
interaction in both gameful applications).

Finally, we analyzed whether the immersion, as measured by the Immersion
subscale of the PXI, differs across the conditions. The Friedman ANOVA revealed
a significant effect (x?(2) = 26.5,p < .001). Both gameful applications scored
significantly higher on the Immersion subscale of the PXI (each p<.001) while
there were no differences between the two gameful applications (p = .127). Thus,
we derive R9: Both gameful applications were perceived as more immersive
than completing the Hexad questionnaire. Taking R7-R9 together, it seems like
the higher pressure is not perceived negatively but may cause a feeling of higher
immersion leading to a more enjoyable experience [94].

6.3.3 Discussion and Limitations

Our results show the scores of the statements (“predictor variables”) in the
Cloud Clicker application and the Hexad user type scores (“criterion variables”)
are substantially related to each other. They share 74.37% of their variance
(R1). We also found the structure coefficients of the predictor variables and
the structure coefficients of the criterion variables load on the same canonical
functions, with large effect sizes (R2). In addition, we found there are medium-
to-large correlations between the ranked Hexad scores and the scores of the
statements in Cloud Clicker (R3), which were shown to be comparable to the
correlations between the absolute Hexad scores and the ranked Hexad scores
(R4). Taking R1-R4 together, we conclude that Cloud Clicker can be used to
predict Hexad user types in a gameful way, when an order of user types is
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sufficient (which is likely the case when personalizing gamification elements set
in a gameful system).

We suggest using the order of scores, since Cloud Clicker uses a binary choice
instead of allowing users to rate their agreement with statements on an ordinal
scale (as was done in the validated Hexad questionnaire). Ultimately, these
results support Hla: The score of the statements in Cloud Clicker is correlated
to the corresponding Hexad user types and thus may be used to predict them.
This is explainable because we used statements which were similar to the Hexad
questionnaire items with the highest factor load.

Regarding the Snowball Shooter application, in which we analyzed whether
the amount of interactions with gamification elements (“predictor variables”)
could be used to predict Hexad user types (“criterion variables”), we found that
in general, there is a relationship between the predictor and criterion variables
(R5). This is an important finding on its own because it shows that the correla-
tions between the Hexad user types and preferences for gamification elements —
which have been identified based on self-reports using textual descriptions or
storyboards in previous work [13,342] — can be replicated based on actual user
behaviour. This finding supports the suitability of the Hexad model to explain
user behaviour in gameful systems. When analyzing correlations between the
amount of interactions with gamification elements and Hexad user types further,
we found correlations that were expected based on previous work (R6). This is
in line with the findings by Hallifax et al. [144], and supports the validity of the
Hexad model.

However, it should be noted that two correlations that were expected could not
be found (between Free Spirits and Unlockables as well as between Players and
Points). A reason might be that Snowball Shooter did not motivate a specific
behaviour (as gameful systems usually do [146]) but rather encouraged users
to try out different gamification elements. This would be likely for Free Spirits
who like to explore [342] and thus might explain the absence of correlations
for this user type. The unlocked items could only be collected and not be used
for anything else. This might have affected the engagement of users negatively.
Also, an incentive for collecting points was missing, which might have been
detrimental to Players” motivation to collect points. Considering that the shared
variance between predictor and criterion variable sets was moderate (34.11%),
we do not recommend deriving Hexad user types based on interaction behaviour
alone in Snowball Shooter. However, the amount of interaction with gamification
elements might still be a useful factor for dynamic adjustments of gameful sys-
tems. Based on R5 and R6, we consider H1b: The amount of interactions with
gamification elements in Snowball Shooter is correlated to the corresponding
Hexad user types and thus may be used to predict them partially supported.
Although we found that there are correlations to gamification elements that match
the corresponding Hexad user types, the amount of shared variance between the
two sets of variables is too low to reliably predict Hexad user types.
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Furthermore, our results show that both gameful applications were perceived
as more enjoyable (R7) and more immersive (R9) than the traditional Hexad
questionnaire. Based on these results, H2a: Both applications are perceived as
more enjoyable and H2d: Both applications are perceived as more immersive
are supported. We also found a significant effect on perceived pressure (R8),
which might be related to the higher immersion and arguably a higher sense
of flow [94,148]. Based on this, H2c: Participants feel more pressure in both
applications is supported.

We conclude that both gameful applications provide a more pleasurable gameful
experience than completing the Hexad questionnaire. H2b is not supported
because no effects were found regarding perceived competence. Contrary to
previous work [303], it seems like the gamification elements did not enhance the
perceived competence through feedback as much as expected. A potential expla-
nation might be that the user interface elements (such as radio buttons) provide
visual feedback on their own, potentially enhancing the perceived competence in
the baseline condition.

On a more abstract level, our results show that Hexad user types can be assessed
by using binary choices. These could be easily adapted to different contexts or
could even be turned into concrete choices a player needs to make in a more
game-like setting. Also, we show that interacting with gameful design elements
is related to a user’s Hexad type. This could be used to infer Hexad user types
dynamically when interacting with a gameful system and provides huge potential
for further research.

Limitations

This study has several limitations. First, transforming the 7-point Likert scales
into binary decisions and considering only one particularly relevant item per
Hexad user type as was done in Cloud Clicker unavoidably leads to a loss of
information. Consequently, we recommend using Cloud Clicker as a practical tool
when personalizing gameful systems while ensuring a gameful user experience
and to prevent a loss of immersion. For scientific purposes, we acknowledge that
Cloud Clicker cannot replace the validated Hexad questionnaire [337]. Second,
we used statements in Cloud Clicker that were similar to the statements with
high factor loads in the Hexad questionnaire validation study (but not the same).
We decided for one statement instead of all four statements. This means that
even though we used statements that had a substantial factor load, using other
statements for the corresponding user types might lead to different results.

Next, regarding the Snowball Shooter application, it did not motivate a real-life
behaviour but allowed users to interact with the gamification elements. Although
this allows users to experience how certain gamification elements work, their
perception might be different when motivating concrete real-life goals in specific
domains such as physical activity. The free exploration of gamification elements
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within Snowball Shooter could be particularly appreciated by Free Spirits, which
might explain why we could not find any correlations for this user type (because
they might have tried several different gamification elements).

Also, we decided to randomize the order of the gameful applications, but not of
the Hexad questionnaire. This was done to avoid detrimental effects of removing
gamification on the perception of the Hexad questionnaire [146]. Since the IMI
and PXI scales are the only shared dependent variables across these conditions,
potential ordering effects would not primarily concern the main goal of the study,
i.e. predicting Hexad user types from interaction behaviour. In addition, we
assume the chance of ordering effects is low since filling out a questionnaire and
interacting with gameful applications can be considered different tasks, reducing
the chance of practice effects [273]. Nevertheless, the fact that participants always
started by completing the Hexad questionnaire should be considered.

Since participants were asked to answer roughly 100 items in total, we cannot
rule out fatigue effects. However, considering the number of items and that
the duration of the study is within a maximum length of 20 minutes [284], no
practically relevant effects on data quality are to be expected [153].

Last, we acknowledge that, although the design of the applications is based on
previous research, certain decisions are inherently a matter of interpretation,
which might affect the external validity.

Future work should investigate whether different game controls (e.g., allowing for
continuous user input) will enhance the accuracy of using gameful applications to
predict Hexad user types. Further research should be conducted into correlations
between actual user behaviour and Hexad user types to replicate the findings of
previous research. Also, our findings should be validated in different domains.

6.3.4 Contribution to Research Questions

The study revealed that Cloud Clicker could be used to assess Hexad user types in
practice, as an alternative to using the Hexad questionnaire. We showed that the
ranking of Hexad user types determined by Cloud Clicker is very similar to the
ranking we would have obtained when using the traditional questionnaire and
that the shared variance between the score of each Hexad user type determined
by Cloud Clicker and the score determined by the questionnaire is substantial.
For Snowball Shooter, the shared variance is lower; hence, assessing Hexad user
types purely based on the interaction behavior of users in Snowball Shooter is
not as reliable as with Cloud Clicker. However, our findings also show that
participants interacted more with those gamification elements that matched their
Hexad user types. For both applications, we were able to show that the user
experience is significantly improved compared to using the Hexad questionnaire.
In particular, we found that enjoyment as well as immersion are significantly
higher in both gameful applications, which is conducive to our goal of assessing
Hexad user types without breaking the immersion and gameful experience of a
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system. Overall, these findings contribute to RQ4, i.e. the question of how we can
unobtrusively assess personal factors to personalize gamified systems without
disturbing the gameful experience. In addition, the significant correlations we
have found between the interaction of users with gamification elements and
Hexad user types support the assumption that the perceptual differences and
correlations we have found as part of Chapter 4 have actual effects on what users
like and dislike in implemented gamified systems. Thus, these findings also
contribute knowledge relevant to RQ3.

6.4 Summary

In this chapter, we investigated how Hexad user types, which can be used
to personalize gamified systems, can be assessed unobtrusively, i.e. without
breaking the immersion and gameful experience of a gamified system (RQ4). In
the course of two studies, we contributed approaches to address RQ4.

In the first study, we were interested in exploring the potential of using smart-
phone data, such as installed apps and communication behavior, to predict Hexad
user types. We expected to find relationships between this data and Hexad user
types, since smartphone data was shown to be linked to personality traits, which
in turn were shown to be correlated to Hexad user types. We implemented a
smartphone application to gather the aforementioned data and to assess Hexad
user types, and conducted a study with this app. We used regression analyses to
find relationships between smartphone data and Hexad user types and found a
regression model for each of the six Hexad user types. The amount of variance
explained by these models varied between the different user types. While the
regression model for the Philanthropist explained the highest amount of variance,
other models for user types such as Free Spirits and Disruptors explained a
considerably smaller amount of variance. Although these models need further
validation and do not allow us to draw ultimate conclusions, they show the
general feasibility and potential of the approach.

In the second study, we shifted our focus to predicting Hexad user types based
on active user input (instead of passively assessing features to predict them, as
was done in the first study) in gamified applications. Also, we were interested in
analyzing the user experience of assessing Hexad user types in gameful ways
and whether advantages in terms of enjoyment and immersion could be found,
compared to asking users to fill out the validated Hexad questionnaire. To
address these questions, we implemented two gamified applications — Cloud
Clicker and Snowball Shooter — and used them in an online study. In Cloud
Clicker, users were asked to decide which of two statements was more important
to them, with the pairs of statements being shown in each of 15 rounds in a
gameful way. In Snowball Shooter, users were asked to shoot snowballs at certain
virtual items in order to make progress in gamification elements. They were free
to decide which gamification elements they would like to interact with. We found
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that Cloud Clicker can be seen as a gameful way of assessing Hexad user types,
since the shared variance between the answers in the Hexad questionnaire and
the decisions in the gameful application was almost 75%. Also, we found that the
immersion and enjoyment when using Cloud Clicker was significantly higher
than when using the traditional Hexad questionnaire. Thus, Cloud Clicker could
be a promising alternative to assess Hexad user types in practice. For Snowball
Shooter, the shared variance was smaller (34%). However, this still shows that the
gamification elements which users interact with are predictable by their Hexad
user type, contributing knowledge to the field of gamification personalization.
Moreover, this finding illustrates the general feasibility of tailoring gamified
systems based on how users interact with them.

To sum up, the two studies demonstrate that personalization of gamified systems
is possible without relying on scientific questionnaires and procedures. We could
show that pragmatic approaches of assessing or predicting Hexad user types,
which may not be suitable for scientific purposes, may be key to facilitating
personalized gamification in practice. These approaches either do not need any
user interaction and could be hidden from the user in the background, or could
be seamlessly integrated in the gamified application without breaking its gameful
experience.



Chapter 7

Conclusion

In the final chapter of this thesis, we first summarize the main aspects we investi-
gated with regard to our research questions and outline our major contributions
to understanding how gamification works, how it affects motivation, how moti-
vation can be increased through gamification and how to facilitate this in practice.
Next, we will use these contributions to create a conceptual framework for how
motivation can be increased in gamified systems. This conceptual framework is
based on our empirical findings and could serve as guidance for future research
in the field, as will be discussed and outlined at the end of this chapter.

7.1 Summary and Major Contributions

This thesis focused on the question of how gamification affects motivation in
behavior change support contexts, what effect personal factors have and how
these factors can be utilized to increase motivation in gamified systems (see
Section 1.3). To contribute answers to this, we conducted 18 user studies involving
a total of more than 1,100 participants. We relied on a wide range of study
methods including semi-structured interviews, laboratory studies, and online
studies as well as in-the-wild studies. To derive answers to our main research
question, we used qualitative methods such as thematic analysis [54] and content
analysis [156], quantitative methods for hypothesis testing, and mixed methods
combining the strengths of both approaches.

We elaborated on the important role of games and play for our culture and society
in Chapter 1. We demonstrated that video games can effectively satisfy basic
psychological needs and thus are powerful in creating motivational and satisfying
experiences for players. We then introduced gamification as a concept to transfer
these motivational experiences from purely game contexts to non-game ones

255



256 Chapter 7. Conclusion

by utilizing elements known from games. Besides illustrating the potential of
gamification to increase user motivation in general, we also provided insights on
its role to change and shape behaviors in the context of persuasive technology.
At the end of Chapter 1, we demonstrated the need to better understand how
and why gamification works, and which factors play a role in this regard. Based
on both past empirical studies and SDT, we showed that the context and the
individual person are important factors for understanding user motivation in
gamification settings. This was used as a basis to formulate the research questions
of this thesis, which were presented at the end of the chapter.

In Chapter 2, we introduced important theories and concepts related to motiva-
tion, especially SDT. This is important, since the ultimate goal of gamification is
increasing motivation and the main research question of this thesis is focused
on how motivation can be increased in gamified systems. Next, we introduced
relevant theories and models and discussed their relationship to SDT. Afterwards,
past research investigating the use of gamification in different behavior change
contexts was presented. We learned that “one-size-fits-all” gamification can
lead to positive outcomes, but may also lead to no or even adverse effects. We
also saw that the presented approaches lack insights on the reasons for these
differences, i.e. it remained unclear why gamification does or does not work, and
which factors play a role in that regard. In the next part of the related works,
we focused on past research contributing answers to the question of what deter-
mines whether gamification works. We learned that considering gamification
elements instead of the whole gamified system helps to provide insights on the
factors that play a role in how gamification is perceived. Also, we saw that
such an approach helps to better understand how gamification elements may
influence basic psychological needs. In addition, we learned that interpersonal
differences exist in how gamification elements are perceived, which calls for ways
to tailor gamified systems to individual users. Two approaches to this problem
were presented — customization (allowing users to adjust the gamified system
to their needs) and personalization (adapting the gamified system to the users’
personal characteristics). In past research, personalization has been shown to be
beneficial and preferred by users, which is why current gamification research
investigates which factors should be considered for personalization. We learned
that considering demographic factors, personality traits and user or player types
yielded promising results. In the last part of the related work section, we pre-
sented relevant works from the field of predicting personal characteristics in an
unobtrusive or engaging way. We learned that personality traits can be predicted
from smartphone data, and that even player types and players’ experience in a
game can be predicted with little or no explicit user interaction.

7.1.1 Major Contributions to RQ1

In Chapter 3, we mainly investigated RQ1, i.e. the question of how gamification
affects motivation and related behavioral as well as psychological measures in be-
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havior change contexts. To contribute answers to this question, we implemented
three gamified systems encouraging behavior change in the contexts of physical
activity, hand washing and online advertising. Overall, we conducted six user stud-
ies in which these systems were informed based on online studies and evaluated
as part of both lab and in-the-wild studies. When evaluating these systems, we
relied on validated instruments to assess psychological measures related to SDT
as well as behavioral measures. We also used qualitative methods to broaden
the scope of potential findings. This allowed us to contribute a wide range of
answers to RQ1 and to derive assumptions on the role of the context itself. We
tirst presented findings from an in-the-wild study in which a gamified mobile app
was extended with a public display to encourage walking among people visiting
a gym. We found that the satisfaction of basic needs, especially social relatedness,
seemed to be the deciding cause for the significant increase in the number of
steps walked. The qualitative analysis of semi-structured interviews confirmed
this finding. In addition, it revealed reasons why individual participants did not
increase their step count, which seemed to be related to feeling incompetent or
incapable to keep up with other users, ultimately leading to amotivation.

In the second context, hand washing, we found that gamification induced posi-
tively valenced affective experiences and increased intrinsic motivation to wash
one’s hands. It seemed that the positive emotions evoked by the gamified system
led to an increased enjoyment and motivation. Moreover, we found that par-
ticipants underestimated the time they spent washing their hands when using
gamification, suggesting that flow experiences might have been increased, which
is another measure positively related to intrinsic motivation [95]. In the in-the-
wild study, in which the gamified system was evaluated in a public bathroom,
we found that the system changed people’s behavior, almost doubling their hand
washing duration. Also, decreases in the contamination level of the bathroom’s
door handle were found, further supporting the behavioral change of people.
When discussing these results with regard to SDT, we could see that the context
itself might thwart certain basic psychological needs, but that these could be
supported with gamification. In line with the previous study, this suggests that
context-inherent need satisfactions and frustrations might play an important role
regarding the success of gamified systems.

In the last study of the chapter, we found support for this assumption. Here,
we investigated different gamified systems to improve users’ experience with
online advertisements. Although we found that gamification increased intrinsic
motivation to interact with and consume ads in all systems, we also found that
the system which focused on gamification elements supporting autonomy was
perceived best by users. This might be explainable by the fact that the context
—online advertising — itself frustrates the need for autonomy, but this need can
be satisfied by a corresponding autonomy-supporting gamified system. Besides
these findings related to motivation and the user experience, we also found that
the gamified systems increased cognitive measures such as brand or product
recognition and recall, and affected attitudes towards the website hosting the
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ad. We summarize the aforementioned major contributions to the first research
question in the following.

Major Contributions (“MC”) to RQ1

MC1: Gamification can satisfy basic psychological needs in behavior change
contexts and evoke positive affective experiences, leading to an increase in
motivation.

MC2: The increased motivation in gamified systems can lead to changes of
behavior in these contexts.

MC3: Contexts may inherently thwart basic psychological needs. Motivation
in gamified systems may be increased by using gamification elements which
satisfy the needs being thwarted by the context.

7.1.2 Major Contributions to RQ2

We focused on the question of how personal factors affect the perception of
gamification elements (RQ2) in Chapter 4. To provide answers to this question,
we investigated to what extent the factors age, stage of change, and Hexad user
type explain inter-personal differences in the perception of gamification elements
by conducting a total of seven user studies, including online, interview, and
laboratory studies as well as both qualitative and quantitative methods. First, we
presented results from a study with older adults (aged 75 and up) in which we
used a mixed-methods approach to understand their preferences when playing
games as well as to evaluate their perception of frequently used gamification ele-
ments. As a complement to this, we assessed the Hexad user types of older adults
and compared them to a younger sample. Our findings demonstrate that older
adults have specific preferences regarding gamification elements. We learned that
their motivation to play games is focused on social aspects, altruism and related-
ness needs. This is also reflected in the perception of commonly used gamification
elements. Older adults liked elements such as virtual characters which they could
care for and social collaboration, whereas they disliked competence-focused ele-
ments such as badges or competition. Supporting these results even further, we
also saw that a huge majority of older adults scored highest on the Philanthropist
Hexad user type. This shift away from performance- and competence-focused
feedback towards social relatedness was discussed through the lens of SDT based
on findings from psychology research, showing that the importance of social
relatedness needs increases with increasing age.

After investigating age, we focused on the stage of change as a factor regulating
the perception of gamification elements. We created visualizations for three types
of achievement goals and evaluated their perceived persuasiveness and to what
extent this was mediated by the stage of change of participants. We found that
the stage of change plays a role in the perception of the three types of goals.
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Task-based goals and other-based goals were found to be more persuasive in
higher stages of change. Again, basic psychological needs theory played an
important role to explain these findings. Since the effectiveness and capability
factors showed significant correlations to the stage of change, it seemed that
perceived competence, which should be lower among participants in low stages
of change, was the deciding cause for the effects. We also found that self-based
goals seemed to be best suited for participants, regardless of their stage of change.
A potential reason might be that competence is defined based on one’s own
performance in the past, instead of others” performance or a static goal.

In the next user study we shifted our focus to Hexad user types. Based on sto-
ryboards illustrating commonly used gamification elements in the context of
healthy eating, we were able to investigate how the perception of these elements
differs between users. We found significant correlations between the perceived
persuasiveness of the gamification elements and Hexad user types, which were
in line with previous findings in different contexts. Again, SDT plays an im-
portant role to explain these correlations, since users who scored particularly
high on a certain user type perceived gamification elements that meet the basic
psychological need underlying that user type particularly well.

In the last study presented in Chapter 4, we investigated the combination of
Hexad user types and stages of change. To do so, we again created storyboards
illustrating gamification elements in the context of physical activity. In line with
the results in the healthy eating context, we found correlations between Hexad
user types and the perceived persuasiveness of gamification elements, which
are explainable by considering the basic psychological needs these gamification
elements satisfy. These findings strengthen the importance and the potential
of Hexad user types for personalizing gamified systems. In addition, we also
found support for the importance of considering participants’ stages of change.
Our results showed that the perception of some gamification elements differs
significantly between participants in low and high stages of change. In particular,
we saw that these differences concerned gamification elements focusing on per-
formance and defining competence based on a static goal (badges, challenges) or
comparison to others (social gamification elements). This is in line with the find-
ings of the study, mentioned previously, that investigated the impact of the stage
of change on the perceived persuasiveness of achievement goals. Finally, we also
learned in this study that combining the stage of change and Hexad user types is
a promising approach, since we found that the strength of correlations between
the perceived persuasiveness of gamification elements and Hexad user types
differed significantly for some gamification elements between participants in low
and high stages of change. We provide a summary of the major contributions to
RQ2 in the following.
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Major Contributions to RQ2

MC4: Older adults differ from younger people in how they perceive gamifica-
tion elements. They value social aspects, altruism and social relatedness and
prefer gamification elements related to these values and needs.

MCS5: A person’s stage of change might reflect the extent to which a certain
behavior has been internalized and is an important factor for understanding
the persuasiveness of gamification elements. Gamification elements focusing
on performance, or defining competence based on a static goal or the per-
formance of other users, are perceived as more persuasive in high stages of
change.

MC6: Hexad user types might reflect motivational orientations and explain
preferences for gamification elements. Users scoring particularly high on cer-
tain user types prefer gamification elements satisfying the basic psychological
needs underlying the respective user types.

MC?7: Combining Hexad user types and the user’s stage of change is a promis-
ing approach for personalizing gamified systems. It considers both the moti-
vational orientations and preferences of a user as well as the extent to which a
behavior has been internalized.

7.1.3 Major Contributions to RQ3

Although we were able to show that factors like age, stage of change and Hexad
user types have an influence on how people perceive gamification elements in
Chapter 4, we still lacked evidence for actual effects on behavioral and psycho-
logical measures, when using these factors to personalize implemented gamified
systems. This gap in knowledge was considered in Chapter 5, in which we
presented results from two laboratory studies and one in-the-wild study. First,
we evaluated whether participants’ stage of change and Hexad user type has
an effect on how gamification elements affect their behavior, motivation and
affective experience in a laboratory study. In this study, we confronted partici-
pants with a gamified application encouraging them to cover more distance on a
treadmill. We used gamification elements that should be more suitable for users
in high stages of change or users scoring particularly high on the Player, Achiever
or Socializer trait of the Hexad (based on the findings in Chapter 4). Indeed,
we found that users in high stages of change had stronger affective experiences,
and that measures related to intrinsic motivation correlated positively with the
Socializer user type, while they correlated negatively with the Free Spirit user
type, which is in line with what we expected based on our findings regarding
the perception of gamification elements. This shows that considering the stage
of change and Hexad user types to personalize gamified systems has an actual
effect on users’ experience when interacting with the system. In addition, these
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findings provide insights on the mechanisms that are affected by personalization
—basic need satisfaction and consequently intrinsic motivation, as well as affective
experiences eliciting emotional responses.

In a second study, we focused on the effects of dynamically tailoring and contra-
tailoring the gamification elements used on an image tagging platform based on
the participant’s Hexad user type. We implemented an image tagging website,
on which participants were shown images and asked to provide tags for them.
Depending on the condition, they either received no gamification elements at
all, suitable, or unsuitable gamification elements. To better understand the un-
derlying mechanisms being affected by personalization based on Hexad user
types, we used a wide range of measures, including performance measures such
as the number of tags and tag quality, as well as intrinsic motivation, affective
experience, and flow experience. We also complemented these by considering
psychophysiological measures such as heart rate variability, skin conductance
and skin temperature. Our findings support the relevance of Hexad user types
for personalizing gamified systems. We found that intrinsic motivation was
significantly higher in the tailored condition than in the contra-tailored condition.
Also, positive affect was significantly higher in the tailored condition than in
the contra-tailored condition, and even significantly lower in the contra-tailored
condition than in the control condition. The same was found for flow experiences
— they were significantly more prevalent in the tailored than in the contra-tailored
condition. These findings demonstrate that personalization affects a wide range
of psychological measures positively — it enhances intrinsic motivation, stim-
ulates positive emotional responses and helps users to reach the state of flow.
However, we were not able to demonstrate that the positive effects on psycholog-
ical measures also lead to changes in the participants’ behavior. As a potential
reason, we assumed that the short study duration and the laboratory setting
might have had an influence on participants such that they felt obligated to meet
the performance goals introduced by the gamified system, regardless of whether
the gamification elements were suitable or not.

Therefore, we conducted an almost-two-year-long in-the-wild study in which we
evaluated a gamified fitness course booking system. In this study, we analyzed
the number of courses booked in the first year to gather baseline data, and
then introduced gamification elements that should be particularly suitable for
Achievers, Players and Socializers for another year. We then split participants
into two groups — one in which participants scored particularly high in one
of the three user types and thus received suitable gamification elements, and
another that did not receive suitable gamification elements. Our findings show
that the group of users receiving suitable gamification elements increased their
number of booked courses significantly more than users who did not receive
suitable gamification elements. Also, we found that the main effect, i.e. that
gamification increased the number of booked courses when considering the
whole sample instead of separating the two groups, was caused by the group
of users receiving suitable gamification elements. This not only shows that
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personalization can have an effect on the behavior of users (even in the long run)
but might also serve as an explanation for the different outcomes of one-size-fits-
all gamification reported in previous research: are positive, neutral and negative
outcomes explainable by the suitability of the gamification elements used for the
population considered? Overall, we provided evidence for the positive effects of
personalization based on the stage of change and Hexad user types on a wide
range of psychological outcomes and also on behavioral outcomes, as will be
summarized in the following.

Major Contributions to RQ3

MCS8: Personalizing gamified systems based on users’ stage of change could
lead to stronger affective experiences.

MC9: Personalizing gamified systems based on Hexad user types could lead
to stronger affective experiences, an increased prevalence of flow experiences,
and higher intrinsic motivation, and it affects the target behavior positively,
even over a longer period of time.

MC10: Personalization is important for gamified systems as it has advan-
tages over one-size-fits-all gamification concerning both psychological and
behavioral outcomes.

7.1.4 Major Contributions to RQ4

In Chapter 6, we investigated ways to facilitate personalization based on Hexad
user types to enable dissemination of our findings in practice. We conducted
a smartphone-application-based field study as well as an online study. This
contributes to RQ4, i.e. the question of how we can unobtrusively assess personal
factors to personalize gamified systems without disturbing the gameful experi-
ence. This is important because asking users of a gamified system to complete
the validated Hexad questionnaire before interacting with the system might
detrimentally affect the gameful experience of such a system. To bridge this
issue, we investigated whether Hexad user types could be predicted based on
smartphone data such as the number and type of installed applications as well
as the user’s communication behavior. Also, we investigated ways to assess
Hexad user types in a gameful way, and whether Hexad user types could be
derived based on users’ interaction behavior. First, we conducted a user study
in which participants were asked to install a smartphone application, which
captured smartphone data and assessed their Hexad user type. By using linear
regression, we were able to find models to predict each of the six Hexad user
types, with varying amounts of explained variance. While the regression models
of user types such as the Philanthropist explained a relatively high amount of
variance, other user types such as the Player explained less variance in the data.
Therefore, we acknowledged that our results should be seen as a first exploration
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in this direction and could serve as a starting point for future research. This is
supported by the fact that the predictors that were included in the regression
models could be explained by the characteristics of the respective user types,
e.g. that the percentage of rejected calls negatively predicted the Philanthropist
score, or that the percentage of answered calls, the percentage of received SMS
messages, the relative number of communication apps and the number of unique
SMS contacts positively predicted the Socializer score.

As a second study, we presented the evaluation of two gameful applications to
predict Hexad user types. We implemented Cloud Clicker, in which users had
to decide which of two statements was more important to them, click on the
corresponding option and receive gameful feedback (similar to popular cookie
clicker games), as well as Snowball Shooter, in which users could freely choose
in which gamification elements they would like to make progress by shooting
snowballs at corresponding virtual items. In an online study, in which users
interacted with both gameful applications in random order and were asked to
fill out the validated Hexad questionnaire, we found that Cloud Clicker could
be used to assess Hexad user types in a gameful way, and that the interaction
with gamification elements in Snowball Shooter was related to Hexad user types.
More specifically, we found that the shared variance between the answers in the
validated Hexad questionnaire and the choices made in Cloud Clicker was 74%,
which can be considered as substantial. Complementary to this, we also found
strong correlations between the Hexad user type scores and the scores of the
statements shown in Cloud Clicker. Also, benefits of Cloud Clicker regarding
both enjoyment and immersion were found. Therefore, Could Clicker could be
seen as an alternative to using the validated Hexad questionnaire in practice,
i.e. to personalize gamified systems in non-scientific settings. For Snowball
Shooter, the shared variance between the interaction in the application and the
answers in the validated Hexad questionnaire was lower, reaching 34%. We again
found correlations between Hexad user types and the amount of interaction with
gamification elements in the application. From a scientific standpoint, this is an
important finding, since it shows that which gamification elements users select
and interact with is related to their Hexad user type. From a practical standpoint,
the shared variance might be too low to replace the Hexad questionnaire solely
with Snowball Shooter. However, which gamification elements users decide to
interact with could still be helpful in adapting gamified systems and should
receive further attention in gamification research. To sum up, we contributed the
following major contributions to RQ4.



264 Chapter 7. Conclusion

Major Contributions to RQ4

MC11: There are connections between smartphone data and Hexad user types,
which could be used to predict the latter.

MC12: Hexad user types can be assessed in a gameful way, without disturbing
the immersion and gameful experience of a gamified system.

MC13: There are connections between Hexad user types and gamification
elements with which users interact in a gamified system, which could be
leveraged to predict Hexad user types.

7.2 Towards a Conceptual Framework to Increase Motiva-
tion in Gamification

In this section, we propose a conceptual framework [3], which is based on the
major contributions of this thesis through the lens of Self-Determination Theory.
This conceptual framework aims to describe the considerations to be made in
order to increase user motivation in gamified systems and is meant to guide
future research in this domain. Here, the main factors to be considered are
contextual factors (i.e. characteristics of the context and situational factors which
might inherently support or thwart basic psychological needs) as well as personal
factors (i.e. motivational orientations and regulatory styles applied by a person,
which might moderate the functional significance of certain stimuli induced by
gamification elements). We acknowledge that this conceptual framework should
be seen as an initial attempt to describe how user motivation in gamified systems
can be increased, and it requires empirical, systematic confirmatory investigation
in future work.

7.2.1 The Context

When introducing Self-Determination Theory and its macro-theories, we have
learned that contexts can be autonomy-supportive or controlling, and thus play
an important role in supporting or undermining intrinsic motivation (see Sec-
tion 2.1.2) as well as in organismic integration processes (see Section 2.1.2).

In Chapter 3 we focused on how gamification affected motivation in behavior
change contexts. We found that gamification motivated users by satisfying basic
psychological needs and inducing positive affective experiences (MC1). We also
found that the increased motivation could manifest in changes of behavior (MC2),
supporting the potential of gamification as an approach to help people reach
their goals and guide them in behavior change processes. When recapitulating
our findings from three different behavior change contexts, we observed an inter-
esting pattern. In a context in which people who were going to the gym regularly
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(and thus might have a high perceived competence regarding their fitness level)
were encouraged to increase their physical activity, gamification elements such
as badges and points primarily satisfying competence needs [303] seemed not to
affect participants” motivation or behavior. However, installing a public display
in the gym facilitated social interaction and increased the satisfaction of the need
for social relatedness. In contrast, a gamified system using gamification elements
such as points and feedback primarily satisfying competence needs [303] in-
creased intrinsic motivation and changed people’s behavior in a context in which
people did not know how to properly wash their hands. Lastly, in a context
in which users were required to consume ads and not given any choice in the
matter, a gamified system using gamification elements that support the need
for autonomy (such as a virtual character [303]) was preferred over two other
gamified systems using gamification elements primarily supporting competence
needs. Based on these observations, it seems that the selection of gamification
elements should be dependent on which needs are being thwarted by the con-
text (MC3). This can be explained by SDT, since contextual factors can have an
impact on the functional significance of certain stimuli, such as gamification ele-
ments. Therefore, to increase motivation in gamified systems, we suggest that the
context, i.e. the circumstances that form the setting of a gamified system, and
any basic psychological needs that are thwarted by it, should be considered
to select gamification elements which support these thwarted needs.

7.2.2 The Person

In addition to the context and its situational factors, SDT also highlights the im-
portance of personal factors, particularly as part of causality orientations theory
(see Section 2.1.2). Our findings support the importance of considering personal
factors to increase motivation in gamified systems. We have found that age has
an effect on how certain gamification elements are perceived, probably due to a
change in the importance of certain basic psychological needs (MC4). Also, we
have seen that the stage of change, i.e. the intention to adopt a certain behavior,
plays a significant role in what functional significance is given to stimuli evoked
by gamification elements (MC5). For instance, we found that users in high stages
of change, who thus are more likely to use rather integrated regulatory styles,
perceive gamification elements endorsing competence and performance as more
persuasive than people in lower stages of change. According to SDT, this suggests
that people in high stages of change see the performance goals and challenges
established by the gamification elements as informational, while the same gamifi-
cation elements might be perceived as controlling or even amotivating (because
the goals established probably seem out of reach for some people). We also found
that Hexad user types explain user preferences for gamification elements (MC6).
From a SDT perspective, this seems reasonable: the Hexad model itself is built
upon SDT and the user types can be seen as personifications of different types of
intrinsic and extrinsic motivation (most user types focus on basic psychological
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needs which are core pillars of intrinsic motivation, while one user type focuses
on extrinsic motivation and rewards; see Section 2.2.3). Therefore, the concept
of Hexad user types overlaps with the concept of causality orientations, describ-
ing inter-personal differences regarding people’s motivational orientations (see
Section 2.1.2). Lastly, we have seen that combining both Hexad user types and
stages of change leads to promising results (MC?7). For this combination, we
could show that considering these personal factors to tailor the set of gamifi-
cation elements to the user leads to beneficial psychological outcomes (such as
increased enjoyment and intrinsic motivation, increased flow experience and
stronger affective experiences) and behavioral outcomes (increased adherence to
the target behavior) as was summarized by MC8-MC10. Based on these findings,
we recommend that the person, i.e. individual characteristics such as age, stage
of change, and Hexad user type, should be considered in order to select which
gamification elements to use for that person in a gamified system. In Chapter 6,
we contributed practical ways of utilizing personal factors (MC11-MC13), which
could be used to disseminate our scientific findings in practical implementations.
Figure 7.1 summarizes the contextual and personal factors that we recommend
considering to increase motivation in gamified systems.

Basic psychological needs Personal factors such as
being inherently thwarted age, stage of change and
by the context Hexad user types
Context Person

Use gamification elements Selecting Use gamification elements
supporting the needs Gamification supporting individual
being thwarted Elements motivational orientations
Collaboration, Points, Badges, Avatar,
Teams, ... Challenges, ... Unlockables, ...

Figure 7.1: Overview of the proposed conceptual framework to increase moti-
vation in gamified systems
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7.2.3 Limitations of the Conceptual Framework

As stated before, the conceptual framework should be considered preliminary
and needs further empirical investigation. Especially concerning the role of
contextual factors, it must be considered that we did not conduct systematic
studies to investigate whether gamification elements satisfying needs that are
thwarted by the context actually increase user motivation, but rather deduced
such a relationship based on our findings. Therefore, this hypothesis should be
empirically investigated in controlled experiments. Regarding personal factors,
we went a step further than for contextual factors and conducted not only studies
on whether personal factors change the perception of gamification elements, but
also confirmatory studies in which we empirically investigated whether consid-
ering personal factors to tailor gamified systems actually affects behavioral and
psychological outcomes. Therefore, it should be noted that this thesis contributed
primarily to understanding and utilizing personal factors to increase motivation
in gamified systems, and that contextual factors should be investigated further
in future work. Since we found empirical support for the importance of the
personal factors considered in this thesis, we conclude that personal factors do
play an important role to increase user motivation in gamified systems. However,
it should be kept in mind that we covered only a subset of potential personal
factors, including age, stage of change, and Hexad user types. Thus, there could
be other personal factors explaining user preferences in gamified systems, beyond
those covered within this conceptual framework.

7.3 Future Work

In this section, guided by the conceptual framework introduced previously, we
highlight opportunities for future research and describe how future work could
replicate, confirm and build upon our findings.

Empirical validation of the proposed conceptual framework

Considering that the conceptual framework presented in the previous section
was deduced from the main contributions of this thesis, a systematic evaluation
of its factors and their impact on motivation in gamified systems should follow
as a next step. This could be done by studying the impact of contextual factors
in a more controlled and isolated way (as described in the following section),
considering other personal factors (as described in a subsequent section), and by
studying discrete combinations of contextual and personal factors.
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Systematic investigation on the influence of the context

Based on our findings from Chapter 3, it seemed that gamification worked best
when using gamification elements supporting basic psychological needs that
were thwarted by the context. However, we did not systematically investigate
whether such a relationship exists. In fact, we did not have an a-priori hypoth-
esis about such a relationship, but observed that there might be a connection.
Therefore, future work should empirically investigate if there is a connection
between needs being thwarted by the context and gamification elements sup-
porting these thwarted needs. This could be done in controlled laboratory ex-
periments, in which basic needs are systematically thwarted. For example, one
could systematically craft a context in which the need for autonomy is thwarted
and investigate whether gamification elements such as a virtual character or
exploration-supportive gamification elements like unlockables work particularly
well, compared to other gamification elements. This approach could be repeated
for other needs being thwarted and other gamification elements. Depending on
the context in which such a study is conducted, online studies could also be done.

Other (behavior change support) contexts

We primarily targeted gamification in health-related contexts such as physical
activity, public health or healthy eating, but also covered marketing and adver-
tising. To better understand the context and the intertwined relationships of
situational factors, other contexts should be considered in future work to get a
more holistic picture of contextual factors in gamified systems. It is important to
note that gamification research should rely on theories like SDT to understand
these factors; investigating if gamification works in specific contexts may support
gamification as an approach, but does not provide insights on how gamification
affects motivation and related measures. Therefore, we suggest tightly coupling
the research questions being posed and the hypotheses being formulated with
SDT and its macro-theories. Investigating theory-driven research questions in dif-
ferent contexts is an important direction for future work and has great potential
to help us understand how gamification affects motivation.

Long-term studies on the effects of personalized gamification

In general, we have seen that there is a lack of long-term studies on the effect
of gamification and personalization in gamified systems (see Section 5.4). In
Chapter 5, we have investigated the effects of personalized gamification. Here,
we could show that personalized gamification positively impacts motivation
and related psychological measures in laboratory studies. However, in these
laboratory studies, we did not find effects on behavioral measures. In a long-term
study over a duration of almost two years, we found that using gamification ele-
ments which are suitable for certain Hexad user types led to an increase in course
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participation in a gym. However, we did not collect any psychological measures
nor qualitative data, so we could not investigate further how personalized gami-
fication was able to increase course bookings. Therefore, to better understand
the effects of tailoring gamification elements to the user in the long run, long-
term studies should be conducted in the future which complement behavioral
with psychological measures. In addition, future long-term studies should com-
bine quantitative and qualitative methods to get a better understanding of how
personalized gamification impacts users.

Other personal factors

In this thesis, we focused on age, stage of change, and Hexad user types as
personal factors. These factors represent demographic data and intentions to
change behavior as well as motivational orientations, and all have been shown
to play a role in the macro-theories of SDT (see Section 2.2). However, we
acknowledge that there are other personal factors which might be relevant to
understanding inter-personal differences in the perception and effectiveness of
gamification elements. These factors, which of them may be most important and
which ones could be combined to explain higher amounts of variance should be
studied in future work. In particular, past research has shown that personality
traits, demographic data such as gender or cultural factors, and pedagogical
profiles play a role in how gamification elements are perceived, just to name a
few [182]. However, we would like to emphasize that the selection of which
factors should be studied should be theory-driven, i.e. it is important to provide
reasons and deduce hypotheses for why a certain factor should play a role in
the perception or effectiveness of gamification elements. Thus, when selecting
personal factors to study, theories like SDT should be considered (as we did in
Section 2.2).

Combining personalization and customization

In Section 2.4 we introduced two approaches toward accounting for inter-personal
differences in the perception and effectiveness of gamification elements: cus-
tomization, i.e. allowing users to adapt the gamified systems to their needs and
preferences, and personalization, i.e. adapting the gamified system to the user.
While this thesis contributed to the latter, we consider combining both approaches
as important future work. Customization, from the perspective of SDT, satisfies
autonomy needs by allowing users to freely choose which gamification elements
they would like to use. However, past research has shown that users prefer per-
sonalization over customization, because customization was seen as difficult and
complex, too time-consuming and distracting [260]. However, the complexity
of customization could be decreased when combining it with personalization:
a system suggesting a small set of suitable gamification elements and allowing
users to select which one of these elements they would like to use could have
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benefits both in terms of providing users a high degree of autonomy and using
gamification elements that are suitable for them, without being too complex and
time-consuming.

Deriving contextual and personal factors automatically

In Chapter 6, we found that Hexad user types can be predicted based on smart-
phone data and interaction behavior, to a certain extent. However, we did not
investigate whether contextual factors or other personal factors could be auto-
matically derived. Also, we did not focus on the question of what “automatically”
means in this context and which level of automation is technically possible and
accepted by users. These questions and research directions should be investi-
gated in future work. In particular, past research in the field of context awareness
in HCI (such as research by Schmidt et al. [308, 309]) should be considered to
inform the design of personalized gamified systems tailored to the application
context.

A taxonomy of gamification elements

Lastly, we would like to emphasize the importance of studying the gamification
elements themselves. Although there is past work suggesting certain sets of
gamification elements and clustering them (see e.g. Tondello et al. [338,342] or
the Octalysis framework by Chou®), the concrete realization of these gamification
elements might have an impact on the motivation of users. In the end, according
to SDT, it is the functional significance which makes the difference in whether
external stimuli, such as gamification elements, are perceived as informational,
controlling or amotivating. Consequently, it can be very little things, such as
the wording of a badge or the way the performance of other users is visualized
in a system, that can decide whether a gamification element is perceived as
informational (supporting intrinsic motivation) or controlling (undermining
intrinsic motivation). As an example, a wording such as “you should” or “you
must” is very likely to be perceived as controlling [223]. Also, the goal itself,
e.g. to unlock a badge, can be a deciding cause - if its requirements are set too
high for users and it seems out of reach for them, the gamification element can
be perceived as amotivating. However, these little nuances are currently mostly
not reflected in gamification research: a badge is badge, independent of how it
was realized in the concrete study and system. Therefore, future work should
be conducted on building a taxonomy, classifying gamification elements in a
way that makes it possible to better compare study results related to a certain
gamification element. This would increase the external validity of study results
in which atomic gamification elements are investigated.

* Octalysis: Complete Gamification Framework,
https://bit.ly/3mJ2EdD (last accessed: 2021-12-01)
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