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Abstract

Regular physical activity has many health benefits, including preventing car-
diovascular disease and other conditions linked to obesity. However, people often
lose motivation to incorporate sports into their lives over time. Exergames, which
combine physical activity with games, have the potential to motivate people to
do physical activities. In particular, multiplayer games can be motivating due to
their competitive nature and by connecting friends remotely.

However, one issue remains: differing skills among players can lead to frustra-
tion or boredom, particularly when skill levels vary significantly. As a solution,
this thesis proposes dynamically adapting the difficulty of the game during game
play for players individually.

Previous research on balancing exergames has identified negative effects, such
as overbalancing or a detrimental impact on the self-efficacy of weaker players. To
address these issues and develop an approach for dynamic difficulty adaptation
aligned with players’ needs, the research question for this thesis is formulated as
follows: How can dynamic difficulty adaptation be used to balance mismatched
skills among multiple players? To achieve this, it was essential to engage users in
the design process, which led to several ideas created according to requirements
for dynamic difficulty adaptation, which have been derived from preliminary focus
groups. A prototype was then developed which incorporated dynamic difficulty
adaptation in a game similar to the Virtual Reality game Beat Saber.

The second part of the thesis involved an empirical cycle to investigate effects
on perceived fairness, competence, and motivation. User experiments were con-
ducted with 14 participant pairs playing against each other in a within-subjects
study. Results of the quantitative analysis revealed that fairness was significantly
higher for the game with dynamic difficulty adaptation, confirming one of the
hypotheses. However, no differences were found for competence and motivation.
Qualitative analysis of the interviews showed that participants felt motivated dur-
ing the game with the adaptation approach, mainly because they could change
the game’s results at any point with more effort. Additionally, no overbalancing
occurred and participants did not feel less competent due to receiving help during
the game. However, some participants still prefer to compete in games without
difficulty adaptation to compare true skills. The aforementioned design require-
ments were compared with the user study results and have mostly led to positive
results. However, it is unclear if the same requirements hold true in other types
of exergames. Particularly, focusing on creating close games and letting players
control the received assistance led to the positive result of higher fairness. Future
research can focus on applying these requirements in other contexts and examin-
ing long-term effects on motivation when using dyanmic difficulty adaptation.
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1 Introduction

1.1 Motivation

Physical activity is an essential component of a healthy lifestyle, serving as a preven-
tive measure against obesity [63] and cardiovascular disease [34]. Furthermore, it is
recommended to be moderately physically active for at least 150 minutes or engage in
intense exercise for 75 minutes per week [21]. To counteract the negative implications of
sedentary lifestyles, it is important to motivate individuals for the long term to engage
in physical activities. However, it has been observed that up to 65% of individuals who
start to exercise are prone to dropping out [7, 8, 29]. A common reason for discon-
tinuation is time constraints [32], a challenge that could be mitigated through short,
home-based exercises as there is no need to commute to another place such as a gym.
Additionally, maintaining motivation can be problematic. Exercise games (exergames)
have the potential to solve both problems by combining elements of computer games
with physical activity, where movement can be tracked and used to control the game.
Individuals might exercise more often due to the enjoyment of the game and can do so
from home.

Exergames are now commercially available on consoles equipped with motion sensors
in controllers and Virtual Reality (VR) head-mounted devices. VR offers a wide range
of exergames, such as Beat Saber, FitXR, and Supernatural, as well as exergames
that simulate real sports, such as table tennis or boxing. Rhythm exergames focus on
striking and evading targets by moving arms and the upper body synchronized to music.
Furthermore, multiplayer exergames have shown the potential to increase motivation.
In competitive exergames, players often significantly increase their physical effort in
order to win [61, 76, 49, 6, 75]. Additionally, exergames allow players to compete
against their friends even while being apart.

However, competing with friends with different skills and physical abilities can lead
to unbalanced games, where the less skilled player continuously loses. Thus, a mismatch
of skills between players may lead to frustration of less skilled players or boredom of
skilled players. Previous research has also shown that competitive computer games are
more enjoyable for players if the game has been close and the outcome of the game is
unclear until the end [27, 87].

As a solution, exergames can be modified according to players’ abilities and skills
in order to assist players who are less skilled. Therefore, frustration or early dropouts
of regular exercises using exergames can be avoided. More skilled players benefit from
a challenging game as boredom can be avoided while being more encouraged to make
an effort. Thus, balancing exergames can also be achieved by increasing the difficulty
of the game for more skilled players. It has been observed that a noticeable difficulty
increase has a positive effect on players. Skilled players feel recognized and rewarded
for good performance [41].

Previous research has focused on adjusting game difficulty, such as using players’
heart rates as input for effort [77], increasing scores, changing target distance and



size, or decreasing the number of targets [3, 35, 41]. However, one disadvantage of
adapting difficulties is that they often become apparent to players. Therefore, adapting
difficulties can decrease their self-efficacy in the case of less skilled players and can be
perceived as unfair in the case of skilled players [35, 41].

Research that focused on balancing exergames primarily investigated effects within
non-VR games, where players have to be physically together to play. Thus, players can
see their fellow players moving. Competitive physical activities may cause individuals
to feel observed and worried about negative reactions from peers [62]. It has already
been observed that exergames reduce the barrier for physical activities in groups, as
individuals are more focused on the screen [79, 67, 12]. This effect might be further
enhanced when playing VR games, as it is not possible to see how other players are
moving in real life. It might be possible that players feel less inclined to compare
themselves with other players. Thus, it is unclear if difficulty balancing has the same
negative effects as observed in previous research.

1.2 Problem Statement

Ultimately, the goal is to motivate individuals to be more physically active. Exergames,
when played together with friends, have the potential to engage individuals long-term.
Its simplicity makes it easy to learn and play for a wide audience. It has been also
shown that motivating individuals to be physically active through exergames can be
achieved better by simple games [74]. However, when players of different skill levels play
together, it can lead to frustration or boredom for skilled and less skilled players. Thus,
adapting the difficulty during the game based on the performance of each player, might
mitigate these negative effects. The goal of the game is to keep each player challenged
enough to have an exciting match but without feeling overwhelmed when playing with
a more skilled opponent.

Adaptation of difficulty in exergames might have positive effects on players, which
can lead to a higher probability that individuals will keep playing long-term. To verify
that difficulty adaptation has the desired effects, this thesis focuses on investigating
what effects adapting game difficulty has on players in VR exergames when playing in
multiplayer mode.

Difficulty adapatation can be implemented in various ways and has to be tailored
to the context of the game: players’ personalities, their preference for difficulty adapta-
tions and the particular game. A badly designed adaptation can lead to rejection of the
exergame [4]. In this thesis rhythm exergames with difficulty adaptation will be inves-
tigated. An example of such a game is Beat Saber, where players hit cubes with a light
saber in the rhythm of a song. By doing so players swing arms, move their upper body,
crouch down and make steps to the side. To successfully play these exergames, general
fitness as well as coordination is needed. Rhythm exergames allow for comparabiltiy
between players as they have to do the same moves when competing with each other.
As first part of this thesis, it is necessary to investigate what requirements should be
taken into account when designing difficulty adaptation for rhythm exergames in VR.



The requirements will then be used to derive a design for difficulty adaptation that
players are more likely to accept. To evaluate that the implemented solution has the
desired positive effects on players, a user study has to be conducted. Therefore, this
study consists of two parts. The first part is concerned with deriving requirements for
designing as well as implementing a playable solution for the problem of mismatching
skills in multiplayer mode. The second part is concerned about evaluating the solution
and investigating the effects.

Apart from one study conducted by Jensen & Grgnbaek [41], previous research has
mostly focused on static difficulty adaptation. Players have received assistance or a
handicap that did not adapt dynamically according to player’s current performance
during gameplay. These methods have led to overbalancing in some of the trials and
were therefore not considered fair by participants [3]. Stach et al.’s study has focused
on rewarding players based on increased heart-rates but suffered from overbalancing as
well [77]. To mitigate overbalancing this research will focus on dynamic adaption of
exergames during gameplay.

Another positive aspect of exergames is the player’s focus on the screen rather than
other players. While individuals can feel intimidated to engage in physical activities in
front of peers, this negative effect has been less observed in previous research concerning
exergames [62]. Thus, this particular issue might be even less present in VR as it is not
possible to observe others’ movements in the real world. Therefore, it is hypothesised
that these negative effects will not occur and, instead, difficulty balancing will have
positive effects on players’ self-efficacy. Competence will be measured to investigate
if this effect is present. VR exergames have not been previously researched when it
comes to balancing exergames and may lead to different results due to its immersive
characteristics.

As the goal of difficulty adaptation is to create a close game between players, skilled
players might perceive it as unfair since they expect to perform better if they acquired
higher skills through practice or a more physically active lifestyle. In similar research
before, fairness has been measured as one of the dependent variables due to the pos-
sibility that players become demotivated when exergames provide unfair conditions
[35, 41]. Difficulty adaptation can lead to the opposite of the desired effect if it is
perceived unfair. Thus, perceived fairness has to be measured in order to validate if
difficulty adaptation in VR exergames have a positive effect on players’ motivation.

The primary aim of this research is to determine, what effects dynamic difficulty adap-
tation in VR exergames have to provide insights into how exergames in VR should in-
corporate difficulty adaptation to continuously motivate individuals to play exergames.
For this, effects on motivation will be measured as well. This leads to three dependent
variables that are relevant to determine positive effects in difficulty adaptation: moti-
vation, fairness and competence. Therefore, this thesis contributes to current research
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by defining design requirements for the specified scope of rhythm exergames in VR and
investigating the effects of the resulting solution. If positive effects on players can be
confirmed, the derived requirements in this thesis can be used for designing fair and
motivating exergames with dynamic difficulty adaptation.

1.3 Research Question

Among possible solutions for the problem, dynamic difficulty adaptation was chosen.
It has the potential to keep players in a highly engaged state (flow state [25]) regardless
of the individual skill levels of competing players. In order to balance exergames for
mismatching skills of players, the effects of this solution will be measured. Thus, the
research question is: How can dynamic difficulty adaptation be used to balance mis-
matching skills of multiple players?. To answer this research question, three areas have
to be investigated: Competence, Motivation and Fairness.

Overall, a good player experience is needed in order for individuals to continue play-
ing exergames long-term, which is a result of an intrinsically motivating game. Self-
determination theory (SDT) describes what factors lead to intrinsic motivation, which
is the core motivation behind sports and games [69]. Among other factors such as
autonomy, perceived competence is crucial to feel intrinsically motivated. Player expe-
rience can be measured with scales such as the Player Experience of Need Satisfaction
(PENS), which is based on SDT, and the Player Experience Inventory (PXI). PENS
includes a competence construct as well as a game enjoyment construct [69]. It was
adapted from the Intrinsic Motivation Inventory (IMI), which overall measures intrinsic
motivation by taking into account perceived competence and interest/enjoyment [52].
Similarly, PXI includes constructs for challenge and mastery, which can be mapped to
competence [1]. Other constructs of player experience questionnaires include immer-
sion(PXI)/presence(PENS, ease of control(PXI))/ease of use(PENS), autonomy(PXI
and PENS), audiovisual appeal (PXI) and more. These specific constructs are likely de-
pendent on the chosen game’s mechanics and aesthetics. Immersion /presence is likely to
be high due to the immersive nature of Virtual Reality head-mounted displays [18, 84].
Therefore, it is expected that motivation and competence will differ when enhancing an
exergame with dynamic difficulty adaptation. Fairness is added to measure if dynamic
adaptation created overbalancing problems.

1.3.1 Competence

If the game is not adapted and the opponent is more skilled than the player, game
difficulty also increases. Winning becomes difficult with a very skilled opponent. How-
ever, by adjusting the difficulty in-game this negative effect could be mitigated. Thus,
a positive outcome of dynamic difficulty adaptation could be that players feel more
competent since the difficulty is constantly adjusted according to their performance.
Players can always reach goals in the game by putting their skills into use. Therefore,
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it may increase self-efficacy. Individuals with higher perceived competence are likely
to have higher intrinsic motivation when doing sports. They expect as well as seek
rewarding outcomes in sports [89]. This can lead to a higher likelihood that players
with high perceived competence will continue playing exergames. Therefore, it will be
investigated if dynamic difficulty adaptation has a positive effect on perceived compe-
tence. This leads to the sub-question R1: Does dynamic difficulty adaptation increase
perceived competence in players?.

Hypothesis Hy: (H1.0) Dynamic difficulty adaptation in VR multiplayer exergames
does not have an effect on players’ perceived competence during gameplay.

Hypothesis Hy: (H1.1) Dynamic difficulty adaptation in VR multiplayer exergames
increases players’ perceived competence during gameplay.

1.3.2 Motivation

A motivating exergame is necessary in order to keep individuals engaged during game-
play and to increase the likelihood that the exergame will be repeatedly played. Players
may increase their physical effort if they feel engaged in the game as they experience
enjoyment and are motivated to win the game. Thus, players might be more physical
active and have a higher heart-rate, which increases cardiovascular fitness [20]. For
this, it is necessary to answer the sub-question R2: Does dynamic difficulty adaptation
motivate players?.

Hypothesis Hy: (H2.0) Dynamic difficulty adaptation in VR multiplayer exergames
does not have an effect on players’ motivation.

Hypothesis Hy: (H2.1) Dynamic difficulty adaptation in VR multiplayer exergames
increases players’ motivation.

1.3.3 Fairnesss

Fairness is particularly important for difficulty adaptation as it adapts the game for
each player differently. It might be the case that a player perceives it as unfair when
another player receives an advantage. Previous research has observed that players may
feel unfairly treated when the game’s difficulty is adapted per player [3]. This was the
case, when the game was overbalanced, e.g. making it easy for the less skilled player and
difficult for the skilled player to win. Unfair games create a negative response and thus,
are likely to not be played anymore. Therefore, the proposed solution is an adaptation
that is implemented for every player and adapts to each player differently depending
on their performance and the difference between the players’ skills. It is therefore
important to measure the perception of fairness when dynamic difficulty adaptation is
present. The third sub-question R3 is: Is dynamic difficulty adaptation perceived fair
i players?.
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Hypothesis Hy: (H3.0) Dynamic difficulty adaptation in VR multiplayer exergames
does not have an effect on players’ perception of fairness of the game.

Hypothesis Hy: (H3.1) Dynamic difficulty adaptation in VR multiplayer exergames
increases the players’ perception of fairness of the game.
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2 Literature Review

This reviewed literature gives an understanding of concepts related to the research topic
and explains how its scope was defined. The scope entails competitive multiplayer
exergames in virtual reality and how to balance games. The literature review was
conducted by firstly defining the areas relevant for this research to be reviewed. For
each area various search terms were used, which can be seen in Table 1. Literature
was found through a Google Scholar search. Relevant literature found would then be
examined for references. Thus, snowballing led to the review of further literature.

H Area ‘ Search Terms H

serious games definition, serious games motivation ef-
Serious games fect, gamification, e-learning, game-based learning, dig-
ital game-based learning

exergames definition, multiplayer exergames, exergames
Exergames competition, exergames motivation effect, balancing ex-
ergames

virtual reality definition, virtual reality exergames, vir-
tual reality multiplayer exergames

questionnaire motivation exergames, physical activity
questionnaire, questionnaire self-esteem evaluation

Virtual Reality

Questionnaires

Table 1: Search terms used

The literature review starts with defining what serious games are and how they can
be used to motivate. A subcategory of serious games is exergames, which this thesis
focuses on. Therefore, a definition of exergames follows. The second part explains
the benefits of multiplayer exergames and how it affects motivation. Afterwards, the
results of prior research is summarised. The summary includes balancing multiplayer
exergames and its positive and negative effects on players. Lastly, this review will cover
an explanation why VR seems to be a promising technology for exergames and how it
can encourage players to stay active with exergames.

2.1 Serious Games

Serious games can be defined as games which serve another purpose other than enter-
tainment. While definitions vary between authors, their common ground is that serious
games entail a game that consists of an imaginary world, which might have relations to
the real world and catches player’s attention [53]. By doing this, serious games offer the
possibility to persuade, educate or motivate players for a certain topic. Serious games
are used in many areas: education, military, corporal training, health and others. The
market of serous games was valued in 2020 to be $5.94 billion and has been estimated
to grow significantly due to the Covid-19 Pandemic as educational institutes had to
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shift to online learning [88]. This further opened the path for digital tools in education
and thus, for educational serious games.

Abt has coined the concept for the first time [2] and according to Abt, even games
that were developed for pure entertainment can be used with a serious purpose in mind.
Abt used board games, sports and early computer simulations in order to educate [30].
Therefore, serious games are not necessarily tied to digital games, nor do games have to
be specifically developed for a serious purpose. Games have been utilized for training
even before Abt provided a definition for the term ”Serious Games”. Wargames in
World War II were put to practise in order to improve the U.S. Army’s reputation
within the population [45]. Since Sawyer connected it to digital games in 2002 the term
is now mostly associated with digital games [70].

Michael and Chen provided a definition stating that serious games serve education
as primary goal rather than entertainment [53]. However, education seems limiting as
serious games can be also used for causes other than improving or learning skills. An
example would be distracting patients from pain while playing a game [19]. Susi et al.
defined serious games as games aiming to achieve another purpose other than enter-
tainment while the player may or may not be aware of its purpose [81]. According to
this definition, games with the goal to spread propaganda can be seen as serious games
as well [83]. Lamaarti et al.’s definition includes three parts consisting of multimedia,
entertainment and experience. It describes a serious game as a medium that entails
multimodal interaction in order to create an experience for the player [45]. According
to Alvarez and Djaouti serious games entail gameplay and a purpose other than enter-
tainment as well as a sector. The sector describes the market in which the serious game
is used [5].

Similar or overlapping domains to serious gaming exist such as e-learning, which refers
to computer-supported learning usually in the form of interactive software [44, 54].
Therefore, serious games with the aim to educate can be also categorised as e-learning
systems. However, e-learning does not necessarily have to include games. It may also
consist of an application where digital educational content is shared or an application
that facilitates holding online lectures.

Another related domain is gamification, which brings game elements into applica-
tions that are not designed as a game. According to Deterding et al., gamification can
be described as "the use of game design elements in non-game contexts” [28]. Such
elements can be leader boards and rewards. Gamification only enhances applications
but does not make an application a (serious) game.

Game-based learning (GBL) is a similar domain to serious games as it focuses on
using games for education. Thus, GBL can be seen as a domain within serious games
as the latter may also entail other purposes than education. Some authors see no
distinction between GBL and serious games [81, 23]. Similar to GBL is digital game-
based learning, which is GBL but limited to digital games [81]. However, it emphasizes
the aspect that students have become ”digital natives” and therefore experienced in
using digital media [66]. Using digital games for motivation purposes comes therefore
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natural to individuals, who can be described as ”digital natives”.

2.2 Exergames

Sedentary lifestyles have been proven to cause health issues. Office workers are prone to
sedentary lifestyles as they spend the vast majority of the day at a desk. Overweight and
the resulting cardiovascular diseases are known consequences [63, 34]. Exercise games
(exergames) are serious games which focus on encouraging physical activity through
gaming and therefore mitigate the negative consequences of a sedentary lifestyle. Mo-
tion sensors in gaming controllers are now widely commercially available and were made
popular with Nintendo’s release of the motion-controlled console Wii in 2006 [58]. Play-
ers are able to control games by using body movements which can consist of movements
of the upper body and arms, jumps, running/walking on place or making steps to the
side, front or back. Players can easily play exergames in their own home since exergames
do not require more space than a home workout training. Therefore, exergames pro-
vide a way of exercising without the need to go to a gym. Moreover, online multiplayer
modes make it possible to play with multiple individuals such as friends and family
which adds competition as another motivating factor [37].

Motion control should feel as natural as possible to immerse players in the virtual world
and increase their perceived presence within the game [46]. As physical exhaustion can
occur, Sinclair et al. suggested that exergames should be kept simple and be designed
with focus on the motion control itself. An example of this would be Dance Dance
Revolution which is a rhythm exergame that includes a dance mat. In this rhythm
dance game players have to step on the arrows shown on the mat in the right sequence.
Sinclair et al. mentioned that avoiding physical exhaustion can also be achieved by
adapting a game to players skills and fatigue during gameplay [74].

While it has been shown in previous research that exergames include light to mod-
erate physical activity, it could be also seen that it increases visuospatial skills such
as coordination and spatial awareness, motor skills, cognitive skills and even social be-
havior in case of multiplayer exergames [38, 72]. In order for exergames to achieve
positive effects, it has to include motivational affordances that will in turn lead to
the desired psychological outcomes such as achievement and self-esteem. According to
Matallaoui et al., these affordances are game elements such as competitive multiplayer,
leader boards or badges [51]. An exergame that includes multiple of such game ele-
ments is likely to lead to positive results and therefore can motivate players long-term.
Thus, the novelty effect, which describes the phenomenon that players lose interest in
exergames after a short amount of time, can be overcome [51]. A common criticism of
serious games promoting physical activities is that they are designed to incorporate ex-
trinsic motivation. Examples of such extrinsic motivators are the aforementioned leader
boards and badges. Additionally, exergames should be designed similarly to games that
were created purely for entertainment to motivate players for long-term play [60].
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2.2.1 Flow Theory

Flow theory is particulary important for designing motivating exergames as it describes
the rationale for being fully engaged in an activity. Focused concentration, the percep-
tion of time passing faster, joint action and awareness, as well as losing awareness of
oneself as a social actor, are characteristics of being in a state of flow [56]. The complete
list of conditions to enter a flow state can be seen in Table 2. The ultimate goal of the
activity becomes less important or even irrelevant, as the process of reaching the end
goal is inherently rewarding. Thus, activities do not necessarily require a rewarding
outcome.

Condition ‘

The activity contains a task that can be completed with the current
capabilities

Being able to concentrate on given task

The task has clear goals that are reachable along the process of the
activity

Instant feedback is provided during the activity

Feeling of being in control over one’s actions

Feeling fully involved in the task

Being less aware of oneself during the task

Time is perceived faster

Table 2: Conditions for the Flow state [82]

An example of this phenomenon would be a player fully absorbed into a game world
and playing for the enjoyment of the game without any external rewards. To enter
a state of flow, it is important to be challenged without feeling overwhelmed and to
receive immediate feedback, as well as having short goals that can be achieved during
the activity. Flow depends on the balance between a person’s capabilities and the chal-
lenges faced during the activity. In Figure 1, it can be seen that flow is a state outside
of boredom and anxiety, given that capabilities and challenges are balanced. On one
hand, capabilities exceeding challenges by far will likely lead to boredom. On the other
hand, challenges being too difficult for the present capabilities will likely induce anxiety.

As the activity is intrinsically rewarding while being in flow, activities inducing flow are
sought to be replicated. Sports and games make flow states more likely as they provide
frequent and instant feedback and the possibility to achieve smaller goals along the
process [56]. Thus, exergames that take into account conditions that likely induce flow
can motivate individuals to play regularly. For this, the balance between challenges
and skills is particularly important. In multiplayer games, another level is added to
the individual skills of a player and the challenges a game has to offer: the differences
between skills of multiple players. Thus, challenges can increase or decrease depending
on the opponents’ skills.
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Additionally, exergames need to balance players’ fitness and the provided exercises
within the game. Thus, exergames have to be carefully designed in order to be moti-
vating and not create fatigue during gameplay [74].
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Figure 1: Balance between anxiety and boredom in flow [56]

2.2.2 Self-Determination Theory

Previous research has argued that intrinsic motivation underlies the interest in playing
computer games and sports [69]. Thus, when players experience intrinsic motivation,
they engage in games without expecting external rewards. The game experience be-
comes rewarding enough to sustain their interest in playing. SDT explains the factors
that influence intrinsic and extrinsic motivation. Within SDT, the basic psychological
need theory outlines three needs essential for fostering intrinsic motivation and con-
tributing to overall well-being [69].

One of these needs is autonomy, which describes the need to willingly engage in an
activity without being forced. In the context of games, autonomy can be promoted by
providing players with more control over their actions. Another factor in motivation
is competence, which fulfills the need to feel effective while also being appropriately
challenged. Therefore, competence in SDT is closely related to flow theory. Lastly, re-
latedness refers to the need for social connections. Multiplayer games offer possibilities
to interact with other players, fulfilling the need for relatedness [68].

Ryan et al. conducted studies examining the relationship between SDT and game
motivation, successfully correlating the fulfillment of all three needs with intrinsic mo-
tivation in multiplayer games. In solo games, only competence and autonomy were asso-
ciated with game motivation since there is no possibility for player interaction. Hence,
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exergames featuring a multiplayer option possess the greatest potential for sustained
engagement. Additionally, exergames should emphasize higher perceived competence
and a sense of autonomy to effectively motivate players [69].

2.2.3 Multiplayer in Exergames

The aforementioned novelty effect is a common problem for exergames and prevents
successful long-term motivation for physical activities. Social physical play is a way to
mitigate this problem. In a study comparing group and solo exergame play, participants
who chose to play in groups played overall longer, had longer sessions and played more
often than participants who preferred solo play [42]. Thus, group players had a signif-
icant higher adherence to play exergames. Social play relates to one of the pillars of
the Self Determination Theory (SDT) [26] which refers to "relatedness” and fulfills the
human need to belong by forming and maintaining relationships with others [13]. SDT
explains intrinsic motivation by describing three psychological needs that humans want
to fulfill. Therefore, incorporating multiplayer modes in exergames can lead to higher
adherence for continuous gameplay. Furthermore, it has been shown that multiplayer
exergames increase motivation [78] and engagement [50, 15].

Two types of social physical play can be implemented: competition and collabora-
tion. In previous research positive effects on players have been observed for both types.
Cooperation in exergames leads to higher self-efficacy, encourages pro-social behavior
and kept players motivated to play long-term [49]. Competition, initially, increases the
amount of effort that players put into playing exergames regardless of their tendency to
be more or less competitive [61, 76, 49, 6, 75]. The effects of competition varies between
players with more or less competitive personalities and can lead to negative effects in
the latter while creating positive feelings for competitive players [76]. Competition can
make less competitive players feel worse by decreasing their motivation and creating a
negative mood [76]. It can lead to a decline of self-efficacy as well [48]. However, compe-
tition might still be a useful feature for players of all tendencies regarding competition
as it encourages players to increase exercise intensity. It could be seen in Snyder et al.’s
study that less competitive participants would increase workout intensity drastically
when competing against an opponent compared to when they were exercising without
any competitor [75].

While both competition and collaboration elicit positive effects in exergames, none
of the two approaches is clearly favorable. Previous research has shown that multiple
factors play a role when determining if exergames should implement competition or col-
laboration in a multiplayer game. Personality, game mechanics and other factors such
as low or high level of skills can make one approach favorable over the other. In some
studies, collaboration seemed to have a higher potential to engage players long-term in
playing [49, 78]. In Peng and Crouse’s study comparing competition, collaboration and
solo play, competition seemed to result in high future play motivation and enjoyment
[64]. However, participants were competing with a player in another room, while in
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collaborative play the players were sharing the room. Therefore, competition might
have been preferred due to players feeling less restricted in moving around [64]. The
effect of being less observed by other players might play a role in this scenario as well. A
barrier for social physical activity can be anticipating negative reactions from peers [62].
However, in exergames attention is directed towards a screen which may help to feel
less observed during physical activities and reduces body self-consciousness [79, 67, 12].
Moreover, it is not possible to see other players in real life while playing virtual reality
(VR) exergames , which might increase this effect.

Interestingly, Shaw et al.’s results showed that less competitive players were not neg-
atively affected by a virtual competitor. This was likely due to the fact that players
were not competing with a real person and that the opponent was designed to match
their skills which created a close game [73]. At the same time, less competitive players
were increasing their workout intensity with a present virtual competitor [75]. Diffi-
culty adaptation within a multiplayer exergame could further enhance self-efficacy as it
provides support when needed and mitigate aforementioned negative effects in compet-
itive games. Therefore, less skilled players have a chance to keep up with more skilled
players. However, it is still to be researched if difficulty adaptation helps to overcome
the problem of decreasing self-efficacy for players of certain skill levels or personalities.
As it will be discussed in the next section, difficulty adaptation can lead to negative
feelings it it becomes apparent to players in certain circumstances.

2.2.4 Balancing Skill Mismatches in Multiplayer Exergames

As exergames incorporate movement, players in multiplayer exergames might have mis-
matching physical abilities, which can worsen their experience. Some players might
have less stamina, worse flexibility and coordination than their opponents. This might
lead to frustration for less skilled players and boredom for more skilled players if games
are mostly won or won by far by the more skilled player. Furthermore, previous re-
search found that close games, when competing in computer games, are perceived as
more fun than games where one player was far ahead [27, 87]. Providing assistance
for players who are lacking skills can create a closer game and, therefore, a more fun
experience for all players. This was already observed in studies concerning balancing
exergames (39, 47]. More skilled players will face challenges that are more appropriate
for their skill level, which is necessary for a better game experience according to Flow
theory [25]. Less skilled players will have a higher chance in winning the game despite
their abilities.

This opens up possibilities of accessible exergames, where able-bodied and disabled
players can play together. Balancing skill discrepancies in exergames with players of
large differing physical abilities have been investigated before. In a study by Gerling
et al. able-bodied players were competing with players in wheelchairs in a dancing
exergame. The dancing game was explicitly chosen for comparability as players have to
make the same moves. Furthermore, it requires a combination of skills such as fitness
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and coordination. While the game assisted the player in the wheelchair, game balanc-
ing was not sufficient enough for a disabled player to win the game. However, disabled
players enjoyed the assistance and did not mind losing to an able-bodied opponent,
which they partially expected. Able-bodied players were mostly feeling guilty and did
not perceive the game as fair [35]. Gerling et al. also investigated the self-esteem
of players during gameplay in balanced exergames. Their findings show that weaker
players experienced negative feelings and a decrease in self-esteem due to the explicit
approach of the balancing methods. Furthermore, Gerling et al. assumed based on
their findings that negative feelings arise when actual performance differ greatly with
expected performance. It can be concluded that balancing of skills should be provided
in a way that creates close games and adapt the balancing method for varying degrees
of skills. Therefore, it can overcome various degrees of skill differences between players.

Mueller et al. provided a framework for balancing exertion experiences, which con-
sists of four dimensions that an exergame designer should take into account [55]:

e Measurement
e Presentation
e Adjustment

e Control

Measurement: Balanced exergames will need to incorporate a measurement for ex-
ertion, which can be of effort or performance. An example for measuring effort is an
exergame that converts heart-rate into movement in the game, which has been ex-
plored as balancing approach in previous research [77, 14]. Higher effort is, therefore,
detectable as higher heart-rate. In both studies there have been cases of overbalancing
less fit players as they reach higher heart-rates faster than fit players. Measuring per-
formance would simply entail measuring the players performance within the game (e.g.
how accurate targets have been hit).

Presentation: Exergames can be designed to present balancing either explicitly or
hidden. Explicit balancing are clearly noticeable by players during gameplay. Hiding
assistance can create the illusion that no players receive any assistance and play the ex-
act same game. This can mitigate the problem of a decrease in self-esteem. Less skilled
players can feel exposed when explicit balancing is used, which has been examined as
effects of explicitly balancing exergames in previous research [35, 41]. It also affects
how they perceive the value of a win as they could believe that they have only won due
to the game’s assistance.

Adjustment refers to the way how difficulty adaptation is implemented. Static bal-
ancing determines before game start who will receive assistance and how much of as-
sistance they will receive. Instead of assisting the weaker player, handicapping of the
stronger player is possible as well. In both cases, adaptation will not change during
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the game. However, roles of weak and strong player can change during game play as
well as how much assistance or handicapping is needed. This can create overbalancing
when a player becomes too strong due to the game’s adaptation as seen in previous
research [4]. Therefore, opponents will not be able to win. Dynamic balancing can
solve overbalancing issues by detecting within the game when assistance is needed and,
therefore, providing more tailored assistance.

Control: Furthermore, it has to be decided if players can control the balancing and
how much they are in control of it. The opposite end would be a balancing approach
fully controlled by the system. An example of player control is explicit selection of
difficulty levels or the type of balancing by players. Offering players control can give
them a sense of agency. However, the system needs to be designed to mitigate any
possibilities of cheating.

Balancing differing skills have been already established in sports for a while. One
approach is handicapping, which means that the person with better skills faces addi-
tional challenges. Altimira et al. investigated handicapping as a balancing approach
in exergames and compared handicapping used in table tennis with handicapping in a
virtual table tennis exergame [4]. The game either gave the weaker player a head start
by adding points or the stronger player had to play with their non-dominant hand.
Their results show that the skilled player experienced frustration as the added chal-
lenge made it hardly possible to win. Since they determined weak and strong players
by a pre-study questionnaire as their balancing approach was static, they faced issues
of overbalancing in some of the trials.

Since static balancing can create unfair treatment of more skilled players, Jensen and
Grgnbaek investigated dynamic skill balancing in an exergame that incorporates both
virtual and real world elements [41]. Therefore, they could examine effects of physical
balancing, implicit-digital and explicit-digital balancing. In their study they created a
round based game, where participants took turns to hit targets with a ball at a large
screen. They found that using a dynamic approach and giving assistance to both play-
ers depending on their performance could mitigate overbalancing. Their results show
that while some participants preferred implicit (hidden) assistance as they felt less ex-
posed as a weak player, explicit balancing was perceived positively by most weaker
and stronger players in their study. Therefore, the preference for implicit and explicit
assistance varies per player. Based on their results, they provide 4 design strategies for
implementing balancing in exergames. While they have only used performance differ-
ences between players for adjusting the difficulty of the game, they firstly suggest to
also include the individual performance of a player when determining the level of as-
sistance. Secondly, they propose a combination of both explicit and implicit balancing
or giving the user the choice of their preferred approach. As mentioned before, hidden
balancing can help mitigating negative feelings of weaker players. However, they have
also examined that players can receive an ego boost when their game has been ad-
justed to become more difficult. Thus, players became aware that they were doing well
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enough for the system to increase difficulty. As a third strategy, they state that players
have to be aware of the assistance for higher acceptance and to not feel cheated on.
Lastly, they propose that assistance should be available for all players, which mitigates
overbalancing.

2.3 Virtual Reality

Virtual reality (VR) can be defined as the perception of being present in a virtual
environment [80, 11] and the ability to interact with this environment [57] by using
immersive technology such as a head mounted display (HMD) and controllers, both
equipped with motion sensors. Wearing a HMD enables the person to change their
view by moving the head. Thus, the virtual environment can be explored from any
angle which leads to an immersive experience and the feeling of being present in this
virtual environment. Apart from HMD’s, other devices can be used to create a virtual
reality such as Cave Automated Virtual Environment (CAVE) that projects onto the
surrounding walls of the user. Therefore, the user does not need to wear any head
mounted devices. VR technology has evolved from displaying VR on desktop displays
to CAVE and HMD'’s [60], with the latter being now commercially available. Depending
on intensity of the perceived presence and immersion, VR systems can be categorized
into non-immersive, immersive and semi-immersive VR [10]. HMD’s have been shown
to create the most immersive experience [84] which can increase motivation for physical
activity using VR [60]. Immersion makes VR an effective method to continuously
encourage individuals to be physically active by playing VR exergames. Players can
play in any kind of virtual environment which creates a unique experience. VR can
create a more realistic experience, which games played on common displays are unable
to do [43]. For example, the exergame Supernatural uses a variety of backgrounds
depicting nature. Thus, the player feels like if they are training in different parts of the
world instead of at home.

Nowadays, there are multiple VR exergames commercially available. Some of these
are specifically targeted as fitness games that can be used for a home workout routine.
Examples of these exergames are FitXR or Supernatural. Both of them require the
player to hit targets with their hands and avoid objects by moving their body while
either simulating boxing or dance moves. Many VR exergames exist which incorporate
similar game mechanics but are advertised as entertainment games such as Beat Saver
or Synth Riders. Aforementioned games already include the desired features such as
multiplayer support, movement according to music and gradual acquisition of skills,
which have been identified by Fari¢ et al. as engaging VR game features [31]. Apart
from these, there is a range of VR exergames simulating real world sports such as
boxing and table tennis. These require the player to make similar movements as in real
life. Previous research has also examined effects of VR paired with fitness devices such
as exercise bikes, rowing machines and treadmills [85]. However, such games require
players to have fitness devices at home. An example of a commercial game is Holofit,
which offers the possibility to use fitness machines while playing.
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Exergames are designed to be motivating and to increase physical activity. VR
exergames, however, can offer additional motivating factors to enhance the players
experience. The integrated motion sensors enable smooth tracking of motion and a
natural feeling while using motion control. Realistic body movement during gameplay
was also identified as one of the aspects for engaging VR exergames [31]. Exergames can
be used to track players performance by tracking their movements to offer suggestions
of areas to improve [57]. Due to its immersive character, VR can be used for simulating
situations which Exergames can benefit from. For example, players can take roles in
various positions during a sports game, which helps them to adapt to different positions
and understand other perspectives [59].

2.4 Summary

Many definitions of serious games exist but authors agree on the aspect that serious
games serve a purpose other than entertainment. For example, it can be used for
education, awareness and motivation. One category within serious games are exergames
that have the goal to encourage players to be physically active by playing games. For
this, motion tracking sensors in controllers are needed to detect the players’ movements.
Flow theory was highlighted here as it explains how individuals can get engaged in an
activity. Sports and games naturally have a high likelihood to induce a flow state as they
can fulfill the necessary conditions for it. As exergames combine physical activities with
games it has potential to motivate individuals to be more active. Multiplayer exergames
can further increase motivation as well as physical effort since both collaborative and
competitive exergames have shown positive effects on players. Flow theory has to be
also taken into account when designing exergames to provide the ideal level of challenges
for players. Furthermore, in competitive exergames the challenges of the game depend
on the opponent’s skills. If skills differ widely, it can lead to a game that is perceived
too challenging. Thus, both players may be outside of the flow state. Competitive
exergames can be balanced by difficulty adaptation in the form of providing assistance
or handicapping. Previous research has mostly focused on static adaptation, where
weak and strong player are determined beforehand and one of the players receives an
adapted game, which does not change during gameplay. Results of these studies have
showed that overbalancing occured in some of the trials. However, one study focused
also on dynamic difficulty adaptation and could mitigate the overbalancing problem. To
do so, it is necessary to adapt the difficulty during the game and to provide assistance
to all players. However, none of the previous research has focused on exergames in
Virtual Reality. VR offers the advantage that players are unable to see the real world.
Hence, it is not possible to be observed by other players when moving. This can create
a space where individuals feel less intimidated to be physically active.
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3 Design Science Framework

This thesis will follow the methodology Design Science as described by Wieringa [90].
Design science research is concerned with designing an artifact and investigating this
artifact in context and, therefore, combines research with design. As this thesis project
will incorporate the design of a prototype and a user study in order to answer the
research question, this methodology was chosen as research steps are integrated in the
design process of the prototype. Before implementing a prototype it is also important to
understand the requirements for this thesis’ scope: rhythm exergames in VR. Therefore,
a design process is needed as there are many ways of implementing dynamic difficulty
adaptation. If designed badly, it can cause rejection of the game. Furthermore, the
processes provide a logical order to conduct this research but leave it open to decide
which specific research methods should be used within each process.

Wieringa proposes that processes of a design cycle and an empirical cycle should be
merged. The design cycle will result in an implementation of an artifact, which will also
be evaluated. The cycle iterates over its process steps in order to refine the artifact. It
is concerned with improvement of the world by designing an artifact.

The empirical cycle defines the process steps to answer a research question. As
opposed to the design cycle, the empirical cycle is concerned with answering knowledge
questions and gathering knowledge about the world without improving it. Wieringa
offers for both cycles checklists to follow during the research project. This simplifies
the adaptation of this methodology.

3.1 Design Cycle

Part of the design cycle is to understand the social context of the artifact. This context
includes the stakeholders who may use the artifact or are affected by it. In this thesis,
stakeholders according to the design cycle are players of multiplayer exergames in VR.
The design cycle is part of a larger cycle, in which the designed artifact is implemented
and evaluated in the real world. This cycle is called engineering cycle and consists of
the following processes:

1. Problem investigation

2. Treatment design

3. Treatment validation

4. Treatment implementation
5. Implementation evaluation

The design cycle is only concerned with the first three processes and iterates typ-
ically many times over these steps in order to refine the artifact. The artifact here is
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called treatment, as in Design Science the interaction between artifacts and context
is designed to treat a problem. After the design cycle is completed, the treatment is
implemented and evaluated in the real world. Figure 2 gives a guideline of questions
that should be answered in each process.

The problem investigation consists of literature research and defining the problem. In
this thesis, this was done as part of the literature research. Hence, similar solutions
for balancing multiplayer exergames were reviewed as well as design requirements for
designing engaging VR games, exergames and balanced exergames.

Within the treatment design process, the requirements for the treatment are defined and
designs are created. Therefore, the requirements for the design of a dynamic difficulty
adaptation will be defined. Part of this process is conducting preliminary focus groups
and design focus groups. The first design focus group will result in multiple ideas for
dynamic difficulty adaptation.

These will be validated within the treatment validation process by gathering the views
of participants in another design focus group. Validation means here that it needs to
be ensured that the treatment contributes to the goal of stakeholders. This goal here is
to create a fair and motivating exergame between players of mismatching skills. This
process always occurs before implementation as it predicts how the treatment will in-
teract in the context but does not evaluate its interaction in the real world. A design
theory is defined based on the results of this process, which describes a prediction of
the interaction between treatment and stakeholders. Therefore, after conducting the
last focus group, it will be analysed what effects each idea will likely have on players.
Part of the design theory will also be the derived requirements from conducting focus
groups. Based on this analysis, one idea will be implemented as a prototype.

The prototype will be implemented and evaluated in a user study. More iterations are
not possible due to the time restrictions of this thesis. Evaluation is a different process
to validation as it is concerned with investigating the interaction between treatment
and stakeholders in the field. For this, it is necessary to have an implementation of
dynamic difficulty adaptation in an exergame that players can play.

3.2 Methodology Design Cycle

In the following sections, the methodology of all four conducted focus groups will be
described. Since preliminary focus groups and design focus groups differed in their
procedures, they will be described separately.
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Implementation evaluation /

Treatment implementation Problem investigation

. Stakeholders? Goals?

. Conceptual problem framework?

. Phenomena? Causes, mechanisms, reasons?
. Effects? Contribution to Goals?

Treatment validation Treatment design

. Artifact X Context produces Effects? . Specify requirements!

. Trade-offs for different artifacts? . Requirements contribute to Goals?
. Sensitivity for different contexts? . Available treatments?

. Effects satisfy Requirements? . Design new ones!

Figure 2: The engineering cycle [90]

3.2.1 Materials

For all focus groups a laptop and a smartphone were used to record audio. All partic-
ipants were handed a consent form to sign and ball pens. Participants were shown a
video of Beat Saber on the laptop. The first design focus group received an additional
sheet with short descriptions of each requirement derived from the preliminary focus
groups (see Appendix D.1). They were also offered additional blank paper sheets and
pens when brainstorming and discussing ideas.

3.2.2 Participants

All focus groups except of one preliminary focus group were held with 4 participants.
One preliminary focus group was held with 5 participants. All participants were re-
cruited using convenience sampling. Participantss were either co-workers, student col-
leagues or friends of the researcher. All participants were either students or working
full time at the time of the focus group. Recruiting was done either by directly ask-
ing co-workers and friends or sharing a sign up form in a Whatsapp group of student
colleagues.

It was important that the design focus groups were held with participants, who have
a background in designing User Experience UX), Human Computer Interaction (HCI) or
game design. Thus, the first design focus group was conducted with 4 students. Three
of them studied a Master’s in Human Computer Interaction. The fourth participant
studied a Master’s in Game and Media Technology at the time of the focus group. The
second focus group was held with two participants working as UX designer, one working
as a software engineer and one participant with a background in Artifical Intelligence

(AD).
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3.2.3 Procedure Preliminary Focus Groups

Two preliminary focus groups were conducted to derive requirements for the develop-
ment of dynamic difficulty adaptation in multiplayer exergames. Five participants, who
stated that they were not competitive in general, took part in one focus group. The sec-
ond focus group was then conducted with 4 participants who stated to be competitive
in sports. This ensures that different ideas are gathered as it is likely that participants
have different needs for difficulty adaptation depending on how competitive they are.
Previous research has found that competitive exergames can induce negative feelings
in less competitive players [76, 48]. Therefore, it is necessary to explore the different
needs of competitive and non-competitive players.

The participants were able to try out a VR exergame prior to the focus group in
order to get a feeling for the particular environment of VR games. The chosen VR
game was Beat Saber as this thesis is focused on dynamic adaptation of dance rhythm
games similar to Beat Saber.

Participants were encouraged to openly discuss questions in a semi-structured way.
Thus, further questions can be asked during the focus group to ensure participants
focus on the desired topics and to dive deeper into certain areas. The facilitator of the
focus group had to make sure that every participant feels comfortable and had to encour-
age every participant to share their thoughts and opinions. The focus group started
with a general question about how the participants would solve the presented prob-
lem of mismatching skills in multiplayer mode. During the course of the focus group
more specific questions regarding dynamic difficulty adaptation were asked. Hence,
dynamic difficulty adaptation was explained as it is the proposed solution in this re-
search. The participants were asked to discuss the advantages and disadvantages of
the proposed solution. More specific questions followed about the design of difficulty
adaptation. Therefore, they had to discuss advantages and drawbacks of static vs. dy-
namic difficulty adaptation, increasing vs. decreasing difficulty and targeting only the
strongest /weakest players vs. all players. The protocol of a focus group can be seen in
Appendix 10.

3.2.4 Procedure Design Focus Groups

After conducting two preliminary focus groups, a third focus group followed with par-
ticipants that have a background in Human Computer Interaction (HCI) or Game and
Media Technology (GMT). The goal for this focus group was to use the requirements
derived from the preliminary focus groups and create concrete ideas, how to implement
dynamic difficulty adaptation in a rhythm exergame similar to Beat Saber. Therefore,
participants were needed that have experience with designing games or technology ac-
cording to users’ needs. The participants were divided in pairs to create a low-fidelity
paper prototype in two iterations. In total 4 participants, 3 with HCI students and 1
GMT student brainstormed ideas and discussed those in this focus group.
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Participants were given a sheet listing the requirements. On this sheet, the most im-
portant requirements were highlighted. Create close games is important as it helps to
keep players in flow by avoiding boredom and frustration. It is also important to avoid
demotivation of the less skilled player when using explicit adaptation. Lastly, make im-
provement visible was highlighted as it was multiple times mentioned that improvement
motivates and strong players are also rewarded with an explicit increase in difficulty.
The requirement sheet can be seen in Appendix D.1.

In the first iteration participants were asked to design dynamic difficulty adaptation
that is fair for all players. A paper prototype should be created by each pair. However,
during the conduction of the focus group it became clear that the pairs needed time
to understand the requirements and brainstorm various ideas. Therefore, they did not
create a paper prototype. After the iteration the pairs were asked to present all ideas
that they have brainstormed and discuss advantages and drawbacks. Participants where
also asked which idea they preferred and for what reasons. In the second iteration, par-
ticipants were asked to create an idea that takes into account the previous discussion
and ideas of the other pair. The focus of this iteration was on encouraging players to
move more during gameplay. This should mitigate the problem that players might play
exergames with minimal physical effort. It was planned that the participants would
discuss again ideas in pairs and design a paper prototype. However, this particular
task required more technical knowledge about what movements are possible to track
with a VR head-set. Furthermore, the participants struggled with creating initial ideas.
Therefore, the participants were allowed to discuss in the whole group ideas that were
presented to them by the facilitator. These ideas were: rewarding players with higher
scores if targets were hit with a larger arm swing, rewarding players if they generally
made more movements, providing players, who are lagging behind, the possibility to
catch up by increasing the amount of movements. The participants also shared their
own ideas, which were then discussed in the group. Lastly, the participants were asked
how to personalize difficulty adaptation. The initial protocol for this focus group can
be seen in Appendix 11.

After conducting the first design focus group, the ideas had to be evaluated. Therefore,
a second design focus group was conducted, during which participants discussed the
previous ideas and narrowed them down to one idea. Furthermore, it was discussed
on how to combine this idea with ways of how to encourage movement during game-
play. At first, interviews were planned. However, the first design focus group included
only four participants and thus, it was decided to conduct another focus group, which
dives deeper into advantages and disadvantages of each idea. This approach allowed
for a more comprehensive understanding of user requirements, facilitated discussions
among participants, and aimed to determine consensus among participants regarding
the identified game requirements.
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3.3 Empirical Cycle

The empirical cycle is concerned with answering knowledge questions. These knowledge
questions are the research questions that were defined in the previous chapter. While
the goal of the design cycle is to create a solution for a problem and improve the world,
the empirical cycle has the goal of advancing scientific knowledge. Wieringa provides a
checklist with questions for the empirical cycle that can be followed while conducting
the research [90]:

1. What is/are the knowledge goal(s)?
2. What is the current knowledge?

3. What will be contributed to the knowledge goal(s)?

As a first step, it is necessary to define the knowledge goal, which is the overall
research question that should be answered. Afterwards, the empirical cycle has to
understand the knowledge context of the artifact. For this, a literature research has to
be conducted, which takes into account research findings of relevant areas. This directly
relates to the problem investigation process in the design cycle. Finally, evaluating the
implemented treatment will result in answers for the knowledge goal(s). This is part of
the research problem analysis as can be seen in the empirical cycle (Figure 3.

Afterwards, it is necessary to design the research study by defining the procedure
of the study, participants recruitment and measurements. Furthermore, the research
design needs to be validated by providing justifications for the chosen methods and
measurements and how the results can be used to answer the research question. The
methodology chapter in this thesis includes both the research design as well as its
justification. The research execution follows in the second phase of this Master’s thesis,
which then will lead to the data analysis and the answers of the research question.

3.4 Methodology Empirical Cycle

Main focus of the empirical cycle is to evaluate the prototype designed in the previous
cycle. For this, a user study was conducted utilizing the implemented prototype to
investigate the impact of dynamic difficulty adaptation. The hypothesis proposed that
dynamic difficulty adaptation enhances players’ perceived motivation, competence, and
fairness, contributing to an overall elevated player experience compared to the identical
game lacking dynamic difficulty adaptation. The following sections describe the nec-
essary materials, participants’ demographics, the procedure and the results of the user
study.

3.4.1 Materials

For the execution of the user experiments, two Meta Quest 2 headsets, along with
their controllers, were used. These devices were configured to accommodate developer
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Data analysis

12. Descriptions?

13. Statistical conclusions?

14. Explanations?

15. Generalizations?

16. Answers to knowledge questions?

Research execution Research problem analysis

11. What happened? 4. Conceptual framework?
5. Knowledge questions?
6. Population?

Validation Research & inference design
7. Validity of object(s) of study? 7. Object(s) of study?

8. Validity of treatment specification? 8. Treatment specification?

9. Validity of measurement specification? 9. Measurement specification?
10. Validity of inference design? 10. Inferences?

Figure 3: The empirical cycle [90]

settings. The prototype, developed using Unity, was deployed on both headsets via
Unity. In addition, a survey was created using Qualtrics. Participants completed the
survey on a laptop, with the option to use their personal devices or provided laptops.
Heart-rates were measured using two smartwatches, while the recording of heart rates
and other observations was documented either on paper or digitally via the Notes
software on MacOS. Interviews were recorded using the app Voice Memos on an Iphone.

3.4.2 Participants

User experiments were carried out in pairs, which comprised a total of 14 pairs, thus in-
volving 28 participants. Participants were recruited by convenience sampling, reaching
out to friends, colleagues at work, and within the university for participation. Par-
ticipants were required to play with someone they knew and, as such, were given the
autonomy to select their gaming partner. This approach was chosen to explore po-
tential differences in game experiences when playing against acquaintances, friends or
family compared to strangers. It is expected that dynamic difficulty adaptation is most
useful when playing against friends due to potential significant skill variations. On the
contrary, playing against strangers was expected to result in fewer skill disparities, as
skill matching mechanisms could be used in online game settings.

The participants’ ages ranged from 23 to 42, with 9 (32%) being female and 19 (68%)
male. The majority of participants had limited or no prior experience with dance
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rhythm games, as indicated by 11 (39%) having never played such games before and
8 (29%) having played once or twice. Additionally, 5 (18%) played such games rarely,
defined as playing once every few months, while 2 (7%) played occasionally (every few
weeks), and another 2 (7%) played often (weekly).

All participants had a background in Information Technology, either working for a
software company or studying in the field. The majority of participants were employed
in software development, with roles such as software engineer, data engineer, quality
assurance engineer, software engineering manager, UX designer, and sales representa-
tive. Other participants included two PhD students, a recent graduate, and individuals
working in marketing, office management, and product management.

Participants had to state their weekly physical activity and were categorized into high,
mid and low activitiy. Twenty participants (71.5%) were highly active while 6 partici-
pants (21.5%) were moderately active and only two (7%) showed low physical activity.

3.4.3 Procedure

A between-subject study was conducted. This mitigates biases in the study results
arising from groups that are fairly different in terms of physical abilities. Thus, such
groups would be difficult to compare. Therefore, a participant pair played both condi-
tions: (a) no difficulty adaptation and (b) difficulty adaptation is present. The effects
of difficulty adaptation can then be compared. To mitigate learning effects and effects
arising from exhaustion, the order of the conditions were alternating. At the start of
the study, the thesis project was explained briefly to both participants. Thus, the par-
ticipants were aware that the user experiment includes two games. One game included
dynamic difficulty adaptation, while the other did not.

After the introduction, participants were then asked to start the survey on a laptop.
The first page of the survey included further information about the user experiment
and the thesis project. It also included a highlighted note about possibilities of motion
sickness during the gameplay in VR. The participants were instructed to stop playing
in case of motion sickness. The second page of the survey included a consent form
with a checkbox to tick to ensure that the participant agrees. Once they have agreed,
they received the smartwatches to wear during gameplay. Before the first game, the
heart-rates of both participants were measured and noted.

The participants were explained basic interactions in VR such as how to press but-
tons. Afterwards, further explanations followed about how to play the game and its
rules. Thus, it was explained that blocks should be sliced in the correct directions with
the correct saber. The game also included a bonus system with two different types of
blocks, which was explained as well. Participants were instructed to hit blocks with
more force as this would increase their score. When participants stated that they un-
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derstood the instructions, they put on the headsets. As both players were in the same
room, the researcher could explain to both how to navigate to the game, which buttons
to press on and which game they should play. There were two games to choose from:
Game A (with adaptation) and Game B (no adaptation). Half of the 14 participant
pairs started with game A and half started with game B to counterbalance biases. The
games were identical except of game A would spawn more bonus blocks to the player
that is lagging behind. Both games were about 4 minutes long. After starting the
game, participants were asked if they could see each other within the game to ensure
that they started the correct game and were aware of each other.

When the first game finished, the participants were asked to look at the smartwatch to
check their heart-rate. For both participants, their heart-rate values were noted down.
They were then asked who had won the game, which was noted down as well. The
participants continued with the survey and filled out questionnaires determining their
perceived competence, interest, effort and fairness.

Afterwards, the second game started, which was either the game with adaptation in
case they played the game without adaptation as first game or vice versa. After the
second game finished, the participants where asked to state their heart-rate again and
who had won the game. These were noted down and the participants were asked to fill
out the rest of the survey. This included questionnaires about perceived competence,
interest, effort and fairness again. Furthermore, they were asked to fill out a question-
naire about their physical activity, social comparison and demographics.

When they finished filling out the survey, a short interview with four questions was
conducted. Both participants were interviewed at the same time. The protocol of the
user study can be seen in Appendix 13.

3.4.4 Independent Variable

The independent variable is the presence of dynamic difficulty adaptation. Thus, two
players played a rhythm exergame at the same time in competitive mode with and
without dynamic difficulty adaptation. After each game, dependent variables were
measured via questionnaires.

3.4.5 Dependent Variables

To determine if dynamic difficulty adaptation for balancing exergames has positive ef-
fects, it is necessary to measure if players’ self-efficacy increased while playing the game.
Self-efficacy determines the players’ perception of being able to win the game, which
was measured as their perceived competence. Self-efficacy may increase for both strong
and weak players as weak players may feel that winning the game can be successfully
accomplished regardless of their opponent’s level of skill. Additionally, difficulty adap-
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H

r.‘ Statement H

I felt I was good at playing this game.
I felt a sense of mastery playing this game.

N
1 I felt capable while playing the game.
2
3

Table 3: Competence scale: PXI

tation may boost strong players’ confidence when they notice that the game becomes
more difficult due to their good performance similarly observed by Jensen & Grgnback
[41].

Since difficulty balancing assists weaker players and increases difficulty for stronger
players, it is important to see if both players still perceive the game as fair. In addition
to fairness, it is also necessary to determine how motivated the players felt during the
game. Players might feel more motivated due to the increased chance of winning or
due to the fact that the games become closer, which has been positively associated in
computer games in previous research [27, 87]. Furthermore, the players’ end scores of
each game will be measured to determine how close the game was.

3.4.5.1 Competence Measurement

For measuring competence the scale Player Experience Inventory (PXI) was used [1].
Particularly, the mastery and challenge constructs of PXI were chosen as these were
the constructs that Abeele et al. conceptually mapped to the competence construct of
Player Experience of Need Satisfaction scale (PENS) [1]. It was found that the mapped
constructs highly correlated. PENS competence construct was also used in Jensen &
Grgnbaek’s study that included dynamic difficulty adaptation [41]. However, PENS
and other widely used scales such as Game Engagement Questionnaire (GEQ) lack
empirical validation as opposed to PXI, which was validated over 9 studies [1]. The
questionnaire was measured as a 7-point likert scale similarly to how it was measured
in the validation studies.

3.4.5.2 Motivation Measurement

For measuring motivation two sets of questions of the Intrinsic Motivation Inventory
(IMI) as 7-point Likert Scale [52] was used. The constructs that are of most interest
in this study are Interest/Enjoyment, which directly measures motivation, and Ef-
fort/Importance. The latter is a useful scale to determine if players consciously tried to
succeed in this game. Statements of both constructs are shown in Table 4.

| Nr.| Scale | Statement |

1 Interest /Enjoyment | I enjoyed doing this activity very much.
2 | Interest/Enjoyment | This activity was fun to do.
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Interest /Enjoyment

I thought this was a boring activity.

Interest/Enjoyment

This activity did not hold my attention at all.

Interest/Enjoyment

I would describe this activity as very interesting.

I thought this activity was quite enjoyable.

Interest/Enjoyment

While I was doing this activity, I was thinking about
how much I enjoyed it.

Effort /Tmportance

I put a lot of effort into this.

3
4
)
6 | Interest/Enjoyment
7
8
9

Effort /Tmportance

I didn’t try very hard to do well at this activity.

10 | Effort/Importance

I tried very hard on this activity.

11 | Effort/Importance

It was important to me to do well at this task.

12 | Effort/Importance

I didn’t put much energy into this.

Table 4: Motivation scale: IMI

3.4.5.3 Fairness Measurement

As there is no standardised fairness questionnaire that has been used in research re-

garding gaming, a set of statements on a 7-point Likert Scale was created for this study.

Similar research was done by Jensen & Grgnbaek and Hwang et al. However, both have
only included one question to determine the fairness of their implemented exergame

balancing. Both have asked their participants if the game was fair as one question.
The set includes both positive and negative (reversed) statements. Table 5 shows the

set of fairness statements.

H Nr.\ Statement H

1 I had a chance of winning until the end.

[ was given an advantage over my opponent in the game.

w

game.

My opponent was given a disadvantage over me in the

game.

I was given a disadvantage over my opponent in the

I had a low chance of winning from the start.

game.

My opponent was given an advantage over me in the

The game was close between me and my opponent.

The game was fair.

NelNo o BN (@] ot W~

There was an equal chance of winning for both of us.

Table 5: Fairness scale
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3.4.5.4 Interview

Both participants were asked questions in a short semi-structured interview. To under-
stand how well participants perceived dynamic difficulty adaptation and how it can be
improved, they were asked:

1. Which game would you prefer: the game with or the game without difficulty
adaptation? Why?

2. What did you like about the difficulty adaptation? Why did you like it?
3. What did you not like about the difficulty adaptation? Why did you not like it?

4. Would you play this game again with difficulty adaptation? Why/Why not? If
yes, in what situations?

Question 1 gives insights if dynamic difficulty adaptation was perceived well. The
second and third questions were asked to understand what aspects should be included
when designing dynamic difficulty adaptation and how it can be further improved. The
last question explores in what situations participants would prefer dynamic difficulty
adaptation.

3.4.6 Controlling Variables

Multiple controlling variables were measured as they may influence the dependent vari-
ables. The heart-rate was measured during the game to see if participants put effort
into playing. Additionally, social comparison, demographic data and the amount of
physical activity they engage in, were measured. With exception of heart-rate, all con-
trolling variables were measured as part of the survey that participants filled out at the
end of the user experiment.

3.4.6.1 Heart-rate Measurement

Participants wore a smartwatch to measure their heart-rate during the game. After each
game, their heart-rate was noted down. Heart-rate was measured to see if participants
put physical effort into playing. Besides the IMI questionnaire, high or low physical
effort can be an indicator for how motivated players were during the game.

3.4.6.2 Weekly Physical Activity Measurement

Additionally, participants were asked to state how physically active they are during
the week. For measuring this, the short version of the International Physical Activity
Questionnaire (IPAQ) was used. While the long version was able to produce better
estimates, the short version of IPAQ did not differ from its long version in terms of
validity and reliability [24]. Thus, the short version was chosen as it is more compact.
By measuring weekly physical activity, it is possible to see if there may be correlations
between motivation, competence and how physical active an individual is.
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3.4.6.3 Social Comparison Measurement

In order to understand differences in perceived fairness, motivation and competence
between players, it was also measured how much a participant compares themselves
to others. Players who compare themselves more than others may feel less competent
when playing exergames with a stronger opponent. Thus, difficulty balancing may have
better effects on participants with a high tendency of social comparison. To measure
social comparison the Social Comparison Scale INCOM [36] was used. Furthermore,
Schneider & Schupp proved validity and good model fits of their shortened INCOM
version [71]. Thus, their proposed shortened version was used as can be seen in Table
6. Similarly to the fairness, motivation and competence scale the statements were
measured using a 7-point Likert Scale. Table 3 shows the statements used for measuring
social comparison.

H Nr.\ Statement H

I always pay a lot of attention to how I do things compared with how others
do things.

I often compare how I am doing socially (e.g., social skills, popularity) with
other individuals.

I am not the type of person who compares often with others.

I often try to find out what others think who face similar problems as I face.
I always like to know what others in a similar situation would do.

If I want to learn more about something, I try to find out what others think
about it.

1

(=} Y = W [\

Table 6: Social competence: shortened INCOM

3.4.6.4 Demographic Data Measurement

Lastly, the participants were asked to answer questions about demographic data such as
age, gender and occupation and the type of relationship they have with the participant
that they have chosen to play with (e.g. friends, family, colleagues). Furthermore, they
were asked about their experience in playing VR exergames similar to Beat Saber. The
demographics questionnaire was the last page of the survey that participants filled out
during the user experiment.

3.5 Summary

This methodology adopts a design-empirical framework to address the research ques-
tion, focusing on the process of developing dynamic difficulty adaptation for VR rhythm
exergames while accommodating player preferences and personalities. The methodol-
ogy describes two cycles. The first one focuses on participatory design and the second
one focuses on empirical evaluation.
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The initial phase consists of two steps preceding prototype implementation. In prelim-
inary focus groups requirements for dynamic difficulty adaptation were derived. These
requirements were then presented in a subsequent focus group, engaging participants in
the creation of designs that align with their needs. This participatory design, inspired
by Bodker’s methodology [17], establishes a collaborative foundation for subsequent
phases. The design focus group, that followed after, refined and enhanced the gen-
erated ideas. This resulted in the implementation of one idea as a prototype. The
protoype will then be evaluated through a user study. The study, designed to collect
quantitative and qualitative data provides insights into the practical implications and
player experiences with the dynamic difficulty adaptation in a VR exergame.

In summary, the methodology integrates participatory design principles with an em-
pirical evaluation cycle. This dual emphasis aims to not only ensure that the dynamic
difficulty adaptation aligns with player preferences but also to provide empirical evi-
dence regarding its impact and effectiveness in the realm of VR rhythm exergames.
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4 Results Design Cycle

The first part of the thesis consists of gathering insights by conducting focus groups
and interviews. These insights will be summarized and translated to requirements for
the design of dynamic difficulty adaptation. Therefore, this chapter describes the focus
groups’ results including the derived requirements. Furthermore, one focus group was
conducted to create multiple ideas, which were then further discussed with participants
in a subsequent focus group. By taking into account the previously defined requirements
and the insights from the interviews, one design was chosen for implementation.

4.1 Preliminary Focus Groups

4.1.1 Qualitative Analysis

For analysing the focus groups an emergent coding approach was chosen. The anal-
ysis followed the approach of the Straussian Grounded Theory, which includes open
and axial coding [16, 22]. Preliminary codes were defined beforehand and directly
relate to each discussion topic. Thus, previously defined codes were: preference for
dynamic difficulty adaptation, static difficulty adaptation, bi-directional adaptation,
handicap skilled players (uni-directional), decrease difficulty for less skilled players (uni-
directional). Even though these codes were defined before, the aim of the analysis was
to discover any relevant aspects that are important to consider when designing dynamic
difficulty adaptation in VR exergames. The recordings of the focus groups were tran-
scribed and either assigned to one of the preliminary codes or a new code was created
(open coding). The criteria codes were then grouped, which formed categories (axial
coding). The most important codes were determined by the number of mentions by
both groups. The categories and their most important codes will be further explained
in the following sections. Requirements were then formulated based on the most im-
portant codes. In Appendix C.1 all found codes and derived categories as well as the
number of mentions can be seen.

4.1.2 Results of Both Groups

This section explains the most important categories and codes found in both groups.
Overall, both groups mentioned that seeing improvement is important to continue play-
ing exergames. Players should also have control over the type of adaptation. For ex-
ample, there could be different modes offering dynamic or static difficulty adaptation.
Both groups also agree that close games, where all players are more or less performing
similarly in the game, are the most fun. This aligns with previous research that found
that close games are more enjoyable when playing computer games [27, 87].
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4.1.2.1 Motivators to Play Exergames

It can be motivating to play against higher skilled players, especially if players have a
competitive personality. It was mentioned that winning can give positive feelings but is
not always necessary. Oftentimes seeing the improvement over time is more motivating
than winning games. However, failing every game as well as being very far behind can
be demotivating. Thus, players should think that they have a chance to win. Both
groups mentioned that the game could incorporate rewards such as game items for re-
turning to the exergame after a while.

P3: If you play against individuals that are on a significantly higher level
than you, it actually helps you to excel quite a lot as well. But I think
that depends on how competitive as a person you are. If that drives you or
demotivates you.

4.1.2.2 Disadvantages of Dynamic Difficulty Adaptation

Both groups mentioned more disadvantages of dynamic difficulty adaptation than ad-
vantages. It was feared that the system will overbalance and, therefore, making it too
easy for the weaker player and too difficult for the stronger player. Additionally, dy-
namic difficulty adaptation could facilitate cheating. For example, players could play
badly on purpose in the beginning to receive an advantage.

P3: I feel like if you have VR boxing, for example, and you have one player
putting the whole body in and just making giant moves and just burning
lots of calories and the other person, for whatever reason, maybe can’t even
stand up and just sitting and making small movements. It would feel unfair,
if they would get the same score.

The quote also makes clear that increasing physical effort in an exergame should
reward the player. Fairness was another mentioned point as players could feel unfairly
treated if they put a lot of effort into the game and do not get rewarded more. In
addition, a game should be predictable. This means that if a game is played repeatedly,
it should stay the same without changing the difficulty given that the game offers
different levels of difficulties. Another concern was mentioned regarding less skilled
players who may feel demotivated if they are aware of a decrease in difficulty as it means
that they are performing badly. Participants in previous research have experienced this
when using explicit balancing of exergames [35, 41].

P1: Maybe if I'm super conscious that it has changed and it’s kind of obvious

then I don’t know how good that would make me feel. [...] T might feel a bit
demotivated. [...] If the change was subtle, it might work in a motivating
sense.
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4.1.2.3 Adaptation Needs to Be Tailored to Players and the Game

Participants agreed that the usefulness of dynamic difficulty adaptation depends on the
players’ personalities, the particular game and implementation of difficulty adaptation
and the context of the game. Therefore, competitive players may prefer the challenge
of an opponent who is more skilled than them. Mario Kart’s game mechanic that
assists players on the last place while punishing the player on the first place was seen
as a positive feature that creates a more fun experience for everyone. Players might
also prefer to use dynamic difficulty adaptation if they prioritise fun over competition.
Participants suggested that games should offer dynamic difficulty adaptation as an
additional mode to select. Alternatively, players might want to change settings to
create a difficulty adaptation tailored to their needs with the possibility to decide how
much they want to be assisted.

P5: So some individuals might just do it casually and then they just want
something that they enjoy and some individuals might want to improve
continuously and then it will up the difficulty as they get better.

4.1.2.4 Advantages of Dynamic Difficulty Adaptation

Certain advantages of dynamic difficulty adaptation were mentioned that can lower the
probability of the occurrence of the aforementioned disadvantages. Most importantly,
both groups would enjoy close games. According to participant P3, "everybody gets
more dragged into the middle”, which creates a game where players can still catch up
and the outcome of the game is only determined at the end. As a positive example
for a commercial game, that incorporates dynamic difficulty adaptation, both groups
mentioned Mario Kart. The game includes a game mechanism that makes it difficult
to predict who will win as the placement within the race can change drastically until
the end. Participant P4 states that by adjusting the difficulty of all players, the game
can become more fun, given that players primarily play for fun rather than competing
in a serious context such as in athletic competitions.

P4: So you play against each other, but it’s not about who’s going to win
the title. [...] And then you can play this mixed mode where it’s keeping
both of them close. So for the weak person it gets easier. So it gets to the
middle. For the more experienced person, it gets more difficult, so it gets to
the middle and then most individuals have fun. But it’s just about playing.

Furthermore, games could be designed without explicit levels while internally the
game adjusts the difficulty accordingly to keep every player in the flow. Therefore,
players may not have the need for consistency in games as they are not biased by
explicitly shown difficulty levels.

P1: T feel like it’s not so conducive to have really explicit levels and then I
kind of like that the game then will just dynamically adapt to whoever is
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playing in the moment to the difficulty that they are suited for without you
already kind of pre-selecting. [...] You just put in a game and then you just
kind of slowly have to figure out, what’s my level increasing. And then [...]
you're not so biased before you go into the game.

Dynamic difficulty adaptation also allows for gradual difficulty increase and de-
crease. There might be cases that the provided discrete difficulty levels are not sufficient
as a player might need a level in between two levels. Gradual adaptation can provide
an ideal level of challenges for each player.

P6: I think that the benefit of the dynamic is that the change is happening
gradually while with static, it’s like easy and then medium or difficult. It’s
like the steps might be a bit too high.

4.1.3 Differences between Competitive and Non-Competitive Groups

Competitive group: The competitive group was more open to accept dynamic difficulty
adaptation in games than the non-competitive group. They discussed more examples of
how to implement dynamic difficulty adaptation. Their biggest issue with this approach
is the potential for creating an unfair game for skilled players as skilled players expect
that their higher skill will lead to higher rewards. However, they also mentioned that
this would be likely only a case for very competitive players. Thus, if players only
play for fun with friends, it would not necessarily be a problem that less skilled players
receive assistance or skilled players are handicapped. Dynamic difficulty adaptation
should not be used in actual game competitions nor for experienced players, who are
trying to improve their position in a global leader board or similar. However, since the
goal is to create multiplayer exergames that motivate players to be physically active
regularly, it targets players whose focus is not to participate in serious competitions,
but to adapt a healthier lifestyle.

P7: You can have like casual mode, let’s say, where you just fight each other
and best player wins, but it’s all good fun. Then you have competitive mode
with rankings and what have you. That might, you know, be weird if you're
playing against someone and suddenly, you know, that person has boosts or
aim assistance [...] but that’s unfair.

Non-competitive group: The non-competitive participants discussed more potential
disadvantages of dynamic difficulty adaptation. They preferred static difficulty adap-
tation over a dynamic approach similar to how it is present in current games: Players
choose an appropriate level and get matched to other online players with the same level.
However, this is not possible in the scenario where players compete against friends with
higher skills.

The non-competitive group discussed the VR space as well, which was not mentioned
by the competitive group. It offers a unique experience which enables players to view
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different virtual worlds with shared information between players. Thus, players might
not be able to see if other players receive an increase or decrease in difficulty. It would
also be possible to create a virtual world where players believe to play the same game
even if their game was adapted differently and therefore differs.

P1: So you’re constructing kind of like a different reality, like you're not
actually looking at the person that is necessarily better. Are you actually
going to compare yourself to the person in the virtual space as opposed to in
the real space? So why not change the rules? [...] Maybe it’s not as obvious
that one person is better because you're not actually engaging with them
in real life. [...] So you can kind of build or do whatever you want in some
sense and just fool individuals into thinking that there’s true competition.

4.1.4 Requirements for Dynamic Difficulty Adaptation

The results of both focus groups were taken into account to develop the following
requirements for dynamic difficulty adaptation in VR multiplayer exergames. The found
codes in the categories requirements, motivators and advantages/disadvantages have
been translated to requirements. These requirements summarise aspects that need to
be taken into account for designing a dynamic difficulty adaptation in a rhythm dance
game such as Beat Saber. Only requirements for game play are listed as the design
focus group will create ideas for adapting the game play. However, other requirements,
that will not be further explained here, were mentioned as well such as: offer modes
and settings for adaptation, make clear that players play an adapted game and reward
players to play exergames again over a long period of time.

4.1.4.1 Make Improvement Visible

As improvement is more important than winning games long-term, the game can incor-
porate feedback on how players improved. Furthermore, stronger players get motivated
by seeing an increase of the difficulty due to their performance. Thus, difficulty can be
increased explicitly to make players aware that they are performing well. Thus, explicit
difficulty adaptation is one form of making good performance visible and therefore also
improvement. Positive feedback regarding improvement satisfies the need to feel compe-
tent, a crucial factor contributing to intrinsic motivation according to self-determination
theory.

4.1.4.2 Create Close Games

The game is ideally close to the end. Thus, players, who fell behind, have the chance to
catch up and the player on the first position can always be challenged by other players.
This also helps to keep players engaged according to Flow theory and avoid boredom
or frustration. This means that no player receives an adaptation that makes the game
too easy or challenging.
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4.1.4.3 Do not Demotivate Less Skilled Players

Less skilled players should not get demotivated when their difficulty visibly decreases
due to bad performance. This can decrease their perceived competence, which in turn
leads to lower intrinsic motivation. This can be avoided by creating subtle adaptations.
Another way is to let players decide if they want to use a temporary advantage in
the game. This means that the game rather offers the possibility of assistance than
changing the difficulty immediately without the player’s input. Therefore, the player
stays in control of the adaptation, which also contributes to a feeling of autonomy.

4.1.4.4 Add the Right Amount of Randomness

Chance can be introduced to make the game more unpredictable. Thus, the game
outcome is not determined until the end. It can help players feel as if there was still
a possibility for the game’s outcome to turn around. However, too much randomness
can be frustrating for players when putting effort into the game.

4.1.4.5 Create a Unique Virtual Reality for Each Player

In virtual reality it is not possible to see the real world, which can be an advantage in
exergaming. Players do not necessarily see the physical activity of other players. Thus,
a virtual reality can be created where players have a common ground, but their virtual
realities differ. Players do not necessarily see if someone has an increased/decreased
difficulty unless it is the intention of the game to share this information.

4.2 First Design Focus Group

4.2.1 Qualitative Analysis

Similarly to the preliminary focus groups, the audio recording was transcribed. Tran-
scriptions were then analysed using an emergent coding approach based on Straussian
Grounded Theory [16, 22]. Codes were created based on statements (open coding),
which were then again grouped by similarity. The resulting codes were then categorised
in four categories (axial coding) that directly respond to the four discussion topics of
the focus group. These categories will be explained in the following sub-sections.

4.2.2 Results

The analysis of the second design focus group discussions revealed four main categories.
These sections will cover specific aspects highlighted by participants, which were most
frequently discussed.

The first part focuses on what participants considered necessary for adjusting the game’s

difficulty during play. It explores their ideas on maintaining fairness in the game, espe-
cially when the difficulty changes dynamically.

44



The next section highlights the main points on how to encourage movement in a rhythm
dance game similar to Beat Saber. The final section assesses which game idea partici-
pants preferred and the reasons behind their choice.

4.2.2.1 Adaptation Requirements

Participants discussed requirements that are needed to achieve a good acceptance of
dynamic difficulty adaptation. Three requirements were most important. Firstly, the
group agreed that they would like transparency when games of players are adapted and
therefore result in varying games for each player. Thus, creating games that seem to
be the same but differ for each player were rejected. As a reason, it was stated that
players might feel cheated by the game. For example, skilled players might perceive it
unfair to lose if they cannot see what has changed in the opponent’s game. Therefore,
transparency may lead to higher perceived fairness.

Another requirement is player control, which means that any game advantages that
a player receives should be activated by the player. Thus, the focus group rejected
the idea that difficulty decreases automatically for players. This adds another type of
interaction within the game and leaves the decision to decrease difficulty in the hands
of the player. Therefore, dynamic difficulty adaptation is more accepted, as players
have actively decided to use the advantage that they were offered. A possible example
for an implementation in a game similar to Beat Saber could be that the game spawns
special cubes that activate bonuses when the player manages to hit them.

The third requirement is subtle changes. The participants would prefer subtle increases
or decreases in difficulty to avoid that a player gets overbalanced. Hence, no player
should get an advantage or disadvantage that is too big. Ultimately, the goal is to
create close games which ideally give possibilities to catch up and win until the end for
both players.

4.2.2.2 Fairness Requirements

In the first task, participant pairs were asked to create a dynamic difficulty adaptation
that is fair for all players. Thus, in the discussion requirements were mentioned that may
create a greater perception of fairness. Participants would like to see their opponent
as an avatar. The avatar does not have to be realistic but it should be visible how
the opponent is moving in the game. This can create a fairer game according to the
participants. When players see that their opponents moves a lot and put effort into
playing even if they are less skilled, a loss might be more accepted.

P1: And maybe it also ties into like the fairness part a bit that if you see
that, okay, like your opponent had like bigger blocks or like clearly an easier
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game, but you still see that they put in the effort and they were moving a
lot and they were trying then maybe it still feels fair kind of.

Furthermore, they would like to see their friend, who they are playing with, as an
avatar simply to feel more connected to them. Otherwise, it could create the feeling
that players are playing each individually and only scores are compared at the end.

Being able to see achievements can lead to a fairer game when these achievements
highlight how a player has improved over time and multiple games. One participant
mentioned that dynamic difficulty adaptation can lead players to believe they are better
or worse in the game than they really are. Therefore, showing their achievements can
make them aware of their true skill level.

Another requirement is that all players’ games will be adapted. Therefore, a skilled
player can receive advantages in the game as well given that they are falling behind.
Therefore, the adaptation will be perceived as fair since all players could benefit from
dynamic difficulty adaptation.

4.2.2.3 Encourage Movement

Multiple ideas to encourage movement in VR exergames were discussed. The partic-
ipants stated that they liked the idea to encourage movement by incentivizing effort.
For example, the game could increase score if players move more during the game.

P1: And that ties a bit into [...] the whole adaptation and [...] that it could
also be that [...]| weaker players get rewarded not just for like, let’s say, how
many targets they hit, but also on the effort that they put in. That could
be measured by maybe like the amount of movement or the intensity of the
movement, the speed.

As stated by a participant, incentivizing physical activity in general, could provide
an additional way for less skilled players to score higher. The participants discussed
that complicated patterns and poses, which players have to follow additionally to hitting
blocks, adds humour to the game and, therefore, increases entertainment. This was the
most discussed idea and can be combined with the idea of placing game elements further
apart. Furthermore, they discussed jump scares, consisting of surprising and shocking
elements to create a sudden increase in their heart-rate. However, it was the least liked
idea.

4.2.2.4 Best Ideas

Three ideas where discussed most and stated as favorite ideas. Firstly, power-ups as a
way to add bonuses and introduce ways of simplifying the game for a specific amount
of time were seen positively. Another idea, which participants liked, was the possibility
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to attack the opponent. Therefore, instead of decreasing the difficulty of the player, the
opponent’s game difficulty increases. Participants were in favor of this idea because it
added interactions between players as stated by a participant:

P2: The actions you're able to get, especially to mess with other people, 1
think, would make it more interactive and make it more fun as well for me.

Rhythm dance games often do not include ways to directly interact with opponents
as players have to follow the same dance moves, steps or movements and receive a
score depending on accuracy. Lastly, movement patterns and poses were among the
participants’ favorite ideas as they add humour and the possibility to encourage players
to move more during gameplay.

4.3 Second Design Focus Group

4.3.1 Qualitative Analysis

As previous focus groups the qualitative analysis followed the methodology of emergent
coding based on Straussian Grounded Theory [16, 22]. For this, audio recordings were
transcribed then coded. Through open coding, new codes were created. The resulting
codes were grouped to five categories (axial coding): favorite idea, requirements, ideas
to activate power-ups, reasons for choice, additional features.

4.3.2 Results

Following results summarise the most liked ideas of the participants, reasons for their
choice and further ideas for enhancing a rhythm dance game in VR. The participants
were also asked to discuss concrete ideas how their favorite ideas could be explicitly
implemented.

4.3.2.1 Favourite Idea

The participants favored a specific idea that emerged during discussions — a com-
bination of power-ups and attacks designed to influence opponents’ game play. The
idea of being able to disrupt an opponent’s game resonated strongly as it encourages
interactions between players. This idea was perceived as both fun and original.

P1: And that’s again a lot more interactivity right. That’s because then
you're trying to prevent the other [player to score].

Power-ups alone were seen to be less interactive, as the opponent would not notice
if the player received an advantage.

P2: But with those power ups, it’s only for you. So, the other player cannot
see that you are having that advantage.
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Moreover, participants proposed a mechanism where power-ups are activated through
increased movement during game play, visually represented by a loading bar. This
loading bar advances more rapidly for players falling behind. Thus, less skilled players
unlock bonuses such as power-ups and attacks faster than their opponent and therefore,
receive more opportunities to catch up. The interactive dimension of attacking oppo-
nents and increasing their difficulty adds unpredictability to the gaming experience.

Combining power-ups with attacks seemed fair to participants because it provided a
viable alternative for weaker players to succeed, requiring less skill but incentivizing
physical activity. Furthermore, the idea was seen as a means to challenge stronger
players, adding an extra feature for competition.

P3: I think the issue is [...] being worse than another person, missing the
beats or something because it’s all like rhythm based. Right? So maybe
you can get like if you're messing with someone’s game, it’s like more fun
and less a little bit about the rhythm part.

As development progresses, this preferred concept, which combines power-ups and
attacks, will be transformed into a playable prototype of a VR game. Aligned with
participants’ preferences, the implementation phase will refine the integration of power-
ups and attacks, aiming to deliver an engaging gameplay experience that aligns with
the requirements that were derived from this and preceding focus groups.

4.3.2.2 Requirements

The participants mentioned several requirements to implement the favored idea. Firstly,
to ensure that the game is perceived as fair, players should not be given advantages
without putting effort into playing. Thus, the game should offer opportunities to catch
up, but in order to use these opportunities, players will have to actively do something.
For example, players need to hit targets or move more. One participant mentioned that
they would rather incorporate strategic elements to the game, which enables players to
catch up, than simply pressing a button to get ahead:

P3: I really like to keep it on the technical part of the game where you |...]
use these technical aspects to gain an advantage instead of [...] pressing a
button and getting like a power up [...].

Furthermore, another participant mentioned that the power-ups and attacks should
not be overpowering. Mario Kart was mentioned as an example, where power-ups can
overpower players.

P2: It’s hard to find the balance of like being overpowered [...] like a bullet.
[...] T was riding first the whole game and then you get like one thing and
you're [thrown to the back]. But it’s like, make it so your own efforts rewards
you for your, uh, catching up.
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When attacking the opponent, it should still be manageable for the opponent. For
example, the opponent can block attacks or end them earlier by performing certain
movements.

P3: T think being able to like remove [the attack] by doing something so not
that the other person does something and you are stuck with it for like 30
seconds. You having the chance to like get rid of the [attack].

Furthermore, one participant mentioned that the game should be self-explanatory
to quickly learn game mechanics.

4.3.2.3 Further Ideas

More ideas to further enhance the game were mentioned, which were not directly con-
nected to the implementation of difficulty adaptation. Among these ideas was getting
bonuses for streaks of hitting blocks correctly. This is similar to Beat Saber’s game
mechanic, where the score is increased when streaks are activated. Participants also
mentioned that a calorie counter would be beneficial. The Meta Quest 2 headset, which
was used for the user study, has incorporated a calorie counter. It can be seen by looking
to the ceiling and vanishes when looking down again. Furthermore, it was mentioned
that they wish for strategic elements in the game, hints that point out to players how
to catch up, and feedback about who is currently leading.

4.4 Requirements

Table 7 summarizes the requirements derived from all 4 focus groups. Note that similar
requirements have been merged together. Subtle adaptation and Do not mess too much
with opponent were merged together as the latter is a direct consequence of subtle
adaptations. Furthermore, Player in control, Player needs to put effort to get power-up
and Avoid demotivation were merged as demotivation can be avoided by putting players
in control. Create a close game and Provide a way to catch up are directly related and
therefore, merged. A short overview of all requirements derived from the focus group
results can be seen in the Appendices C.1, D.2 and D.4.

H Nr.‘ Requirement ‘ Description

R1

Create close games

In order to create a fair game without frustrations, it is im-
portant to balance scores between players during game play.
Ideally, scores differences do not increase greatly or will be
quickly balanced out after increasing.

R2

Avoid demotivation of the
less skilled player by player
control

By offering opportunities that players have to actively take,
they are put into control. This means that they can choose
to not use the help that they receive and therefore, they may
feel less exposed as weak player.
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R3

Make improvement visible

Improvement can be made visible after the game ends. For
example, information about their true performance can be
given later.

R4

Add the right amount of
randomness

Randomness can make games unpredictable and more inter-
esting. However, it should not include too much randomness,
as players may feel the outcome is unpredictable and detached
from their effort and performance.

R5

Make adaptations transpar-
ent

Players should be aware that they play an adapted game and
should be able to notice when they receive assistance due to
their weaker performance, as they do not want to think that
their performance is not solely based on their true skills.

R6

Subtle adaptations

It was mentioned that attacks on opponents should not be
too extreme, as they should not feel disadvantaged over the
player who receives assistance.

R7

Seeing  opponents effort
through avatar movements

Participants would like to see their opponents in a multiplayer
game feel like they are playing with another person rather
than alone for themselves. They also want to see their oppo-
nent if they are interacting by attacking each other.

RS

Both players need to get
positive adaptations

To create a fair game, both players should be able to receive
assistance when they are lagging behind even if they were
previously leading.

Table 7: Requirements for dynamic difficulty adaptation

4.5 Summary

Four focus groups were conducted to explore dynamic difficulty adaptation in the con-
text of VR dance rhythm exergames. The initial two focus groups involved general
discussions on dynamic difficulty adaptation, including its advantages and drawbacks.
Subsequently, the following two focus groups centered around the specific design of dy-
namic difficulty adaptation within a rhythm dance game with similar game mechanics

as Beat Saber.

The first two focus groups generated a list of requirements crucial for designing
dynamic difficulty adaptation in exergames. These requirements served as the founda-
tion for subsequent design-focused focus groups. The first design focus group aimed
to generate ideas aligning with the identified requirements and creating a close game
that encourages physical activity. These ideas were then subjected to evaluation and
refinement in the second design focus group.

The concept of incorporating power-ups and attacks emerged as the favored idea.
This concept not only introduces interactions between players, but also adjusts the diffi-
culty for both skilled and less skilled players. While power-ups decrease the difficulty of
the game for the player lacking behind, attacks increase the difficulty of the opponent’s
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game. The activation of power-ups and attacks is tied to physical activity. Importantly,
any player, who falls behind, is subject to the adaptation. This approach is perceived
as fair, ensuring that players who fall behind receive more bonuses regardless of their
previous performance.

The chosen idea, a combination of power-ups and attacks, will be implemented in a
playable VR prototype.
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5 Prototype

For conducting a user study, it was necessary to implement a playable prototype. Since
this prototype is intended for use with a VR headset, it was developed in Unity version
2021.3.16f1, utilizing its XR (extended reality) framework along with the XR Toolkit
to facilitate the integration of VR interactions. For writing Unity scripts, Visual Studio
Community 2022 version 17.6.5 was used. The game mechanic is similar to the popular
rhythm dance game Beat Saber, known for its game mechanics where players strike
blocks with differently colored sabers.

The implemented game was designed to be a simplified version of Beat Saber. Ad-
ditionally, it introduces unique game elements absent in Beat Saber. These elements
were tailored in accordance with the requirements and findings of previous focus groups.
Approximately two months were dedicated to the creation of this prototype.

The prototype features a multiplayer mode realized through the Photon Pun library.
This library establishes a network that seamlessly connects multiple players within the
game. The game was designed to be playable by two players. Players can see each
other within the game (see Figure 6).

5.1 Game Mechanic

Similar to Beat Saber, blocks are sliced through by sabers of different colors in various
directions. The bonuses spawn when a loading bar is fully filled. The loading bar can
be seen in the background of Figures 5, 4, 7 and 6. The more a player moves, the
faster the bar fills up. Once it is fully loaded, it will spawn two bonus blocks. Thus,
the more someone moves, the more bonuses can be unlocked. The bonus blocks are
spawned simultaneously on the left and right sides. When one bonus block is hit, it
activates a power-up or attack for 10 seconds. Therefore, bonuses are only activated if
a player sliced them. Bonus blocks are also spawned further away from normal blocks,
making it harder to hit them simultaneously with normal blocks. Therefore, players
still need to put effort to activate bonuses, which is aligned with the requirement R2:
Awvoid demotivation of the less skilled player by player control.

The game does not include a lot of randomness as aligned with R4: Add the right
amount of randomness. However, the vertical position of the bonus blocks is spawned
randomly. Furthermore, bonus blocks can be spawned simultaneously when many or
few normal blocks are spawned. Therefore, hitting bonus blocks can be harder or
easier depending on the timing of them appearing. Players cannot choose when bonus
blocks are spawned as they are activated when a certain movement threshold is reached.

The power-up block with a star icon decreases the player’s game difficulty, for in-
stance, by multiplying points by a factor when a block is successfully sliced. It can
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also make the game easier by allowing the player to hit blocks from any direction. The
non-adapted game will only include the mechanism of multiplying scores with a factor.
The adapted game will have different mechanisms depending on how large the differ-
ence in score between players is. Furthermore, movement is incentivized by multiplying
scores by a higher factor when blocks are sliced with greater acceleration. The factor is
directly related to the amount of acceleration. For example, if a block is hit correctly
with the least amount of acceleration possible, the player receives 10 points. How-
ever, with more acceleration, the player can receive up to 100 points. If players miss
blocks or slice them incorrectly, they will receive minus points, which pop up in red af-
ter slicing a block. Therefore, it is easier for players to see if they hit a block incorrectly.

The attack block with a sword icon, on the other hand, attacks the other player. Thus,
the opponent’s block size decreases, blocks rotate for greater difficulty, or their score
is divided by a factor. The factor is determined by how often the other player hits an
attack block within 10 seconds. The factors by which their score is multiplied or divided
are visible to players, indicated on the block (see Figures 7, 5). Similarly to power-up
blocks, for the non-adapted version an attack will only decrease the opponent’s score
by a factor. The adapted version will have different mechanisms depending on the score
difference.

Additionally, similar to Beat Saber, a player hitting 10 blocks correctly in a row receives
a multiplier added to their score, doubling with each successive set of 10 blocks hit in
a row. This multiplier is written as text above the loading bar for each player. When
a player misses a block, the multiplier will become the default value of 1, meaning the
score will not increase.

The players are standing next to each other within the VR game and are visualized as
avatar with a head, torso and arms holding sabers. Thus, players can see each other
moving if they look to the side. This aligns with R7: Seeing opponents effort through
avatar movements as they can look at each other during the game. The blocks are
spawned in front of each player. Therefore, players can see their opponent’s blocks next
to theirs. A gap between the players’ positions indicates which blocks correspond to
which player. The player who first enters the game is always spawned on the left side
of the VR room. The second player spawns on the right side.

Certain game mechanics were mentioned as features in focus groups, including the ad-
dition of streaks when a player accurately hits multiple blocks and the incentivization
of movement, such as achieving a higher score by hitting blocks with more acceleration.
Furthermore, it was decided to not implement requirement R3: Make improvement vis-
ible as this requires an accurate comparison of a player’s past performance with their
current performance. The prototype will only be played for a short session during the
user experiments. Thus, past performance does not exist at that time.
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Figure 4: Exergame showing bonus blocks

The game included visual implementations of factors and scores. The loading bar
was included to indicate movement and loading factors to indicate that the game is
adapted to the player. The players have full transparency on how their scoring changes
due to the game being adapted for a player by being able to see all factors. This aligns
with requirement R5: Make adaptations transparent.

5.2 Dynamic Adaptation of Difficulty

The type of adaptation is explicit as players will be able to see a higher amount of
bonus blocks spawned when they receive assistance in the game. The loading of the bar
is multiplied by a factor that can increases, which leads to a faster fill of the loading
bar. Consequently, the player who is lagging behind will unlock bonuses at an accel-
erated rate. This factor increases when the score difference between players increases
and when more mistakes are made. Thus, the factor that fills up the loading of the bar
faster, increases with the total amount of mistakes but also by the number of mistake
streaks that are higher than 2. A mistake streak is the number of mistakes that were
made in a row.

The adaptation can influence both players, as it initiates adjustments for the player
who is currently lagging behind. The dynamic aspect of the adaptation and target-
ing both players fulfills requirement R1: Create close games as it should continuously
balance the scores of both players. Furthermore, as both players are able to receive
bonuses RS8: Both players need to get positive adaptations is fulfilled. However, the
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Figure 5: Exergame after bonus blocks activation

adaptation only comes into effect when the score difference exceeds 200 points, given
that reaching 200 points is achievable by accurately hitting two blocks with high accel-
eration. Therefore, if the score difference between players is 200 or below, it is easy to
secure a lead.

After playtesting the initial version of the game, an upper threshhold for the load-
ing factor of the bar had to be added. Otherwise, there was the possibility that too
many bonus blocks would spawn at the same time, which made the game impossible
to play. After play testing, it was decided to set the threshhold to 28 as the amount of
bonus blocks spawned at this loading factor was still manageable.

Additionally, the power-ups and attacks adapt depending on how the performances
of both players differ. The first power-up allows the player to double the points when
hitting blocks. Therefore, bonuses have a subtle effect initially and increase their effect
further if necessary. Thus, subtle adaptation can be achieved according to R6: Subtle
adaptations. However, it is necessary to increase the bonuses’ effects to balance large
score differences between players. Furthermore, if the player manages to hit another
power-up block within 10 seconds, the factor increases. For example, instead of dou-
bling, score will triple. The attacks decrease the size of the opponent’s blocks and halves
their points on a hit. If more attack blocks are hit within 10 seconds, the factor will
be further halved. For example, 1/2 becomes 1/4 which devides the opponents score
when hitting a block by 4.

Once the score difference is greater than 1000, the bonus mechanisms change. Thus,
the game will become easier for the player. At this second stage, the power-up block
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Figure 6: Opponent has activated power-up and receives double score (2x on blocks)

allows the player to hit the blocks in any direction but using the correct saber. This
is indicated by colored bars on each side of the block. Red bars on blocks should be
still hit by the red saber, while blue bars on blocks should be hit by the blue saber.
When hitting the attack block, the opponent’s blocks start to rotate which increases
the difficulty. However, the opponent’s score will not be decreased when hitting blocks.

The power-ups and attacks change again when the score difference becomes larger
than 1500. At the third stage, power-ups allow to combine the previous two power-ups.
Thus, when hitting the block, points will be doubled. Furthermore, blocks will not have
any colored bars anymore and will appear completely black. This indicates that these
blocks can be hit by any saber in any direction, which further simplifies the game. If
the player attacks their opponent, the attack will be a combination of the previous two
attacks. Therefore, the blocks’ sizes will decrease, the points will be halved on a hit
and the blocks will rotate. This further increases difficulty for the opponent.

5.3 Game Logs

For analysis certain values were logged during gameplay for each player, which were
saved on the headset. Values were saved as a JSON file in key-value pairs and could
be accessed by connecting the headsets via cable to a laptop. The overall score and a
list of streaks were logged. The list of streaks included every streak that the player had
during the game. For example, if the player hit 10 blocks correctly, a value of 1 was
added to the list. If the player then proceeds to hit 10 more blocks correctly, it would
add the value of 2. Additionally the overall amount of mistakes and a list of mistake
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Figure 7: Opponent attacked player: 1/2 on blocks indicate half score

streaks were logged. A mistake was tracked when a player missed a block. If the player
was missing continously blocks, the number would be counted and added to the list of
mistake streaks. In case of the game with dynamic difficulty adaptation, it was also
logged how the factor for the loading bar changed over time. Thus, each time a new
factor was calculated, it was added to the list.

5.4 Play Testing

The prototype was play tested by four players, who were recruited through convenience
sampling, including friends and work colleagues. Each player participated in 2 to 3
games with the researcher and was asked in between to describe liked aspects, potential
improvements, understanding of game mechanics, and suggestions for improving the
game. Following each play testing session, the game underwent adjustments based on
feedback and was play tested again until a stable version was achieved.

The first play test highlighted the necessity of implementing a threshold for the adap-
tation factor, as a higher score difference continuously increased the factor, resulting
in an excessive number of bonuses, which made the game unplayable. In response,
adjustments were made to address this issue.

The second play test revealed User Experience (UX) problems that needed attention,

such as excessive text and unclear scoring for correct hits, making it challenging for
players to comprehend the scoring system. In order to make scoring clearer, score
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pops up from blocks when being sliced and disappear after 1 second. Additionally, it
was unclear during the game who was currently leading. The play tester suggested in-
corporating a timer that emphasizes the urgency of gaining points before time runs out.

The third play test indicated that major issues were resolved, and players appreci-
ated the UX improvements. However, catching up remained challenging. Therefore, it
was decided to include three mechanisms for power-ups and attacks, which will further
increase their effectiveness as the score difference increases. These changes made it
easier to catch up even when score differences became very large.

After the fourth play test, no further suggestions were made, and catching up became
achievable even with higher score differences.

5.5 Summary

The prototype for the VR multiplayer exergame was developed using Unity. The game
mechanics, inspired by Beat Saber, involve slicing through blocks with sabers in different
colors and directions. Additional features include bonuses that unlock with player
movement, spawning two extra blocks, a power-up block to achieve higher scores, and
an attack block to attack the opponent.

Dynamic adaptation of difficulty was implemented with a loading factor filling up a
loading bar. This factor increases based on score differences and mistakes that players
have made. When the loading bar is filled up, two bonus blocks will be spawned. These
gives opportunity to catch up in the game by either making it easier to score higher or
increasing the difficulty of the opponent’s game.

Four play tests were conducted. Their feedback was implemented after each play
test and evaluated in the subsequent play test. The first play test highlighted the need
for a threshold in the adaptation factor. The second play test identified UX problems,
leading to the incorporation of a timer for game progression. The third play test
highlighted difficulties in catching up. It was decided to increase the power-ups and
attacks effectiveness when the score difference increases. After the fourth play test, no
further suggestions were provided, and catching up was feasible even with higher score
differences. The prototype will be used in user experiments to further investigate how
dynamic difficulty adaptation affects players.
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6 Results Empirical Cycle

The following chapter describes the results derived from the analysis of survey data,
logs, and interview responses. In evaluating the hypotheses, a quantitative analysis was
conducted, providing insight into the potential rejection of the null hypothesis posited
across the three aforementioned hypotheses. Furthermore, a combined quantitative
and qualitative exploratory analysis has been undertaken to determine the influence of
controlling variables on dependent variables and to identify potential advantages and
improvements within the domain of dynamic difficulty adaptations in exergames.

6.1 Quantitative Analysis

For analyzing the survey data, a quantitative analysis was performed. Data were down-
loaded as a CSV file from Qualtrics with questionnaire results as numeric data. The
results of the Likert scales were already converted to numeric values. All data pro-
cessing and analysis of survey data and game logs have been done in R version 4.3.2.
A mapping from statement to dedicated scores can be seen in Table 8. For reversed
statements, scoring also has to be reversed. For example, a score of 7 should be reversed
to 1. Thus, reverse statements in survey data received reversed scoring as a first step.

| Statement | Score||

Strongly disagree 1
Disagree

Somewhat disagree
Neither disagree nor agree
Somewhat agree

Agree

Strongly agree

| O O | W[ DO

Table &: Likert scale scores

Afterwards, columns were added with further information such as the logged game
data (scores, mistakes and adaptation loading factors), heart-rates and if the participant
started the game with or without difficulty adaptation. Then scores for the scales
competence, interest, effort and fairness were calculated. By multiplying the number
of statements with 7 due to the usage of 7-Likert scales for all questionnaires, the
maximum score can be determined. A lower score indicates less perceived competence,
interest, effort or fairness, while a higher score indicates a higher degree of the perceived
attribute.

Competence (PXI) has a maximum score of 21 as it consisted of 3 statements.
Similarly, the maximum score of interest (IMI) is 7 * 6 statements = 42. The scale for
effort (IMI) included 5 statements and therefore, has a maxmimum score of 35. Fairness
has a maximum score of 63 as it included 9 statements.
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Similarly, the maximum score for the social comparison score (INCOM) was calcu-
lated as 42 as it included 6 statements.

Furthermore, the physical activity (IPAQ) data had to be calculated. Participants
stated the amount of days and minutes per week they had exercised vigorously, moder-
ately, and walked. To determine how active they are, the amount of metabolic equiva-
lent (MET) minutes per week had to be determined, which represent the energy used
per minute to perform physical activity. One MET is the amount of energy used while
resting. Walking is considered to be 3.3 METS, moderate activity 4 METS and rig-
orous activity 8 METS. Therefore, the participants’ stated minutes per activity in the
survey are multiplied by their corresponding number of METS [33]. The result is then
recorded as MET minutes. Physical activities can be categorised into high, mid and
low activity. Table 9 shows the necessary conditions that have to be fulfilled for each
category. Each participant received one of the three categories to describe the extend
of their weekly physical activity.

Part of the data processing was also to calculate the final score differences between
the competing players for each game.

Outliers were not removed for any questionnaire answers or logged data as it is
considered that answers can vary greatly as well as game logs for few participants.

H Category ‘ Conditions

At least 3 days of vigorous activity + 1500 MET minutes a week
High OR 7 days of a combination of walking/moderate/vigorous activity
+ 3000 MET minutes a week

At least 3 days of vigorous activity OR 5 days of moderate activity

Mid OR 30 minutes walking per day OR 5 days of a combination of
walking/moderate/vigorous activity + 600 MET minutes a week
Low Not meeting criteria for mid or low activity

Table 9: IPAQ: Categories and conditions [33]

6.1.1 Hypothesis

Following the preprocessing of survey data, the subsequent analysis was conducted using
R. Preceding this, three hypotheses were formulated, positing a significant increase in
the attributes of competence, motivation, and fairness in games featuring dynamic
difficulty adaptation. To assess the rejection of the null hypothesis, a significance level
of 0.05 was adopted and the cumulative scores of each scale for the game with adaptation
were compared with the game without adaptation. For this, the parametric paired t-
test was conducted. It was run as a one-tailed paired test to examine whether a game
with adaptation would yield significantly greater values in any of the four attributes.
These attributes corresponded to the four scales employed: competence, interest and
effort, contributing to motivation, and fairness.

It is worth noting that opinions in previous research differ regarding whether Likert
scales should be viewed as interval or ordinal data [9, 40]. While ordinal data allows
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ranking in order, interval data also satisfies the condition of having equal distances
between data points. Likert himself regarded Likert scales as interval [9]. In this
analysis, the sum of all values of a Likert scale was computed; hence, it can be treated
as interval. To conduct paired t-tests, it had to be tested if the differences between
the sums of a scale measured after each game were normally distributed. For all scales
(competence, interest, effort, and fairness), the Shapiro-Wilk test was conducted to see
if the distribution of data was significantly different from a normal distribution. For all
four scales, the p-value was above 0.05, and therefore, it was normally distributed. QQ-
plots were created and examined as well (Figure 8). Histograms in Figure 9 show the
distribution but are more ambiguous due to the low amount of data points. Examining
the Q-Q-Plots, histograms, and p-values of the Shapiro-Wilk test, it can be assumed
that the data points are normally distributed for the differences between the scores of
the adapted and non-adapted game in all four attributes: competence, interest, effort,
and fairness. Therefore, a t-test was used to determine if there was a significant increase
in any of those four attributes when adapting difficulty dynamically in exergames. The
t-test was paired as a between-subject study was conducted. Furthermore, it was
predicted that dynamic difficulty adaptation will only have a one directional effect by
increasing the perceived competence, motivation and fairness. Therefore, the t-tests
were one-tailed.

6.1.1.1 Competence

Hypothesis Hy: (H1.0) Dynamic difficulty adaptation in VR multiplayer exergames
does not have an effect on players’ perceived competence during gameplay.

Hypothesis H;: (H1.1) Dynamic difficulty adaptation in VR multiplayer exergames
increases players’ perceived competence during gameplay.

Figure 10 shows that there was a higher range in competence scores for the non-
adapted game, generally including higher and lower scores compared to the adapted
game. The median of the non-adapted game was slightly higher as well with 16.43 com-
pared to 16.04. The one-tailed, paired t-test showed no significant difference between
adapted (M = 16.04, SD = 3.38) and non-adapted games (M = 16.43, SD = 3.8), t(27)
= -0.5, p = 0.69. Thus, the null hypotheses H1.0 cannot be rejected.

6.1.1.2 Motivation

Hypothesis Hy: (H2.0) Dynamic difficulty adaptation in VR multiplayer exergames
does not have an effect on players’ motivation.

Hypothesis H;: (H2.1) Dynamic difficulty adaptation in VR multiplayer exergames
increases players’ motivation.

Motivation was constructed by a combination of two scales, namely for interest and
effort as high interest in the game yields higher motivation and higher effort indicates
higher motivation as well. For both interest and effort it can be seen in Figure 11 that
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Figure 10: Box plot comparing competence between adapted and non-adapted game

means are similar for both games. Furthermore, the ranges of scores between adapted
and non-adapted game are similar for both attributes. Score ranges are above the mid-
point of the score scale. A one-tailed, paired t-test showed no significant difference
between adapted (M = 41.86 42.54, SD = 5.54) and non-adapted games (M = 42.54,
SD = 4.07) for interest, t(27) = -0.84, p = 0.8. Similarly, there was no significant
difference between adapted (M = 26, SD = 5.24) and non-adapted games (M = 26.04,
SD = 4.53) for effort, t(27) = , p = 0.51. Thus, the null hypotheses H2.0 cannot be
rejected.

6.1.1.3 Fairness

Hypothesis Hy: (H3.0) Dynamic difficulty adaptation in VR multiplayer exergames
does not have an effect on players’ perception of fairness of the game.

Hypothesis H;: (H3.1) Dynamic difficulty adaptation in VR multiplayer exergames
increases the players’ perception of fairness of the game.

The box plot in Figure 12 shows that the adapted game has a higher median, while
higher fairness scores were reached compared to the non-adapted game. For fairness,
a one-tailed paired t-test showed that fairness was perceived significantly higher for
adaped games (M = 47.89, SD = 7.86) compared to non-adapted games (M = 43.82, SD
=8.03), t(27) = 2.33, p = 0.01. Therefore, the null hypothesis H3.0 can be rejected. The
user experiments have shown that the exact same exergame adjusted to have dynamic
difficulty adaptation significantly increases the perception of fairness of players. The
effect size was small with 0.44.
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6.1.2 Exploratory Results

Part of the thesis project is to explore whether other variables influenced the dependent
variables. For this, an exploratory approach was taken. Weekly physical activity, heart-
rates, the amount a person compares themselves to others (social comparison), gender
and experience in rhythm dance games were recorded to explore possible influences.

6.1.2.1 Physical Activity

Most participants (20 or 71.5%) were highly active, while 6 (21.5%) were moderately
active, and only two participants had low physical activity levels. Thus, the range of
extents of physical activity was not varied enough to be able to test differences between
different levels. Therefore, it was not possible to see whether the levels of physical
activity influenced results.

6.1.2.2 Social Comparison

The survey entailed one question with 6 statements about social comparison using a 7
Likert scale and thus, the maximum score was 6*7=42. To facilitate comparison, the
social comparison score was divided into three categories: low, mid and high. Dividing
the score any further would have resulted in less participants per category. Similarly,
dividing the score into two categories (high, low) would have resulted in 27 participants
with a high score and only one with a low score. Thus, it was decided to determine
three categories.

A scoring of above 28 was considered as a high score as it is over 2/3 of the maximum
score. Respectively, a scoring above 14 was considered mid and any score equal or below
14 low. Note that 19 participants reached high social comparison scores, 9 had mid-
level scores while no participant had a low score. Therefore, only mid and high social
comparison scores can be analysed.

In order to determine whether there had been significant effects on dependent
variables based on the level of social comparison, a mixed ANOVA was chosen with
(non)existence of difficulty adaptation as a within-subject factor while the level of so-
cial comparison was considered as between-subject factor. The data was tested for
normality with a Shapiro-Wilk test and by examining Q-Q-Plots (Figure 13). For the
dependent variables effort and fairness, the Shapiro-Wilk test resulted in a p-value of
over 0.05 (effort p=0.53, fairness p=0.29) and therefore the data is normally distributed.
This can be also seen in the Q-Q-Plots (Figure 13). However, for competence the p-
value was 0.005 and for interest 0.001. Even though the data points on the Q-Q-plots
for both competence and interest (Figure 13) are mostly within the band, due to the
small sample size the results of the Shapiro-Wilk test will be considered for determin-
ing normal distribution. Thus, the data for competence and interest is not normally
distributed and therefore ANOVA could not be used. As a non-parametric alternative
a Kruskal-Wallis test was conducted for competence and interest. However, only ef-
fects of the levels of social comparison could be investigated without factoring in the
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within-subject factor of adapted/non-adapted games. For example, it is not possible
to see whether social comparison has effects only if difficulty is adapted. Furthermore,
non-parametric tests yield less robust conclusions compared to parametric tests.

In order to conduct the mixed ANOVA test on effort and fairness, the data had to
be tested for homogeneity with the Levene’s test. ANOVA assumes that the variance
between groups is equal the overall variance. For both effort and fairness, p-values were
above 0.05 and therefore, homogeneity of variances was given.

The results of the mixed ANOVA test showed that the simple main effect of social
comparison on effort was not significant for adapted games (F(1, 26) = 0.02, p = 0.90).

A mixed ANOVA showed that social comparison has a significant effect on fairness,
which differs between adapted and non-adapted games (F(1, 26) = 8.38, p = 0.01).
Considering the Bonferroni adjusted p-value (p.adj), it can be seen that the simple
main effect of social comparison on fairness was significant in adapted games (F(1, 26)
=942, p = 0.01). It was not significant for non-adapted games (F(1, 26) = 0.11, p =
0.75). It can be observed that, in pairwise comparisons, the mean fairness score was
significantly different for high social comparison scores above 28 vs mid social compari-
son scores above 14 (p = 0.01). Participants comparing themselves more seem to value
fairness higher for adapted exergames than other participants, which can also be seen

in the box plot for fairness comparisons between high and mid-level social comparison
(Figure 14d).

Conducting a Kruskal-Wallis test for competence showed that there is no significant
difference for varying social comparison levels (H(1) = 2.09, p = 0.15). The Kruskal-
Wallis test for interest showed that there is a significant difference for varying social
comparison levels (H(1) = 4.17, p = 0.02). The effect size was calculated using eta-
squared and revealed a small magnitude with an effect size of 0.06. As only two levels
of social comparison existed in the data (mid and high), there is a significant difference
in interest scores depending on whether participants considered comparing themselves
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with others moderately or highly.
These results should be viewed carefully as only 6 participants had mid level scores.

6.1.2.3 Heart-Rate

Elevated heart-rate during gameplay can indicate if players were physical active, put
effort into playing and thus, were motivated to play. To determine if adapted difficulty
had a significant effect on heart-rate compared to the non-adapted game, a Kruskal-
Wallis test was conducted. A one-way ANOVA was excluded as Levene’s test conducted
for testing homogenuity of variance resulted in a p-value below 0.05. The Kruskal-
Wallis test showed a significant difference between heart-rates (H(2) = 19.8, p<0.001).
Furthermore, the effect size was large with 0.22. A pairwise comparison showed that
heart-rate was significantly different before playing the exergame compared to after
playing the adapted game (p<0.001) as well as after playing the non-adapted game
(p<0.001). However, no significant difference was detected between adapted and non-
adapted games. This can also be seen in the box plot (Figure 15) as the heart rate
after playing the adapted and non-adapted games seemed similar.

6.1.2.4 Rhythm Dance Gaming Experience

Only four (14.3%) participants indicated that they played rhythm exergames often or
occasionally. More than half (19 or 67.9%) of participants had never played or had only
played once or twice, and 5 (17.9%) had played rarely, meaning once every few months.
Therefore, for most participants, rhythm dance games were novel. To detect effects, a
broader range of experience is necessary.
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6.1.2.5 Gender

The user experiments involved 19 (67.9%) male participants and 9 (32.1%) female par-
ticipants. In line with the analysis of effects based on social comparison levels, mixed
ANOVA tests for perceived effort and fairness were conducted, as all assumptions could
be satisfied. Due to the non-normal distribution of data for competence and interest,
the Kruskal-Wallis test was employed. As previously mentioned, this test can deter-
mine whether gender had a singular effect on the dependent variable. However, it does
not provide insights into potential variations in effects between different genders and
adapted or non-adapted games. The results should be carefully considered due to the
low amounts of female participants.

The box plot in Figure 16a illustrates that female participants seem to perceive them-
selves as more competent when playing the adapted game compared to male partici-
pants. This reverses however for the non-adapted game. However, the Kruskal-Wallis
test showed that there is no significant difference between male and female participants
concerning their competence perception when not accounting for distinctions between
adapted and non-adapted games (H(1) = 1.36, p = 0.24).

Concerning interest, there seems to be no apparent disparity between adapted and
non-adapted games for participants of one gender, as depicted in Figure 16b. Overall,
female participants seem to express higher interest in both games compared to their
male counterparts when playing any of the two games. This difference was statistically
significant according to a Kruskal-Wallis test (H(1) = 5.70, p = 0.02). It had a moderate
effect size of 0.09.

Examining the box plot for effort in Figure 16c¢, it seems that more female partic-
ipants put particularly more effort in the adapted games. A mixed ANOVA revealed
no significant effect on effort when accounting for both genders and the adapted /non-
adapted game conditions (F(1, 26) = 0.56, p = 0.46).

The fairness box plot (Figure 16d) suggests that, there were higher values selected
for both genders and for the adapted game compared to the non-adapted game. No
statistically significant difference could be detected according to a mixed ANOVA con-
sidering both gender and adapted /non-adapted games (F(1, 26) = 0.44, p = 0.51).

6.1.2.6 Player Scores

The objective of dynamic difficulty adaptation is to maintain game balance consistently,
thereby creating an engaging and motivating experience for players. To assess the
effectiveness of this adaptation, the disparities in player scores were compared between
the adapted and non-adapted game. Employing the Shapiro-Wilk test and inspecting
the Q-Q Plot (Figure 17), it was ensured that the score data was normally distributed
(p=0.06). Hence, a paired, one-tailed T-Test showed a significant difference between
adapted (M = 3787, SD = 8746) and non-adapted games (M = 3946, SD = 4750),
t(27) = 4.95, p<0.001. The effect size was large with -0.917. The negative value
indicates that the score difference decreased. This statistical analysis confirmed that
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the exergame featuring dynamic difficulty adaptation significantly reduced the score
differences between the two players. Examining the box plot in Figure 18 it can be seen
that the median is much smaller for the score difference in adapted games.

6.2 Qualitative Analysis

Part of the user experiment was a short interview conducted with both participants at
the same time. This resulted in 14 recordings created on an Iphone with the app Voice
Memos. All recordings were transcribed using the transcription automation software
Sonix. Transcriptions were downloaded as pdf files and further analysed with the help
of the software Nvivo version 14. For analysis emergent coding according to Straussian
Grounded Theory was chosen. Thus, coding started with open coding by finding new
codes or attaching statements to previously found codes.

71



Since participants were asked during the interview to state, which game they pre-
ferred as well as advantages and disadvantages of the dynamic difficulty adaptation
implementation, they were added as codes as part of priori coding. Afterwards, codes
were categorised into larger themes, which is called axial coding within the Straussian
Grounded Theory. Hence, codes that are conceptually linked are categorised under one
theme. As last part selective coding was conducted in order to find underlying theories
based on the found categories.

Appendix E.1 shows a table with all found codes and categories. Codes have the
number of found statements attached. Note that participants may state multiple times
a certain statement and thus, the number of statements can exceed the number of par-
ticipants. Furthermore, certain statements could be assigned to multiple codes. Seven
categories were found through axial coding, which will be explained in the following
sections.

6.2.1 Favourite Game

The majority of participants stated their favorite game either when choosing which
game they liked more or when asked which game they would rather play again. Thus,
20 statements were found to support dynamic difficulty adaptation, while 8 participants
stated that they preferred the game without adaptation. However, 6 participants of
these 8 stated that they see value in dynamic difficulty adaptation and would prefer it
in certain situations or see them as equally good.

P1B: I guess I would say with assistance, I would say it was slightly more
satisfying.

P3B: But that’s me as in a personal perspective, I like to be actually playing
a game with your own, like, capabilities.

P5A: Do I have to choose. For me they were very similar except that the
first one had a higher challenge because of the resizing boxes.

6.2.2 Advantages

It was mentioned 28 times that the game including dynamic difficulty adaptation was
fairly balanced. Thus, dynamic difficulty adaptation created the perception that every
player had a chance in winning without overbalancing the game for one particular
player.

P2B: For me, it was nice because it motivated me more to catch up because
the defense was too high, uh, in the first game [without adaptation].

Ten statements were found about the characteristic of dynamic difficulty adapta-
tions to increase the challenge of skilled players. This has been seen positively, as skilled
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players had to continuously put effort into playing to win. In the game without adapta-
tion, score differences were becoming big enough at a certain point that skilled players
were sure that they would win and, therefore, did not have to put as much effort into
playing. Additionally, participants mentioned that winning the adapted game while
the majority of bonuses received by the opponent felt rewarding.

P11A: So like, yeah, at some point it’s like, I'm gonna win. You're gonna
lose. [...] Because it was really kind of neck-on-neck. You're gonna be like,
oh, let me put in just a bit more effort.

P3A: I feel like it makes it a little bit more tricky and makes you feel better
when you get as much points with the adaptive thingies. So it feels like
accomplishments. Okay, whatever you throw at me, that doesn’t really
matter. I'm good either way. So that was really nice.

This was also part of the reason why participants stated that dynamic difficulty
adaptation increased their motivation. Nine statements were made about dynamic dif-
ficulty adaptation making the game more motivating to play. Another reason was stated
that the adapted game was more dynamic, fast paced and therefore, more interesting
to play. It was also perceived as more motivating as participants received more points
through bonuses.
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P10B: At a certain point it became even boring a bit at the end because it
was like, yeah, quite steady regular. The [adapted game| was much more
fast paced, much more challenging.

P8A: It was faster. There was more going on. So it had like a bit of a
surprise element. And then also that I had to make a fast decision. Do 1
want to hit my color or take the bonus.

Furthermore, participants overall stated 5 times that they liked earning bonuses
instead of getting them without any effort. Even though participants may have received
a lot of bonus blocks, the fact that they were hard to reach made them feel like, they
were not particularly helped in the game. It was also mentioned 5 times that receiving
bonuses generally felt good. An overview of all mentions regarding advantages can be
seen in Figure 19.

P11B: I like that [the bonus| was kind of on the side, so I had to really work
to get it and didn’t always. I kept missing it a lot of times, so it didn’t feel
like I was really getting help, per sé. It was like, if you can get it, you can
get a bonus, but it didn’t feel like a handout or something. So I like that.

P10A: It was quite satisfying to see, especially because I hit the stars a few
times and I got to an eight times multiplier. And then I was like, oh, yeah,
nice, nice, nice nice. So it felt satisfying to be able to like really bump up
my points.

6.2.3 Disadvantages

While the challenging aspects of spawning bonus blocks have been seen positively, par-
ticipants stated 21 times that the position of the bonus blocks made it too difficult to
reach. Spawning bonuses also added more blocks to their game. Participants experi-
enced especially in the adapted game that the constant flow of bonus blocks created
a more challenging game as sometimes four blocks at once instead of one or two were
spawning. Furthermore, participants had to consciously choose which bonus block to
hit to either increase their own score or increase their opponent’s game difficulty. This
made the adapted game mentally more challenging during a fast paced game.

P7B: I didn’t feel like it got easier, I found I was behind and it got harder
because there were more things to hit, and I was too busy trying to hit
the bonuses to hit the actual blocks. Whereas I preferred the second game
[without adaptation]| because there was not a sudden bonus to try and hit,
I could just focus on hitting the right color block with the right color saber.

P10B: It was difficult sometimes to get them because I couldn’t move too
much from my spot, but the blocks were like pretty far away sometimes. So
that was a bit difficult to reach.
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Certain interface parts or game mechanics of the game were mentioned that were
confusing for participants. These parts can be seen as problems in the user experience
(UX) of the game such as how certain information was presented. Fifteen statements
were collected about UX problems. Some participants did not understand what fully
black blocks meant or that they have been attacked, which caused their blocks to
suddenly change. It was also mentioned that the they might understand the game
better after playing it more or that they only understood the game mechanics fully
when playing the second game.

P3A: T didn’t really understand what did what before we began. So, I
didn’t know what happened to me once it happened. And maybe it could
be confusing or not as well understood. I think that’s the only thing I didn’t
really like at first. But if you play it more you’ll learn what it does.

P9A: Was more like the second one because the first one was more discovery
part for me. I was like, okay, trying to figure out everything. And the second
one I was like, okay, now I am ready and I was winning.

As a UX problem it was mentioned that they did not receive feedback when they
hit the attack bonus block which had a sword as icon in the front of the block. Thus,
participants hit this bonus block without understanding the benefit of it. In order to
see the result of the attack bonus block, players would have to look at their opponent’s
blocks. However, participants focused more on their own blocks due to the high pace
nature of the game.

P6B: It was a bit unclear what the sword did, though. I only hit it once,
and I didn’t really get feedback from what would happen. I thought, okay,
I hit the sword and I was happy that I hit the sword, but I didn’t know if
it was doing anything.
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As mentioned before, the bonus blocks were spawning on the left and right side
but further away from the other blocks. Some participants either mistakenly hit their
opponent’s blocks or thought that their bonus blocks were meant for their opponents.
Thus, they did not attempt to hit these blocks. The position of the bonus blocks was
therefore another UX problem.

P13B: There was an issue to me, my standing position was a little bit too
to the right, becausemwhen the stars come, I thought it was his block, so
I didn’t hit it. I didn’t try to hit it at all. Only in the end, I find, oh, it
should be mine. I should step a bit to the left.

The type of attacks were partly perceived too extreme as participants stated 15
times. Especially rotating blocks made it hard for participants to correctly hit the
blocks. Some participants received constantly attacks in the adapted game due to their
opponent hitting the attack bonus blocks often in a row. This can become frustrating.

P13B: But at some point they also become a little bit frustrating in a sense
that... So I can assume if you get that very often then the game becomes a
little less enjoyable.

P10A: I think it’s specifically in the [adapted game] when like the blocks
were spinning. [ was like, I mean, I guess it is the whole point, of course,
but it was like really confusing. I didn’t really know where to hit. So I was
just kind of just going for it. And perhaps that felt a bit frustrating, but I
can appreciate that’s probably the point.

Five times it was mentionend that either participants are more interested in compar-
ing their true skills with other players or that it might become unfair to adjust games
differently for each player. Figure 20 shows an overview of all mentioned disadvantages
of dynamic difficulty adaptation.

P14B: It somehow sounds unfair to the other player that now I'm not only
playing against the player but also the Al is somehow helping or the game
is helping me, but maybe it will increase the deficit, the competition.

P9A: T would go without any help to have the fairness for each opponent
and try to see where I am.

6.2.4 Improvements for Future Games

In total, 14 suggestions were made to improve the game (Figure 21). Three of them
were only mentioned once, four were mentioned twice and one was mentioned 3 times.
Thus, these suggestions should be carefully examined for their adherence to previously
derived requirements through focus group discussions or the found theories through
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Figure 21: Mind-map: improvements for the game

the analysis of the interviews. Three statements were about the attacks and how they
added interactivity in a rhythm dance game where players are usually not interacting
with their opponents. Thus, attacks were positively seen. Note that these 3 statements
were all made by one participant.

P13A: The one thing I like is, is giving my opponent some disadvantage.
Because there are some ways we can interact with each other. Yeah, that’s
missing in most of these kind of games like Beat Saber.

A participant pair, who played against each other, noted that they rather want
dynamic difficulty adaptation to be automatically integrated as opposed to offer it as
an additional mode.

P12A: So if you choose assistance and you feel like you're... You know what
I mean, right? Then you're choosing something which is giving somebody
a handicap.

Another participant pair mentioned that adding feedback after the game to under-
stand their current true skills and improvements in the game would be helpful. Hence,
the feedback could include hints how to improve their game play.

P9B: It’s not like I don’t like about it, but I would see it’s more valuable
that maybe the game can take it further that it gave me, after the game,
like a little bit of tips that I should consider to actually learn, like why 1
was following that. What was better about the other opponent that I was
missing? So by that I'm developing my skill. Otherwise on the long run
I will stay in my place just with the help. I'm good without the help I'm
losing.
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The scoring when hitting blocks was confusing for one participant. For example,
the participant might have thought that they hit a block correctly but did not receive a
score. Furthermore, it was not clear how the scoring works in edge cases such as hitting
blocks at a corner. This could be also improved by choosing different shapes for the
colored shapes on blocks that indicate where to hit a block.

P10B: And it was also not much clear to me if I was actually getting a box
or not, because sometimes, like with the right saber, I was hitting the one
of the other color and I don’t know if it was counting points or not. It was
not easy for me to understand if it was a good shot or not. You know, like,
for example, when you do, uh, just dance or those games, you easily know
or like Guitar Hero, you easily know. If you're hitting the points and if
you're building the combo here. It was a bit difficult to understand if I was
actually getting them or not. [...] I would like to try with different kind of
shapes — where the colors are placed because right now it feels a bit weird.
Like, for example, if I hit a box in the corner, would it get it or not?

One suggestion was about making it more visible that an opponent was hit by an
attack as players had to closely look at the opponent’s blocks to notice a difference.
Thus, a visual cue when hitting an attack bonus block in the peripheral vision of the
player could be added. Furthermore, a visual cue could be added when their opponents
are struggling during an attack.

P7A: Change the color of the other person’s score. So when they’re strug-
gling, it turns orange or something like as soon as there’s a bonus activated
against them, there’s an orange color or a flicker or something.

One participant would have enjoyed a faster game, and another one noticed that
the blocks did not spawn according to the rhythm of the song.

6.2.5 Best Context for Dynamic Difficulty Adaptation

Dynamic difficulty adaptation is most effective in games where there are substantial
differences in skill levels, as indicated by six statements. Consequently, it is particularly
well suited for casual games that are played infrequently or when new players seek to
familiarize themselves with the game and learn without being discouraged by frequent
losses. An overview of all mentioned statement regarding context can be seen in Figure
22.

P13A: So in case I play with someone that barely plays piano or barely uses
VR or is very new to these things, then I would want to use the assistance
option.

P13B: But I try to introduce this game to a friend who never tried this kind
of game. I will start with the [adapted] one, then it won't frustrate the
person.
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Figure 22: Mind-map: best context for dynamic difficulty adaptation

P9B: I think at the beginning I will keep doing the one with the adaptive
playing until a certain point when I learn a lot about the game, then I would
go for the other type of games.

6.2.6 Other Notes

Some statements did not fit the other codes but were still interesting to look at. Two
participants mentioned that they did not even notice that there was dynamic difficulty
adaptation present as they focused on playing the game. One player mentioned that
they were surprised to see that their opponent suddenly caught up.

P8A: Yeah, I didn’t really notice. I think I wasn’t, like, consciously focusing
on how much bonuses I was getting. I was just trying to hit everything that
was going on.

P3A: I feel like that the [game with adaptation| was a little bit weird because
I was quite up for a long time. And then suddenly [...] the second player
was almost on the same level, like, how is it possible? But it changed the
challenges.

6.3 Derived Theories

Part of selective coding is to find connections between categories, which represent over-
arching themes within the interview data. To do this, the most common themes among
the responses of the participants were taken into account. Four theories resulted from
selective coding, which are explained in more detail in the following sections. Note that
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UX problems were not included as part of the theories because they likely resulted from
prototype shortages due to time restrictions in this thesis.

6.3.1 Motivate by Design of Dynamic Difficulty Adaptation

Participants mentioned multiple reasons why playing the adapted game was more mo-
tivating. First, the nature of close games created a challenge for skilled players. At the
same time, less skilled players were encouraged to play with great effort until the end of
the game because they felt they had the chance to win. Both players, regardless of skill
levels, were motivated to put effort into playing until the end. Therefore, the design of
dynamic difficulty adaption should first focus on how to achieve a close game. Further-
more, the particular implementation of dynamic difficulty adaptation further increased
motivation. Achieving higher scores in a shorter time through bonuses, the added in-
teractivity through attacking opponents as well as the high pace of the game, made
the game play more interesting and satisfying. Thus, games incorporating dynamic
difficulty adaptation should further enhance the game by adding new and interesting
game mechanics.

6.3.2 Increase Difficulty Carefully

Dynamic difficulty adaptation can be implemented bidirectionally, involving both in-
creasing and decreasing difficulty. The prototype developed for this thesis project fa-
cilitated bidirectional adaptation, leading to an increase in difficulty for skilled par-
ticipants. Consequently, the scores were consistently balanced throughout the game,
presenting a challenge for skilled players to maintain a lead. This challenge was viewed
positively, as it motivated players to invest effort continuously in the game. However,
it is essential to maintain a balance between challenging and overwhelming players, as
outlined by Flow theory [25]. Therefore, adapting difficulty levels must be carefully
calibrated to ensure that players perceive the increased difficulty as conquerable with
additional effort or increased skills. For example, in this specific prototype adding a way
to shorten attacks or lessen the impact by certain actions or movements may decrease
the overwhelm that participants experienced partially during the user experiments.

6.3.3 Players Earn Bonuses

Previous research found that participants may feel inferior if they receive explicit assis-
tance in playing as they feel exposed for their inferior skills [35, 41]. Dynamic difficulty
adaptation was implemented as an explicit approach by spawning a higher amount of
bonus blocks. Thus, participants were aware that they receive assistance as they saw
a higher amount of bonus blocks. However, the bonus blocks represent a possibility
to catch up. This means that participants had to successfully hit the bonus blocks,
which were located further away, without missing regular blocks. This increased the
difficulty of the game, as participants stated that the game was more fast paced or
dynamic. Participants had to put effort into reaching those blocks, and thus felt that
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they did not receive an advantage over their opponent. Even with more opportunities
to catch up, it was still a matter of skill and strategy to be able to catch up. This was
considered positive, as participants felt they could still catch up if they put more effort
into playing, but did not think that they received scores for free.

6.3.4 Preference for True Skills

Participants who expressed a preference for the non-adapted game cited their desire to
compare true skills as their primary reason. Consequently, balancing exergames with
dynamic difficulty adaptation may not be universally applicable, depending on indi-
vidual preferences and specific gaming contexts. Additionally, participants highlighted
that dynamic difficulty adaptation is more suitable for casual games, which are played
occasionally and for short durations. One participant suggested that dynamic difficulty
adaptation could serve as an initial aid for getting accustomed to a game, gradually
phased out as players become more confident or skilled. It is crucial to consider that
dynamic difficulty adaptation in exergames is most effective in scenarios involving be-
ginner players or significant skill disparities due to varying levels of experience.

6.4 Summary

The quantitative analysis indicated that players rated fairness significantly higher for
the exergame, which included dynamic difficulty adaptation. However, concerning com-
petence and motivation, there was no significant difference between the exergame with
and without adaptation. The developed exergame aimed to achieve a balanced score
difference between players, and the analysis demonstrated its success. Score differences
were significantly lower for the adapted game, indicating that scores between players
were more balanced. Additionally, it was observed that heart rate increased during
gameplay, as measured heart rates were significantly higher after each game compared
to before game play. However, no significant difference in heart rate was observed
between the two games. Overall, female participants expressed significantly higher in-
terest in the game compared to male participants. Moreover, participants with high
social comparison scores perceived fairness and effort significantly differently compared
to participants with mid-range social comparison scores.

Overall, the qualitative analysis of the interviews revealed that the majority of
participants either expressed a preference for or recognized the value of the exergame
with dynamic difficulty adaptation. Participants reported heightened motivation during
gameplay, experiencing a continuous challenge while still perceiving the possibility of
achieving first place. Criticisms were directed at the increased difficulty resulting from
a higher number of blocks in the adapted version. Particularly, skilled players were
impacted who faced more frequent and intense attacks, leading to frustration. This
emphasizes the need for careful design of the difficulty increase. Some participants
opposed dynamic difficulty, expressing a preference for comparing their true skills with
others. Nevertheless, dynamic difficulty adaptation in exergames proves beneficial in
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scenarios with substantial skill disparities, especially during the learning phase for be-
ginner players.
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7 Discussion

Exergames have the potential to motivate people to engage in physical activities, even
with busy schedules, by integrating computer games with sports. Playing with friends
can further enhance the overall gaming experience. This thesis project specifically
focused on rhythm dance games in virtual reality (VR) and developing an approach
to dynamically adjust difficulty levels based on players’ in-game performances. User
experiments were conducted to assess the impact of dynamic difficulty adaptation on
participants’ perceived competence, motivation, and fairness. The results will be dis-
cussed in the subsequent sections in order to answer the research question:

How can dynamic difficulty adaptation be used to balance mismatching skills of mul-
tiple players?

The question is answered in two parts. In the first part, requirements were investi-
gated as part of the design cycle. These requirements can be used as design guidelines
for implementing dynamic difficulty adaptation in an exergame. The purpose of the
requirements is to ensure the acceptance of dynamic difficulty adaptation and high
motivation of players. The second part includes an empirical cycle, in which the im-
plementation according to the requirements is evaluated and effects on players are
investigated. The following sections discuss whether the requirements were useful and
the effects found in the user study.

7.1 Comparison of Focus Group and Interview Results

In order to investigate how dynamic difficulty adaptation can be used in exergames,
design requirements were derived from the results of the focus groups. However, designs
created by participants and their reasoning behind their design choices might not hold
when testing the designs in user studies. Thus, the following requirements derived from
focus groups were compared with the user study results.

7.1.1 R1: Create close games

The prototype has successfully created a closer game. In interviews, participants men-
tioned that they noticed how the score difference was smaller in the adapted game.
It was also mentioned that the adapted game motivated both skilled and less skilled
players to put more effort into playing. The skilled player was motivated to maintain
their leading position, and the less skilled player felt that they still had a chance to win.
It can be concluded that when designing dynamic difficulty adaptation into exergames,
the focus should be on creating a close game, which also mitigates overbalancing.
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7.1.2 R2: Avoid demotivation of the less skilled player by player control

Prior research has found that balancing exergames with visually explicit approaches can
lead to negative feelings in less skilled players as they might feel exposed as weak player.
Even though this research chose a visual approach to adapt difficulty by spawning more
bonus blocks, it did not cause such negative effects on players. The fast pace of the game
made it difficult to focus on opponents. Furthermore, the adaptation only increased
opportunities to catch up but did not decrease score differences without the player’s
input. Spawning bonus blocks also increased the game difficulty. Thus, less skilled
players did not feel less competent even with an explicit balancing approach. This
could be achieved by offering opportunities that can help to catch up, which requires
effort. This aligns with the requirement to give the player control over the adaptation
as players still have to actively choose to use a bonus.

7.1.3 R3: Make improvement visible

In both interviews and focus group discussions, participants expressed the desire to
monitor their true skills. As a suggestion, it was proposed that players could have
access to information about their true performance and achievements after the game.
However, this feature was not implemented in this research, as the primary focus was
on examining the effects of dynamic difficulty adaptation during gameplay. However,
providing players with information on their achievements over time could potentially
serve as a motivational tool, encouraging them to play and practice more.

7.1.4 R4: Add the right amount of randomness

It was discussed in focus groups that games should not be too random, as this would
result in a game outcome determined solely by luck. However, randomness can enhance
games by making them more unpredictable, and consequently more interesting. The
prototype in this study incorporated minimal randomness; for instance, the spawn
position of bonus blocks was randomly assigned. Additionally, the use of rotating blocks
as an attack introduced an element of randomness, as players did not know where to hit
the blocks, resulting in random hits. Given that this type of attack received criticism
for its random nature, it is crucial to carefully integrate randomness into the game. The
aim is to avoid creating an impression for players that the game’s outcome is dependent
on luck.

7.1.5 R5: Make adaptation transparent

The game was designed to make the adaptation as transparent as possible, incorporat-
ing loading bars that visually filled up with increased movement and a loading factor
displayed in text, indicating the speed at which the loading bar filled. Due to the fast-
paced nature of the game, participants found it challenging to comprehend all presented
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game elements. As a result, their focus was primarily on the blocks, with some partic-
ipants not even noticing the score bars that indicate who was currently leading in the
game. It can be concluded that for exergames, which are mostly fast paced, informa-
tion must be carefully integrated into the game, prioritizing details that are important
during gameplay such as score. Achieving complete transparency in the adaptation ap-
proach may be challenging. However, including this information after the game could
be a potential solution. This could be combined with showing player achievements after
the game.

7.1.6 R6: Subtle adaptation

The implementation of dynamic difficulty adaptation in this research included a method
to enhance the effectiveness of bonus blocks when score differences increased. Therefore,
it was possible to balance games between players with vastly differing skills. Interview
results revealed that participants experienced frustration due to attacks being too ex-
treme at times. This was particularly evident in the adapted game, where attacks and
bonuses became more effective when score differences increased. Specifically, the at-
tack that led to rotating blocks was frustrating as it became challenging successfully
hit the blocks. Therefore, a balance must be found between adapting games of players
with major skill differences and implementing game mechanics that do not overwhelm
players, especially if the adaptation increases the game’s difficulty for the skilled player.
Furthermore, participants stated that they do not want to receive obvious help. Hence,
they suggested a subtle approach. However, dynamic difficulty adaptation only offered
opportunities to players that could only be used by increasing effort, was was positively
seen. Thus, a subtle adaptation might not be needed. Instead, players should feel as if
their performance was a result of their own effort and not the game’s assistance.

7.1.7 RT: Seeing opponents effort through avatar movements

In rhythm dance games, each player focuses on their own blocks or movements. Due
to the fast-paced nature of these games, players may not notice their opponent, even
if positioned next to them. One participant stated in the interview that they did not
observe the effects of attacks and expressed a desire for a visible indicator during game-
play. Consequently, it is unclear whether players would prefer having their opponent as
an avatar next to them. However, participants appreciated the ability to attack their
opponent, enhancing interactions between players in a game that typically lacks such
interactions. Incorporating visual indicators, especially after an attack, could address
this issue. These visual indicators need to be placed in the players’ peripheral vision in
order to be easily seen.

7.1.8 RS8: Both players need to get positive adaptations

The dynamic difficulty adaptation approach was implemented to accommodate both
players, regardless of their initial performance. Consequently, any player who falls
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behind has the opportunity to receive assistance. This likely contributed to the higher
perceived fairness in adapted games, as no player is inherently advantaged. Therefore,
when designing dynamic difficulty adaptation, it should be designed to address the
needs of all players, depending on who is currently lagging behind.

7.2 Interpretation of Results

The following sections include the interpretation of the quantitative results, which are
then compared to the results of previous research, the findings of the qualitative anal-
ysis, and the outcomes of previous focus groups. In order to understand how dynamic
difficulty adaptation can be used in exergames, its effects need to be investigated.
Hence, the first three sections specifically discuss the perceived fairness, motivation
and competence of participants. Further sections discuss other effects that have been
seen in the user study.

7.2.1 Dynamic Difficulty Adaptation Created a Fair Game

The quantitative analysis results reveal a significantly lower score difference in adapted
games, indicating the successful balancing effect of the implemented dynamic difficulty
adaptation approach in the exergame. By implementing an approach that allows to
adjust difficulty dynamically and for both players, overbalancing could be mitigated.
Prior research about balancing exergames have suffered from problems due to overpow-
ering the weaker player [4, 35, 77]. Similarly to this research, Jensen and Grgnbe could
mitigate overbalancing by incorporating a dynamic balancing method for both players
[41].

Additionally, fairness was perceived significantly higher in the adapted game, possi-
bly due to the successful creation of a close game. Previous research has suggested that
close games contribute to a more exciting experience [27, 87]. Furthermore, participants
likely found the adapted game more fair due to the notion that less skilled players have
the opportunity to win by investing more effort, while skilled players remain continu-
ously challenged. It is crucial to emphasize that both players maintain the belief that
their success is a result of individual efforts. Therefore, even when a game provides
assistance, it should aim to motivate players to exert more effort rather than simply
awarding scores without the player’s input.

7.2.2 Differing Results for Motivation

Analyzing the questionnaires revealed that participants did not feel significantly more
or less motivated in the adapted game. Upon closer examination of the box plots
for interest (Figure 11a) and effort (Figure 11b), the scores appeared similar for both
attributes. It is important to note that the majority of participants were new to rhythm
dance games. Furthermore, the prototype consisted of an exergame that entailed novel
game mechanics such as the ability to influence the opponent’s game. The novelty
effect likely influenced the motivation of the participants. As a result, the scores for
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interest was fairly high, with the median and values above the mid-point of the score
scale. The median of effort was above the mid-point of the scale. Similarly, most values
were above mid-point as well. It can also be observed that there is a significant increase
in heart-rate after playing the exergame compared to before the experiment started.
Thus, participants felt motivated to play the game, putting physical effort into playing.
Note that participants received instructions on how to play the game, where movement
was emphasized. Thus, the game encourages movement, which could be another reason
for the values in effort.

However, during interviews, participants stated multiple times that the adapted
game created a more motivating experience by creating a closer game. Participants felt
that they had opportunities to win until the end and were challenged more by their
opponent. Therefore, it remains unclear whether dynamic difficulty adaptation may
lead to higher player motivation when the novelty effect wears off.

7.2.3 Effects on Competence

No significant effect was found on perceived competence. However, the box plot (Figure
10) shows a lower median for adapted games and therefore, more participants selecting
lower scores for competence. Some participants reported feeling less competent in the
adapted game, as indicated in their interviews, citing the perception of increased speed
and difficulty. While this had a negative impact on some participants, leading them
to initially prefer the non-adapted game, others enjoyed the dynamics of the adapted
game and finding it more exciting. Furthermore, the type of attacks was perceived
too extreme, particularly in the adapted game, where attacks intensified when scores
differed greatly and players had to endure numerous attacks. Therefore, difficulty must
be carefully adapted to avoid overwhelming players while still creating a challenging
and engaging game. This aligns with Flow theory, where players can experience either
boredom or overwhelm if their game experience is not meticulously designed to keep
them challenged but not overwhelmed [25].

7.2.4 Designing Explicit Balancing

Gerling et al. stated that explicit approaches for balancing could diminish a player’s
competence [35]. This phenomenon was also partly observed in the user experiments
conducted by Jensen and Grgnbak [41], particularly affecting players with lower skill
levels. Similar to the prototype developed in this research, Jensen and Grgnbaek investi-
gated dynamic difficulty adaptation. However, despite the explicit balancing approach
developed in this research, there was no significant difference in participants’ compe-
tence compared to the exergame without dynamic difficulty adaptation. Additionally,
participants did not feel that they were at an advantage due to receiving more bonuses,
as they still had to earn their scores. Instead, the explicit balancing approach increased
the game’s difficulty by spawning more blocks that needed to be hit simultaneously.
Participants needed to make strategic decisions about which bonus block to hit in order
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to maximize their scores. One of the derived requirements based on the focus group
results was to allow players to earn their score even if they receive help. Participants
emphasized that simply giving away advantages for free would lead to an unfair game.

Furthermore, the extent to which difficulty adaptation is noticeable in gameplay
may also play a role in its impact on the player’s competence. For instance, Jensen
and Grgnbaek explored a physical balancing approach in which players had to move
closer to the screen if they performed worse than their opponent. Since participants
felt that they were put on the spot, it affected their sense of self-efficacy negatively [41].
In this research, participants were primarily focused on their blocks and did not have
the time to monitor their opponent due to the fast pace of the game. They likely did
not feel as if they were put on the spot, as they did not sense being observed by their
opponent. Previous research has also found that people can feel insecure while doing
physical activities in front of peers [62]. By exergaming in VR and focusing on their
own game this might have mitigated the problem of declining self-efficacy. The fact
that players are fully immersed in virtual reality may be the reason that people fear
less negative reactions from peers.

Therefore, visually explicit balancing approaches for dynamic difficulty adaptation
are acceptable, provided they are designed as opportunities that must be actively used
by players. This implies that players need to activate bonuses by leveraging their
skills, thus earning their bonuses. The decision to adopt a dynamic approach to adapt
difficulty was rooted in the notion that overbalancing should be avoided. Hence, the
implemented approach of dynamic difficulty adaptation, which allows players to earn
their bonuses, proved effective in mitigating overbalancing.

7.2.5 Balancing is Unsuitable for Highly Competitive Players

The results of the focus groups and interviews reveal that some individuals may not
accept dynamic difficulty adaptation in games. They expressed concerns about fair-
ness, as competitive games are expected to assess skills. Interestingly, the quantitative
analysis indicates that fairness was perceived to be higher in the adapted game. One
possible explanation for this is that participants were not fully aware of which game
they were playing.

Moreover, despite the visually explicit adaptation, participants did not feel as if they
were given assistance during the game, as the bonus blocks also increased the game’s
difficulty. Another factor contributing to the acceptance of dynamic difficulty adapta-
tion may be a person’s level of competitiveness, which was not explicitly measured in
the user experiments. Instead, social comparison was measured, and most participants
achieved at least 2/3 of the maximum score.

Social comparison and competitiveness might be correlated, as competing with oth-
ers involves comparing skills, but they are not synonymous. Individuals who compare
themselves with others may prefer difficulty adaptation in games as it helps them win.
However, competitive players may prefer to know how they stack up against others.
Significant differences in fairness were observed between participants with high social
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comparison scores and mid-level scores for adapted games. A reason for this result
could be that participants who compare themselves with others a lot prefer to receive
assistance during the game in order not to lose. Furthermore, a significant difference in
interest could be observed between participants of mid and high level social comparison
without taking into account the factor of adapted and non-adapted games. Partici-
pants, who compare themselves more, may be more interested in competitive games in
general.

7.2.6 Effects based on Gender

Mostly, there have not been significant effects measured between female and male par-
ticipants. However, female participants expressed significantly higher interest in playing
this exergame regardless of the presence of difficulty adaptation. Differences in gam-
ing preferences have been researched before, and results of user experiments show that
female players prefer less complex games in comparison to male players [86]. Simple
games include rhythm dance games due to their intuitive gaming control through move-
ment. It was also found that women tend to like music/dance games more than men
[65]. Therefore, female participants may have included high scores for interest in both
games because thythm dance games are generally interesting for female players.

7.3 Limitations

The results of this study may have been limited by certain factors. For example,
convenience sampling did not result in completely heterogeneous groups, and certain
biases may have influenced the participants’ responses. The following sections further
elaborate on the limitations of the study.

7.3.1 Participant Sample

There were a total of 28 participants. However, it is important to note that certain
effects may have arisen due to the combination of various variables. For instance, the
acceptance of dynamic difficulty adaptation in exergames might vary among players
with different experience levels in rhythm dance games. Ideally, each group with a
specific experience level would require 30 participants to produce reliable results. Sim-
ilarly, multiple variables, such as gender, the level of weekly physical activity, and the
degree of competitiveness or social comparison, could influence the dependent variable.
To adequately address these factors, multiple groups of 30 participants each would be
necessary.

Statements made during focus groups and interviews suggested that highly compet-
itive players might not readily accept dynamic difficulty adaptation in games, and it
could be more beneficial for casual gamers or beginners. However, participants were not
specifically recruited based on competitiveness or game experience. Most participants in
the study had a high level of weekly physical activity. Additionally, most participants
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were relatively new to dance rhythm games. Consequently, no quantitative analysis
could be conducted to substantiate these statements.

7.3.2 Experiment Context

The experiment took place in a single room for a participant pair playing against
each other. It is essential to acknowledge that the gaming experience might differ if
participants were playing remotely, where they could no longer hear each other in the
same room, resembling a more realistic VR multiplayer game setting.

Each pair played two games, one adapted and one non-adapted. Since the game was
specifically developed for this study, it was novel to all participants. While the game
included similar game mechanics as Beat Saber and other VR rhythm dance games, it
introduced new game mechanics to dynamically adapt difficulty during gameplay. Con-
sequently, even participants with experience in rhythm dance games had to familiarize
themselves with the new gameplay. It is likely that participants may have not fully
understood all game mechanics when playing the first or even both games, and thus,
results may differ if the game was played over a longer period of time.

Additionally, the game incorporated two bonus blocks, each resulting in different
effects and varying impact. The star bonus was more beneficial than the attack bonus
but spawned further away. Consequently, some participants may have preferred the
attack blocks more often as they were easier to reach. While the star bonus aided
in scoring significantly higher, attacking the opponent made it challenging for their
opponent to score. Ultimately, the star bonus proved more efficient in overcoming
large score differences. Therefore, the score difference might have been even smaller
if participants had a complete understanding of the game mechanics, allowing more
strategic gameplay.

7.3.3 Novelty Effect

The survey results revealed that, with the exception of two participants, most were
either new to rhythm dance games or played them rarely. Additionally, this specific
exergame introduced novel game mechanics, such as attacking opponents and dynamic
difficulty adaptation. Consequently, a novelty effect was likely present, enhancing the
game’s interest for participants. Therefore, it is plausible that the results, particularly
the scores from the motivation questionnaires, may have been influenced by this novelty
effect.

7.3.4 Issues During Gameplay

Several issues emerged during gameplay that might have impacted the study’s results.
One participant, who wore glasses, opted not to wear them due to discomfort, resulting
in an inability to read some in-game texts and, consequently, a diminished gaming
experience. While other participants with glasses chose to wear them, they might have
experienced some discomfort as well, potentially affecting their game experience.
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Another participant misunderstood the explanation of the game mechanics, specifi-
cally regarding hitting blocks in the right direction, leading to numerous missed blocks
initially. This participant only played the game correctly in the second round. Addi-
tionally, three participants either pressed a button or stepped outside the designated
boundary during gameplay, requiring assistance to continue. As a result, they missed
more blocks, leading to lower scores than they might have achieved. All these issues
could have introduced biases into the participants’ responses, given their encountered
problems during the gameplay.

7.3.5 Fairness Questionnaire

As there is no evaluated questionnaire about fairness in multiplayer games, statements
were created to ask about fairness. The evaluation of the fairness questionnaire was
not part of this thesis. Therefore, the questionnaire might not be valid and reliable.

7.4 Further Research

As presented in the section about limitations, certain biases could have influenced the
results. Furthermore, it is not clear yet if players could be motivated to play exergames
with dynamic difficulty adaptation long term, and if the derived requirements can be
applied to other types of exergames. Additionally, the interviews have shown that the
game can still further improve, especially in user experience, but also in the method of
adapting difficulty. The following sections discuss the aforementioned aspects in light
of conducting further research.

7.4.1 Experiment Context

In this study, motivation is emphasized while playing the game. Ultimately, the goal
of dynamic difficulty adaptation is to encourage people to engage in exergames with
friends over an extended period, as frustration can be mitigated.

As the user experiments only included one session with two games, it was too short
to examine if players prefer to play with dynamic difficulty adaptation over a long
period. Therefore, further research could delve into studies covering multiple weeks
in a more realistic environment, where players play at home remotely with friends. It
could be examined how often players choose to play exergames with dynamic difficulty
adaptation compared to without.

Another aspect to examine is in what context dynamic difficulty adaptation is most
useful. The interview results suggest that dynamic difficulty adaptation may be more
beneficial for beginners in exergaming or casual gamers. Over a long-term study, it could
be investigated whether beginner players are likely to choose exergames with dynamic
difficulty adaptation initially and if they will opt to play without it after gaining more
experience.
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7.4.2 Applying Findings to Other Exergames

This research focused on dance rhythm exergames, and focus group participants who
collaboratively developed solutions for incorporating dynamic difficulty adaptation con-
centrated on applying it to this specific type of exergame. Thus, the requirements
derived from the research results may not be applicable to other types of exergames.
While the requirements have been formulated purposefully generic to be applied to
many types of exergames, other types may require different approaches to dynamic
difficulty adaptation.

For example, in boxing exergames, players are directly competing against each other,
meaning that they can see their opponents’ movements directly, while their movements
are observed by their opponent as well. Therefore, players may feel more exposed when
they receive assistance if their performance is weaker. In this research’s game, players
might have felt less observed, and as a result, they did not have a problem with the
visually explicit method to adapt difficulty.

Furthermore, this research focuses on exergames with two players playing against
each other. In exergames with multiple players, the dynamics between players may
change, and thus, dynamic difficulty adaptation may have different effects or need to
be applied differently to achieve positive effects.

7.4.3 Further Game Improvements

Participants stated in interviews that they did not always understand how the scoring
worked in the game. For example, multiple factors could lead to an increase in score,
but it was difficult for participants to grasp. Furthermore, certain attacks were too
extreme and became frustrating, especially in the adapted version of the game, due
to many consecutive attacks. The game should give players the ability to overcome
attacks.

Participants could not pay attention to all elements of the game that were visually
present in the game due to the high pace of the game. Exergames most likely have a
high pace, and therefore, it has to be carefully decided what information is shown during
the game and in what form. Thus, only information that is crucial for game play should
be shown. The loading bars to indicate how much a player moves also included loading
factors when the loading bar was loading faster. The participants did not pay attention
to this and did not fully understand what it meant. It was also not crucial for the game
and therefore should have been omitted. This information was only included to create
full transparency of the dynamic difficulty adaptation. But it became apparent during
the user experiments that players will not take into account information that they do
not influence themselves. Furthermore, presenting information as text is difficult to
process during the game and therefore should be avoided.

Some ideas for including further information about true skills after the game could
be added to make players aware of their progress and create another way to motivate
people to play exergames over a long period. With the aforementioned improvements to
the game, another study could elaborate on the effects of dynamic difficulty adaptation,
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as these issues may have influenced the results. Ideally, an improved game would be
used in a long-term study, as mentioned in a previous section, to investigate the effects
of long-term motivation.
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8 Conclusion

Exergames have the potential to motivate people to move regularly in the space of their
own home, requiring less time commitment. Playing with friends can further motivate
players to engage in long-term physical activity and acts as another way to connect
with friends remotely. However, friends may have varying degrees of skill, as they may
play exergames or engage in physical activities more or less frequently. Thus, it can
be frustrating to play against friends who often win or boring to play against those
who frequently lag behind. This thesis explores dynamically adapting difficulty accord-
ing to each player’s performance as a potential solution to this issue. To examine the
effects of dynamic difficulty adaptation, the following research question was formulated:

How can dynamic difficulty adaptation be used to balance mismatching skills of mul-
tiple players?

This research question was answered by deriving requirements from user discussions
as well as investigating the created design of dynamic difficulty adaptation in terms of
competence, motivation and fairness. It was hypothesized that dynamically adapting
an exergame’s difficulty would have positive effects on the player’s perceived compe-
tence, motivation, and fairness of the game. To develop an exergame with dynamic
difficulty adaptation that would have positive effects, the thesis followed the Design
Science framework. The first part of the framework involved developing a prototype
based on the needs of the player. Specifically, the focus was on rhythm dance games to
allow a specific solution to be designed. Through discussions in focus groups, require-
ments for dynamic difficulty adaptation were derived. These requirements were then
used in subsequent focus groups to further elaborate on a specific design. The resulting
design concept was implemented as a prototype.

The second part of the framework focused on the empirical study. Using the pro-
totype, user experiments were conducted to investigate whether the hypotheses were
true and if the earlier requirements could lead to a successful solution that balances the
exergame and is accepted among players.

The results show that dynamically adapting difficulty based on players’ perfor-
mances and score differences led to a significant higher perception of fairness. Par-
ticipants pointed out that the ability to catch up at almost any point in time during
the game encourages them to put effort into playing. Skilled players also feel more
challenged by their opponents due to dynamic difficulty adaptation. Even though some
participants stated that the adapted game motivated them, there was no significant dif-
ference regarding motivation between the adapted and non-adapted game. The same
applies to perceived competence during the games. Some participants also felt frus-
trated due to many attacks that were too extreme. While the adaptation gave weaker
players ways to catch up, it may have also increased the difficulty for better players.
However, increasing difficulty in the game needs to be carefully designed, as it should
still adhere to Flow theory in order to not overwhelm players but challenge them.
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Previous research on balancing exergames has found that explicit balancing methods
can lead to a decline in self-efficacy in players. This specifically happened to weaker
players as they felt exposed when receiving assistance. However, this was not examined
in the conducted user experiments. A reason for this could be that participants found
the adapted game more difficult as the number of blocks spawned increased greatly.
Furthermore, each player was concentrated on their own blocks and therefore did not
observe their opponents nor felt themselves observed. Therefore, players may only feel
exposed with explicit difficulty balancing when they are observed by their opponents.

Some participants preferred the non-adapted game as they would like to compare
true skills with other players. This aligns with findings of the focus groups: very
competitive players are seeking to measure and compare skills and therefore do not see
value in balancing exergames by adjusting difficulties for individual players.

The comparison of the derived requirements of the focus groups with the interview
results showed that most requirements were successfully contributing to a balanced
game. These requirements can be taken into account by game designers when imple-
menting an approach to dynamically adapt difficulty in exergames.

The user study also had some limitations. For example, the participant sample was
too small to get reliable results for the combination of various variables. The experiment
context was not realistic as players were in the same room and only played two games
in one session. As this game was created for the user study, participants were new to
the game and did not have much time to learn it. Furthermore, most participants were
new to rhythm dance games, which may have led to a novelty effect that influenced
results. Some participants also experienced issues during the game, which may have
also influenced their game experience and their answers.

This research showed that there is potential for dynamic difficulty adaptation. As
assumed, it creates a fair game, where both players receive assistance when needed.
This can motivate players throughout the game as they feel that they can still win
by putting more effort into playing. Future research can build on these results and
focus on the effect on long-term motivation, as well as explore different use cases. For
example, it could investigate whether casual players or beginner players are more likely
to accept balancing exergames. Furthermore, this research gives insight on how to
design dynamic difficulty adaptation in an exergame according to players’ needs and
expectations. A future study should take place in a realistic setting, meaning that
participants play exergames remotely in their homes over the course of a long period.
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Appendix

A Protocols

A.1 Preliminary Focus Groups Protocol

H Phase

Facilitator task

‘ Aim

Time

Opening the fo-
cus group

Greet participants

Thank them for participat-
ing

Explain in short the aim of
the session and research: "We
want to explore how multiplayer
exergames in VR between players
with different skills can be made
fair and motivating. = Multiple
players play exergames together
in VR but have different abilities
and skills.  This can lead to
frustration due to one player
dominating the games. However,
we want to motivate players
to keep playing exergames to
encourage physical activities and
avoid frustration.”

Handover consent form

Establish a comfortable environ-
ment for all participants to max-
imise the creativity and freedom
of expression. All participants get
time to read through the docu-
ments and sign the consent form.

5 min

Clarification be-
fore start

Ask again about consent for
recordings

Ask for any questions

The participants use this phase to
ask questions about the research.

1. Question

Remind of scenario: ”Multiple
players with different skills play
together but one or more play-
ers are clearly dominating and al-
most always winning. How can
we create a better game experi-
ence for both players that does
not create frustration?”.

Gather participants’ ideas how
they would solve the problem of
mismatching skills between play-
ers and resulting frustrations.

H-7 min
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[\]

. Question

Explain dynamic difficulty adap-
tation and why it could be a
potential solution.

"What do you think about
adapting difficulty dynamically
for players to create an equal
chance of winning between
players?”.

Discussion about dynamic diffi-
culty adaptation.

5-7 min

w

. Question

"What types of difficulty adapta-
tion would you like to see in ex-
ergames? What would you not
like to see?”.

Gather participants’ ideas of how
to adapt difficulty.

H-7 min

W

. Question

Explain the difference between
static and dynamic difficulty
adaptation.

"Should static or dynamic
difficulty adaptation be used?”.

Discussions about different types
of difficulty adaptation.

5-7 min

ot

. Question

”Should be difficulty rather in-
creased or decreased or both?”.

Discussions about the direction of
difficulty adapation (increase vs.
decrease).

5-7 min

(=)

. Question

”Should both players or only one
player experience the difficulty
adaptation?”.

Discussions about who should re-
celve assistance.

5-7 min

Close
group

focus

Explain how they helped in the
process of this research and how
the next steps will of the research
will look like.

Thank
tion

them for participa-

Let them know that they
can leave their email address in
case they would like to receive
the results of this research when
it is finished.

End the focus group.

2 min

Table 10: Preliminary focus group protocol
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A.2 Design Focus Group Protocol

A.2.1 1. Design Focus Group Protocol

| Phase

Facilitator task

‘ Aim

Time

Opening the fo-
cus group

Greet, participants

Thank them for participat-
ing

Explain in short the aim of
the session and research: "We
want to explore how multiplayer
exergames in VR between players
with different skills can be made
fair and motivating.  Multiple
players play exergames together
in VR but have different abilities
and skills.  This can lead to
frustration due to one player
dominating the games. However,
we want to motivate players
to keep playing exergames to
encourage physical activities and
avoid frustration.”

Explain that their goal to-
day is to create a simple paper
prototype showing a way to solve
this particular problem.

Handover consent form

Establish a comfortable environ-
ment for all participants to max-
imise the creativity and freedom
of expression. All participants get
time to read through the docu-
ments and sign the consent form.

5 min
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Task
tion

explana-

Present what insights have been
gathered beforehand about this
topic. These insights should
be taken into account when
designing a solution. Hand them
over a summary of these insights,
which they can take a look on
while designing.

Ask again about consent for
recordings

Ask for any questions

The participants get further in-
sights into the task and all nec-
essary information are presented
that are needed to solve the task.
Participants use this phase to ask
questions about the research.

5 min

1. Iteration

Explain an example VR ex-
ergame that is popular: Beat
Saber. Show a video of the game-
play and offer the possibility to
wear VR glasses to see the game.

"How would you design a
fair and dynamic difficulty adap-
tation for the game Beat Saber?
Please be aware here that the
focus is to make the solution as
fair as possible for all players”.

This research will focus on ex-
ergames that have the same or
similar game mechanic as the
mentioned game. The partici-
pants should now think of ways,
how they would design diffi-
culty adaptation for this partic-
ular game while keeping in mind
that the gameplay should be as
fair as possible.

15 min

1. Presentation
& discussion

Ask participants to pitch their
ideas quickly to the rest of the
group. After each short presenta-
tion, ask the participants to point
out strengths and weaknesses of
the solution.

After the first iteration, partici-
pants should reflect on all solu-
tions.

6-9 min
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2. Iteration

Explain the problem that players
of exergames might move less
to gain points more efficiently,
which is contradicting when
exergames should encourage
players to move. This problem
exists with Beat Saber as well.

"How would you encourage
players of exergames to move
more in this game?”.

Encourage participants to
use the insights of the previous
discussions to improve their
prototype. It is allowed to use
parts of other solutions that they
liked.

Participants can now improve
their prototype and at the same
time incorporate a way to encour-
age players to move more.

15 min

2. Presentation
& discussion

Ask participants to pitch their
final prototype shortly to the rest
of the group.

After all participants presented,
ask them to discuss finally how
they would provide a person-
alised solution. This means, how
can a solution provided that
works for all players of different
personalities and preferences.
For example, can players choose
certain aspects of the solution?
How would the solutions be
combined?

Final discussions of the presented
solutions to gather their opinions
of which solution they liked best
and how to combine the solutions
to provide a personalised solu-
tion.

10 min
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Close
group

focus

Explain how they helped in the
process of this research and how
the next steps will of the research
will look like.

Thank them for participa-
tion

Let them know that they
can leave their email address in
case they would like to receive
the results of this research when
it is finished.

End the focus group.

2 min

Table 11: Design focus group protocol

A.2.2 2. Design Focus Group Protocol

H Phase

‘ Facilitator task

‘ Aim

Time
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Opening the fo-
cus group

Greet, participants

Thank them for participat-
ing

Explain in short the aim of
the session and research: "We
want to explore how multiplayer
exergames in VR between players
with different skills can be made
fair and motivating.  Multiple
players play exergames together
in VR but have different abilities
and skills.  This can lead to
frustration due to one player
dominating the games. However,
we want to motivate players
to keep playing exergames to
encourage physical activities and
avoid frustration. For this, we
propose dynamic difficulty adap-
tation as a solution. Difficulty
is therefore always adapted to
create a close game between the
players, which means weaker
players get chances to catch up
and stronger players get more
challenged during the game”.

Explain  that they will be
presented with four designs of
difficulty adaptation in a rhythm
exergame, which they will dis-
cuss. The rhythm exergame is
similar to Beat Saber. Show a
video of Beat Saber and explain
the game mechanics. Explain
that they should discuss the ideas
keeping in mind that the game
should be fair and motivating for
players with mismatching skills.

Handover consent form

Ask again about consentHQ)r
recordings

Ask for any questions

Establish a comfortable environ-
ment for all participants to max-
imise the creativity and freedom
of expression. All participants get
time to read through the docu-
ments and sign the consent form.

8 min




1. Design

Idea: Create power-ups in the
game that players can activate,
for example by hitting a specific
object. These power-ups are ad-
vantages that help players to gain
more scores for a short period
of time. For example: clearing
(hitting) all objects at once,
switching sabers with pistols to
hit targets from far away, higher
scores for all targets etc. Both
players receive power-ups but the
weaker player receives more.

What
create?

power-ups would you

Participants discuss the first idea.

https://
5-10
min

2. Design

Idea: Players can mess with the
game of the opponent. By hitting
a specific target they can increase
the difficulty of their opponent
for a short time. For example,
the targets are more spread
out in distance, which makes it
harder to reach or targets are
significantly smaller or less score
can be made. Weaker players
get more possibilities to mess
with the opponent’s game than
stronger players.

How would you increase the
difficulty of the opponent?

Participants discuss the second
idea.

5-10
min

3. Design

Idea: The idea is to create a game
similar to Twister. Players have
to recreate poses which get dis-
played for bonus points. Weaker
players get more possibilities to
do so than stronger players.

Participants discuss the third
idea.

5-10
min
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4. Design

Idea: Automatically increase or
decrease the size of objects in the
game in order to make it more
or less difficult for both players.
For example, the targets could
get bigger or smaller. The sabers
could change.

Here the player does not ac-
tivate the adaptation. Instead it
happens automatically. Do you
see problems with this approach?
Do you see advantages with this
approach?

Participants discuss the fourth
idea.

5-10

11111

Last questions

Which idea did you like best and
why?

Would you prefer to com-
bine ideas? Which ones would
you combine?

Participants explain their favorite
idea.

5-10
min

Close
group

focus

Explain how they helped in the
process of this research and how
the next steps will of the research

will look like.

Thank
tion

them for participa-

Let them know that they
can leave their email address in
case they would like to receive
the results of this research when
it is finished.

End the focus group.

2 min

Table 12: Second Design focus group protocol

A.3 User Study Protocol

H Phase

‘ Researcher task
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Introduction

Greet, participants
Thank them for participating

Explain in short the aim of this research:
"We want to explore how multiplayer
exergames in VR between players with dif-
ferent skills can be made fair and motivating.
Multiple players play exergames together in
VR but have different abilities and skills.
This can lead to frustration due to one
player dominating the games. However, we
want to motivate players to keep playing
exergames to encourage physical activities
and avoid frustration.”

Handover consent form as web survey

Establish a comfortable envi-
ronment for both participants.
Give them time to read the
consent form in their own pace.

Clarification be-
fore start

Ask again about consent for recordings
Explain basic game rules. Attach heart
rate monitors to participants and not down

initial heart rate before playing.

Ask for any questions

The participants use this phase
to ask questions about the re-
search.

First condition

Participants play a 3-4 min game together
in one condition.

Ask participants to fill out a question-
naire each.

Participants play one condi-
tion.

Second  condi-

tion

Participants play a 3-4 min game together
in the other condition.

Ask participants to fill out a question-
naire each.

Participants play the other
condition.

Short interview

Both participants are asked to answer 4 ques-
tions in a short interview. Audio is recorded.

Conducting short interview
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Close user test

Explain how they helped in the process of
this research and how the next steps will of
the research will look like.

Thank them for participation

Let them know that they can leave their
email address in case they would like to
receive the results of this research when it is

finished.

End the user test.

Table 13: User test protocol
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B Focus Groups Consent Form

W

i

‘ gké Universiteit
Zus Utrecht

Ny

S

Consent form for participation in the research project

Difficulty Adaptation in VR Multiplayer Exergames

Please complete the form below by ticking the relevant boxes and signing on the line below. A copy of the completed form will
be given to you for your own record.

1 | confirm that | am 18 years of age or over.

M | confirm that the research project “Difficulty Adaptation in VR Multiplayer Exergames” has been explained to me. | have had
the opportunity to ask questions about the project and have had these answered satisfactorily. | had enough time to consider
whether to participate.

1 | consent to the material | contribute being used to generate insights for the research project “Difficulty Adaptation in VR
Multiplayer Exergames”.

1 | consent to audio recordings being used in this focus group. | understand that | can request to stop recordings at any time.

M | understand that if | give permission, the audio recordings will be held confidentially so that only Tamara Mantz have access
to the recordings. The recordings will be held in a password protected storage for up to 3 months after which period they will
be transcribed in an anonymous form and the original securely destroyed. In accordance with the General Data Protection
Regulation (GDPR) | can have access to my recordings and can request them to be deleted at any time during this period.

1 | understand that in addition to the recordings, other personal data will be collected from me and that this data will be held
confidentially so that only Tamara Mantz has access to this data and are able to trace it back to me personally. The data will
be held in a password protected storage for up to 3 months after which period it will be fully anonymized and securely
destroyed. In accordance with the General Data Protection Regulation (GDPR) | can have access to my personal data and can
request it to be deleted at any time during this period.

1 | understand that my participation in this research is voluntary and that | may withdraw from the focus group at any time
without providing a reason, and that if | withdraw any personal data already collected from me will be erased.

1 | understand that my participation is not a requirement for my course or work, and that participating or not will not impact
me.
1 | consent to allow the fully anonymized data to be used in future publications and other scholarly means of disseminating the

findings from the research project.

M | understand that the data acquired will be securely stored by researchers, but that appropriately anonymized data may in
future be made available to others for research purposes. | understand that the University may publish appropriately
anonymized data in appropriate data repositories for verification purposes and to make it accessible to researchers and other
research users.

1 | agree to take part in the above research project on “Difficulty Adaptation in VR Multiplayer Exergames”.

Name of participant Date Signature

Tamara Mantz

Name of researcher Date Signature
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C Preliminary Focus Groups

C.1 Codes Sorted Into Categories

NC stands for non-competitive participant(s) and C for competitive participant(s).

i

Disadvantages of dynamic
difficulty adaptation

Motivators to play exergames

Requirements for
implementation

Advantages of dynamic
difficulty adaptation

Dependencies for type of
adaptation

VR Requirements

Direction and receiver of
adaptation

Proposed solutions for
balancing mismatching skills in
exergames

Examples of dynamic difficulty
adaptation

Unfair for skilled players

Feeling bad when game gets easier

Cheat by playing badly

No consistency when playing same game again
Makes players too equal

Removes challenges

Risk of wrong adaptation

Unfair due to less transparency

Beating high score does not motivate necessarily
Seeing improvement motivates

Higher challenge motivates

Reward players for playing again

Boost after winning against more skilled player
Encourage with positive feedback

Mentoring from skilled players

Seeing how skilled people play motivates

Let players decide adaptation preference in
settings

Make clear the game is adapted

Don’t add too much randomness

Keep players in flow

Only adapt players until they reached the same
level

reward with explicit adaptation

Close games are more fun

Gradual difficulty level

Avoid failing often or badly

Casual players won’t give up easily

Pushes players like a trainer

Avoid boredom

Player’s personality

Mindset of players

Type of game

VR can create a different reality for each player
Virtual skills don’t translate to real life
Increase for less skilled players

Bi-directional

Depends on skill difference

Static difficulty adaptation

Co-op

Dynamic difficulty adaptation

Giving hints

Handicaps for more skilled player

Elo ranking

Manipulating game elements (size, speed,
distance of targets, allowance for mistakes)
Mario Kart is a good example

Catch-up system when falling behind

Measure heart-rate to determine effort
Reward different amounts of points depending
on level
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5
4
4
1
1
1
1
1

(4NC, 1C)
(3N, 1C)
(3N, 1C)
(INC)
(INC)
(INC)
(10)

(10)

15 (9NC, 6C)

4
2
1
1
1
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(2NC, 2€)
(ING, 1C)
(10)

(10)
(INC)
(10)
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(4NC)
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(2C)

(INC)
(3NC, 5C)
(4NC, 30)
(2NG, 10)
(2€)
(INC)
(10)
(3NG, 20)
(4C)
(ING, 10)
(7NC)
(INC)
(10)
(INC)
(10)

11 (9NC, 2€)
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(4NC, 4C)
(2N, 2€)
(8C)
(1ING, 4C)
(4C)
(2NG, 2€)

(ING, 2€)
(10)
(INC)
(1C)

30 (14NC, 16C)

25 (13NC, 120)

23 (10NC, 13C)

22 (10NC, 120)

11 (4NC, 7€)

8 (8NC)

3 (ING, 2€)

23 (15N, 8C)

27 (SNC, 22€)



C.2 Mind-map Non-Competitive

Feeling bad
when game
gets easier

Cheat by
playing badly

No
consistency
when playing

Let players
decide
adaptation
preference in
settings

Make clear the
game is
adapted

Disadvantages
of dynamic
difficulty
adaptation

Requirements
for
implementation

Adaptation
depends on
player’s
personality

Most
important
for
non-competi
tive group
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Seeing

improvement
motivates

Motivators to
play exergames

Higher
challenge
motivates

Gradual
difficulty level

Advantages of

dynamic Close games
difficulty are more fun
adaptation

Avoid failing
VR can create often or badly
a different
reality for each

player



C.3 Mind-map Competitive

Disadvantages
Unfair for of dynamic
skilled players difficulty
adaptation

Let players
decide
adaptation
preference in

Don’t add too
much
randomness

Requirements
for
implementation

Keep players in
flow

Only adapt
players until
they reached

the same level

Dependencies
for type of
adaptation

Most
important
for
competitive

Group
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Motivators to
play exergames

Advantages of
dynamic
difficulty

adaptation

Seeing
improvement
motivates

Higher
challenge
motivates

Close games
are more fun

Gradual
difficulty level

Casual players
won’t give up
easily




C4

Casual Players
Won't Give Up
Easily

Gradual
Difficulty Level

Close Games
are More Fun

Pushes
Players like a
Trainer

Avoid Failing
Often or Badly

Avoid Boredom

Type of Game

Mindset of
Players

Play
Personality

Boost After
Winning
Against More
Skilled Player

Encourage
with Positive
Feedback

Reward
Players for
Playing Again

Mentoring
from Skilled
Players

Higher
Challenge
Motivates

Seeing how
Skilled People
Play Motivates

Seeing
Improvement
Motivates

Virtual Skills
don’t Translate
to Real Life

VR Can Create
a Different
Reality for each
Player

Mind-map All Categories

Advantages

Dependencies

VR
Requirements

Dynamic
Difficulty
Adaptation

Disadvantages

Direction

Requirements

Cheat by
Playing Badly

Makes Players
too Equal

Removes
Challenges

No
Consistency
when Playing
Same Game
Again

Feeling Bad
When Game
Gets Easier

Risk of Wrong
Adaptation

Unfair for
Skilled Players

Unfair due to
Less
Transparency

Beating High
Score does not
Motivate
Necessarily

Increase for
Less Skilled
Players

Bi-directional

Depends on
Skill Difference

Don’t Add too
much
Randomness

Keep Players in
Flow

Make Clear the
Game is
Adapted

Only Adapt

Players Until
they Reached
the Same Level

Reward with
Explicit
Adaptation

Let Players
Decide
Adaptation
Preference in
Settings



D Design Focus Groups

D.1 Handout Sheet Stating Requirements

Requirements for dynamic difficulty adaptation

Task: Adapt an exergame to dynamically adapt the difficulty during the game. The
exergame is a rhythm game similar to Beat Saber.

o Create close games
If players fall behind, they can catch up. The player on the first place could lose their
position again.

e Avoid demotivation of the less skilled player
Less skilled players could feel demotivated when seeing that their game got easier
because of poor performance. This can be avoided by either using less obvious
adaptations or giving the player the choice of using an advantage in the game. Think
of Mario Kart, where items have to be collected and activated to be used.

o Make improvement visible
Seeing improvement is often more motivating than winning. However, losing all the
time can be frustrating, too. Players also feel rewarded when the game gets more
difficult due to their good performance -> use visible adaptation.

e Add the right amount of randomness
Randomness can help to create a close game. Making it too random can be
frustrating when putting effort into playing.

e Use the advantage of VR: every player can have their own reality
The designer of the game can decide what players can see of other players: Can they
see that their opponents game got adapted? Should they know how difficult or easy
the opponent’s game is?
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Codes Sorted Into Categories — Focus Group 1

#
Category Code ST Notes
Visibly change objects 3 When asked what idea is their favorite,
Mess with opponent’s game 3 power-ups were clearly in favor. Messing with
Power-ups 10 opponent’s game is liked for more
Adaptation ideas  Assistance where help is needed 1 interactivity between players. 1 P. likes the
Bonus round after 1 gradual built up of difficulty until players meet
Gradual built up to meet in the middle 3 in the middle and 1 likes collaboration as best
Collaborate in pairs, compete in teams 3 idea.
Transparency 7 Transparency and adapting games in a way
Subtle changes 3 that they do not differ extremely is necessary
Adaptation to create a fair game. Transparency means
K Players should be in control 3 that players can see how their and the
requirements
opponents game adapts. Players also want to
be in control as in activating an
advantage/power-up.
Seeing opponents effort through avatar 4 Participants would like to see their friend as
movements avatar, similarly they want to interact with
them otherwise it does not feel like they are
Fairness . . playing with friends. Achievements can be
X Both need to get positive adaptations 2 shown both within and after the game. Seeing
requirements . X R
movements of your friend can motivate either
Seeing achievements 3 by being impressed of well-performed
movements or by seeing that the friend put
physical effort into playing.
Steps to expand world 2
Score also based on physical effort 1 Complicated poses were liked because it adds
a funny part to the game as in seeing your
Objects far apart 5 friend’s avatar twisted. This idea also ties with
Ideas to the idea of placing objects far apart.
encourage Complicated patterns and poses 8 Jumpscares were not liked. Score based on
movement physical effort was liked and adds the
Jumpscares 5 possibility of catching up even if the player is
not good in hitting targets. It also encourages
Change to more active song 1 B0 TEYEEE
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D.3 Mind-map Game Design Derived from Focus Group 1

Visibly change

objects

Mess with
opponent’s
game

Power-ups

Assistance
where help is
needed

Bonus round
after

Decrease and
Increase
difficulty

Increase
difficulty

Adaptation
ideas
Decrease
difficulty

Gradual built
up to meet in
the middle

Collaborate in
pairs,
compete in
teams

Steps to
expand world

Score also
based on
physical effort

Objects far
apart

Complicated Encourage
patterns and movement
poses Ideas

Motivation by

being seen and
seeing friend’s

avatar

Change to
more active
song
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Adaptation
Requirements

Fairness
requirements

Transparency

Subtle changes

Players in
control

Seeing
opponents
effort through
avatar
movements

Both need to
get positive
adaptations

Seeing
achievements

Don’t make
games differ
too much




D.4 Codes Sorted Into Categories — Focus Group 2

Category

Favorite idea

Requirements

Ideas to activate
power-up

Reasons for
choice

Additional
features

Code

Combine power-ups and messing with
opponent
Incentivize physical activity

Self-explanatory design

Do not mess too much with opponent

Player needs to put effort to get power-up
Provide a way to catch up when falling
behind

Loading bar fills up with more movement
and unlocks power-up

Make poses to unlock power-up

Automatically change size of objects to
change difficulty seems unfair because it is
more about coordination skills

Favorite idea is fair because weaker player
gets an alternative way to win the game
which requires less skills but incentivizes
physical activity

Likes interaction between players

Likes the game mechanic to mess with the
other opponent because it is fun

Stronger player gets challenged

Add strategy to the game so that players
have to decide when it is best to activate a
power-up

Calorie counter

Get bonus for streaks — hitting objects in a
row without a miss

Give hints how to catch up during the
game when falling behind so player knows
what to do

Provide feedback during the game who is
leading and who is behind

#
Statements

10

Notes

Overall, participants would combine two
ideas but the idea “messing with opponents
game” was their favorite.

Players have to activate the power-ups. They
can do so by moving generally more during
gameplay and filling up a loading bar that
activates a power-up. The bar can load
quicker for the player who is behind.

Loading bar is preferred and can be combined
with incentivizing physical activity during the
game.

Participants liked “messing with oppoinents
game” because it is interactive, fun and
original.

Feedback about the current place within the
game has to be incorporated to make players
aware of how far behind/ahead they are.
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E User Study

E.1 Codes Sorted Into Categories

Category

Favourite game

Advantages of
adaptation

Dislikes of
adaptation

Best context for
adaptation

General
improvements for
game

Other notes

Code

With Adaptation

No Adaptation

Likes both

Fairly balanced game

Higher motivation

Achievement through earning bonuses
instead of getting them for free
Increases challenges for skilled player
Many bonuses feel good

Makes game more intelligent
Spawning bonus blocks made the game
more difficult

Attacks were too extreme and frustrating
Did not notice benefits from it

Game mechanics unclear

Wants to measure true skills

Jealous of bonuses

Unfair for skilled player

Good for casual games

Good for major skill differences

Adaptation only at the start, later without

Visual cues to see that opponents got hit
by attack

Feedback and tips after game

Scoring hard to understand

Make adaptation full part of the game, not
a mode to be chosen

Attacks are good addition for more
interactivity between players (keep)
Rhythm did not match blocks

Make game faster

When score differ a lot, immediately
decrease difficulty instead of offering
possibilities

Too focused on game to notice adaptation
Surprised that player could suddenly catch
up

#

Statements

20

Notes
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F Prototype Repository

https://github.com/mantzta/danceandattack
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https://github.com/mantzta/danceandattack
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G User Study Survey Link

https://survey.uu.nl/jfe/form/SV_2f8osdtIG2AKtsa

H Ethics and Privacy Quick Scan
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https://survey.uu.nl/jfe/form/SV_2f8osdtIG2AKtsa

Response Summary:

Section 1. Research projects involving human participants

P1. Does your project involve human participants? This includes for example use of observation, (online)
surveys, interviews, tests, focus groups, and workshops where human participants provide information or
data to inform the research. If you are only using existing data sets or publicly available data (e.g. from
Twitter, Reddit) without directly recruiting participants, please answer no.

e Yes

Recruitment

P2. Does your project involve participants younger than 18 years of age?
e No

P3. Does your project involve participants with learning or communication difficulties of a severity that may
impact their ability to provide informed consent?
e No

P4. Is your project likely to involve participants engaging in illegal activities?
e No

P5. Does your project involve patients?
¢ No

P6. Does your project involve participants belonging to a vulnerable group, other than those listed above?
e No

P8. Does your project involve participants with whom you have, or are likely to have, a working or
professional relationship: for instance, staff or students of the university, professional colleagues, or
clients?

e Yes

P9. Is it made clear to potential participants that not participating will in no way impact them (e.g. it will not
directly impact their grade in a class)?
e Yes

Informed consent

PC1. Do you have set procedures that you will use for obtaining informed consent from all participants,
including (where appropriate) parental consent for children or consent from legally authorized
representatives? (See suggestions for information sheets and consent forms on the website.)

e Yes

PC2. Will you tell participants that their participation is voluntary?
e Yes

PC3. Will you obtain explicit consent for participation?
e Yes



PC4. Will you obtain explicit consent for any sensor readings, eye tracking, photos, audio, and/or video
recordings?
e Yes

PC5. Will you tell participants that they may withdraw from the research at any time and for any reason?
e Yes

PC6. Will you give potential participants time to consider participation?
e Yes

PC?7. Will you provide participants with an opportunity to ask questions about the research before
consenting to take part (e.g. by providing your contact details)?
e Yes

PC8. Does your project involve concealment or deliberate misleading of participants?
e No

Section 2. Data protection, handling, and storage

The General Data Protection Regulation imposes several obligations for the use of personal data (defined as any
information relating to an identified or identifiable living person) or including the use of personal data in research.

D1. Are you gathering or using personal data (defined as any information relating to an identified or
identifiable living person )?
e No

Section 3. Research that may cause harm

Research may cause harm to participants, researchers, the university, or society. This includes when technology has
dual-use, and you investigate an innocent use, but your results could be used by others in a harmful way. If you are
unsure regarding possible harm to the university or society, please discuss your concerns with the Research Support
Office.

H1. Does your project give rise to a realistic risk to the national security of any country?
e No

H2. Does your project give rise to a realistic risk of aiding human rights abuses in any country?
¢ No

H3. Does your project (and its data) give rise to a realistic risk of damaging the University’s reputation? (E.g.,
bad press coverage, public protest.)
e No

H4. Does your project (and in particular its data) give rise to an increased risk of attack (cyber- or otherwise)
against the University? (E.g., from pressure groups.)
e No

H5. Is the data likely to contain material that is indecent, offensive, defamatory, threatening, discriminatory,
or extremist?
¢ No

H6. Does your project give rise to a realistic risk of harm to the researchers?
e No

H7. Is there a realistic risk of any participant experiencing physical or psychological harm or discomfort?
e Yes



H8. Is there a realistic risk of any participant experiencing a detriment to their interests as a result of
participation?
e NO

H9. Is there a realistic risk of other types of negative externalities?
e NoO

Ethics Warning. A As you replied yes to one (or more) of H1-H9, a fuller ethical review is required.
Please provide more detail here on the potential harm, and how you will minimize risk and impact:
In the study participants will play a virtual reality game. Therefore, it is possible that participants may experience
discomfort as in motion sickness. They will be informed about this risk and also that they should stop playing if feeling
uncomfortable. Additionally, they will be informed that they can stop playing or participating at any time.

Section 4. Conflicts of interest

C1. Is there any potential conflict of interest (e.g. between research funder and researchers or participants
and researchers) that may potentially affect the research outcome or the dissemination of research
findings?

e NoO

C2. Is there a direct hierarchical relationship between researchers and participants?
e No

Section 5. Your information.

This last section collects data about you and your project so that we can register that you completed the Ethics and
Privacy Quick Scan, sent you (and your supervisor/course coordinator) a summary of what you filled out, and follow up
where a fuller ethics review and/or privacy assessment is needed. For details of our legal basis for using personal data
and the rights you have over your data please see the University’s privacy information. Please see the guidance on the
ICS Ethics and Privacy website on what happens on submission.

Z0. Which is your main department?
e Information and Computing Science

Z1. Your full name:
Tamara Mantz

Z2. Your email address:
t.m.mantz@students.uu.nl

Z3. In what context will you conduct this research?
¢ As a student for my master thesis, supervised by::
Hanna Hauptmann

Z5. Master programme for which you are doing the thesis
e Human-Computer Interaction

Z6. Email of the course coordinator or supervisor (so that we can inform them that you filled this out and
provide them with a summary):
h.j.hauptmann@uu.nl

Z7. Email of the moderator (as provided by the coordinator of your thesis project):
graduation.hci@uu.nl



Z8. Title of the research project/study for which you filled out this Quick Scan:
Balancing Multiplayer Exergames in Virtual Reality with Dynamic Difficulty Adaptation

Z9. Summary of what you intend to investigate and how you will investigate this (200 words max):
| will investigate the effects on motivation/fairness/competence when playing multiplayer exergames in virtual reality
(VR) with difficulty, that dynamically adapts during gameplay. For this, | will conduct focus groups and interviews to
gather insights about how to design difficulty adaptation. Afterwards, | will implement a prototype of a game that
includes difficulty adaptation. In the study, participant pairs will play against each other in two conditions: A. no difficulty
adaptation present B. difficulty adaptation is present. After each condition both participants are asked to answer
questionnaires regarding their perceived motivation/fairness/competence. Additionally, | will conduct a short interview
with the participants to understand what they liked and did not like and why. At the end, they are asked to fill out a
questionnaire about demographic data, their weekly physical activity and how familiar they are with VR and exergames.

Z10. In case you encountered warnings in the survey, does supervisor already have ethical approval for a
research line that fully covers your project?
e No

Scoring

e Privacy: 0
e Ethics: 1
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