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Abstract

Competitive exergaming is a promising way to encourage physical activity. However, in group exergames,
differences in fitness can lead to anxiety, fear of failure, or frustration. Dynamic difficulty adaptation (DDA) might
mitigate these effects. However, DDA might lead to overbalancing or diminishing self-efficacy. To investigate
the effects of DDA, we designed an exergame based on focus group input. Our within-subject study with 14
participant pairs compares an adaptive and a non-adaptive version of our game. We show that perceived fairness
was significantly higher in the adaptive game while perceived competence and motivation showed no differences.
Finally, pair interviews revealed that the adaptive game fostered motivation by creating a close game.
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1. Introduction

Physical activity is an essential component of a healthy lifestyle, serving as a preventive measure against
obesity [1] and cardiovascular disease [2]. However, it has been observed that up to 65% of people
who start exercising are prone to dropping out [3, 4, 5]. Common reasons for discontinuation include
time constraints [6] and loss of motivation. A possible solution could be exercise games (exergames).
Due to their simplicity, exergames are easy to learn, suitable for a wide audience, and thus, increase
motivation [7]. Especially group exergames have shown the potential to increase motivation, as players
often significantly increase their physical effort to win competitive exergames [8, 9, 10, 11, 12].
However, competing with friends of different physical skill levels can lead to unbalanced games,
which in turn leads 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 outcome
was close, i.e., players performed similarly [13, 14]. A possible strategy for achieving such “close games”
is to individually adjust the difficulty of the game, such as by using players’ heart rates as a measure
for effort [15], or changing target number, distance, and size [16, 17, 18]. By including the physical
effort of players in this dynamic adaptation, this effort can be rewarded by adaptive changes in game
difficulty. One disadvantage of DDA is that it can decrease the self-efficacy of less skilled players and
can be perceived as unfair by skilled players [17, 18]. In our study, we investigated whether dynamic
difficulty adaptation (DDA) based on physical effort influences perceived fairness and game experience.
The way in which competitiveness is experienced as motivating or frustrating may also depend
on personal characteristics such as gender or social comparison traits [19]. We thus measure these
covariates and explore possible correlations with the perception of the game. Further, exergames have
been shown to reduce the barrier for physical activities in groups, such as fear of being observed [20], as
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individuals are more focused on the screen [21, 22, 23]. However, this effect is yet unclear when playing
group exergames in virtual reality (VR). Our study thus also investigated whether this transparency
may diminish players’ self-efficacy during gameplay.

In a pre-study, we derived requirements for the design of the group exergame. We chose rhythm
games, as these are easy to learn due to simple game mechanics. They require general fitness and
coordination and allow for comparability between players, as they need to perform the same moves
when competing with each other. Consequently, a design for DDA was derived from the identified
requirements. To evaluate whether the implemented solution has the desired effects, a user study
was conducted. We investigate the impact of DDA on how players perceive their competence, their
motivation, and the game’s fairness. Our study contributes to current research by defining design
requirements for group rhythm exergames in VR and investigating the effects of the resulting solution.
The findings presented in this work support the positive effects of DDA on players, and our derived
requirements may inform the future design of fair and motivating exergames.

2. Related Work

This section reviews work on (VR) exergames, balancing skill mismatches, and on games with DDA.

2.1. Exergames and Virtual Reality

Serious games [24, 25] can be defined as games that serve a purpose other than entertainment and
offer the possibility to persuade, educate, or motivate players for a certain topic [26]. Exergames are
a domain within serious games that focuses on encouraging players to be physically active. These
games can often be played in the home environment and have various benefits for players: they can
improve coordination and spatial awareness, motor skills, cognitive skills, and social behavior in the
case of group exergames [27, 28, 27]. To keep players engaged, it is important to strike the right balance
between challenges and rewards. As physical exhaustion can occur, exergames should be kept simple
while avoiding physical exhaustion by adapting a game to players’ skills and fatigue during gameplay
[7]. Additionally, motor control in exergames should feel as natural as possible to increase perceived
presence in the game [29]. Group modes, leader boards, and badges can keep players engaged over the
long term [30]. Immediate feedback in exergames and the possibility to achieve smaller, incremental
goals can furthermore facilitate a "flow state’ in which players are fully engaged in an activity [31].
In addition, VR exergames offer an immersive experience [32], further increasing motivation to play
exergames and being physically active [33]. In a study comparing group and solo exergame play,
participants who chose to play in groups played more often than participants who preferred solo play
[34]. Thus, group exergames increase motivation [35] and engagement [36, 37]. However, in group
games, challenges are dependent on the opponents’ skills, making it hard to keep all players in a
flow state. Realistic body movement during gameplay was identified as another of the aspects for
engaging VR exergames [38]. Nowadays, there are multiple VR exergames commercially available,
including group support, movement according to music, and gradual acquisition of skills, which have
been identified as engaging VR game features [38].

2.2. Balancing Skill Mismatches

While commercial games match player groups by their chosen level to avoid big skill differences [39],
DDA provides a way to balance games among groups with differing skills. Group exergames can be
competitive or collaborative. The latter leads to higher self-efficacy, encourages pro-social behavior,
and keeps players motivated to play long-term [10]. Competition, on the other hand, increases the
amount of effort players put into playing exergames, making it a useful tool for increasing physical
activity [8, 9, 10, 11, 12]. However, competition can lead to a decrease in motivation [9] and decline of
self-efficacy [40, 17] in less skilled players while creating positive feelings for strong players [9]. In



contrast, providing assistance for less skilled players creates a closer game [41, 42], which is perceived
as more fun [13, 14]. Players will face appropriate challenges leading to an experience of Flow [43].

According to Mueller et al’s framework for balancing exertion [44], implicit, in contrast to explicit,
assistance can create the illusion that no players receive assistance. This can mitigate the decrease in
self-esteem [17, 18] and enhance the value of a win. According to Baldwin’s framework for designing
group DDA for games, players want to be aware of DDA and prefer balancing methods that still
require skill or effort and provide a way to catch up in the game [45, 46]. Effort can be measured
either by performance or exertion [44], with exertion being represented, e.g., as heart-rate [15, 47].
However, overbalancing can occur in less fit players as they reach higher heart rates faster than fit
players. Furthermore, static and dynamic balancing can be differentiated. Prior studies show that a
static balancing approach in (virtual) table tennis can lead to frustration for skilled players as the added
challenge made it hardly possible to win [48]. Jensen and Grenbaek investigated DDA in an exergame
that incorporates physical balancing, implicit-digital and explicit-digital balancing [18]. While some
participants preferred implicit assistance as they felt less exposed as a weak player, explicit balancing
was perceived positively by most players. To accommodate these different preferences, Jensen and
Grenbzk propose a combination of both explicit and implicit balancing, or giving the user the choice of
their preferred approach. They also stated that players must be aware of the DDA for higher acceptance.
Lastly, the game should balance difficulty for all players to minimize overbalancing [18].

2.3. Prior Exergame Design with DDA

There are several existing exergames that use DDA in their design. We want to show how our approach
of including physical effort differs. Our design is largely in line with existing work in VR exergames.
For example, [49] shows that elements of uncertainty and randomness can increase invested physical
effort. Similarly, [50] shows that VR exergames should not only include upper body movement but
can also integrate lower and full body movement for a fulfilling experience. In our own design, we
stimulate full-body movement by placing action elements outside the regular action radius of the player.
Other work indicates that VR exergames should provide cues on the user’s movement behavior [51].
In our study, pose was not as relevant to the chosen gameplay, but auditory cues were provided for
(un)successful striking actions in the game. In terms of algorithmically supporting exercise in VR
games, [52] provides a detailed approach to prolong and motivate exercise in VR. Similarly, some
exergames [53, 54, 55] provide algorithms for DDA based on heart rate. While we see these as potential
extensions of our own, relatively limited, exertion model, this work does not take into account the
social experience of our DDA approach. Similarly, some prior work has more detailed approaches
to tailoring self-competition [56], but does not model the social considerations, such as fairness and
social comparison, due to the competitors being ghosts of prior performances. Other works do not
include any social interaction but only skill-based DDA in their game [57]. In addition to VR exergames,
other technology, such as the ExerCube [58] can facilitate 3D full body exercise. They further provide
adaptive workouts to a player’s skill and exertion. While such technology could in the future be used
to replicate our ideas, this work also does not include the social aspect of competing during a workout.
In summary, there are relevant prior studies on both effective and motivating VR exergame design and
adaptation algorithms based on individual traits, but the nature of competitive VR exergames with two
players, including social perceptions, is missing in the literature to date.

3. Requirement Analysis

This study followed the design science methodology by Wieringa [59]. Two requirement focus groups
discussed requirements for DDA that create a fair and motivating game. Subsequently, two design focus
groups generated ideas for integrating DDA into a rhythm exergame based on the derived requirements.
The analysis was done using thematic analysis [60] with a mix of inductive and deductive coding. All
identified codes and derived categories, as well as the number of mentions, can be found in [61]. The
collected ideas were refined and implemented as a playable exergame incorporating DDA.



3.1. Focus Groups Methods

In the following, we briefly describe the focus group materials, participants, and analysis methods.

Materials: All focus groups were audio recorded. After collecting informed consent, participants
were shown a video of Beat Saber (https://www.beatsaber.com/). The design focus groups received an
additional sheet with short descriptions of each requirement derived from the preliminary focus groups.

Participants: We conducted four focus groups, three with 4 participants each and one with 5
participants, whom we recruited through convenience sampling. The participants were either students
or working (age 22-40, 10 male, 7 female). Previous research found that group exergames can induce
negative feelings in less competitive players [9, 40]. We thus divided participants of the requirement
focus groups into either competitive (4 participants) or non-competitive (5 participants) players accord-
ing to self-judgment. The third focus group was conducted with 4 students studying Human-Computer
Interaction and Game and Media Technology. The fourth focus group was held with two participants
working as user experience designers, one as a software engineer, and one in artificial intelligence.

Qualitative Analysis: The results of the four focus groups were analyzed using a thematic analysis
[60] approach to identify key themes and derive requirements for designing DDA. Preliminary codes,
based on the discussion topics, included preference for DDA, static difficulty adaptation, bi-directional
adaptation, handicapping skilled players (uni-directional), and decreasing difficulty for less skilled
players (uni-directional). Although these codes were predefined, the analysis remained open to new
patterns emerging from the data. All focus group recordings were transcribed and systematically coded
by one researcher. Segments of the data were either matched to the initial codes or led to the creation
of new codes where relevant insights were observed. These codes were then reviewed and grouped
into broader themes representing critical considerations for designing DDA in VR exergames. The
prominence of each theme was assessed on the basis of the frequency and consistency of mentions
across the focus groups. Based on these themes, a set of design requirements was formulated.

3.2. Requirement Focus Groups

We ran two focus groups to discuss the requirements for DDA in group exergames.

Procedure: 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 study is focused on rhythm games. Participants were encouraged to openly discuss questions
in a semi-structured way. Two focus groups started with a general question about how participants
would solve the presented problem of mismatched skills in group mode. Afterward, they were asked to
discuss the advantages and disadvantages of DDA as a solution. Participants then had to discuss the
advantages and drawbacks of static vs. dynamic balancing, increasing vs. decreasing difficulty, and
targeting only the strongest/weakest players vs. all players. The two focus groups discussed concrete
ideas for implementing DDA in a rhythm exergame. They were asked to focus on designing the game
in a way that ensures fairness for all players while also encouraging more movement during gameplay.
No specific game was presented as a use case in these focus groups. The participants were divided into
pairs to create a low-fidelity paper prototype in two iterations.

In the first iteration, participants were asked to design a rhythm exergame with DDA that is fair for
all players. 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 asked clarifying questions
and held discussions. After the iteration, the pairs were asked to present all the ideas that they had
brainstormed and discuss the advantages and drawbacks. Participants were also asked which idea they
preferred and for what reasons.

In the second iteration, participants were asked to create an idea that takes into account the previous
discussion and the 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. This particular task required more technical knowledge about what
movements are possible to track with a VR headset. Therefore, the participants struggled with creating
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initial ideas. It was decided that the participants were allowed to discuss ideas that were presented to
them by the facilitator in the entire group. 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,
and 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.

Resulting Requirements for DDA: Firstly, participants feared that the system would overbalance
and, therefore, make it too easy for the weaker player and too difficult for the stronger player. Addition-
ally, DDA could facilitate cheating. For example, players could purposefully play badly in the beginning
to receive an advantage. However, increasing physical effort should be incentivized. Another concern
was mentioned regarding less skilled players who may feel demotivated if they become aware of a
decrease in difficulty, as this means that they are performing badly [17, 18]. Certain advantages of DDA
were mentioned that can lower the probability of such disadvantages occurring. Most importantly,
participants 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. Participant P4 states that by
adjusting the difficulty for 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. The competitive
group was more open to accepting DDA in games compared to the non-competitive group, and they
discussed more examples of how to implement DDA. Their biggest issue with this approach is the
potential for creating an unfair game for skilled players, as these players expect that their higher skill
will lead to higher rewards. However, they also mentioned that this would likely only be the case
for very competitive players. The non-competitive participants preferred static difficulty adaptation
over a dynamic approach, where they get matched to other players based on skill level. However, this
does not accommodate the scenario where players compete against friends with higher or lower skill
levels. Participants agreed that they would like transparency about DDA during gameplay to prevent
feeling cheated by the game afterward. The participants rejected the idea of difficulty decreasing
automatically for players and emphasized player control. Any game advantages that a player receives
should be activated by the player, thus leaving the decision to decrease difficulty in the hands of the
player. Furthermore, the participants would prefer subtle increases or decreases in difficulty to avoid a
player getting overbalanced. Further, participants would like to see their opponent’s movements as an
avatar, as this can create a game that feels more fair: When players see that their opponents put effort
into playing even if they are less skilled, a loss might be more accepted. Furthermore, they would like
to see their friend as an avatar simply to feel more connected to them. Another requirement is that
all players are able to receive bonuses when falling behind, creating a fair game, as all players could
benefit from DDA.

Final Requirements:

R1: Create close games: In order to create a fair game without frustrations, it is important to
balance scores between players during gameplay.

R2: Avoid demotivation of the less skilled player by player control: By offering opportunities
that players have to actively take, they are put in control. This means that they can choose not to use
the help that they receive, and therefore, they may feel less "outed” as a weak player.

R3: Add the right amount of randomness: Randomness can make games less predictable and
more interesting. However, this must be carefully balanced, as with too much randomization, players
may feel the outcome is unpredictable and detached from their effort and performance.

R4: Make adaptations transparent: 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.

R5: 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.

R6: Seeing opponents as avatars: Participants would like to see their opponents in a group game
to feel like they are playing with another person rather than alone.

R7: Both players should be able to get assistance: To create a fair game, both players should be
able to receive assistance when they are lagging behind, even if they were previously leading.



3.3. Design Focus Groups

Following the two focus groups on the requirements, we ran two design focus groups.

Procedure: In the first design, focus group participants were given a sheet listing the requirements,
with the most important one highlighted. In pairs, the participants discussed ideas for a rhythm
exergame, with DDA taking into account fairness. Results were presented and discussed in the group
for their preference and to further develop ideas. Afterward, the group discussed how to encourage
players to move more during the game. As this task required more technical knowledge about VR games,
the facilitator also presented potential options for discussion, such as rewards for more movement and
catching up through more movement. 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 a single concept. Furthermore, it was discussed how to
combine this idea with ways to encourage movement during gameplay.

Proposed Design Ideas for DDA: Participants of the design focus groups favored a combination
of power-ups and attacks as an implementation for DDA in a rhythm exergame. Power-ups are ways
to decrease the game’s difficulty, while attacks aim to increase the game’s difficulty for the opponent.
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, e.g., P1: And that’s again a lot more
interactivity, right. That’s because then you're trying to prevent the other [player to score]. Moreover,
participants proposed a mechanism where bonuses (power-ups and attacks) get unlocked through
increased movement during gameplay, visually represented by a loading bar. This loading bar advances
more rapidly for players falling behind. Thus, less skilled players unlock bonuses faster and receive more
opportunities to catch up. Attacking opponents and increasing their difficulty adds unpredictability
to the gaming experience. Combining power-ups with attacks seemed fair to participants because it
provided an 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, e.g., P3: I think the issue is [...] being worse than another person, missing the
beats or something because it’s all rhythm-based. Right? So maybe [...] if you’re messing with someone’s
game, it’s more fun and less [...] about the rhythm part.

4. Exergame Design

The prototype, a VR exergame, is written in Unity version 2021.3.16f1, utilizing its XR (extended reality)
framework along with the XR Toolkit to facilitate the integration of VR interactions. The game is
based on open-source code simulating the Beat Saber gameplay. A link to the full game materials is
available at https://github.com/mantzta/danceandattack. A video of the game in action is available at
https://drive.google.com/file/d/1l-mWnaYaTghejBbEfgeIN7CYu78KjDc9/view. Game mechanics are
tailored in accordance with the requirements and findings from the above-mentioned focus groups. The
prototype features a group mode realized through the Photon Pun library. The game is designed to be
playable by two players, whereby players can see each other as avatars within the game, to align with
R6: Seeing opponents’ effort through avatar movements as they can look at each other during the game.
The prototype was iteratively play tested by four players (friends, work colleagues). Based on these
tests, we improved the game in several ways: A threshold for adaptation to prevent excessive bonuses,
clearer indication of who was leading the game, and clearer scoring for correct actions. To facilitate
catching up, we included three mechanisms for power-ups and attacks that adapt to score differences.

The goal of the adaptation is two-fold. The outcome of the game should be closer by making actions
more difficult for the opponent or easier for the player. At the same time, the acquisition of these
supportive mechanisms requires the players to perform with more physical activity, thus supporting
our primary goal of a balanced competitive exercise game. The game is a rhythm exergame, where
players have to hit flying targets in various directions with sabers of different colors. For example, red
blocks have to be hit by the red saber on the side indicated by the block. The blocks spawn such that
they need to be hit in the rhythm of the playing song.
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(a) Power-up and attack blocks (b) Power-up activated indicated by a 2x multiplier

Figure 1: Two screenshots showcase the game’s bonus design. The first screen (left) shows two bonus blocks
after being spawned and moving toward the player, but before being activated. The second screen (right) shows
how factors by which the score is multiplied or divided once a bonus is activated are made visible to players.

The new DDA feature is introduced as bonuses that can be caught after certain amounts of activity.
The game shows a loading bar that slowly depletes when the player is inactive. Movement is encouraged,
as it also contributes to filling up the player’s bonus loading bar (see Fig. 1b). Once the loading bar
is full, two bonus blocks are spawned, as can be seen in Figure 1a. Furthermore, the game adds a
factor to the loading bar depending on a combination of the score difference between players and the
mistakes a player has made. Mistakes are counted when blocks are missed or hit incorrectly (e.g., with
a non-matching color or in the wrong direction). The loading bar of the player lagging behind fills
up faster and thus, spawns more bonuses within a shorter time frame. After playtesting the game, an
upper threshold was added for the loading factor of the bar to avoid too many bonus spawns.

There are two bonus blocks: a power-up (star block) and an attack block (sword block). These bonus
blocks are spawned simultaneously on the left and right sides, such that players have to decide which
block to hit - hitting both at the same time is hardly possible. Once a bonus block is hit, it activates a
power-up or attack for 10 seconds. Bonus blocks are also spawned further away from normal blocks,
making it harder to hit them simultaneously with normal blocks. Therefore, players need to put extra
effort into activating bonuses, which is aligned with the requirement R2: Avoid demotivation of the less
skilled player by player control by increasing physical effort while reducing the gap in performance.

Movement is further incentivized by multiplying scores by a higher factor when blocks are sliced
with higher acceleration. For example, if a block is hit correctly with the least amount of acceleration
possible, the player receives 10 points. With more acceleration, the player can receive up to 100 points.
If players miss blocks or slice them incorrectly, they receive minus points after slicing a block.

The game includes a limited amount of randomness, which aligns with R3: Add the right amount of
randomness: The vertical position of the bonus blocks is spawned randomly. Furthermore, bonus blocks
can be spawned simultaneously with normal blocks, of which there may be more or fewer. Therefore,
hitting bonus blocks can be harder depending on the timing of their appearance. Players cannot choose
when bonus blocks are spawned, as these depend on prior accumulated movement.

The effectiveness of the bonus blocks depends on the difference in score between the players. Thus,
three levels of bonuses can be activated, creating a low or high advantage for the player. The individual
effects of each bonus type can be found in [61]. This allows for more Subtle adaptations (R5). However,
it is necessary to increase the effect of bonuses to balance large score differences between players.

The factors by which the score is multiplied or divided are made visible to players by indicating them
on each block (see Figure 1b). The type of adaptation is explicit, as players are able to see a higher
amount of bonus blocks spawned when they receive assistance in the game. They can also see when
their opponents’ loading bar will soon be filled and whether they scored bonuses.

Additionally, a player correctly hitting 10 blocks in a row receives a multiplier added to their score,
doubling with each successive set of 10 blocks. This multiplier is written as text above each player’s
loading bar. When a player misses a block, the multiplier becomes the default value of 1. By showing
loading bars and factors, which change the scoring, players have transparency on how their scoring



changes due to DDA. This aligns with requirement R4: Make adaptations transparent. The dynamic
aspect of the adaptation and targeting for 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 if they invest the required physical effort, the requirement R7: Both players need to get
positive adaptations is fulfilled. If players were to actively lag behind, they would need to conduct more
physically active tasks to receive these bonuses, encouraging movement again.

For the purpose of this study, two versions of the game were implemented. One incorporates DDA
with the different effects dependent on the score difference between players. The loading bar fills up
faster as well for the weaker player. The game without DDA does not include changing factors for the
loading bar. Thus, for each player, it is solely dependent on how much they move during gameplay.
Furthermore, as there is no DDA, only the low effects can be activated when hitting bonus blocks.

5. User Study

To assess the effect of the DDA, we ran a within-subject user study, using Latin-square counterbalancing.
We are measuring (1) perceived competence using the Player Experience Inventory (PXI) [62], (2)
motivation using the Interest/Enjoyment and Effort/Importance subscales of the Intrinsic Motivation
Inventory (IMI) [63], and (3) fairness using nine self-designed statements on a 7-point Likert-scale, as
there are no standardized fairness questionnaires regarding gaming. Furthermore, we log the player’s
scores to determine how close the game was and the heart rate to assess physical effort. To see whether
DDA was a better solution for players of various degrees of social comparison (c.f. [64]), we used the
shortened social comparison Scale INCOM [65]. All participant duos were asked questions in a short
semi-structured interview to understand how participants perceived DDA and how it can be improved.

5.1. Participants & Procedure

Using convenience sampling at a local university, we recruited 14 pairs (i.e., 28 participants) for our study.
Participants were required to play with someone they knew and, as such, were given the autonomy
to select their gaming partner. This approach was chosen because DDA is expected to be most useful
when playing against friends with potential skill variations. The participants (9 female, 19 male) were
between 23 and 42 years old, had a background in Information Technology, and had limited or no prior
experience with rhythm games (11 never played, 8 played once or twice, 5 a few times a year, 2 a few
times a month, 2 weekly). Based on the International Physical Activity Questionnaire (IPAQ), most
participants (20) were highly physically active, 6 moderately active, and 2 reported low physical activity.

After giving informed consent, the participants put on a smartwatch heart-rate monitor, and a baseline
was recorded. Next, they were introduced to the exergame and the DDA. The participants played both
versions of the game (with DDA and without DDA) — whereby the players were not informed which
condition it was. After each game session, they answered the questionnaires (PXI, IML fairness), and
their heart rate was measured and recorded. Because of potential motion-induced noise, there was
no continuous heart-rate recording during the gameplay. Each game lasted about 4 minutes. After
completing both game sessions, they received the demographic questionnaire and the INCOM and were
interviewed in pairs about their experience and perception of DDA.

5.2. Quantitative Findings

Following the preprocessing of the survey data, the subsequent analysis was conducted using R version
4.3.2[66]. To assess the three hypotheses corresponding to competence, motivation, and fairness, a
significance level of 0.05 was adopted, and the cumulative scores of each scale for the game with DDA
were compared with the game without DDA. In this analysis, the sum of all values of a Likert scale was
computed; hence, it was treated as an interval. 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 scales, the p-value was above 0.05. Examining Q-Q-Plots 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. Thus, the parametric
paired t-test was conducted. It was run as a one-tailed paired test to examine whether a game with
DDA would yield significantly higher values in any attribute.

Competence: 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), (27) = —0.5, p = 0.69. The effect size
was small (Cohen’s d = —0.10), indicating a negligible difference between conditions.

Motivation: A one-tailed, paired t-test showed no significant difference between adapted (M =
41.86,SD = 5.54) and non-adapted games (M = 42.54,SD = 4.07) for interest (t(27) = —0.84, p = 0.8),
with a small effect size, Cohen’sd = —0.16. 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) = —0.01, p = 0.51,
with a negligible effect size (Cohen’s d = —0.01).
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Figure 2: Four boxplots show the difference in perceived competence (a), interest (b), effort (c), and fairness (d)
between the adapted and non-adapted game conditions.

Fairness: The box plot in Figure 2d 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. The effect size was
moderate (Cohen’s d = 0.44).

5.3. Exploratory Findings

Effects based on social comparison levels, heart rate, gender, and score difference were analyzed. Due
to the small sample size per compared sub-group, the results should be interpreted with caution. There
were not enough participants to examine the effects of physical activity, as most participants were
highly active. Similarly, the effects of rhythm game experience have not been examined, as most
participants were new to such games. Some variables (e.g., heart rate, competence, interest) did not
meet the conditions of a parametric test and were thus conducted as a non-parametric analysis.

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. We first conducted an ANCOVA to examine the effects of
the game condition (adapted vs. non-adapted) and social comparison on competence, motivation (effort
and interest), and fairness.

Competence: The ANCOVA result for competence showed that there was no significant effect
of the game condition (adapted vs. non-adapted) on competence scores, F(1,52) = 0.178, p = 0.6746.
However, there was a marginally significant effect of social comparison on competence, F(1,52) =
4.018, p = 0.0502, suggesting that higher social comparison scores may be associated with slightly
higher competence scores. The interaction between the game condition and social comparison was not
significant, F(1,52) = 1.557, p = 0.2177.

Motivation (Effort and Interest): The ANCOVA results for effort showed no significant effect
of the game condition (adapted vs. non-adapted) on effort scores, F(1,52) = 0.001, p = 0.979, nor an
effect of social comparison, F(1,52) = 0.032, p = 0.859. The interaction between the game condition



and social comparison was also not significant, F(1,52) = 0.093, p = 0.761. For interest, there was
no significant effect of the game condition, F(1,52) = 0.288, p = 0.5941, but social comparison had a
significant effect on interest, F(1,52) = 4.843, p = 0.0322, suggesting that higher social comparison
scores were associated with higher interest scores. This is in line with people who have a higher need
for social comparison, caring more about the impact of skill differences in competition. The interaction
between the game condition and social comparison was not significant, F(1,52) = 0.010, p = 0.9200.

Fairness: The ANCOVA results for fairness showed a significant effect of the game condition,
F(1,52) = 4.590, p = 0.0369, indicating that fairness was perceived higher in the adapted game. social
comparison also had a significant effect on fairness, F(1,52) = 12.497, p = 0.000866, suggesting that
higher social comparison scores were associated with higher fairness ratings. This is in line with people
who have a higher need for social comparison feeling safer in balanced performance comparisons. The
interaction term was not significant, F(1,52) = 2.877, p = 0.0958.

We further extended our exploration by looking into the heart rates, as a proxy for effort, gender
differences, and player scores, as a proxy for close games.

Heart-rate: To determine if DDA had a significant effect on heart-rate, a Kruskal-Wallis test was
conducted. A one-way ANOVA was excluded as a Levene’s test for testing homogeneity 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.

Gender: Mixed ANOVA tests were performed for effort and fairness and the Kruskal-Wallis test was
used for competence and interest. interest was significantly higher for female participants compared to
male participants according to a Kruskal-Wallis test (H(1) = 5.70, p = 0.02) with a moderate effect size of
0.09. There was no significant difference in interest of male and female participants between the two
conditions. No significant results could be found for competence, effort, or fairness. These tests may be
impacted by the gender imbalance of the sample (32.1% female participants).

Scores: A paired one-tailed t-test showed a significant difference between adapted (M = 3787,SD =
8746) and non-adapted games (M = 3946, SD = 4750), (27) = 4.95, p < 0.001. The effect size was large
with —0.917. The median score difference is much smaller with DDA, indicating a closer game.

5.4. Qualitative Findings

To analyze the interview results, a thematic analysis approach was applied [60] by one researcher,
similar to the focus groups. The process began with initial coding, where meaningful segments of the
data were labeled with descriptive codes—either newly generated or based on recurring ideas. These
codes were then reviewed and grouped into broader themes that captured key patterns across the
dataset. Each code includes the number of associated statements. Participants could make multiple
statements belonging to the same code. Additionally, individual statements could be assigned to more
than one code. The numbers stated indicate the individual statements. As interviews were conducted
in duos, we did not mark individuals separately during the coding of the interviews.

Favorite game: Pairs were able to discuss and compare the two games they were exposed to without
knowing the explicit labels of these two versions. The statements were then attributed to the correct
label by the researcher. There were 20 participants stating support for DDA, while 8 participants stated
that they preferred the game without DDA. However, 6 participants of these 8 stated that they see value
in DDA and would prefer it in certain situations, such as for a beginner player.

Advantages: It was mentioned 28 times that the game, including DDA, was fairly balanced, creating
the perception that every player had a fair chance of winning. In this case, the 28 statements came from
12 duo interviews in which a total of 21 people participated, e.g., P2B: “For me, it was nice because it
motivated me more to catch up because the defense was too high in the first game [without DDA].” Ten
statements were found about the characteristic of DDA to increase challenges for skilled players. This
has been seen positively, as skilled players had to put effort into playing. In the game without DDA,



score differences were becoming large enough that skilled players were sure to win, which discouraged
them from increasing effort. Furthermore, participants mentioned that winning the adapted game while
the opponent received more bonuses was rewarding, e.g., P11A: "So, at some point it’s like, ’'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.” This was also part of the reason why 9 statements were made that DDA
increased motivation. Another reason stated was that the adapted game was more dynamic, fast-paced,
and thus, more interesting to play. It was also perceived as more motivating as participants received
more points through bonuses. Furthermore, participants stated 5 times that they liked earning bonuses.
Even though participants may have received a lot of bonuses, the fact that they were hard to reach
made them feel as if they were not assisted by the game.

Disadvantages: Participants experienced that the constant flow of bonus blocks created a more
challenging gameplay in the adapted game. Furthermore, participants had to consciously choose which
bonus block to hit to increase their own score or increase their opponent’s game difficulty. This made
the adapted game mentally more challenging during a fast-paced game, e.g., 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 [than] to hit the actual blocks.” Five times it was mentioned that either
participants are more interested in comparing their true skills with other players or that it might become
unfair to adjust games differently for each player.

6. Discussion

Contrary to our expectations, no significant positive effect of DDA on perceived competence was
found. Some participants reported feeling less competent in the adapted game due to the perception
of increased speed and difficulty. The types of attacks were perceived as too extreme, particularly in
the adapted game, where attacks intensified when scores differed greatly. Therefore, difficulty must be
carefully adapted to avoid overwhelming or overexerting players, which aligns with Flow theory [43]
and the findings of Baldwin et al. [46]. In particular, high-performing players expressed that it should
be possible to nullify the negative effects of DDA [46]. Thus, it should be possible to mitigate attacks
using skill, and we derived as a design recommendation: DDA Should Add Manageable Challenges.

Analyzing the questionnaires revealed that participants did not feel significantly more or less mo-
tivated in the game with DDA compared to the game without DDA. It is important to note that the
majority of participants were new to rhythm games in VR. Likely, both games induced a novelty effect
and created high motivation. It can also be observed that there is a significant increase in heart rate after
playing both exergames compared to before the experiment started. Thus, participants felt motivated
to put physical effort into playing, but no significant difference in heart rate between the two games
emerged. Note that participants received instructions on how to play the game, where movement
was emphasized, leading to higher heart rates. 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. It
remains unclear whether DDA may lead to higher player motivation in the long term when the novelty
effect has worn off. Importantly, our exploratory analysis indicates that interest might be dependent
on player characteristics, with interest being generally higher for women and players with stronger
social comparison orientation, which is in line with prior research [19]. Group exergames need
personalization in addition to DDA.

The quantitative analysis results reveal a significantly lower score difference in games with DDA,
indicating the successful balancing effect of the implemented DDA approach in the exergame while
avoiding overbalancing. Similarly, Jensen and Grenbeek could mitigate overbalancing by incorporating
a dynamic balancing method for both players [18]. Additionally, fairness was perceived significantly
higher in the adapted game, possibly due to the successful creation of a close game. Due to our non-
validated fairness scale, this result should be seen with caution. In our exploratory analysis, the higher
fairness perception was especially the case for players with high social comparison orientation, similar



o [19]. It is crucial to emphasize that both players maintain the belief that their success is a result of
individual effort. Therefore, even when a game provides assistance, it should require the user’s actions
and be skill-dependent, similar to Baldwin et al’s findings [46]. As a recommendation, we suggest:
DDA Should Provide Opportunities Rather Than Free Bonuses.

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 Grenbeek explored a physical balancing approach
which made participants feel like they were put on the spot, their sense of self-efficacy was negatively
affected [18]. In contrast, in our study, participants were focused on their blocks and did not have the
time to monitor their opponent due to the fast pace of the game. This may have reverted our expected
impact of having full visual access to the opponent in VR. Thus, DDA may be more acceptable in games
where opponents are not directly in the player’s visual focus, such as in rhythm games, compared to
exergames with direct player interaction, such as tennis. The fact that players are immersed in VR
and represented as virtual avatars may have contributed to this as well. Therefore, we derived: DDA
Acceptance Dependent on Game Type.

Specific participants expressed concerns about fairness, 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 factor contributing to the acceptance of DDA may be a person’s level of
competitiveness, which was not explicitly measured but mentioned in interviews and focus groups as a
potential factor. Thus, DDA seems to be best suited for casual games where competition does not play
a big role. Similarly, participants in Gongalves et al’s study expressed that DDA is more appropriate in
casual contexts [39]. Thus, we derived that DDA is more accepted in casual games.

Limitations and Future Research: 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, more participants would be necessary, and participants would need
to be specifically recruited for this purpose. Additionally, future research could focus on recruiting
(non-) competitive participants to understand if competitiveness influences acceptance of DDA. Also,
despite their predominant IT background, VR games were fairly new to most participants, and therefore,
a novelty effect was likely to occur, which may have led to high values in the motivation questionnaire
and the physical effort represented by heart rate for both game modes. Furthermore, a long-term study
in a realistic context could yield more realistic results. In particular, this would allow us to understand
whether players are still motivated to play long-term after the novelty effect has worn off. Lastly,
our presented results should be seen in the context of rhythm exergames in VR. Especially the fact
that no full vision of the embodied opponent was provided and attacks/bonuses were only perceived
indirectly might limit some effects, such as the fear of being observed [20]. Further research is needed
to investigate whether the found requirements can be applied to other exergames and yield a positive
impact on fairness. Finally, our fairness metric was not a validated scale and might thus not accurately
represent the fairness perception of DDA in exergames. In future research, long-term effects of exertion
should be studied to determine effectiveness, but also to avoid overexertion or physical harm.

7. Conclusion

This study explored dynamically adapting the difficulty of a group VR exergame for individual users as
a potential solution to "level the playing field” and examined the positive effects of DDA on players’
competence, motivation, and perceived fairness. Our findings support that DDA based on players’
performances and score differences led to a significantly higher perception of fairness. Participants
noted that the ability to catch up during the game encourages them to put effort into playing. Skilled
players also feel more challenged by their opponents due to DDA. Even though some participants stated
that the adapted game motivated them, there was neither a significant difference regarding motivation
nor perceived competence between the adapted and non-adapted game. Based on our results, we offer
recommendations for designing DDA exergames according to players’ needs and expectations, such as
providing opportunities, managing challenges, a casual gaming context, and different game types.
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