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ABSTRACT    

In sports, if players’ physical and technical abilities are
mismatched, the competition is often uninteresting for
them. With the emergence of exertion games, this could be
changing. Player balancing, known from video games,
allows players with different skill levels to compete,
however, it is unclear how balancing mechanisms should be
applied in exertion games, where physical and digital
elements are fused. In this paper, we present an exertion
game and three approaches for balancing it; a physical, an
explicit-digital and an implicit-digital balancing approach.
A user study that compares these three approaches is used
to investigate the qualities and challenges within each
approach and explore how the player experience is affected
by them. Based on these findings, we suggest four design
strategies for balancing exertion games, so that players will
stay engaged in the game and contain the feeling of a fair
competition, even if they have mismatched skills.

Figure 1. The Bouncer and the study setup.

change the game inexpediently for the father, as he can not
play to his full potential), or give his son a significant head
start (which will still result in the son losing the majority of
the points they play for, possibly leaving him feeling
discouraged).
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In the last decade, exertion games have emerged in various
forms as a way to engage people in physical activities, by
encouraging them to play bodily-controlled computer
games that requires exertion. These new types of digital
sports are capable of changing the way we play and
exercise together, as they either add physical exertion to
video games (e.g. games for Microsoft Kinect and Nintendo
Wii, as well as research projects [16,18]), or they add video
game elements to sports or physical training (e.g. mobile
running games like ‘Zombie, Run!’, as well as research
projects [11,13,15,23]). In other words, exertion games are
making physical activity more enjoyable by fusing it with
video game elements. Moreover, combining computer
technology with physical exercises holds potential to
change sports in yet another way, namely by analyzing
players’ capabilities and utilize it to balance players’ skills.
Player balancing (from this point referred to as “balancing”)
is a well-known approach, where rules or other mechanics
aim to even out the differences in skills between players,
thus, creating a more equal competition, for example, video
games that allows players to select different difficulty
settings, or the handicap rules in golf that allow golfers on
different skill levels to compete against each other.
Moreover, technology makes it possible to dynamically
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measure player capabilities and add balancing mechanisms
to games in real-time as games progress. This has been
explored in research, e.g. in first person shooters [9,26,27],
racing games [5] and interactive board games [14], as well
as applied in commercial video games, e.g. Mario Kart,
where the player furthest behind gets the most
advantageous power-ups. Recently, balancing approaches
have also been explored in exertion games [2,8], however,
approaches to dynamically balance the players’ physical
and technical skills is unexplored, beyond the use of heart
rate in biometrically controlled exertion games [17,23,24].
Moreover, it is unclear how such a dynamic balancing
approach should be carried out. Exertion games combine
physical and digital elements, and therefore the balancing
mechanisms can potentially be applied in both domains.
Thus, in this paper we explore how balancing exertion
games in the physical and digital domain respectively affect
game outcome and user experience. Differences in physical
skill levels and physical balancing mechanisms (e.g.
playing with the non-dominant hand) are obvious and
explicit for mismatched players. However, digital balancing
mechanisms can be either implicit or explicit, despite the
visible physical difference between players. Thus, in this
paper we further explore the qualities and challenges of
implicit and explicit balancing, as differences in skill levels
in an exertion game is often visible and obvious (due to the
physical nature of the game), making it unclear whether
balancing mechanisms should be hidden or highlighted.

player balancing for exertion games an important tool for
making relatives play actively together. The rest of this
section will highlight mechanisms that have been used to
balance players’ different skill levels in various games
introduced in various research projects.
Balancing  Computer  Games  

Player balancing is a well-known phenomenon in computer
games. Often games are balanced by letting the players
choose a level of difficulty before they start, e.g. Dance
Dance Revolution, Guitar Hero or NFL Madden etc.,
making players aware of the unequal terms of play. In other
games, the player balancing is done dynamically, e.g. in
Nintendo’s Mario Kart, where the power-up items available
to the players depend on their position in the race and a
“rubberband AI” prevents the players from separating
extensively. Player balancing has also been studied in
research, where especially shooting games have been in
focus. One example is Hunicke and Chapman’s AI for
dynamic difficulty adjustment in games, where game
elements in a first-person shooter (FPS), such as health of
enemies and strength of weapons, are dynamically adjusted
in relation to the player’s performance [9]. Target
assistance techniques, where less skilled players are helped,
e.g. by adding gravity to the target that attracts the player’s
crosshair, have shown to increase accessibility and
competitiveness in 2D target shooting games [4]. Moreover,
Vicencio-Moreira et al. transferred these assisting
techniques to a 3D single-player FPS, and showed that
target assistance alone might be insufficient to balance FPS
games [27]. In another project, Vicencio-Moreira et al.
developed further balancing techniques for one-on-one
duels that, e.g., showed the stronger player’s location and
adjusted the incoming and outgoing damage to the players’
real-time relative level [26]. The balancing schemes made
the game more enjoyable for both players, however, despite
the balancing techniques’ ability to decrease the score
differential, there were no significant effect on the
outcomes of who won the matches.

In the next section, we present related work in balancing
approaches and mechanisms, followed by an introduction of
the platform used and the exertion game developed for this
work. We further introduce three variations of the exertion
game based on three balancing approaches; physical,
implicit-digital and explicit-digital balancing, and the
design process behind them. Then we present a user study
with 24 participants eliciting qualities and challenges within
the different balancing approaches, and based on the results
we derive four design strategies for future development of
balancing mechanisms in exertion games.

Cechanowicz et al. developed and studied multiple
balancing mechanisms for racing games, and found that
using multiple balancing techniques simultaneously
balanced the game best and decreased the noticeability-toeffect ratio [5]. Moreover, they concluded that balancing
techniques significantly improved the subjective play
experience for novices, without reducing the experience for
the experts [5]. Further, the interactive board game called
‘Last Ice’ also implemented balancing mechanisms [14]. In
the project, Kraaijenbrink et al. investigated if balancing the
board game implicitly or explicitly had an effect on player
enjoyment. They found that the players experienced more
fun in the explicitly balanced version of the game, despite a
pre-study survey prequalified the implicit balancing, as the
players felt uncomfortable being pointed out as the nondominant player. They also found that the non-dominant
player should be helped rather than obstructing the game
for the dominant player.

RELATED  WORK  

The intention behind balancing games is to keep players in
a state of flow (Csíkszentmihályi’s definition [7]), by
balancing the challenges they are facing with their abilities.
Sweetser and Wyeth proposed Gameflow criteria for player
enjoyment in games, highlighting, e.g., that challenges
should match the players’ skill levels and games should
provide different levels for different players [25]. Player
balancing is a way to address these criteria, and make it
possible for players with different skill levels to challenge
each other. The challenges found in exertion games are not
only based on the skills of the players, but on their fitness
condition as well, as explained by Sinclair et al. with the
dual flow model [21,22]. The bodily factor in exertion
games can further strengthen expert players’ advantages
over novice players, increasing the risk of one player
feeling bored and one feeling anxious, potentially making
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as how implicit and explicit balancing approaches impact
player experience, when their underlying mechanisms are
exactly the same.

Heart  Rate  as  balancing  mechanism  

One of the most applied metrics for balancing exertion
games has been the heart rate of players, as it can be
utilized to indicate the physical effort that the individual
player put into a game. In ‘Running over a Distance’ [17],
Mueller et al. use heart rate to support interactions between
two remotely located runners, by using their relative efforts
to control an auditory avatar. In ‘Race By Hearts’ [23],
Sonne and Jensen use heart rate to facilitate a competition
in an indoor cycling session, where competitions are
otherwise absent. The cyclists’ heart rate intensity
determines their position on a shared interactive list, and
they compete to be “on top of the list” by increasing their
individual effort. By using heart rate intensity and not raw
heart rate values, the game is balanced between the cyclists,
as the intensity is calculated from individual heart rate
parameters, such as maximum rate rate and resting heart
rate. The same approach is used in Heart Burn, a
multiplayer exertion racing game controlled by a stationary
bicycle and a gamepad [24], where heart rate determines the
speed of the virtual vehicle. All these examples use
biometric input to balance the fitness levels of players in
games, demanding high intensity. However, none of the
games focus on technical physical abilities, and the game
mechanics are primarily focused on the effort level of the
players, and not their actions per se.

THE  BOUNCER  -  A  BALL-CONTROLLED  GAME  

As a vehicle for exploring different balancing approaches
for exertion games, we have used The Bouncer, a ballcontrolled platform that has previously been used in
research [12]. The Bouncer (see Figure 1) is based on a
rebounder, consisting of a 3x3 meter frame strung with wire
(called an M-station), similar to an oversized tennis racket,
with the ability to return an impacting ball with 95% of its
speed. The rebounder is mounted with 8 sensors that can
determine the position of impacting balls with an estimated
10 cm accuracy. Behind the rebounder a projector-lit screen
is placed, and together these elements enable a ballcontrolled user interface. A version of The Bouncer has
been running every day of the week at a sporting resort for
more than eight months with more than 48,000 games
played. This version includes six mini-games, all of them
being single-player games controlled by hitting virtual
elements displayed on the physical rebounder. The elements
have various sizes, positions and forms, and are either static
or moving, and most of the games require the player to
make some choice, e.g. hitting easier/bigger targets yields
few points and hitting harder/smaller targets yields more
points etc. Hence, we believe that data from the usage of
current setup of The Bouncer can be used to analyze
capabilities and boundaries of the average player’s
interactions with the platform.

Balancing  exertion  games  

Altimira et al. have investigated how two traditional
balancing approaches, namely playing with the nondominant hand and using a predetermined head start, affect
players’ experiences in traditional table tennis and Wii
Sports Resort’s table tennis game respectively [1,2]. Their
studies showed that playing with the non-dominant hand
discouraged players in traditional table tennis, and having a
score disadvantage discouraged them in the digital version,
which could imply a need for a better understanding of how
to use the addition of digital video game elements to create
new balancing mechanisms for exertion games and possibly
augmented sports. Further, Gerlin et al. presented an
approach to balancing the classic exertion game, Dance
Dance Revolution, with three different approaches; input
balancing, timing balancing and score balancing [8]. The
study shows that implicit balancing (score and time)
positively affected player experience and self-esteem,
whereas the explicit balancing techniques (input) had a
negative effect, which differs from the finding from
Kraaijenbrink et al.’s interactive board game [14].
However, the explicit and implicit balancing mechanisms
were not the same, possibly explaining the inconsistent
results. The study provides numerous insights on designing
balancing mechanisms for exertion games, which we have
build our work upon. However, in the study they assess the
players before the game to predetermine the balancing
factors, thus not applying a dynamic balancing approach.
With our work we wish to further explore dynamic and
physical balancing mechanisms in exertion games as well

DESIGNING   A   MULTIPLAYER   EXERTION   GAME   AND  
THREE  BALANCED  VERSIONS  

In order to investigate different dynamic balancing
mechanisms in exertion games, we developed a two-player
game for The Bouncer as well as three balancing schemes
for the game based on three different approaches; a
physical, an implicit-digital and an explicit digital
approach.
The  Gameplay  

The game, we developed as a basis for the study, is based
on turn-taking, as the sensors of The Bouncer are not
capable of determining the position of two simultaneous
ball hits. In terms of opponent formats [10], we decided to
make the participants share one ball, thereby facilitating an
encumbered-subsequent competition, where the players can
interact, even though they take turns, as this calls for a more
direct competition.
We wanted the players’ ability to perceive some visual
elements on the screen, make a decision based on what is
seen, and then throw an accurate ball, to be the core game
mechanics of the game [20]. Thus, we decided to display
four targets in different sizes with different values, where
the smallest target had the highest value and vise versa. In
order to pressure the players and facilitate a fast and intense
gameplay, we decided to gradually devaluate the targets
over time, meaning that a faster shot would reward the
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player with more points than a slower one. As a result of
these decisions, the game suddenly consisted of several
variables, e.g. size, placement and value of targets, as well
as devaluation time.

The  Three  Balancing  Approaches  

In order to explore the differences between and the qualities
within physical, implicit-digital and explicit-digital
balancing approaches, we developed three new versions of
the aforementioned exertion game. The different balancing
schemes were all based on; 1) giving both players three
turns of shooting, 2) evaluating the performance of the
players, 3) applying some balancing mechanism, and then
repeat the process, keeping the applied balancing constant
during each player’s next three turns. This decision is based
on the related work (e.g. [5,26]) on dynamic difficulty
adjustment in video games, where the balancing
mechanisms are removed as the non-dominant player gets
closer, which makes it hard for them to actually win the
game. Thus, our balancing mechanisms are evaluated and
applied discretely and sustained over an extended period
(three turns to each player) in order to give non-dominant
players an improved chance to overtake the dominant
players. In the following, we will explain the
implementation of the three different balancing schemes
covering the three balancing approaches: Physical, implicitdigital and explicit-digital balancing.

In summary, we ended up with a short (1 minute and 40
seconds) game, where players continuously take turns
throwing a ball at The Bouncer. Their aim is to hit one of
four targets, as fast as possible, to get as high a score as
possible, and ultimately end up scoring more points than
their opponent (see Figure 4 left).
Informing  Design  Decisions  with  Data  

Due to the aforementioned various game design decisions
and the fact that the interaction is based on physical abilities
and technical skills, we logged data from 2000 games
played on The Bouncer during a two-week period, as a way
to inform the process of designing balancing mechanisms.
With outset in the more than 20,000 shots thrown in these
games, we started to examine how hit rate (percentage of
shots that hit a virtual target) correlates with different
features, such as the size and position of targets.
Unfortunately, the analysis of these metrics did not provide
insights on how to balance the game for an average user. A
chi square test of the hit percentage in relation to the
position of the targets in a 9 by 9 grid showed no significant
differences between the positions (χ2(8, N = 22174) = 8.37,
p = 0.398), and a similar test used on the relation between
hit percentage and target size showed no significant
difference as well (χ2(3, N = 22174) = 5.98, p = 0.112).
However, the target size did indicate a tendency in
difference in hit percentage (see Figure 2), and thus, we
decided to utilize it as part of the balancing schemes, but
only as an extra feature and not as the primary balancing
mechanism. Instead the primary balancing in the digital
approaches was based on time to shoot and points awarded
for hits, as these factors directly affect the final scores of
the games, and had been shown as effective balancing
mechanisms in related work [8].

Physical balancing: The floor in the room, where The
Bouncer is installed, is divided into five sections of
approximately 1.5 meters, with Section 1 closest to the
screen and Section 5 furthest away (see Figure 3). In the
physical balanced game, these sections are utilized, as the
system will inform the players about which section they
should be in for their throw. Both players start in Section 3
(in the middle), and then (after they both have had three
turns) based on the differences in their scores, they are
either sent back or forward or asked to stay. For example, if
a player is behind with more than 200 points, the system
will allow her to go forward and shoot from Section 2,
whereas if the difference is more than 400 points, the
leading player is sent back to Section 4 as well. The section,
from which the current player can shoot, is displayed on the

Coherence between size and success
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Figure 2. The relation between target size (diameter in pixels
- pixel-to-cm ratio is 4.1:1) and hit success (in percentages)
from 20,000 shots on the Bouncer.

Figure 3. The game space. The white lines indicate the
different sections used for the physical balancing.
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Figure 4. Screenshots from the three balancing approaches. The background indicates the player, whose turn it is.
Left: Implicit-digital/no balancing, middle: Physical balancing, and right: Explicit-digital balancing

screen (see Figure 4 middle). The different thresholds for
moving players back and forth have been determined
through internally conducted ‘trial and error’ playtests.
Being closer to the screen makes it faster (time) and easier
(accuracy) to shoot the ball and vise versa.

applied (see Figure 4 right): 1) The favorable ratio of the
target devaluation speed given to the slower player is
displayed, e.g. ‘x1.5’ means that the player has 1.5 times
more time to shoot as time devaluation is 1.5 times slower.
2) The additional points available to the trailing player is
explicitly displayed, e.g. ´+245’ indicates that all of the
assisted player’s targets start with additional 245 points. 3)
The additional target size, rewarded to the less accurate
player, is indicated by a light blue circle showing that the
feature is activated.

Implicit-digital balancing: For the implicit-digital
balancing the players are asked to stand together in the
same section throughout the game. Each time the players
have both had three throws, up to three balancing
mechanisms can be activated for the currently trailing
player: 1) If the average time it takes for a trailing player to
shoot is longer than for the opposing player, the devaluation
speed of the targets is reduced with a factor that evens out
the difference, by using the ratio between the players’
average shooting time. 2) If the difference between the
players’ scores is above 100 points, the value of the targets
of the trailing player will be increased so that it is possible
for the player to even out the distance and lead by 60
points, if the next three turns for both players are identical
to the three previous turns. For example, if a player is
behind with 600 points (at the time where the balancing is
applied) the values of her available targets will increase by
220 points before the devaluation begins. 3) If a player is
trailing by more than 100 points and misses 10 % more
shots than the opponent, the size of the targets will grow by
30 pixels or approximately 7.5 cm. The miss percentage
threshold and the change in target size was determined
through internal playtests. In summary, the implicit-digital
balancing mechanisms are only applied to the trailing
player, and the three balancing mechanisms can be applied
individually or all at once, depending on the described
differences between the two players. In the implicit-digital
balancing none of the mechanisms are displayed explicitly
for the players, however, players can still see the target
values and how they decrease, but it is not immediately
apparent and hard to notice during the game. The idea of
balancing through several parameters was a result of the
recommendations of previous research (e.g. [5, 26]).

USER  STUDY  

We conducted a within-subject user study in order to
validate the effects of the designed balancing mechanisms,
and to explore the qualities and challenges related to each
balancing approach and elicit how they affect the player
experience.
Participants  

We recruited 24 players (13 males, 11 females) divided in
12 pairs. Some of the participants were guests at the
aforementioned sporting resort, where The Bouncer is
installed, and replied to a public poster advertising for the
study, while others were recruited by word of mouth or
social media. The participants were asked to sign up for the
study in pairs, if they had a relative or a friend with whom
they always had unequal competitions in sports. The age of
the participants varied from 14 to 54 (µ = 27 years, σ =
11.5) and they were of three different nationalities. All the
participants volunteered and no incentives were given.
Procedures  

The study began with a brief introduction to the game and
the goal of the study; to explore different balancing
approaches. The participating pairs started by playing the
game without any balancing mechanisms applied in order to
measure the immediate difference in skill level between
them. This initial game was used as a baseline to determine
which player was the dominant. The identification of the
dominant and non-dominant player was not used to balance
the games, but solely for post-play analysis. Then the
participants went on to play the three differently balanced
versions of the game. Before each game the upcoming
applied balancing approach was explained. The order of the
three games was decided using a Latin square to

Explicit-digital balancing: The balancing mechanisms for
the explicit-digital and the implicit-digital approach are
exactly the same. However, in the explicit-digital approach
the players are clearly informed about what balancing is
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Average Score Differences

Game Outcomes
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Figure 5. Results from the study.
Left: The outcome of the games in terms of victories to the dominant player (dark blue) and the non-dominant player (light
blue) respectively. Right: The average score differences of the baseline game and the three balancing approaches.

counterbalance the possible carry-over effects between
them. Each game lasted for 1 minute and 40 seconds, and in
between the games the participants were asked to answer a
questionnaire. The test finished with a follow-up pairwise
interview regarding the players’ experiences with the
different balancing approaches and balancing in general.

schemes’ ability to actually balance the games. Then
qualities and challenges within the different approaches are
presented, and finally we present results on concerns in
relation to balancing, such as perception of fairness and
balancing as a pretext for reduced effort.

Data  Collection  

In order to use this study as a tool for discussing balancing
approaches, we wanted to initially determine whether the
implemented balancing mechanisms worked. Data from the
games show that all three balancing approaches made the
competition closer. The winner of the baseline game
(without balancing applied) was appointed the role of being
the dominant player, and Figure 5 (left) shows how the rest
of the games were won equally by dominant and nondominant players. This shows that both players have the
same opportunity to win, despite being on different initial
levels. Moreover, Figure 5 (right) shows that the average
score differences were closer in the balanced games
compared to the baseline game. In all balanced games, the
average score difference was around 400 points, showing
that the winning score of the average game was in reach of
approximately a single shot of maximum points (400
points). Contrary, the average score difference in the
baseline games was above 800 points, showing that the gap
between the players exceeded two shots of maximum
points. In summary, the balancing mechanisms worked in
terms of giving the players equal chances of winning and
making the competition closer by decreasing the score
difference. The interviews supported the data, as all
participants stated to enjoy the balancing mechanisms,
exemplified by one participant, noting that, “I’m a fan,
because it facilitates that me and P9 can play like this
without me giving up in advance, because there is
something fun for me as well. It just regulates to my level.
And then there is a competition in some way. It becomes
really fun for both of us, because I’m able to challenge
him” (P10).

All  three  balancing  mechanisms  work  

After every game the participants answered a questionnaire
regarding; the perceived fairness of the game (“I think the
game was fair”), three questions based on the PENS: InGame Competence questionnaire [19] (e.g. “I felt
competent and effective”, “The game kept me on my toes”
and “The challenge of the game was overwhelming”)
indicating the perceived challenge of the game, perceived
enjoyment of the game (“I enjoyed the game”), and
perception of the closeness of the competition (“The
competition was close”). All of the questions were asked
using a 5-point Likert scale. All the games were videorecorded in order to analyze the participants’ behavior, and
the follow-up pairwise interviews on player experiences
were audio recorded and transcribed. Finally, the scores
throughout the games was logged.
Analysis  

The data from the questionnaires was processed and
analyzed by looking at three groups, namely all players,
dominant players and non-dominant players. In order to
determine statistical significant differences between the
three balancing approaches, we used one-way repeated
measures ANOVA (α = 0.05) and Tukey’s tests (α = 0.05)
for post-hoc analysis. Further, a coding process was used to
structure the transcriptions of the interviews, and identify
key concepts in the data. Then these concepts were sorted
iteratively in an affinity diagram through which we derived
dominant themes encompassing the qualities and challenges
of the different balancing approaches.
RESULTS  

In this section, we present the findings from the study,
starting with a validation of the implemented balancing
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Qualities  and  challenges  of  the  balancing  approaches              

This study set out to highlight qualities and challenges of
different balancing approaches, and possibly to give design
guidelines on how to balance exertion games.
Unfortunately, the participants did not agree on what kind
of balancing they preferred. When asked about which game
they preferred, 50 % favored the physical balancing, while
25 % favored the explicit-digital balancing and 25 %
favored the implicit-digital balancing. This could be viewed
as a clear preference for the physical balancing, but in terms
of comparing physical and digital balancing in exertion
games, there is no clear answer to which is better.
Furthermore, when looking at implicit versus explicit
digital balancing our study shows equal preferences
between the two approaches. As our test did not show an
indisputable preference of the participants of how to
balance exertion games, we will in the following sections
highlight some of the qualities and challenges within each
balancing approach.

Physical   balancing   added   an   incentive   spur   to   the  
competition  

Even though it did not show in the questionnaires, the
physical balancing also had an impact on dominant players.
One dominant player stated, “it’s more competitive. […] it
is sending me to the back, so I clearly must be better” (P5),
while another dominant player said, “it’s an ‘ego boost’,
being sent to the back” (P17), indicating that the increased
challenge presented by the balancing mechanism had a
positive impact on the players, despite making their
challenge in the game a lot harder than their opponents’.
Some of the players (even a non-dominant) also stated that
the physical balancing mechanism added an “additional
incentive spur” (P6), as it felt like a reward, being sent
further back. When asked why this was not the case with
the explicit-digital balancing, several of the players
responded that they were too busy focusing on their own
situation, which made it hard to perceive what mechanisms
were applied for their opponents, ultimately not generating
a similar ‘ego boost’.

Physical  and  explicit  balancing  can  stigmatize  non-dominant  
players  and  decrease  feeling  of  competence  

Only the participants’ responses to a single question in the
questionnaire showed significant differences between the
three balancing approaches, namely ‘I felt competent and
effective’. There were no significant differences in the
responses given by the dominant players (F(2,33) = 0.93, p
= 0.41), however, the non-dominant players felt
significantly less competent and effective (F(2,33) = 7.28, p
= 0.0024) in the physical balanced game compared to both
digital balanced games (see Figure 6), indicated by the posthoc Tukey’s test. The analysis of the follow-up interviews
helped identify a possible reason for this, as the physical
balancing had a negative impact on some of the
participants. For example, one participant said that being
allowed to move forward during the game, made her “feel
on display and showcased as being bad” (P8), and another
stated that she did not like it as “it becomes very obvious
who is good and who is bad. […] He is up there celebrating
himself […] and I am standing here, submissive and trying”
(P10). It became obvious from the interviews that the
physical balancing had a negative impact on some of the
non-dominant players and this has probably affected their

Physical   balancing   improves   the   feeling   of   autonomy   for  
dominant  players  

The players, who preferred the physical balancing
mechanism, stated that it was the extra physical movement
demanded by the game and the immediate feedback they
got from this type of balancing that gave it the edge over
the others. Moreover, a few players explained how the
physical balancing affords a feeling of autonomy, as you
still had the chance to score the same amount of points as
the other, even though you were sent to the back. One
participant added, “I’ve been playing enough Mario Kart to
know that it sucks when people come from behind. […] You
don’t feel there is anything you can do to prevent losing the
lead” (P13), referring to the extra points given to the
opponent in the digital balanced games and how the
physical balancing would still allow him to keep his lead if
he could continue to hit the targets from an increased
distance. In other words, the physical balancing made him
feel more in control in terms of the outcome.

I felt competent and effective
(Non-dominant players)
5
Likert scores

feeling of competence and effectiveness. One participant
felt the same way about the explicit-digital balancing,
noting that, “it felt a bit invasive with that big blop. […] It
threw me off a bit” (P18), referring to the extra target size
generated by the balancing mechanism. This viewpoint was
only apparent in a single interview, however, it shows that
the explicitness of the balancing impacts the players’
experiences and risk leaving them feeling stigmatized.

4

Explicit   balancing   affects   the   players’   experience   and   can  
induce  increased  effort.    

3

The players, who preferred the digital balancing
mechanisms stated that they enjoyed how the computer
would create a close competition for them, and that the
physical balancing mechanism was stressing them out and
forced them to change the way they were shooting.

2
1
0
PHYSICAL

IMPLICIT

EXPLICIT

Figure 6. Average of non-dominant players’ answers to the
question, “I felt competent and effective”, after each game.
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The players who preferred the explicit-digital balancing
liked the explicitness and the transparency of the underlying
balancing mechanisms, as one player noted, “you could see
it visibly, when someone got an advantage and when
someone didn’t, which made it more interesting. A bit more
clear advantages” (P7). Another player stated that, “it was
better when you were told, so you could respond to it”
(P20), indicating that the information about the real-time
applied balancing mechanisms affected the player’s effort,
exemplified by a player noting that, “my opponent got more
points for the turquoise targets […] so you just have to
work harder”. In other words, getting information about the
underlying balancing mechanisms had an effect on the way
the players played the game.

of competition across the different balancing approaches
(F(2,69) = 2.12, p = 0.13), the data could indicate a
tendency that the competition generally feels closer when
the game is implicitly balanced (see Figure 7). However, a
larger dataset is required for any decisive conclusions.
In  general,  the  balancing  was  not  considered  unfair    

All the participants stated that they did not consider any of
the games as being unfair. The implementation of the
balancing mechanisms, which made it possible for both
players to get advantages, was important for this feeling,
exemplified by one participant noting that, “I don’t think it
is unfair, because it can do it for both of us” (P10). Another
participant stated that, “I did hit the one that gave me the
600 points. You can see it as handicap but it also adds some
pressure” (P12), which was supported by others, who
thought it was fair that they or their opponent got extra
points, because after all they did hit the more rewarding
target. The last factor that counteracted the feeling of
unfairness was that the participants were informed and
probed on what was going to happen, which made them
accept the balancing mechanisms as part of the game. One
participant explained this as, “I think that if you didn’t know
it was going happen you would think, ‘What the [expletive]
is going on’. Like in chess if you suddenly had two kings or
two queens. But when you know that this is going to happen
if you are way better, it’s alright” (P18), supported by
another noting that, “it’s like golf. It’s to get something from
the game. And if you take the outset that both players have
to gain something from it, I don’t see it as unfair in any
way. I just think it was super cool” (P12).

Implicit   balancing   succeeds   in   creating   and   sustaining   an  
illusion  of  equality    

The players, who preferred the implicit-digital balancing,
explained that “the feeling of competition is just stronger
[…] because you feel you are equal” (P10), and “it is not as
obvious that ‘now I’m bad’ or ‘now you’re bad’” (P16).
Because the balancing mechanisms are hidden during the
game it creates an illusion for the players that they are
competing at the same level, even though it is obvious that
they have very different abilities in terms of throwing the
ball. One participant explained, “I just felt good. [Usually]
when I’m playing games where you have to throw, I feel
completely awful, and I never think it is fun. But here I just
felt like I was really good at throwing. Even though I know
that I am not. That was just awesome” (P19), supported by
another stating that, “I like it, because I can throw. Really I
can’t” (P4). The implicitness helps contain the idea that the
players are competing on equal terms. In an exertion game
based on ball throwing, this sort of balancing is only
possible in the digital domain, as a physical balancing
approach would be immediately apparent to the players.
Players preferring the implicit balancing were mainly lowperforming players with a wide gap to their opponents,
however, one of the dominant players also preferred this
balancing approach.

Balancing   motivates   and   is   not   a   pretext   for   reduced  
effort  

Besides assisting non-dominant players to compete with
dominant players, balancing can potentially change the
level of effort that players put in to a game, as they will
know that there exists a security mechanism that helps them
if they start trailing, and as such balancing mechanisms risk
being a pretext for reduced effort. However, when asked
about it the majority of the participants rejected that this
was the case. Actually, several stated the opposite, namely
that, “you would just get it together” (P9), or, “you will
increase your effort” (P15), elaborated by one participant
stating that, “you would put more effort into it and try
hitting a smaller one, because you were told that ‘you’re
not that good and you need some help’” (P22). This shows
that balancing mechanisms can have a positive impact on
the effort of some players, which could appear as counter
intuitive. However, two players indicated that the balancing
made them relax a bit, with one stating that, “I was less
stressed when I could see that I was getting help, and I
thought, ‘it will work out eventually’” (P17), and the other
retrospectively pondering over the balancing system noting
that, “but then I don’t have to do my best, because I know
the system will balance” (P4). The two examples show that
balancing mechanisms provide a risk of reducing player

Even though an ANOVA of the questionnaire answers did
not show significant differences in the perceived closeness

The competition was close
(All players)

Likert scores

5
4
3
2
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Figure 7. Average of all players’ answers to the question,
“The game was close”, after each game.
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efforts, however, the risk was neither particularly evident
nor continuously recurring in our study.

Design  strategy  #2:  Utilize  both  the  physical  and  digital  
domain,   fuse   balancing   mechanisms   and   provide   the  
players  with  choices  

DISCUSSION  

The participants in our study did not prefer one specific
balancing mechanism, however, it was clear that all three
approaches had some qualities, resonating the conflicting
findings from related research [3,8,14]. It is clear that the
physical domain holds some potential in terms of
challenging the dominant players in an expedient way.
However, it is also clear that the explicitness of both
physical and explicit-digital balancing risk discouraging the
non-dominant players, whereas the implicit-digital
balancing increases their feeling of competence and
effectiveness and sustains the illusion of a close
competition. One solution could be to balance the game by
providing assistance to non-dominant players implicitly and
deploy increased challenges for the dominant players
explicitly. However, despite the possibility of such an
approach to be successful, our study also showed that the
explicitness of the balancing mechanisms could work as a
motivator for some of the players, both dominant and nondominant. Hence, we believe it would be undesirable to
discourage explicit balancing mechanisms, leading to a
suggestion of providing the players with choices, enabling
them to decide if they want balancing at all and which kind
of balancing they prefer. For example, in our study the main
part of the players, who preferred the implicit-digital
balancing, where low performers with a wide gap in skills
to their opponents, and they knew it in advance, whereas
best player pairs preferred the physical balanced game. For
game designers it might be possible to design balancing
packages that suits different kinds of player pairs, for
example, one balancing package suitable for brothers and
another tailored to father-daughter player constellations,
hence, creating the best play experience possible for
different player matchups.

Based on the findings presented in the previous section, as
well as findings from related research, we will now outline
four design strategies that can be used in the process of
applying or designing balancing mechanisms for exertion
games. Our study did not show an indisputable preference
among the participants in terms of the three balancing
approaches: Physical, implicit-digital and explicit digital
balancing. However, it did provide insights in different
player experiences fostered by the various approaches of
dynamic player balancing of exertion games. The design
strategies presented below are meant to work as
inspirational guidelines for exertion game designers with
the aim of helping create novel balancing mechanisms that
facilitate competition between players on different skill
levels, but simultaneously sustain engagement and
enjoyment for both players.
Design   strategy   #1:   Assess   and   utilize   the   players’  
absolute  skills  

In our work, the three balancing approaches were all
constructed from an idea of utilizing the players’ relative
skills, or the mismatch between their skills. Therefore, the
balancing mechanisms were all implemented based on the
difference in score, time to shoot and accuracy, between the
two players with no perspective to how the individual
player was doing in general. However, several of the
dominant players and a few non-dominant players preferred
the physical balancing, because it added extra movement
and demanded extra skills of the players, and paradoxical
these same features were causing other players to dislike
the physical balanced game, because it demanded to much
of them. Hence, we suggest that designers creating dynamic
difficulty adjustment for exertion games do not only
balance between the players, but also balance the difficulty
of the game for the individual player. For example, in our
game if we detected that one player (or both players) was
continuously hitting targets, the targets should begin to
move or decrease in size in order to increase the challenge
of the game. Contrary, if one player (or both) was unable to
hit any targets, they should grow in size. In other words, the
game should assess the players’ absolute skill level and
utilize it to increase (or decrease) the challenge, which is in
line with two GameFlow criteria for challenges, namely
‘the game should provide new challenges at an appropriate
pace’ and ‘the level of challenge should increase as the
player progresses through the game and increase their skill
level’ [25]. Even though the challenge of the game changes
by the actions and pressure of the opponent, the game play
should aim to challenge the players on their respective
skills as well.

Design   strategy   #3:   Inform   the   players   about   the  
balancing    

While our study did not show any difference in the
perception of fairness between the applied balancing
mechanisms, it was clear that probing the players about the
presence of the balancing mechanisms played an important
part in their acceptance of them. When statements telling
stories like, ‘it is like having two queens in Chess’ does not
lead players to rate the game as being unfair, it is partly
because they know what is happening and what is being
applied. Informing players about different game design
choices has previously shown to have a positive impact. In
terms of balancing, the balancing mechanisms of the
interactive board game received improved questionnaire
scores, when the balancing was explicit and explained to
the players [14]. In sports training games and exertion
games, framing the games as training and explaining the
players the meta-goals of the games (get fitter or increase a
sport-specific skill), helped change their attitude towards
the games and ultimately their effort [6,12]. Thus, we
suggest that when introducing balancing mechanisms, the
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players should at least be informed that they exist. The
balancing mechanisms does not have to be explicit, as
discussed above, but their presence should be highlighted in
order to make players accept them and avoid leaving them
feeling cheated.

mechanisms worked, explored general concerns of
balancing mechanisms, such as perceived fairness and
being a pretext for reduced effort. Furthermore, the study
elicited qualities and challenges within the three different
balancing approaches. This lead to a discussion of
balancing mechanisms, elaborated through the four design
strategies; 1) Assess and utilize the players’ absolute skills,
2) Utilize both the physical and digital domain, fuse
balancing mechanisms and provide the players with
choices, 3) Inform the players about the balancing, and 4)
Make the balancing available for both players. With the
work presented here, we aim to leverage the balancing
mechanisms that future game designers will implement, so
that players with different skill levels are able to play
actively together in physical demanding games and be
engaged in close competitions.

Design   strategy   #4:   Make   the   balancing   available   for  
both  players  

The three balancing approaches in our study all decreased
the average score differential and evened out the outcomes
of the games. While previous research projects have been
successful in minimizing the score differential between
players, changing the outcomes of the games has been a
challenge [5,26]. Gerlin et al. succeeded in changing the
outcome of the games, but their proposed score balancing
mechanism risked overcompensating the non-dominant
players. During our study, we observed similar overbalancing behaviors from the implemented mechanisms,
however, as the balancing was dynamic and could be
applied to both players, it served as a precaution against
excessive balancing. Furthermore, the players emphasized
that knowing the balancing could be applied for both
players increased their acceptance of it, and it made them
consider the game as more fair. Thus, to strengthen the
feeling of fairness and as a precaution for overbalancing,
we suggest that the balancing mechanisms can be applied
for both players.
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