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ABSTRACT

INTRODUCTION

Using game balancing techniques can provide the right level
of challenge and hence enhance player engagement for sport
players with different skill levels. Digital technology can support and enhance balancing techniques in sports, for example,
by adjusting players’ level of intensity based on their heart rate.
However, there is limited knowledge on how to design such
balancing and its impact on the user experience. To address
this we created two novel balancing techniques enabled by digitally augmenting a table tennis table. We adjusted the more
skilled player’s performance by inducing two different styles
of play and studied the effects on game balancing and player
engagement. We showed that by altering the more skilled
player’s performance we can balance the game through: (i)
encouraging game mistakes, and (ii) changing the style of play
to one that is easier for the opponent to counteract. We outline
the advantages and disadvantages of each approach, extending
our understanding of game balancing design. We also show
that digitally augmenting sports offers opportunities for novel
balancing techniques while facilitating engaging experiences,
guiding those interested in HCI and sports.

Many sports involve competition between players, which can
facilitate engaging experiences when the players’ skills are
well-matched. However, if one player is significantly more
skilled than the other, the players might feel that they are
either under- or over-challenged, which can decrease their
engagement [11] [12]. Game balancing can help address this
problem by adjusting the game (e.g. by giving the less skilled
player additional points) in order to provide the right amount of
challenge for the players and thus enhance player engagement
[7] [10] [18].
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There exist different forms of game balancing techniques. In
digital games, game balancing often consists of altering digital
game elements in order to hinder the more skilled player or
help the less skilled player. For example, many racing games
increase the speed of the less skilled player’s vehicle or reduce
the speed of the more skilled one in order to balance the game
[10].
Techniques for game balancing in sports differ to those used
in digital games because there are fewer opportunities to adjust the game elements such as the speed of a car in a racing
game. In sports there are often “ladders”, which aim to match
players with similar skill levels, a score adjustments that can
give a “head start” to the less skilled player [4], or there is
the handicap in golf [23]. Interestingly, we note that sports
are embracing digital technology in order to create novel balancing experiences. For example, Mueller et al. [18] showed
how digital technology can be used to allow joggers with different fitness levels to jog together. This shows that digital
technology can also be used as a resource for balancing in
sports.
Another way of balancing players’ skill level is by limiting
the more skilled player’s performance. This can be achieved,
for example, by asking the more skilled player to play using
his or her weaker hand in table tennis [4]. By player’s performance, we mean the player’s behaviour or actions towards the
execution of a task [3]. An example of a player’s performance
in table tennis would be the style of play he or she adopts such
as a defensive or an aggressive play.
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Although there are several techniques for achieving game
balance, in this paper we will focus on those that alter the
player’s performance (i.e. altering the player’s actions during
the game) because this technique can be more suitable for
balancing “non-parallel” games such as tennis, soccer or table
tennis than, for example, the typical score adjustment. The
rationale is that in such games each player influences his or her
opponent to achieve the game goals [17], and each player has
to counter the opponent’s play. In contrast, in parallel games
such as bowling, each player can score independently from
the other. Game balancing in non-parallel games should be
able to moderate the influence of one player over the other,
for example, by preventing those player’s actions that his or
her opponent find difficult to counter. Altering the player’s
performance might be able to moderate this influence better
than a score adjustment.
Prior research has examined game balancing [7] [10] [14]
[18] [22], but in each of these works the emphasis was mainly
on parallel games where each player can act independently
from the other. In addition, this prior work did not focus
on understanding the effects of different ways of altering the
player’s performance (e.g. different restriction on the player’s
actions) on game balancing and player engagement. This
understanding could be important for the design of balancing.
To contribute to prior understandings of game balancing, we
have digitally augmented the traditional table tennis game in
order to explore the use of digital technology in sports, create
novel ways of altering the more skilled player’s performance
and study the effects on game balancing and player engagement.
We limited the more skilled player’s performance by inducing
two different styles of play. In one, the game encouraged the
more skilled player to play defensively and to perform strokes
that were easy for the opponent to counter. In the other, the
game encouraged the player to perform strokes that were aggressive, yet easier for the opponent to predict and therefore
counteract. These styles of defensive and aggressive play are
common in sports. For example, some table tennis players
will play more defensively in order to have more control over
the game point and to encourage long rallies, while others play
more aggressively in order win points faster. In this research
we explore how these two ways of altering the player’s performance can be used for game balancing and the impact of each
approach on player engagement.
To alter the player’s performance we were inspired by the
work of Ishii et al. [15] where the authors augmented a table
tennis table with visual digital information. For this research
we created a new form of game where we adjusted the playing
surface area of the traditional table tennis table using digital
image projection technology to display the boundaries of the
playing area on a physical table.
Our study aimed to investigate how do game adjustment that
modify player’s performance impact on (i) game balancing,
and (ii) player engagement. And we found:
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• Altering the more skilled player’s style of play in a way
that helps the less skilled player to counteract such as the
defensive play in table tennis can:
– Effectively be used for balancing the game’s score and
leveling the players’ skills.
– Facilitate longer game rallies and more points for the
less skilled player.
• Altering the more skilled player’s style of play to be aggressive can:
– Effectively be used to balance the game’s score by
encouraging more game mistakes (though it might
shorten game rallies).
• The style of play, i.e. the amount of actions players were
allowed to perform, was important for the more skilled
player’s engagement.
Using these findings we were able to identify two approaches
that can be used for designing a balanced game by altering the
more skilled player’s performance. That is achieved through:
• Encouraging game mistakes by restricting the more skilled
player’s performance.
• Changing the more skilled player’s style of play such that it
is easier for the opponent to counteract.
In this research, we outline the advantages and disadvantages
of these two approaches such that these insights can inform
the design of game balancing.
LITERATURE REVIEW

In this section we review prior work under two main relevant
themes: (i) game balancing and (ii) the relationship between a
player’s performance and player engagement.
Game Balancing

Prior work on game balancing has focused on providing the
right level of challenge for players to allow people with different skills or abilities to play together [7] [10] [14] [23].
In games that require physical activity, prior work has also
looked at balancing the physical challenge instead of varying
skills and abilities of each player in order to allow people with
different fitness levels to exercise together [18] [22]. The ability of game balancing to allow joggers with different fitness
levels jog together, or to provide assistance to a weaker player
for playing a game against a stronger player and thus facilitate
a closer competition between players, has been shown to help
enhance player engagement [7] [18]. Similarly, the competitive position of a player against his or her opponent, such
as the difference between the players’ scores, can influence
players’ moods and self-esteem [24]. Prior work showed that
player engagement can decrease when the game becomes more
predictable [21], and that competitors are optimally motivated
when they feel they have about 50% probability of success [5].
This aligns with Flow Theory [12] that describes the players’
optimal experience when they experience the right level of
challenge. Although game balancing is important for player
engagement, only a limited number of studies have aimed
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to compare game adjustments with each other, which can be
important for game balancing design.
Understanding the suitability and benefits of various game
adjustments is important as it can lead to different levels of
engagement [4] [7] [10] [14]. For example, Bateman et al. [7]
studied different target assistance techniques in a Wii-shooting
game, finding that the assistance type affected the game score
and the player’s enjoyment. Cechanowicz et al. [10] found that
balancing techniques that facilitate lead reversals, for example
in a racing game, can help enhance player engagement more
than other techniques that do not facilitate leader changes. In
another study, Gerling et al. [14] examined different game
adjustments, such as score multipliers, the precision of the
input movements, and the number of movements each player
had to perform. They found that (i) explicit game balancing
can reduce players’ self-esteem in comparison to implicit balancing; (ii) score balancing can be suitable for closing extreme
performance gaps between players; and (iii) the adjustment
of the precision of the input movements can be suitable for
reducing small differences in players’ performance and for
asymmetric physical input, such as when a player plays using a wheelchair. While these studies provide insights on the
suitability of some game adjustments compared to others, it
is worth noting that the focus of their studies were on parallel
games such as bowling where each player can score or act
independently from each other. In games like table tennis,
where a player’s performance (e.g. player’s strokes) affect
the other player’s performance, game balancing might need to
be approached differently in order to moderate the influence
that each player has on the other player. In addition, these
prior works have applied game adjustments in a virtual world
where it can be easier to assist the less skilled players by, for
example, enhancing the player’s accuracy in a shooting game
[7] or enhancing the speed of the player’s vehicle in a racing
game [10]. However, this type of assistance might be difficult
to achieve in the physical world.
Other work examined different game adjustments for balancing a traditional table tennis game [4]. The authors aimed to
balance the game by either giving a score advantage to the less
skilled player or by asking the more skilled player to play with
the non-dominant hand, but they did not find an increased level
of engagement in comparison to the no-adjustment condition.
A drawback of such adjustments is that it is difficult to know
the impact of these adjustments on the player’s performance
beforehand. For example, it can be difficult to know whether
(and how) a score adjustment or asking to play with the nondominant hand would influence the player’s performance (e.g.
change to defensive play and type of strokes). As the resulting
player’s performance is unpredictable with these adjustments,
from this work [4], it is difficult (i) to conclude which are
the effects of altering the player’s performance on game balancing and player engagement, and (ii) to evaluate whether
these adjustments can be suitable to moderate the influence of
a player on the other’s performance, which can be particularly
important for non-parallel games (see Section “Introduction”).
To summarise, there is a gap in the research when it comes
to understanding the effects of altering the player’s perfor-
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mance on game balancing and player engagement. However,
prior work indicates that a relationship between player’s performance and player engagement does exist and is worth exploring.
Player’s performance and player engagement

Altering the player’s performance could affect the gameplay.
Gameplay are the challenges the players have to overcome
and the actions that enable these players to overcome them
[1, p. 251]. Prior work indicates that the actions of the players during the game are important for player engagement [21,
p.315] [9] [1, p.251]. For example, a study shows that video
game controllers that facilitate different body movements affect player engagement differently [9]. This shows that altering the player’s performance can impact player engagement,
and if it is used for game balancing, it is relevant to study the
interrelationship between player’s performance adjustment,
game balancing and player engagement.
Research Gap and Research Questions

To answer the research gap about the effects of altering the
player’s performance on game balancing and player engagement we ask the following research questions:
• RQ: How do game adjustments that modify player’s performance impact on game balancing?
• RQ: How do game adjustments that modify player’s performance impact on player engagement?
METHODOLOGY
The game

The method used to explore these research questions involved
building a digitally augmented table tennis table (see Figure 1).
We chose table tennis as an example of sport to augment because table tennis is a two-player, non-parallel physical game.
This allowed us to study the impact of game adjustments when
one player plays against another. The digital augmentation of
the table tennis table allowed us to project images onto the
table surface to:
• Show the boundaries of different table adjustments.
• Show the location of where the ball hit the table and whether
it is outside of the projected boundaries.
• Show the participants’ scores after each point.
Using this digital augmentation we implemented the different
game adjustments for balancing the game.
Game Adjustment Designs

The game adjustment designs we used aimed to induce different player performances. In particular, we looked for game
adjustments that encouraged different styles of play. To encourage different styles of play in table tennis we altered the
players stroke. The parameters that define the stroke in table
tennis are the hit-ball position, the ball spin and the ball velocity [6]. We chose to alter the ball-hit location, which can be
influenced more easily by adjusting the playing surface area.
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other player to counteract. We acknowledge that this playing
surface area size might not be useful to provide the right level
of challenge for all players. However, we note that this study
did not aim to provide the right level of challenge for players,
but to study the effects of altering the player’s performance
(in this case by altering the style of play through adjusting the
hit-ball position).

Figure 1. Digitally enhanced table tennis game. A video projector
mounted on the ceiling projects images onto the table surface, and a
camera on the ceiling and four piezoelectric sensors under each side of
the table detect the hit position of the ball on the table

Table Adjustment Design

By adjusting the playing surface area for the more skilled
player we were able to induce him or her a different styles of
play. When the more skilled player hit outside of the projected
area the player lost a point. The less skilled player, on the
other hand, was allowed to play over the full table all the time
without any penalty.
In one table adjustment we aimed to encourage the more
skilled player to perform long strokes and undertake an aggressive style of play, yet easier for the less skilled player to
predict and counteract. We aimed to achieve this by reducing
the playing surface to one corner of the table. We will refer to
this table adjustment as corner adjustment (see Figure 2 A).
In the other table adjustment we aimed to influence the more
skilled player to play more defensively and to perform strokes
that were easy for the less skilled player to counteract. We
did this by reducing the playing surface to an area close to
the centre of the net (see Figure 2 B). We will refer to this
adjustment as the centre adjustment.

Figure 2. Table adjustments designs: (A) visually highlighted playing
surface area located at one of the corners (corner adjustment), and (B)
visually highlighted playing surface area located at the centre of the net
(centre adjustment)

In the centre adjustment (Figure 2, right) the playing surface
area was 30% of the size of the original table tennis table,
which we found was enough to induce a defensive style of
play and the use of strokes that were relatively easy for the
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To determine the size of the playing surface area in the corner
condition that facilitates a similar level of difficulty as the
centre adjustment, we conducted a pre-experimental study. Six
participants (3 pairs) were asked to play an 11-point game in
the centre adjustment with 30% of the size of the regular table
tennis table, and different table sizes of the corner adjustment:
30%, 15% and 7.5% of the size of the regular table tennis
table. We decided the table size of the corner adjustment
should be the same size or smaller than the table size of the
centre adjustment because we noticed that some zones of the
table in the centre adjustment were almost unused because of
its proximity to the table tennis net. In this pre-experimental
study we also chose to place the target location area on the
right corner (see Figure 2 A) because we believed the less
skilled players would find it easier to return the ball using
forehand rather than backhand (given most of the players
would be right handed). In this study we asked participants
to rate their perception of difficulty [1-“Very easy”, 5-“Very
hard”] in placing the ball on the table in each of the four
conditions. The study showed that the playing surface area
size of the corner condition would have to be 20% of the size
of the regular table tennis table to match the difficulty level of
the centre adjustment.
Apparatus

We used a video projector to implement the table adjustments.
To locate the position of the ball when it hits the table, we used
piezoelectric sensors placed underneath the table to detect hits,
and a PlayStation 3 camera (120 Hz), which we mounted on
the ceiling facing down to locate the position of the ball when
the piezoelectric sensors detected the hit (Figure 1).
The software we developed allowed us to control the information projected and record data related to the study (see Figure
3). With this software we could save the score of each player
after each point, start/stop each game point, display the score
on the physical table after each game point, inform the players
when the ball hit outside the virtual boundaries, and to save
all the information related to the game into a database. The
recorded information included the players’ scores, the average of strokes per point and per player, and the average ball
velocity per player.
Design of the Study

The study was a 2x2 split-plot design [16, p. 54] with two
independent variables: (i) table adjustment and (ii) the player’s
skill level. We defined the table adjustment as a within factor with two levels. The order of conditions was counterbalanced to avoid any order effect. We also did not include the
non-adjustment condition since the aim of the study was to
investigate whether or not two different adjustments would
affect game balancing and player engagement differently. For
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in the questionnaires and were interviewed. In the control
area, the lead researcher also operated the software developed,
took notes of observations from the gameplay, and noted comments from the participants. Although the lead researcher did
not have direct contact with the participants while they were
playing, the lead researcher could follow the game through
the visual information from the camera mounted on the ceiling, which captured the whole table and ball movements (see
Figure 3).

Figure 3. Software developed where we controlled the information projected and recorded data related to the study

the second independent variable, we defined the players’ skill
status as a between factor with two levels. We matched participants with different skill levels, so that in every match one
participant was assigned as “the more skilled player”, and the
other as “the less skilled player”.

Figure 4. Playing and control areas. On the left the playing area is shown
and on the right the control area. R is the lead researcher desk. P are
the participants’ desks

Participants

Procedure

We selected a sample from the population aged 18+ years old.
We recruited participants through public advertisement and
asked people interested to fill out an on-line pre-experiment
questionnaire, where we assessed their self-reported table tennis skill level. We selected only those people who had played
table tennis before.

Participants were instructed to play for 6 minutes without
any adjustment, as warm up. They then played with the two
different table adjustments (2 minutes per condition). Players
were requested to play competitively at all times. After they
finished the warm up, the participants played two games of
21 points with each table adjustment. We opted for a 21point game instead of the standard 11-point game to allow
sufficient time for the participants to experience each table
adjustment. After each game, the participants completed a
questionnaire that assessed their engagement. Finally, the
participants were interviewed in pairs using a semi-structured
interview. We decided to interview participants in pairs to
encourage discussion between them about their experience
during the experiment.

We recruited 30 participants: 8 females and 22 males with an
average age of M=23.6 years and SD=3.83. The self-reported
skill levels of the participants were: novice (1 participant),
beginner (13), competent (6), proficient (9) and expert (1). We
used this information to pair the participants for the study. The
objective was to create pairs where the participants in each
pair had a difference in self-assessed skill as large as possible.
The pairs were as follows: novice vs. proficient (1), beginner
vs. proficient (8 pairs), competent vs. expert (1) and beginner
vs. competent (5).
To establish whether any pair of participants were mismatched,
we tested whether the final score difference of each pair of
participants in the two table adjustments differed greatly from
the other pairs of participants. We applied the Z-value test
to the score difference distribution in both table adjustments
separately in order to look at those Z values greater than or
equal to 3, to detect outliers [2]. From the test results we
did not find any outliers, hence we concluded there was a
satisfactory difference between participants’ skills in all pairs,
and we did not need to discard any pair.
Experimental Environment

We setup an environment with two physical spaces separated
with a curtain: a playing area, and a control area (see Figure
4). The playing area was where participants played the table
tennis game, and the control area was where participants filled
1685

Data Collection and Analysis Methods

We collected information about the participants’ performance,
which included the style of play of the players and variety and
type of strokes as well as the ball velocity. This information
helped us to validate our game adjustment designs.
For the ball velocity we approximated the speed by measuring
the elapsed time between consecutive ball-hits on each side of
the table and the distance between these two hit locations. We
used paired t-tests to compare ball velocity between the two
table adjustments.
We also used qualitative measures to further assess the participant’s performance. Semi-structured interviews were conducted by the lead researcher to understand the variety and
types of strokes participants performed and the participant’s
style of play. During each experimental test, the lead researcher took note of the observations regarding participant’s
style of play. The observations were conducted using the
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camera installed on the ceiling, and notes were used in the
semi-structured interviews for discussion.
We collected information about game balancing, including
the score difference, win/lose ratio and the average number
of hits per point. The score difference was evaluated using
a paired t-test. The win/lose ratio was evaluated using the
Fisher’s exact test to evaluate whether there was a relationship
between the table adjustment and the number of matches won
by the more skilled participants. Since in a non-parallel game
one player’s performance can influence the other player’s performance, we decided to evaluate whether game adjustments
helped to moderate this influence. For this we also measured
and compared the average number of hits per point in each of
the table adjustments. We used the Wilcoxon test since the
data did not meet the assumptions of the t-test.
To further evaluate game balancing we used qualitative data
from the semi-structured interviews conducted by the lead
researcher for assessing whether participants perceived that
one table adjustment leveled the participants’ skills more than
the other table adjustment. We expected that the results of
the average number of hits per point will be aligned with the
participant’s reports on which table adjustment leveled the
participants’ skills better.
To collect feedback on the experience of participants we used
the engagement scale questionnaire (five-point scale where the
higher the value the more the engagement) from the O’Brien
model of engagement [20]. We considered this engagement
scale suitable for this study because it is not tied to a particular videogame context and the survey scale was verified
statistically, in terms of both reliability and validity [20]. We
excluded the items regarding the aesthetic factor because this
factor was not relevant to the traditional table tennis game.
We adapted the wording of the engagement scale to our context (e.g. changing the statement “The time I spent shopping
just slipped away” to “The time I spent playing the game
just slipped away”). We found that Cronbach’s-α for the
engagement scale had high reliability, α= 0.8.
For analysing the engagement scores we used a repeated measures ANOVA with the table adjustment as a within-subjects
factor and the player’s skill status as a between-subjects factor.
For all the tests the significance level was set at α=0.05.
For the measured variables where we used t-tests and ANOVA
(i.e. ball velocity, score difference and engagement scores),
we checked that their distributions were not significantly different from the normal distribution (Shapiro test p > .05), and
that the variance between the groups we compared were not
significantly different (Levene test p > .05).
In the semi-structured interviews the lead researcher discussed
with the participants about the impact of game adjustment
on player’s performance and game balancing. He also asked
which table adjustment participants preferred most, and the
reasons for their preference in order to better understand the
engagement scores.
The data from the semi-structured interviews was transcribed
by the lead researcher, and we used a quasi-statistics method
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for the analysis, which consists on counting the number of
times something is mentioned to measure the frequency of a
phenomenon [8]. This qualitative analysis provided a better
understanding of how different game adjustments influenced
the players’ performance, player engagement, game balancing,
and the reasons for preferring one game adjustment over the
other.
RESULTS

To answer the research questions, we first analysed the player’s
performances. Afterwards we focused on how these different
performances influenced game balancing and player engagement.
Players’ performance

The results of the participant’s performance include the participant’s style of play, ball velocity, the variety and types of
participant’s strokes.
Player’s style of play: Our observations of the participants
playing indicated that the style of play of the more skilled
participants in the corner condition was different from the
centre condition. In the centre condition, the participants
seemed to be more passive, as if they were waiting for the
opponent’s mistake, instead of trying to win the point. This
seemed to be the opposite in the corner condition. This was
confirmed by participants’ comments during the interview.
One participant said “in the centre is like keeping the rally
going down rather than actually trying to win the point (. . . )
it is just tap it over”. Another participant said “I liked the
first condition [corner] because it allowed me to be more
aggressive”.
We found that the results of the ball velocity were aligned with
the player’s style of play:
Ball velocity: The paired t-test showed the ball moved (measured in m/s) significantly slower in the centre adjustment
(M=2.00, SD=0.35) than the corner adjustment (M=2.61,
SD=0.45), t(29) = 8.06, p < .01.
With the change of style of play, the variety and type of strokes
changed as well:
Variety and types of strokes: Reports from participants revealed that each table adjustment afforded a different amount
and type of strokes. Sixty per cent (9/15) of the more skilled
participants reported the types of strokes to be different in the
two table adjustment conditions, and 20% (3/15) of the more
skilled participants reported they could practice a greater variety of strokes in the corner adjustment. Examples of reports
regarding the play in the corner condition include: “I can do
my big forehand”, “I can play long strokes”, “I can play like
a real game, perform normal strokes” and “I can smash”. In
contrast, the reported types of strokes available in the centre
condition were different: “In the centre it is just tap over the
net”, “I could not do my big forehand”, “I could not do the
shots I usually do in table tennis”.
These findings indicated that the more skilled participants
played with the style of play we expected in each of the table
adjustments.
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Game Balancing

RQ: How do game adjustments that modify player’s performance impact on game balancing?
The results show that the table adjustments impacted the game
balancing differently. While the corner adjustment provided a
closer game (in terms of the score) and facilitated more wins
to the more skilled players, the centre adjustment facilitated
more wins to the less skilled players, a greater number of hits
per point, and is where players perceived their skills were
more balanced.
Score difference: The score difference of the participants
is summarized in Figure 5. The score difference (in absolute value) was significantly greater in the centre adjustment (M=8.9, SD=4.6) than in the corner adjustment (M=5.7,
SD=2.7), t(14) = 2.49, p = .026.

– Leveled the participant’s skills with a higher number
of hits per point.
• When the more skilled participants played more aggressively:
– They won more often.
– There was a closer game score.
Engagement Scores

RQ: How do game adjustments that modify player’s performance impact on player engagement?
Player engagement did not significantly differ between the
two table adjustments, F(1, 28) = 2.56, p = 0.12, ηG2 = 0.02,
mainly because the table adjustments impacted differently
on the engagement of the more skilled and the less skilled
participants. The more skilled participants reported higher
average engagement scores in the corner adjustment (M=3.90
, SD=0.33) than in the centre adjustment (M=3.61, SD=0.51),
see Figure 6. However, the less skilled participants reported
lower average engagement scores in the corner adjustment
(M=3.66, SD=0.38) than in the centre adjustment (M=3.72,
SD=0.42). The different effect of the centre and corner adjustments for the more skilled and less skilled participants
was significant (F(1, 28) = 5.75, p = .023, ηG2 = 0.04). We
performed a contrast analysis to explain this interaction effect, showing significant differences between the centre and
the corner adjustments for the more skilled players (t(28) =
−2.83, p < .01), but no significant differences for the less
skilled ones (t(28) = 0.56, p = .58).

Figure 5. Players’ difference in score of the centre and corner adjustments. The vertical black line shows the average of the difference in
score

Win-lose ratio: The more skilled participants won 33.3%
of the matches (5/15) in the centre adjustment, and 80% of
the matches (12/15) in the corner adjustment. The Fisher’s
exact test indicated that the table adjustment had a significant
influence on the number of matches won by the more skilled
participants (p = .025).
Leveling the player’s skills: Sixty per cent of the participants
reported that the centre adjustment leveled the player’s skills
more, while 26.7% reported the corner adjustment helped in
leveling the skills more, and 13.3% reported no difference
between the two table adjustments.
Average hits per point: The Wilcoxon test showed significant
differences regarding the average number of hits per point (per
participant) between the centre adjustment (M=2.03, SD=0.61)
and the corner adjustment (M=1.35, SD=0.32), W = 460, p <
.01.
To summarise:

Figure 6. Mean and error bars of engagement scores of the more skilled
participants and less skilled participants in the centre and corner adjustments

• When the more skilled participants played defensively they:
– Encouraged more wins for the less skilled participants.
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The results of the engagement scores were in line with the
participant’s reports about their preferred table adjustment.
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Seventy-three per cent (11/15) of the more skilled participants
preferred the corner adjustment, while 20% (3/15) preferred
the centre adjustment. In contrast, 47% (7/15) preferred the
corner adjustment, while 40% (6/15) of the less skilled participants preferred the centre adjustment.
To understand player engagement better, we analysed the participant’s reports. The reports showed that player engagement
was mainly affected by how the game adjustments affected
the player’s performance such as the player’s style of play
and the type and variety of strokes (see Section “Players’
performance”). For example, the 80% of more skilled participants reported that they were more engaged in the corner
adjustments because it allowed a greater variety of strokes, e.g.
saying “definitely I liked more the corner adjustment because
it allowed me to play a variety of shots rather than tap over
the net”. These participants also reported that the corner adjustment encouraged the performance of more engaging type
of strokes, e.g. saying “the type of shots is preferable in the
corner”, “I like the corner adjustment because I could hit the
ball harder”, “I prefer playing long shots”, “I like to play more
in the corner, play as a normal condition”, “I prefer the corner
adjustment because I can practice my shots better, practice
something I use in table tennis”. Finally, the more skilled
participants also reported the downsides of the corner adjustment. One of the participants reported that this adjustment
allowed him to play aggressively, which increased the number
of interruptions and shortened the game points: “I found when
the table was on the corner I could smash and I was better . . .
the game was less equal and less interesting because when we
played and I smashed, I win and the play stopped”.
The less skilled participant’s engagement was similar between
both table adjustments. The three most reported reasons for
preferring one table adjustment over the other were the perception of challenge (47% of the participants), the player’s
performance (40% of the participants) and the sense of control (20% of the participants). These reasons were sometimes
used to justify the preference for the corner adjustment, and
other times to justify the preference for the centre adjustment.
For example, four participants preferred the centre adjustment
because it made returning the ball easier (e.g. saying “I like
the centre adjustment, it was easier to hit”). However, another
three participants preferred the corner adjustment because it
provided a greater challenge and allowed them to test their
skills. Finally, three participants preferred the centre adjustment because it facilitated a greater sense of control. These
results show the great diversity in the type of players and their
preferences.
To summarise:
• When the game encouraged the more skilled participants
to play more defensively, they felt less engaged than when
they played aggressively.

• The less skilled participants did not report significant differences in the level of engagement between the two conditions.
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DISCUSSION

In this section we will discuss the results and provide guidance
about how this work can be useful for the design of game
balancing in other games.
The Results Obtained

The two ways of altering the player’s performance balanced
the game because of:
• The game mistakes: We penalised the more skilled players
(by losing the point) when they hit the ball outside of the
allowed playing surface area. This contributed to balancing
the score and the win/lose ratio.
• The style of play: We encouraged a different style of play
for the more skilled players, and one of the styles helped
less skilled players to return the ball more easy (defensive
style of play from the centre adjustment).
Why did game adjustments that encourage different player’s
performance impact game balancing differently?

Although both game adjustments encouraged game mistakes,
the style of play of the centre adjustment made it easier for the
less skilled players to counteract the play of the more skilled
participants, leading to a higher average number of hits per
point and the perception that the player’s skills were more
balanced. This also explains why the less skilled participants
tended to win more in the centre adjustment than in the corner
adjustment (see Figure 5).
Why did game adjustments that encourage different player’s
performance impact player engagement differently?

For the more skilled participants, the engagement scores were
higher in the corner adjustment than in the centre adjustment.
This is mainly because of the impact of the table adjustments
on player’s performance: style of play, variety of shots and
the type of shots (see Section “Engagement Scores”). This
indicates that the way players are challenged and constrained
is critical for player engagement. This aligns with a prior
study by Bianchi-Berthouze [9], which shows that video game
controllers that encourage different body movements influence
player engagement differently.
Lessons Learned

The results show that in non-parallel games, where a player
can affect the opponent’s performance, altering the player’s
performance can be a useful technique for game balancing. We
also show that we can balance the game through altering the
player’s performance through two key ways, each one having
advantages and disadvantages:
• Encouraging game mistakes by restricting the more
skilled player’s performance: The game mistakes encouraged by the game adjustments can depend on the challenge
imposed on the players in playing with these game adjustments and the player’s familiarity with the adjustment.
– Advantages: This way of balancing does not rely on
the style of play for balancing and thus can support different types of gameplay, for example both aggressive
and defensive play.
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– Disadvantages: This way of balancing is not designed
to moderate the influence of the more skilled player’s
performance on the less skilled player’s performance.
Without this moderation, the less skilled player might
experience difficulties in countering the “attacks” of
the opponent player.

In squash, digital technology can be used as in this research
to alter the court. Using digital technology can provide the
advantage of altering the squash court and the style of play
dynamically depending on the players’ difference in score
after each point. This can be useful to accommodate pairs
with different amount of gaps in skill level.

• Changing the more skilled player into a style of play
that is easier for the opponent to counteract: By altering the player’s performance, the style of play of the more
skilled player can be altered in a way that facilitates a gameplay that is easy to counteract for the less skilled player,
such as in the centre adjustment of this study.

In other types of non-parallel games, where the use of the field
or court is different from table tennis or squash, the approach to
alter the style of play or encourage game mistakes can be more
different. However, in these games digital technology can
take a role for balancing the game because of its capabilities
to modify the different game elements such as the playing
surface in table tennis shown in this study.

– Advantages: It can moderate the influence of the more
skilled player’s performance over his or her opponent’s
performance and therefore it can level the players’
skills and also promote longer game rallies (see Section “Game Balancing”).
– Disadvantages: The more skilled player’s actions, such
as the strokes performed, might not be as engaging to
perform as those actions that are difficult to counteract
for the opponent (see Section “Engagement Scores”).
Generalizing the Results

Although we explored game balancing in table tennis, the understanding of the different ways we can balance the game
through altering the player’s performance can be applied to
other games where the player’s performance can also be altered such as soccer, basketball, tennis or squash. For example,
in these games we could also alter the game in a way so that it
encourages game mistakes (e.g. missing shots in basketball)
or modify the players’ style of play in a way that the opponent(s) find it easier to counteract. This understanding can
be particularly useful for balancing non-parallel games where
adjusting the player’s performance might be used to moderate
the influence of one player on another. For example, when
players have great skill differences, game designers should
consider altering the style of play to facilitate a game play that
is easier to counter for the less skilled players.
For altering the player’s style of play or encouraging game
mistakes to players in other sports such as tennis, badminton
and squash, we could apply similar game adjustments as the
ones we used in this present study (i.e. altering the court or
playing surface area), because of the importance of the ball-hit
location to the player’s score and style of play in these games.
However, we acknowledge that the design of game adjustments
might be more different in other games such as basketball or
soccer. For example, in squash, a game designer can use the
different court zones [25] to design game adjustments for game
balancing, as follows:
• Alter the squash court dimensions to encourage game mistakes.
• Alter the more skilled player’s style of play, such as encouraging strokes that go to the back of the court and that are
difficult to counteract [25], or those that go to centre of the
court and that are easier to counteract.
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Limitations of the Results

We assessed the participants’ skill level using a prequestionnaire. This allowed pairing the participants prior to
the main study. Although this method of assessing the participants’ skills was sufficient for the purpose of this study, we
acknowledge that we might have obtained a more accurate assessment of the participants’ skills by observing them playing
before the main experiment, or by using player rankings from
a tournament or club if those were available. Also, although
we used a statistical test to assess mismatched participants, we
note that the test has limitations in detecting mismatched participants when the distribution has a high standard deviation.
In our study, we concluded that all pairs of participants were
well matched observing that at least the corner condition had
reasonably small variance, yet not having any outliers.
Another limitation is the sample size. Although the sample
size was large enough to evaluate the differences between conditions, it was not large enough to enable further investigation
of other aspects of game balancing. For example, whether
there were differences between pairs with different amount of
gaps in skill level.
Finally, we acknowledge that there can be other factors that
can influence player engagement such as the personality of
the players and their motivations [13] [19], as well as the type
of activity [13]. Although these factors can be relevant to understanding player engagement and game balancing, studying
such factors was out of the scope of this research and we leave
such an investigation for future work.
CONCLUSIONS

We conducted a study to investigate how adjusting the player’s
performance with different styles of play using digital technology could affect game balancing and player engagement in
table tennis.
Our findings identified two approaches of balancing through
altering the player’s performance: (i) through encouraging
game mistakes, and (ii) changing the more skilled players into
a style of play that is easier for the opponent to counteract.
The study results allowed us to outline the advantages and
disadvantages of each of these approaches, which can inform
the design of game balancing in other games.
The advantages and disadvantages of these two approaches of
balancing indicate a trade-off between them. One approach
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can be more suitable for leveling the skills and helping the less
skilled player in countering the more skilled player’s play. In
contrast, the other approach can be more suitable to encourage
a style of play that is more engaging for the more skilled players. A dynamic adjustment could maximise the advantages of
each technique while minimising their downsides. For example, in table tennis we could progressively reduce the playing
surface area from full table size to the ‘centre adjustment’ of
this present study based on difference in players’ scores. This
would progressively (i) encourage more game mistakes from
the player who is leading and (ii) modulate his or her style of
play to one that is easier for the opponent to counter. This approach would enable different types of gameplay and restrict
the player’s style of play when the score difference is high. As
a future research direction, we propose investigating such dynamic adjustments that not only can keep the players’ scores
closer, but can also take care of this trade-off and enhance
player engagement for both players.
The contribution of this work benefits game designers and
the sporting community by providing a better understanding
of how game adjustments can support game balancing and
influence player engagement. It also contributes to HCI by
providing novel balancing experiences using digital technology. This work extends prior work that explores the benefits
of using digital technology in sports, and shows a promising
future in the area of HCI and sports that focuses on the player’s
experience.
Further research into dynamic adjustments that adapt to users
using digital technology in sports can benefit from the contributions of this research: the game adjustment designs shown
and their effects on the player’s experience. Ultimately, we
hope that our work, and future systems inspired by our work,
can help in encouraging more people to engage in physical
activity and profit from its benefits.
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