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ABSTRACT
Video games have become increasingly popular, but only a few
focus on physical activity. Superhuman sports build upon this trend
and try to stimulate physical activity while relying on technology to
enhance human abilities. VRabl is such a superhuman sport. Being
a multiplayer augmented reality sports game, it stimulates players
to be physically active using similar mechanics as video games. It is
based on the well-known and popular game dodgeball, to reach out
to a large player community and have simple rules. The major goal
of VRabl is to make dodgeball more attractive and engaging for
younger generations. The game relies on two Microsoft HoloLenses
to enable a novel multiplayer augmented reality sports game. A
first evaluation shows that VRabl is enjoyable for people of every
age group and stimulates physical activity, while having fun at the
same time.

CCS CONCEPTS
•Human-centered computing→Mixed / augmented reality;
• Software and its engineering → Interactive games;

KEYWORDS
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mentation, Superhuman Sports

1 INTRODUCTION
Games are an integral part of everybody's life - some might even
say essential. Over the past years, eSports has exponentially grown
in popularity as alternative to other spectator sports, particularly
among younger viewers [5] and video gaming has become a stan-
dard activity. Unfortunately, there are downsides to this trend; a
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recent study showed that children who play moderate amounts
of electronic games weigh more than their counterparts that play
less [15]. This effect is due to reduced physical activity. The latter
has a positive effect on cognitive functioning [12] and is a necessary
part of everybody's development, especially for young children and
teenagers. Physical activities not only benefit children, they also
help elderly fighting depression [11]. In general, we can say that
'exergames', i.e. games involving physical exercise, have a healthy
impact on our lives [14]. We address this issue with a game com-
bining physical activity and the fun of gaming.

Dodgeball is a well-known and popular sports in high school, but
quickly forgotten afterwards. We use dodgeball as starting point
for VRabl to rely on a simple game concept that is known to a
large player community. Our aim is to make dodgeball attractive
for younger generations and motivate physical activity.

VRabl is a combination of the words “virtual”, “rabbits” and
“ball”. In our game, two Microsoft HoloLenses enable players to
compete with each other in augmented reality (AR). Using AR, the
resulting multiplayer game seamlessly relies on physical activity of
the players when interacting with the virtual content of the game.
The following section discusses general aspects of challenging and
engaging games. Section 3 elaborates on the VRabl game design and
functionality. Section 4 describes on how VRabl fosters engagement
and physical activity. Before concluding, the following sections
describe the implementation of VRabl and first user experiences
while playing VRabl.

2 BACKGROUND
When a person is fully engaged in a game, the physical movements
become less mandatory and more natural. According to Thomas
W. Malone, challenges in games engage a person's self-esteem,
and thus make it more captivating [10]. Both, competition and
challenges, motivate the players [9]. Offering challenges and the
opportunity to learn something is sufficient to create a motivating
game that is fun to play [4]. Learning to overcome these challenges
is a truly fundamental motivation of playing games [3]. When the
player develops more skills to overcome the current challenges, the
difficulty should rise accordingly to keep the player motivated [13].
There are multiple aspects we need to consider to make a game
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challenging. The important aspects for challenging and engaging
games are [10]:

• Simple and clear goal: The player directly understands the
general gameplay. This offers the ability to reason about the
rules as well.

• Multiple difficulties: Games are enjoyable when they are
neither too hard nor too easy. Every player should have the
right amount of challenge.

• Useful goals: The goals must feel rewarding. Performing a
job using a particular skill, without any specific goal, tends
to get boring.

• Multiple goals: When trying to accomplish a bigger goal,
succeeding in smaller sub-goals will keep the player moti-
vated.

• Hidden information: When the optimal strategy of a game
is not obvious, it will leave room for fantasy, which renders
a game more engaging.

• Randomness: Making the game unpredictable prevents it
from becoming boring. Dynamic strategies and good antici-
pation will also be rewarded.

3 GAME CONCEPT
VRabl relies on AR to seamlessly combine physical interaction with
virtual content (see Figure 1). Up to now, the most popular examples
for AR games are Pokémon GO and Ingress. Both games contain
some physical activity and are motivating people to walk to certain
places [8]. Both games were a success considering the popularity
it gained in a short amount of time and the impact it had on its
player's health [2]. Those games show that attractive augmented
reality games are able to motivate people to be more physically
active.

Figure 1: Two players wearing the Microsoft HoloLens
preparing for the game to start.

VRabl is a competitive augmented reality sports game, where
players compete against one another. A green virtual playing field
is placed into the real world. The game can be played at any location
as long as there is a flat and open area available.

The goal of the game is to hit the opponent's targets by throwing
balls (see Figure 2). The targets are 3D-models of rabbits, as can be
seen in Figure 3. We got these models from the Unity Asset Store.
We decided to use these rabbits, since they have good animation

Figure 2: An in-game real world screenshot. You can see
the combination of the physical world combined with aug-
mented objects. The current player just shot a ball in the
direction of a target (rabbit).

capabilities and they are universal characters that are attractive to
a wide audience. Both players can defend their targets. A player
can block a shot of the opponent by catching the ball before it hits
a target. The balls bounce on real world objects allowing players to
make use of the physical environment when aiming at the targets.
This further means that a player cannot throw a ball through the
ground or through other objects placed in the room. The amount of
balls is limited. Therefore, it is important for players to keep track
of the amount of balls they have left. Every thrown ball has four
possible outcomes:

(1) The opponent catches the ball and gets an extra ball.
(2) A target is hit and the ball disappears.
(3) The ball remains somewhere on the ground and disappears

after a defined time limit.
(4) The ball remains on the floor, but is picked up later by one

of the players.
Eventually most balls will slowly disappear from the game. De-

pending on the amount of balls left, new balls are spawned in the
field. The field is divided into two halves and both players have
their own half. When a player leaves this half, all augmented skills
are disabled until the player returns to the correct half. Those aug-
mented skills include picking up and throwing balls and picking
up power-ups.

Figure 3: Screenshot of the game without a real world envi-
ronment. The screenshot shows a player's perspective while
standing on his/her side of the field and looking in the direc-
tion of the opponent's targets.



VRabl: Stimulating Physical Activities through a Multiplayer Augmented Reality Sports Game SHS ’18, July 2–5, 2018, Delft, Netherlands

A game has multiple rounds. A round ends when a defined time
or score limit is reached. Targets give different amounts of points.
A small rabbit is worth more points than the bigger ones.

During the game, carrot power-ups will be randomly spawned
on the field, as can be seen in Figure 4. A player can pick these
up, depending on which half of the field the carrot appears in. The
power-up can be activated by a voice command. When activated,
a carrot will spawn at the opponent's half. One of the opponent's
rabbits will walk towards this carrot and try to pick it up. At this
moment, the rabbit is much more vulnerable, because it is much
closer to the other half. It is also possible to defend the rabbit by
picking up the carrot. The rabbit will directly turn and walk back
in that case. The defending player then owns the carrot and can
use it on the opponent in the same way.

VRabl allows for different playing strategies. In general, a player
can play offensively or defensively. Standing close to the border
which separates both halves reduces the distances to the targets.
Less distance means more accuracy and less travel time for the
ball. Standing in the back is a good defensive strategy. This makes
the travel distance and time of the fired balls longer. Extra time to
anticipate the opponent's moves will contribute to a greater chance
of catching balls. After a while, the defensive player will have more
balls.

Figure 4: A carrot power-up just spawned on the orange
player's half. The light beam makes the power-up more no-
table.

4 ENGAGEMENT AND PHYSICAL ACTIVITY
The most important goal of VRabl is to immerse players to such an
extent that they are not aware of the physical activities anymore.
Keeping a good flowwhile integrating physical activity is important
to make the game more enjoyable [1]. VRabl enforces physical
activity by implementing multiple aspects to the game. During one
round, balls and power-ups are spawned at random places within
the playing field. In order to obtain the items, a player needs to
stand on top of these. This enforces players to move around the
field in order to stay competitive. Additionally, players can 'catch'
balls of the opponent by facing the ball, while it is approaching
them. This gives the player an extra ball and the option to defend

his/her rabbits. Moving around while throwing balls increases the
chance of hitting the opponent's targets. This makes it harder for
the opponent to block thrown balls. All these aspects stimulate
players to be physically active, without interrupting the game or
without demanding full focus on the physical task. It also ensures a
continuous flow and thus is crucial for motivating users to engage
in physical activity [1]. It is clear that the extra physical movements
give players a small advantage. This advantage is not big enough
to win the game. Strategy and skill also play an important role. In
addition, VRabl contains random components. These components
stimulate players to be as physically active as their playing style
allows them to be. This way the game automatically matches the
intensity of the game to the fitness level of the player [13].

Apart from the physical activities, VRabl aims at continuously
engaging players and ensuring that players have fun playing the
game. Following the discussed design recommendations for chal-
lenging and engaging games as discussed in Section 2, VRabl has
clearly defined goals: to hit the rabbits of the opponent in order to
gain a higher score. This goal can be subdivided into smaller sub-
goals that help toward achieving the main goal. Those sub-goals
include retrieving extra balls, picking up power-ups and making
sure that the opponent runs out of balls. It can be made as difficult
and as challenging as needed by playing against skilled opponents.
Multiple sound and visual effects are added in order to make scor-
ing and shooting more rewarding. The game does not have one
optimal strategy. There are many different strategy styles that can
be used to win. This encourages players to use their creativity and
fantasy to create their own strategies [3]. They can then proceed
to test different strategies against different opponents. The random
game elements, like the spawning of items, make the game unpre-
dictable, which helps the game from becoming boring [10]. Last
but not least, the game rules are simple and easy to learn. However,
there is a clear learning progression, while playing the game. In the
beginning, most players find it difficult to accurately throw balls
or find a good strategy, but after a few rounds of playing players
become much more skilled in the game. This allows players to make
their own progress. When players master throwing balls accurately,
they can focus on other components of the game. For example,
collecting more items. An even more skilled player can focus more
on strategy, because they do the easy tasks more easily. When your
own skill level rises, the game offers more options and becomes
automatically more challenging [13]. This way the difficulty of the
game is not only depending on the skill of the opponent.

5 IMPLEMENTATION
VRabl was built using the Unity game engine and the C# pro-
gramming language. The HoloToolkit was used in combination
with two Microsoft HoloLenses. This toolkit consists of multiple
(Unity) scripts and components intended to accelerate the develop-
ment of augmented reality applications. Figure 5 provides a general
overview of the system architecture underlying VRabl. Two differ-
ent networking servers are used to enable communication between
the 2 HoloLenses worn by the players. The first server is the Mi-
crosoft Sharing Service, which is part of the Sharing library within
the HoloToolkit. This server is used to share game objects, or so



SHS ’18, July 2–5, 2018, Delft, Netherlands Tim Buckers, Boning Gong, Elmar Eisemann, and Stephan Lukosch

Figure 5: An illustration of how the HoloLenses communi-
cate with each other.

called holograms, between the users. The second server is the Pho-
ton Unity Networking framework. This is a cloud server that let
users join specific sessions and send messages to each other. The
Photon server is used to share game data, as this server has bet-
ter support for real-time communication in a physical multiplayer
game.

6 USER EXPERIENCE
We conducted two evaluation rounds in which different people
tested VRabl and provided feedback: (1) a game demo during a
research exhibition and (2) a formal user study on game experience.
During the research exhibition, roughly 35 people of different age
were interested in our game. All had positive first impressions.
They were interested in the AR aspect and engaged with lots of
enthusiasm in the game. A group of 20 high school students reported
they liked the novel concept and technology. They especially liked
the virtual rabbits and other game objects.

Compared to the students, some older adults played the game.
An elderly man who was interested in VRabl reported to be posi-
tively surprised. In summary, no matter what age, everybody got
immersed into the game and enjoyed it.

We also conducted a formal user study with fifteen students. All
of them participated voluntarily, played the game for at least two
rounds. The participants got a short explanation of VRabl before
they started playing. After playing, participants completed the core
module and post-game module of the Game Experience Question-
naire (GEQ) [6]. The focus of the GEQ is on characterization of
game experience. With a large range of measurements, this ques-
tionnaire can reduce uncertainty associated with measuring a single
modality. This results in increased validity, robustness and wider
applicability of the total set of measures [7]. The main goal was to
measure to what extent people were immersed into the game. An-
other sub goal was to find out how much physical activity the game
enforces. In order to evaluate the GEQ, a standard ratings scale of
0-4 was used, denoting: 0-Not at all, 1-Slightly, 2-Moderately, 3-
fairly, 4-extremely.

Table 1 and 2 show the resulting average scores of the GEQ
modules. The tables reveal that the “Competence” is not high. This
is justifiable by the fact that some components of the game are
not easy to learn, e.g., the tap gesture of the HoloLens appeared to
be difficult for the participants. The second problem is the limited
field of view that the HoloLens provides. This makes it hard to
keep a good overview of everything that happens in the game. The
third problem is the delay in communication between the lenses.
Sometimes the opponent's ball is only visible after a delay of roughly
one second. This makes it hard to follow the game and defend your
targets properly.

Table 1: Average scores of the core module and its compo-
nents.

Core Module Score Variance
Competence 2.08 0.65

Sensory and Imaginative Immersion 1.90 0.64
Flow 2.44 0.85

Tension/Annoyance 0.89 0.85
Challenge 1.73 0.79

Negative affect 0.88 0.48
Positive affect 3.13 0.68

Table 2: Average scores of the post-gamemodule and its com-
ponents.

Post-game Module Score Variance
Positive Experience 1.86 0.93
Negative Experience 0.52 0.61

Tiredness 0.93 1.13
Returning to Reality 0.93 0.82

The average score for tiredness is 0.93 showing that our game
requires physical activity. Further, players only played for two
rounds. Often the first round did not cost much energy, because it
was more of a try-out. Tiredness also has a high variance, which
means that people experience the amount of tiredness differently.
This is likely due to the fact that people have different stamina
levels.

When watching the players, we observed that almost every
player moved a lot from the moment that they understood the
game. Afterwards a part of the players even reported being ex-
hausted because they played competitively. Multiple rounds will
increase this fatigue.

Players reported feeling immersed during the game session. All
users enjoyed playing VRabl. This can be seen from the positive
affect score of 3.13 in Table 1. Overall the user study provided us
with helpful input on how to improve the game experience.

7 CONCLUSION AND FUTUREWORK
Within this project, we designed and implemented VRabl, a multi-
player augmented reality sports game for the Microsoft HoloLens.
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Starting from dodgeball, we added virtual targets and new rules to
make the game more fun and attractive for younger generations.
Specific game aspects like competition, achievements, strategy and
social aspects motivate people to do their best. The ultimate reward
is winning the game and in order to increase the chance to do so you
need to put more physical effort in the game than your opponent
does. Our game demonstrates that using new technologies, inno-
vative physically stimulating video games can be created. VRabl
is not ready for an official release. Even when building upon the
most recent augmented-reality technology, there are still improve-
ments necessary in terms of comfort, precision, and responsiveness.
The technology allows for more supernatural enhancements, e.g.
instantly building and destroying virtual walls. Such future improve-
ments could make VRabl more attractive. Still, this game clearly
illustrates the potential benefits of a Superhuman Sport; stimulating
people to be more physically active, while having fun at the same
time. This result is also supported by our user study. Based on the
user feedback, when technology matures, games like VRabl will
have an important impact on the gaming industry.

ACKNOWLEDGMENTS
We would also like to thank everybody that participated in the user
study and provided us with valuable feedback.

REFERENCES
[1] Shlomo Berkovsky, Dipak Bhandari, Stephen Kimani, Nathalie Colineau, and

Cécile Paris. 2009. Designing Games to Motivate Physical Activity. In Proceedings
of the 4th International Conference on Persuasive Technology (Persuasive ’09). ACM,
New York, NY, USA, Article 37, 4 pages. https://doi.org/10.1145/1541948.1541996

[2] Maged N Kamel Boulos and Stephen P Yang. 2013. Exergames for health and
fitness: the roles of GPS and geosocial apps. International Journal of Health
Geographics 12, 18 (5 4 2013), 18. https://doi.org/10.1186/1476-072X-12-18

[3] Chris Crawford. 1984. The art of computer game design. (1984).
[4] Melissa A Federoff. 2002. Heuristics and usability guidelines for the creation and

evaluation of fun in video games. Ph.D. Dissertation. Citeseer.
[5] Katherine E Hollist. 2015. Time to be grown-ups about video gaming: the rising

eSports industry and the need for regulation. Ariz. L. Rev. 57 (2015), 823.
[6] WA IJsselsteijn, YAW De Kort, and Karolien Poels. 2008. The game experience

questionnaire. Manuscript in preparation (2008).
[7] Wijnand IJsselsteijn, Wouter Van Den Hoogen, Christoph Klimmt, Yvonne

De Kort, Craig Lindley, Klaus Mathiak, Karolien Poels, Niklas Ravaja, Marko
Turpeinen, and Peter Vorderer. 2008. Measuring the experience of digital game
enjoyment. In Proceedings of Measuring Behavior. Noldus Information Tecnology
Wageningen, Netherlands, 88–89.

[8] Allana G LeBlanc and Jean-Philippe Chaput. 2017. Pokémon Go: A game changer
for the physical inactivity crisis? Preventive medicine 101 (2017), 235–237.

[9] James J. Lin, Lena Mamykina, Silvia Lindtner, Gregory Delajoux, and Henry B.
Strub. 2006. Fish’N’Steps: Encouraging Physical Activity with an Interactive
Computer Game. In Proceedings of the 8th International Conference on Ubiquitous
Computing (UbiComp’06). Springer-Verlag, Berlin, Heidelberg, 261–278. https:
//doi.org/10.1007/11853565_16

[10] Thomas W Malone. 1980. What makes things fun to learn? Heuristics for de-
signing instructional computer games. In Proceedings of the 3rd ACM SIGSMALL
symposium and the first SIGPC symposium on Small systems. ACM, 162–169.

[11] Dori Rosenberg, Colin A Depp, Ipsit V Vahia, Jennifer Reichstadt, Barton W
Palmer, Jacqueline Kerr, Greg Norman, and Dilip V Jeste. 2010. Exergames for
subsyndromal depression in older adults: a pilot study of a novel intervention.
The American Journal of Geriatric Psychiatry 18, 3 (2010), 221–226.

[12] Benjamin A Sibley and Jennifer L Etnier. 2003. The relationship between physical
activity and cognition in children: a meta-analysis. Pediatric exercise science 15, 3
(2003), 243–256.

[13] Jeff Sinclair, Philip Hingston, and Martin Masek. 2007. Considerations for the De-
sign of Exergames. In Proceedings of the 5th International Conference on Computer
Graphics and Interactive Techniques in Australia and Southeast Asia (GRAPHITE
’07). ACM, New York, NY, USA, 289–295. https://doi.org/10.1145/1321261.1321313

[14] Amanda E Staiano and Sandra L Calvert. 2011. Exergames for physical education
courses: Physical, social, and cognitive benefits. Child development perspectives 5,
2 (2011), 93–98.

[15] Elizabeth A Vandewater, Mi-suk Shim, and Allison G Caplovitz. 2004. Linking
obesity and activity level with children’s television and video game use. Journal
of adolescence 27, 1 (2004), 71–85.

https://doi.org/10.1145/1541948.1541996
https://doi.org/10.1186/1476-072X-12-18
https://doi.org/10.1007/11853565_16
https://doi.org/10.1007/11853565_16
https://doi.org/10.1145/1321261.1321313

	Abstract
	1 Introduction
	2 Background
	3 Game Concept
	4 Engagement and Physical Activity
	5 Implementation
	6 User Experience
	7 Conclusion and Future Work
	Acknowledgments
	References

