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Abstract

Lack of motivation for physical activity is a significant public health concern. Exergames or games that require physical exertion can be designed to help alleviate
this issue by providing an alternative exercise form that caters to psychological
needs important for motivation. Granting people superhuman movement abilities
through movement empowerment has been shown to support feeling of competence,
an important human need and an essential intrinsic motivation factor posited by
self-determination theory. This thesis introduces three mixed-reality trampoline
games for the ValoJump trampoline game platform. The games empower movement
in both the real world and the game world; a real trampoline exaggerates movement
in the real world while the games artificially further exaggerate the movement in the
game world. Two of the games were designed and implemented through an iterative
process at Valo Motion Oy and one of the games is based on earlier research in Aalto
University. This thesis describes the problems we faced when designing the games,
how we overcame them and how we created designs that work in the context of
commercial indoor activity parks. One of the games is the first mixed-reality empowerment game for trampolines with multiplayer gameplay. For this game, the thesis
also presents an in-the-wild user study in which 26 participants played the game in a
Finnish indoor activity park. The game scored high in Physical Activity Enjoyment
Survey (PACES) as well as in Ubisoft Perceived Experience Questionnaire (UPEQ)
and thus further demonstrated the potential of movement empowered exergames in
satisfying human needs important for intrinsic motivation.
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Tiivistelmä

Liikuntamotivaation puute on merkittävä kansanterveydellinen ongelma. Liikuntapelit (exergames), joiden pelaaminen vaatii fyysistä rasitusta, voidaan suunnitella
lievittämään tätä ongelmaa. Liikuntapelit voivat tarjota liikuntamuotoja, jotka täyttävät liikuntamotivaation kannalta tärkeitä psykologisia tarpeita. On tutkittu, että
koetun pätevyyden tunnetta voidaan tukea tarjoamalla ihmisille yliluonnollisia liikkumiskykyjä liikkeen voimistamisen kautta. Pätevyyden tunne on tärkeä psykologinen
perustarve ja oleellinen sisäisen motivaation osa. Tämä diplomityö esittelee kolme
sekoitetun todellisuuden trampoliinipeliä ValoJump trampoliinipelialustalle. Pelit voimistavat liikettä sekä oikeassa maailmassa, että pelimaailmassa; trampoliini liioittelee
liikettä oikeassa maailmassa samanaikaisesti kun peli liioittelee liikettä keinotekoisesti
pelimaailmassa. Kaksi peleistä on suunniteltu ja toteutettu iteratiivisen suunnitteluprosessin kautta Valo Motion Oy:ssä ja yksi pohjautuu Aalto Yliopiston aikaisempiin
tutkimuksiin. Diplomityö kuvaa ongelmat, joita pelien suunnittelussa kohdattiin,
kuinka ongelmat ratkaistiin ja kuinka luotiin pelejä, jotka toimivat kaupallisissa
sisäaktiviteettipuistoissa. Yksi peleistä on maailman ensimmäinen sekoitetun todellisuuden trampoliinimoninpeli. Kyseisen pelin osalta diplomityö sisältää myös
käyttäjätutkimuksen sisäaktiviteettipuistossa. Peli sai korkeat pisteet liikunnan iloa
mittaavassa PACES-kyselyssä sekä pelikokemusta mittaavassa UPEQ-kyselyssä. Tutkimus demonstroi liikettä voimistavien liikkunnallisten pelien potentiaalia tyydyttää
ihmisen sisäiselle motivaatiolle oleellisia tarpeita.
Avainsanat liikkeen voimistaminen, trampoliinit, liikuntapelit
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1

Introduction

Lack of exercise is a major public health concern [6, 11]. One way to address the
problem is to ensure people are motivated to exercise by satisfying their innate
human needs. Games have potential to satisfy these needs, as they can offer a
great amount of autonomy (e.g., players can choose which character abilities to
enhance and freely explore the game world). Games can also support competence
by providing challenging tasks to master, and can support relatedness by including
multiplayer features that provide an opportunity for social interaction and bonding.
These components—autonomy, competence, and relatedness—are considered innate
human needs to satisfy for optimal growth and function in psychological theories of
human motivation [8, 10].
Games are also in a unique position to empower players by granting them abilities
that go beyond what they are capable of in the real world; in other words, they can
provide superhuman abilities, such as flying. This can be applied in both traditional
video games and exergames (games that require physical activity). Empowered,
exaggerated movement in exergames and virtual reality games has been shown to
support competence [14, 19], which is a core component crucial to motivating people
in general [8, 10], in games [33], and in exercise [22, 31]. Essentially, research indicates
that a person who feels competent in a task that they perceive as challenging, tends
to be intrinsically motivated to perform said task.
In this thesis three novel games were designed and implemented for the ValoJump
trampoline game platform illustrated in Figure 1). Designing games for trampolines has the advantage of the trampoline empowering movement in the real-world.
Trampolines essentially provide one with superhuman jumping power, which is why
they are used in practicing aerial skills in sports like gymnastics and snowboarding.
However, trampolines also restrict movement and introduce additional constraints
to game design. For example, switching from jumping to standing or walking is
tedious and should be avoided, and jumping can become exhausting in a short period
of time. This thesis describes the design of three games that have been designed
and implemented to overcome these kind of challenges. By presenting the design
challenges of these three games designed for commercial activity parks, we hope to
shine more light on designing for movement empowerment in actual real-world use.
Furthermore, connecting multiple players in the same mixed-reality game using a
dual trampoline game setup (i.e., separate trampolines, cameras, and screens that
display the game for both players) is challenging. We contribute insights into how
one of the games provides meaningful, competitive play while considering these
challenges. Specifically for this multiplayer game, we address challenges posed by
camera, tracking, and network latency. Trampolines also complicate social game
design because for safety, only one person should be on the same trampoline at any
given time.
Finally, we contribute valuable insights into the experience of movement empowerment through a study conducted with 26 participants. The study provides
an examination of the experience of playing the multiplayer game, as well as an
examination of participants’ autonomy, competence, relatedness, and attitude toward
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Figure 1: The ValoJump mixed-reality trampoline game platform consists of a
display screen, a trampoline, a camera, proprietary motion tracking technology, and
a touchscreen display used for administrative purposes.

the physical activity of trampolining [2, 28]. While empowerment has been studied
in exergames, exergames and movement empowerment have not yet been studied in
a natural social context where people play such games out of their own will in an
environment that is designed for such activities. Existing research has been done in
laboratory environments where people are assigned to play games and during the
experiment they have been aware of being studied. There is also a gap in existing
knowledge regarding multiplayer exergames, especially ones that take advantage
of movement empowerment. To attempt to fill this gap, the thesis includes an
evaluation of the multiplayer game Super Stomp in a real-world environment. We
hope that the multiplayer aspect of the game lets us further contribute to intrinsic
motivation evaluation for movement empowered games by taking into account the
’social relatedness’ factor of Self-Determination Theory. This factor of the theory
has not been evaluated in previous movement empowerment studies. There are
also quotes of participants of previous research exclaiming that a multiplayer game
might have further motivated them [16]. To the best our knowledge, this is the first
implementation and study of movement empowerment outside a lab, in the wild, as
well as the first use of movement empowerment in a multiplayer exergame context.
The thesis is structured as follows. First, the related work establishing the use
of empowered movement in games is reviewed. Then, we describe how movement
empowerment is generally implemented in each of the three games and continue
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by describing all the design constraints posed by the platform. We continue by
introducing the three games, their game mechanics and design challenges specific for
each games. We also describe how each game attempts to overcome the constraints.
Next, we detail the study regarding the multiplayer game, including the design,
procedure, measures, and results of the study. We conclude by highlighting key
takeaways of this thesis for designers of games with empowered movement.
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2

Background

Our work adds to a line of movement empowerment research in exergames, mixedreality games, and virtual reality games. Exergame movement empowerment research
has progressed from boosting a player’s movement in the game world with physics
simulation [16], to mixed-reality empowerment that uses digital manipulation and
physical devices like trampolines and electrically-assisted bikes [1, 18, 20], and
more recently to user studies that demonstrate positive effects on autonomy and
competence [14, 19]. Jumping height and locomotion speed are common forms of
exaggeration [16, 19, 20] but exaggerated flexibility has also been recently demonstrated [14]. Focus on flexibility and strength may be motivated by the boredom
caused by the requirement to repeat the same movements over and over again in
strength training [30] or by the fact that strength and flexibility develop slowly in
the real world. Thus, one cannot expect significant development during a player’s
journey through an exergame unless the game manages to engage the player for
several months.

2.1

Movement empowerment

Kajastila et al. conducted a lab-based controlled study to assess whether exaggerating
jump height could aid in training novices to learn trampolining skills [20]. The
study involved 29 participants divided into three groups: a control group who
learned through self-training, a group who played a mixed-reality trampoline game
with normal jump height, and a group who played a mixed-reality trampoline
game with exaggerated jump height. Results from this study showed that while
all groups significantly improved performance, the game groups had significantly
higher engagement. Furthermore, exaggerated jump height did not negatively affect
learning and it increased the players’ arousal measured using the self-assessment
manikin (SAM) [4].
Granqvist et al. conducted a lab-based controlled study with 30 participants that
compared three levels of flexibility exaggeration in a kicking task: realistic, moderately
exaggerated, and highly exaggerated [14]. In the virtual reality experiment, players’
movements were mapped to an avatar, and they were asked to kick targets at different
heights. Results from this study suggest that medium exaggeration yields better
performance, higher perceived competence, and subjectively more natural movement
compared to realistic kicks, while high exaggeration generally diminishes this effect.
Hämäläinen et al. conducted a lab-based study with 46 participants who played
Kick Ass Kung-Fu, a mixed-reality martial arts game in which players use real-world
martial arts movements to defeat artificial intelligence opponents [16]. Participants
were recruited from local martial arts clubs, and the study examined various levels
of exaggerated jump height and horizontal movement in the game. Movement
exaggeration was considered fun by the players. Also, exaggerating jump height "adds
airiness to leaps and easy acrobatic moves, such as a cartwheel where you start from
a crouching position and throw your legs upwards". However, exaggerating horizontal
movement too much made estimating distances to the opponent difficult. Furthermore,
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the more experienced the player was at martial arts, the less exaggeration was
preferred.

2.2

Other Ways of Manipulating Movement

Other ways in which movement can be empowered include having users stand on
a sensor to simulate flying or swimming [14, 15]. However, there are other ways
of manipulating players’ movement besides exaggerating and empowering. For
instance, games can grant players bullet time, in which the game is slowed down
around the player to grant them more reaction time (e.g., for precisely aiming
shots at enemies) [35]. As an example of anti-empowerment, giving players a
weaker impression of performance through speed deception has been shown to result
in better performance in endurance practice for cycling in real [27] and virtual
environments [24].

2.3

Intrinsic motivation

Self-Determination Theory (SDT), a widely used theory of intrinsic motivation, posits
three basic psychological needs—autonomy, competence, and relatedness—as central
to intrinsic motivation, i.e., being motivated by an activity for its own sake even
without extrinsic rewards such as money, fame, or game score. SDT is used in multiple
fields including sports, physical education, education and the three needs it describes
have been discovered to predict game enjoyment and likelihood to play a game again
in the future [33]. SDT is considered a valuable platform to understanding exercise
participation and adherence. Ubisoft Perceived Experience Questionnaire (UPEQ)
on the other hand is a validated questionnaire based on SDT [2]. UPEQ is used in
this study to evaluate the experience of playing the game.
Competence means the way people want to feel effective in their activities. Selfdetermination theory describes competence as people’s need to feel capable and
effective while at the same time improving themselves in performing the challenge
they presented with. In games, the feeling of competence can be supported by the
progress one makes with their skills while repeatedly facing a similar challenge. The
player might improve their abilities to play against other players or to more effectively
solve the challenge of a non-competitive game. Empowering visual and aural feedback
such as visual effects and sound effects resulting from the player’s actions can also
induce a feeling of competence [2].
Autonomy refers to a need to feel that one’s activities are self-chosen and selfendorsed. Autonomy in self-determination theory relates to experiencing a willingness
to make a choice between options that the subject perceives as fair and equally potent
[32]. These options or opportunities can be illusory or real. In the context of games
and the UPEQ intrinsic motivation questionnaire used in this thesis, autonomy can
be used to described the degree of freedom the players feel they have over their
actions and play styles.
Lastly, social relatedness denotes our need to feel connected with other people. In
the context of games, relatedness can naturally be induced through interactions with
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other players but also through non-player characters that support other psychological
needs of the player [2]. Games can provide people a medium for a common activity
where people spend time together and where social interactions are encouraged.
These two factors can contribute to the players’ sense of belonging [7]. The need to
belong has been shown to be one essential factor for motivation to engage in a game
and to continue to play [29].

2.4

Mixed-Reality

Mixed-Reality is generally defined as combining elements of the real world with a
virtual world. It is a reality that lays between what is real and what is virtual. MixedReality can be divided into two different types: augmented reality and augmented
virtuality [26]. Augmented reality is the more widely used term of these two [26].
Augmented reality refers to adding virtual information into the real world. However,
the mixed-reality games described in this thesis refer to augmented virtuality where
real world information is embedded into a virtual world.

2.5

Gaps in literature

In summary the related work described in this section comes together in our work as
follows: Movement empowerment is the technique used in our mixed-reality games
to cater to the competence and autonomy needs of self-determination theory. The
multiplayer aspect of the game further caters for the relatedness component of the
theory. UPEQ is a validated questionnaire based on self-determination theory that lets
us evaluate how well our games support the needs. Thus, we are able to evaluate how
our implementation of movement empowerment together with multiplayer capabilities
may increase people’s motivation in taking part in this physical activity.
In contrast with the lab-based studies, our experiment was conducted in a natural
environment, where people have autonomy to choose to play the game in a natural
social context. As we discussed, social interaction is crucial for supporting the need
for relatedness. Participants of previous movement empowerment research have
also suggested multiplayer gameplay for added motivation [16]. To the best of our
knowledge, our study is the first to examine empowered movement in a multiplayer
context. Moreover, we provide additional evidence and insights on how empowering
movement can support need satisfaction and result in a positive player experience.
Finally, our research examines how to successfully overcome technological challenges
posed by fast and highly dynamic movement in combination with the limitations of
motion tracking and network latency, as well as the game design challenges posed by
using a trampoline.
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3

Designing Games for Trampolines

Trampolines empower people by boosting their jump height in the real world but at
the same time they introduce various limitations to the movement and thus provide
certain constraints to game design. Other constraints in our case come from the
nature of motion controlled games, skill differences and from real world commercial
use cases for the system. In this section we discuss how this kind of factors affect
game design along with other limitations present in trampoline games. The games
designed and implemented in this thesis are described in Section 4.

3.1
3.1.1

Movement Empowerment
Jump Exaggeration

All three of the games empower movement by exaggerating jump height in both the
game and the real world. Inside the games, exaggeration is applied to the player’s
jumps. The amount of exaggeration is more than ten times the real-world jump
height. However, even with such an aggressive exaggeration, players can still easily
control the game, and the exaggeration often goes unnoticed [20]. In the real world,
jump height exaggeration is based on the characteristics of the trampoline. For highperformance professional trampolines, the in-game exaggeration is adjusted lower
compared to more mainstream trampolines because the professional trampolines’
superior springs and trampoline beds allow players to jump much higher. Thus, less
in-game jump height exaggeration is needed.
3.1.2

Horizontal Movement Exaggeration

Through prototyping with the single-player games, we found that the real-world
horizontal position of players could not be decoupled from avatar position. If the
player’s physical position deviates from the player’s avatar position, the player
immediately feels disconnected from the game and may diverge from the ideal realworld jumping area. Some exergames provide gestures for navigating the virtual
space; in the context of trampolines, however, beginners generally need autonomy
in the position of their arms and legs to balance themselves. Thus, we did not use
gestures in the games and opted to directly map horizontal position from real-world
physical position to in-game avatar position, but with the difference from the center
exaggerated.
In most cases, horizontal movement is greatly exaggerated relative to the player’s
size. The amount of exaggeration varies based on the width of the trampoline, since
the system supports trampolines of various widths. In general, the more narrow
the trampoline, the greater the horizontal movement is exaggerated. With a very
narrow trampoline, this can have a negative effect on being able to accurately control
the game. This has been shown to be the case in prior research; while horizontal
exaggeration was found to be enjoyed by players, too much exaggeration makes
estimating distances difficult [16]. In the setup used for our study, the trampolines
and game system are wide enough to provide the optimal game experience. Some
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existing installations, however, do use a narrower trampoline regardless of the
recommendations due to cost efficiency or space limitations.

3.2
3.2.1

Design Constraints
Transitioning between jumping and standing

While jumping high on a trampoline is easier due to the bounciness of the trampoline
surface, one cannot easily switch between jumping and standing or running. Once
players have gathered vertical momentum they need a considerable amount of time
and effort to stop the jumping motion. The height of the next jump can be increased
or decreased only within certain limits per each jump, i.e. the players can merely
do limited adjustments to their velocity while in contact with the trampoline bed.
Coming to a full stop from high jumps during one landing is a skill that most players
don’t have. It is extremely slow to transition from jumping to standing still and from
standing still to jumping (especially to start achieving high jumps). Thus, the player
cannot be required to stand still and jump high as a quick reaction to a game event.
3.2.2

Limited control over flight trajectory

Once the players have launched themselves into the air, they no longer have control
over their flight trajectory but are set to land in a determined spot. One constraint
this creates for game design is related to time critical events. The player jumping
on the trampoline cannot plan for their position to be at a given place at an exact
time but can only arrive at that location at certain loosely determined time intervals.
For game design constraints this means that the player cannot be required to be in
a certain position at a determined time but instead the player needs to be given a
loose time frame or alternatively the player needs to be able to predict where to land
in the future well in advance.
3.2.3

Disconnecting horizontal position

We found that the horizontal position of the player cannot be manipulated in the
game. This restriction comes from the fact that the game cannot enforce where the
player physically is in the real world. If the physical position of the player deviates
from the player’s avatar’s position, the player immediately feels disconnected from the
game and the player’s in-game position would need to be corrected. In other words,
manipulating the player’s horizontal position in the game would lead to situations
where the player is physically on the left side of play area but in the game world he is
on the right side. The only place where we do this disconnection is in game 1 when
the goat knocks the player. In this case the disconnect is acceptable because the
player always falls below the screen where we can position him back to the correct
horizontal position. The restriction could be worked around if the camera moved
horizontally together with the player but the player would need a way to move back
to the direction they came from. Some exergames work around this restriction by
providing gestures that let the player move horizontally. In our case gestures were not
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used as many beginners need freedom over their arms in order to balance themselves
on the trampoline.
3.2.4

Trampoline Safety

Trampolines suffer from the problem that basic jumping can quickly become boring,
potentially making the user feel the need to perform tricks like somersaults in order to
keep the activity fun. Performing tricks on trampolines is risky, especially when the
user is inexperienced [5, 21]. ValoJump’s games are controlled through basic jumping
and side-to-side movement, reducing the need to perform tricks in order to enjoy
trampolining. In this way, the game platform aids in providing a safe trampolining
experience. In addition, most trampoline injuries are the result of multiple people
jumping on the same trampoline at the same time [5, 21]. ValoJump’s games are
played with only a single player on a trampoline. The multiplayer game Super Stomp
utilizes a dual trampoline, display, and tracking sensor setup. Thus, even in this
multiplayer game, only a single player is intended to be on the same trampoline at
any given time.
3.2.5

Skill Differences

To support competence, a key task in game design is to provide just the right level
challenge for all players. Skill differences between players complicate this even in
simple traditional games. The problem is amplified in our case because of the vastly
different experience people have when it comes to jumping on a trampoline. The
target audiences for the trampoline game platform range from toddlers to adults
with skill levels ranging from no athletic background to trampoline enthusiasts. This
remains to be one of the biggest challenges for game design for the platform. In the
existing design, the issue was attempted to be solved by introducing game levels
with different challenges. A beginner would choose level one while an advanced user
would choose a more difficult level. One of the games, on the other hand, aims to
solve the problem by starting of easy and getting more and more difficult as the
game progresses. However, these approaches don’t fully eliminate the issue due
to the vastness of difference in skill levels. The users at the very beginner end of
the spectrum (for example, the very youngest users) might lack the basic balance
required for jumping consistently on a single spot of the trampoline which makes
any requirement to horizontally adjust one’s position too difficult. There are also
vast differences in how high users are able to jump. An automatically scaling jump
multiplier was tried to assist player that lack the power or control to jump high but
in many cases the player got used to a certain jump height and that getting adjusted
suddenly in real time broke the feeling of control. This approach may alleviate
problems if it’s used only for extreme cases where the player struggles to even start
the game or get past the first platforms but further research and iteration is needed
to completely eradicate the issue.
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3.2.6

Game time limitations

Another major constraint comes from the customers. Family Entertainment Centers
(FEC) are the largest customer group for the ValoJump platform. A common trait
for these businesses is that they want to push as many players through the system
as possible. This throughput requirement gives a practical time constraint for the
games at around 1 to 2 minutes. Another factor that enforces similar time limitation
is physical exhaustion. Trampolining can get exhausting for an average user well
within one minute. Thus, games should be designed to always last only a minute or
a few minutes at most. This limitation holds for the entire engagement including
time spent in the game selection menu and the game aftermath, e.g. sending a replay
video of the game to the user’s email and writing a name for the highscore. The
game aftermath we were however able to move mostly to an external touchscreen
that is placed near the setup so that the next player can start playing while the
previous player is handling the high-score saving and video sending synchronously.
However, the time spent in the menu limits the amount of customization we are able
to do for the user’s skill level as we cannot let the user spend a lot of time choosing
between different games, levels, difficulties or settings. The menu at the time of
writing includes two selections: Game and level. The levels determine the difficulty
but also serve as general game content. In addition to user-made selections being
limited, any automatic adjustments would need to be fast due to the short game
times.
3.2.7

Guiding the Player’s Attention

Guiding the player’s focus is important in all game design. For our case, this turned
out to be even more important than usual. Jumping on the trampoline requires a
lot of attention on it’s own so everything that happens in the game needs to be as
obvious as possible if it includes critical information or is important for reaching
a goal in the game. Especially for first time players, getting used to the sideways
movement of the games takes a lot of effort. At the same time, if the player doesn’t
have a lot of experience with trampolines, getting used to the physical balancing and
rhythm of trampoline jumping can easily take up a huge part of the player’s focus.
Together the basic game mechanics and the physical trampolining take up so much
attentional resources that the user interface gets completely ignored by most players,
unless it’s presented in such an intrusive way that it takes focus completely away
from the basic gameplay.
3.2.8

Designing Around Latency

It is essential that players in the multiplayer game see an accurate representation of
where they and their opponent are located on the game screen. Otherwise, players
would not be able to determine where and how to jump in order to stomp on their
opponent. Thus, we implemented player movement in a way that would not suffer
from the high latency present in synchronizing live video feed. Players move according
to their tracked center of mass, which is synchronized with minimal delay and high
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frame rate since this is a simple position vector. The video feed has higher latency;
however, the player’s pose is not important to the gameplay. Therefore, the player’s
position in the video feed is quickly snapped to the updated position as soon as it is
received, but the pose is updated later.
To reduce delay in transferring the pose, instead of mapping the entire player’s
skeleton to an avatar (which is common in motion-controlled games [13, 30]), we
chose to cut a mesh around the player out of the background similar to Kick Ass
Kung-Fu [16], transfer the mesh across a network, and use the player’s outline as the
interactive element in the game. This has a number of benefits. It allows the player
to see their own actions without the additional latency of tracking algorithms. It
allows small movements to be quickly registered as game input, and any small details
in the player’s movement provide immediate visual feedback. It also allows players to
use any pose without having motion tracking artifacts present in calculating skeletal
joint positions. This design may also enhance the feeling of empowerment as players
can see a more direct representation of themselves performing a jump, however,
testing this is left as future work.
3.2.9

A Practical Example

In this section we discuss a practical example of how the design constraints listed
above came up in various ways during the development of a game prototype that
was eventually abandoned. The game was intended to be a traditional "Super Mario"
-style sidescrolling platformer game.
The difficulty of transitioning between jumping and standing caused the first
issue for the game. The players couldn’t walk on the ground and then react to a
pit or an obstacle by jumping over it. This sort of challenges are at the core of
sidescrolling platfomer games and are essential for games such as Super Mario. In the
context of trampolines, however, the player would be jumping constantly and would
need to plan the jump that crosses over the pit well in advance. When testing the
prototype many players instinctively stopped jumping whenever there was flat ground
ahead and once they noticed a pit coming up they tried to jump but the trampoline
just mitigated the push of their first jump and they couldn’t get a high jump in
time; transitioning from standing still to a high jump instantly on a trampoline is
impossible but many players didn’t realize this in advance when playing.
The inability to disconnect one’s horizontal position was another core issue. In
the prototype the player’s horizontal position followed the real-world position. When
the player was at the center of the trampoline, the avatar was at the center of the
screen. Simultaneously the camera was moving forward at a static speed. However,
this form of horizontal movement caused various issues. Falling to a pit or colliding
with an obstacle because of the automatic movement was extremely frustrating.
Automatically being pushed towards upcoming pits and attempting to time one’s
jumps while accounting for one’s own horizontal movement in addition to accounting
for the automatic constant movement was found to be tedious and it wasn’t a pleasant
challenge. Not moving the camera at all on the other hand was not an option because
the length of the level would be way too limited (Imagine a Super Mario game where
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the camera stays put). We attempted also to move the camera forward based on the
player’s horizontal position but this solution couldn’t offer a solid feeling of control
to the horizontal movement either. A horizontally static camera with the player’s
real world position mapped to the screen space (as if looking at oneself in a mirror)
was the only solution we found that gave a good feeling of control for the horizontal
movement which is why all of the games we implemented now work in this way.

21

4

Platform and Game Descriptions

This section describes the ValoJump platform (Figure 1) and the three games designed
and developed for this thesis (Figure 2, 3, 4). Videos of the games can be found at
https://www.youtube.com/channel/UC_59r1cdzDaibl46xjXb5Yg/videos.

4.1

The Platform

The ValoJump trampoline game platform uses a camera and proprietary motion
tracking technology to place the player’s video image in a game environment after
removing the background. The game is displayed on the screen next to the trampoline
(see Figure 1). The trampoline contains no embedded technology, but the system is
designed to support a variety of trampolines with different characteristics, such as size
or bounciness. ValoJump supports multiple games as well as training applications,
based on research on supporting and enhancing the practice of learning trampolining
skills, in addition to providing an engaging experience for players [18, 20]. The
ValoJump system is currently available in numerous trampoline and activity parks
worldwide. The target audience for ValoJump ranges from toddlers to adults and
from complete beginners to trampoline enthusiasts.

4.2

Game 1: Skytails

Skytails is a 2D platformer game where the player progresses upwards by jumping
from one platform to another (Figure 2). Skytails contains an adventure game mode
and two time trial levels.
4.2.1

Game Mechanics

In the adventure game mode based on an earlier research prototype [18], the player’s
goal is to climb as high as possible without falling. The camera follows the player
upwards and the player loses a life if they fall below the camera view. The player
has 3 lives and once they are depleted the game ends and the player gets a score
based on how high they managed to climb. As the player progresses upwards in the
adventure mode, the difficulty increases as the environment changes from a forest to
floating cliffs and furthermore to the sky. Whenever the player falls and still has lives
left, an animated character (flying beaver) carries the player back up from below
the screen. The platforms have special mechanics such as a super jump platform
where the player’s jump is exaggerated three times more than usual and a breaking
platform where after one landing the platform breaks. The game contains also goats
on certain platforms that might push the player down from the platform or boost
the player’s jump if the player jumps on top of them. Additionally the game features
collectible orbs and stompable objects scattered around the level to provide the player
with more ways to gather points. The adventure mode platforms are procedurally
generated and in a different formation each time the game is played.
In the time trial levels the goal is to jump through a hand made level as fast as
possible and compete for the best time. This game mode prevents the player from
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Figure 2: Skytails is 2D platformer game where the player’s goal is to climb upwards
jumping from one platform to another.

falling more than a certain limit with a safety net that follows the player underneath.
This mechanic aims to reduce the frustration of losing too much progress on a single
mistake.
4.2.2

Design of Skytails

Design of this game is loosely based on the platformer game prototype created in
earlier studies [20]. However, this game went through heavy iterations and provided
us with numerous learnings in the process.
Movement empowerment is a huge part of the game as the game focuses on the
notion of the player climbing higher by performing highly exaggerated jumps. The
boost platforms contribute to push the empowerment even further. The jumps cannot
be boosted as much as the boost platforms do at all times because this reduced the
feeling of control and predictability. The player needs to be able to see the platform
where he or she aims to land and thus the jumps shouldn’t go higher than where the
player can see at the time of the jump taking off. Another movement empowerment
element in the game is the transition from the cliffs level to the clouds level. In the
transition the player warps upwards at a constant high speed phase during multiple
seconds. This is intended as a reward for the player when he or she managed to
reach the final level. The feeling of empowerment in this transition is considerably
high as a single jump causes the player to rise hundreds of meters above the clouds.
In addition to jump exaggeration elements the game introduces the donut that if
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collected removes the jump height exaggeration completely for a few seconds. The
donut also applies a barrel distortion filter on the player’s avatar/mesh that makes it
look like the player gained weight. While the player is under effect of the donut his or
her jumps are low and cause major screenshake on landing. Taking the empowerment
momentarily away from the player aims to make gaining the exaggerated jumps back
feel even more empowering.
Prototypes for game 1 were implemented with various camera movement logics,
jump multipliers, platform widths, game area widths and gravity multipliers among
other things. The camera movement proved tricky to get right for this game because
even though the camera is horizontally static, we need to move it upwards in the
game. In the first versions of the game the losing condition was tied to the camera
view and the camera moved only upwards. Any camera movement changed the
condition for falling down and losing a life. At the same time, the camera following
the player upwards as he or she ascends was necessary because it helps the player
plan for his next jump earlier on as the exaggerated jumps allow the player to jump
across the entire screen. If the camera stood still until the player landed on a higher
platform, the player didn’t have the chance to plan his next jump whilst performing
the previous jump. The final version for the camera logic that we ended up choosing
was following the player as he or she ascends but updating the losing condition
separate from that. The losing condition was changed to update only when the
player successfully lands on a platform and this would dictate the lowest point the
camera view comes down to. Now the camera follows the player back down until it
reaches the highest platform that player has successfully landed on.
4.2.3

Remaining Issues

Skytails remains to face issues when it comes to the vast skill differences of players.
The experience is optimal for players that are able to balance themselves on trampolines and are able to perform mediocre or higher jumps. The younger end of the
players however struggle to keep their balance while jumping from side to side which
can make the game frustratingly difficult for them. The adventure game mode also
does not comply with the maximum game time recommendation as it is not limited
to last a certain amount of time. This means a game can end too fast or last for too
long time. Both of these cases are an issue in the context of an activity park where
one might queue for a long time for the system. Not being able to play more than a
minute can be frustrating after queuing for a long time to play and the game lasting
too long will make other people need to wait for a longer time.

4.3

Game 2: Toywatch

Toywatch, the beach-toy whacking game (Figure 3), is a result of a "toy first" design
process [34] with iterative prototyping on top of it. The key in Toywatch’s design
iterations was "juiciness" [34, 17] and freedom. Juiciness in this case meant providing
as satisfying responses from the player’s collision with the beach toys as possible
without making the game confusing. Toywatch uses a combination of numerous
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effects to achieve a satisfying ’smack’. Another key was element was designing for
players to feel free and in control of their avatar. Providing small surprises with
different kind of power-ups also proved to be a great source of fun for many players.

Figure 3: Toywatch is a wacky beach toy smacking game.

4.3.1

Game Mechanics

Toywatch, at the time of writing, includes three different levels: two castle defense
levels and the crazy mode.
In the castle defense levels the player’s goal is to whack the beach toys before
they reach the castle that is placed on the left side of the screen. The player jumps
on a flexible bridge next to the castle. The game includes various different basic
enemy types such as the duck that just travels straight through the screen from right
to left, the beaver that appears from the below the screen and then starts traveling
towards the castle, the oystercatcher that appears from above the screen before
traveling towards the castle. Additionally the game has special enemies such as the
octopus that appears underneath the bridge and if the player comes in contact with
the octopus, the player’s jump exaggeration is removed by the grip of the octopus’
tentacles for a limited time period. Another special enemy is the jellyfish that flies
at the top of the play area and if the player touches a jellyfish, it grabs on to the
player and makes the player translucent and unable to collide to any other enemy
for a limited amount of time. Finally, the castle defense levels include a "boss fight"
at the end where the player needs to hit a massive boss enemy multiple times in
order to defeat it. To help the player defend the castle the game introduces various
power-ups such as a potion that grows the player into a giant and the shovel that
heals the castle.
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In the ’Crazy Mode’ level of Toywatch, the player’s only goal is to smack as
many enemies as possible within a limited time period. The level contains most
of the enemy types from the castle defense levels but in this game mode they fly
from both directions and in case the player misses them, a castle is not destroyed
but the player merely loses the opportunity to gather the points from the enemy.
This level also introduces many more power-ups through ’buckets’ that randomly
assign a single power-up or modifier to the game. The buckets include modifiers
such as double-speed enemies, double-sized enemies, flipping the screen upside down
and power-ups such as providing a mirrored clone to smack the enemies with or the
’super mode’ that further boosts the player’s jump height and increases the power of
the player’s collisions to the enemies.
4.3.2

Design of Toywatch

The "toy first" process involves first creating a version of the game that doesn’t
have a goal [34]. The game is then tested and through testing the designers try to
determine which actions in the prototype are fun and subsequently design the goals
of the game to support those actions and further polish all the mechanics to center
around the satisfying aspects of the prototype.
In the early prototype of Toywatch where the goal wasn’t yet established, the
player was able to stomp moles that appeared from underneath the screen. The
prototype also had flying objects in the air to provide something to do whilst in
the air. The testers were immediately enchanted by the simple premise of hitting
the objects in different ways using their whole body. The game allows the player to
smack the beach toys in any style or pose that the player wants and the testers were
observed to find joy in testing various different poses and techniques of whacking the
beach toys. In the ’crazy-mode’ game mode (which is very strongly based on the
earliest prototype of the game), the player is never forced to be in a specific place
but can jump around the play area freely. The player is not forced to smack any of
the beach toys but can choose to be effective and smack them all or just play around
with a few of them or avoid them completely. Game score of course extrinsically
motivates the players to be effective but they are not forced to care about it and
they can always finish the game no matter how they play. The other levels where
the player is asked to protect a sand castle from getting hit by the beach toys were
created to give a clear goal to the game and to motivate players to hit all of the toys.
These levels aim to deliver a more meaningful experience to player types that want a
clear mission that they are able to complete.
In addition to jump height exaggeration, Toywatch delivers empowerment through
power-ups. One of the empowerment related power-ups, the ’super-mode’, gives the
player an aggressive glow and makes his jumps higher than usual, his size bigger and
his smacks more powerful (hitting a toy causes a bigger force applied to the toy).
Another power-up related to empowerment is the clone power-up that provides a
mirrored clone of the player himself to smack the enemies on his side. The mirrored
clone follows the player’s horizontal position mirrored to the player’s position and
provides him a second body to smack the enemies with, making gathering points
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more effective. The clone power-up feels empowering because the player’s actions
cause double the effects than usual.
Further design of Toywatch focused a lot on ’juiciness’. Juiciness refers to the
degree of satisfaction provided by audio visual effects as response to the player’s
actions [34, 17]. For visual effects, traditional games (mostly fighting games) were
used as a reference. Toywatch uses a combination of a sprite sheet animated effect,
multiple particle effects, screen shake camera effect, screen space shock wave effect, a
flash effect on the hit target and multiple sound effects (a pop, a squeak, a smack and
a rumble) randomized for each hit. Additionally a hit freeze was tested but didn’t
work in the context of the motion tracked controller because freezing the player’s
avatar caused a disconnect between the game world and the real world.
The game that best works around the issue of vast skill differences is Toywatch
Crazy Mode. A minimum performance in this game mode doesn’t require anything
from the player. The game lasts for a certain amount of time and the players’ scores
are low in case they lack in trampolining skills but these players still get a full
game experience and can smack some enemies with complete freedom (the game
doesn’t require the player to fulfill any goals). This approach with the minimum skill
requirement essentially removed seems to work best for lower skill trampoline users
but might lack a feeling of purpose and goals.
4.3.3

Remaining Issues

As previously noted, one issue Toywatch still faces is the lack of feeling of purpose.
While smacking the enemies in the game can be fun in itself, some players might
feel the game is lacking a clear goal, especially in the crazy mode. The amount of
randomness present in the crazy mode can also deteriorate the experience for players
who want to compete against others in score. The randomness can be frustrating in
this context if the power-ups allow one player to score higher easier than another
player just by chance.

4.4

Game 3: Super Stomp

Super Stomp (Figure 4) is the first multiplayer game we created for the platform.
In Super Stomp the players attempt to jump on top of each other while avoiding
getting stomped by the other player at the same time.
4.4.1

Game Mechanics

In Super Stomp the goal is to try to jump on top of the other player. Due to the
inability to change one’s trajectory mid-air, players have to predict the movement
and try to control it by the way they launch into the air. Thus, there is a delay
from observations to corrective action. Together with the unpredictability of the
opponent, this creates a somewhat unstable feedback system that results in dynamic,
varying, and sometimes surprising gameplay. The goal of the game is to be the first
one to stomp the other player for a set amount of times or to have the most points
once the time runs out.
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Figure 4: The goal in the multiplayer Super Stomp game is to score the most points
within a given time frame by jumping on top of the other player.

4.4.2

Design of Super Stomp

Before Super Stomp was developed, the most successful game on the ValoJump
platform was the earlier described game Toywatch (see Figure 3). The key mechanic
of Super Stomp resulted from figuring out constraints with the design of Toywatch and
by processing what could be possible with the additional constraints of the multiplayer
implementation. While a co-operative multiplayer game based on Toywatch would
have been an easy multiplayer implementation, we wanted to achieve direct interaction
between the players and create competitive game mechanics. From this process, the
simple but surprisingly engaging key mechanic of Super Stomp emerged.
In early experiments with Super Stomp, it was found that any kind of punching
and kicking is not meaningful; due to latency, it was impossible to dodge or block,
and combat regressed to random flailing. Thus, we were constrained from using direct
interactions between players that are dependent on real-time poses. We overcame
this constraint by implementing player interactions in ways that would not suffer
from the high latency present in synchronizing live video feed. Basically, the fact
that the players are jumping constantly and cannot control their trajectories once
launched in the air means that actions need to be planned one or a few seconds ahead
and the frequency of actions is likewise limited. Because of the enforced slow tempo,
a few hundred milliseconds of latency does not break the game. Additionally any
small details in the player’s pose are not used for critical interactions in the game
because small movements such as punches and kicks would not be meaningful game
mechanics with such latency.
Since the stomp interaction is integral to the play of Super Stomp, early prototypes
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focused primarily on improving this feature. The stomp interaction involves detecting
when players have collided with one another and provides aural and visual feedback
when the stomp occurs. Given that providing superhuman abilities in games can
support competence [14, 19], we made the design decision to emphasize power and
mass so that players would feel like their stomps are superhuman. Power and mass
are emphasized in Super Stomp through a collection of effects as a stomp lands on
the ground. These effects include air particle effects, a camera shake effect, shaking
and shattering the ground, strong sound effects, and a wave of light that travels
through the game environment as a player is stomped (see Figure 5). The stomped
player also flattens on the ground, emphasizing the superhuman nature of the stomp
and bringing a novelty factor that people found humorous and fun. Super Stomp is
targeted for all ages; thus, the effects avoid gore but still show a clear consequence
to stomped players.

Figure 5: Air particle effects, a camera shake effect, ground shaking and shattering
effects, strong sound effects, a wave of light, and flattening the opponent emphasize
the superhuman experience in Super Stomp.
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4.4.3

Remaining Issues

Super Stomp suffers from the issue of vast skill differences in cases where two
players at the opposite ends of the skill spectrum play against each other. The less
experienced trampoline user rarely has a chance to win. In future work, this could be
alleviated with "catch up" mechanics or adding more randomness through power-ups
and environmental hazards.
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5

Evaluating Super Stomp

We conducted a single-session user study to evaluate participants’ experience in
playing Super Stomp. The study was conducted at an indoor activity park in which
the game is in daily use. Our measures included semi-structured interviews that
were conducted to gain insights into the play experience. In addition, we used the
8-item, 7-point Likert scale version of the validated Physical Activity Enjoyment
Scale (PACES) questionnaire to gain insight into how participants felt about the
physical activity they were doing [28, 23].
Our final measure was Ubisoft Perceived Experience Questionnaire (UPEQ).
UPEQ is a validated questionnaire that is based on self-determination theory. UPEQ
measures the experience of playing a game through a set of 5-point Likert scale
questions [2].
Our study was for a considerable part based on self-determination theory and
autonomy is an important part of the theory. For this reason we did not perform the
study by allocating people to play the game and we did not control the amount of
time they would play the game. Had we done this, the feeling of autonomy as well as
the naturalness of the use case may have suffered. We performed the recruiting by
approaching people just as they finished playing the game and were about to leave
the scene. This way the participants were not even aware of the study while they
were playing the game and thus the experience wasn’t influenced by the participants
awareness of being studied. If the player agreed to participate, parental consent and
child assent were obtained if the participant was under 15 years old. For participants
older than 15 years old, we obtained direct consent and informed them about the
necessary information about the study. The participants remained blinded to the
purpose of the study as well as the interviewer. As an honorarium for taking part in
the study, we gave each participant a 5 gift card that could be used in the activity
park’s cafe and shop.

5.1

Participants

We recruited 26 participants during the two days we ran the study in the activity
park. The study was performed during two separate Sundays because the park had
the largest amount of visitors during the weekends and the park manager informed us
they would have the largest amount of first time visitors during Sundays. We wanted
variety in how long the participants have played the game in the past and therefore
didn’t want to interview only regular visitors. The participants mean age was M =
12.2 yr (SD = 9.21 yr), median age of Mdn = 10 yr, and the ages of the participants
ranged from 6 yr to 42 yr. 16 participants identified as male, 8 participants identified
as female, and 2 participants left the question blank. Merely 3 of the participants
reported they had played Super Stomp in the past. This may be due to the fact
that many people were first time visitors to the activity park or possibly because
Super Stomp is still a rather new addition to the ValoJump platform. We asked for
a subjective measurement of how long the participant played the game. Participants
reported to have spent a mean of M = 8.58 min (SD = 9.20 min) playing the game;
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the median playtime was Mdn = 4.5 min.

6

Results of the Super Stomp study

In this section we present the results we got from the semi-structured interviews and
we show the results of the UPEQ questionnaire and the PACES questionnaire. We
first present the data from the UPEQ questionnaire because self-determination theory
is the basis of our study. The results from the UPEQ are divided into the three
components of self-determination theory: autonomy, competence, and relatedness.
The interviews were analyzed to gain insight on each of these psychological needs.
When doing the analysis, the emphasis was on the multiplayer aspect of the game
because it is a factor that hasn’t be taken into account in previous mixed-reality
movement empowerment studies. These results are further complimented with our
results from the PACES questionnaire and various outtakes from the interviews. We
use the data from PACES questionnaire to analyze how enjoyable the experience
was for the participants. Specifically, this questionnaire asked the participants how
they felt about the physical activity they were doing. We use the interviews to gain
further insight on this enjoyment as well. At the end of this section we analyze an
open ended question in which we tried to gain further insight on the experience
people had with movement empowerment in Super Stomp.
Autonomy
I was free to decide how I wanted to play.
I could approach the game in my own way.
The game allowed me to play the way I wanted to.
I had important decisions to make when playing.
The choices I made while playing influenced what happened.
My actions had an impact on the game.
Competence
My gaming abilities improved with practice.
My mastery of the game improved with practice.
I was good at playing.
I felt competent at playing.
I felt very capable and effective when playing.
Relatedness
I really like the people I played with.
I consider players I regularly interacted with to be my friends.
Other players were friendly towards me.
What other players did in the game had an impact on my actions.
I was paying attention to other players’ actions.

N
26
25
26
26
26
26
N
26
26
26
26
26
N
26
26
26
26
26

M
4.58
4.32
4.42
3.50
4.08
4.54
M
4.16
4.50
4.27
3.92
4.08
M
4.62
4.04
4.62
3.92
4.04

SD Mdn
.578 5.00
.945 5.00
1.03 5.00
1.50 4.00
1.20 5.00
.706 5.00
SD Mdn
1.01 4.00
.648 5.00
.827 4.00
.977 4.00
.935 4.00
SD Mdn
.752 5.00
1.34 4.50
.752 5.00
1.23 4.00
1.40 5.00

Table 1: The table presents results of measuring self-determination theory components
using the UPEQ questionnaire, rated using 5-point Likert scales.
We calculated mean (M), median (Mdn) and standard deviation (SD) for the
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Likert scale questionnaires to analyze the data. These values allowed us to see
whether people were largely divided regarding the questions and to see overall how
favorable the answers were to each question. We gathered up the answers to the open
ended questions and manually looked for patterns and repeated answers in addition
to any interesting insight on the experience. All of the answers were translated from
Finnish to English before being systematically analyzed by the researchers.

6.1

Players Had High Autonomy

Autonomy, as described by self-determination theory, measures the feeling of control
that people have over their own actions. This is one of the factors that we measured
with the UPEQ questionnaire. The participants were asked to rate how they felt at
the moment of answering, about the game they had been playing. The statements for
the autonomy part of the questionnaire are presented in Table 1 within the autonomy
category. The results indicate that the players had a high feeling autonomy. Each of
the questions scored notably high. This could be due to the fact that Super Stomp
was designed to allow the players to use any pose they want to stomp their opponents
and other design decisions in the game that support autonomy. Another explanation
could be in the study design. The participants were not forced to play the game and
extrinsically motivated by the honorarium while they were playing so participating
in the game in the first place was out of their free will.

6.2

Players Felt Competent When Playing

Feeling of competence arises when people are presented with tasks that they perceive
as challenging but that they are able to master. Games offer a great medium
to cater to this need by offering challenges such as puzzles, difficult missions and
competitive scenarios. Movement empowerment has also been shown to support
competence [14, 19]. Surprisingly, competence was the lowest rated component of selfdetermination theory in our study, although generally it was still rated considerably
high. The explanation for the lower competence rating could be due to the fact that
people spent on average a rather short time playing the game. Getting used to a
game and feeling like one has mastered the game takes generally considerably longer
than one 5 to 10 minute play session. The playtime reported by the participants was
M = 8.58 min (SD = 9.20 min). Additionally the fact that jumping on a trampoline
can easily become exhausting especially when the game motivates the player to push
for a great effort to beat the opponent.

6.3

Players Had High Relatedness

Relatedness measures our need to feel close to other people. Many psychological
theories of human motivation consider this to be an important factor for motivation
[3, 9, 12, 25]. We added more questions regarding relatedness in the semi-structured
interviews because this is the first study that examines movement empowerment in
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Figure 6: Spectators are seated around the two displays watching people play Super
Stomp. Spectators were often cheering and interacting with the players.

a multiplayer context. We also added questions about background information to
process this aspect of the game in higher detail.
The UPEQ questionnaire questions that measured relatedness scored generally
quite high as can be seen from the results that are presented in Table 1. In addition
to this, an open ended interview question that was completely unrelated to the
multiplayer aspect surprisingly gathered numerous answers praising this aspect of
the game. The question was "What was the best thing about this game?" Many
participants’ answers included comments about the social aspect of the game such as:
"That I got to jump on top of my friends.","That I get to play with a friend.","Crushing
a friend.", and "Jumping on others in the multiplayer game."
We wanted to know if the experience is affected by whether one played against
a friend or someone unknown. For this we added the question "If you played with
someone you knew and also someone you did not know, please compare the two
experiences. For example, did you prefer one experience over the other, and why was
that the case?" 13 of the 26 participants answered this question. The participants that
gave an answer generally stated that they would prefer to play against their friends
and that it would motivate them to compete harder. One participant answered, for
instance, "Yes because the friend one knows and one can try a bit harder against
him/her, and then if it’s someone you don’t know...I don’t try that hard against them."
Another participant stated their preference for playing against a friend by merely
saying, "Playing with a friend because I got to crush!" A third participant said, "I
would get more like a feeling of a competition that I would want to beat the friend."
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6.4

Spectators Did not Negatively Impact the Play Experience

In the context of a commercial activity park it is inevitable that players will have
spectators watching them play. People often queued up next to the systems to get a
chance to try the games and the people in the queue often spectated the games (see
Figure 6). This creates an interesting social context for the players and we wanted to
gain insight on whether this affected the game experience. For this reason we added
several questions related to this in the interviews and questionnaires. First, we asked
the question "Were people watching you as you played the game?" 22 of the 26 stated
"Yes", while three participants stated that they were "Unsure", and one participant
did not answer this question. As we thought in advance, most participants reported
to have been watched as they played.
The next question we asked was "If people were watching you play, were they
people you know, people you don’t know, or a mixture of both?" 13 participants
stated they were watched by both people they know and people they don’t know. 11
participants stated that they were watched only by people that they do not know.
Only 1 participant reported that they were watched by only people they know. The
remaining 1 participant did not comment on this question.
We attempted to gain insight on how the participants felt like the spectators
affected the experience by directly asking "If people you know were watching you
play, how do you feel that affected your experience with playing the game? and "If
people you did not know were watching you play, how do you feel that affected your
experience with playing the game?". These questions were a part of the open-ended
questions in the interviews. The results indicate that participants felt like spectators
had either a positive effect on motivation or no effect at all. This was not affected
by whether they knew the spectators or not. For example one participant said "It
gave me motivation to play better" and another one stated "It felt like it invigorated."
The results of the 7-point Likert scale Physical Activity Enjoyment Scale (PACES)
questionnaire are presented in Table 2. The PACES questionnaire was used in the
Rate how you feel at the moment about
the physical activity you have been doing.
N M SD Mdn
I find it pleasurable.
26 6.50 .860
7.00
It’s a lot of fun.
26 6.73 .667
7.00
It’s very pleasant.
26 6.54 .905
7.00
It’s very invigorating. 26 6.38 .941
7.00
It’s very gratifying.
26 5.92 1.06
6.00
It’s very exhilarating. 26 6.12 1.37
7.00
It’s very stimulating. 26 6.27 1.22
7.00
It’s very refreshing.
26 5.73 1.59
6.00
Table 2: The table presents results of the Physical Activity Enjoyment Scale (PACES)
questionnaire, rated using 7-point Likert scales.
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study to measure how the participants felt about the physical activity they were
doing. The results indicate that participants had a very favorable attitude toward
the exercise. The median value for most questions was 7 out of the 7-point scale
except for two questions for which the median value was 6.
To gain insight on how the participants felt basic trampoline jumping without
the game compared to using a trampoline with the game we asked "If you have used
a trampoline before, how did playing this game compare to your experience using a
trampoline without a game?" A majority of participants reported that they preferred
playing a trampoline game compared to trampolining without a game. Participants
who preferred trampolining without a game generally stated that without the game,
people can focus on doing tricks, such as somersaults, which indicates that they
find trampolining in general to be a fun form of physical activity. For example, one
participant stated, "I like to do somersaults and tricks on a trampoline. I’d rather
be on the trampoline and doing tricks because I’m not that much of a gamer, but
it’s nice that I’m able to do something together with my boy." As we noted earlier,
performing tricks increases the risk of injury while trampolining, and the games were
designed with safety in mind [5, 21]. Importantly, though, the last quote especially
indicates that a game such as Super Stomp can broaden the range of parent and
child interactions in an indoor activity park.

6.5

Players Felt as if They Had Superpowers

Super Stomp’s design circles heavily around movement empowerment. We have
showed that movement empowerment in the game can support competence, autonomy
and relatedness. However, other elements in the game’s design may affect these
results. For this reason we wanted to ask the participants if they felt like they had
super powers because of the jump exaggeration and the stomp game mechanics. We
directly asked the participants "Did you, in some way, feel like you had superpowers
while playing the game? Why or why not?" as the last question of the interview.
Majority of the participants simply stated "Yes" as their answer. Some further
stated that they felt like this because of the stomp mechanism or the jump height
exaggeration. For example two of the participants said "Yes, because I was able to
squish (flatten) the others." and another participant simply said "Yes, because of
crushing."
As for jump height exaggeration, a participant stated in detail that "Yes, because
one can jump so high in it that it looks like you are in some freaking jumping world
where there are only characters that jump like all the way to space or something."
Another participant stated "I had such a super power that I went there on the cliff
[referring to a platform in Super Stomp] and jumped [with a high impact] down from
there on top of [Player 2]." One of the participants stated to have taken advantage of
high jumps in their game strategy and felt like this was a super power "Yes, because I
managed to jump and bounce quite high so that my opponent had a hard time jumping
on top of me." The answers indicate that the majority of the players noticed the
movement empowerment and it enhanced their experience.

36

7

Discussion and Key Takeaways

This thesis has discussed the design quirks of mixed-reality trampoline games in the
context of indoor activity parks. The study represented in this thesis has provided
insight on multiplayer mixed-reality trampoline games and evaluated the experience
of playing them in a natural context. Players’ answers to the questionnaires and
open-ended questions about Super Stomp were favorable towards the experience.
Super Stomp was most described as fun, nice, and pleasant. In this section we discuss
the most interesting insights and key takeaways of the study.

7.1

Support Autonomy when Faced with Design Challenges

Developers of multiplayer mixed-reality games should design core mechanics in ways
that support autonomy. In Super Stomp, we chose to support autonomy by allowing
players to use any pose to cause the same result (see Figure 7). To accomplish
this, we used a mesh around the player for interactions instead of relying on small
movements or precise positions of skeletal joints to detect a stomp. We overcame
latency issues by prioritizing data to be transferred. Critical information required
to play the game is sent without delay (e.g., the player’s center of mass), and less
important information is sent later (e.g., the player’s pose, which, due to our design,
is purely a visual feature and not crucial to gameplay). By using a mesh around

Figure 7: Players can stomp using any pose they desire.
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the player for interactions instead of relying on precise joint positions, we grant
players freedom of movement to use any pose they wish to accomplish a stomp, thus
supporting their autonomy. At the same time, this overcomes technical challenges of
latency and imprecise pose tracking.

7.2

Empower Movement to Support Human Needs

Complementing prior work, we provide additional evidence that movement empowerment may support autonomy, competence, and relatedness. Supporting innate
human needs might provide an incentive to exercise, which is important given that
lack of exercise is a major public health problem. Super Stomp empowers movement
primarily through exaggerated jump height. Through our study, we have learned
that a majority of participants noticed the exaggeration, and they found that it
enhances their experience with the game. But, we have merely scratched the surface
of the potential of empowering movement. Exaggeration is only one way to grant
empowered movement and trampolines are merely one platform where movement
empowerment is possible. Developers should explore other ways of exaggeration in
various platforms for exercise. For example empowering the strength of one’s punches
in a boxing exergame could provide an interesting experience.

7.3

Designing Multiplayer Trampoline Games Is Possible

Our work provides a novel example of solving hard interaction design problems, which
we hope provides inspiration for other researchers and designers. For exergaming
and physical activity motivation, trampolines present an exciting but problematic
technological platform. Trampoline jumping is exhilarating but physically exhausting,
and the increasing popularity of trampoline parks and home trampolines indicates
that trampolines have tremendous potential for physical activity motivation. On
the other hand, serious injuries are common when people start attempting tricks
like somersaults or more than one person jumps on the same trampoline [5, 21].
Although previous work has suggested that mixed reality games can address this
problem by making basic and safe jumping more exciting [18], before our study, no
viable multiplayer game mechanics had been identified. Our evaluation indicates that
the Super Stomp core mechanic and game design is successful despite the challenges
posed by latency and how a trampoline at the same time empowers and restricts
movement, providing very little control over movement trajectory once launched in
the air and making it difficult to stop jumping after gaining momentum.
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8

Limitations

The primary purpose of the Super Stomp study we performed was to gain a greater
understanding of movement empowerment in a multiplayer mixed-reality trampoline
game. As such, we conducted the study in the wild, and we have gained valuable
information from interviews and questionnaires by doing so. But, this was not
a controlled study, and we cannot generalize our results past the Super Stomp
game. The other games could be added in further studies to compare a single player
experience against a multiplayer experience and to compare a single player experience
in-the-wild against the experience in a laboratory environment.
Although the questionnaires we used have been validated, the questions were
translated into Finnish before distributing the questionnaires to participants. The
translation of the questionnaires has not been validated, and the PACES questionnaire,
especially, relies on adjectives (which are prone to issues with conveying the same
meaning in multiple languages), most of which are relatively synonymous with one
another. Thus, there is potential for some vital meaning to be lost in translation
both in the questions. Translations may have also caused some meaning to be lost
in participants’ answers to the open-ended questions.
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9

Conclusion

In this thesis we have presented the design of three novel mixed-reality trampoline
games. Additionally, we have presented the evaluation of Super Stomp, the world’s
first multiplayer mixed-reality trampoline game. Games such as the ones described in
this thesis may aid in addressing the major public health problem of lack of physical
activity by satisfying innate human needs such as feeling competent, which earlier
research has shown to predict exercise motivation. Competence may be satisfied by
granting superhuman abilities in games, which we implement by empowering the
player’s movement. However, these kind of games face various design challenges due
to the nature of jumping on trampolines, technical limitations, safety concerns and
constraints set by the context of activity parks. We described three games that work
around these limitations while still catering to the psychological needs and providing
an enjoyable form of exercise.
From a wider perspective, the Super Stomp user study demonstrated the potential
of exergames with movement empowerment in satisfying each of the innate human
needs specified by self-determination theory: autonomy, competence, and relatedness.
Players were also compelled by the trampolining exercise on its own. Spectators
enhanced the social experience by providing additional motivation to win the game.
Players were made to feel as if they had superpowers and responded positively as a
result. This study was, to the best of our knowledge, the first to examine movement
empowerment in the wild, as well as the first to explore movement empowerment in a
multiplayer context. But, it was not a controlled trial, and further work is warranted
to generalize our results and quantify the effects of different game elements and
design choices. Studying the single player games in a similar way might also provide
further insight into movement empowered exergames.
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