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ABSTRACT
In the last few years, the interest in virtual reality has been increasing partially due to the emergence
of cheaper and more accessible hardware, and the increase in content available. One of the possible
applications for virtual reality is to lead people into seeing situations from a different perspective,
which can help change beliefs. The work reported in this paper uses virtual reality to help people better
understand paralympic sports by allowing them to experience the sports’ world from the athletes’
perspective. For the creation of the virtual environment, both computer-generated elements and
360 video are used. This work focused on wheelchair basketball, and a simulator of this sport was
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created resorting to the use of a game engine (Unity 3D). For the development of this simulator,
computer-generated elements were built, and the interaction with them implemented. User studies
were conducted to evaluate the sense of presence, motion sickness and usability of the system
developed. The results were positive although there are still some aspects that should be improved.
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INTRODUCTION
Virtual reality (VR) has a wide range of possible applications. It can even be applied for social purposes.
This work is part of a project in collaboration with iNOVA Media Lab of School of Social Sciences and
Humanities, NOVA University of Lisbon. The project intends to allow people to gain a better and fairer
understanding regarding the paralympic sports. Through the use of virtual reality techniques, an
immersive experience that allows people to see from a new perspective, experiencing things differently
and potentially even changing opinions, was created. Concretely the experience allows someone to
witness and/or take the place of an athlete, granting the chance to perceive the sport from his/her
perspective. This way people are expected to see beyond the athlete’s disability and see him/her as any
other sports competitor. It is expected that this project may also help promote and value paralympic
sports. The work done so far was focused in wheelchair basketball and had the collaboration of the
Portuguese Handicap Association of Lisbon (Associação Portuguesa de Deficientes de Lisboa), who
provided help with insight on the sport and in the evaluation of the system developed.

RELATEDWORK
As previously mentioned, VR has a wide range of applications. It is, for example, used in sports for
reasons such as entertainment, athletes training, and others. A potential problem for VR in sports
where the athlete can move in a large play area is that the effective space in which a user will be able
to move in the VR system will be much smaller than the real space. Different techniques can be used
to face this issue. Interrante et al. [3], for example, explored a metaphor for walking-based locomotion
- the Seven League Boots. The intention of this method is to let each step that the user takes in the
real world appear to have the same consequence as that of taking seven steps in the virtual world.
Several sports’ VR simulators have been created throughout the years. Ribeiro et al. [6] created a

realistic boccia 1 game simulator adapted for people with disabilities or motor disorder.1Indoor paralympic sport
In early 2018, IMG Studio 2 launched a virtual reality wheelchair basketball game [2] with the goal2https://theimgstudio.com/

to help recruit players, serve as a training tool for athletes, and increase awareness of paralympic
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sports. When playing, the user uses touch controllers to shoot the basketball from the perspective of
an actual player, seated in a sports wheelchair. However, in this system the user does not seem to be
provided with a full virtual body and the way to move the wheelchair is not how a person would do
in real life. Both aspects were had in consideration in Paralympic VR Game.
Several wheelchair simulators have also been created with a variety of goals in mind. Sørensen

and Hansen [7] developed a prototype of a low-cost manual wheelchair simulator that consists of
a stationary platform on top of which a real wheelchair is placed. However, for manual wheelchair
simulators, force feedback and the stimulation of the vestibular sensory system are of great importance
to avoid motion sickness. Sørensen and Hansen prototype does not provide that, unlike Challenging
Environment Assessment Laboratory (CEAL) of Toronto Rehabilitation Institute’s simulator [1].

The use of a physical wheelchair simulator with a platform, however, makes it harder for the game
to be easily accessible for any user to try from anywhere. In this work, so far, the focus as been on
creating an entirely virtual wheelchair simulator.

SOLUTION
The Paralympic VR system is being developed using the game engine Unity and is meant to be
displayed using the head-mounted display (HMD) HTC VIVE. With this, the user has a headset and
two controllers that are used to track his/her movements.
As already mentioned, the work so far is focused on wheelchair basketball. Therefore, the virtual

environment (VE) created represents a basketball court. For the development of this VE some 3D
elements were created using Blender. Videos and photos of a real court were also used for the creation
of a more realistic environment.
In the game, the user has a virtual body which is a character sitting in a virtual wheelchair that

represents an athlete. The user sees the VE from this body’s perspective and is able to control its
movements, which leads the user to have a sense of ownership over the body and feel like he/she
truly is an athlete. The body mimics the movements the user makes in real life while playing.

Figure 1: Maneuvering of the wheelchair.
The displacement of the wheel (x) is used
to calculate the force ( ®F ) applied to the
wheelchair.

The user can also interact with a ball, grabbing it and throwing it so that he/she may attempt
to score, and move through the VE. This locomotion may be done by interacting with the virtual
wheelchair, pushing it around the court as one would do in reality. A wheel is attached to a player’s
hand when he/she attempts to grab it, being later detached once the wheel is released. The game is
designed so that when the user moves one of the wheelchair’s wheels, the velocity and length of that
wheel’s displacement will be used to calculate the force that should be applied to the wheelchair, on
that wheels’ side, as a result of that movement (fig. 1). The two wheels move independently, hence, the
user can push one forwards and the other backwards simultaneously and, as a result, the wheelchair
will turn. This work is also a study of the peoples’ response to a VE in which the locomotion is not
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done through walking or running, which leads to new questions relative to the movement and its
perception.

Besides the character controlled by the user, another is also present in the VE, a non-player character
(NPC). Currently, this NPC is programmed to defend the backboard considered as his from the user
(fig. 2). However, every time he catches or grabs the ball he will pass it to the user, giving him/her, once
again, a chance to score. When neither the user nor the NPC are in possession of the ball, the NPC
will move towards it and try to grab it. The movements of the NPC’s body result from animations.

Figure 2: NPC defending its backboard.

Three different basketball practice scenes are available in the game - the wheelchair, the throws, and
the full practice. As the name suggests, in the throws practice the user can train his/her throws, having
an infinite number of balls easily available and not being able to move the wheelchair, managing only
to choose one of the specific available spots to throw from. In the wheelchair practice the user can
practice moving the wheelchair. Finally, in the full practice, the user can both train the throws and
wheelchair control and play together with the NPC.

Besides the practice scenes, the game also includes scenes with 360 video, one of which is the
Paralympic VR 360 video-prototype video3 by Caroline Delmazo of School of Social Sciences and

3Video available at: https://goo.gl/SjRCXy

Humanities, NOVA University of Lisbon, which was created in the scope of this project.
The integration of computer-generated elements with 360 video is present in all scenes. To achieve

this integration different techniques were applied: fading from video to virtual, use of videos as
textures, and the placement of computer-generated elements onto tracked 360 video (fig. 3). For the
later, a color detection algorithm had to be implemented in order to track a mark throughout the
video frames to know the position in the video that the computer-generated element must overlay
in each frame. By combining these two elements, this work intends to contribute for a new singular
media type, which may lead to new interfaces and a new user experience which could be used, for
example, in a journalistic context.

Figure 3: Example of use of video in-
tegration. Placement on top of athlete’s
heads of computer-generated elements
with which the user can interact, making
information boxes appear.

EVALUATION AND RESULTS
There were two test stages in the development of the system. In both, user tests were performed
to evaluate the system and detect aspects to improve. The evaluation was accomplished through
passive observation of the user playing the game, and a posterior questionnaire and interview. The
questionnaires mainly evaluated the sense of presence and the feeling of motion sickness experienced.

A total of 10 volunteers participated in the preliminary tests. Of these 4 were wheelchair basketball
athletes of Portuguese Handicap Association of Lisbon (fig. 4). The athletes’ feedback was essential to
evaluate the realism of the systems’ elements and interaction with them. In this first test stage, the
participants answered one questionnaire composed of a combination of 22 questions from Witmer
and Singer’s presence questionnaire [8], and 6 questions regarding motion sickness symptoms from
the simulator sickness questionnaire created by Robert S. Kennedy et al. [5].
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The preliminary tests’ results were positive, although some motion sickness was felt and several
users, mainly the athletes, thought the mechanism which controlled movement through the envi-
ronment was not natural enough. As a result, after these initial tests, the wheelchair maneuvering
mechanism was improved. Other changes resulting from this evaluation included adding haptic
feedback and attempting to make it possible to dribble the ball.

Figure 4: Athlete playing the game during
the user tests

The second stage of user tests counted with the participation of 18 volunteers. Their ages ranged
from 19 to 26 years old, with an average age of 21.667 and the standard deviation of 1.815. Out of the
18 participants, 13 were male and 5 were female, and only 3 of them had experience with VR and 4
had tried it once before. The other 11 had never tried VR previously.

In these final user tests, the participants answered one questionnaire with 24 questions fromWitmer
and Singer’s presence questionnaire [8] (the 22 from the preliminary tests plus 2 questions regarding
haptic feedback), and a couple of questions regarding how seamless the integration of elements
onto the tracked video seemed and how well the interaction with it felt. They also answered to the
entire simulator sickness questionnaire created by Robert S. Kennedy et al. [5], rather then just to
the previous 6 symptoms. Each volunteer answered to this questionnaire three times, once for each
basketball practice scene available in the game (wheelchair, throws and full practice).

Table 1: Oculomotor (O), disorientation
(D), nausea (N) and total severity index
(TS) motion sickness scores, computed
both globally and for each practice scene

N O D TS
Global 28.267 19.371 35.573 30.197
Wheelchair 44.52 28.214 51.813 45.296
Full 26.5 20.634 38.667 30.959
Throws 13.78 9.264 16.24 14.337

The results of the tests improved relatively to the preliminary ones. The wheelchair maneuvering
mechanism seems to have felt more natural to the users, receiving positive results. The added haptic
feedback was also well received. The motion sickness feeling also appears to have improved. Although
some was still felt, the total severity index (TS) computed (see Table 1), when compared with the ones
resulting from Robert S. Kennedy et al.’s experiments with VE devices [4], shows that the pattern of
symptomatology obtained is consistent with the one expected from a VR system. The analyses of the
results also confirmed the assumption that the maneuvering of the wheelchair is one of the main
instigators of motion sickness in the system.

CONCLUSIONS AND FUTUREWORK
The work so far as resulted in the creation of a VR game that simulates wheelchair basketball in
which the user plays as one of the athletes. The method developed to allow the user to move through
the VE is the maneuvering of a virtual wheelchair. This method mimics the way real athletes move
in real life, which helps to confer realism to the game. However, the virtual wheelchair’s response
to the user’s actions should still be improved since its movements could be made more natural. The
possibility of dribbling the ball is also in need of further work.

During the user tests most participants mentioned that while playing the game they felt like they
truly were an athlete and that they enjoyed playing, but that some form of celebration when they
manage to score and more interaction available was still needed. The game’s appeal must still be
increased, providing goals to the user and rewarding him/her for achievements such as shots scoring.

CHI 2019 Late-Breaking Work  CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

LBW0235, Page 5



The NPC’s behaviour should also be further developed, and more NPCs added in order to be able to
simulate a real basketball game situation.

From the feedback given by the users during the user tests, it can be concluded that the integration
techniques applied were successful, helping in the creation of a virtual environment more realistic
and immersive. The placement of computer-generated elements onto tracked 360 video seems to be
promising and should be better explored in the future.
The system is expected to be extended to include other paralympic sports besides wheelchair

basketball, such as boccia, for example. At some point in the future, the possibility of adding some
other hardware to the system could also be explored in order to obtain more input, such as the user’s
body’s orientation, and provide additional feedback to the user. A physical wheelchair on a motion
platform could be used to allow the user to better interact with the virtual wheelchair, while also
providing force feedback. Other hardware capable of, for example, providing haptic feedback to the
user’s hands would also be helpful. It could be used to allow the user to feel the ball or other objects
when these are grabbed, and help determining the force being applied to the ball when throwing it.
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