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Do you Feel

like Flying?

A Study of Flying Perception in Virtual Reality for

Future Game

Development

Soroosh Mashal, Matthias Kranz, and Gerold Hoelzl

Abstract Being able to y is still a dream. Till today it is only possible with heavy use of technology. Video games incorporated ying
as a fancy way of movement inspired by mythical creatures, gods and fantasies.

In Virtual Reality, with its deep immersion, the avatar control especially for ying is still performed by physical controllers that lack to
feel like a natural extension thus hindering the full immersion. To overcome this limitation, this work did an exploratory study on (i) the
perception of wings as a natural body extension and the (ii) natural movement performed by humans when ying.

In a Virtual Environment, we studied the extent of the virtual presence and body ownership of wings. Results highlight that placing
wings on the shoulders in an angelic form and controlling them by arm movements is the preferred way to extend human capabilities

towards ying in non-technologically restricted VR-Games.

Index Terms Virtual Reality, Flying, Immersion, Wing Perception, Avatar Ownership, Game Design, Interaction.

F

1 MOTIVATION

From ancient history to today’s video games, the ex-
tension of the human capabilities to be able to y is usu-
ally envisioned by having a wing based body extension
on the back of the human. Whether it is the stories of
angels, Valkyries of Odin or the waxed wings of Icarus,
humans as a species always had the ambition to expand
imagination and limits to conquer the skies. Despite this
deep innate expectation, game designers and especially the
development of controlling avatars in virtual environments
neglected these aspects. The extension of the human body
is done by mechanical apparatus like in Birdly [1] that is
the de facto standard for immersive ying simulation. The
mechanical nature of the system can give you the feeling
of gliding, but due to its restricting nature, it can not give
you an immersive, natural feeling of ying for avatars in
an angelic form. We aim to design a natural, non-restricting
interface that puts users in an immersive VR environment
and gives them the illusion of ying.

In order to do that, we adapted the user-centered de-
sign approach and established a feedback loop to redesign
and iterate until we achieved the most natural interaction
scheme. This is a challenging but major step that breaks new
ground for ying perception in Virtual Reality environments
compared to the currently well-established approaches that
give you just a gliding perception and do not account clearly
for the bouncing effect in the ight.

Such serious games can also mean more to some souls
than others. Feet, what do | need you for when | have
wings to y?: said Frida Kahlo. Flight in Virtual Reality
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can give people with mobility problems the chance to expe-
rience an escape from reality and con ne of their bodies into
an immersive environment in which they can be embodied
in an avatar with no mobility limitation.

This paper is an exploratory research in the area of per-
ception and immersion of ight that uses an iterative user-
centric design approach in all Sections and Experiments.
Except for the cases where the results from the iterations
are valuable (e.g. haptic studies), only the nal experiments
and questionnaires are mentioned in the paper. The paper is
structured as follows:

In Section 2 we posit the Related Work for immersive
VR and ying. Section 3 explores the general perception of
ight, wings attachment, wing model and the user’s valua-
tion of an immersive VR game with ying functionalities. It
uses questionnaires and a multicultural population/sample
size to ensure it takes all backgrounds into account. Based
on the ndings from Section 3, we provide the user with an
additional layer focusing on haptic immersion in Section 4.
In Section 5 we present the experiments on the output of
the Section 4. The rst experiment 'Immersion Study’ (be
referred to 5.2.1) focuses on ight immersion, wing owner-
ship and embodiment. In addition to that, it also validates
the user valuation of the system. The second experiment
'Interaction Study’ (be referred to 5.2.2) selects a smaller VR
expert group from the rst experiment and tries to explore
the best interaction scheme for other in-game actions along
with ight functionalities. In addition to that, it tries to nd
the causation of the perception found in Section 3.

2 RELATED WORK

Jwo decades ago Virtual Reality was more of a sci- gadget
rather than a consumer product, but nowadays, you can see
it in various elds ranging from phobia therapy and serious
games to the entertainment industry.
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Where on your body, do you perceive your wings?
> the first action that you would do?

@ Shoulders

@ Hands
back

@ middle of spine

@ ro wings at all

@ lower back

@ alittle lower back of my soulders

@ On my back

@ Somewhere else which | could use
my hands and shoulders

If | just ask you to close your eyes (literally do it) and fly, what would be

@ Moving hands up and down
@ Moving hands back and forth
Moving shoulders up and down
@ Moving shoulders back and forth
@ Put my hands on my chest
@ Moving arms up and down
@ sitand be ready to get a high jump

y body moves upward towards the
@ My bod! d towards th
place | look without any movement

Regardless of the gender, which wing model do you like the most?

@ Transformed Ellen
@ Bat
Dark Feather
@ Butterfly Wings
@ Solid Feather
@ Succubus
@ Full Feather High Poly

4

Fig. 1. Wing Location Attachment on the Body (left), Bodily Movement Conductive to Simulating Flight (middle), Favorite Wing Model (right).

The User-centered design approach is an iterative design
process in which designers focus on the users and their
needs in each phase of the design process. It uses a com-
bination of investigative methods and tools (e.g., surveys
and interviews) and generative ones (e.g., brainstorming) to
develop an understanding of user needs. The four phases
of this process are understanding context of use, specify
user requirements, design solutions, evaluate against re-
quirements [2].

2.1 Elaborating Flying on Presence and Immersion

Body transfer illusion is possible and we need the possibil-
ity of controlling the avatar to achieve it [3]. In addition,
[4] shows that this illusion are highly dependent on syn-
chronous visuo-tactile stimulation. Thus, we used OptiTrack
in our experiments.

A vast range of perspectives towards the immersion and
interactivity in Virtual Reality is presented in [5]. The article
ranks role-playing games as the highest when it comes
to interactivity and second when it comes to immersion.
Virtual Reality technology should be integrated into games
so that it can remain relevant in this fast-paced trend [6].
The design approach and the taken development process is
highly dependent on its goals. The user’s expectation of the
game and environment is the rst and most important factor
in producing immersion in Virtual Reality and 3D computer
games [7]. We also see how user centred design approaches
can help us achieve this goal [8].

2.2 Flying and Wings

In [9], OptiTrack and fundamental physics of ying were
used to implement a realistic approach towards a natural
bouncing movement rather than gliding. Despite immersive
ying results, the users did not feel virtual body ownership.
A simple reason for that was using a bat as the avatar. An-
other point which we tried to note and adjust in comparison
to this study was to create an immersive environment which
would be interactive. Noting the pyramid of presence and
immersion [10] [11], we must always make sure that without
underlying factors, we may not achieve higher level results.
Regardless, the implementation of tools and processes in
our study are pretty similar to theirs. However, our prime
difference is that we took the user-centered approach [2]
to design the system and within those feedback loops and
design researches, we tried to ensure that the nal product
is as usable and acceptable as possible by people.

The work presented in [11] is focusing speci cally on
the extension of the human body and various effects. They
conclude that visuomotor feedback was required in order
to establish agency and body ownership of the wings, and
visuotactile feedback signi cantly enhanced body owner-
ship of the wings, and agency according to questionnaire
ratings. This study emphasizes the importance of visual and
its relevance for agency and body-ownership.

Using the body instead of controllers is more engaging
and immersive [12]. In addition, it mentions the positive ef-
fect of synchronous apping audio feedback for immersion.

Thus, due to its iterative re ning process, the user-
centered design approach was used in the study. In addition,
the VR experience was integrated in a game with a adjusted
story to ensure relevancy in the future.

3 PERCEPTION RESEARCH

We posit the research process and results of wing and
ying perception here. One of the essential parts of each
design process is to understand the expectations of users
and design in a way that would cover the majority of the
population. It is apparent that there is no one-size- ts-all
model or perception for anything, however, the majority of
the population normally can be covered by ndings out the
most favorite model.

The research questions were as follows:

1) When it comes to an extended winged body (avatar)
for humans, where on their body do they perceive
their wings? Or do they even imagine ying with
wings?

When asked to y, what is the natural action that
they do? In other words, how do they perceive
themselves ying?

Among the variety of wings presented visually,
which one is preferred?

If there were a product in an amusement
park/arcade in which you could experience immer-
sive ying, how much would one pay for it?

2)

3)

4)

3.1 Study Design and Research Results

The sample size for the study included 73 VR enthusiasts
who were from Germany, Iran, India, Italy, France, Nether-

lands, Colombia, Romania, Bosnia and Herzegovina, and
Korea. The participants were 50.7% male and 48% female
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Fig. 2. Force Measurement for Scapular Contraction (left), Initial Concept Design for Prototype (middle), Final Model for Haptic Feedback (right).

(the rest preferred not to say). Thus, we did our best to
ensure the representativeness of the population.

As seen in Fig. 1 on the left, we learned that 78.6% of the
participants imagine wings to be located on their shoulders
and back (in the area between spine until shoulders - butter-
y mode), while only 18.7% of the participants expect their
wings on their arms (bird mode). The rest 2.6% preferred to
y without wings (superman mode). Thus, we placed the
wings on the shoulder for our avatar implementation.

Regarding the movement of ight, as seenin Fig. 1 in the
middle, the following results were gathered. The majority
of the study participants were moving their hands and
arms up and down (48%). In addition to that, 9.3% of the
study participants were moving their hands and arms back
and forth. The second highest group were the ones who
were moving their shoulders up and down who consisted
20% of the study participants. They are followed by 9.3%
who move their shoulders back and forth. The rest were
single ones who did scapular contraction and protraction or
simply wanted to y like Superman. Thus, we used the arm
movement for our VR game as the input for ight.

Considering the wing model (Fig. 1 on the right), the
sum of 74.7% of the study participants liked feathery wings.
Among them, 44% liked the dark color and 30.7% liked the
white color. It was followed by succubus, solid, buttery,
and bat with 10.7%, 8%, 4%, and 2.7% respectively. Thus,
we used the dark feather model for our angelic model
implementation.

The initial iterative interviews and questions showed
that VR arcade users would pay up to 30 euro. Thus, the
range of 5-30 euro was used for the nal questionnaire. The
participants were eager to pay 17.8 euros on average to try
such a game in an amusement park or arcade. It should be
noted that 28% of the participants were eager to pay the
maximum amount. This implicitly shows the extent of their
enthusiasm about the VR experiment. The same rule applies
to upcoming experiments.

4 HAPTIC STUDIES

As mentioned in [11] using haptic feedback can lead to a
higher degree of wing ownership.

The perception results presented in Section 3.1 indicate
that the majority of people perceive having wings on the
back and shoulder, and the same majority move their arms
as the rst intuitive action to y. This contradiction intro-
duced a challenge to provide haptic feedback.

The rst part of research was more focused on the
biology of avian and ying insects. As the majority of
participants perceived wings on their back and shoulders,
it made sense to provide the haptic feedback on that point.
Looking at human biology, Rhomboids were identi ed as
the most relevant muscles to move wings on the back (if
we had any). Thus, scapular contraction and protraction
seemed to be the most relevant perceived movement of a
pair of wings on the back.

To test the hypotheses, a gadget was designed as seen in
Fig. 2 (left) to test the effect of external scapular contraction
and protraction on the users. The participants reported 100%
owning wings during this experiment. We also found out
that the best way to externally make this movement on the
user’s body is to have an orthogonal push with soft support
on the spine (like a palm of a hand). The prototyping was
done using a user-centered approach to ensure the highest
acceptability by the end users.

The next step was to nd the range of required force
to do scapular contraction. The table 1 shows the measure-
ments. We also learned that scapular contraction is different
between males and females and it is highly dependent on
the user’s muscles and body type. In our measurements
for orthogonal pull with support on the spine, the lowest
was 36.16 Newtons for a female and the highest was 46.72
Newtons for a male. Thus, adaptability of the gadget to
different forces and sizes is vital from an industrial design
perspective. One idea was to use mini actuators which are
attached to the skin on the rhomboid to do scapular contrac-
tion. In order to do so, the amount of change should have
been measured. Table 2 shows the changes in a different
setting.
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TABLE 1
Scapular Contraction Force Measurement

TABLE 3
Tested Haptic Models Conclusion

Subject| Gender| Test Type Average | Info Model Accept Major Reason
Force Small Actuator | No Pull was felt on the surface
(N) on the Skin rather than muscle
1 Male Orthogonal 40.00 180cm Bands on the | No Limiting movement, and bands
with Hand height, Shoulder were being dislocated towards
Support 63kg the neck during play
1 Male Diagonal with- | 30.00 180cm Paper Wings | Yes Air drag force and feathers
out hand sup- height, with feathers aligned with natural movement
port 63kg
2 Male Orthogonal 46.72 173cm
with Hand height,
Support 54kg 5 STUDY EVALUATION
3 Female| Orthogonal 34.16 175cm ) ] )
with Hand height, The next step was to test the hypothesis of angelic avatar in
Support 78kg a virtual environment with another set of participants who
were new to the system.
TABLE 2

Scapular Contraction and Protraction Differences

Con guration Scapular | Scapular | Difference
Pro- Con- in
traction | traction percentage
in in
pixels pixels
Lying closed arms 486 449 8.2
Lying 45 degree open 466 455 2.4
Lying 90 degree open 445 417 6.7
Lying 135 degree open 451 443 1.8
Lying 180 degree open 451 447 0.9
Standing closed arms 515 461 11.7
Standing 45 degree open | 471 438 7.5
Standing 90 degree open | 488 447 9.1
Standing 135 degree open | 514 479 7.3
Standing 180 degree open | 486 449 8.2

The model was tested on three users based on a user-
centered approach using tapes attached to the skin and
ropes to pull them manually with calculated force. They
unanimously mentioned that the approach provides no im-
mersion and feels really bad. Further questioning indicated
that they were feeling the tension on the skin surface and
the inner muscles were not being stimulated to provide the
users with the sense of wing ownership.

The next approach was to use the force from the users’
arm movement as an external force for scapular contraction.
The model was designed as seen in the Fig. 2 (middle).
However, after seven iterations of user feedback including
4-5 users in each iteration, it was ultimately changed to Fig.
2 (right). The gadget was tested in isolation without VR
and it appeared to be effective. However, the integration of
gadget with the VR was detrimental to the experience. The
users indicated the following factors as the most important
reason: 1) The gadget could be felt as an auxiliary thing
which was taking away our focus, 2) The bands on the
shoulder were sliding towards the neck when we were
moving arms up. This propelled us to try to provide the
haptic feedback on the arms.

The paper wings model focused on providing the haptic
on the arms rather than the back. All initial participants (6)
accepted the model, thus we used it for the nal research as
seen in the Fig. 4. Table 3 summarizes the major ndings for
the nal system con guration as shown in Fig. 3.

51

The implementation was done in Unity using C sharp
language. Wing models were created in 3Ds-Max and were
imported into Unity. The 3D Game Kit of the Unity Asset
store was used to provide the base environment for the
game. In addition to that, a story was developed so that the
users would have the basics of immersion served. OptiTrack
was used to track wing game objects. The movement of
those objects was used to trigger y function and ying
animation inside the game. The system con guration and
the connections can be seen in Fig. 3.

Implementation

Fig. 3. System Setup with OptiTrack for high precision movement track-
ing and the Oculus DK2 as VR output device.

The wing animation curves were adjusted to re ect a
natural apping movement rather than a linear movement.
The y function would bounce the character upward and
forward. The amount of bouncing was exposed as a public
variable to be adjusted, however, during the rst experi-
ment, it was xed so that we make sure it does not interfere
with other factors. The orientation of the character is based
on the direction of the HMD (Head Mounted Device) which
is the direction that the player looks. The value of the slerp
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