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Figure 1: One avatar with ego-centric view approaches a second avatar in VR: (A) far away (B) closer (C) very close to the
avatar (D) standing insight the other avatar perceiving multimodal feedback: vibrotactile feedback in the moment one steps
into another avatar, a beating heart, dimmed lightning.

ABSTRACT
Social Virtual Reality (VR) offers new opportunities for designing
social experiences, but at the same time, it challenges the usability
of VR as other avatars can block paths and occlude one’s avatar’s
view. In contrast to designing VR similar to the physical reality, we
allow avatars to go through and to see through other avatars.In
detail, we vary the property of avatars to collide with other avatars.
To better understand how such properties should be implemented,
we also explore multimodal feedback when avatars collide with
each other. Results of a user study show that multimodal feedback
on collision yields to a significantly increased sensation of presence
in Social VR. Moreover, while the loss of collision (the possibility
to go through other avatars) causes a significant decrease of felt
co-presence, qualitative feedback showed that the ability to walk
through avatars can ease to access spots of interest. Finally, we
observed that the purpose of Social VR determines how useful the
possibility to walk through avatars is.

We conclude with design guidelines that distinguish between
Social VR with a priority on social interaction, Social VR supporting
education and information, and hybrid Social VR enabling educa-
tion and information in a social environment.
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1 INTRODUCTION
Social VR allows several users - represented through avatars - to
simultaneously interacts with each other in real-time in a shared
virtual world [14]. Social VR has gained tremendous popularity
in recent years, for example, it is used for team-based firefighter
training [19, 30], for virtual education [44], for post-stroke rehabili-
tation [45], as interactive virtual messenger [27], as virtual confer-
encing application [17, 18], and for socializing using VR chat and
event rooms, such as VRChat1, AltspaceVR2, Rec Room3, Facebook
Spaces4, or High Fidelity VR5. Moreover, VR games, such as Echo

1https://www.vrchat.net
2https://altvr.com
3https://rec.net
4https://www.facebook.com/spaces
5https://www.highfidelity.com
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Arena6, Coco VR7, From other Suns8, or Sprint Vector9 allow for
multi-player game experiences, e.g., to solve tasks together or to
compete in races.

While, due to the physics of reality and the resulting safety
aspects, a real space can often only accommodate a limited number
of people, a large number of users can visit Social VR at the same
time. Restrictions of reality do not have to be adopted in VR and
a dedicated design of rooms, physics, and locomotion can help to
solve problems crowded places in the real word have. For example,
it is hard to perfectly see da Vinci's Mona Lisa in the real Louvre.
Usually, many people visit this museum and occlude each others'
views, hinder others from getting closer to the painting, or even
insight the room. In a virtual Louvre, users could walk their avatars
through other avatars and everybody could virtually stand all in
the front of the painting at the same time.

Of course, obstructed paths and visibility can also occur with
a small number of concurrent users. If the virtual environment is
very small and angled, the described crowding e�ects can also be
observed in environments visited by only two simultaneous users.

This paper aims to increase the usability of Social VR. In a user
study, we investigated the possibility that avatars can go through
each other, e.g., to explore content in an exhibition. We are also in-
terested in understanding how collisions or passing through other
user's avatar should be designed. Therefore, we test how multi-
modal feedback about the collision of avatars is perceived. As the
presence in VR and the social component in Social VR are essential,
we look at how the possibility to walk through avatars a�ects the
sense of presence and co-presence. We also analyze if collision or
walking through avatars would e�ect the user experience when
being in Social VR.

We contribute with design guidelines, which addresses the han-
dling of collision andmultimodal feedback in Social VR.

2 RELATED WORK
This paper aims at improving Social VR through overcoming the
limitations of obscured paths and hidden views. Thus, we discuss
works which previously explored collision handling, collision re-
sponse, and collision feedback in virtual environments as well as
techniques that enable users in VR to better move through VR that
contains obstacles.

2.1 Virtual Collision Handling and Response
The handling of the physical properties of virtual objects includes
collision detection [10, 16, 35] and collision response [22]. The
research on collision detection dealt with di�erent methods and
approaches for the detection of overlapping virtual objects, which
methods and approaches o�er the best performance for the detec-
tion and calculation of collisions with a large amount of virtual
objects, and how to react to these collisions.

Jacobson and Lewis compared ghost (user passes through object),
clunk (complete stop when collision occurs), and slip (the motion
is de�ected so that it slides around the object) methods as response

6https://www.oculus.com/echo-vr/
7http://cocovr.magnopus.com
8http://gun�regames.com/games/fromothersuns
9https://survios.com/sprintvector/

for collisions with static objects, such as like walls in VR [22].
They found a signi�cant di�erence in task completion time for the
di�erent methods using a desktop setup. The results show that the
slippery mode is an e�cient strategy to resolve collisions in virtual
environments that are di�cult to traverse. Collision with movable
obstacles, other avatars, and user impression in term of sense of
presence or co-presence was not investigated.

Blom and Beckhaus investigated how virtual collision methods
(stop, sliding, no collision) and feedback (audio and audio-haptic)
in�uence the perception of the realism of collisions and the virtual
environment [4]. The results suggest that the presence of a collision
response signi�cantly in�uences the perception of the realism of
the interaction and the environment. The stop-response method
(the user stops when a collision occurs) leads to a maximum of
realism of the collision and impressions of the solidity of the VE.
The sliding method (the user sliding along the contact surface) also
signi�cantly improves perception of the solidity of the walls, but
has a less global e�ect.

2.2 Virtual Collision Feedback
Often, the system provides feedback when the user's virtual repre-
sentation, the avatar, collides with a virtual object. Various types of
feedback on collision, like auditory or haptic feedback, have been
investigated.

Auditory feedback has mainly been applied as sound informing
about collision. Suma et al. compared locomotion techniques for VR
and provided a buzzing sound in order to draw the user's attention
to collisions [43]. In this study, sound was not a research objective
and the same feedback was given for all compared locomotion
techniques. Blom et al. investigatedsound�oor, an audio-haptic
interface that provided virtual collision feedback for a projected
VR system [5]. However, their results did not show an e�ect of
virtual collision response on performance, participants had a clear
preference for contextual feedback.

Haptic responses have been used as alternative feedback to in-
form the user that a collision happened. Prior research investigated
vibrotactile feedback to improve collision awareness [6, 7, 31]. Loui-
son et al. compared vibrotactile feedback with pure visual feedback
in a simple tracking task [31]. They found that the visual feedback
leads to a signi�cant higher root-mean-square error for the distance
of the object of the tracking task compared to the haptic feedback.

Bloomfeld and Badler showed that the use of vibrating full-
arm feedback improves performance over purely visual feedback
when navigating through a virtual environment [6, 7]. Bloom�eld
and Badler also investigated localized, close-up vibration feedback
applied to the user's right arm [8]. They compared visual (color
change) and vibrotactile noti�cation for collision awareness on
virtual training tasks. Their results show that the use of full-arm
vibrotactile feedback improves the performance compared to purely
visual feedback for navigation in the virtual environment and al-
lows the easy acquisition of new skills.

Herbst and Stark investigated the use of visual, vibrotactile,
and auditory substitutions for force feedback in a judge task of
the weight and the friction resistance of virtual objects [20]. They
found that when a combination of substitute stimuli was presented

https://www.oculus.com/echo-vr/
http://cocovr.magnopus.com
http://gunfiregames.com/games/fromothersuns
https://survios.com/sprintvector/
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task performance improved in regards to correct discrimination of
weight and friction resistance and task completion time.

Lécuyer et al.investigated the e�ect of additional haptic, visual,
and acoustic information on the user's performance during inser-
tion tasks in VR [29]. They found that none of the additional infor-
mation had a positive impact on task completion time. However,
the participants' movements when colliding were more limited if
additional information is provided. Participants then seemed to
pay more attention to the collision, but they also took longer to
solve the task. Moreover, the participants mostly appreciate the
di�erent types of haptic feedback. These types were haptic directed
assistance (haptic multidirectional information), simpli�ed haptic
assistance (haptic unidirectional information), and haptic vibration
alarm. Participants perceived the di�erent types of haptic feedback
as useful, pleasant, and capable of improving the realism of the
simulation.

As described above, Blom and Beckhaus investigated the impact
of virtual collision methods and feedback on users' perception of the
realism of collisions and the virtual environment [4]. Their results
show that the feedback corresponding to the collision situation
in combination with the stop collision method (the movement of
the virtual body is stopped at the contact point) results in the best
perceived realism of the collision and the scenario.

Burke et al. compared various research papers on visual-auditory
and visual-tactile feedback e�ects [12]. They found that such addi-
tional information generally improves user performance.

2.3 Collision Avoidance in Virtual Reality
A large body of research investigated collision avoidance between
co-located users in VR. Collision avoidance aims at preventing users
from physically colliding with each other through avoiding that
their paths overlap or through making them aware of the position of
other co-located users [1, 2, 15, 21, 33, 36, 38, 41] or nearby objects
in the real environment [13, 23�25, 42].

Further research investigated how the avoidance of collisions
between virtual characters in�uences the degree of realism. When
aiming at a high degree of realism, the virtual characters should
behave in a way that their paths in the virtual environment does
not cross the path of others as clashes between other (observed)
virtual characters as well as clashes between the own avatar and a
virtual character in VR reduces realism of the scene.

Benford et al., for example, implemented a framework for sup-
porting crowds in Collaborative Virtual Environments (CVEs) and
developed several types of crowds with di�erent e�ects on spatial
awareness and communication behavior [3].

Sohre et al. investigated in an experiment the impact of collision
avoidance behavior for virtual characters on user experience in an
immersive virtual environment [40]. In one condition, the virtual
agents automatically avoided collision between themselves and the
participant through dynamically adapting their path so that they
keep distance to the participant's avatar. In the other condition,
the virtual agents avoided the collision with each other, but not
with the participant. Their results shows that users experienced
a higher level of perceived realism, presence, and a lower level
of discomfort and intimidation when virtual agents walk around

Figure 2: Floor plan of the ground level of the virtual mu-
seum. The grey areas were used during the experiment fol-
lowing the red arrows.

the participant than when they collide with them. Moreover, with
collision avoidance participants took more direct paths.

Kyriakou et al. investigated the e�ects of collision between the
avatar of a real user and the virtual crowd and their impact on
perceived realism and ease of navigation in VR [28]. They found
that preventing overlapping paths of the user and the virtual crowd
makes the virtual characters, the environment, and the entire VR
system appear more realistic and lifelike.

Bosch et al. investigated collision avoidance for small-scale im-
mersive virtual environments with human-like virtual agents [9].
Their results showed that participants preferred collaborative colli-
sion avoidance: they expect the virtual agent to step aside to get
more space to walk through while being willing to customize their
walks.

2.4 Summary
Previous research covers techniques or responses when avatars
collide with virtual objects.

Moreover, while research on visual, auditory, haptic and multi-
modal feedback for collision response when colliding with virtual
objects and walls has been done, no previous work looked into
feedback on collisions between avatars.

Finally, previous work on collision avoidance explores avoidance
of collision with co-located users or with virtual characters being in
the same VR like one's avatar. While collision between co-located
users has to be avoided to ensure safety, collision between virtual
characters do not harm users; but has been shown to make the
VR scene less realistic. Research that even forces collision and
encourages to walk through other avatars to enrich the usability of
virtual environments, for example, to access spots or to see content,
has not yet been conducted. This paper addresses that research gap.

3 METHOD
In our study, we explored di�erent techniques for collision handling
when avatars in VR cross each other's way. As application we chose
a virtual museum as it provokes several issues of Social VR. In
virtual museums, avatars might stand in other avatars' way when
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