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ABSTRACT

We compared three techniques for handling head-object collisions
in room-scale virtual reality (VR). We developed a game whose
mechanics induce such collisions which we either addressed (1)
not at all, (2) by fading the screen information to black, or (3) by
restricting translation, i.e. correcting the virtual offset in such a way
that no penetration occurred. We measured these conditions’ impact
on simulator sickness, fun, and immersion perception. We found
that the translation-restricted method yielded the greatest immersion
value but also contributed the most to simulator sickness.

Index Terms: Human-centered computing—Virtual Reality;
Human-centered computing—Empirical studies in visualization

1 INTRODUCTION

A common problem in VR is the handling of collisions between the
subject and virtual obstacles. When the subject by accident moves
his head into a graphical object, the near clipping plane may intersect
with the object, resulting in unintended, unnatural imagery. There
are two established alternative approaches to handle this conflict: (1)
Doing nothing and accepting a temporarily alienating view, or (2)
fading to black for as long as the subject resides in this condition. In
this paper, we followed up on the idea of moving the scene to resolve
positional conflicts, thereby avoiding any revealing clipping artifacts.
Although this approach challenges the best practices against simu-
lator sickness [6], based on a preceding positive experience with a
VR game that we had designed that implemented this approach of
“collision avoidance”, we decided to compare the three approaches
not only regarding simulator sickness but also in other dimensions
such as fun and immersion.

2 RELATED WORK

In order to render the VR experience as enjoyable as possible, it is
important to avoid all kinds of disruptions of the generated illusions,
i.e., so-called breaks in presence (BIPs) [10]. A high degree of
presence can be achieved by coherently integrating visual, haptic
and other stimuli [1]. Accordingly, when an actual collision would
be expected and instead a clipping artifact is rendered, presence may
break. It is the technical incoherence of renderings and expected
stimuli that reduces the degree of immersion [9]. Considering head-
object collisions, there have been studies on the fear of colliding
with other moving objects, investigating the subject’s behavior to
avoid impending collisions [8, 11]. However, resolving head-object
collisions has not been a target before. The general approach of
resolving the underlying positional conflict has been proposed, but,
to our knowledge, not been pursued with scientific rigor, e.g., [5].
A commercial product that implements a related approach was pub-
lished while we conducted this study, but not used [2].
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Figure 1: (a) Immersed player (left) and his view in the virtual world
(right). (b) Tight corridors promote collisions. (c) Enemies move close
to the ground to trigger head movements. Eyes indicate the heading.

Figure 2: Time slice examples of the three evaluated methods “none”
(top), “blackout” (center), “not there yet” (bottom).

3 COLLISION HANDLING APPROACH

We implemented three methods to handle head-object collisions.
In the “none” method, clipping artifacts become apparent once the
user’s view is sufficiently close to an object’s surface, but no action
is taken to mitigate the situation. In the “blackout” method, we fade
the screen gradually to black when the player’s head starts entering
a visual obstacle. When the player’s head is fully submerged, the
screen is completely black. Clipping artifacts are thus hidden from
the user. “Not there yet” is our approach to resolving the underlying
positional conflict between the user’s head movement in the physical
world and constraints in the simulated world. Consider the user’s
head as a spherical volume that fully contains the frustum’s near
end. If a collision with an obstacle occurs, a penetration vector is
calculated, and its projection on the horizontal plane is added to
the user’s position. This effectively moves the user away from the
object while not hindering any movement in parallel to the obstacle’s
surface. This resolves the intersection of the head and the obstacle,
preventing the player from entering into the obstacle.

4 METHOD

The study was conducted using a within-subject’s design with the
method (none vs. blackout vs. not there yet) serving as factor. We
created a VR game using Unity3D and an HTC Vive VR head-
mounted display. In the game, the player was chased by multiple
enemies in a narrow space, which facilitated frequent collisions
between the user and the environment (Figure 1). The enemies



randomly either moved directly towards the player or in a random
direction. Starting with a single enemy, another one was spawned
every minute into the game. The player could instantly teleport by
pressing the touchpad of either controller, aiming at a location and
releasing the touchpad. The game took place in a small 5× 5m2

virtual room for 10min. The player was informed about his score
which dropped upon enemy contact. After pretests and balancing,
we had empirically identified a design configuration of the narrow
world and the enemy behavior that led to high amounts of collisions
for both room-scale movement and teleportation.

We assessed simulator sickness [4] in a pre-post measure (0=none,
3=severe; Cronbach’s α’s 3.86-6.46). We measured sensory immer-
sion and game experience using the game experience questionnaire
(GEQ) [3] in the 3.3 version [7] (1=not at all, 5=extreme; Cron-
bach’s α’s >7.10). We measured enjoyment using three questions:
(1) “I had a good time playing the game,” (2) “The game was en-
joyable,” and (3) “I had fun playing the game.” (1=do not agree
at all, 7=fully agree). To assess timing effects throughout the time
participants were playing the game, we asked the subjects to orally
answer questions assessing the current level of in-situ enjoyment,
in-situ immersion, and in-situ sickness. At 3, 6, and 9min we asked:
1. Immersion: “Please state how much you feel immersed into the
game at this moment?” (1=not immersed at all, 5=very immersed), 2.
Enjoyment: “Please state how much fun you have playing the game.”
(1=no fun at all, 5=very much fun), and 3. Sickness: “Please state
whether you are experiencing any sickness.” (0=none, 4=severe).
We logged the number of collisions, the mean collision time, the
total collision time and the overall score in each condition.

The sample included 18 participants (12 female, mage = 21.47,
SDage = 2.35). As sickness effects are highly individual, the same
participants were tested in each condition on three consecutive days
in repeated measures. The start condition and the sequencing of
conditions were randomly assigned. Participants had 6.88 previous
VR experiences (SD = 18.38). We first asked the pre-experimental
demographic questionnaire and SSQ. We equipped the participants
with the HMD and informed them about the controls and the goal,
which was to avoid the enemies and maximize the score. Participants
than played for 10min while we asked the in-situ questions and
answered the post-experimental questionnaire afterwards.

5 RESULTS

We calculated repeated measures ANOVAs with condition and time
of measure serving as factors. Regarding simulator sickness, we
found a significant interaction effect for the disorientation subscore
of (see [4]) (F(2,32) = 3.843, η2

p = .194, p = .032). Pairwise com-
parisons showed that only in the “not there yet” condition, the dif-
ference between pre (M = 12.82, SD = 4.12) and post (M = 31.94,
SD = 9.22) measurement was significant. The results for oculomo-
tor, nausea and the toal score were non significant (n.s.). In-situ
sickness analyses showed a significant main effect for measurement
time (F(2,32) = 7.051, η2

p = .306, p = .003). Pairwise compar-
isons showed a significant difference between minute 3 (M = .08,
SD = .27) and minute 6 (M = .28, SD = .493; p = .020) as well as
between minute 3 and minute 9 (M = .35, SD = .688; p = .008).
Pairwise comparisons showed that mainly the “not there yet” method
contributed to these effects (both p′s <= .015) whereas other com-
parisons over time in the conditions were n.s. Repeated measures
ANOVAs for the in-situ measures showed a significant main effect
for fun over time (M3 = 3.06, SD3 = 0.76, M6 = 3.26, SD6 = 0.96,
M9 = 3.47, SD9 = 1.04; F(4,64) = 4.481, η2

p = .219, p = .019).
Pairwise comparisons revealed a significant increase of fun between
minute 3 and minute 9 in the “none” condition. For all other condi-
tions and measure times, the increase was stable, differences were
non significant (n.s.). In-situ immersion analyses showed a sig-
nificant interaction effect (F(4,64) = 3.243, η2

p = .169, p = .017).
Pairwise comparisons revealed a significant drop in the “blackout”

condition between the 3 and 6-minute measure (p = .028). Immer-
sion perception in the “blackout” condition then recovered between
minute 6 and minute 9 (p = .030). A main effect for condition
showed that “not there yet” was rated highest (M = 4.0, SE = .15),
significantly higher than “blackout” (M = 3.51, SE = .21) and higher
than “none” (M = 3.81, SE = .17), but n.s.. We calculated repeated
ANOVAs for the collision measures and the scoring. We found
significant effects for the number of collisions (p = .019), the mean
collision time (p < .001), and the total collision time (p < .001).
Pairwise comparison revealed a successful reduction of mean colli-
sion time and total collision time (p′s < .001) as well as a reduction
in the number of collisions (p′s< .019) of the “not there yet” method
compared to both other methods, whereas the other methods did not
differ significantly. GEQ ratings and player enjoyment were n.s. No
further significant effects were found.

6 DISCUSSION & SUMMARY

As expected, the “not there yet” condition induced simulator sickness
the most. An immediate conclusion in terms of sickness prevention
would be to (a) favor scenarios avoiding obstacle penetrations when-
ever possible, e.g., based on collision avoidance strategies [8, 11],
(b) utilise “blackout”, if there is an additional benefit, e.g., shielding
game contents, (c) disregard the problem and effectively implement
the “none” condition. We were surprised that the three methods had
no effects on the players’ game experience and fun. We assume the
increase in in-situ fun is due to the increasing number of enemies
over time.

We described the “not there yet” method to avoid revealing clip-
ping artifacts in VR by resolving the underlying positional conflict.
We compared it with two established conditions (“none” and “black-
out”) in terms of simulator sickness, fun, and immersion. Ignoring
the problem causes the least complications but it conflicts with the
intended view and it does not yield a high degree of immersion.
The “not there yet” condition achieved the best immersion values
but suffered from an expected drawback in simulator sickness. To
join the best of all conditions, we propose investigating a “slices”
condition next, which combines the concept of chaperon boundaries
and intermittent surface visualizations after penetration.
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