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REPEATED EXPOSURE WITH REDUCED DISCOMFORT

Cybersickness Abatement from Repeated
Exposure to VR with Reduced Discomfort

Taylor A. Doty, Jonathan W. Kelly, Stephen B. Gilbert, and Michael C. Dorneich

Abstract—Cybersickness, or sickness induced by virtual reality (VR), negatively impacts the enjoyment and adoption of the
technology. One method that has been used to reduce sickness is repeated exposure to VR, herein Cybersickness Abatement from
Repeated Exposure (CARE). However, high sickness levels during repeated exposure may discourage some users from returning.
Field of view (FOV) restriction reduces cybersickness by minimizing visual motion in the periphery, but also negatively affects the user’s
visual experience. This study explored whether CARE that occurs with FOV restriction generalizes to a full FOV experience.
Participants played a VR game for up to 20 minutes. Those in the Repeated Exposure Condition played the same VR game on four
separate days, experiencing FOV restriction during the first three days and no FOV restriction on the fourth day. Results indicated
significant CARE with FOV restriction (Days 1-3). Further, cybersickness on Day 4, without FOV restriction, was significantly lower than
that of participants in the Single Exposure Condition, who experienced the game without FOV restriction only on one day. The current
findings show that significant CARE can occur while experiencing minimal cybersickness. Results are considered in the context of
multiple theoretical explanations for CARE, including sensory rearrangement, adaptation, habituation, and postural control.

Index Terms—Virtual Reality, Cybersickness, Repeated Exposure, Field of View Restriction, Adaptation, Habituation.

1 INTRODUCTION

IRTUAL reality (VR) has found a foothold in many
Vaspects of everyday life [1]. The uptake of VR has
been most visible in gaming and entertainment [2], but
VR is also being used successfully in other domains such
as education, job training, exposure therapy, cognitive and
behavioral skill training, and physical rehabilitation [3], [4],
[5], [6]. However, cybersickness can present a significant
barrier to the effectiveness of VR [1]. Cybersickness, or
motion sickness caused by VR, includes symptoms such as
nausea, disorientation, and oculomotor discomfort (e.g., eye
strain and headache) caused by exposure to VR [7]. Previous
research has indicated that about 70% of VR users will
experience at least one symptom of cybersickness within 10
minutes of exposure [6], [8].

Researchers have developed numerous methods to miti-
gate cybersickness (see [9], for a review of several methods).
For example, blocking the visual periphery during self-
motion, herein referred to as field of view (FOV) restriction
(also known as blinders, vignettes, or tunneling), reduces
cybersickness [10], [11], [12]. Other work has found that
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repeated exposure to VR reduces cybersickness [1], [13],
[14], herein referred to as Cybersickness Abatement from
Repeated Exposure (CARE). However, current cybersick-
ness mitigation tools are imperfect. FOV restriction dimin-
ishes the user’s visual experience, and CARE involves initial
discomfort over multiple exposures. In an ideal scenario,
CARE would occur while using a mitigation tool that keeps
cybersickness low. Furthermore, CARE should ideally per-
sist when the mitigation tool is removed. Under this ideal
scenario, the user could eventually be exposed to the full
visual experience of VR with minimal cybersickness during
and after the CARE period. However, prior work has not
combined CARE with cybersickness mitigation tools. There-
fore, the current study evaluated CARE while providing
FOV restriction and whether CARE with FOV restriction
generalizes to a full FOV experience. If CARE occurs while
using FOV restriction, a user could obtain the benefits of
CARE while minimizing discomfort during initial exposure.

2 BACKGROUND
2.1 Repeated Exposures to Cybersickness

The experience of motion sickness can be reduced through
repeated exposure to the same motion (e.g., boats, cars),
which reflects a desensitization to the motion stimulus [15].
Programs focusing on reduced susceptibility to motion stim-
uli through repeated exposures have prepared fighter pilots,
astronauts, and sailors for the physical motion experienced
in their work [16]. Similarly, diminished cybersickness levels
can occur through repeated exposure to VR [1], [13], [14],
[17], [18], [19], [20], [21], [22]. For example, a 15-minute ex-
posure to the same VR application on two separate days has
been shown to produce a 35-40% reduction in cybersickness
on the second day [14], [21], with a continued reduction over
several subsequent exposures [20]. Previous video game and
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VR experience, such as those that are considered “gamers,”
are correlated with lower levels of cybersickness as a form
of informal CARE [14], [23], [24].

Ideally, CARE in one context should generalize to an-
other context (e.g., another virtual environment). Otherwise,
CARE will need to occur again in each new context. How-
ever, research on the generalization of CARE has produced
mixed conclusions. A recent study [14] explored whether
CARE generalizes across distinct experiences. On the first
day of a two-day study, all participants experienced a 15-
minute rollercoaster in VR. Half of the participants then
experienced a climbing game for 15 minutes on the same
day. The other half of the participants did nothing after
the rollercoaster. On the second day, all participants again
experienced the rollercoaster. Both groups had lower cy-
bersickness levels on the second day of the rollercoaster
compared to the first, demonstrating CARE. However, the
added climbing experience on the first day did not lead to
further reductions in cybersickness compared to the group
who did not climb. The authors suggest that CARE that
may have occurred during climbing did not generalize to
the rollercoaster experience on the second day due to the
vastly different locomotion styles each experience requires.

Another study [1] first presented participants with a
rich and realistic virtual environment to obtain a baseline
measure of cybersickness. Then, participants were exposed
to an abstract and less detailed virtual environment over
three days while optic flow (i.e., visual motion) was gradu-
ally increased. Sickness levels decreased during these three
days, indicating CARE. Additionally, reduced levels of cy-
bersickness were maintained when participants returned to
the realistic visual environment for a second time. However,
the study design left open the possibility that similar levels
of CARE would have occurred if participants were exposed
to only the realistic environment twice.

In summary, early evidence is mixed as to whether
CARE generalizes to different experiences in VR. One study
reports that CARE generalizes to another virtual environ-
ment [1], and another study reports that CARE does not
generalize [14]. The difference in conclusions may lie in
defining the changes during the generalization phase (e.g.,
the environment, interface, task, etc.). Furthermore, both
conclusions from these studies may be valid and coexist
if they reflect distinct mechanisms leading to cybersickness
reductions. Previous work has indicated that several factors
about the VR experience can drive cybersickness levels,
including but not limited to optic flow [12], [25], the type
of locomotion [26], [27], [28], and the amount of interac-
tivity available [21]. However, more research is necessary
to determine which factors can limit the generalization of
CARE.

2.2 Mitigating Cybersickness with Field of View Re-
striction

One promising method to reduce cybersickness is by re-
ducing the field of view (FOV) while moving in VR [7],
[11], [12], [13], [22], [24], [29], [30], [31]. FOV restriction has
been presented in a variety of ways, including dynamic FOV
reduction based on movement speed [30], reduction of only
the horizontal FOV [12], and blurring of the periphery rather
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than complete removal [7]. By reducing peripheral vision
while the user moves, FOV restriction decreases vection,
the illusion of self-motion, and the severity of cybersickness
[23], [30], [31]. However, FOV restriction can also reduce
awareness of peripheral objects [5], reduce presence [32],
[33], and detract from the visual experience [34].

One study [30] included two VR exposures in the same
virtual environment, once with and once without FOV
restriction, counterbalanced for order. When participants
experienced VR without FOV restriction, cybersickness was
significantly lower if they had previously experienced VR
with FOV restriction (compared to no prior experience). This
finding suggests that CARE may have occurred during the
session with FOV restriction, and that it generalized to the
subsequent experience without FOV restriction. However, it
is difficult to determine if CARE occurred because the same
condition was never repeated. Further, the sample size (n =
12) was small, making it difficult to draw firm conclusions.

3 EXPERIMENT OVERVIEW AND HYPOTHESES

Prior work has demonstrated that both FOV restriction
and repeated exposure reduce cybersickness individually.
However, both techniques have drawbacks (diminished
user experience in the case of FOV restriction and initial
sickness in the case of repeated exposure). Therefore, the
current study evaluated whether CARE occurs while using
FOV restriction and whether CARE that occurs with FOV
restriction will persist when FOV restriction is removed.
Ideally, a user could have reduced cybersickness levels with
minimal discomfort during repeated exposures and later
comfortably use VR with a full FOV. To test this possibility,
participants in a Repeated Exposure Condition experienced
four VR sessions on separate days. FOV restriction was
enabled on the first three days, and no FOV restriction was
used on the fourth day. Participants in a Single Exposure
Condition experienced no FOV restriction during their sin-
gle VR session. The primary hypotheses were:

1) Cybersickness experienced when using FOV restric-
tion would be reduced across repeated exposures
(i.e., Days 1-3), and

2) Individuals who repeatedly experienced VR with
FOV restriction would subsequently have lower
levels of cybersickness when exposed to full FOV
VR (i.e., Day 4), compared to individuals without
the repeated VR experience.

4 METHODS
4.1 Participants

Over four months, 125 students were recruited from Iowa
State University. Of these participants, 69 were assigned to
the Single Exposure Condition. The remaining 56 partici-
pants were assigned to the Repeated Exposure Condition.
However, only 34 participants completed all four days. The
22 incomplete participants, citing scheduling conflicts as the
primary reason for discontinuing the study, were dropped
from data analyses. Section 5.1 compares demographic in-
formation and cybersickness measures recorded during Day



This article has been accepted for publication in IEEE Transactions on Visualization and Computer Graphics. This is the author's version which has not been fully edited and

content may change prior to final publication. Citation information: DOI 10.1109/TVCG.2024.3483070

REPEATED EXPOSURE WITH REDUCED DISCOMFORT

a) Repeated
Exposure
Condition

b) Single
Exposure
Condition

Fig. 1. a) Repeated Exposure Condition Days 1-3 with FOV restriction playing Chapter 1 and Day 4 without FOV restriction playing Chapter 2.
b) Single Exposure Condition without FOV restriction playing Chapter 2.

TABLE 1
Demographics of repeated exposure and single exposure
groups.
Repeated Single
Exposure Exposure Total
Group Group
n=234 n =69 n =103
Gender* 20 Male (58.8%) 39 Male (56.5%) 59 Male (57.3%)
Aget 19.2 (1.4) 19.0 (2.1) 19.0 (1.9)
VIMSSQt 42(2.7) 3.9 (2.6) 4.0 (2.6)
MSSQt 37.34 (33.98) 28.24 (23.06) 31.27 (27.36)
VR Exp* 8(23.5%) 9 (13.0%) 17 (16.5%)
VG Exp* 31 (91.2%) 67 (97.1%) 98 (95.2%)
VG Hrs/Wkt 23.8(23.2) 22.0 (25.1) 22.6 (24.4)
IPDt 62.6 (3.7) 61.0 (3.7) 61.5 (3.8)

*N (%); tMean (SD)

1 of those who completed all four days and those who did
not.

Demographic information is displayed in Table 1. The
age range of the remaining 103 participants was 18 to 34
(M= 19.0, SD=1.9) and consisted of 59 males (57.3%). While
few participants had previous VR experience (16.5%), most
had experience with video games (95.2%), with a range from

0 to 130 hours per average week (M= 22.6, SD= 24.4). A
breakdown of types of video games played by self-defined
gamers can be found on the Open Science Framework [35].
The short form Motion Sickness Susceptibility Question-
naire (MSSQ) [36] indicated that this sample’s susceptibility
to motion sickness was slightly below average (M= 31.27,
SD= 27.36) [37]. A slightly lower motion sickness suscepti-
bility in this population could exist for a number of different
reasons. The most likely, anecdotally, is participant self-
selection based on the study listing, which explained that
participants were to evaluate VR games. Those that are more
likely to play video games are usually less susceptible to
motion sickness [14], [23], [24]. Additionally, the short form
Visually Induced Motion Sickness Questionnaire (VIMSSQ-
short) [38], [39] showed that participants had slightly above
average visually induced motion sickness susceptibility (M=
4.0, SD= 2.6) [38], [39]. However, this is likely due to
the current sample’s younger average age (M= 19.0, SD=
1.9) than previous work (M= 22.9, SD= 5.0) [39]. Another
possible reason is the proportion of males to females in the
current study (57.3%) compared to previous work (33.3%)
[39]. Susceptibility to visually induced motion sickness has
been noted to decrease with age and is more prevalent
in females than males [39]. Interpupillary distance (IPD)
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Fig. 2. Timeline of daily procedure for both conditions. Day 1 includes the first day of the Repeated Exposure Condition and the only day of Single
Exposure Condition. Days 2-4 shows the remaining days of the Repeated Exposure Condition. Each session lasted no longer than an hour.

ranged from 50 mm to 72 mm (M= 61.5 mm SD= 3.8).

4.2 Experimental Design

There were two conditions in the current study: Repeated
Exposure and Single Exposure (see Figure 1 for an overview
of the experimental design). Participants in the Repeated Ex-
posure Condition came to the lab a total of four times. Each
session after Day 1 was held the following day, between
16 and 32 hours after the previous session, for an average
of 24 hours and 22 minutes between sessions. Participants
fully recovered between sessions; analyses are shown in
5.3.1. Previous work by Howarth and Hodder (2008) has
indicated that the time between exposures is less important
than the number of exposures. One condition in their study
had participants experience 20 minutes of VR daily over ten
consecutive days and found consistent reductions in cyber-
sickness [20]. The present study utilized consecutive days of
20-minute repeated exposures due to the recommendations
of prior work [20], ease of data collection, and the improved
attendance rates of participants.

On Days 1-3, participants played Chapter 1 of Jurassic
World: Aftermath with FOV restriction. FOV restriction
is included in the comfort menu’s “comfortable” setting
and labeled “vignettes.” On Day 4, the participants in the
Repeated Exposure Condition played Chapter 2 of Juras-
sic World: Aftermath without FOV restriction (Figure 1a).
Participants in the Single Exposure Condition came to the
lab only once and played Chapter 2 of Jurassic World:
Aftermath without FOV restriction (Figure 1b). The current
work’s goals were to determine if CARE and generalization
are possible with repeated exposures of restricted FOV com-
pared to a single-exposure experience. A full FOV repeated
exposure condition to compare rates and degrees of CARE
and generalization is outside the scope of the current work.
It should be considered for future studies once repeated
exposure with restricted FOV has shown capabilities of
CARE and generalization.

4.3 Materials

4.3.1 Measures

A table of independent and dependent variables can be
found on the Open Science Framework [35]. General de-
mographic information was collected from participants. Ad-
ditionally, previous experiences of general motion sickness

and visually induced motion sickness were recorded utiliz-
ing the MSSQ [36] and the VIMSSQ-short [38], respectively.
Video game usage was measured in hours per week playing
games, as was prior experience with VR. IPD was recorded
using a ruler.

Cybersickness measures included the time that the par-
ticipant was in VR, self-reported sickness recorded every
four minutes via a modified version Fast Motion Sickness
Scale (FMS; [40]), and the Simulator Sickness Questionnaire
(55Q; [41]) given prior to and after the VR experience. The
original FMS was based on a 21-point scale; however, the
current study reduced the range to 0 (none) to 10 (severe)
for ease of comprehension. The pre-VR SSQ was used to
evaluate whether participants in the Repeated Exposure
Condition had any residual symptoms from the prior ses-
sion, and pre-VR SSQ was also measured for the Single
Exposure Condition participants for consistency across con-
ditions. The Average Discomfort Score (ADS) was calculated
by following Fernandes & Feiner’s (2016) recommendation
of combining time spent in the environment and the average
FMS score (see 4.5 for more details). This measure allows
us to distinguish between participants who end the VR
exposure at the same sickness level measured by the FMS
but at different times, for example.

4.3.2 Stimuli

All participants played up to 20 minutes of Jurassic World:
Aftermath [42] on the Oculus Quest 2. Videos of both
Restricted FOV and Full FOV for this game are available
on the Open Science Framework [35]. This is a VR cat-and-
mouse game where players complete puzzles and hide from
dinosaurs to escape an island. Participants in the Repeated
Exposure Condition played Chapter 1 on the first three days,
followed by Chapter 2 on the fourth day. Participants in
the Single Exposure Condition only played Chapter 2. Both
chapters were very similar in gameplay and mechanics and
included significant translational movement and environ-
mental interaction. The participants did not play a tuto-
rial in either condition. However, both chapters included
movement guides presented when the player encountered
something novel (e.g., the game showing “press in the right
joystick to crouch” when the player reached an area where
crouching was necessary).
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FOV restriction was only enabled for the first three days
in the Repeated Exposure Condition. FOV restriction was
implemented when moving translationally, sprinting, and
crouching. It caused the peripheral vision to become black
with a blurred effect at the transition from central to periph-
eral vision. It was not active for rotational movement using
the right joystick or when the player character stood still,
and the participant turned their head. Before FOV restric-
tion was enabled and between activations, the maximum
FOV was approximately 104° horizontal by 98° vertical.
This maximum FOV was also the constant FOV for Day
4 of the Repeated Exposure Condition and the one day of
the Single Exposure Condition. As the participant initiated
one of the previously mentioned activation conditions, full
FOV restriction was quickly engaged (approximately 100
milliseconds) in the horizontal dimension only, disregard-
ing the amount of movement the participant used on the
joystick. Full FOV restriction allowed an unobstructed view
of the central 40° of the participant’s head direction. A semi-
transparent dark band between 40° and 60° horizontally
separated the clear central vision from a completely black
vignette starting at 60° horizontally. Once the participant
ended the activation condition, FOV returned to normal just
as quickly as the onset. The use of FOV restriction did not
impact vertical FOV.

Participants played this game while seated and navi-
gated using joysticks and smooth turning. Joystick loco-
motion was the only method of movement available in the
game’s settings. Smooth turning was chosen over snap turn-
ing (where moving the right joystick causes the view of the
participant to “snap” to set degree turns) because previous
research has indicated that snap turning is associated with
lower sickness levels than smooth turning, and the current
study is only investigating one cybersickness mitigation
technique [9], [28], [43].

4.4 Procedure

Figure 2 provides an overview of the daily procedure for
participants in all conditions. When the participant entered
the lab on the first day, they completed the consent form
and pre-VR measures, including demographics, MSSQ,
VIMSSQ-short, Video Game Experience, VR Experience, and
IPD. SSQ was recorded daily before starting the VR game.
The researcher adjusted the Oculus Quest 2’s IPD setting to
fit the participant’s recorded IPD as closely as possible. The
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controls were explained to the participant and the first FMS
recording was taken once the headset was comfortably on
their head. Participants were instructed to play the game un-
til the researcher told them to stop at 20 minutes or they felt
too sick to continue. The FMS was administered every four
minutes until 20 minutes passed or the participant could
no longer play due to feelings of motion sickness, resulting
in up to six recordings. If they reported an 8 or higher on
the FMS at any point, they were reminded that they could
stop at any time. The time the participant terminated the VR
game was recorded if they ended early. The participant then
completed the post-VR SSQ. Each session lasted between 30
minutes and one hour, depending on the participant’s speed
of completing surveys and breaks they may have needed.

4.5 Data Analyses

Average Discomfort Score (ADS) is a measure that combines
sickness ratings taken during VR exposure with time spent
in VR [12], [29], [30]. When a participant ended early, their
final FMS rating was used for any remaining measurements.
Next, all measurements were averaged together to compute
ADS. For example, if a participant ended the VR exposure
at 15 minutes, their final FMS rating taken at exit would
be applied to the missing recordings at 16 and 20 minutes.
Previous research has used the maximum possible sickness
score (10 in the current study) instead of the participants’
final FMS rating for remaining measures [12], [29], [30],
but we prefer to use the final FMS rating because it better
reflects the participant’s experience since not all participants
who ended early terminated at the maximum FMS score.
The current data lead to identical conclusions when using
either method. Aside from Day 1 FOV Restriction (5.2), the
following sections do not report final FMS scores and VR
exposure time because ADS is calculated using FMS and
accounts for exposure time differences. Separate analyses of
final FMS scores and VR exposure time can be found on the
Open Science Framework [35].

While SSQ data were collected pre- and post-VR expo-
sure, only the post-VR data were used for primary data
analyses. Previous research has debated using difference
scores, calculated by subtracting each post-VR item from
its pre-VR self, or the scores of post-VR only [44]. The cur-
rent data yields identical inferential statistical conclusions
when using either method. As the original questionnaire
used post-exposure scores only [41], this study followed its

TABLE 2
Correlations, means, and standard deviations for demographics and cybersickness measures including gender, VIMSSQ-short,
MSSQ, age, average video game hours per week, IPD, time in VR, calculated ADS, and the SSQ total score.

1. 2. 3. 4. 5. 6. 7. 8. M SD
1. Gender — — —
2. VIMSSQ -27%% — 3.96 2.59
3. MSSQ -3%* Ry R — 31.27 27.36
4. Age -.03 .14 -.08 — 19.04 1.89
5. VG Hrs/Wk  .41*** -11 -.19 .02 — 2257  24.39
6. IPD 26%* -.06 .05 -.01 .05 — 61.51 3.8
7. Time 11 -.16 -.23* 12 .02 13 — 16.51 4.95
8. ADS -34%** DgF* 31 =22 -13  -16 - 7EEE — 3.23 2.09
9. SSQ-T -3%* 28%* 26%*  -18 -03 -21* -45%** - 61***  49.64 37.4

*p <.05,* p <.01, ** p <.001
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recommendation. The SSQ total and its subscales were also
calculated according to the original questionnaire [41].

Correlations between key demographics and cybersick-
ness measures for completed participants Only Day 1 for
Repeated Exposure Participants) are displayed in Table 2.
Correlations with additional cybersickness measures, in-
cluding time spent in VR, final FMS, and the SSQ subscales,
are available on the Open Science Framework [35].

To assess how FOV restrictions impacted sickness lev-
els, an independent samples one-tail t-test compared Day
1 sickness ratings of the Repeated Exposure Condition
to the Single Exposure Condition. A repeated measures
MANOVA examined sickness ratings (ADS, SSQ total, and
SSQ subscales) across Days 1-3 of the Repeated Exposure
Group to assess CARE. An additional repeated measures
MANOVA compared ADS at each measurement time across
Days 1-3 of the Repeated Exposure Group to determine if
rates of sickness changed across days. Sickness ratings on
Day 4 of the Repeated Exposure Group were compared to
those of the Single Exposure Group using an independent
samples one-tail t-test to assess whether CARE with FOV
restriction generalized to full-.FOV VR. A final repeated
measures MANOVA investigated if ADS rates across time
points differed from the Single Exposure Group and Day
4 of the Repeated Exposure Group. All statistical analyses
began with assumption checks, and violations were noted.

5 RESULTS

5.1 Demographics and Assessment of Attrition Bias

To determine if the 22 participants who did not complete all
four days in the Repeated Exposure Condition differed from
the 34 participants who did, an independent samples t-test
was conducted on key demographics, ADS, SSQ total, and
SSQ subscales. These comparisons used only Day 1 data.
No significant differences in demographics existed between
those who completed all four days and those who did not.
Additionally, there were no significant differences in Day
1 cybersickness levels between those who completed four
days and those who did not. These analyses and character-
istics are available on the Open Science Framework [35].

5.2 Day 1 FOV Restriction

TABLE 3
Comparison between Repeated Exposure Day 1 and Single
Exposure Day to evaluate FOV restriction effectiveness.
Measures included are final FMS rating, calculated ADS, time
in VR, SSQ subscales, and total SSQ.

Repeated Exposure  Single Exposure

Restr]i)cted FOV Full FOV Sig Cohen’s d
ay 1
n=34 n =69

FMS 4.37 (2.97) 5.62 (2.93) .022 0.43 (S)
ADS 2.75 (2.11) 3.46 (2.05) .053 0.34 (S)
Time 16.97 (4.60) 16.29 (5.13) 258  0.14 (VS)
SSQ-O 33.22 (23.46) 33.18 (26.80) 497 0.002 (VS)
SSQ-D 45.04 (47.86) 49.63 (47.65) .324 0.96 (L)
SSQ-N 48.26 (35.07) 53.65 (40.21) 254 0.14 (VS)
SSQ-T 47.41 (35.62) 50.73 (38.46) .337 0.89 (L)
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An independent samples one-tail t-test was conducted
comparing Day 1 of the Repeated Exposure Condition to the
Single Exposure Condition to determine if FOV restriction
reduced cybersickness levels compared to a full FOV expe-
rience, as shown in Table 3. No measures violated Levene’s
Test of Equality of Variances; therefore, equal variances
were assumed. Those in the Repeated Exposure Condition
reported significantly lower final FMS scores (M =4.37, SD =
2.97) than those in the Single Exposure Condition (M = 5.62,
SD =293, t(101) = 2.04, p < .022, d = 0.43), and marginally
lower ADS (M = 2.75, SD = 2.11) than those in the Single
Exposure Condition (M = 3.46, SD = 2.05, (101) = 1.64, p =
.053, d = 0.34), which can be seen in Figure 3. No significant
differences were present for exposure time (#(101) = 0.65,
p = 258, d = 0.14), SSQ Total (+101) = 0.42, p = 337, d =
0.89), oculomotor symptoms (£(101) = 0.008, p = 497, d =
0.002), disorientation symptoms (#(101) = 0.46, p = .324, d =
0.96), or nausea symptoms (£(101) = 0.67, p = .254, d = 0.14),
as shown in Figure 4. Means and standard deviations are
shown in Table 3.

3.5

w

2.5

N

1.5

-

0.5

o

Day 1

Day 2 Day 3 Day4

Full FOV

Single
Exposure

FOV Restriction FullFOV

*p <.05,* p <.01, ** p <.001

Fig. 3. ADS of Days 1-4 of the Repeated Exposure Condition and the
Single Exposure Condition.

5.3 Cybersickness Abatement from Repeated Expo-
sures

A repeated measures MANOVA on Days 1-3 of the Re-
peated Exposure Condition indicated a significant effect
of Day, F(12,122) = 3.57, p < .001; Wilks's A = 0.480, 72
= 0.592. All measures violated sphericity. A Greenhouse-
Geisser correction is used. The univariate tests indicated
a significant effect of Day for ADS, F(1.4, 47.3) = 1423, p
< .001, n2 = 0.301, and SSQ Total, F(1.5, 49.1) = 6.96, p =
.005, 171% = 0.174. A further breakdown of the subscales of
the SSQ indicated a significant effect of Day for both SSQ-
Oculomotor, F(1.5, 47.9) = 4.02, p = .036, nﬁ = 0.108, and
SSQ-Nausea, F(1.7, 55.8) = 14.38, p < .001, 72 = 0.304, but
not for SSQ-Disorientation, F(1.6, 51.5) = 2.88, p = .078, nf, =
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Fig. 4. SSQ subscales and total sickness scores of Days 1-4 of the Repeated Exposure Condition and the Single Exposure Condition.
0.080. Means and standard deviations can be found in Table the interaction of Day and Time, F(4.1, 135.6) = 12.05, p

4. The percentage of participants who change their final FMS
across Days 1-3 of the Repeated Exposure Condition can be
found on the Open Science Framework [35].

Pairwise comparisons (Table 5) show that ADS was
higher on Day 1 than on Day 2 (Mg; ¢ = 0.72, 95% CI: [0.25,
1.19], p = .004) and Day 3 (Mg; ¢ = 1.29, 95% CI: [0.67, 1.90],
p < .001), and that Day 2 ADS was significantly higher than
Day 3 (Mg; ¢ = 0.56, 95% CI: [0.22, 0.91], p = .002), as shown
in Figure 3. Total SSQ scores were higher on Day 1 than
on Day 2 (Mg;rs = 12.10, 95% CI: [0.63, 23.57], p = .039)
and Day 3 (Mg;rr = 18.48, 95% CI: [6.68, 30.28], p =.003),
and marginally higher on Day 2 than Day 3 (Mg;¢5 = 6.38,
95% CI: [-0.22, 12.98], p =.058). Examining the individual
SSQ subscales shows that participants on Day 1 reported
significantly higher oculomotor symptoms than on Day 3
(Mas 55 =10.70,95% CI: [1.54, 19.89], p = .023). No significant
difference was found between Days 1 and 2 (Mg;r5 = 6.02,
95% CI: [-2.36, 14.40], p = .154), and Day 2 was marginally
higher than Day 3 (Mg;s5 = 4.68, 95% CI: [-0.19, 9.55], p =
.059). Nausea symptoms were significantly higher on Day
1 than on Day 2 (Mg;ry = 15.43, 95% CI: [5.81, 25.06], p =
.003) and Day 3 (Mg;fs = 21.89, 95% CI: [12.74, 31.03], p <
.001), and marginally higher on Day 2 than on Day 3 (Mg; ¢ ¢
= 6.45, 95% CI: [-0.04, 12.94], p = .051). Figure 4 illustrates
these differences across Days and Conditions.

An additional repeated measures MANOVA was con-
ducted to assess if changes in discomfort scores across time
points were different on Days 1-3. The results of the variable
"Day” are identical to those reported above. Results also
indicated a significant effect of Time, F(5,29) = 11.20, p
< .001; Wilks’'s A = 0.341, 7712) = 0.659, and a significant
interaction of Day and Time, F(10,24) = 3.14, p = .010; Wilks’s
A = 0433, 72 = 0.567. All measures violated sphericity.
Therefore, a Greenhouse-Geisser correction is used for all
other measures. The univariate tests indicated a significant
effect of Time, F(1.5, 48.5) = 46.45, p < .001, 773 = 0.585, and

< .001, 7712, = 0.268. Means and standard deviations can be
found in Table 6.

Pairwise comparisons (Table 7) further show that there
were no significant differences of ADS at minute 0 or 4
between Days 1-3. At minute 8, ADS was significantly
higher for Day 1 than Day 2 (Mg;rs = 1.03, 95% CI: [0.41,
1.65], p = .002) and Day 3 (Mg; ¢ = 1.50, 95% CI: [0.70, 2.30],
p < .001), and Day 2 was marginally higher than Day 3
(Maipr = 0.47, 95% CI: [-0.02, 0.96], p = .059). At minute 12,
Day 1 was significantly higher than Day 2 (Mgy;sy = 1.07,
95% CI: [0.40, 1.74], p = .003) and Day 3 (Mg;rs = 1.79, 95%
CI: [0.95, 2.64], p < .001), and Day 2 was significantly higher
than Day 3 (Mg;55 = 0.72, 95% CI: [0.25, 1.20], p = .004). At

TABLE 4
Cybersickness measures by exposure day in the Repeated
Exposure Condition.

Day 1 Day 2 Day 3 Sig
ADS 2.75(2.11) 2.03 (1.83) 1.47 (1.70) <.001
SSQ-O  33.22 (23.46) 27.20(23.32)  22.52 (21.48) .036
SSQ-D  45.04 (47.86)  33.57 (47.37)  27.84 (37.70) 078
SSQ-N  48.26 (35.07)  32.83(37.59) 26.38 (34.60) <.001
SSQ-T  47.41(35.62) 35.31(37.09) 28.93 (32.06) .005
All violate sphericity; used Greenhouse-Geisser
TABLE 5

Pairwise comparisons between Repeated Exposure days.

Day 1-2 Day 2-3 Day 1-3
Mean Diff. ~ Sig  Mean Diff. ~ Sig  Mean Diff. Sig
ADS 072 .004 056  .002 129  <.001
55Q-O 6.02 154 4.68 .059 10.70 .023
SSQ-D 1146  .160 573 262 17.20 .049
SSQ-N 1543  .003 6.45 .051 21.89  <.001
SSQ-T 1210  .039 6.38 .058 18.48 .003
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TABLE 6
ADS means and standard deviations of the Repeated Exposure Days
and the Single Exposure Day across the 20 Minutes of VR exposure.

Repeated Exposure Single

Restricted FOV Full FOV  Exposure

Day 1 Day 2 Day 3 Day 4 Full FOV

Min0  0.32(1.12) 0.12(041) 0.06(0.34) 0.10(0.30) 0.24 (0.57)
Min4  090(1.36) 1.18(1.57) 0.87(1.54) 1.15(1.72) 1.71(1.94)
Min8  3.00(2.77) 1.97(2.23) 150(2.02) 1.65(1.82) 3.43(2.57)
Min12 376 (2.91) 2.69(249) 197(214) 2.06(2.06) 4.68(2.89)
Min16 4.16(2.99) 3.04 (2.58) 212(2.34) 240(2.46) 5.09 (2.94)
Min20 4.37(2.97) 3.19(267) 229(2.56) 250(2.61) 5.62(2.93)

minute 16, Day 1 was significantly higher than Day 2 (Mg; s ¢
=1.12,95% CI:[0.41, 1.82], p = .003) and Day 3 (Mg; ¢ = 2.04,
95% CI: [1.22, 2.87], p < .001), and Day 2 was significantly
higher than Day 3 (Mg;rs = 0.93, 95% CI: [0.42, 1.43], p <
.001). At minute 20, Day 1 was significantly higher than Day
2 (Mgiry = 1.18, 95% CI: [0.51, 1.85], p = .001) and Day 3
(Mgiss = 2.07,95% CI: [1.25,2.89], p < .001), and Day 2 was
significantly higher than Day 3 (Mg, s ¢ = 0.90, 95% CI: [0.32,
1.47], p = .003). Figure 5 illustrates these differences across
Days and Times.

Taken together, the results reported in this section sup-
port Hypothesis 1: cybersickness experienced when using
FOV restriction is reduced across repeated exposures.

Min 0 Min 4 Min 8 Min 12 Min 16 Min 20

—8—Dayl —e—Day2 —#—Day3

Fig. 5. ADS of Days 1-3 of the Repeated Exposure Condition across
Time of the VR Experience. Error bars are standard error.

TABLE 7
Pairwise comparisons of ADS of Repeated Exposure days with FOV
restriction across the 20 Minutes of VR exposure.

Day 1-2 Day 2-3 Day 1-3

Mean Diff. ~ Sig  Mean Diff. Sig  Mean Diff. Sig
Min 0 021 147 0.06 535 0.26 203
Min 4 -028 238 0.31 145 0.03 923
Min 8 1.03  .002 0.47 059 150  <.001
Min 12 1.07  .003 0.72 .004 179  <.001
Min 16 112 .003 093  <.001 204 <.001
Min 20 118  .001 0.90 .003 207 <.001

5.3.1 Repeated Exposure Recovery Prior to Additional
Sessions

Additionally, to determine if there were any lasting cyber-
sickness symptoms from previous days of VR, pre-VR S5Q
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scores were evaluated using a repeated measures MANOVA
with Day (1-4) as the independent variable. The effect of
Day on pre-VR SSQ scores was not significant F(9, 25) =
1.53, p =.192; Wilks’s A = 0.645, 777, = 0.355. The total score of
SSQ and all subscales violated sphericity, so a Greenhouse-
Geisser correction was utilized. Univariate tests indicated
that there were no significant differences in pre-VR scores
for total scores, F(1.47, 48.63) = 0.457, p = 577, 772 =0.014,
SSQ-Nausea, F(1.97, 64.94) = 1.384, p = 258, 17> = 0.040, SSQ-
Oculomotor, F(1.84, 60.76) = 0.386, p = .664, 1 = 0.012, or
SSQ-Disorientation, F(1.60, 52.74) = 0.226, p = .748, 7];2) =
0.007, indicating carryover effects were not detected.

5.4 Generalization of Repeated Exposure FOV Restric-
tion

Cybersickness experienced in the Repeated Exposure Con-
dition on Day 4 was compared to the Single Exposure
Condition using independent samples one-tail t-tests to
determine if CARE that occurred with FOV restriction gen-
eralized to a full-FOV experience, shown in Table 8. All
measures violated Levene’s Test of Equality of Variances;
therefore, subsequent analyses used equal variances not as-
sumed. Those on Day 4 of the Repeated Exposure Condition
reported significantly lower ADS (M = 1.64, SD = 1.68) than
those in the Single Exposure Condition (M = 3.46, SD = 2.05,
1(78.5) = 4.80, p < .001, d = 0.94), which is illustrated in
Figure 3. The total SSQ scores were significantly lower in
the Repeated Exposure Condition (M = 25.52, SD = 25.07)
than those in the Single Exposure Condition (M = 50.73,
SD = 38.46, £(93.13) = 3.99, p < .001, d = 0.75). Analyses
of the SSQ subscales (Figure 4) indicated that those in the
Repeated Exposure Condition reported significantly lower
levels of Oculomotor (M = 20.73, SD = 18.60), Disorientation
(M =22.52, SD = 28.47), and Nausea (M = 23.57, SD = 26.50)
than those in the Single Exposure Condition (SSQ-O; M =
33.18, SD = 26.80, t(89.58) = 2.74, p = .004, d = 0.51) (S5Q-D;
M = 49.63, SD = 47.65, t(97.15) = 3.60, p < .001, d = 0.64)
(SSQ-N; M = 53.65, SD = 40.21, £(92.57) = 4.53, p < .001, d =
0.85).

TABLE 8
Comparison between Repeated Exposure Day 4 and the
Single Exposure Day to evaluate CARE generalization.

Repeated Exposure
Full FOV

Single Exposure

Full FOV Sig Cohen’s d

Day 4

n=34 n=:69
ADS 1.64 (1.68) 3.46 (2.05) <.001 0.94 (L)
SSQ-O 20.76 (18.60) 33.18 (26.80) .004 051 (M)
SSQ-D 22.52 (28.47) 49.63 (47.65) <.001 0.64 (M)
SSQ-N 23.57 (26.49) 53.65 (40.21) <.001 0.83(L)
SSQ-T 25.52 (25.07) 50.73 (38.46) <.001 0.73 (M)

All failed Levene’s; used Equal Variances not Assumed

A repeated measures MANOVA was conducted to assess
if changes in discomfort scores across time points were
different on Day 4 of the Repeated Exposure Condition and
the Single Exposure Condition. Levene’s Test of Equality of
Error Variances shows violations for minute 8, 12, and 16;
therefore, a square root transformation was applied. The
resulting transformation shows no violations of Levene’s
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Test of Equality of Error Variances. This transformed data
was used for the following tests, but the untransformed
means and standard deviations can be found in Table 6. The
results indicate a significant effect of Time, F(5,97) = 54.88,
p < .001; Wilks's A = 0.261, n2 = 0.739, and a significant
interaction of Exposure Condition and Time, F(5,97) = 4.60,
p < .001; Wilks’s A = 0.808, 7712, =0.192. All measures violated
sphericity. Therefore, a Greenhouse-Geisser correction is
used for all other measures. The univariate tests indicated
a significant effect of Time, F(2.3, 236.0) = 157.37, p < .001,
7712, = 0.609, and the interaction of Exposure Condition and
Time, F(2.4,236.0) = 11.95, p < .001, 72 = 0.099. The between-
subjects effect of Exposure Condition was also significant,
F(1,101) = 15.03, p < .001, > = 0.190.

Pairwise comparisons (Table 9) further show that there
were no significant differences of ADS at minute 0 or at
minute 4. Those in the Single Exposure Condition had
significantly higher ADS than those in Day 4 of the Repeated
Exposure Condition during minute 8 (Mg = 0.62, 95%
CI: [0.26, 0.97], p < .001), minute 12 (Mg;s¢ = 0.78, 95% CI:
[0.41,1.15], p < .001), minute 16 (Mg = 0.79, 95% CI: [0.41,
1.17], p < .001), and minute 20 (Mg;55 = 0.90, 95% CI: [0.51,
1.28], p < .001). Figure 6 illustrates these differences between
the Exposure Conditions and across Times.

Collectively, the results presented in this section support
Hypothesis 2: individuals who repeatedly experienced VR
with FOV restriction have lower levels of cybersickness
when exposed to full FOV VR, compared to individuals
without the repeated VR experience.

TABLE 9
Pairwise comparisons of ADS of the Single Exposure Condition and
Repeated Exposure Day 4 across the 20 Minutes of VR exposure.

Single Exposure - Day 4

Mean Diff. Sig
Min 0 0.09 292
Min 4 0.26 131
Min 8 0.62 <.001
Min 12 0.78 <.001
Min 16 0.79 <.001
Min 20 0.90 <.001
’ I
T 1
> i 1
1
4
T
43 L
< T T
I |
. ) : : I
1 1
1 1
0
Min 0 Min 4 Min 8 Min 12 Min 16 Min 20

Repeated Exposure
Full FOV Day 4

Single Exposure
Full FOV

Fig. 6. ADS of Day 4 of the Repeated Exposure Condition and Single
Exposure Condition across Time of the VR Experience. Error bars are
standard error.

6 DiscussIiON

Past work has shown that reduced levels of cybersickness
occur after repeated exposure to VR [1], [13], [14], [17], [18],
[19], [20], [21], [22], an effect which we have named CARE.
CARE offers a viable solution to ultimately minimizing
cybersickness. However, the initial sickness during CARE
is unpleasant and discourages some users from trying VR
again. This study shows that CARE can occur while restrict-
ing FOV to minimize cybersickness. Moreover, the benefits
of CARE acquired with restricted FOV persist even upon
experiencing full FOV. These results highlight a new method
for reducing cybersickness levels via repeated exposures
with minimal discomfort.

The current work indicates that those using FOV re-
striction on Day 1 of the Repeated Exposure Condition
experience significantly less cybersickness than the non-
restricted FOV Single Exposure Condition, aligning with
previous work [7], [11], [30], [31]. However, these significant
findings are only present in the cybersickness measure of
final FMS score and marginally so in ADS. On average, the
full FOV participants could last 16 minutes and 17 seconds
in the VR experience, while the FOV-restricted participants
lasted 16 minutes and 58 seconds in VR. This lack of
significant difference in time caused the ADS measure to
be only marginally different between the Day 1 Repeated
Exposure Group and the Single Exposure Group. Further,
no significant differences exist for any SSQ subscales or total
score, as shown in Table 3 and Figure 4. Some previous work
has also found significant differences in final FMS score and
ADS but no differences in the SSQ total score or any of its
subscales [12], [30], [34]. At first, these results may seem
at odds with one another. However, the FMS and the SSQ
represent very different aspects of cybersickness. FMS is a
quick and immersive single-item measure of general feel-
ings of motion sickness used by cybersickness researchers
[23], [40]. Several studies have reported the FMS and similar
single-item immersed measures as discomfort scores, opera-
tionalizing general discomfort instead of cybersickness [10],
[12], [13], [29], [34]. However, general discomfort is a part of
cybersickness, not the entire picture, as indicated by its use
in the SSQ and other post-VR cybersickness measures [23],
[24]. The SSQ is symptom-specific and can only be measured
outside the VR experience [41]. While able to measure
specific symptoms post-exposure, the SSQ fails to capture
general feelings of discomfort during the VR experience,
resulting in only a partial picture [23], [24], [41], [44]. The
current study shows a high correlation between ADS and
the total SSQ score (Table 2), as well as a high correlation
between the final FMS score and all SSQ subscales and
the SSQ total score, which is available in the Open Science
Framework [35]. While highly correlated, these measures
explore different aspects of cybersickness and, when jointly
analyzed, construct a more comprehensive picture. There-
fore, FOV restrictions, compared to the full FOV experience,
show a decrease in cybersickness severity and are felt during
the VR exposure but may not be symptom specific.

CARE in this study occurred while restricting FOV,
supporting Hypothesis 1, whereas prior work on CARE
has used the display’s full FOV [14], [19], [22]. Cybersick-
ness levels decreased across the three repeated exposure
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days, indicating CARE occurred while restricting FOV. SSQ
subscales showed an across-the-board reduction in cyber-
sickness symptoms from Days 1 to 3, which follows pre-
vious literature with full FOV VR experiences [14], [23],
[24]. When looking at the differences in ADS across the
20 minute VR experience, it is clear that participants on
all three days stay roughly equal in sickness levels and at
approximately 8 minutes began to experience significantly
different levels of cybersickness. These participants experi-
enced less intense levels of cybersickness through repeated
exposure, as shown in Table 7 and Figure 5. While the
exact mechanism behind CARE with restricted FOV in the
present study requires further research, earlier work has
proposed several theories as to why repeated exposure may
reduce cybersickness. One of these theories is the sensory
rearrangement theory. It hypothesizes that each individual
has an internal record of previous motion experienced and
what that motion feels like when anticipating movement;
however, VR exposure is in conflict with this record, pro-
ducing cybersickness. But, with repeated exposures to the
new sensory arrangements in VR, more new patterns are
stored so less sickness is experienced in future VR sessions
[14], [25], [45]. Sensory adaptation relies on a similar basis
of sensory rearrangement theory, where the conflict may
be present but repeated exposure decreases sensitivity to
the conflict [14], [19], [21]. A final theory is habituation,
where users are able to habituate to the visually induced
motion through repeated exposure [14], [19], [20]. Another
theory is the postural control theory, which proposes that
cybersickness is preceded by increased postural instability.
New VR users are less able to control their body movements
in the new VR space, leading to sickness. Repeated exposure
allows users to develop better strategies to maintain good
posture [14], [46]. Another theory suggests that improved
task performance in the VR experience leads to less scene
instability, decreasing cybersickness [14], [19]. Increased
familiarity is associated with increased task performance,
leading to reduced anxiety, which is positively correlated
with cybersickness [14], [20], [24]. Repeated exposure could
also allow individuals to learn how to minimize sickness-
inducing movements, as behavioral adaptation hypothe-
sizes [14], [19]. Additionally, prior work has indicated that
expectation effects are also present when individuals have
VR and video game experience, which is associated with
lower cybersickness levels [14], [23], [24]. While unbalanced
sample sizes in the current work prevent direct comparisons
between those with VR experience (16.5%) and without,
or those with video game experience (95.2%) and without
(Table 1), there were no significant correlations between
the average hours of video games per week and any other
variables, except gender (Table 2). While the theory driving
this phenomenon in the present study requires more re-
search, the continued reduction of cybersickness symptoms
across all three days indicates CARE occurred while FOV
was restricted. Additionally, carryover effects of previous
days’ sickness levels were absent, as shown by the pre-VR
SSQ data, demonstrating that participants fully recovered
from cybersickness by the following visit. This complete
recovery is critical because cybersickness levels can last
several hours or days in more extreme circumstances and
could compound the current day’s cybersickness severity
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[24], [47].

Furthermore, the results indicate that CARE with re-
stricted FOV can generalize to an experience with full FOV.
Repeated Exposure participants reported lower ADS and
SSQ scores than Single Exposure participants during the
full-FOV VR experience. Repeated Exposure participants
also reported lower sickness across all SSQ subscales (as
well as total sickness scores) than Single Exposure partici-
pants, supporting Hypothesis 2. Previous work has shown
mixed results regarding whether CARE is experience-
specific [1], [14] The current study shows that when expe-
riencing the full FOV environment, those in the Repeated
Exposure Condition roughly maintained cybersickness lev-
els, rather than continuing to decrease relative to Day 3 or
reverting to pre-CARE levels. These results suggest that the
Day 4 full FOV generalization of CARE developed with FOV
restriction is not an extension of the CARE process. This
conclusion supports the theory that CARE is not experience-
specific.

6.1 Limitations and Future Directions

Future work should include a full FOV repeated exposure
condition to determine if CARE and generalization are
affected by the presence of FOV restriction. CARE with
restricted FOV clearly generalized to a subsequent exposure
with full FOV. However, more substantial CARE could occur
if participants did not experience FOV restriction at all,
since changing context from a restricted FOV experience to a
full FOV experience might inhibit generalization. Addition-
ally, a measure of task load and physiological assessments
should be included in future research to better assess any
compromises the FOV restriction may be evoking. Such a
condition would help establish whether there are trade-
offs to CARE with FOV restriction or without, besides the
obvious difference in discomfort during repeated exposures.

Future work should also investigate whether CARE is
affected by stimulus intensity or exposure duration. For
example, it is unknown whether length of VR exposure or
visual intensity during exposure affects CARE. If short and
mild repeated exposures cause robust reductions of cyber-
sickness, then users may be able to have reduced sickness
levels from repeated exposure without experiencing signif-
icant cybersickness initially. A study of this nature would
allow researchers to identify ideal conditions for CARE in
terms of comfort in single sessions and generalization to
other experiences.

Other cybersickness mitigation techniques should be
considered in future work to determine the optimal con-
ditions to reduce cybersickness and maximize CARE. Ex-
amples of this could include snap turning (rotational jumps
which exclude intermediate angles, thereby reducing visual
motion), which causes less sickness than smooth turning
[9], [28], [43], and locomotion type, where teleportation-style
movements are associated with less sickness than joystick-
based movements [26], [27], [48]. Including user movement
data in future work could benefit research regarding the
mechanism behind reduced cybersickness. It is unknown
whether CARE would generalize across interfaces, which
would be another rich area for research. Future work should
also assess the retention of CARE, as previous research has
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indicated that CARE can persist from a week to up to four
months post-exposure [14], [20].
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CONCLUSION

Virtual reality has opened the doors for many experiences
that would be impossible to explore without it. While cy-
bersickness may be one of the most significant obstructions
to the widespread adoption of VR, there are unmistakable
ways to reduce sickness. Previous work has shown that
cybersickness decreases after repeated exposure [14], [23],
[24]. The current work builds on that literature by show-
ing that significant reductions of cybersickness through
repeated exposures can occur with minimal experience of
cybersickness.
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