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A B S T R A C T

Cybersickness – discomfort caused by virtual reality (VR) – remains a significant prob-
lem that negatively affects the user experience. Research on individual differences in
cybersickness has typically focused on overall sickness intensity, but a detailed under-
standing should include whether individuals differ in the relative intensity of cybersick-
ness symptoms. This study used latent profile analysis (LPA) to explore whether there
exist groups of individuals who experience common patterns of cybersickness symp-
toms. Participants played a VR game for up to 20 minutes. LPA indicated three groups
with low, medium, and high overall cybersickness. Further, there were similarities and
differences in relative patterns of nausea, disorientation, and oculomotor symptoms be-
tween groups. Disorientation was lower than nausea and oculomotor symptoms for all
three groups. Nausea and oculomotor were experienced at similar levels within the
high and low sickness groups, but the medium sickness group experienced more nau-
sea than oculomotor. Characteristics of group members varied across groups, including
gender, virtual reality experience, video game experience, and history of motion sick-
ness. These findings identify distinct individual experiences in symptomology that go
beyond overall sickness intensity, which could enable future interventions that target
certain groups of individuals and specific symptoms.

1. Introduction

Virtual reality (VR) promises to impact daily life through
activities such as work, education, and entertainment. Yet,
adoption of VR will be limited by cybersickness, or discom-
fort caused by VR exposure. Symptoms of cybersickness can
vary across individuals and across types of exposure, but of-
ten include disorientation, nausea, sweating, headache, and eye
strain. Cybersickness can occur relatively quickly, sometimes

after just a few minutes of exposure. Up to half of users
might experience at least some cybersickness within 20 min-
utes [1, 2, 3], and up to one quarter of users may experience
severe cybersickness within just 10 minutes [4].

A complete description of cybersickness requires an under-
standing of how it manifests in the individual user. For exam-
ple, understanding the cybersickness experiences of individual
users could enable interventions that target specific individuals
and their specific symptoms of cybersickness. Ideally, VR users
would be provided with a cybersickness mitigation tool that tar-
gets the specific symptoms (e.g., nausea) that they are most sus-
ceptible to. However, little is known about whether individuals
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differ systematically in cybersickness symptom intensities.
The current study was conducted to understand whether there

exist clusters of individuals who experience specific symptom
constellations and intensities. To achieve this goal, this study
used the statistical technique called latent profile analysis (LPA)
to describe cybersickness experiences after exposure to a VR
game.

2. Background

2.1. Cybersickness measurement

The most common method for measuring cybersickness is
through subjective questionnaires administered after the VR ex-
perience, and the most common measure is the simulator sick-
ness questionnaire (SSQ; [5]). The SSQ includes 16 self-report
items, each with a different symptom rated on a scale from 0-3
(0 = none, 1 = slight, 2 =moderate, 3 = severe). Item scores are
subsequently combined to produce four indicators of sickness:
nausea symptoms, oculomotor symptoms, disorientation symp-
toms, and total sickness; the latter is a weighted combination of
the three symptom subscales. Although the subscales overlap
(a few items are assigned to multiple scales), they group well
enough that many studies on cybersickness report data from
the symptom-specific subscales. Other studies report only to-
tal sickness, depending on the goals of the research.

Although the SSQ is widely used to study cybersickness, it
has also received criticism (see [6] and [7] for detailed descrip-
tions of these criticisms). For example, the original data were
gathered from military pilots using flight simulators. Another
shortcoming of the SSQ is that direct comparison between sub-
scales (e.g., to determine whether nausea is more prevalent than
disorientation after VR exposure) is confounded by the manner
in which the symptom subscales are calculated. SSQ subscales
are computed by summing individual ratings (0-3) of the com-
ponent items and multiplying the sum by a constant, which dif-
fers between subscales. Although the constants were meant to
”produce scales with similar variabilities on which values can
be more readily compared” [5], variability is likely to be af-
fected by the population and stimulus, and the constants were
not meant to equate the means. Since the constant is largest for
disorientation (13.92), followed by nausea (9.54), followed by
oculomotor (7.58), it is unsurprising that virtual reality has been
reported to produce higher scores on the disorientation sub-
scale than the nausea subscale, and higher scores on the nausea
subscale than the oculomotor subscale [8, 9]. A hypothetical
user who reports the same intensity (e.g., ”moderate”) for every
symptom item on the SSQ would end up with this exact pro-
file, despite reporting equivalent symptoms reflecting the expe-
rience of nausea, oculomotor, and disorientation. Reports that
the symptom pattern caused by VR differs from other sickness-
inducing stimuli, such as flight simulators [10], are more com-
pelling, but comparison between symptom subscales within a
given stimulus remains problematic.

Despite the aforementioned problems with the SSQ and its
subscales, none of the proposed refactorings (e.g., [11, 12]) has
gained substantial traction to replace the SSQ. The SSQ contin-
ues to be widely used, and therefore affords comparisons across

current and past studies on cybersickness and related experi-
ences.

Several single-item measures of cybersickness also exist, in-
cluding the fast motion sickness scale (FMS) [13], the misery
scale [14], and a dial-based indicator of sickness [15]. These
measures provide real-time data about cybersickness that can
inform decisions about when to provide cybersickness mitiga-
tion tools, such as field of view reduction [16], and when to
recommend exiting the simulation. However, single-item mea-
sures do not capture symptom details, and therefore are less de-
scriptive of the user’s experience than symptom-specific mea-
sures. For example, two users might report the same level of
discomfort (e.g., 6 out of 10) on a single-item measure but
might have distinct experiences, with one primarily affected by
headache and the other primarily affected by nausea. Under-
standing these symptom-specific experiences is critical to un-
derstanding cybersickness and can only be assessed by using
symptom-specific measures.

2.2. Individual differences in cybersickness
Individuals vary in their experience of cybersickness. For

example, women report greater sickness than do men [17, 18,
19, 20, 21, 9, 22]. Further, history of motion sickness and
screen-based sickness positively associate with cybersickness
[23, 19, 24, 17, 25], and have been found to partially medi-
ate the relationship between gender and cybersickness [17].
Emerging research points to possible influences of other fac-
tors, such as personality [26, 27], on cybersickness.

Research on visually-induced motion sickness (VIMS, which
includes sickness caused by VR and several other primarily vi-
sual experiences such as video games, movies, and simulators)
indicates several predictive factors, including history of motion
sickness as well as migraine, dizziness, faintness, and disorien-
tation [28, 27, 29].

Experience with VR – another individual difference – corre-
sponds to lower cybersickness ([30, 31, 32, 33, 19]; for a review,
see [34]). For example, a 15-minute exposure to the same VR
application across two separate days produced a 35-40% reduc-
tion in cybersickness on Day 2 relative to Day 1 [31, 32], with
continued reduction over several subsequent exposures [35].
Still, it is unclear whether such adaptation generalizes beyond
the specific VR experience [31, 30].

One study considered SSQ symptom subscales from an in-
dividual differences perspective [9]. Using a larger sample
than is typical in VR research (N=960), the authors reported
that women experienced significantly greater disorientation and
oculomotor symptoms compared to men, but there was no gen-
der difference in the experience of nausea. Conducing cross-
group comparisons within a given subscale of the SSQ avoids
the problems described in Section 2.1 when comparing across
SSQ subscales. However, this topic of symptom profiles has
received relatively little attention from the perspective of indi-
vidual differences.

3. Study overview

It is well documented that individual differences in cyber-
sickness severity are related to characteristics of the person,
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such as gender [17, 18, 19, 20, 21, 9, 22] and prior history of
sickness [23, 19, 24, 17, 25]. Yet, research on individual differ-
ences in cybersickness has typically focused on overall sickness
intensity, combining symptom subscales of the SSQ into a total
score or using single-item sickness measures that do not distin-
guish between multiple symptoms [23, 17, 20, 21, 22, 19]. A
detailed understanding of individual differences in cybersick-
ness should include whether individuals differ in the relative
intensity of cybersickness symptoms.

To address this gap, a latent profile analysis was conducted
to identify subgroups of participants with distinct symptom pat-
terns. LPA is a model-based approach that identifies groups
(i.e., latent profiles) using a probabilistic model that charac-
terizes the distributions of each group and the likelihood that
each item belongs [36]. Further, LPA provides fit indices that
are useful for evaluating and comparing between models (e.g.,
comparing models that include one group versus two groups).
The current study used LPA to examine the presence of such
groups that share common patterns across cybersickness symp-
toms.

The analysis included the original SSQ symptom subscales
as well as a novel reformulation of the subscales, referred to as
raw intensity rating (details can be found in Section 4.4), which
facilitates direct comparison between symptoms. Raw intensity
ratings average together participant ratings of individual items
that load onto a common factor, following the original factor
structure of the SSQ [5]. This approach deviates from the orig-
inal SSQ instructions to sum the items in a given subscale and
multiply by a constant, which artificially increases some symp-
tom subscales relative to others and obscures the original item
scale (0-3, representing ”none” to ”severe”).

Although the study was largely exploratory, the research and
analysis plan was pre-registered here: https://doi.org/10.
17605/OSF.IO/3JHTG

4. Method

4.1. Participants

There were 146 participants (73 men and 73 women; average
age = 19.4, SD = 2.2). Participants were undergraduate stu-
dents at Iowa State University who participated in exchange for
course credit. Data collection occurred between August 2021
and May 2023.

4.2. Stimuli and Materials

Participants played Jurassic World: Aftermath, a VR game
which was downloaded from the Meta Quest store. In this
game, the player controls a character who has crash-landed on
an island containing an abandoned dinosaur research facility.
The player must explore the facility while evading dinosaurs to
find information that will help them escape from the island. The
game contains several small puzzles that are solved by explor-
ing new areas of the environment. The game was chosen be-
cause of its ”moderate” intensity rating on the Quest store. The
participant was seated throughout the experience, and used joy-
stick inputs via the Quest controllers to move and rotate through
the environment. All comfort settings (e.g., teleporting [37, 38],

or field of view restrictors [16, 39, 40, 41, 42]) were turned off.
The game was experienced on either the Quest (N=62) or Quest
2 (N=84) headset, depending on when the participant enrolled
in the study as the lab transitioned to more modern equipment.

Cybersickness was measured using the SSQ [5], a modified
version of the Fast Motion Sickness Scale (FMS; [13]; mod-
ified by using a 0-10 scale), and time spent in VR. SSQ was
the primary focus of the current analysis because it includes
symptom-specific items, whereas FMS and exposure time are
single-item measures of sickness. The SSQ was administered
before and after the VR experience, and the FMS was admin-
istered every four minutes during VR exposure. SSQ scoring
followed the original recommendations [5], including calcula-
tion of nausea, oculomotor, and disorientation scores, as well
as a novel calculation of raw intensity rating to enable cross-
symptom comparison. Only post-exposure SSQ data were used
to evaluate cybersickness, in keeping with the original recom-
mendations [5].

The Visually Induced Motion Sickness Susceptibility Ques-
tionnaire (VIMSSQ; [43]) was used to measure previous sick-
ness experiences due to screens. The Motion Sickness Suscep-
tibility Questionnaire (MSSQ; [28]) was used to measure previ-
ous motion sickness experienced in vehicles and other forms of
physical movement. Demographic information, including age
and gender, was also collected.

4.3. Procedure

The participant arrived at the lab, provided informed consent,
and completed several survey measures. The consent form indi-
cated that the purpose of the study was to understand discomfort
caused by VR. The survey measures included demographics,
a video game experience survey, VIMSSQ, MSSQ, and SSQ.
The researcher also measured the participant’s inter-pupillary
distance (IPD) using a ruler, and then adjusted the VR headset
to match the measured IPD as closely as possible. The partic-
ipant was then given basic instructions on how to perform the
task (i.e., basics of how to play the VR game). The participant
was then seated in a fixed-base chair, donned the VR headset.
Participants were instructed to play for up to 20 minutes or un-
til they could no longer continue due to sickness. During ex-
posure, the experimenter verbally administered the FMS every
four minutes and again at the time that exposure ended. The
participant completed the SSQ immediately after VR exposure.
The total time each participant spent in the lab was no more
than 60 minutes.

4.4. Data analysis

Following best-practice guidelines [44], LPA was conducted
to determine whether participants belong to different groups
based on their reports of cybersickness symptoms. LPA was
conducted on symptom subscales (nausea, oculomotor, and dis-
orientation) following the original SSQ guidelines [5] as well as
a novel reformulation of the subscales to enable comparison be-
tween symptoms. This reformulation, referred to as raw inten-
sity rating, was calculated as the average rating of the compo-
nent items recommended for each subscale of the SSQ. Using
item averages directly reflects symptom intensity by retaining
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Table 1. Fit statistics for the latent profile analysis (LPA) of cybersickness.

# Groups AIC BIC SS BIC Entropy Adjusted LRT BLRT Grp 1 Grp 2 Grp 3 Grp 4

1 4402.83 4420.74 4401.75 NA NA NA 146
2 4171.13 4200.97 4169.32 0.95 228.25, p < .001 239.70, p < .001 111 35
3 4106.78 4148.56 4104.25 0.86 68.89, p = .023 72.348, p < .001 52 64 30
4 4065.87 4119.57 4062.61 0.88 46.58, p = .196 48.92, p < .001 49 13 61 23

the 0-3 range and its associated meaning (0 = none, 1 = slight,
2 =moderate, 3 = severe), and enables meaningful comparisons
across symptom subscales.

All LPA models were estimated in Mplus version 8.6 [45],
using robust full information maximum likelihood estimation.
This approach adjusts for standard errors and scales chi-square
statistics to account for the non-normally distributed data. To
avoid local solutions (i.e., local maxima) used 5,000 random
starting values, 200 iterations for each random starting value,
and the best 200 solutions were retained for the final stage of
optimization. Mplus scripts and output are available on the
Open Science Framework: https://osf.io/y2ahm/

Next, cybersickness symptoms were analyzed using ANOVA
and paired comparisons to identify differences in symptom
severity and symptom profile (i.e., the relative intensities of
nausea, oculomotor, and disorientation) across the groups iden-
tified in the LPA.

Finally, characteristics of group members (e.g., gender, his-
tory of motion sickness) were compared across LPA groups us-
ing ANOVA and chi-square (in the case of categorical variables)
to identify differences in group composition.

5. Results

LPA was conducted to determine whether participants belong
to different profiles, or groups, based on their reports of cyber-
sickness symptoms. This analysis was conducted first using
the original SSQ subscales. Since no prior cybersickness re-
search has used a similar data-driven clustering method, there
are no theoretical grounds to prefer a specific number of groups.
Therefore, selection of the best model was based on fit statis-
tics and LPA best practices. We examined LPA models rang-
ing from one to four groups to identify the optimal number of
groups to retain (see Table 1). Model fit indices (AIC, BIC,
and SSA-BIC) decreased, indicating better fit, as additional
groups were added. The BLRT (bootstrapped likelihood ratio
test) also indicated significant improvement with each added
group. Yet, the LMRT (Lo-Mendell-Rubin test) indicated that
while a three-group model provided a better fit than the two-
group model, a four-group model did not provide better fit than
a three-group model. Further rationale for preferring the three-
group model over the four-group model was that the number of
participants per group was more robust (over the recommended
threshold of 25 participants; [46]) for the three- than the four-
group model. Figure 1, top panel, shows SSQ score separately
for the three groups identified in the LPA and three subscales
corresponding to nausea, oculomotor, and disorientation.

The three-group model classified individuals with a high de-
gree of accuracy. Classification accuracy ranged from 0.933 to

0.966, which is reflected in the relatively high entropy values
in Table 1 (entropy values above 0.80 are considered desirable,
[47]).

The LPA was also conducted using raw intensity rating,
which allows for direct comparisons across symptom subscales.
LPA results using raw intensity ratings were identical to those
using SSQ subscales, presumably due to the fact that symptom
averages are a linear transformation of SSQ subscales. Figure 1,
bottom panel, shows raw intensity rating separately for the three
groups identified in the LPA and three subscales corresponding
to nausea, oculomotor, and disorientation. Visual comparison
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of SSQ scores and raw intensity ratings reveals distinct patterns
across the subscales. Raw intensity ratings facilitate meaning-
ful comparison across subscales, since the scores reflect the av-
erage of the component items on the original 0 (”none”) to 3
(”severe”) scale. In contrast, comparison of SSQ scores across
subscales is biased by the unique multiplicative constant asso-
ciated with each subscale. Subsequent results therefore focus
on raw intensity ratings rather than SSQ subscales. Analysis of
the original SSQ subscales can be found on the Open Science
Framework: https://osf.io/y2ahm/.

As shown in Figure 1, Group 1 (n = 52, or 35.6% of the sam-
ple) was characterized by overall low intensity of nausea, ocu-
lomotor, and disorientation symptoms. Group 2 (n = 64, 44%
of the sample) was characterized by medium intensity of nau-
sea, oculomotor, and disorientation symptoms. Finally, Group
3 (n = 30, 20.3% of the sample) was characterized by over-
all higher nausea, oculomotor, and disorientation. The groups
are therefore labeled as low, medium, and high, although such
names ignore the possibility that differences among symptoms
exist within and across groups. These differences are described
next.

Raw intensity ratings were analyzed using ANOVA to iden-
tify different symptom patterns across the groups identified in
the LPA. Cybersickness symptoms were analyzed in a mixed-
model ANOVA with terms for symptom subscale (nausea, ocu-
lomotor, and disorientation) and group (low, medium, and
high). ANOVA assumptions were satisfied except for the
sphericity assumption, in which case Greenhouse-Geisser cor-
rections were used. Significant main effects of symptom,
F(1.615, 286) = 24.412, p < .001, η2

p = .146, and group, F(2,
143) = 467.697, p < .001, η2

p = .867, were qualified by a signif-
icant interaction between symptom and group, F(3.230, 286) =
11.189, p < .001, η2

p = .135.
In order to better understand symptom patterns for each

group identified by the LPA, paired comparisons of raw inten-
sity ratings were conducted separately by group. For the high
sickness group, oculomotor intensity was greater than disorien-
tation intensity, t(29) = 2.164, p = .039, d = .395. Nausea did
not significantly differ from either oculomotor, t(29) = 0.643,
p = .526, d = .117, or disorientation, t(29) = 0.859, p = .397,
d = .157. For the medium sickness group, nausea was greater
than oculomotor, t(63) = 4.923, p < .001, d = .615, nausea was
greater than disorientation, t(63) = 9.266, p < .001, d = 1.158,
and oculomotor was greater than disorientation, t(63) = 4.481,
p < .001, d = .560. For the low sickness group, nausea was
greater than disorientation, t(51) = 3.500, p < .001, d = .485,
oculomotor was greater than disorientation, t(51) = 3.810, p <
.001, d = .528, but nausea and oculomotor did not differ, t(51)
= .768, p = .446, d = .107.

Final FMS (i.e., the final FMS value recorded upon end-
ing VR exposure) and VR exposure time were also compared
across LPA groups. Means and standard deviations are reported
in Table 2. For FMS, the main effect of group was significant,
F(2, 143) = 41.987, p < .001, η2

p = .370. The low group had
lower FMS scores than the medium group, t(114) = 6.928, p <
.001, d = 1.293, and the medium group had lower FMS scores
than the high group, t(92) = 2.774, p = .007, d = 0.614. Final

FMS correlated significantly with all SSQ symptom subscales
(nausea: r(144) = .630, p < .001; oculomotor: r(144) = .476,
p < .001; disorientation: r(144) = .523, p < .001). For expo-
sure time, the main effect of group was significant, F(2, 143) =
10.934, p < .001, η2

p = .133. Participants in the low group had
longer exposure time than the medium group, t(114) = 2.987, p
= .003, d = 0.558, and the medium group had longer exposure
than the high group, t(92) = 2.025, p = .046, d = 0.448. Expo-
sure time correlated significantly with all SSQ symptom sub-
scales (nausea: r(144) = -.418, p < .001; oculomotor: r(144) =
-.320, p < .001; disorientation: r(144) = -.325, p < .001). A chi-
square test revealed a significant difference across groups in the
number of participants who were able to complete the full 20
minute exposure, χ2(2) = 31.773, p < .001, V = .466. Pairwise
follow-up tests indicated that more participants in the low group
completed the full exposure compared to the medium group,
χ2(1) = 11.895, p < .001, V = .320, and that more participants
in the medium group completed the full exposure compared to
the high group, χ2(1) = 9.169, p = .002, V = .312.

Cross-group comparisons were conducted to further exam-
ine differences in group composition (see Table 2 for means
and standard deviations). A chi-square test revealed a signif-
icant difference in gender composition across groups, χ2(2) =
13.492, p = .001, V = .304. Pairwise follow-up tests indicated
that the low group was composed of fewer female participants
compared to the medium and high groups (low-medium, χ2(2)
= 7.532, p = .006, V = .255; low-high: χ2(2) = 11.824, p <
.001, V = .380), but that the medium and high groups did not
differ. A chi-square test revealed a marginally significant differ-
ence in VR experience across groups, χ2(2) = 5.721, p = .057,
V = .198. Pairwise follow-up tests indicated that the high cy-
bersickness group had fewer participants with VR experience
compared to the low and medium groups (low-high, χ2(2) =
5.832, p = .016, V = .267; medium-high: χ2(2) = 5.246, p =
.022, V = .236), but that the low and medium groups did not
differ, χ2(2) = 0.059, p = .808, V = .023. The three groups
significantly differed in video game hours per week, F(2,143)
= 4.055, p = .019, η2

p = .054, with the medium group reporting
fewer video game hours compared to the low group, t(114) =
2.909, p = .004, d = 0.543, and the high group, t(92) = 2.222, p
= .029, d = 0.492. The groups significantly differed in VIMSSQ
score (measuring history of visually-induced motion sickness),
F(2,143) = 7.146, p = .001, η2

p = .091. The low group had
lower VIMSSQ scores than the medium group, t(114) = 2.204,
p = .030, d = 0.411, and the medium group had lower VIMSSQ
scores than the high group, t(92) = 2.097, p = .039, d = 0.464.
The groups also significantly differed in MSSQ score (measur-
ing history of motion sickness), F(2,142) = 6.925, p = .001,
η2

p = .089. The low group had lower MSSQ scores than the
medium group, t(113) = 2.622, p = .010, d = 0.491, and the
high group, t(80) = 3.920, p < .001, d = 0.899. The medium
and high groups did not significantly differ in MSSQ, t(91) =
1.434, p = .155, d = 0.318. A chi-square test indicated that
there was no difference in the distribution of Quest and Quest 2
headsets across groups, χ2(2) = 1.266, p = .531, V = .093.

Raw intensity ratings were also compared across symptoms
without regard to group membership, in order to characterize
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Table 2. Descriptive statistics for the three groups identified through LPA. Percentages are reported for categorical variables; means and stan-
dard deviations are reported for continuous variables. Superscript letters indicate statistical significance evaluated through post-hoc tests, where
different letters indicate a statistically significant difference.

Grp Women VR exp VG hrs VIMSSQ MSSQ SSQ Total FMS (0-10) Time (min) Full time

Low 30.8%a 17.3%a 25.42 (23.63)a 2.50 (2.25)a 7.62 (7.33)a 16.54 (1.49)a 3.48 (2.98)a 17.88 (4.25)a 80.8%a

Med 56.3%b 15.6%a 14.73 (15.77)b 3.39 (2.09)b 12.37 (11.23)b 64.54 (2.69)b 6.63 (1.89)b 15.16 (5.34)b 45.3%b

High 70.0%b 0.0%b 25.57 (31.61)a 4.43 (2.56)c 16.03 (12.14)b 95.40 (5.37)c 7.72 (1.45)c 12.89 (4.46)c 13.3%c

the overall and relative symptom severity after playing a VR
game. A repeated-measures ANOVA with symptom subscale
as the independent variable revealed a significant main effect
of symptom, F(1.561, 226.378) = 33.333, p < .001, η2

p = .187.
Nausea intensity (M = .81, SD = .55) was significantly higher
than oculomotor intensity (M = .68, SD = .51), t(145) = 3.515,
p < .001, d = 0.291, which was significantly higher than dis-
orientation intensity (M = .55, SD = .45), t(145) = 5.853, p <
.001, d = 0.484.

Finally, cybersickness was compared between the Quest and
Quest 2 headsets. Raw intensity ratings did not differ signif-
icantly between headsets for nausea, t(144) = .381, p = .704,
d = 0.064, oculomotor, t(144) = .711, p = .478, d = 0.119,
or disorientation, t(144) = .331, p = .741, d = 0.055. FMS
ratings also did not differ significantly between the two head-
sets, t(144) = .033, p = .974, d = 0.006. Means and stan-
dard deviations can be found on the Open Science Framework:
https://osf.io/y2ahm/.

6. Discussion

LPA revealed three groups that differed in overall symptom
severity (high, medium, and low) as well as symptom pat-
tern. The medium-sickness group experienced more nausea
than oculomotor, whereas the high-sickness and low-sickness
groups experienced similar intensities of nausea and oculomo-
tor symptoms. Disorientation was lower than oculomotor for all
three groups. The finding that there exist three groups of people
(not one, two, or four groups) with distinct symptom intensities
and profiles is novel. Further, the intensity of symptoms experi-
enced by the high group was 5 to 9 times larger (depending on
the symptom) than that experienced by the low group. Whereas
prior work on individual differences [23, 17, 20, 21, 22, 19] has
typically focused on overall sickness intensity (e.g., by aggre-
gating across symptoms or using single-item measures of sick-
ness), these findings identify distinct individual experiences in
symptom patterns.

The finding that groups of individuals experience different
symptom profiles indicates that different people may benefit
from distinct cybersickness mitigation measures. Common cy-
bersickness mitigation tools include field of view restriction
[40, 48, 16, 39, 42], static rest frames to provide a stable region
within the visual scene [49] (but see [50]), and using the teleport
interface [37, 38, 51, 52], whereby users are discretely reposi-
tioned without intermediate visual motion. The effect of these
mitigation tools on specific symptoms warrants further explo-
ration (most studies report only the effect on total sickness, not
specific symptoms), but initial evidence indicates that disorien-

tation, nausea, and oculomotor symptoms are not equally af-
fected [40]. Ideally, cybersickness mitigation tools would be
selected to match the user’s specific needs based on symptom
profile.

Characteristics of group members varied across groups. The
high sickness group contained the most women, followed by
the medium and low sickness groups. This is consistent with
prior reports that women experience greater cybersickness than
do men [17, 18, 19]. The groups also differed in VR experi-
ence and video game experience. VR experience was some-
what uncommon among the low and medium groups, but the
high sickness group included no individuals with VR experi-
ence. Although the difference in prior VR experience between
groups was marginal, it may reflect differences in adaptation to
VR among members of the low and medium sickness groups
[53, 32], or avoidance of VR among members of the high sick-
ness group. Men are more likely than women to own VR head-
sets, but the difference in VR experience in the current study
is not entirely attributable to gender differences, since 7 of the
19 participants who reported prior VR experience identified as
female. Group differences also existed in video game hours
per week, although the pattern did not logically follow the idea
that those who play video games more would experience lower
cybersickness [24, 54, 55] (but see [56]). Rather, the medium
group reported fewer video game hours than the low and high
groups, which did not differ. Future work might generate deeper
insights by exploring the types of video games played [57] and
the size and type of display used when gaming. VR games
designations such as ”Comfortable,” ”Moderate,” or ”Extreme”
could be examined in future work to see whether these labels
affect membership in the LPA groups. MSSQ and VIMSSQ
scores, reflecting history of motion sickness and screen-based
sickness, respectively, both directly mapped onto group mem-
bership (i.e., scores were highest among the high sickness
group, lowest among the low sickness group, and medium in
the medium sickness group). Collectively, these differences in
group composition reflect many of the factors known to influ-
ence individual susceptibility to cybersickness [17, 54, 27, 31].
Ideally, a person’s group membership could be predicted based
on survey data, prior to the experience of potentially high lev-
els of cybersickness. Knowing group membership would be
useful for predicting overall symptom intensity as well as rel-
ative symptom profile. If such prediction were possible, then
appropriate VR experiences and cybersickness mitigation tools
could be offered, which seems like a promising direction for fu-
ture work. Furthermore, future work should explore causal ex-
planations behind the relationships identified between individ-
ual characteristics and cybersickness. Individual characteristics
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can be difficult or impossible to manipulate, so researchers will
need to rely on converging methodologies including experimen-
tal and longitudinal research.

Cybersickness research is shaped by the chosen measures.
The SSQ [5] has been criticized on multiple levels, including
the sample and stimuli used to generate the original data, as
well as statistical issues around the factor analysis [6, 7]. Most
relevant to the current project is that scores on the SSQ sub-
scales reflecting nausea, oculomotor, and disorientation cannot
be directly compared to one another because they are multiplied
by different constants (see Section 2.1). To get around this is-
sue, raw intensity ratings were computed by averaging the items
that comprise each SSQ subscale, which also preserves the 0-
3 rating scale. Visual inspection of the two panels in Figure 1
shows that the two scoring methods lead to different patterns
of symptom intensity. For example, raw intensity ratings show
that the medium sickness group experienced nausea more in-
tensely than oculomotor, and oculomotor more intensely than
disorientation (N >O >D). SSQ scores reverse the order of dis-
orientation and oculomotor (N > D > O), but this is an artifact
of multiplying SSQ subscales by the recommended constants,
which shifts the true pattern of symptom intensity across sub-
scales, leading to erroneous conclusions. For this reason, we
recommend that future investigations of symptom-specific ex-
periences of cybersickness avoid using SSQ scores to compare
symptoms.

Some cybersickness studies have reported that severity of
disorientation > nausea > oculomotor [8, 58, 32, 48, 59] when
data are averaged across all participants. However, this pattern
is at least partially driven by the multiplicative constants that
are used when calculating SSQ subscales. Comparing raw in-
tensity ratings in the current study revealed that the intensity of
nausea > oculomotor > disorientation. More importantly, the
finding that groups of participants exist with distinct symptom
profiles indicates that an aggregate symptom profile, averaged
across all participants, provides an incomplete description of
cybersickness.

Details of the VR exposure likely influenced the pattern and
intensity of symptoms observed in this study. Cybersickness
was induced by playing a VR game with joystick locomotion,
viewed on a Quest or Quest 2 headset. Gaming content and
joystick locomotion are both associated with greater overall
sickness [59, 60], and head-mounted displays cause vergence-
accommodation conflict that influences oculomotor discomfort
[59]. Other types of VR content and VR displays may in-
duce distinct symptom patterns and result in distinct conclu-
sions about individual differences.

Sickness did not differ between the Quest and Quest 2 head-
sets, despite technological differences between the two head-
sets. Past research indicates that headset frame rate [61] and
resolution [62], factors that differed between the two headsets,
are causally related to cybersickness. In one prior study [62],
cybersickness was measured under four resolution conditions.
Sickness in the lowest resolution condition was greater than in
all other resolution conditions. However, the second-lowest res-
olution condition in that study included 2.6 times more pixels
than the lowest resolution condition (the other two conditions

were 6.9 and 11.2 times the lowest resolution condition). In
contrast, the Quest 2 pixel count is 0.52 times that of the Quest,
which may have been too small a difference to measurably af-
fect cybersickness. In another study [61], cybersickness was
measured with a headset running at 60, 90, 120, or 180 frames
per second (fps). The only significant differences occurred be-
tween 120 and 60 fps in study 1 and between 180 and 60 fps
in study 2. The Quest and Quest 2 frame rates are 72 and 90
fps, respectively, and this difference may have been too small
to measurably affect cybersickness.

7. Limitations

This study used a consumer VR game to induce cybersick-
ness, and this decision has advantages and disadvantages that
affect interpretation of the findings. The primary advantage is
that the stimulus is high in ecological validity: the game can
be downloaded and played by Quest headset owners, and there-
fore represents an experience that closely compares to the ex-
periences of VR users. A disadvantage is the lack of control
over the stimulus. Participants had autonomy over how they
moved (e.g., fast or slow locomotion) and where they traveled
in the virtual environment. For example, one participant may
have moved full-speed through the environment, generating lots
of optic flow and quickly experiencing sickness, whereas an-
other user might have used more careful and controlled move-
ments to limit the stimulus intensity. Furthermore, a user who
played the full 20 minutes would typically progress farther in
the game than a user who dropped out after 5 minutes, and
therefore would be exposed to additional parts of the game
and environment. In fact, LPA group was significantly related
to VR exposure time (low sickness group > medium sickness
group > high sickness group). That is, participants who expe-
rienced greater cybersickness also withdrew from VR earlier.
A more tightly controlled experiment could ensure more sim-
ilar experiences across individuals. A small environment that
can be quickly explored coupled with a repetitive task would
ensure that most or all participants would experience the en-
tire virtual world. Passive movement through the scene would
further ensure consistency of the stimulus intensity. However,
passive exposure to repetitive stimuli could also create addi-
tional confounding variables, such as boredom for those who
stay longer in VR. Whether the latent groups identified in the
current study might actually reflect differences in movement or
exploration within the environment, which in turn might affect
cybersickness symptoms, can only be answered through future
work in which movement is recorded. It would also be impor-
tant to distinguish whether individual differences in movement
cause differences in cybersickness, or whether individual differ-
ences in cybersickness cause compensatory changes in move-
ment. Movement was not recorded in the current study, yet
the correspondence between the individual differences identi-
fied in the LPA (e.g., gender and history of motion sickness)
and those identified using more tightly controlled visual stimuli
[27, 54, 18] suggests that the LPA groups largely reflect char-
acteristics of the person.

Another limitation to the study is the population from which
participants were sampled. Recruitment of undergraduate psy-
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chology students at a Midwestern university in the United
States led to a limited age range that was younger than the typ-
ical VR user [2]. Age has been identified as an individual char-
acteristic that may influence cybersickness [59]. Racial and eth-
nic diversity was also limited in this sample, and some evidence
points to this as a predictive factor for cybersickness [63].

Another notable deficiency in the sample is that there were
very few men (5.5%, compared to 46.6% of women) who re-
ported 5 or fewer hours of gaming per week. Expanding this
group in future research could reveal the relative impacts of
gender and gaming experience on cybersickness.

8. Conclusions

Research on individual differences in cybersickness has typi-
cally focused on overall sickness intensity, but a detailed under-
standing should include whether individuals differ in the rela-
tive intensity of cybersickness symptoms. In this study, LPA
revealed three groups with distinct experiences of cybersick-
ness. These groups differed in overall sickness intensity as well
as relative intensities of disorientation, nausea, and oculomo-
tor symptoms. Characteristics of members also differed across
groups, reflecting individual differences in the experience of
cybersickness. These findings identify distinct individual dif-
ferences in symptom patterns that go beyond overall sickness
intensity, enabling future cybersickness interventions personal-
ized to the individual user.
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