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ABSTRACT
We present a remote longitudinal experiment to assess the effectiveness of a common motion sickness conditioning technique (MSCT),
the Puma method, on cybersickness in VR. Our goal was to evaluate benefits of conditioning techniques as an alternative to visual
cybersickness reduction methods (e.g., viewpoint restriction) or habituation approaches which "train" the user to become acclimatized
to cybersickness. We compared three techniques - habituation, the
Puma method conditioning exercise, and a placebo (Tai Chi) - in a
cybersickness-inducing navigation task over 10 sessions. Preliminary results indicate promising effects.
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INTRODUCTION

Cybersickness commonly occurs in viewing immersive VR with a
head-mounted display (HMD) while stationary, and navigating the
virtual environment using a method that does not generate physical
motion cues (e.g., joystick-based steering) [2]. Various techniques
to reduce cybersickness have been developed. Common approaches
like viewpoint snapping [2], and field of view (FOV) restriction
[3, 10] tend to change the nature of the experience and could limit
the creative choices of the system designer. Such techniques alter
the users’ view of the scene, which could affect user presence and
performance, ultimately degrading the quality of VR experiences.
Habituation, repetitive exposure to a stimulus, is an alternative
that has shown to work on reducing cybersickness [4]. Similarly,
conditioning exercises have also been shown to be effective for
reducing motion sickness [5]. Motion sickness and cybersickness
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have similar symptoms and causes; thus, techniques that treat motion sickness may also work on cybersickness [9]. We study MSCTs
and their potential in reducing cybersickness.
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EXPERIMENT

We conducted a longitudinal study evaluating the use of a MSCT
- the Puma method [7] - compared to habituation and a placebo.
The workout conditions users through gradual exposure to motion
sickness-inducing activities. This workout uses two conditioning
exercises, the "spiral" and the "figure eight". There is little empirical
evidence supporting claims of its effectiveness in treating cybersickness [6]. Experts have anecdotally suggested its effectiveness
in treating motion sickness due to desensitization, despite the unavailability of multicentre trials of this method [5]. We thus employ
the Puma method in an experiment to assess its effectiveness in
conditioning participants to experience less cybersickness.
We recruited 12 participants aged 28 to 40 years old (mean age 34,
6 male and 6 female). Participants were divided into three groups:
• Group 1: Habituation (n=4, 2 male, 2 female): a control group,
who experienced VR without any intervention as a baseline
• Group 2: Placebo (n=4, 2 male, 2 female): experienced a placebo
workout (Tai Chi) and the VR experience. Tai Chi was chosen
due to its reputation as a meditative treatment, while the
only proven effect of Tai Chi is reducing tension headaches
through long repetitive exposures for 15 weeks (30+ sessions)
[1]. To eliminate any actual effects, the chosen exercises were
basic and introductory to Tai Chi rather than actual training.
• Group 3: Puma (n=4, 2 male, 2 female): Used the Puma conditioning method, and the VR experience
Two groups conducted two short (∼15 min) sessions per day
for 10 days. Each session included a treatment (i.e., conditioning
exercise or a placebo) and a VR session. The third (habituation,
i.e., control) group completed one VR session per day, with no
other treatment. We hypothesized that by the end of the study,
participants exposed to MSCT would experience lower simulator
sickness questionnaire (SSQ) scores [8] and lower nausea scores
than those exposed to habituation or the placebo.
Due to the ongoing COVID-19 pandemic, we conducted the
study remotely using the participant’s mobile phone and a Google
cardboard sent by mail. The study employed a between-subjects
longitudinal single-blind placebo-controlled design. There were
two independent variables:
• Conditioning Technique: Habituation, Placebo, Puma
• Session: 1, 2, ... 10
Conditioning technique was assigned between-subjects, while
session was assigned within-subjects. The dependent variables
included total SSQ scores (Cybersickness level), and nausea scores.
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Figure 1: Comparison among the total SSQ and Nausea scores (mean) as a function of session number among the three groups
and their trendlines respectively. Lower score is better
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PRELIMINARY RESULTS

We calculated Total SSQ scores for a session by subtracting the
pre-test SSQ from the post-test SSQ scores, giving the difference
in SSQ scores from the start to end of the session (i.e., how much
participant’s sickness levels increased due to VR exposure). This
calculation gives the total scores seen in Figure 1-a.
The Puma group experienced the largest decrease in total SSQ
scores compared to the other two conditions (mean SSQ 75 in
session 1, down to 14 by session 10). See Figure 1-a. In contrast,
the habituation group’s SSQ scores decreased from 60 in session 1
to 32 by session 10. The placebo group was surprisingly lower, but
experienced little change in total SSQ over the course of the study,
starting at around 21.51, and ending at around 16.83 by session 10.
Repeated measures ANOVA revealed the effect of conditioning technique on SSQ was *not* statistically significant (F 2,9 =
1.035, p > .05), while the effect of session was (F 9,81 = 6.125, p <
.0001). Moreover, the trial × group interaction effect was statistically significant (F 18,81 = 2.224, p < .01), which suggests that
although there was no global difference between conditioning techniques, their improvement rates were different. We plotted linear
regressions of SSQ over session in Figure 1-a. A cross-over effect
is evident at around session 6, and then around session 9. In both
cases, the Puma method eventually yielded lower SSQ scores than
either the placebo or habituation groups.
We also averaged nausea scores taken every 2 min per session.
See Figure 1-b. Average nausea scores indicate the overall tendency
of nausea scores to decrease with session. The Puma group again
had the largest decrease in nausea scores (from 5.96 to 2.68) over
the 10 sessions, compared to the other two conditioning techniques
(3.86 to 2.75 for habituation, and 2.93 to 2.57 for placebo). Again,
the placebo group exhibited the lowest overall nausea scores.
Repeated measures ANOVA, treating conditioning technique as
a between-subjects factor, and both session and measurement number (nausea score 1 through 7 for a given session) as within-subjects
factors revealed that conditioning technique was not statistically
significant (F 2,9 = 2.4, p > .05), while the effect of session was
(F 9,81 = 3.6, p < .0001). Neither of the two-way interaction effects for session × group (F 18,81 = 1.3, p > .05) nor session ×
measurement (F 9,54 = 1.14, p > .05) were statistically significant.
However, and likely most importantly, there was a significant 3way interaction effect between conditioning technique, session,
and measurement number (F 108,486 = 1.3, p < .05). Overall, this
suggests that there was little difference in nausea scores between

conditioning techniques, but the rate of change of nausea scores in
each session varied by conditioning technique.
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CONCLUSION AND FUTURE WORK

We conducted a single-blind placebo-controlled longitudinal remote
study to evaluate a conditioning workout usually used for motion
sickness in treating cybersickness. We compared this workout to
habituation by regular exposure. Despite our relatively small sample
size, our results suggest that there is some merit in using motion
sickness conditioning methods in reducing cybersickness. We note
that despite including only 12 participants, our analysis employed
longitudinal data, including 120 VR exposure sessions (approx. 30
total hours of VR exposure) and 80 treatment sessions in total.
However, further evaluation with a larger participant pool will
better generalize our findings, and confirm the effects observed in
this study. While the trendlines seen in our results show promise,
they must be verified.
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