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Visually induced motion sickness (VIMS) is a well-known side-effect in virtual environments or simu-
lators. However, effective behavioral countermeasures against VIMS are still sparse. In this study, we
tested whether music can reduce the severity of VIMS. Ninety-three volunteers were immersed in an
approximately 14-minute-long video taken during a bicycle ride. Participants were randomly assigned to

K?yword.?: o one of four experimental groups, either including relaxing music, neutral music, stressful music, or no
Visually induced motion sickness ; ; : ; : : :

Musi music. Sickness scores were collected using the Fast Motion Sickness Scale and the Simulator Sickness
Coli;l;ermeasures Questionnaire. Results showed an overall trend for relaxing music to reduce the severity of VIMS. When

factoring in the subjective pleasantness of the music, a significant reduction of VIMS occurred only when
the presented music was perceived as pleasant, regardless of the music type. In addition, we found a
gender effect with women reporting more sickness than men. We assume that the presentation of

Motion sickness
Simulator sickness

pleasant music can be an effective, low-cost, and easy-to-administer method to reduce VIMS.

© 2013 Elsevier Ltd and The Ergonomics Society. All rights reserved.

1. Introduction

Motion sickness is a well-known phenomenon not only when
traveling, but also in virtual environments. In the latter case, mo-
tion sickness typically occurs in the absence of real physical motion,
thus, motion sickness in simulators, cinemas, video-games, or vir-
tual reality is usually referred to as being visually induced. Typical
symptoms during an acute phase of visually induced motion sick-
ness! include, but are not limited to, pallor, cold sweat, dizziness,
disorientation, fatigue, or nausea.

The genesis of VIMS is not fully understood. Arguably the most
prominent explanation for VIMS is described by the sensory conflict
theory (Reason, 1978; Oman, 1990). Following this approach, a
mismatch between or within the visual, vestibular, and/or the
proprioceptive system is the origin of VIMS. For instance, users of
fixed-base driving or flight simulators frequently experience the
illusion of self-motion—so-called vection (see Hettinger, 2002; for
an overview)—although they remain physically unmoved. Thus,
the signals delivered by the visual system (indicating vection) and
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the vestibular organs (indicating the observer’s veridical, stationary
position) are at variance with each other. If this visual-vestibular
mismatch is unfamiliar to the user VIMS might occur as a poten-
tial side-effect. Note that for good reasons, the sensory conflict
theory has been discussed controversially over the past years.
Alternative approaches include the sensed vertical hypothesis (Bles
et al, 1998), the postural instability hypothesis (Riccio and
Stoffregen, 1991), or the eye-movement theory (Ebenholtz, 1992).
Unfortunately, none of these theories is capable of explaining all
nuances of the multi-faceted nature of VIMS, hence, the precise
genesis of VIMS still remains ambiguous.

Despite the lack of a profound theory, several countermeasures
against motion sickness and VIMS do exist. A variety of drugs have
been tested over the past years (for an overview see Sherman,
2002; Shupak and Gordon, 2006), and two drug classes have
gained special popularity, namely antihistamines and anticholin-
ergics (Hoyt et al., 2009). Antihistamines (e.g. meclozine, cyclizine,
or promethazine) are designed to inhibit histaminergic H-receptors
and might affect the H1-receptors in the vestibular nuclei (Golding,
2006). In contrast, the purpose of anticholinergic substances is to
block muscarinic receptors in the brain and to subdue the input
from the vestibular organs to the vestibular nuclei. Currently,
scopolamine is probably the most common anticholinergic medi-
cation used against motion sickness (Murray, 1997; Sherman,
2002). Although medical drugs can reliably reduce motion sick-
ness, serious temporary side-effects — such as drowsiness, fatigue,
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or cognitive impairment — frequently occur and pose a serious limit
to the application of anti-motion sickness drugs. Note that most
drugs have been designed to ease classical, travel-related motion
sickness. It remains uncertain whether such drugs can also be
assessed to successfully diminish VIMS. For instance, Furman and
Marcus (2009) showed that rizatriptan—a tryptamine-based drug
used to treat migraine—can reduce classical motion sickness but is
less effective in preventing VIMS.

Additionally, several behavioral techniques have been intro-
duced in the past to counteract both motion sickness and VIMS. The
most efficient method to prevent VIMS is adaptation or habituation,
respectively. VIMS typically subsides in most people with repeated
exposure to the same nauseating stimuli (Cowings and Toscano,
2000; Young et al.,, 2003; Cheung and Hofer, 2005). Although
some behavioral techniques have delivered promising results, they
come at a price or may be impractical in many situations. For
instance, adaptation to VIMS is very time-consuming and cost-
intensive, hence, it is not the method of choice in many cases.

Yen Pik Sang et al. (2003a) highlighted the role of music as a
potential countermeasure against classical motion sickness that
does not have the disadvantages outlined above. The authors asked
their participants to perform head movements in off-vertical di-
rections during full-body rotation along the earth-vertical yaw-
axis. This procedure typically causes Coriolis effects and is known to
be highly nauseating. Relaxing background music turned out to
significantly prolong the onset time of motion sickness compared
to a control group that did not listen to music. However, several
questions were left unanswered. The authors used physical
movement to create motion sickness, but did not focus on VIMS.
Also, the music was only introduced after the onset of sickness
symptoms. This could have been later than optimal, as motion
sickness can rapidly increase once the first signs appear. Further-
more, the authors analyzed the onset delay of MS rather than its
magnitude. Finally, the effect of several types of music and the
relation between the music’s pleasantness and its effect on VIMS
has not been addressed.

Thus, the aim of the present study was to determine the effec-
tiveness of different music types as suitable countermeasures
against VIMS. We exposed our participants to a nauseating video of
a bicycle ride and either added relaxing (instrumental music),
neutral (mainstream pop music), or stressful music (fast speed
electronic music). A control group received no music. We assumed
that relaxing music would effectively reduce the severity of VIMS
compared to stressful or no music. Additionally, gender was added
as further factor as previous research showed higher VIMS-reports
for women compared to men (Flanagan et al., 2005; Klosterhalfen
et al., 2005).

2. Methods
2.1. Participants

All participants gave written consent to their participation prior
to the experiment and assured to be in a normal state of health. Two
participants were eliminated from data analyses due to severely
increased sickness scores prior to the beginning of the testing
(measured by the simulator sickness questionnaire, SSQ; Kennedy
et al, 1993). Thus, 50 female (Mage = 24.16, SDage = 4.40) and 43
male (Mage = 25.72, SDage = 5.17) young adults were randomly
assigned to one of the four experimental groups (see also Table 3). All
subjects had normal or corrected-to-normal vision and were naive
with respect to the purpose of the study. The stimuli were admin-
istered in accordance with the Declaration of Helsinki to ensure
research ethics in human experimentation. Participants were free to
abort the experiment at any time without negative consequences

Table 1
Overview of the chosen songs’ characteristics for each music category.

Music Artist Song Duration BPM
Relaxing Blank and Jones Lullaby (Les Yeux Fermes) 6 min33s 116.39
Blank and Jones City of Angels 4 min 57s 156.10
Elmara Training 4 min 52s  160.22
Neutral  The Overtones Second Last Chance 3min39s 111.99
Avalanche City  Ends In The Ocean/Oh Life 5 min 11s  102.01
Brooke Frasier Coachella 3 min 32s 104.01
Regina Spektor  All The Rowboats 3 min 34s 166.00
Stressful  Crookers Il Brutto (Original Mix) 3 min 56s 130.00
Crookers 11 Brutto (Bloody Beet 4 min 20s  130.10
Roots Remix)
Crookers 11 Buono (Original Mix) 4 min 52s  133.46
Crookers 11 Cattivo (Original Mix) 4 min 53s  136.12

Note. BPM = beats per minute (measured using MixMeister Beat Analyzer, http://
www.mixmeister.com/download-bpmanalyzer.php).

and were rewarded with partial course credit. Twenty participants (4
in the relaxing group, 4 in the neutral group, 5 in the stressful group,
and 7 in the control group) chose to abort the experiment prior to
stimulus offset due to severe sickness or strong discomfort.

2.2. Design, apparatus, and stimuli

We chose a one-factorial between subjects design including the
factor music type (relaxing, neutral, stressful, no music). Gender was
counterbalanced for all groups. The stimuli consisted of a video
(14 min 15 s long) showing a first-person view of a bicycle ride
through the city of Mainz, Germany. The bicycle ride was mainly
performed on a flat terrain, including sequences of even pavement
and cobble stone roads, thus providing a mixture of smooth and
shaky video images. The driver navigated the bicycle through a
crowded area of the city center of Mainz, thus, navigation speed was
moderate, and a number of turns and stops (e.g., caused by traffic
lights) were included. Note that the rider used to create the stimuli
was not a subject in this study. The video was captured with a Sony
video camera, which was mounted on the handle-bars of a bicycle.
Participants were seated in dimly lit room in a height-adjustable
chair 200 cm in front of a 191 cm x 144 cm large screen, resulting
in a field of view of 51° horizontally and 40° vertically. A chinrest
was used to minimize participants’ head movements and was fixed
116 cm above the ground with eye-height adjusted to the center of
the screen. The video had a resolution of 600 x 480 Pixels with a
refresh rate of 60 Hz. Depending on the experimental group, par-
ticipants were either exposed to easy-listening instrumental music,
mainstream pop music, or fast speed electronic music. Prior in-
vestigations among the subjects’ peer group (personal comments)
labeled the chosen songs as relaxing (instrumental music), neutral
(pop music), and stressful (electronic music). Table 1 shows detailed
information regarding the chosen songs. The loudness of each music
style varied between 60 and 70 dB. No music and no other sounds
were presented for the control group. For each music category, the
transitions between songs were blended to avoid noticeably break
points. The last song of each category was shortened and faded out
to correspond to the length of the video.

Table 2

Mean (SD) SSQ-pre scores separated by music type.
SSQ-pre Music type
subscale Relaxing Neutral Stressful No music
Nausea 16.70 (12.66) 17.49 (13.09) 10.73 (11.36) 18.63 (13.98)
Oculomotor 17.69 (13.72) 22.74(16.12) 1548 (14.22) 24.18(16.37)
Disorientation ~ 6.38 (10.84)  8.12(12.93) 8.12(11.55) 11.93(14.12)
Total-score 13.25(8.89) 1543 (10.07) 11.53(9.42) 17.63(11.29)
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Table 3
Mean (SD) peak FMS scores separated by gender and music type.
Music Total
Relaxing Neutral Stressful No music
Sex FMS N FMS N FMS N FMS N FMS N
Male 3.73 (3.29) 11 5.50 (5.60) 12 6.55 (5.80) 1 8.44 (6.48) 9 5.93 (5.44) 43
Female 7.92 (6.09) 13 6.50 (5.37) 12 9.62 (5.62) 13 10.17 (4.22) 12 8.56 (5.42) 50
Total 6.00 (5.35) 24 6.00 (5.39) 24 8.21 (5.79) 24 9.43 (5.23) 21 7.34 (5.56) 93

2.3. Response measures

Visually induced motion sickness was measured in two ways.
Firstly, participants used the fast motion sickness scale (FMS;
Keshavarz and Hecht, 2011) to rate their level of VIMS every minute.
The FMS is a verbal rating scale ranging from 0 (no sickness at all) to
20 (severe sickness) and is designed to capture discomfort and
nausea in particular. Secondly, the simulator sickness questionnaire
(SSQ, Kennedy et al, 1993) — a standardized questionnaire
including 16 items that have to be judged on 4-point Likert scales
(0 = not at all, 1 = slight, 2 = moderate, 3 = severe) — was assessed
once before (SSQ-pre) and once after stimulus presentation. Three
subscales (nausea, disorientation, oculomotor) and to a total-score
can be calculated using pre-defined factor weightings. The SSQ-pre
was used to control for potential group differences prior to the
experiment and to ensure that participants were feeling well at the
outset. Additionally, participants were asked to rate the presented
music on 7-point Likert scales regarding its pleasantness (1 = very
pleasant, 7 = very unpleasant) and its stress level (1 = very relax-
ing, 7 = very stressful). Additionally, we asked the participants
whether they were familiar with the chosen songs to control for
familiarity effects.

2.4. Procedure

Participants were randomly assigned to one of the four experi-
mental groups. All subjects successfully passed a Romberg Test of
vestibular dysfunction and filled in the SSQ-pre questionnaire
before the experiment began. The experimenter verbally asked the
participants to rate their level of sickness every minute during
stimulus presentation by reporting a single score from the FMS
scale. Stimulus presentation was terminated whenever the partic-
ipants wanted to stop due to severe VIMS or when the video
reached its end. The SSQ and the questionnaire including the music
ratings had to be filled in immediately after stimulus offset. Before
leaving the laboratory, all subjects were debriefed and the experi-
menter ensured that the VIMS-related symptoms had subsided.

3. Results
3.1. Music ratings and SSQ-pre scores

The rated stressfulness? of the music (1 = very relaxing, 7 = very
stressful) and its pleasantness (1 = very pleasant, 7 = very un-
pleasant) reflected the intended valence of the music. The average
stress ratings for the relaxing music (M = 1.88, SD = 1.33), the
neutral music (M = 3.42, SD = 1.44), and the stressful music
(M = 6.17, SD = 1.01) matched our expectations. A non-parametric
test (Kruskall-Wallis) revealed a significant difference between all

2 Regrouping of participants with respect to the level of stressfulness (i.e., di-
chotomy labeled as stressful or non-stressful) did not deliver significant differences
regarding the severity of VIMS. Thus, the level of stressfulness will not be further
discussed here.

three groups, H(2) = 46.31, p < .001. The pleasantness ratings for
the relaxing music (M = 2.29, SD = 1.20), the neutral music
(M = 2.38, SD = 1.28), and the stressful music (M = 5.33, SD = 1.50)
showed a similar pattern. Again, a non-parametric test (Kruskall—
Wallis) revealed significant differences between the groups,
H(2) = 35.61, p < .001. However, the relaxing and the neutral music
showed no differences regarding their pleasantness (Mann—
Whitney, p = .983). There were no gender differences regarding the
music ratings (Mann—Whitney, pleasantness p = .762; stressful-
ness p = .736). And only 4 of the 93 participants were familiar with
some of the chosen songs, thus we assume that familiarity can be
neglected as a potential confound.

No differences regarding the SSQ scores prior to stimulus onset
occurred (see Table 2). A one-way ANOVA including the between-
subjects factor music type revealed no significant differences for
the SSQ subscales nausea, F(3, 89) = 1.783, p = .156, oculomotor,
F(3, 89) = 1.703, p = .172, disorientation, F(3, 89) = .789, p = .503,
and the SSQ total-score, F(3, 89) = 1.609, p = .193.

3.2. Role of music type

A priori significance level was set to a = .05 for all analyses. A 4
[music type (relaxing, neutral, stressful, no music)] x 2 [gender
(male, female)] multivariate ANOVA3 was calculated on the peak
FMS-scores (the highest FMS score reported during stimulus pre-
sentation), the SSQ sub-scores for nausea (SSQ-N), disorientation
(SSQ-D), and oculomotor (SSQ-0), and the SSQ total-score (SSQ-TS).
Participants who aborted the experiment prior to stimulus offset
were included in the data analysis although they might have received
even higher scores had the stimulus exposure continued. The mean
peak FMS-scores are presented in Table 3, and the SSQ-scores are
depicted in Fig. 1. As expected, Pearson correlations were high and
significant between the peak FMS scores and the SSQ subscales
nausea (r = .76, p < .001), oculomotor (r = .64, p < .001), disorien-
tation (r =.52, p < .001), and the SSQ total score (r =.71, p < .001).

A non-significant trend for music type showed for the peak FMS
scores, F(3, 85) = 2.277, p = .097, npz = .071, but not for the SSQ
scores (ranging from p = .126 to p = .446). A significant effect of
gender occurred for the FMS score, F(1, 85) = 4.941, p = .029,
npz =.055, as well as the SSQ sub-scores nausea, F(1, 85) = 6.436,
p = .013, npz = .070, oculomotor, K1, 85) = 4.694, p = .033,
np2 = .052, and the SSQ total-score, F(1, 85) = 4.331, p = .040,
npz = .048. The SSQ sub-scale disorientation, F(1, 85) = 2.588,
p = .111, npz = .030 and the interaction between music type and
gender were not significant.

A repeated-measures ANOVA including the within-subjects fac-
tor time and the between-subjects factors gender and music type
was calculated to analyze the time-course of the peak FMS-scores
minute by minute (Fig. 2). Participants who aborted the

3 Note that the FMS and SSQ scores were not normally distributed (Shapiro—
Wilk, p < .05). However, due to the MANOVA’s robustness against violations of the
normality assumption (see Finch, 2005), we preferred to assess parametric tests.
Nonparametric tests were performed as well and revealed similar results.
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Fig. 1. Mean SSQ scores for the sub-scales nausea (SSQ-N), oculomotor (SSQ-0), disorientation (SSQ-D) and the total score (SSQ-TS) after stimulus offset for each music category. The
left panel shows the results for female participants, whereas the right panel depicts the results for the male subjects. Error bars indicate SEM.

experiment prior to stimulus offset were not excluded from data
analysis, instead, the last FMS score reported before drop-out was
continuously implemented for the following time slots. For instance,
if a participant terminated the experiment after 10 min with a FMS
score of 18, the same score was inserted for the remaining 4 min.
Results (Huynh—Feldt corrected, ¢ = .176) showed a significant effect
of time, indicating increased VIMS scores with prolonged stimulus
duration, F(14, 1190) = 68.342, p < .001, npz = .446. Additionally, a
significant interaction for time and gender, F(14, 1190) = 4.902,
p =.005, np2 =.055, and a non-significant trend for time and music
type showed, F(14, 1190) = 1.914, p = .065, npz =.063.

3.3. Role of music pleasantness

As the subjective pleasantness ratings did not vary for relaxing
and neutral music, we restructured our data based on the pleas-
antness ratings. By way of a median split, we divided our subjects
into two separate groups, one group that rated the presented music
as pleasant (pleasantness scores 1—3) and one that rated the music
as unpleasant (pleasantness scores 4—7). The distribution of par-
ticipants based on their pleasantness ratings for each music type is
given in Table 4.

A 3 [music pleasantness (pleasant, unpleasant, no music)] x 2
[gender (male, female)] multivariate ANOVA was calculated for the
peak FMS score and the SSQ scores. The mean SSQ scores are shown
in Fig. 3 and the mean peak FMS scores are presented in Fig. 4. The
MANOVA revealed a significant effect of music pleasantness for all
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0 —T 7777771
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independent measures, including the peak FMS score, K2,
87)=6.485,p =.002, np2 =.130 and the SSQ sub-scores nausea, F(2,
87) = 3.379, p = .030, npz = .053.,oculomotor, F(2, 87) = 4.432,
p = .015, np2 = .072, disorientation, F(2, 87) = 3.523, p = .034,
npz = .075, and the SSQ total-score, F(2, 87) = 3.921, p = .023,
npz =.083. Additionally, a significant effect of gender showed for the
peak FMS score, F(1, 87) = 5.703, p = .019, npz =.062, the SSQ sub-
scores nausea, F(1,87) = 6.559, p = .012, npz =.070, oculomotor, (1,
87) = 5.772, p = .018, np2 = .062, and the SSQ total-score, F(1,
87) = 4.848, p = .030, np2 =.053. The SSQ sub-scale disorientation,
F(1, 87) = 3.065, p = .084, npz = .034, as well as the interaction
between music pleasantness and gender were not significant.

A repeated-measures ANOVA including the within-subjects fac-
tor time and the between-subjects factors gender and music
pleasantness was calculated to analyze the time-course of the peak
FMS-scores minute by minute (Fig. 2). Results (Huynh—Feldt cor-
rected, ¢ = .177) showed a significant effect of time, F(14,
1218) = 75.440, p < .001, npz = .464. Additionally, a significant
interaction for time and gender, F(14, 1218) = 5.120, p = .004,
npz = .056, and time and music pleasantness showed, F(14,
1218) = 4.049, p = .002, np2 = .085.

4. Discussion

The purpose of our study was to determine the role of music as a
potential countermeasure against VIMS. Our results indicated that
music can indeed act as an efficient tool to reduce the severity of

FMS score (0-20)
(921
L

o 1 2 3 4 5 6 7 8 9

Time (min)

10 11 12 13 14

Fig. 2. Time-course for the mean FMS scores reported during stimulus presentation. The left panel shows the time-course for each music type, while the right panel depicts the

time-course with respect to music pleasantness. Error Bars indicate SEM.
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Table 4
Number of participants separated by pleasantness rating and music type.
Pleasantness Music type Total
Relaxing Neutral Stressful No music
Pleasant (0—3) 22 19 2 — 43
Unpleasant (4—7) 2 5 22 — 29
Total 24 24 24 21 93

VIMS. We chose three different types of background music during
exposure to a VIMS-provoking stimulus, that is relaxing instru-
mental music, neutral mainstream pop music, and stressful elec-
tronic music. Relaxing music tended to reduce VIMS, whereas
stressful music did not. However, this result missed statistical sig-
nificance, as it was modulated by the pleasantness of the music. In
other words, participants who perceived the presented music as
pleasant — regardless of the music type — reported significantly less
VIMS. This result is in line with the findings of Yen Pik et al. (2003a)
who reported prolonged onset times for motion sickness when
their participants were exposed to a music audiotape that “was
claimed by the manufacturer to reduce motion sickness” (p. 109).
Note that sound in general is not an appropriate countermeasure
against VIMS, as realistic background sound (e.g. engine sound,
traffic noise etc.) did not affect the severity of VIMS in other studies
(Dahlman et al., 2008; Keshavarz and Hecht, 2012a, 2012b). Hence,
music sets itself apart from simple background sounds, probably
due to its more complex and vivid nature. Additionally, we found a
gender effect with women tending to suffer (or at least to report)
more from motion sickness than men. This result is in concordance
with other findings (Flanagan et al., 2005; Klosterhalfen et al.,
2005), however, note that the effect of gender has been lately dis-
cussed in controversy (Klosterhalfen et al., 2008). The reason for
increased VIMS in women is not yet fully understood. Hormonal
differences have been summoned to explain this gender effect
(Clemes and Howarth, 2005; Grunfeld and Gresty, 1998).

Other existing behavioral countermeasures against VIMS mostly
focus on technological features, such as constraining the field-of-
view (Bos et al., 2010; Keshavarz et al., 2011), minimizing the
time-delay in virtual environments (Draper et al., 2001; Akizuki
et al., 2005), or reducing the use of head mounted displays (Moss
and Muth, 2011; Patterson et al., 2006). However, those mecha-
nisms might not always be applicable. As long as behavioral
countermeasures are not finally optimized, we believe that
pleasant music could be an efficient method to reduce VIMS.

Interestingly, our findings are not compatible with any of the
well-established theories of motion sickness. Neither the sensory
conflict theory (Reason, 1978), nor one of the alternative ap-
proaches — for instance the postural instability hypothesis (Riccio
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Fig. 4. Mean peak FMS scores for female and male participants with respect to music
pleasantness. Error bars indicate SEM.

and Stoffregen, 1991), the sensed vertical hypothesis (Bles et al.,
1998), or the eye-movement theory (Ebenholtz, 1992) — can suffi-
ciently explain the positive effect of pleasant music regarding the
severity of VIMS. Thus, we can only speculate why music could act
as a countermeasure against VIMS. Three different explanations
come to mind, including (i) distraction, (ii) mood, and (iii) psy-
chophysiological changes. We will briefly discuss all three
approaches.

Firstly, music could have simply distracted our participants.
Thus, music could have led to reduced awareness towards VIMS
and hence reduced the level of sickness. Following this idea, other
cognitive tasks such as simple math should also reduce VIMS. We
cannot definitely exclude this assumption as the impact of cogni-
tive distraction regarding VIMS has not been discussed in the cur-
rent literature so far. However, our results do not support this idea,
as only pleasant music significantly affected the level of VIMS
whereas unpleasant music did not. If pure distraction was the
reason for the reduction of VIMS, pleasant and unpleasant music
should both affect VIMS to the same extent.

Secondly, pleasant music could have reduced the level of VIMS
by improving our participants’ mood and by inducing positive
emotions. Drowsiness and mood changes are two of the cardinal
symptoms of the so-called sopite syndrome (Lawson and Mead,
1998), a malady close to (but not identical with) traditional mo-
tion sickness. Pleasant music is known to influence emotions
(Krumbhansl, 1997; Blood and Zatorre, 2001; Rickard, 2004) and
might have created a comfortable ambience thereby positively
affecting the mood of our participants. Both the sopite syndrome
and VIMS could have been mitigated by music. This hypothesis is of
rather speculative nature, as we neither measured symptoms
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Fig. 3. Mean SSQ scores for the sub-scales nausea (SSQ-N), oculomotor (SSQ-0), disorientation, (SSQ-D) and the total score (SSQ-TS) after stimulus offset with respect to music
pleasantness. The left panel shows the results for female participants, whereas the right panel depicts the results for the male subjects. Error bars indicate SEM.
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according to the sopite syndrome, nor captured mood or
emotionality of our participants in detail. The role of emotions
during the induction of VIMS is not yet known.

The third explanation involves the complex relationship be-
tween music and physiological parameters. Several studies have
shown that music can affect physiological activity such as heart
rate, respiration, or skin conductance (Etzel et al., 2006; Gomez and
Danuser, 2004; Schaefer and Sedlmeier, 2011). Bernardi et al.
(2006) captured several physiological parameters and analyzed
changes of the autonomic nervous system with respect to the tempi
of different music styles. The authors found significantly increased
breathing frequencies proportional to the tempo of the music,
indicating more rapid breathing during fast techno music
compared to slow classical music. The same pattern surfaced for
blood pressure (increase) and heart rate (acceleration). On the
other hand, physiological changes have been linked to VIMS as well,
although their relationship still remains vague (Golding, 2006; Kim
et al., 2005; Shupak and Gordon, 2006). For instance, Yen Pik Sang
et al. (2003a; see also Yen Pik Sang et al., 2003b) not only analyzed
music as a behavioral countermeasure against motion sickness, but
also found reduced sickness scores when controlled breathing was
induced. Taken together, it seems plausible that music affects the
level of VIMS via changes in the autonomic nervous system,
although our data cannot verify this assumption. Additional
research is needed to investigate the link between music, physio-
logical changes, emotions, and VIMS.

Several questions still remain unanswered and should be
addressed in the future. Most importantly, the power of music as a
countermeasure against VIMS needs to be determined more in-
depth. We found a significant decrease of VIMS ratings during
pleasant music, but the effect sizes were only moderate and leave
room for optimization. Furthermore, the direct link between music,
physiological changes, and VIMS should be carefully analyzed, for
instance by using appropriate techniques such as physiological
measurements. Other VIMS-related aspects, such as postural sway
(e.g., Merhi et al., 2007) or eye-movements (e.g., Ji et al., 2009), have
to be taken into account in the future, as they might add to the
effect of pleasant music and help further reducing VIMS. Finally, the
potential relationship between music pleasantness and other
music-related components such as personal preference, valence, or
arousal needs to be researched more precisely. Taken together, we
assume that pleasant music could act as a very simple, easy-to-
assess, and cost-effective method to reduce the occurrence of
VIMS in rehabilitation, entertainment, or training.

Acknowledgments

This study was embedded in a seminar for undergraduate psy-
chology students at the Psychological Institute of the Johannes
Gutenberg-University Mainz in 2012. We would like to thank all
students for their enthusiasm and their effort. Additionally, we
thank Agnes Miinch for her support regarding technological
aspects.

References

Akizuki, H., Uno, A, Arai, K., Morioka, S., Ohyama, S., Nishiike, S., et al., 2005. Effects
of immersion in virtual reality on postural control. Neurosci. Lett. 379, 23—26.
http://dx.doi.org/10.1016/j.neulet.2004.12.041.

Bernardi, L., Porta, C., Sleight, P., 2006. Cardiovascular, cerebrovascular, and respi-
ratory changes induced by different types of music in musicians and non-
musicians: the impor-tance of silence. Heart 92, 445—452. http://dx.doi.org/
10.1136/hrt.2005.064600.

Blood, AJ., Zatorre, R].,, 2001. Intensely pleasurable responses to music correlate
with activity in brain regions implicated in reward and emotion. P. Natl. Acad.
Sci. 98, 11818—11823. http://dx.doi.org/10.1073/pnas.191355898.

Bles, W., Bos, J.E., Graaf, B.de, Groen, E., Wertheim, A.H., 1998. Motion sickness: only
one provocative conflict? Brain Res. Bull. 47, 481—487 http://dx.doi.org/10.1016/
S0361-9230(98)00115-4.

Bos, J.E., de Vries, S.C., van Emmerik, M.L., Groen, E.L., 2010. The effect of internal
and external fields of view on visually induced motion sickness. Appl. Ergon. 41,
516—521. http://dx.doi.org/10.1016/j.apergo.2009.11.007.

Cheung, B., Hofer, K., 2005. Desensitization to strong vestibular stimuli improves
tolerance to simulated aircraft motion. Aviat. Space Environ. Med. 76, 1099—
1104.

Clemes, S.A., Howarth, P.A., 2005. The menstrual cycle and susceptibility to virtual
simulation sickness. ]. Biol. Rhythms 20, 71-82. http://dx.doi.org/10.1177/
0748730404272567.

Cowings, P.S., Toscano, W.B., 2000. Autogenic-feedback training exercise is superior
to promethazine for control of motion sickness symptoms. J. Clin. Pharmacol 40,
1154—1165.

Dahlman, J., Sjors, A., Ledin, T., Falkmer, T., 2008. Could sound be used as a strategy
for reducing symptoms of perceived motion sickness? J. Neuroeng. Rehabil. 5,
35 http://dx.doi.org/10.1186/1743-0003-5-35.

Draper, M.H.,, Viirre, ES., Furness, T.A., Gawron, VJ., 2001. Effects of image scale and
system time delay on simulator sickness within head-coupled virtual environments.
Hum. Factors. 43, 129—146. http://dx.doi.org/10.1518/001872001775992552.

Ebenholtz, S., 1992. Motion sickness and oculomotor systems in virtual environ-
ments. Presence-Teleop. Virt. 1, 302—305.

Etzel, J.A., Johnson, E.L., Dickerson, ]J., Tranel, D., Adolphs, R., 2006. Cardiovascular
and respiratory responses during musical mood induction. Int. ]. Psychophysiol.
61, 57—69. http://dx.doi.org/10.1016/j.ijpsycho.2005.10.025.

Finch, H., 2005. Comparison of the performance of nonparametric and parametric
MANOVA test statistics when assumptions are violated. Methodology 1, 27—38.
http://dx.doi.org/10.1027/1614-1881.1.1.27.

Flanagan, M.B., May, J.G., Dobie, T.G., 2005. Sex differences in tolerance to visually-
induced motion sickness. Aviat. Space Environ. Med. 76, 642—646.

Furman, J.M., Marcus, D.A., 2009. A pilot study of rizatriptan and visually-induced
motion sickness in migraineurs. Int. J. Med. Sci. 6, 212—217. http://dx.doi.org/
10.7150/jims.6.212.

Golding, J.F,, 2006. Motion sickness susceptibility. Auton. Neurosci. 129, 67—76.
http://dx.doi.org/10.1016/j.autneu.2006.07.019.

Gomez, P, Danuser, B., 2004. Affective and physiological responses to environ-
mental noises and music. Int. J. Psychophysiol. 53, 91-103. http://dx.doi.org/
10.1016/j.ijphysco0.2004.02.002.

Grunfeld, E., Gresty, M.A., 1998. Relationship between motion sickness, migraine,
and menstruation in crew members of a “round the world” yacht race. Brain
Res. Bull. 47, 433—436. http://dx.doi.org/10.1016/S0361-9230(98)00099-9.

Hettinger, L., 2002. Illusory self-motion in virtual environments. In: Stanney, K.M.
(Ed.), Handbook of Virtual Environments: Design, Implementation, and Appli-
cations. Lawrence Erlbaum Associates, Mahwah, pp. 471—491.

Hoyt, RE., Lawson, B.D., McGee, H.A., Strompolis, M.L., McClellan, M.A., 2009.
Modafinil as a potential motion sickness countermeasure. Aviat. Space Environ.
Med. 80, 709—715. http://dx.doi.org/10.3357/ASEM.2477.2009.

Ji, T.Y,, So, RH.Y.,, Cheung, R.TE, 2009. Isolating the effects of vection and Optoki-
netic Nystagmus on Optokinetic rotation-induced motion sickness. Hum. Fac-
tors. 51, 739—751. http://dx.doi.org/10.1177/0018720809349708.

Kennedy, R.S., Lane, N.E., Berbaum, K.S., Lilienthal, M.G., 1993. Simulator sickness
questionnaire: an enhanced method for quantifying simulator sickness. Int. ].
Aviat. Psychol. 3, 203—220. http://dx.doi.org/10.1207/s15327108ijap0303_3.

Keshavarz, B., Hecht, H., 2011. Validating an efficient method to quantify motion sick-
ness. Hum. Factors. 53, 415—426. http://dx.doi.org/10.1177/0018720811403736.

Keshavarz, B., Hecht, H., 2012a. Stereoscopic viewing enhances visually
induced motion sickness but sound does not. Presence-Teleop. Virt. 21,
213-228.

Keshavarz, B., Hecht, H., 2012b. Visually induced motion sickness and presence in
video games: the role of sound. Proc. Hum. Fact. Ergon. Soc. Annu. Meet 56,
1763—1767. http://dx.doi.org/10.1177/1071181312561354.

Keshavarz, B., Hecht, H., Zschutschke, L., 2011. Intra-visual conflict in visually induced
motion sickness. Displays 32,181—188. http://dx.doi.org/10.1016/j.displa.2011.05.009.

Kim, Y.Y., Kim, H.J., Kim, E.N., Ko, H.D., Kim, H.T., 2005. Characteristic changes in the
physiological components of cybersickness. Psychophysiology 42, 616—625.
http://dx.doi.org/10.1111/j.1469-8986.2005.00349.x.

Klosterhalfen, S., Kellermann, S., Pan, F., Stockhorst, U., Hall, G., Enck, P., 2005. Ef-
fects of ethnicity and gender on motion sickness susceptibility. Aviat. Space
Environ. Med. 76, 1051-1057.

Klosterhalfen, S., Muth, E.R,, Kellermann, S., Meissner, K., Enck, P.,, 2008. Naseau
induced by vection drum: contributions of body position, visual pattern, and
gender. Aviat. Space Environ. Med. 79, 384—389.

Krumhansl, CK,, 1997. An exploratory study of musical emotions and psycho-
physiology. Can. ]. Exp. Psychol. 51, 336—352. http://dx.doi.org/10.1037/1196-
1961.51.4.336.

Lawson, B., Mead, A., 1998. The sopite syndrome revisited: drowsiness and mood
changes during real or apparent motion. Acta Astronaut 43, 181-192. http://
dx.doi.org/10.1016/S0094-5765(98)00153-2.

Merhi, O., Faugloire, E., Flanagan, M., Stoffregen, T.A., 2007. Motion sickness, console
video games, and head-mounted displays. Hum. Factors. 49, 920—934. http://
dx.doi.org/10.1518/001872007X230262.

Moss, ].D., Muth, E.R., 2011. Characteristics of head-mounted displays and their
effects on simulator sickness. Hum. Factors. 53, 308—319. http://dx.doi.org/
10.1177/0018720811405196.


http://dx.doi.org/10.1016/j.neulet.2004.12.041
http://dx.doi.org/10.1136/hrt.2005.064600
http://dx.doi.org/10.1136/hrt.2005.064600
http://dx.doi.org/10.1073/pnas.191355898
http://dx.doi.org/10.1016/S0361-9230(98)00115-4
http://dx.doi.org/10.1016/S0361-9230(98)00115-4
http://dx.doi.org/10.1016/j.apergo.2009.11.007
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref6
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref6
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref6
http://dx.doi.org/10.1177/0748730404272567
http://dx.doi.org/10.1177/0748730404272567
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref8
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref8
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref8
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref8
http://dx.doi.org/10.1186/1743-0003-5-35
http://dx.doi.org/10.1518/001872001775992552
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref11
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref11
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref11
http://dx.doi.org/10.1016/j.ijpsycho.2005.10.025
http://dx.doi.org/10.1027/1614-1881.1.1.27
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref14
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref14
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref14
http://dx.doi.org/10.7150/jims.6.212
http://dx.doi.org/10.7150/jims.6.212
http://dx.doi.org/10.1016/j.autneu.2006.07.019
http://dx.doi.org/10.1016/j.ijphysco.2004.02.002
http://dx.doi.org/10.1016/j.ijphysco.2004.02.002
http://dx.doi.org/10.1016/S0361-9230(98)00099-9
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref19
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref19
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref19
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref19
http://dx.doi.org/10.3357/ASEM.2477.2009
http://dx.doi.org/10.1177/0018720809349708
http://dx.doi.org/10.1207/s15327108ijap0303_3
http://dx.doi.org/10.1177/0018720811403736
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref24
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref24
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref24
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref24
http://dx.doi.org/10.1177/1071181312561354
http://dx.doi.org/10.1016/j.displa.2011.05.009
http://dx.doi.org/10.1111/j.1469-8986.2005.00349.x
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref28
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref28
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref28
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref28
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref29
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref29
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref29
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref29
http://dx.doi.org/10.1037/1196-1961.51.4.336
http://dx.doi.org/10.1037/1196-1961.51.4.336
http://dx.doi.org/10.1016/S0094-5765(98)00153-2
http://dx.doi.org/10.1016/S0094-5765(98)00153-2
http://dx.doi.org/10.1518/001872007X230262
http://dx.doi.org/10.1518/001872007X230262
http://dx.doi.org/10.1177/0018720811405196
http://dx.doi.org/10.1177/0018720811405196

B. Keshavarz, H. Hecht / Applied Ergonomics 45 (2014) 521-527 527

Murray, ].B., 1997. Psychophysiological aspects of motion sickness. Percept. Mot.
Skill 85, 1163—1167. http://dx.doi.org/10.2466/pms.1997.85.3f.1163.

Oman, C.M.,, 1990. Motion sickness: a synthesis and evaluation of the sensory
conflict theory. Can. J. Physiol. Pharmacol. 68, 294—303. http://dx.doi.org/
10.1139/y90-044.

Patterson, R., Winterbottom, M.D., Pierce, B.J., 2006. Perceptual issues in the use of
head-mounted visual displays. Hum. Factors 48, 555—573. http://dx.doi.org/
10.1518/001872006778606877.

Reason, ].T., 1978. Motion sickness adaptation: a neural mismatch model. J. R. Soc.
Med. 71, 819—829.

Riccio, G.E., Stoffregen, T.A., 1991. An ecological theory of motion sickness and
postural instability. Ecol. Psychol. 3, 195—240.

Rickard, N.S., 2004. Intense emotional responses to music: a test of the physio-
logical arousal hypothesis. Psychol. Music 32, 371-388. http://dx.doi.org/
10.1177/0305735604046096.

Schaéfer, T., Sedlmeier, P., 2011. Does the body move the soul? The impact of arousal
on music preference. Music Percept. 29, 37—50.

Sherman, C.R., 2002. Motion sickness: review of causes and preventive strategies.
J. Travel. Med. 9, 251—-256. http://dx.doi.org/10.2310/7060.2002.24145.

Shupak, A., Gordon, C.R., 2006. Motion sickness: advances in pathogenesis, pre-
diction, prevention, and treatment. Aviat. Space Environ. Med. 77, 1213—1223.

Yen Pik Sang, F.D., Billar, ].P,, Golding, J.F., Gresty, M.A., 2003a. Behavioral methods of
alleviating motion sickness: effectiveness of controlled breathing and a music
audiotape. ]. Travel. Med. 10, 108—111.

Yen Pik Sang, ED., Golding, J.F,, Gresty, M.A., 2003b. Suppression of sickness by
controlled breathing during mildly nauseogenic motion. Aviat. Space Environ.
Med. 74, 998—1002.

Young, LR, Sienko, K.H., Lyne, LE., Hecht, H., Natapoff, A., 2003. Adaptation of the
vestibulo-ocular reflex, subjective tilt, and motion sickness to head movements
during short-radius centrifugation. J. Vestib. Res. 13, 65—77.


http://dx.doi.org/10.2466/pms.1997.85.3f.1163
http://dx.doi.org/10.1139/y90-044
http://dx.doi.org/10.1139/y90-044
http://dx.doi.org/10.1518/001872006778606877
http://dx.doi.org/10.1518/001872006778606877
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref37
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref37
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref37
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref39
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref39
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref39
http://dx.doi.org/10.1177/0305735604046096
http://dx.doi.org/10.1177/0305735604046096
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref41
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref41
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref41
http://dx.doi.org/10.2310/7060.2002.24145
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref43
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref43
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref43
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref44
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref44
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref44
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref44
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref45
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref45
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref45
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref45
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref46
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref46
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref46
http://refhub.elsevier.com/S0003-6870(13)00149-X/sref46

	Pleasant music as a countermeasure against visually induced motion sickness
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Design, apparatus, and stimuli
	2.3 Response measures
	2.4 Procedure

	3 Results
	3.1 Music ratings and SSQ-pre scores
	3.2 Role of music type
	3.3 Role of music pleasantness

	4 Discussion
	Acknowledgments
	References


