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tion in the direction expected from the peripheral stimulus. Several experiments have measured vection and
motion sickness and found that the condition which
produces the greatest vection also produces the greatest
motion sickness. However, evidence of a causal relation
between vection and motion sickness has not been
shown.
Visually-induced motion sickness is lowered during
fixation; subjects focusing on a stationary cross in front
of an optokinetic stimulus suppressed optokinetic nystagmus and reported less motion sickness (12). Vection
was not significantly affected by the fixation, indicating
that vection is mainly dependent on peripheral vision
and independent of eye movements. It has been proDelivered by Ingenta
posed thatto:
nystagmus may be responsible for motion
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ular nuclei, may result in stimulation of the vestibular
system. Since labyrinthine defective subjects experience
vection, but do not appear to experience symptoms of
motion sickness when exposed to optokinetic stimuli
(2,3), it is suggested that as a functioning vestibular
system is necessary for motion sickness, eye movements may be responsible for a vestibular input which
causes motion sickness via an unknown mechanism.
While vection may be influenced mainly by peripheral
vision during exposure to optokinetic stimuli, optokinetic
HE ILLUSION of self-motion can be experienced
nystagmus appears to be dominated by foveal vision. Van
with some motion simulators, virtual reality disDie et al. (11) studied eye movements in response to
plays, cinema films, and in some real life situations.
optokinetic stimuli presented to the central and peripheral
Studies measuring motion sickness and vection have
retina, with stimulation of the central or peripheral retina
not shown a correlation between the two phenomena.
achieved by masking the unwanted part of the visual
Despite this, the phrase ‘vection-induced motion sickscene. The masking systems tracked the horizontal eye
ness’ is frequently used in the literature (8,10). Vection
has also been investigated as a substitute for studying
motion sickness, with the conclusion that the condition
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Background: Both motion sickness and the illusion of self-motion (i.e.,
vection) can be induced by moving visual scenes. The results of a
previous study imply that motion sickness is primarily dependent on
visual motion in foveal vision while vection is primarily dependent on
motion in peripheral vision. Hypothesis: It was hypothesized that similar
motion sickness would be produced when tracking a single moving dot
and a full screen of moving dots, but that vection would be greater when
tracking multiple moving dots. Method: Sixteen subjects viewed moving
images presented on a virtual reality head-mounted display. In one
condition a single dot moved from left to right at 27°  s⫺1 over a distance
of 18° before returning instantly to its starting point. This motion was
repeated continuously. In a second condition, five horizontal rows of
dots, each 18° apart, moved continuously across the screen at 27°  s⫺1;
subjects were instructed to track each dot in the central row as it passed.
Results: In both conditions, there were nystagmic eye movements with
an approximate amplitude of 18° at 27°  s⫺1. Vection differed significantly between the two conditions, with more vection in the condition
with five rows of dots. Subjects experienced motion sickness symptoms
with both the single moving dot and the five rows of dots, with no
significant difference in sickness between the two conditions. Subject
ratings of motion sickness and vection were not correlated with each
other in either of the two conditions. Conclusions: Motion sickness and
vection can vary independently. Vection appears to be influenced by
peripheral vision, as there was an increase in vection with full-field
stimulation. Motion sickness induced by moving visual scenes may be
influenced by foveal visual stimulation or by eye movements, as these
were the same in both conditions.
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movements and thus prevented stationary edges from
were amplified by a Hortmann electro-nystagmograph
suppressing eye movements (i.e., there were no fixation
and converted to digital form with an HVLab data
points). Scotopic viewing conditions were used (i.e., a low
acquisition computer at a rate of 30 samples per second
level of illumination) so that the central retina would not
via a low pass filter at 10 Hz. Each signal was viewed
be stimulated. Three patients with a unilateral central
and analyzed using the HVLab software. The accuracy
retinal scotoma (giving very poor central vision in one
of electro-oculography recordings was in the region of
eye) were also studied. In each of the conditions it was
0.5 to 1.0° of visual angle (7). Eye movements were
found that the velocity of the slow phase of nystagmus
calibrated by asking subjects to look at three crosses
was lower when the central retina was not stimulated; this
aligned horizontally on a wall with 15° angular separawas the case whether masks were used, scotopic vs. photions.
topic illumination, or subjects with central retinal scotoma
Visual acuity (without correction) was measured usin one eye viewed the stimulus with the affected or the
ing a Keystone visual skills test conducted at a near
normal eye.
point (2.5 dioptres, 0.4 m) and at a far point (0.25
The experiment reported here investigated whether
dioptres, 4 m). Visual acuity could be measured from
vection and motion sickness were correlated within
20:200 (low) to 20:15 (high). All subjects had normal
individuals and whether motion sickness or vection
near visual acuity (20:20 or better) with the exception of
could be produced by a single moving dot tracked
one subject who had 20:30 vision.
visually by subjects. The experiment also investigated
Sixteen male subjects, aged 20 to 25 yr, participated in
whether motion sickness or vection differed with a full
the experiment. Subjects were not selected on the basis
field of moving dots (which stimulated both foveal and
of motion sickness susceptibility. Subjects viewed two
peripheral vision) compared with a single moving dot
conditions on the Virtual Research VR4 head-mounted
(which only stimulated foveal vision). The two condidisplay: (i) a single dot which moved from left to right
tions were designed to create identical foveal stimulaover a distance of 18° at a rate of 27°  s⫺1 before
jumping back to its starting position and repeating in an
tion which, due to the dominance of the fovea in the
infinite loop (see Fig. 1a); (ii) five horizontal rows of
generation of nystagmus, would produce identical eye
dots, with each dot 18° apart, moving continuously
movements. The difference between the two conditions
from left to right at a rate of 27°  s⫺1 (see Fig. 1b). Each
was that peripheral visual stimulation was much
subject experienced both conditions. Eight subjects
greater in the multiple dot condition.
commenced with the single dot and eight commenced
It was hypothesized that vection would be greater
with the multiple
dot display. The two exposures were
with the multiple dot condition because of
the greaterby Ingenta
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each exposure, at 1-min intervals for a total of
fore not vary between the two conditions
were 2006During
30 min, subjects rated their motion sickness on a 7-point
expected to result in identical eye movements and idenscale (0: no symptoms; 1: any symptoms, however
tical foveal stimulation. Additionally, it was hypotheslight; 2: mild symptoms, e.g., stomach awareness but
sized that within subjects the motion sickness and vecno nausea; 3: mild nausea; 4: mild to moderate nausea;
tion would not be correlated.
5: moderate nausea but can continue; 6: moderate nauThe experiment has relevance to the design of virtual
sea and want to stop). The rating scale is adapted from
reality displays and motion simulators. If vection influGolding and Kerguelen (6). At the same time, the subences motion sickness, the sickness might be reduced
jects rated their vection on a percentage scale (Table I).
by minimizing the peripheral vision displayed to subFollowing each exposure, subjects completed a sympjects. If, however, foveal stimulation is a primary influtom questionnaire, based on that used by Kennedy and
ence on motion sickness other means of reducing sickFowlkes (9).
ness may be needed.
With the single dot, subjects were asked to track the
dot continuously as it moved from left to right and
METHODS
jumped back to its starting position. With the multiple
The two conditions, with a single dot and multiple
dots, subjects were asked to track each dot in the middle
dots, were displayed on a head-mounted display (Virrow as it passed. In this way the foveal stimulus and
tual Research VR4) having a visual field approximately
eye movements were expected to be identical in the two
48° horizontally by 36° vertically. The focal point of the
conditions: a single dot moving from left to right at 27°
display was at approximately 1 m. The same image
 s⫺1 for approximately 18° followed by return to the
sequence was presented to both eyes simultaneously.
next dot.
The animation was programmed using Kinetix’ 3D StuSubjects gave their informed consent to participate in
dio Max 1.2 rendered as a Microsoft Video for Windows
the experiment that was approved by the Human ExAVI file presented at 60 frames per second. During the
perimentation Safety and Ethics Committee of the Inexperiment, the graphics card was set to 60 Hz refresh
stitute of Sound and Vibration Research.
rate so that each video frame was presented once.
Eye movements were recorded by the means of elecANALYSIS
tro-oculography. Three disposable electrodes were atMotion sickness ratings were summed over the 30tached to each subject (just above the bridge of the nose
min exposure period to give an ‘accumulated illness
and the outer canthis of each eye). The electrode signals
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TABLE I. VECTION SCALE. SUBJECTS REPORTED A
PERCENTAGE SCORE (BETWEEN 0 AND 100%) EACH MINUTE
TO INDICATE THEIR PERCEPTION OF SELF-MOTION.
Perception of motion (vection)

You report:

You feel like you are stationary and it is the dot(s)
which appear to be moving only.
You feel like you are moving a bit, but the dot(s)
are moving more.
You feel like you are moving at the same speed as
the dot(s).
You feel like you are moving a lot and the dot(s)
are moving a bit.
You feel like you are moving and the dot(s)
appear stationary.

0%
1–49%
50%
51–99%
100%

eye movement of every subject was continuous
throughout each exposure condition, indicating that
tracking of the dots for long periods was possible.
Time-frequency analysis revealed that the power in
each set of eye movements was primarily at about 1.5
Hz in both conditions. It was therefore concluded that
the experimental design resulted in eye movements that
were similar in both conditions. The foveal stimulation
(of a single moving dot) was therefore very similar in
both conditions, while the peripheral stimulus was either nothing (single dot) or 14 continuously moving
dots (multiple dots).
Motion Sickness
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Fig. 1a. The start and end point for the single dot; b. the full field of
multiple dots.

rating’ for each subject (5). If a subject terminated the
session (i.e., reached a rating of 6 on the motion sickness
scale), a rating of 6 was assigned for the remaining
period. Vection scores were summed and divided by
the total number of minutes of exposure to give an
average vection rating. The illness ratings and the vection ratings were compared across conditions using
Wilcoxon matched-pairs signed ranks. Correlations between illness ratings and vection ratings within conditions were investigated using Spearman’s rank correlation.
RESULTS
Eye Movements
The electro-oculographic data were inspected by eye
for indications that the eye movements were similar in
each of the conditions. The eye movements were nystagmic, with a smooth pursuit of approximately 18°
followed by a rapid return saccade, with a frequency of
1.5 Hz, in both conditions. Inspection revealed that the
624

of subjects to reach each point on the motion sickness
scale are shown in Table II. The post exposure symptoms questionnaire also showed no difference between
the two conditions (Wilcoxon, p ⬎ 0.460). There was a
significant correlation between the accumulated illness
ratings in the two conditions ( ⫽ 0.516, p ⬍ 0.05). There
was no correlation between vection and motion sickness ratings with the single dot condition ( ⫽ 0.191,
p ⬎ 0.494) or with the multiple dot condition ( ⫽ 0.184,
p ⬎ 0.479). The mean illness ratings during the 30-min
exposure are shown in Fig. 2.
Vection
There was a significant difference between the mean
vection scores in the two conditions: 12.6% with the
TABLE II. NUMBER OF SUBJECTS TO REACH EACH ILLNESS
RATING IN THE TWO CONDITIONS.

Illness Rating
0: No symptoms
1: Any symptom, however slight
2: Mild symptoms, e.g., stomach
awareness, but no nausea
3: Mild nausea
4: Mild to moderate nausea
5: Moderate nausea, but can continue
6: Moderate nausea, want to stop

Multiple dot
condition

Single dot
condition

16
13

16
12

5
2
2
1
1

7
2
1
1
1
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on the fovea are the cause of motion sickness in the
conditions of this experiment.
Visual acuity was a factor influencing motion sickness in a previous experiment (12). This was not studied
in the present experiment due to the low variability in
subject near point visual acuity.
The overall motion sickness scores in this experiment
were low, with a mean illness rating at 30 min of
around 1.2 in both conditions. However, this is higher
than the mean illness rating at 30 min of 0.4 for a control
condition, with no motion, recorded in a previous experiment (6). This would appear to confirm that subjects were experiencing symptoms of motion sickness as
a result of the visual stimulation.
CONCLUSIONS
Fig. 2. Mean illness ratings for the single dot and multiple dot conditions over the 30-min exposure.

Reducing peripheral visual stimulation may reduce
vection, but the results of the present study and the
results of a previous study with visual fixation (12)
suggest it may not reduce motion sickness. Since motion sickness and vection can vary independently it
cannot be assumed that reductions in vection will always be accompanied by reductions in motion sickness.
This has implications for the design of simulators and
virtual reality displays.

single dot and 27.4% with the multiple dots (p ⬍ 0.05,
Wilcoxon). Between conditions, the vection scores were
significantly correlated ( ⫽ 0.551, p ⬍ 0.05), indicating
that subjects reporting more vection in one condition
were likely to report more vection in the other condition, even though there was appreciably greater vection
in the multiple dot condition. The vection reported with
REFERENCES
the single dot condition might have been due to the
1. Brandt TH, Dichgans J, Koenig E. Differential effects of central
versusto:
peripheral vision on egocentric and exocentric motion
way in which the single dot was displayed.
There wereby Ingenta
Delivered
perception. Exp Brain Res 1973; 16:476 –91.
two frames each second (1/30th of one second) where
Guest User
2. Cheung BSK, Howard IP, Money KE. Visually induced sickness in
the two dots shown in Fig. 2 were visible simultanormal and bilaterally labyrinthine-defective subjects. Aviat
IP
:
217.44.87.153
neously. This will have resulted in some stimulation of
Space Environ Med 1991; 62:527–31.
Tue, 08 Aug 2006
16:13:13
3. Ebenholtz
SM, Cohen, MM. The possible role of nystagmus in
the peripheral retina.
DISCUSSION

4.

Vection
In this experiment, vection was significantly increased with greater peripheral visual stimulation. Eye
movements were similar in the two conditions with
single and multiple dots. This is consistent with vection
not being solely determined by eye movements. The
results from a previous study (12) showed that vection
did not change significantly with or without visual
fixation (where nystagmus was suppressed with fixation), which also indicated that vection is not solely
determined by eye movements.

5.
6.
7.
8.
9.

Motion Sickness
Motion sickness did not differ significantly between
the two conditions. The difference in vection between
the two conditions, and the absence of correlations between vection and motion sickness within both conditions, suggests that vection was not a primary cause of
motion sickness. Eye movements and foveal stimulation were the same in the two conditions, suggesting
that either eye movements or the movement of images

Aviation, Space, and Environmental Medicine • Vol. 74, No. 6 • June 2003

10.
11.

12.

motion sickness: a hypothesis. Aviat Space Environ Med 1994;
65:1032–5.
Golding JF, Kerguelen M. A comparison of nauseogenic potential
of low frequency vertical versus horizontal linear oscillation.
Aviat Space Environ Med 1992; 63:491–7.
Griffin MJ, Howarth HVC. Motion sickness history questionnaire.
Southampton, England: University of Southampton; 2000.
ISVR Technical Report No. 283.
Griffin MJ, Mills KL. Effect of frequency and direction of horizontal oscillation on motion sickness. Aviat Space Environ Med
2002; 73:537– 43.
Hallett PE. Eye movements. In: Handbook of perception and
human performance, vol. 1, chap. 10. New York: John Wiley
and Sons; 1986:10.16 –10.18.
Hu S, Davis MS, Klose AH. Effects of spatial frequency of a
vertically striped rotating drum on vection-induced motion
sickness. Aviat Space Environ Med 1997; 68:306 –11.
Kennedy RS, Fowlkes JE. Simulator sickness is polygenic and
polysymptomatic: implications for research. Int J Aviat Psychol
1992; 2:23–38.
Reid K, Grundy D, Khan MI, Read NW. Gastric emptying and the
symptoms of vection-induced nausea. Eur J Gastroenterol
Hepatol 1995; 7:103– 8.
Van Die GC, Collewijn H. Control of human optokinetic nystagmus by the central and peripheral retina: effects of partial field
masking, scotopic vision and central retinal scotomata. Brain
Res 1986; 383:185–94.
Webb NA, Griffin MJ. Optokinetic stimuli: motion sickness, visual
acuity, and eye movements. Aviat Space Environ Med 2002;
73:351– 8.

625

