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Background. Prolonged exposure to moving images in virtual reality systems can cause 
virtual reality induced motion sickness (vIMS). The ability to resist motion sickness may 
be associated with the level of vestibular function development. objective. The aim of 
the present research is to study the oculomotor characteristics of individuals whose ob-
servation of moving virtual environments causes the vIMS effect. We hypothesized that 
people who have a robust vestibular function as a result of their professional activity, are 
less susceptible to vIMS than people who have no such professional abilities. The differ-
ences in people’s abilities to resist the effects of the virtual environment may be revealed 
in the oculomotor characteristics registered during their interaction with a virtual envi-
ronment. 

Design. Figure skaters, football players, wushu fighters, and non-trained people were 
tested. The CAvE virtual reality system was used to initiate the vIMS effect. Three virtual 
scenes were constructed consisting of many bright balls moving as a whole around the 
observer. The scenes differed in the width of the visual field; all balls subtended either 
45°, 90° or 180°. 

Results. The results showed more active eye movements for athletes compared to 
non-trained people, i.e. an increase in blink, fixation, and saccade counts. A decrease in 
saccadic amplitudes was revealed for figure skaters. These characteristics were consid-
ered specific indicators of the athletes’ ability to resist motion sickness. 

conclusions. It was found that the strength of the vIMS effect increased with the 
increasing width of the visual field. The effectiveness of virtual reality and eye-tracking 
technologies to test the vIMS effect was demonstrated. 

Keywords: virtual reality technology, motion sickness, vestibular dysfunction, vection 
illusion, eye movement characteristics, professional abilities of athletes
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introduction
During the last decade, virtual reality technologies became a common method used 
in various psychological studies. The advantages and challenges of applying these 
systems in experimental psychology, organizational psychology, and sports psy-
chology have been thoroughly described and analyzed (Zinchenko, Menshikova, 
Bayakovskiy, Chernorizov & voiskounsky, 2010). The perspective for using these 
technologies has also been shown to play a profound role at diverse levels of inno-
vative learning and teaching, including professional education. 

virtual reality technology is a system of visualization tools, which includes 
special virtual environment devices (CAvE-systems, systems of augmented reality, 
HMD helmets, spherical displays), as well as simpler devices such as widescreen 
projection 3D-displays, 3D-theaters, and virtual reality goggles. Even in the first 
stages of using these technologies for the development of different skills (mostly 
in training the spatial abilities of pilots and astronauts), negative symptoms were 
found, which included vertigo, nausea, spatial disorientation, and problems with 
balance and movement execution. Moreover, many observers noted that they had a 
strong impression of having moved their bodies during the interaction with virtual 
environment, although objectively their bodies remained stationary (Hettinger, 
2002). This phenomenon has been called the self-motion illusion, or the vection 
illusion. 

The above-mentioned negative symptoms were initially attributed to technical 
flaws in the virtual reality technologies themselves (Biocca, 1992). However, it has 
been shown that the improvement of technical characteristics (higher video resolu-
tion, and more accurate tracking and optical systems) leads to increased symptoms: 
for example, the latency of their appearance is significantly reduced (Bailey, Denis, 
Goldsmith, Hall & Sherwood, 1994).

The complex of negative symptoms which appear in virtual environments, was 
initially associated with motion sickness, which occurs in the natural environment 
in people who travel on ships or aircraft. It was suggested that motion sickness 
appears because of the conflict between the sensory signals from vestibular and 
visual systems (Reason, 1978). For example, a person standing in a ship cabin sees 
the stationary surroundings of the cabin (no sense of body movement through the 
visual signals), while he/she perceives body movement through vestibular signals. 
However, later on, to describe feelings of discomfort arising from interaction with 
virtual reality systems, new terms were proposed, which reflected new symptoms 
which can be compared with those caused by commonly used devices such as cen-
trifuges. These terms frequently correspond to the type of virtual reality device: 
“simulator sickness” from aviation, car, or motorcycle simulators (Kellogg, Kenne-
dy & Graybiel, 1964); “cyber-sickness” from videogames on big screens (Keshavarz 
& Berti, 2014); and “cinema-sickness” from 3D-theaters (Griffin, 2012).

Other studies showed a stronger influence of the virtual environment: of 1102 
participants in one experiment, 142 (12.9%) stopped the experiment, and 960 
(87.1%) reported a high level of discomfort (Sharples, Cobb, Moody & Wilson, 
2008). The symptoms described were so robust, that in 2005 the International Or-
ganization for Standardization (ISO) compelled the manufacturers of widescreen 
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displays to conduct special tests of the potential for inducing vection illusion in us-
ers before the product could be put on the market.

To solve these problems in the use of virtual reality devices, it is necessary to 
both assess their impact, and to identify the individual characteristics of the people 
who are able to resist their impact. In previous studies, both objective and subjec-
tive procedures were developed to find appropriate measurements. Large individ-
ual differences in discomfort symptoms have been revealed, so methods of subjec-
tive assessment became the most common. One subjective method is the generally 
accepted Simulator Sickness Questionnaire (SSQ). It was developed by R.S. Ken-
nedy and his colleagues (Kennedy, Lane, Kevin, Berbaum & Lilienthal, 1993) on 
the basis of the Pensacola motion sickness questionnaire (MSQ). The latter was 
created by NASA to assess the condition of prospective astronauts after their train-
ing in centrifuge and swimming pool weightlessness simulators (Kellogg, Kennedy 
& Graybiel, 1964). Three results were found–nausea, oculomotor reactions, and 
disorientation–which were used to calculate a total score indicating the severity of 
the simulator sickness. 

Using the MSQ and SSQ measures, studies showed that simulator sickness oc-
curred in only some of the study subjects, and its intensity changed depending 
on the level of subjects’ adaptation to the virtual environment. This data allowed 
researchers to suggest that different people can resist the impact of virtual reality 
devices by relying on special skills they have obtained in their professional activities 
(McLeod, Reed, Gilson & Glennerster, 2008). This suggestion has been confirmed 
in experiments (Howarth & Costello, 1997) which tested the negative impact of 
helmets constructed by different manufacturers. The SSQ results were estimated 
for participants who played a shooter computer game for an hour. It appeared that 
their simulator sickness severity depended more on skills of interaction with the 
virtual games than on helmet’s technical specifications. Specifically, those partici-
pants who had more experience playing computer games, especially car and avia-
tion simulators, scored lower points on the SSQ scale.

The influence of user mobility on the severity of the simulator sickness was also 
demonstrated in studies of user-control in a virtual environment (Stanney, Hale, 
Nahmens, & Kennedy, 2003). It was shown that in situations where participants 
were allowed to actively move around in a virtual environment, they had lower 
rates of discomfort: only a few subjects complained of simulator disorders. The 
successful participants were found to have had a great deal of past experience inter-
acting with computer games, so it took less time for them to adapt to user control 
activities in the virtual environment.

However, the MSQ and SSQ measurements have some disadvantages: first, the 
estimates are based on memories of past virtual events; second, SSQ measurements 
do not allow for testing the process by which the individual develops a sense of dis-
comfort. So, it is necessary to work out special methods for assessing the severity of 
simulator sickness which would avoid these shortcomings. These methods should 
include both objective and subjective measures, which both reflect the person’s in-
teraction with virtual reality systems. Attempts to use vegetative reactions as objec-
tive measures were made but were unsuccessful, because these reactions have been 
considered to reflect only unspecified stress states under the influence of the virtual 
environment (Harm, Schlegel, 2012).
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Eye movement characteristics were also considered to be objective measures 
of the person’s behavior during the observation of virtual events. Oculomotor ac-
tivity has long been studied in the context of explaining simulator sickness. It was 
proposed that proprioceptive signals of the eye muscles were one of the reasons for 
the occurrence of the vection illusion where you had a moving virtual environment 
and a stationary observer (Ebenholtz, Cohen & Linder, 1994). Eye movements were 
considered to be indicators of vestibular dysfunction which leads to the appearance 
of the vection illusion. Moreover, it was suggested that the vestibular-ocular reflex 
plays an important role in the appearance of the observer’s illusory movements in 
the virtual environment (Smit, 2005; Authie & Mestre, 2011).

method
The aim of the present research is to study oculomotor characteristics as indicators 
of a person’s ability to resist motion sickness symptoms. The problem of the impact 
of virtual reality systems on the person’s behavior mains poorly understood despite 
its high significance. We hypothesize that people with a vestibular system devel-
oped as a result of their professional activity, are less susceptible to simulator sick-
ness compared with people who have no such professional abilities. The differences 
in a person’s ability to resist the effects of the virtual environment may be revealed 
in the oculomotor characteristics registered during his/her interaction with virtual 
environment.

Participants
The ability to resist motion sickness induced by virtual reality devices was tested 
in experimental (90 observers: 29 females and 61 males) and control (20 observ-
ers: 11 females and 9 males) groups. The experimental group consisted of profes-
sional athletes in three sports — figure skating, wushu fighting, and football. In 
order to assess how athletes adapt to the virtual reality environment, we tested 
30 figure skaters (18 females and 12 males, age range 15–24) with a high level of 
professional skill–21 figure skaters had a “master of sport” rank and 9 “candidate 
for master of sport” rank; 30 football players (30 males, age range 15–20) also with 
a high level of professional skill–7 football players had “master of sport” and 23 
“candidate for master of sport” rank; and 30 wushu fighters (11 females and 19 
males, age range 16–21) with a high level of professional skill — 20 of them had 
“master of sport” rank and 10 “candidate for master of sport” rank. As a control 
group, we used 20 students from Lomonosov MSU (9 males and 11 females, age 
range 18–24), who were not professional athletes. All participants had normal or 
corrected-to-normal vision and had no organic lesions of the vestibular system, 
or brain injury.

The reason for choosing the above-mentioned athletes was the following. Figu-
re skaters, wushu fighters, and football players are considered highly professional 
elite athletes (Hutter, Oldenhof-veldman & Oudejans, 2015). It was shown that 
these athletes had been trained since their childhood to perform a variety of com-
plex elements (rotations, reversals, etc.), so they had well-developed vestibular sys-
tems. Typical exercises in figure skating include many elements with mostly acyclic 
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movements. The large variety of movement forms involved lead to the development 
of different types of locomotor coordination (Absalyamova, Belyaeva & Zhgun, 
(1992). Mastering this sport has a great impact not only on the locomotor system 
but also on the sensory system functions (Mishin, 1985).

For wushu fighters the most important task is to sustain a posture and coordi-
nate precise movements. Like figure skaters, wushu fighters have to execute a pro-
gram consisting of multiple consecutive locomotion elements. Pre-defined move-
ment rhythm and limited space, along with the large variety of complex elements, 
require a highly developed vestibular function. However, the professional activities 
of wushu fighters differ from the activities of figure skaters with respect to the need 
for movement speed and accuracy (volkov, 2002).

Another sport which involves a high degree of dynamic abilities is football. 
Football players should be able to control the game situation on a large area of a 
football field, so central and periphery visual signals are an important part of their 
vestibular system development. These activities are similar to figure-skating activi-
ties, where athletes need to control their central and peripheral visual perspective, 
and resist the narrowing of the field of vision during the execution of a specific ele-
ment (McLeod et al., 2008).

According to our initial hypothesis, the figure skaters were expected to demon-
strate a higher ability to resist motion sickness symptoms than the other groups of 
athletes. Of the latter, wushu fighters were thought to be more successful in resist-
ing motion sickness than football players. These assumptions were formulated on 
the basis of an analysis of athletes’ professional activity. Their specific characteris-
tics (main goals, means, and desired results) are presented in Table 1.

table 1. Athletes’ activity during competition 

activity goals activity means Desired results

Figure  
skaters

Artistry
Program complexity 
Movement precision
Movement elements 
Accuracy

Artistic image
vestibular function 
Coordination
Balance
Reaction speed

Demonstration of professional 
skills during competition 
Precise execution of the elements
victory in the competition

Wushu  
fighters

Movement precision
Movement elements 
Accuracy

vestibular function 
Coordination
Balance
Reaction speed

Demonstration of professional 
skills during competition 
Precise execution of the elements
victory in the competition

Football  
players

Execute movement se-
quences, leading to the 
team’s victory, directly 
and indirectly

Coordination
vestibular function 
Reaction speed
visual control of wide 
field of vision

It depends on the athlete’s role: 
for the goalkeeper it is the 
number of goals conceded; for 
the forward, the number of goals 
scored

It is necessary to note that our analysis was focused on the athlete’s performance 
during competition, since that’s when his/her professional skills are manifest most 
clearly. As seen in Table 1, the number of professional tasks for football players is 
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limited. This may be understood as due to the fact that a narrower range of skills is 
required if one is training specifically to become a professional goalkeeper, a full-
back, or a forward. On the contrary, wushu fighters and figure skaters have to pos-
sess a much greater range of skills, including artistry and mastering the complexity 
of the program.

Figure skating is the hardest sport in this regard, because it combines these 
requirements with a need for high speed of execution and precise coordination of 
athlete’s body parts. So a well-developed vestibular system may be considered the 
most important factor for effective execution of the necessary elements — rota-
tions, acrobatic elements, jumping, etc. Since the vestibular system is such a sig-
nificant quality for a professional figure skater, it should be developed during very 
early professional specialization (at about 4–5 years of age), and should be tested 
throughout the period of professional growth. Wushu fighters possess a similar 
set of skills; however, due to the smaller percentage of complex rotations required, 
the role of the “vestibular” factor may be not as significant for their professional 
 training. 

Stimuli
To simulate motion sickness symptoms, special virtual environments were con-
structed. They consisted of a set of bright blue balls (total  =  256), which spun as a 
whole around the observer. The average speed of the balls’ rotation was 24о/s. To 
vary the impact of the virtual reality environments, three different virtual scenes 
were constructed which differed in the width of their visual fields. It was shown that 
the wider the visual field the observer used, the stronger was the simulator sickness 
(Menshikova, Kovalev, Klimova, Chernorizov, & Leonov, 2014). Thus, changes in 
the width of the viewing angle could gradually alter the severity of simulator sick-
ness symptoms. virtual scenes with three conditions were designed: in the first 
condition, all balls subtended 45° (the central part of the frontal screen); in the sec-
ond, the balls subtended 90° (the whole frontal screen); in the third, they subtended 
180° (the frontal and two side screens). The balls’ diameters were 0.1°, 0.3° and 0.5° 
in the first, second, and third conditions, respectively. 

Apparatus
The CAvE virtual reality system was used for the stimulation presentation (Fig. 1). 
The device had four large flat screens (Barco ISpace 4), which were connected into 
one cube consisting of three walls and a floor. The length of screen side was about 
2.5 meters. Shutter eye glasses CrystalEyes 3 Stereographics were used. The pro-
jection system was based on BarcoReality 909. The projector’s matrix resolution 
was 1400x1050 with 100 Hz update frequency. The tracking system was produced 
by ArtTrack2. virTools 4.0 was used for software development. It supported DX9/
GL2, HAvOK, particle systems, and shaders. The laboratory room was darkened. 
There were no any light sources except the CAvE systems projectors. The lumi-
nance range in stimulus scene was 1:230. The maximum luminance was 5.5 cd/m2, 
the minimum 0.02 cd/m2.

Eye movements were registered with SMI Eyetracking glasses 2.0, which have a 
resolution of 0.5° and a refresh rate of 60 Hz. 
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Procedure and plan
The participant stood motionless in front of the central screen at a distance 

of 2.5 m observing the rotation of virtual balls around her/him. The rotation was 
carried out along the curved trajectory and lasted for two minutes for each condi-
tion. There was a fixation point in the center of the frontal screen (size: 0.5°; red in 
color). The whole experiment consisted of three presentations differed in the width 
of visual field (three conditions). The order of presentations was randomized. At 
the end of each presentation the participant completed the modified version of 
the SSQ questionnaire and then had a rest of 5 minutes. The entire experiment 
lasted approximately 25 minutes. At the end of the experiment, the participant 
was asked to report the feelings he experienced during interaction with the virtual 
 environment.

Measurements
Objective and subjective measurements were used to evaluate the severity of the 
participants’ motion sickness . Different eye movement characteristics (number of 
fixations, blinks, and saccades, saccade amplitudes) were used as objective meas-
ures, along with the ranking of the SSQ questionnaires as subjective measures. The 
data obtained was analyzed with SPSS 21. 

Results 
The data was analyzed using a two-way analysis of variance (ANOvA). The mul-
tidimensional tests showed statistically significant impacts of the factors “Number 
of conditions” (F(16) = 77.86, p = 0.001) and “Affiliation to a professional group” 
(F(24) = 2.54, p = 0.001) on the variables. Furthermore, the interaction between fac-
tors also reached a level of significance (F(48) = 2.47, p = 0.001). Thus, we showed 
that levels of oculomotor characteristics and questionnaire scores vary according 
to “professional group” affiliation. All conditions differed significantly according to 
oculomotor characteristics and to total questionnaire scores, as was revealed by the 

figure 1. The main view of the CAvE system
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intergroup contrasts method: “blink count” (F(3) = 6.62, p<0.01), “fi xation count” 
(F(3) = 4.15, p<0.01), “saccade count” (F(3) = 6.05, p<0.01), “saccade amplitude” 
(F(3) = 16.39, p<0.01), “Total score” (F(3) = 18.18, p<0.01).

Th e data on the SSQ questionnaires was summarized separately for the various 
conditions and professional groups. Th e mean values of SSQ total scores for the ex-
perimental (fi gure skaters, wushu fi ghters, football players) and control groups are 
shown in Fig. 2 for the fi rst, second, and third viewing conditions (45о = black col-
umns, 90о = gray columns, and 180о = striped columns). According to the schedule, 
SSQ score values signifi cantly diff er (F(1) = 57.36, p<0.001) between conditions for 
any group except the skaters group. For this group the increase of the fi eld of vision 
(from 90о up to 180о) was not accompanied by an increase in total score. Th is result 
agrees with the skaters’ self-reports: they felt no symptoms of strong discomfort 
during the observation of any moving virtual environments. On the contrary, all 
the other groups (wushu fi ghters, football players, and the control group) had twice 
increased their SSQ Total scores (up to 800 points) when the fi eld of vision was 
changed from 90о to 180о. In self-reports they described their feelings as “dizziness 
with open eyes” and “nausea,” and also noted increased diffi  culties in maintaining 
their gaze. Some participants complained they could hardly wait until the end of 
the experiment. 

Data on oculomotor characteristics (blink, fi xation, and saccade counts; sac-
cade amplitudes) were also analyzed separately for the three conditions and pro-
fessional groups. It was shown that all viewing conditions diff ered signifi cantly 
(F(16) = 77.87, p<0.001) according to the mentioned eye movement characteristics. 
Th e mean number of blinks, fi xations, and saccades per minute for all three con-
ditions (fi rst = 45о, second = 90о, and third = 180о, respectively) and for all groups 
are shown in Fig. 3. Th eir analysis shows that the mean values of oculomotor pa-
rameters diff er insignifi cantly between the subject groups for the fi rst (t(29) = 0.81, 
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figure 2. Mean values of SSQ Total scores for the experimental (fi gure skaters, wushu fi ght-
ers, football players) and control groups in the fi rst, second, and third viewing conditions 
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p>0.05) and second conditions (t(29) = 0.77, p < 0.05). However, the third condition 
is signifi cantly diff erentiated from the others in respect to oculomotor parameters: 
blink, fi xation, and saccade counts increase in comparison with the fi rst and second 
conditions. In particular, fi gure skaters have signifi cantly greater oculomotor char-
acteristics for the third condition (t(29) = 3.34, p < 0.01). Th is result is consistent 
with the SSQ Total scores. Mean values of saccade amplitudes for all three condi-
tions (fi rst = 45о, second = 90о and third = 180о, respectively) and for all groups are 
shown in Figure 4. Th e analysis of oculomotor characteristics of the experimental 
and control groups has been done for each condition separately.

In the fi rst condition, both athletes and participants from the control group 
have approximately the same number of blinks (23), fi xations (106), and saccades 
(94) counts per minute. Th e saccade amplitudes also vary only slightly, and their 
average value is about 7.3°. Th e SSQ total score is not very high either: its average 
value is about 201 for all participants (Fig. 2). Th is data is consistent with the self-
reports by all participants which we received aft er their observation of the moving 
virtual environment in the fi rst condition: they did not mention any feelings of 
discomfort. 

Th e second condition diff ers from the fi rst in that there was a substantial in-
crease in all oculomotor characteristics in all subject groups. However, it should be 
noted that for fi gure skaters, changes in eye movements diff er from eye movement 
changes in other participants. For example, their saccade amplitudes increase on 
average by 12% whereas for other participants it increases by 40 %. As for fi xation, 
blink, and saccade counts, their values increase more in the second condition than 
in the fi rst. Specifi c changes in the skaters’ eye movements may be explained by 
their ability to resist the moving environment due to their professional  training. 
Furthermore, subjective levels of discomfort evaluated on the basis of the self-re-

figure 3. Mean values of blink, fi xation, and saccade counts for the experimental (fi gure 
skaters, wushu fi ghters, football players) and control groups in the fi rst, second, and third 
viewing conditions

 



160  G. Ya. Menshikova, A. I. Kovalev, O. A. Klimova, V. V. Barabanschikova

figure 4. Mean values of saccade amplitudes for the experimental (figure skaters, wushu 
fighters, football players) and the control group in the first, second and third viewing condi-
tions
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ports and questionnaire scores were lower for the figure skaters than in the other 
participants.

Analysis of the third condition showed the highest results in almost all oculo-
motor characteristics for figure skaters. It should be noted that athletes of other 
groups (wushu fighters, football players) did not differ from untrained participants 
of the control group in respect to their oculomotor characteristics and SSQ scores.

Discussion
A figure skater’s ability to successfully resist simulator sickness may be explained by 
his/her better developed vestibular function, which is considered the most impor-
tant professional quality for this sport. Certain changes in oculomotor characteris-
tics, in our opinion, are related to special aspects of figure skaters’ athletic activity, 
which are actively developed from the early stages of professional specialization. 
Multiple accelerations and slowdowns, bows and rotations, and mastering the dif-
ficulties of maintaining balance on a limited supporting space, actively increase the 
ability of the body to evaluate its position and locomotion precisely, and thus lead 
to the development of the skater’s vestibular function. At the same time many other 
functions are being developed (i.e., the so-called “feel of the ice”)–muscular, joint 
and tactile sensitivities, eye estimation precision, differentiation of acoustic sensa-
tions, and the ability to integrate signals of different sensory systems during the 
execution of complex program elements (Chaikovskaya, 2003). 

A number of studies have been devoted to highlighting vestibular habituation 
in populations who perform such complex program elements. In particular, they 
showed changes in the slow phase of vestibular ocular reflexes (vOR). In ballet 
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dancers (Tschiassny, 1957) the vOR slow phase velocity is lower in comparison 
to non-trained participants. (Osterhammel et al. 1968). The vOR of gymnasts is 
characterized by a 15% shortening of slow phase and by a 25% decrease in sac-
cadic amplitudes (Quarck et al., 1998). Among fighter pilots, the duration of the 
post-rotational nystagmus is also shorter (Aschan, 1954) than among civil avia-
tion pilots.

We suggest that the reason for the differences in the characteristic eye move-
ments of the figure skaters in our experiment is a change in their optokinetic 
nystagmus (OKN). OKN is similar to vOR in that OKN characteristics, such 
as a decrease in slow phase, may also be linked with habituation to their ves-
tibular load. The fact that figure skaters have the lowest SSQ scores coheres with 
the habituation hypothesis since vestibular habituation seems to be accompa-
nied by reduced motion sickness (MS). Thus, after a month of regular navigation, 
candidates for future maritime service become less sensitive to seasickness and 
show vOR habituation (Shupak et al. 1990). Repeated stimulation of the vestibu-
lar system as part of cosmonaut vestibular training also induced a decrease in 
MS (Clement et al. 2001). Repetitive vestibular stimulation can therefore cause 
changes in vOR and OKN, and at the same time a reduction in sensitivity to MS 
in virtual reality.

The analysis of the data on the football players revealed that negative symptoms 
(vertigo and nausea) appeared for the third condition (visual field of 180°). Along 
with the emergence of these symptoms, there was a lack of change in fixation and 
blink counts when compared with the first, second, and third conditions, which 
may be closely associated with their professional ability to control a whole visual 
field during the game. According to other authors, the ability to pay attention to 
objects located at the periphery of the visual field should be considered as one of 
the main professional qualities of football players (Williams, 2002). It was shown 
(vaeyens, et al., 2007) that when the number of players in the environment increas-
es, players change from exhibiting a low visual search rate with prolonged fixations, 
to a higher visual search rate of shorter duration. Evidently football players have 
started to realize their professional gaze behavior, which leads to an increase in the 
presence effect, and in the end to the higher vection strength. This assumption is in 
agreement with findings of a positive correlation between vection strength, motion 
sickness, and the presence effect. 

conclusion
The effectiveness of virtual reality systems for testing the professional abilities 
(namely the resistance to motion sickness) was demonstrated. These technologies 
allow researchers to initiate different kinds of vestibular function disturbances and 
to assess their strength in a real-time mode. Their application is effective for sport-
speople of any age, especially for young athletes, who need to qualify to be selected 
for professional status in the early stages of their education. 

A method based on eye movement characteristics can be successfully applied 
for testing resistance to motion sickness. Typical changes in eye movement charac-
teristics were revealed in athletes, especially figure skaters, compared with partici-
pants not involved in professional sports. Athletes showed more active eye move-
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ments—an increase in blink, fixation, and saccade counts. The decrease in saccadic 
amplitudes was revealed for figure skaters. The eye movement data were consistent 
with Simulator Sickness Questionnaire scores.

Further research will be concentrated on the precise extraction gaze pattern, 
which is linked to the vection illusion, which can predict motion sickness. It is 
necessary likewise to clarify what exactly are the relevant stimulus parameters that 
increase vection. Therefore the future virtual scenes will be different in content 
from naturalistic visual stimuli to optokinetic drums to estimate the high-level and 
low-level influences on resistance to motion sickness.

 Finally, in this study we did not investigate possible multi-sensory influences 
on motion sickness. The question we will ask in future experiments is how much 
visually-induced motion sickness in athletes is increased by adding other sensory 
modalities. 
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