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ABSTRACT
We investigated the level of simulator sickness 

symptoms that was induced in different game 
playing contexts. We compared the symptom lev-
els with Olympus virtual display and ordinary ta-
bletop display. The results show that highest sick-
ness levels were induced by Need for Speed car 
racing game that included fast movements and 
strong optical flow. A static car racing game in-
duced significantly less symptoms. Interestingly, 
the symptom levels induced by the Need for 
Speed were not significantly different in the ex-
periment in which the participants used Olympus 
EyeTrek virtual display and in the experiment in 
which the game was shown on a standard tabletop 
display. We can conclude that the sickness was 
mostly caused by the optical flow shown with a 
large visual field and not by the virtual display it-
self.

INTRODUCTION
Head-worn virtual display might be an ideal de-

vice for game playing, because the experience 
users gain from gaming might be enhanced by the 
immersive gaming environment. However, there 
may be problems with using a virtual display be-
cause users may experience simulator sickness 
symptoms with a virtual or stereoscopic display
[1-6]. The role of sickness symptoms in gaming 
context may be more complex than with other 
tasks, because the enjoyability of the gaming may 
reduce the significance of the experienced symp-
toms. To find out the experienced symptom levels 
for game players, we measured the subjective 
simulator sickness levels with two car racing 
games. The first game was Need for Speed Un-
derground (NFS), which is a fast-paced car racing 
game with fast movements and strong optical flow 
component. Our hypothesis was that    the NFS 
would induce strong symptom levels in all simula-
tor sickness symptom factors. To measure the sig-
nificance of virtual display use, we compared the 
symptoms with a virtual display with an ordinary 
tabletop display. The second game was Slicks’n 
Slide 1.30d, which is a simple and stationary car 

racing game in which the player has a top view to 
the racing track and sees the whole track during 
the game. Because the Slicks’n Slides was visually 
stationary, our hypothesis was that it would induce 
significantly less symptoms than NFS. On the 
other hand, Slicks’n Slides was also less visually 
appealing and captivating game, so the participant 
might pay more attention to the sickness symp-
toms while playing it. The participant groups 
played Slicks with both Olympus virtual display 
and the tabletop display so that we could measure 
the interaction of the display and game types.

METHODS
Participants

Thirty users participated in each experiment, 
resulting a total of 120 participants in the four ex-
perimental conditions. Mean age of the partici-
pants was 24.4 years and the age varied between 
18 and 42 years. 50 % of the participants were 
male and 50 % were female. 14.1 % had previous 
experience of head-worn displays and 6.0 % had 
experience of virtual reality. 50.0 % of the partici-
pants wore eyeglasses. None of the participants 
using eyeglasses had contact-lenses or multi-focal 
glasses.
Apparatus

In experimental conditions 1 and 2 the game 
was shown in Olympus EyeTrek FMD-700 
head-worn display, which is a binocular display 
providing a resolution of 800 x 600 pixels and 
field-of-view of 30 degrees x 30 degrees. In the 
experimental conditions 3 and 4 the game was 
shown in 21 inch Sony Trinitron GDM-F520 display. 
The viewing distance was one meter when Sony 
Trinitron was used. This condition is later referred 
as the CRT condition.  
Procedure

The participants played the computer game for 
40 minutes. In experiments 1 and 3 the game was 
the Need for Speed Underground and in experi-
ments 2 and 4 the game was Slicks’n Slide 1.30d.

Participants were students that were recruited 
via email lists. The prospective participants fol-
lowed a link that was provided in the email and 
filled in a background questionnaire. We selected 



participants that were in the suitable age range 
(18-42) and had a positive attitude towards car 
racing games. We also selected equal number of 
female and male participants, and made sure that 
age range of the participants matched in each ex-
perimental group.

The participants who were invited to the test 
went through a visual screening procedure in 
which we tested near and far visual acuity, stereo-
scopic acuity, horizontal and vertical phoria and 
near point of accommodation. A participant was 
excluded from the main experiment if his/her 
stereoacuity was less than 60 arc seconds, visual 
acuity less than 20/40, horizontal esophoria more 
than 7 diopters, horizontal exophoria more than 13 
diopters and vertical phoria more than 1 diopter.
Background data

Before the experiment we collected background 
data with several questionnaires. We registered 
the participants’ gender, age and experiences re-
lated to head-worn displays, virtual reality and 
computer game playing. We also asked about the 
amount of nearwork they conducted during a typi-
cal day and the amount of eyestrain symptoms 
that they experienced during the work. Finally, we 
asked the participants to rate the frequency of 
headaches they experienced and evaluate their 
susceptibility to motion sickness. 

Simulator sickness was measured with Simula-
tor Sickness Questionnaire (SSQ; [7]) and Visual 
Symptoms Questionnaire (VSQ). The question-
naire was administered before and after the ex-
perimental task.

After the experiment the participant filled in also 
a mood curve, which is a qualitative description of 
the gaming experience as a function of time  and 
EVE –Experience Questionnaire (EVEQ). EVEQ 
measures the overall user experience in game 
world. We have reported the user experience re-
sults elsewhere [8,9] and in this report we focus on 
the simulator sickness results.

RESULTS
Simulator sickness

Most of the participants reported simulator 
sickness symptoms after playing the game (100 % 
of participants in the Olympus/NFS test, 93% in 
other tests). In table 1 are shown the percentages 
for each SSQ symptom factor. The percentages 
indicate that oculomotor symptoms were experi-
enced by most participants in all experimental 
conditions. On the other hand, there were signifi-
cant differences in the prevalence of the nausea 
symptoms, as they were experienced by most of 
the participants in all but Slicks/CRT condition
(Pearson 2(3,n=120)=11.178,p<0.05). 

The total SSQ symptom scores are shown in fig-
ures 1 and 2. Figure 2 shows a relative score in 
which the pre-experimental scores have been sub-
tracted from the post-experimental score and 
figure 1 an absolute score in which the subtraction 
has not been conducted. The differences between
experiments are not significantly different when 
relative scores are compared but absolute scores 
are significantly different. The results show that the 
total effect of experimental condition was signifi-
cant (Kruskal- Wallis test, 2(3,n=120)=8.877, 
p<0.05). Post-hoc comparison show that Olym-
pus/NFS was significantly different from 
CRT/Slicks condition (Mann-Whitney test, 
z=-2.730, p<0.01) and CRT/NFS was different 
from CRT/Slicks (Mann-Whitney test, z=-2.144, 
p<0.05). Non-parametric statistical tests were used, 
because the variances of the compared groups 
were significantly different and thus the require-
ments for the analysis of variance could not be 
satisfied. All the statistical comparisons were made 
to absolute SSQ scores.

Nausea symptoms
The total effect of nausea symptoms was sig-

nificant in the whole experiment (Kruskal Wallis 
test, 2(3,n=120)=13.919,p<0.01). Post-hoc com-
parisons show that CRT/Slicks experimental condi-
tion induced significantly less nausea symptoms 
than the NFS game viewed either in Olympus 
glasses (Mann-Whitney test, z=-2.892,  p<0.01)
or in tabletop display (Mann-Whitney test, z=-3.233,  
p<0.001).

Oculomotor symptoms
The oculomotor symptom levels were high in all 

the experimental conditions, so there were not 
large differences between the experiments. Post 
hoc tests indicate that the Olympus/NFS experi-
mental condition was significantly different from 
CRT/Slicks in oculomotor symptom level 
(Mann-Whitney test, z=-2.259,  p<0.05). 

Disorientation symptoms
The main differences in disorientation symp-

toms are caused by the NFS game, as the main 
differences existed between the Olympus/NFS 
experimental condition and CRT/Slicks condition 
(Mann-Whitney test, z=-2.170, p<0.05) and were 
approaching significance between the CRT/NFS

Nausea Oculomotor Disorientation
Olympus NFS 63 % 100 % 60 %

Olympus Slicks 57 % 90 % 40 %

CRT NFS 70 % 90 % 53 %

CRT Slicks 30 % 93 % 37 %

Table 1. Percentage of participants get-
ting symptoms 



condition and CRT/Slicks condition (Mann-Whitney, 
z=-1.825, p<0.10).

Background variables and the symptom levels
Gender
Females reported higher symptom levels in

several SSQ factors (SSQ/Total, Mann-Whitney 
test, z=-2.264, p<0.05; SSQ/Oculomotor score,
Mann-Whitney test, z=-2.807, p<0.01; 
SSQ/Disorientation, Mann-Whitney test, z=-2.246, 
p<0.05).

If the results were restricted to Olympus virtual 
display condition, females reported higher scores 
in the SSQ/Oculomotor factor (Mann-Whitney test, 
z=-2.432, p<0.05). 

Motion sickness
Participants who reported suffering from motion 
sickness sometimes or often reported different 
levels of simulator sickness symptoms compared 
to participants who reported never suffering from 
simulator sickness. The differences were signifi-
cant in SSQ/Total scores (Mann-Whitney test, 
z=-2.529, p<0.05), SSQ/Nausea scores 
(Mann-Whitney test, z=-2.042, p<0.05) and in VSQ 
scores (Mann-Whitney test, z=-2.018, p<0.05).

Headache tendency
Participants who reported suffering from head-

ache sometimes or often reported higher symptom 
levels than participants who reported never having 
headaches, as indicated by SSQ/Total scores 
(Kruskal-Wallis test, 2(2,n=120)=5.975,p=0.05), 
and SSQ/Oculomotor scores (Kruskal Wallis test, 
2(2,n=120)=8.115, p<0.05). Post-hoc compari-
sons showed that significant differences exists 
between participants who report rarely having 
headaches and the participants who reported often 
having headaches (SSQ/Total, Mann-Whitney test, 
z=-2.288, p<0.05; SSQ/Oculomotor score,
Mann-Whitney test, z=-1.650, p<0.01; 
SSQ/Disorientation, Mann-Whitney test, z=-2.246, 
p<0.05).

Visual measurements and symptom levels
Participants who had vertical phoria tended to 

report higher levels of oculomotor symptoms (VSQ 
score; Mann-Whitney test, z=-2.429, p<0.05).

CONCLUSIONS
Most users experienced simulator sickness 

symptoms regardless of the display they used for 
game playing. A fast-paced racing game induced 
equal nausea symptoms with Olympus virtual dis-

Fig. 2 Relative SSQ/Total scores.Fig. 1 Absolute SSQ/Total scores.
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Fig. 3 Absolute SSQ Factor scores.
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play and with ordinary tabletop display. This 
probably occurred because the fast optic flow of 
the display induced visual-vestibular conflict in 
both conditions. The same results can be seen in 
the disorientation symptoms, where the main dif-
ference was between the game types and not be-
tween the display types.

Oculomotor symptoms were increased in all 
experimental conditions, which shows that the in-
tensive focus to the game causes more symptoms 
than the differences in the display types.

Our result indicates that captivating and au-
dio-visually appealing game does not decrease the 
reported simulator sickness symptom levels. Thus, 
the flow of the game does not distract the players 
from the adverse symptoms they are feeling. 
However, the virtual display itself did not induce 
significant amount of symptoms, because the vis-
ual elements of the game were so strong.

We also noticed that several background vari-
ables had a relation to reported sickness symp-
toms. First of all, females reported higher symptom 
levels than males. The effect of gender has been 
reported before, so our result is consistent with 
earlier findings. The significant effect means that 
64-68% of the participants reporting the highest
symptom levels were females. Thus, simulator 
sickness experiments should be conducted with 
experimental groups containing both males and 
females. 

The effect of self-reported susceptibility to mo-
tion sickness and headache had a clear relation to 
experienced symptom levels. These individual dif-
ferences suggest that there will always be a group 
of sensitive persons who will get symptoms from 
virtual displays and games. Because this group of 
users is so sensitive that they will get symptoms in 
everyday situations like sitting in a bus, it may be 
impossible to design a virtual display in such a way 
that they are not affected. The results also shows 
that it is important to register the susceptibility to
headache and motion sickness when conducting 
experiments with virtual displays. In an ideally de-
signed experiment the most sensitive persons are 
either tested separately or their number in the ex-
perimental groups is controlled.
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