
 
 

Visual comfort with mobile stereoscopic gaming 
 

Jukka Häkkinenab, Marja Liinasuob, Jari Takataloa, Göte Nymana  
 

a Department of Psychology, P.O.Box 9, University of Helsinki,  
00014 Helsinki, Finland 

 b Nokia Research Center, P.O.Box 407,  
00045 Nokia Group, Finland 

 
 

ABSTRACT 
A stereoscopic display produces an enhanced game playing experience for the user. However, this experience might be 
affected by eye strain symptoms produced the convergence-accommodation conflict in the visual system. In this study 
we measured the level of sickness symptoms in mobile stereoscopic game playing situation. Our results showed that 
playing a mobile game with an autostereoscopic display did not cause eye strain that differed from eye strain caused by 
ordinary mobile device use. The results suggest that with sufficiently small disparities a mobile stereoscopic display can 
be used to achieve a comfortable user experience. We also found links between experienced sickness symptoms and 
background variables. Firstly, our results indicated that females reported higher symptom levels than males. Secondly, 
we showed that the participants with higher susceptibility to motion sickness reported higher sickness levels in the 
experiment. Thirdly, we showed that participants with less computes skills or with less enthusiastic attitude towards new 
technology had significantly more sickness symptoms than the other participants 
 
Keywords: autostereoscopic display, eye strain, user experience, convergence-accommodation conflict 
 
 

1. INTRODUCTION 
A stereoscopic display enhances the entertainment experience provided by a computer game. With stereoscopic graphics 
the immersive experience created by the game becomes more powerful and the effects of the game are more dramatic1. 
Because an autostereoscopic display does not require special viewing glasses, it seems like an ideal stereo display type 
for mobile gaming devices. The exciting gaming experience provided by the stereoscopic display might be affected by 
eye strain symptoms which are related to the convergence-accommodation conflict that the participant experience when 
viewing the display2. Eye strain and other adverse symptoms are not subjective states that one would like to associate 
with fun and exciting gaming experience, so the issue of eye strain might be critical for the acceptance of stereoscopic 
gaming devices. In this study we wanted to measure the level of sickness symptoms in mobile stereoscopic game 
playing situation. 
 
Earlier ergonomic studies related to stereoscopic displays show variable findings. Some studies indicate that subjective 
visual strain symptoms are present when users watch a stereoscopic display3-4, but other studies suggest that there are no 
symptoms5-6. Similarly, some studies indicate that there are physiological aftereffects in the visual system of the 
participants4, 6-9, but others report no additional physiological aftereffects5, 10. The mixed results of these studies might 
be related to the small number of participants that was used in many of the studies3-6, 9, 11. Both eye strain questionnaires 
and physiological measurements can be very variable and thus an experiment with 5-10 participants might not be 
sufficiently powerful to measure the effects. Consequently, in our study we wanted to conduct the study with large 
participant groups so that we could ensure that the results would be representative. 
 
We also tried to control the possible sources of variation carefully so that we would get clearer results. First of all, we 
made sure that all the participants had a properly functioning visual system. We measured stereoscopic acuity, visual 
acuity and heterophoria and selected only those participants who did not have problems with their vision. Secondly, we 
made sure that the number of male and female participants was equal in the experiments so that the gender would not 



bias the results. It is known that females report more sickness symptoms with the Simulator Sickness Questionnaire, so 
unequal number of males and females probably affects the results. Thirdly, the experiment starting times were randomly 
distributed between morning and afternoon (9 am – 4 pm) so that the existing eye strain would not affect the results. 
Fourthly, we also decided to use small disparities in the experiments, because this reduces the convergence-
accommodation conflict but the participants can still enjoy the stereoscopic effect12-14. 
 
Our purpose was to control the effect of stereoscopic depth carefully, so we used a flat puzzle game as a stimulus. The 
whole game was at a same depth level during the experiment, so each participant was exposed only to a single depth 
level during his/her playing time. The game was also very easy and not stressful, so the we the participants were not 
frustrated or stressed during their gaming experience.  
 

2. METHODS 

2.1 Experimental situation 
The users played a simple puzzle game with Sharp SH505i mobile phone which has a parallax barrier autostereoscopic 
display. Display resolution was 240 x 320 pixels and pixel pitch was 0.31 mm. Before the user started to play the chin 
rest was adjusted so that user’s eyes were in right height (34 cm). The viewing distance was 40 cm (Figure 1). 
 
The task of the user was to play a puzzle game for 40 min. The puzzle consisted of numbers in random order and the 
task of the participant was to move squares horizontally or vertically so that the numbers were in order. Once a user had 
the numbers in order, he / she pressed middle button to get to the next level. At that point the numbers were randomized 
again and the participant started the ordering process again. The task lasted for 40 minutes. During the task the 
experimenter was observing the user behind him/her.  
 
The puzzle had a constant disparity during a single experiment. There were 5 experiments with different depth in each: 
1) 5.4 min arc far, 2) 2.7 min arc far, 3) zero depth, 4) 2.7 min arc near and 5) 5.4 min arc near. 30 participants 
participated each experiment. Different participants conducted the experiment in each disparity condition, so the total 
number of participants was 150. 

2.2 Experiment protocol 

2.2.1 Invitations 
Email invitations were send to student email lists at the University of Helsinki. The invitations contained a link to a web 
page in which the participants filled in a background questionnaire. The questionnaire was used to select proper 
participants for the experiment. We selected participants whose age was between 18-35 years. We also selected 50 % 
male and 50 % female participants. The questionnaire contained also questions related to their technology interest, 
computer skills and game playing habits. 

2.2.2 Vision screening 
The participants who were selected to the next phase were invited to the vision screening. We measured  interpupillary 
distance, stereoscopic acuity, near and far  visual acuity, near point of accommodation with a RAF gauge, near 
heterophoria with a Maddox Wing and AC/C ratio. The participants also filled in a near vision symptoms questionnaire 
which measures the amount of eyestrain the participants are experiencing in near vision tasks in their daily life.  
 
The participants had to pass certain criteria in the vision screening or they were excluded from the main experiment. 
The participants were excluded if their stereoscopic acuity was less than 60 arc sec, near visual acuity in less than 0.50 
in either eye, far visual acuity less than 0.63 in either eye, horizontal phoria more than 7 D in esophoric direction, 
horizontal phoria more than 13 D in exophoric direction or vertical phoria more than 1 D. If the participant exceeded 
these criteria, he/she was invited to the main experiment that was conducted several days later. 



 
                                                   (a)                                                                                         (b) 
                                                  
Figure 1. Pictures of the experimental situation. In the left image is depicted the participant looking leaning to a chinrest 
and looking at the mobile phone. In the right image is a front view of the phone. The stereoscopic puzzle task was 
shown in the phone display. 
 

2.2.3 Main experiment 
In the main experiment the participant first filled in a background questionnaire that contained general questions 
regarding the health state of the participant. They described their major, head-mounted display and virtual reality 
experience, daily nearwork time, computer gaming frequency, motion sickness and headache frequency and handedness. 
We also asked when was the last time they had eaten and taken any medicines that made them more susceptible to 
nausea (sedatives or tranquilizers, decongestants, anti-histamines, asthma medicine or alcohol (two drinks or more). 
 
After filling in the background questionnaire the participants filled in a Simulator Sickness Questionnaire (SSQ) and 
Visual Symptoms Questionnaire (VSQ). Then near heterophoria, AC/C ratio and near point of accommodation was 
measured before the gaming task began. 
 
When 40-minute task was completed, near heterophoria, AC/C ratio and near point of accommodation were measured. 
Then the participants filled in the SSQ and VSQ. Finally, the participants filled in a general questionnaire in which we 
asked about their opinions about benefits and downsides of a stereoscopic display. We asked the following questions: 
 
1. Would a 3D-display bring any benefit to the usage of a mobile device?  

If you answered yes, could you described the benefits. 
If you answered no, could you describe your reasons.  

 
2. Do you see risks or negative issues related to a 3D-display in a handheld mobile device? 
3. What are the positive aspects of a 3D-display in a mobile device? 
4. What kind of applications/content would better suit a 3D-display than a normal 2D-display? Why? 
5. What kind of applications/content would not suit a 3D-display? Why not? 

 

40 cm 

25 °



3. RESULTS  

3.1 Participants 
The participants were recruited from the student email lists, so 91 % of the participants were full-time students. Most of 
them (64 %) studied social and behavioral sciences or humanities. 21 % of them studied science or engineering. The 
mean age of the participants was 24 years and the age varied between 19 and 33 years. Over half of the participants (51 
%) used eye glasses and only a small minority used contact lenses (1 %). 
 
The participants were fairly interested in new technology (Table 1) and rated themselves as having average computer 
skills (Table 2).  The average time they evaluated spending with computer during a week was 22.12 hours. Smallest 
reported time was 0 hours and highest reported time was 100 hours.  12 % had previous experiences with a HMD and  
6 % had tried a virtual reality system.  
 
 

           
       Table 1. Technology interest.                                             Table 2. Computer skills 
 
 
3.1 Sickness symptoms 
Analysis of variance of the mean scores of the SSQ/Oculomotor factor indicated that there were not significant 
differences between the experimental conditions (Figure 1c), between stereoscopic and non-stereoscopic conditions or 
between near and far depth. There were no differences in the SSQ Total score or in the other SSQ factor scores. We 
used the absolute post-task scores in our calculations, i.e., we did not compare the values of pre-task SSQ scores and 
post-task SSQ scores. 
 
3.2 Physiological changes 
Either near point of accommodation or horizontal heterophoria showed significantly different changes between 
experimental conditions, between stereoscopic and non-stereoscopic conditions or between near and far depth. There 
was also no significant relation between the physiological measures and in the subjective symptom levels.  
 
We conducted a regression analysis to study the relation between vision variables and the subjective symptom levels. 
The results showed that subjective symptoms did not have statistically significant relation to interpupillary distance, 
stereoscopic acuity, far or near visual acuity or near point of accommodation.  
 
Participants who had heterophoria changes to exophoric direction experienced significantly higher sickness symptoms 
in stereoscopic experimental conditions than the participants who had changes to esophoric direction (SSQ/Total score, 
F(2,117)=4.483, p<0.05; SSQ/Nausea, F(2,117)=3.936, p<0.05; SSQ/Oculomotor, F(2,117)=4.924, p<0.01).   
 
3.3 Background variables 
Females reported higher symptom levels than males (SSQ/Total score, Welch’s Anova (1, 99.06)=4.692, p<0.05; 
SSQ/Oculomotor, Anova Welch(1, 106.83)=5.716, p<0.05; SSQ/Disorientation, Welch’s Anova (1, 99.45)=4.641, 
p<0.05). Computer game playing frequency had a clear effect to the sickness levels, as  the participants who played 
more often reported less sickness symptoms in the tests (SSQ/Total, Kruskal Wallis test, Χ2(3,n=120)=8.373, p<0.05; 
SSQ/Oculomotor score, Kruskal Wallis test, Χ2(3,n=120)=7.489, p=0.058; SSQ/Nausea, Kruskal Wallis test, 
Χ2(3,n=120)=10.253, p<0.05). Post-hoc tests showed that there were significant differences between the participants 
who reported never playing computer games and the other participants, who reported playing games seldom, sometimes 
or often.  

How interested are you in new technology? 
Not at all 1.37 % 
Somewhat interested 33.56 % 
Fairly interested 34.93 % 
Very interested 30.14 % 

How would you rate your computer skills? 
No skills 0.00 % 
Basic skills 10.27 % 
Average skills 63.70 % 
Expert 26.30 % 



 
 
 

       (a)               (b) 

 
    (c)                    (d) 

 
Figure 2. Simulator sickness symptom scores in the different experimental conditions. The disparity values in the x-axis 
represent the depth in which the puzzle was in each experiment. Negative values indicate far depth and positive values 
near depth. The error bars represent the standard error of the mean. (a) SSQ/Total score. (b) SSQ/Nausea score. (c) 
SSQ/Oculomotor score. (d) SSQ/Disorientation score. 
 
 
Susceptibility to motion sickness had a clear relation to experienced sickness symptoms, as the participants who 
reported having motion sickness frequently reported more symptoms during the experiment (Figure 3; SSQ/Total, 
Kruskal Wallis test, Χ2(3,n=120)=22.565, p<0.001; SSQ/Nausea, Kruskal Wallis test, Χ2(3,n=120)=8.264, p<0.05; 
SSQ/Oculomotor, Kruskal Wallis test, Χ2(3,n=120)=24.948, p<0.001; SSQ/Disorientation, Kruskal Wallis test, 
Χ2(3,n=120)=21.167, p<0.001). On the other hand, the self-reported headache frequency did not have a significant 
relation to the sickness scores. 
 
Self-reported compute skills had a significant relation to the symptom levels, participants who reported having less 
computer skills experienced more symptoms during the test (SSQ/Total, Kruskal Wallis test, Χ2(2,n=120)=9.861, 
p<0.01; SSQ/Oculomotor, Kruskal Wallis test, Χ2(2,n=120)=10.064, p<0.01; SSQ/Disorientation, Kruskal Wallis test, 
Χ2(2,n=120)=11.703, p<0.01). 
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3.3 Qualitative findings 
Qualitative results showed that most participants find an enhanced game playing experience as the clearest benefit of a 
stereoscopic display (Table 3). A possibility for a better user interface and the better overall user experience were the 
second and third most frequently mentioned alternatives. When asked about the possible downsides of a stereo display 
in a mobile phone, many user could not imagine relevant uses for it in a mobile device (Table 4). Sickness symptoms 
were also mentioned, but this might have been biased by the sickness questionnaires that the participants filled in during 
the experiment. Games were most often mentioned as a possible application for a stereoscopic display in a mobile 
device (Table 5). A stereo display was not thought as necessary for text based applications or for the basic functionality 
of the phone (Table 6). 
 

                             (a)                         (b) 

                                                    (c)                         (d) 
 
Figure 3. Simulator sickness symptom scores as a function of motion sickness frequency. The error bars represent the 
standard error of the mean. (a) SSQ/Total score. (b) SSQ/Nausea score. (c) SSQ/Oculomotor score. (d) 
SSQ/Disorientation score. 
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                                                   (a)                           (b) 

                                                    (c)                         (d) 
 
Figure 4. Simulator sickness symptom scores as a function of computer skills. The error bars represent the standard 
error of the mean. (a) SSQ/Total score. (b) SSQ/Nausea score. (c) SSQ/Oculomotor score. (d) SSQ/Disorientation score. 
 
 
 

What benefits would a stereo display bring? Frequency 
Better games 55 
Better user interface 17 
Better overall user experience 15 
Map applications easier to use 10 
More possibilities 6 
Table 3.  
 
What downsides would a stereo display have? Frequency 
Unnecessary in a mobile phone 46 
Adverse symptoms 32 
Might not be suitable for all persons 11 
Small viewing area 8 
Makes phone operation more difficult 8 
Table 4. 
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What kind of applications would suit a stereo display in a mobile phone? Frequency 
Games 74 
Map applications 14 
Stereo photographs 8 
Data visualization 7 
3D user interface 5 
Table 5. 
  
What kind of applications would not suit a stereo display in a mobile phone? Frequency 
Text applications 46 
Text messages (SMS) 32 
Basic functionality of the phone 11 
Maintaining contacts and phone numbers 8 
Phoning 8 
Table 6.  

 
 

4. DISCUSSION 
Our results showed that playing a mobile game with an autostereoscopic display did not cause eye strain that differed 
from eye strain caused by ordinary mobile device use. The eye strain that was experienced by the participants was 
probably caused by the small display size and intensive focus to the game and not by the autostereoscopic display. The 
low symptom levels were probably also related to the small disparities used in our experiment. These results suggest 
that with sufficiently small disparities a mobile stereoscopic display can be used to achieve a comfortable user 
experience. 
 
4.1 Participants groups with higher susceptibility to sickness symptoms 
There were also links between experienced sickness symptoms and several background variables. Firstly, our results 
indicated that females reported higher symptom levels than males. This finding confirms earlier reports and shows the 
need to have an equal number of male and female participants in an experiment that includes sickness symptoms 
evaluation.  
 
We also noticed a relation between susceptibility to motion sickness and the sickness levels reported in our experiment. 
The participants who reported having sickness symptoms often in a vehicle reported also higher sickness levels in the 
experiment. These persons might represent a group with higher sensitivity to sickness symptoms in any environment 
that could induce symptoms. We have reported similar findings in our experiments with head-worn virtual displays15. 
These findings have implications for the selection of simulator sickness experiment participants, because the number of 
the more sensitive participants should be carefully controlled. Without such control measures the average values 
computed from the Simulator Sickness Questionnaire scores might be biased by one or two extreme values produced by 
the sensitive participants. In future studies it might be useful either to exclude very sensitive participants or to have them 
tested in a separate experimental group.  
 
4.2 Attitude towards new technology affects symptom levels 
Simulator sickness symptom levels were also related to participants’ computer proficiency, technology experience and 
technology attitudes. Participants who reported having less skills with computes or who were not enthusiastic about new 
technology had significantly more sickness symptoms than the other participants. The same trend was visible in the 
game playing variables, i.e., participants who spent more time with computer games reported less sickness symptoms in 
the experiment. This finding suggests that participants who did not have a lot of experience on computers or who have a 
neutral or negative attitude towards new technology, might experience the situation involving new technology more 
stressful and thus pay more attention to the negative symptoms that they are feeling. On the other hand, participants with 
a lot of experience of computer games and otherwise positive attitude towards new technology might be more 



enthusiastic about the new technology and consequently pay less attention to the adverse symptoms that they are 
experiencing. 
 
The relation of technology attitudes and experienced symptom levels indicates that the selection of participants might 
have a strong effect to the experimental findings. If the experiment participants work in a technology company or study 
in a technology related field, the resulting sickness levels may be significantly lower than with other participants. 
However, the effect might be caused by short-term enthusiasm toward the new technology, so in the future studies it 
would be interesting to test whether the differences between persons with different technology attitudes are reduced 
with the long term use of the device.  
 
4.3 Conclusions 
An autostereoscopic display can produce a comfortable and exciting user experience if moderate depth levels are used. 
However, psychological factors have a strong effect to the experienced sickness levels. This finding implicates that any 
study that measures user experience should have a careful participant selection procedure and sufficiently large 
participant group.  
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