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Abstract. The present study examined the effect of global motion combinations 
on visually induced motion sickness, presenting global motion analyzed from 
the video movies that induced the VIMS incident in Japan in 2003.  The stimu-
lus movie was presented on LC displays, whose size was either 20 or 37 inch 
with viewing distance of one meter.  The results showed that when the extent of 
pitch and yaw motion was reduced to one third of from the original motion of 
the movie had larger effect than when other types of motion was reduced the 
same ratio of extent. This may be related to the fact that the original movie in-
cluded larger amount of yaw motion.  Moreover, we found that the lager display 
pro-duced larger total scores, and also larger “Disorientation” sub-socres, of 
SSQ than the smaller display. This may suggest the discomfort for the larger 
and smaller displays are produced by mainly different mechanisms. 

1   Introduction 

Recent evolution of moving image technique makes movies more enjoyable and video 
games more attractive.  With computerized system, the creators can easily produce 
visual images, which simulate motion and actions in virtually three-dimensional 
space. Moreover, people can take video movies more easily and enjoy them with lar-
ger TV screen than ever before. The broad diffusion of these techniques, however, 
increases the possibility for us to be suffered from visually induced motion sickness.  
The visually induced motion sickness is often recognized as just a minor annoyance 
and not signifying any serious medical illness.  The sickness may, however, cause a 
risk in any particular tasks, even in daily life. 

Actual incidents of visually induced motion sickness (VIMS) were socially re-
ported in Japan in 2003 and 2006, although the latter is uncertain as to whether it was 
VIMS.  About the incident in 2003, local junior high school students, total of 294, had 
watched a 20-minitute movie presented on a large screen in an auditorium during 
class.  The movie was shot by a handheld video camera, and includes unexpected 
whole image motion and vibration, which were caused by both intended and unin-
tended camera motion.  During and after the class, some of the students complained 
of feeling nausea and head ache; finally 36 students were treated at a hospital for a 
symptom of motion sickness (Ujike, Nihei and Ukai). 
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In order to reduce the risks for us to suffer VIMS while keeping attractiveness and 
enjoyment of watching visual images created by the latest technique, we need to clar-
ify the factors affecting the sickness, and to develop an evaluation method of visual 
images in terms of the sickness.  The literature (Lo and So, 2001) categorized the 
causative factors of cybersickness as the following three:  (i) how moving image is 
presented, (ii) who watches moving image, and (iii) what is presented as moving im-
age.  This categorization is important and can be applied also to VIMS.  In the catego-
ries, the third item, ‘what is presented’, is my concern in the present study, because 
visual mo-tion might be a primary cause of VIMS while the other factors will enhance 
or attenuate the VIMS. 

In my earlier studies, my colleagues and I had investigated the effects of global mo-
tion, both one directional rotation and also reciprocating rotation along different three 
axes, those as roll, pitch and yaw (Ujike, Yokoi and Saida, 2004; Ujike, Ukai and 
Saida, 2004; Ujike, Kozawa, Yokoi and Saida, 2005).  In those studies, we found that 
(i) visual roll motion can be the most effective and visual yaw motion can be the least 
effective, and (ii) a certain range of rotational velocity is effective for VIMS.  In the 
present study, the experiment examined the effect of global motion combinations on 
visually induced motion sickness, presenting global motion that was analyzed from the 
video movies that induced the incident in the local junior high school in Japan in 2003. 

2   Methods 

2.1   Observers 

One hundred and thirty-four adults, aged 19-72 years (mean: 36.2, SD: 9.74; 92 fe-
males and 33 males), participated in the study as observers, after giving their  
informed written consent in accordance with the Helsinki Declaration, and were free 
to withdraw at any time during the experiment.  The study was approved by the Ethics 
Committee of the National Institute of Advanced Industrial Science and Technology.  
The ob-servers were naïve as to the purpose of the experiments, and had normal or 
collected-to-normal visual acuity. 

 

Fig. 1. City scene image presented to observer.  The image was textured to inside wall of a 
sphere, at which center a virtual camera was set to make a movie image.  The camera motion 
was applied from the global motion analyzed from the movie of the incident in Japan in 2003. 
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2.2   Visual Stimuli and Apparatus 

The stimulus was video image that was comprised of five-minutes gray image,  
20-minutes video footage, and another two-minutes gray image, which were pre-
sented in this order.  We used four different 20-minutes video footages, each of which 
was made as CG movie of virtually produced city scene (Fig. 1).  The camera motion 
in the CG movie was basically reproduced based on the camera motion estimated in 
the video movie that induced the incident in Japan in 2003.  The difference among the 
four movies was the extent of motion of the different types of camera motion.  The 
first one was produced with the original motion. The second was with reduced roll 
motion whose extent was one third of the original. The third was with reduced zoom 
motion whose extent was one third of the original. Finally, the fourth was with  
reduced pitch and yaw motion whose extent was one third of the original. 

Four different small experimental booths were set up side by side; each of the 
booths was mostly enclosed by blackout curtain, was set up with a LC display, the 
chin-, head- and arm-rests, with a viewing distance of 1.0 m.  There were two different 
size of the LC display, 20 inch (or 22.7 x 17.0 deg) and 37 inch (or 34.1 x 25.9 deg). 

The height of the LC display was adjusted so that the center of the display was the 
same as vantage point of observers.  The experimental room was light-proofed, and 
the light other than the display was turn off during the experiment. 

On one of the armrest, a response box was fixed.  The response box has a button 
and a four-way joystick. The button was pressed when a small red dot was appeared 
for a short period on a movie image, in order to keep the observers eyes on the display 
screen.  The joystick was used for observers to evaluate discomfort in a four point 
scale. 

2.3   Procedures 

Before the experiment, each of the four different movie was allocated to different  
ob-servers, so that total number, gender, age and susceptibility to motion sickness of 
ob-servers are almost equally appeared in each movie.  Susceptibility to motion sick-
ness was self-reported by each observer before the experiment. 

The experiment was mostly done using all four different stimulus displays (the two 
for 20 inch, the other two for 37 inch) simultaneously, depending on observers’ par-
ticipation.  Each experimental session started with asking observers to do Simulator 
Sickness Questionnaire, and then, observers fix their heads at chin- and head-rests, 
and their arms on armrests.  They watched the video movie for 27 minutes; during 
this time, observers were asked, every one minute, to report about one of SSQ  
score, “General discomfort” in four alternatives: “None,” “Slight,” “Moderate,” and 
“Severe”; they report the score using the four-way joystick. The observers also need 
to respond by pressing the button on the response box when a small red dot was ap-
peared for a short period on a movie image; the position and time (three times every 
minute) of the appearance of the was randomized.  Just after finishing watching the 
video movie, they started, again, SSQ, and then they did it another three times every 
15 minutes. 
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3   Results and Discussions 

Averaged SSQ total score across all the observers shows three things:  The first one 
was that the score dramatically increased just after finishing watching the video, and 
then, gradually decreased with trials after finishing the video movies.  The second one 
was that the scores obtained with the movie including the original motion was always 
the largest among the different movies.  The third one was that the scores obtained 
with the movie including the reduced pitch and yaw amplitude was the smallest after 
the immediately-after-the-watching trial.  This indicates that the effect of pitch and 
yaw was relatively larger than that of other global motion.   

To see detail of the effects of different stimulus movies, the results were separately 
analyzed for different display size. Then, we found that for the larger stimulus  
display, the SSQ total scores obtained with the movie including the reduced pitch and 
yaw amplitude was the smallest after watching the movie, while for the smaller stimu-
lus display, the SSQ total scores for different stimulus movie was almost the same. 
This indicates that the effect of pitch and yaw was relatively larger for the larger  
display than for the smaller display. 
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Fig. 2. SSQ sub-scores for different conditions of stimulus movie and for different display size.  
The different colors of the bar show the different sub-scores:  Blue for “Nausea,” beige for 
“Oculomotor,” and yellow for “Disorientation.”  Abbreviations on the horizontal line indicate 
condition o stimulus movie:  “YP/3” for the reduced pitch and yaw motion, “Z/3” for the re-
duced zoom motion, “R/3” for the reduced roll motion, and “Full” for the original motion of the 
stimulus movies. 

To see more details of the effects of different stimulus movies, the results were 
separately analyzed for different sub-scores of SSQ, which are “Nausea,” “Oculomo-
tor,” and “Disorientation,” for different display size.  The results were shown in Fig.2.  
From the figure, we found the following three.  Firstly, the scores are generally larger 
for the larger display than the smaller display.  This is the effect of display size.  
While previous reports had been focused on the effects of more larger display, our 
results showed the effects still exists for the smaller size that we used.  Secondly, the 
“disorientation” sub-scores relatively increased for the larger display than for the 
smaller display.  This may suggest that the discomfort for the larger and smaller dis-
plays are produced by mainly different mechanisms.  That is, the movie in the larger 



396 H. Ujike 

display induced discomfort mainly through equilibrium mechanism, while the movie 
in the smaller display induced discomfort mainly through other mechanism. 

Thirdly, sub-scores of the reduced pitch and yaw motion was relatively smaller 
than the other conditions of the movie.  This may be because the original motion in-
cluded relatively larger amount of Yaw motion, which was found by our quantitative 
analysis through global motion analysis of the original movie. 

Averaged discomfort scores of every one minute during watching seemed rela-
tively correlated to relative increment and decrement of each type of global motion.  
Moreover, the scores overall gradually increased during watching.  Therefore, we 
speculated that there are two types of effects:  the transient and sustained effects of 
VIMS. 

4   Summary 

In the study, we found the following: 

1. The effect of reducing pitch and yaw motion from the original motion of the movie 
shown on site of the VIMS incident happened in Japan in 2003 was larger than the 
effects reducing same ratio of the other types of motion.  This may be related to the 
fact that the original movie included larger amount of yaw motion, which found 
based on global motion analysis. 

2. Lager display, 34.1 x 25.9 deg, produced larger total scores, and also larger “Dis-
orientation” sub-socres, of SSQ than smaller display, 22.7 x 17.0 deg.  This may 
suggest the discomfort for the larger and smaller displays are pro-duced by mainly 
different mechanisms. 
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