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Immersive virtual environment (IVE) definitions of this research are 1) multiple large flat-
screened, 2) can accommodate more than one user at the same time, and 3) different types of
user as "driver" and "passenger". Therefore, head-mounted display (HMD), Concave screen,
one large projection screen and a monitor screen are not IVE from these definitions. CAVE
Automatic Virtual Environment (CAVE) is one type of IVE. The current CAVE used by only
one user at one time. However, CAVE screen size is increasing in coming future. The larger
CAVE can support more than one user simultaneously enter at the same time while these
users see the screen from different positions (“driver” versus “passenger”). The previous
published papers were less studying on simulator sickness in CAVE system. Furthermore,
driver and passenger positions effect on simulator sickness in IVE have not been published.
Therefore, this research purpose is proposing the safety guidelines which reduces the
simulator sickness in an immersive virtual environment by study multiple factors of
simulator sickness in an immersive virtual environment, and investigated their order of
importance from factor loadings through subject experiments based on a simulator sickness
questionnaire. To better determine the causal factors of simulator sickness in multiple-
screened IVE, this research studied not only environmental factor effects on simulator
sickness such as position, parallax, and number of display screens, but also subject factor
effects such as age and height differences. A HoloStage™ experiment with various
environmental conditions was used with a follow-up simulator sickness questionnaire and
motion sickness history questionnaire evaluation. In addition, the heartbeat rate of ECG

signal for physiological measurement also analyzed in the last experiment of this research.



Experiment 1 is the study of display screen and parallax effects. Experimental results
show three-screened induced simulator sickness less than one-screened when comparing in
simulator sickness questionnaire (SSQ) total score. However, the oculomotor is affected on
simulator sickness from three-screened more than one-screened when parallax is 2.0 cm.
This experiment results suggest to use three-screened IVE with pay attention to set proper
parameter conditions.

Experiment 2 is the study of parallax, position, height difference, nationality, and age
effects by using wide-road content. The most factor effects on simulator sickness in
descending order as parallax, position, height difference, nationality and age. However, the
wide-road content is not shown obvious image distortion to the passenger. Therefore,
Experiment 3 is the study of position effect by using narrow-road content. Position, height
difference, and age effect on simulator sickness are studied in this experiment. The most
factor effects on simulator sickness in descending order as position, height difference and
age. Finally, experiment 4 is the study of the important factor effect and their order. The
results show the most factor effects on simulator sickness in descending order as parallax,
position and height difference effect. Moreover, the relationship between SSQ and heart beat
results was investigated in this experiment.

Regarding to the findings in these studies, three-screened displays produce less
simulator sickness than one-screened displays but need attention to set proper parameters,
e.g. should set parallax to 6.5 cm. Moreover, the simulator sickness can be reduced in
multiple-screened immersive virtual environments by setting the tallest subject as the
driver, and having the subject avoid the position where the screens connect together.
Furthermore, the safety guidelines for experiment in immersive virtual environment and

safety guidelines for IVE are proposed.
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