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Abstract. Recently, with the rapid progress in image processing and
three-dimensional (3D) technology, stereoscopic images are not only seen on
television but also in theaters, on game machines, etc. However, symptoms such
as eye fatigue and 3D sickness may be experienced when viewing 3D films on
displays and visual environments. The influence of stereoscopic vision on the
human body has been insufficiently understood; therefore, it is important to
consider the safety of viewing virtual 3D content. In this study, we examine
whether exposure to 3D video clips affects the human body such as brain blood
flow. Subjects viewed 3D video clips on the display of portable game machines,
and time series data of their brain blood flow was measured by near-infrared
spectroscopy (NIRS) with use of FOIRE-3000 (Shimazu Co. Ltd., Kyoto). Our
results showed oxyhemoglobin tended to increase throughout the cerebral cortex
while operating the game machines on the 3D display in comparison with the
2D display.
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1 Introduction

The opportunity to see stereoscopic images has increased with the recent spread of 3D
TVs and game machines, but these images may have a negative influence on the human
body. Specific influences include eye fatigue and visually induced motion sickness.
There are various theories of the developmental mechanism of these symptoms which
has not been clarified, but the sensory conflict theory is generally known [1]. However,
the development of all cases of sickness cannot be explained with this theory, and
current knowledge about the influence of stereoscopic images on the body is
insufficient.

Near-infrared spectroscopy (NIRS) utilizes the property of hemoglobin which
absorbs near infrared light, and it is capable of noninvasively measuring the blood
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volume in the body. Applying this to the brain, changes in brain blood flow within a 2–
3 cm range from the scalp can be measured, and activated local regions can be
detected. Thus, NIRS is a test capable of noninvasively detecting the time-course of
overall reactivity to activation of the cerebral cortex in subjects in a natural state [2–8].
In NIRS, changes in the hemoglobin level are calculated from the values of irradiation
and detection lights, but the distance (effective optical path length) that the light
actually forwarded in the head tissue is not measurable at present. The generally used
unit of measurement for NIRS values is the product of the hemoglobin concentration
and length, such as [mM�mm] (hemoglobin concentration length).

In this study, to increase knowledge about the influence of stereoscopic images on
the body, we focused on 3D game machines. To play NINTENDO 3DS (Nintendo,
Kyoto) used in the experiment, operation of the controller while gazing at stereoscopic
images displayed on a small screen is necessary. In addition, 2D and 3D images can be
instantly switched by operating a knob on the side of the screen. Thus, we investigated
changes in brain blood flow while playing a game using 2D and 3D displays by
measuring NIRS.

2 Materials and Methods

2.1 Experimental Method

The subjects were eight healthy young persons (22.8 ± 0.9 years old (mean ± stan-
dard) with no past medical history of diseases of the ear or nervous system. The
experiment was sufficiently explained to the subjects and written consent was obtained
beforehand.

For NIRS, FOIRE-3000 (SHIMADZU, Kyoto) was used. Channels were arranged
as follows: 1–12ch on the frontal lobe, 13–24ch on the left temporal lobe, 25–36ch on
the right temporal lobe, and 37–48ch on the occipital lobe (Fig. 1). The probe caps to
fix the channels were set to the bilateral preauricular points, plane a covering the nasion
(root of the nose), and plane b parallel to plane a. The distance between planes a and b
was 3 cm, and plane b was present vertically upward of plane a. The occipital lobe was
fixed so as to set the center of the probe cap to the inion in the occipital region (external
occipital protuberance) (Fig. 2).

For the 3D game machine, NINTENDO 3DS (Nintendo, Kyoto) was used. NIN-
TENDO 3DS adopted the parallax barrier method, and the liquid crystal screen was
3.53-inch (76.8 mm width � 46.08 mm length). For the game software, TETRiS®
(BANDAI NAMCO GAMES, Tokyo), which is relatively simple to operate, was
selected from general games.

The subjects sat on a chair and played the game in a comfortable position. They
first played TETRiS® for 60 s using the 2D display (early 2D), and continued the game
for 60 s using the 3D display (3D). The displayed was then returned to 2D and the
game was continued for 30 s (late 2D). Regarding this procedure as one set, NIRS was
measured while they continuously played 5 sets. Changes in the oxygenated hemo-
globin level over the early 2D, 3D, and late 2D periods in the above 5 trials were
recorded at 12 channels on the frontal, occipital, and temporal lobes at 7.7 Hz.
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2.2 Investigation Items

Regarding the oxygenated hemoglobin level determined by NIRS, the high-frequency
component was smoothed by the mean movement every 5 s and the average of the five
trials, and the integrated values in the 60s-early 2D, 60s-3D, and 30s-late 2D periods
were calculated for each channel. To compare early 2D and 3D, the integrated value in
late 2D was doubled and recorded. Increases in brain blood flow from early 2D to 3D
and from 3D to late 2D were calculated using the formula below:

Fig. 1. Channel arrangement

Fig. 2. Probe cap attachment
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early 2D� 3D increase½mM �mm� ¼ integrated values in the 3D ½mM �mm�
� early 2D[mM �mm]

3D� late 2D increase½mM �mm� ¼ integrated values in the late 2D½mM �mm�
� 3D½mM �mm�

The oxygenated hemoglobin level on NIRS was compared between early 2D and 3D
and between 3D and late 2D using the Wilcoxon signed-rank sum test setting the
significance level at p < 0.05.

3 Results

The value at each channel was compared between early 2D and 3D and between 3D
and late 2D using the Wilcoxon signed-rank sum test. Channels at which significant
changes were observed were colored in Figs. 3 and 4.

On the comparison between early 2D and 3D, in the frontal lobe, the 3D integrated
value was significantly greater in 3D at ch17 and ch12. In the left temporal lobe, the
integrated value was significantly greater in 3D at ch13, ch18–ch21, and ch24. In the
right temporal lobe, the integrated value was significantly greater in 3D at ch27. In
the occipital lobe, the integrated value was significantly greater in 3D at ch42–ch44.

Fig. 3. Channels at which significant changes were observed between early 2D and 3D

Fig. 4. Channels at which significant changes were observed between 3D and late 2D
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Fig. 5. Changes in the oxygenated hemoglobin level from early 2D to 3D [Mm�mm]

Fig. 6. Changes in the oxygenated hemoglobin level from 3D to late 2D [Mm�mm]

520 M. Takada et al.



On the comparison between 3D and late 2D, the integrated value was significantly
greater in late 2D at ch2, ch5, ch7, ch8, and ch10 in the frontal lobe. In the left and right
temporal lobes, the integrated value was significantly greater in late 2D at ch13 and
ch27. No significant difference was noted in the occipital lobe.

Increases in brain blood flow from early 2D to 3D and from 3D to late 2D are
shown in Figs. 5 and 6 (values at ch3 were not presented due to measurement failure).
Brain blood flow increased from early 2D to 3D at many channels. The increase in
brain blood flow from 3D to late 2D was greater than that from early 2D to 3D, but a
sharp reduction in brain blood flow was observed in several channels.

4 Discussion

From early 2D to 3D, brain blood flow increased at many channels, suggesting that the
blood oxygenated hemoglobin level in the brain increases while playing the 3D game
compared to that while playing the 2D game. However, brain blood flow also increased
from 3D to late 2D at several channels, for which two reasons are considered: The
influence of 3D images remains for a specific time after switching 3D to 2D, or the
increase was due to concentration on the operation of the game and thinking. The
increase turned to a decrease in ch21, ch24, ch26, ch31, ch34, ch39, ch40, ch42, ch46,
and ch48, suggesting that the influence of 3D images was marked at these channels.

In the frontal lobe, a significant difference between early 2D and 3D was noted at
ch17 and ch12, and a significant difference between 3D and late 2D was noted at ch2,
ch5, ch7, ch8, and ch10. An increase in ch12 was also noted between 3D and late 2D,
and blood flow consistently increased from early 2D to late 2D at many channels. Since
the frontal lobe controls psychogenesis, such as emotion, attention, thinking, and
voluntary movement, brain blood flow may have continued to increase due to thinking
and concentration on the game operation [9–11].

In the occipital lobe, a significant difference between early 2D and 3D was noted at
ch42–ch44. No significant difference was noted on a comparison between 3D and late
2D. Therefore, the oxygenated hemoglobin level increased in the occipital lobe when
2D was switched to 3D. The oxygenated hemoglobin level turned to decrease at ch42
from 3D to late 2D, suggesting that it was markedly influenced by 3D images. Since
the visual area responsible for vision is present in the occipital lobe [9–11], it may have
been strongly influenced when 2D was switched to 3D.

In the temporal lobe, on a comparison between early 2D and 3D, the integrated
value was significantly higher in 3D at ch13, ch18–ch21, and ch24 in the left temporal
lobe. On the comparison between 3D and late 2D, the integrated value was significantly
higher in late 2D at ch13, but differences at other channels became insignificant. In
addition, the oxygenated hemoglobin level tended to increase from 2D to 3D in the left
temporal lobe but turned to decrease from 3D to late 2D at some channels, being
markedly influenced by 3D images. Various sensory areas are present in the left
temporal lobe, and, in contrast to the right temporal lobe which memorizes sounds and
shapes, the left temporal lobe memorizes and understands speech [9–11]. Since
TETRiS® is a game requiring thinking, 3D images may have a large influence on the
left temporal lobe.
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5 Conclusion

Aiming at increasing knowledge about the influence of stereoscopic images on the
body, we focused on a 3D game machine. Changes in brain blood flow while playing
the game were compared between playing using the 2D and 3D displays by measuring
NIRS.

On the comparison between early 2D and 3D, the integrated value was significantly
greater in 3D at ch17 and ch12 in the frontal lobe. In the left temporal lobe, the
integrated value was significantly greater in 3D at ch13, ch18–ch21, and ch24. In the
right temporal lobe, the integrated value was significantly greater in 3D at ch27. In the
occipital lobe, the integrated value was significantly greater in 3D at ch42–ch44. On the
comparison between 3D and late 2D, in the frontal lobe, the integrated value was
significantly greater in late 2D at ch2, ch5, ch7, ch8, and ch10. In the left, right
temporal lobe, the integrated value was significantly greater in late 2D at ch13 and
ch27. No significant difference was noted in the occipital lobe.

A marked increase in brain blood flow was noted in the frontal, occipital, and left
temporal lobes. In the frontal lobe, brain blood flow consistently increased from early
2D to late 2D at many channels. Since the frontal lobe controls psychogenesis, such as
emotion, attention, thinking, and voluntary movement, brain blood flow may have
continued to increase due to thinking and concentration on the game operation. In the
occipital and left temporal lobes, brain blood flow increased from early 2D to 3D, and
no significant difference was noted between 3D and late 2D. The visual area respon-
sible for vision is present in the occipital lobe, and various sensory areas are present in
the left temporal lobe. Thus, sensory areas, such as the visual area, may have been
activated when playing the game with 3D images compared to activation by 2D.
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