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Abstract. In the present study, we examined the visual accommodation of  
subjects who were gazing fixedly at 3D images from two different displays: a 
cathode ray tube (CRT) while wearing special glasses and a liquid crystal dis-
play (LCD) while not wearing special glasses. The subjects in this experiment 
were two healthy people aged 22 and 39 years, all with normal vision. The in-
strument objectively measured visual accommodative changes of the right eye 
in both binocular and natural viewing conditions. The results suggested that it 
was easy and comfortable to focus on both the LCD and CRT. When the sub-
jects viewed the progressively receding target, their accommodation was about 
0.8 D at the presumed furthest points, a level at which the ciliary muscle is  
relaxed. The accommodative power differed by about 1.5 D from the near to far 
point. Thus, the ciliary muscle is repeatedly strained and relaxed while the  
subject views the moving target.  

Keywords: Accommodation, binocular and natural viewing, stereoscopic  
image, display, LCD and CRT. 

1   Introduction 

Various studies have been performed on the influence of stereoscopic images on  
visual function [1] [2] [3]. Most prior studies discussed the effects of visual image 
quality and extent of physical stress. These studies have employed bioinstrumentation 
or surveys of subjective symptoms [4].  

Under natural viewing conditions the depth of convergence and accommodation 
agreed. However, when viewing a stereoscopic image using binocular parallax, it has 
been thought that convergence moves with the position of the reproduced stereoscopic 
image, while accommodation remains fixed at the image display. As a result, there is 
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contradictory depth information between convergence and accommodation, called 
discordance, in the visual system. With the aim of qualitatively improving stereo-
graphic image systems, bio measurements under stereoscopic viewing conditions  
are needed.  

However, from objective measurements of the accommodation system it has been 
confirmed that there is a fluctuating link between accommodation and convergence 
[5]. To comfortably view a stereoscopic visual system, we are at the stage where we 
should view the qualitative improvements that need to be made from a different per-
spective. Therefore, to investigate the influence of stereoscopic images on visual 
function in humans, we measured accommodation in people gazing at a target under 
both binocular and natural viewing conditions.  

The aim of this experiment was to verify whether there are differences in vision 
with stereoscopic images on different hardware: an LCD (EIZOS-1911SA-BK) and 
CRT (both with liquid-crystal shutter eyeglasses).  

2   Method 

2.1   Accommodative Measurement and Stimulus 

Using an original accommodo-refractometer, we measured and recorded accommoda-
tion in the subjects while they were viewing stereoscopic images on the two different 
displays for 40-second periods: a cathode ray tube (CRT) while wearing special 
glasses and a liquid crystal display (LCD) while not wearing special glasses. Visual 
function was tested using a custom-made apparatus. 

This combined an automated infrared accommodo-refractometer (Nidek AR-1100) 
and original binocular halfmirror system [6][7]. The display images were placed in 
front of the small mirror for the tests. Subjects gazed at each type of display through a  
 

 

Fig. 1. A schematic view of the device developed for the present experiment. Apparatus to 
measure lens accommodation, modified for experiment. 
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Fig. 2. Experiment scenery of CRT and LCD 

 

Fig. 3. The upper photograph is an image of the liquid-crystal shutter at which the testee gazes. 
a) is an image for the left eye and b) is an image for the right eye. The time of this figure is not 
the same as the right and left. 

half (dichroic) mirror and an ordinary small mirror. The instrument objectively meas-
ured visual accommodative changes of the right eye at a 12.5 Hz sampling rate in 
both binocular and natural viewing conditions [8]. 

The distance between the subjects’ eyes and the target on the screen was 57 cm 
(1.00/0.57 = 1.75 diopters (D)) (Note: diopter (D) = 1/distance (m); MA (meter angle) = 
1/distance (m)). The scene for measurements and the measurement equipment are 
shown in Fig. 2.  

The presented images were the same stereoscopic images used in the LCD/CRT 
experiment. The subjects were instructed to gaze at the center of the sphere, and the 
gaze time was set at 40 seconds. All subjects had a subjective feeling of stereoscopic 
vision. While both eyes were gazing at the stereoscopic image, the lens accommoda-
tion of the right eye was measured and recorded. 
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Fig. 4. The scene for measurements and the measurement equipment 

2.2   Experiment Procedure 

The subjects were 2 people aged 21 years and 39 years, with normal vision. The sub-
jects’ refraction was less than + 0.5 Diopter (D), so both were emmetropic. The 
stereoscopic sphere image used had a reciprocating movement with the image appear-
ing to move on the LCD and CRT toward and away from the subjects in a ten-second 
period (Figure 5). Gaze time was 40 seconds, and the accommodation of the right eye 
was measured and recorded while the subjects gazed at the stereoscopic image with 
both eyes. The subjects were instructed to focus on the stereoscopic image on each 
display. They gazed at the open-field stereoscopic target under binocular and natural 
viewing conditions. We measured and recorded the change in accommodation of their 
right eye continuously over the 40 seconds. 

 
Note: It had a reciprocating movement with the image appearing to move on the LCD  

toward and away from the subjects in a ten-second period. 
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Fig. 5. The stereoscopic sphere image and the principle of a parallax barrier. Note: diopter  
(D) = 1/distance (m); MA (meter angle) = 1/distance (m). The distance between the subjects’ 
eyes and the target on the screen was 57 cm 1.00/0.57 = 1.75 diopters (D). 

3   Results 

When the subjects were viewing the stereoscopic image, the accommodation in the 
right eye corresponded to the time when the visual target was at the virtual nearest 
point with all of the displays, and accommodation occurred that led to focus in the 
distance. With the CRT, accommodation was from 3.2 D for far vision to 0.72 D for 
near vision. Thus, the focus accommodation was from 31 cm near the eyes to 1.4 m 
away from the eyes. With the LCD, accommodation was from about 2.5 D near the 
eyes to 0.5 D away from the eyes, so the focus changed from about 38 cm in front of 
the eyes to about 2.5 m at the far point (Figure 6).  

In subject B, it was larger than the angle of convergence. With the CRT, accom-
modation was from 5.4 D for far vision to 1.0 D for near vision. Thus, the focus  
accommodation was from about 19 cm near the eyes to 1 m away from the eyes. With 
the LCD, accommodation was from about 4.5 D near the eyes to 0.9 D away from the 
eyes, so the focus changed from about 22 cm in front of the eyes to about 1.1 m at the 
far point (Figure 7). A tendency was thus seen to focus on a place more distant than 
the actual screen. 

The above results indicate that focal accommodation in near vision did not differ 
greatly with the different types of display, but that in peak accommodation at the far 
point focal accommodation was more distant with the LCD than with the CRT. Thus, 
it was shown that accommodation is strongly influenced by angle of convergence 
when subjects gaze at a stereoscopic image. It was also shown, regardless of the 
whether or not liquid crystal shutter glasses were used, that accommodation was easy 
and comfortable when focusing on virtually distant movements on both the LCD  
and CRT. 
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Fig. 6. Accommodative change of subject A – CRT and LCD - Note. X-axis shows time: 0-50 
sec, Y-axis shows diopter: 0-4 diopter. 

 

Fig. 7. Accommodative change of subject A – CRT and LCD -Note. X-axis shows time: 0-50 
sec, Y-axis shows diopter: 0-4 diopter. 

4   Conclusion 

To investigate the effect of stereoscopic images on human visual function, we meas-
ured accommodation in both binocular and natural viewing conditions. Consequently, 
it was confirmed that when following a moving target accommodation changes to 
focus on far and near distances.  
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1. Thus, the ciliary muscle is repeatedly strained and relaxed while the subject views 
the moving target. 

2. Irrespective of the use of liquid crystal shutter glasses, accommodation was shown 
to occur with both far and near virtual motion. 

3. It was also confirmed that there was accommodation for still stereoscopic images 
with both distant and near images. 

Therefore, it is assumed that the ciliary muscles of subjects who viewed the stereo-
scopic image moved repeatedly between stressed and relaxed stages. In other words, 
the ciliary muscle was stretched effectively. These results suggest that prolonged near 
work with computers may cause eyesight to shift toward a myopic state, and that the 
stereoscopic images might improve eyesight under working conditions. Moreover, 
repeatedly stretching between near and far vision may be useful in easing the fatigue 
of VDT work [5]. 
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