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Abstract 

This study attempted to evaluate the impacts of viewing angle in watching stereoscopic 
images on heterophoria and accommodation. It divided students in one college located in 
Gumi City, who agreed to participate in this study, into two groups for classification by 
solid angle, horizontal heterophoria and accommodation before viewing, after 2D view-
ing and 3D viewing were measured. 

As a result of the study, long distance horizontal heterophoria increased to exophoria 
after watching 3D images in both groups that watched them at a solid angle of 0.23sr and 
0.10sr (p<0.05), and short distance horizontal heterophoria increased to exophoria in the 
group that watched the images at 0.23sr after watching 2D images and 3D images, and 
exophoria significantly increased in the group that watched them at 0.10sr after watching 
3D images. Changes in positive relative accommodation after watching 2D images and 
3D images significantly decreased with changes in solid angle (p<0.05). Changes in neg-
ative relative accommodation were not statistically significant after watching 2D images 
and 3D images according to solid angle. 

The relevance of viewing angle of 3D images with horizontal heterophoria and ac-
commodation had statistically significant differences (p<0.05). 
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1. Introduction 

Global market research firm, NPD Display Search forecasted through a 3D display 
technology and a market forecast report that by the end of 2011, the global 3D display 
market scale would be $13.2 billion and a sales volume of 50,800,000 units. In addition, 
by 2019, the 3D display market scale would be $67 billion and increase to a sales volume 
of 226 million (Display Search, 2010). The development of 3D display technology has 
achieved rapid development in the video market, getting the limelight as a next genera-
tion broadcasting technology. However, problems of photosensitivity, image motion sickness 
and visual fatigue, according to watching 3DTV come to the fore, which are the prob-
lems that must be solved in advance for the development of the 3D industry [1]. 

When the eyes look at a random object, synkinetic eye movement causes control, convergence 
and miosis. Convergence and miosis occur by a stimulus at a certain distance, and in watching 
3D images, due to backward and forward of the images, mismatch of control and convergence oc-
curs, which causes eye fatigue [1,2,3]. 

The principle of forming a cubic effect is that the image formed individually on both eyes 
moves through the optic nerve and is finally fused as one image in the brain's visual cortex, 
and the difference in the fine image between the two eyes occurring at this time produces 
a stereoscopic effect. At this time, the difference between the images apart from the fusion 
scope is not fused into one, but appears as diplopia. In addition, when the difference be-
tween images of the two eyes is on the boundary of the fusion scope, a viewing struggle 
occurs, which causes visual fatigue [4, 5]. 

To give a great cubic effect in 3D images, the degree of the separation between two im-
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ages should be enlarged, and if this degree of separation goes out of the viewer's range of 
fusion, it is perceived as diplopia, which causes discomfort and asthenopia. 

International Standard Organization (ISO) presented a few guidelines related to the safety 
of images in 2005, and the issue of the safety of images includes photosensitivity, motion 
sickness and visual fatigue, so the issue of body safety is emphasized [6], and 3D Consor-
tium presents recommendations for display and specifications of LCD shutter glasses and con-
crete guidelines for to prevent visual fatigue such as based on the materials of the ISO (IWA3) 
[7]. 

In South Korea, Korea Communications Commission organized and operated 3D viewing 
safety conference since May 2010 and carried out full studies and discussions about the safety 
of 3D images. 

An actual study was conducted on the five basic items of 3D viewing in 2010 (viewing 
distance, viewing time, viewing angle, interpupillary distance and motion sickness sensitiv-
ity), and summing up 3D viewing safety-related existing study literature research and medical 
findings, it published a clinical proposal of recommendation (Ver. 1.0) on the safety of 3D 
images in December 2010, and a revised clinical proposal of recommendation (Ver.3.0) on the 
safety of 3D images in December 2012 [8].  

Like this, fatigue generated in watching contents presented through a 3D display includes vis-
ual fatigue, such as eye pain and double image experience, is accompanied by headache, 
motion sickness and dizziness symptom, and in severe cases, causes vomiting, and this 
phenomenon is called 3D fatigue [9].  

Thus, in order to minimize this inconvenience, various studies have been carried out in 
the field of human factors related to the method of implementing 3D images or graphic 
related display field and visual function [10,11,12]. 

Till now, as studies to investigate the cause of physical, visual symptoms caused by 3D 
images, studies on subjective visual symptoms have been conducted, but actually, studies 
carried out based on the solid angle measured in the actual viewing are very limited. 

This study observed 3DTV broadcasting safety guidelines and carried out a test on horizon-
tal heterophoria and accommodation based on the solid angle in watching 3D images and 
evaluated the impacts of watching 3D images on heterophoria and accommodation ac-
cording to the solid angle. 

This study will use its results as the materials as plans to establish guidelines for 
watching 3DTV and solve and cope with the extraordinary reaction of 3D viewing. 

 

2. Research Method 
 
2. 1. Research Subjects 

From December 2012 to April 2013, eighty students with the corrective vision of 0.8 or 
above, attending one undergraduate school in Gumi, Gyeongsangbukdo and being able to 
watch 3D, completed the horizontal heterophoria and Accommodation test. All subjects 
were divided into two groups, except for 4 subjects who failed to pass the suppression 
test, and 40 subjects were assigned to the group A and 36 subjects to the group B. 

 

2. 2. Research Methods 

Subjects participating in the experiment were diagnosed by asking questions about their 
general health status and eye fatigability before watching images to inspect the elements 
that might affect the experiment, after which, they participated in the experiment under the same 
conditions.  

A horizontal heterophoria test (von Grafe method), positive relative accommodation 
(PRA), negative relative accommodation (NRA) test were conducted. 

The intensity of illumination in the laboratory was maintained at 130-215 lx and the in-
tensity of illumination in the ocular surface was maintained at 800-1,000 lx [13]. Prior to 
watching images, tests were conducted on horizontal heterophoria and accommodation, 
and tests were conducted again after watching 2D images and 3D images. 
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While watching each image, they were asked to view with a single method a day so that 
fatigability by viewing would not have an impact, and participate in the experiment after 
taking a sufficient rest. 

The time of watching images was 30 minutes when the viewing fatigue becomes the 
maximum value, and the test was completed within 10 minutes [14]. As the images used 
in the experiment, the film [15,16] „Avatar (U.S.A., 2009)‟ was selected among concerts, 
theaters, sports and action movies, appropriate genres for 3D images, and they watched 
the image 1 to 4 p.m. when the visual function would be the most stable, and the same 
sections were used for 2D images and 3D images. 

The method of viewing was based on 3DTV broadcasting safety guidelines [17,18]. The 
standard viewing distance was 3 to 6 times the vertical length of the display, and Group A 
viewed the images 1m away from the display, the standard viewing distance of 32-inch 
display while the viewing distance of Group B was fixed at 3m, the standard viewing dis-
tance of 55-inch display. 

Subjects were required to watch 3D with the standard of a solid angle, and the solid 
angle is defined as the two-dimensional angle in three dimensional space that an object 
subtends at a point and its equation is (1). Upon categorization by solid angle, the group A 
is 0.23 sr and the group B is 0.10 sr [19]. 

The data analysis was done with SPSS ver. 20.0, and survey questionnaires and data 
collected before watching and after watching 2D and 3D were compared in graphs and 
tables by using the paired t-test, independent t-test and ANCOVA. ANCOVA handled a 
result of the visual performance inspection test before watching as covariate. When 
p<0.05, it was considered as statistically significant. 

 
 

                         Solid angle = S/r
2
 [sr]                       

(1) 
 

S = Square [m2], r = range [m], sr = steradian 

 
 

 
 

 

Figure 1. Process 

3. Results 
 
3. 1. Change in Far-Distance Horizontal Heterophoria 

The group that watched images at a solid angle of 0.23 sr had an increase in the far-
distance horizontal heterophoria as exphoria after watching 2D (-2.36±2.50) than before 
watching (-2.21±2.11), but not significant. Also, there was a significant increase in the 
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far-distance horizontal heterophoria as exphoria after watching 3D (-2.74±2.64) than be-
fore watching 3D (-2.21±2.11) (p<0.05). 

The group that watched images at a solid angle of 0.10 sr had a significant increase in 
the far-distance horizontal heterophoria as exphoria after watching 2D (-1.55±0.85) than 
before watching 2D (-1.91±1.06) (p<0.05). Also, there was a significant increase in the 
far-distance horizontal heterophoria as exphoria after watching 3D (-1.55±0.85) than be-
fore watching 3D (-2.47±1.23) (p<0.05) (Table 1). 

Table 1. Change in Far-Distance Horizontal Heterophoria after Watching 2D 
and 3D upon Solid Angle 

Solid angle 
 (sr) 

Before watching 
 

After watching 2D   After watching 3D  

M±SD M±SD p1) p2)  M±SD p3) p4) 

0.23 -2.21±2.11  -2.36±2.50 0.460 
0.267 

 -2.74±2.64 0.023 
0.90 

0.10 -1.55±0.85  -1.91±1.06 0.005  -2.47±1.23 0.000 

p5) 0.06  0.371    0.614   

Unit : △  (Prism) 
Phoria : + Esophoria , - Exophoria   
p1): Paired t-test (Before watching – After watching 2D ) p2): ANCOVA (Before watching – After watching 2D )  
p3): Paired t-test (Before watching – After watching 3D ) p4): ANCOVA (Before watching – After watching 3D )  
p5): Independent t-test 
 

 
3. 2. Change in Near-Distance Horizontal Heterophoria 

The group that watched images at a solid angle of 0.23 sr was shown to have a signifi-
cant increase in the near-distance horizontal heterophoria as exphoria both after watching 
2D (-7.03±4.77) and 3D (-7.94±4.89) than before watching (-6.43±4.52) (p<0.05). 

The group that watched images at a solid angle of 0.10 sr was shown to have a signifi-
cant increase in the near-distance horizontal heterophoria as exphoria after watching 3D (-
8.64±3.36) than before watching (-10.11±3.22) (p<0.05). Even though it was shown that 
there was a significant increase in the near-distance horizontal heterophoria as exphoria 
by a solid angle (p

5)
=0.046), there was no significant change in a result of ANCOVA (Ta-

ble 2). 
 

Table 2. Change in Near-Distance Horizontal Heterophoria after Watching 
2D and 3D upon Solid Angle 

Solid angle 
 (sr) 

Before watching 
 

After watching 2D  After watching 3D 

M±SD M±SD p1) p2)  M±SD p3) p4) 

0.23 -6.43±4.52  -7.03±4.77 0.001 
0.747 

 -7.94±4.89 0.000 
0.447 

 -10.11±3.22 0.004 0.10 -8.64±3.36  -9.10±3.64 0.149 

p5) 0.06  0.066    0.046   

Unit : △  (Prism) 
Phoria : + Esophoria , - Exophoria   
p1): Paired t-test (Before watching – After watching 2D ) p2): ANCOVA (Before watching – After watching 2D )  
p3): Paired t-test (Before watching – After watching 3D ) p4): ANCOVA (Before watching – After watching 3D )  
p5): Independent t-test 

 
3. 3. Change in Positive Relative Accommodation 

In the group watching images at 0.23 sr, positive relative accommodation tended to in-
crease somewhat after watching 2D images (-2.88±1.60) and 3D images (-2.83±1.47) 
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from that before watching them (-2.69±1.52), but there was no statistically significant 
difference. 

In the group watching images at 0.10 sr, positive relative accommodation did not have 
any statistically significant changes before watching images (-2.22±0.63) and after watch-
ing 2D images (-2.17±0.76) and 3D images (-2.30±0.82). 

The change in the positive relative accommodation after watching 2D images signifi-
cantly decreased as the solid angle changed from 0.23 sr to 0.10 sr (p value

5)
=0.02). 

The change in the positive relative accommodation after watching 3D images signifi-
cantly decreased as the solid angle changed from 0.23 sr to 0.10 sr (pvalue

5)
=0.04) (Table 3). 

Table 3. Change in Positive Relative Accommodation after Watching 2D and 
3D upon Solid Angle 

Solid angle 
 (sr) 

Before watching 
 

After watching 2D  After watching 3D 

M±SD M±SD p1) p2)  M±SD p3) p4) 

0.23 -2.69±1.52  -2.88±1.60 0.197 
0.111 

 -2.83±1.47 0.236 
0.280 

0.10 -2.22±0.63  -2.17±0.76 0.741  -2.30±0.82 0.769 

p5) 0.09  0.02    0.04   

Unit : △  (Prism) 
Phoria : + Esophoria , - Exophoria   
p1): Paired t-test (Before watching – After watching 2D ) p2): ANCOVA (Before watching – After watching 2D )  
p3): Paired t-test (Before watching – After watching 3D ) p4): ANCOVA (Before watching – After watching 3D )  
p5): Independent t-test 

 

3. 4. Change in Negative Relative Accommodation 

In the group watching images at a solid angle of 0.23 sr, negative relative accommoda-
tion did not have any statistically significant change after watching 2D images 
(2.38±0.52) and 3D images (2.40±0.48) from that before watching them (2.41±0.51). 

Also, in the group watching images at a solid angle of 0.10 sr, negative relative ac-
commodation did not have any statistically significant change before watching images 
(2.42±0.60) and after watching 2D images (2.52±0.71) and 3D images (2.49±0.66). 

The change in the negative relative accommodation was not statistically significant 
after watching 2D images and 3D images according to the solid angle(Table 4). 
 

Table 4. Change in Negative Relative Accommodation after Watching 2D 
and 3D upon Solid Angle 

Solid angle 
 (sr) 

Before watching 
 

After watching 2D  After watching 3D 

M±SD M±SD p1) p2)  M±SD p3) p4) 

0.23 2.41±0.51  2.38±0.52 0.590 
0.090 

 2.40±0.48 0.921 
0.286 

0.10 2.42±0.60  2.52±0.71 0.113  2.49±0.66 0.243 

p5) 0.93  0.23    0.42   

Unit : △  (Prism) 
Phoria : + Esophoria , - Exophoria   
p1): Paired t-test (Before watching – After watching 2D ) p2): ANCOVA (Before watching – After watching 2D )  
p3): Paired t-test (Before watching – After watching 3D ) p4): ANCOVA (Before watching – After watching 3D )  
p5): Independent t-test 

 

4. Discussion 

Recently, with the development of video technologies and the digitization of movie 
theaters, the distribution of 3D movies has already been vitalized from the film Avatar, 
and with the effort to spread it to households, the service of 3DTV contents has already 
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been realized by the digitization of broadcasting in some broadcasting. Accordingly, an 
interest in the impact of watching 3D images on human body increased. 

This study analyzes visual functions through a comparison before and after watching 
2D and 3D images according to the solid angle among the methods of watching presented 
by the clinical proposal of recommendation for the safety of 3D images to evaluate health 
effects and use it to prepare guidelines for watching 3D images and present an alternative 
according to them.  

The clinical proposal of recommendation for the safety of 3D images (2012) suggested 
that youths aged 7 through 19 sensitively react to the light stimulus of 3D contents and 
recommended that they should refrain from excessive watching them in a state of fatigue, 
so the subjects of this study selected persons over 20 [8]. 

3D images cannot mostly be observed from all positions, but only when observers 
are located in a specific scope, they can observe right 3D images. Thus, based on the 
central axis of 3D images, the maximum angle from which the observers can observe 3D 
images was defined as a viewing angle [20], and a solid angle is defined as three-dimensional 
angle when they viewed a certain curved surface from a single point [21], which is an expan-
sion of a two-dimensional angle to a three-dimensional one. 

Bergquist et al. [22], reported that watching the display screen caused a phenomenon of 
asthenopia by the eyes and eye muscles' excessive tension, and in this study, also, the sub-
jects complained of discomfort after watching 2D images. There was more asthenopia 
after watching 3D images than after watching 2D images, and this symptom was consis-
tent with Ames et al.[12] and Wook-Jin Lee et al. [23].  

In the visual function data, regarding the change in long distance horizontal heteropho-
ria, there was an increase to exophoria after watching 3D images as compared to that be-
fore watching them at a solid angle of 0.23 sr, and there was an increase in exophoria after 
watching 2D images as compared to that before watching them in the group watching them at a 
solid angle of 0.10 sr. This trend was consistent with Richer et al. [24] that exophoria was 
caused after watching the display and Ukai [25] that exophoria was caused after watching 
3D images.  

2D images cause convergence within horizontal vergence to a regular control, but in 
watching 3D images, the process of fusing images separated in accommodation of view-
ing distance into one causes converge outside the range of horizontal vergence, and in this 
process, it tends to become exophoria by asthenopia due to the collision between control 
and convergence. 

Regarding the change in short distance horizontal heterophoria, exophoria increased af-
ter watching 3D images than that before watching the 3D images in the group watching 
them at a solid angle of 0.10 sr. Regarding this factor, it is interpreted that fusion stimulus 
involved in watching 3D images rather than in watching 2D images acted as a greater fa-
tigue factor on the eyes. 

The change in short distance horizontal heterophoria after watching 2D images accord-
ing to the solid angle increased to exophoria as a result of an independence t-test while it 
did not increase in the result of a covariance analysis. The change in short distance hori-
zontal heterophoria after watching 3D images, also, increased to exophoria in the result of 
the independence t-test while it did not increase in the result of the covariance analy-
sis. This is because there were differences after watching general images and 3D images ac-
cording to the solid angle as a result of the independence t-test, but the difference after watch-
ing in the result of the covariance analysis was caused by the difference in visual functions 
before watching, the covariance, rather than the difference in the solid angle. 

In the relative accommodation, there were no significant differences before and after 
watching 2D and 3D images in positive relative accommodation and negative relative ac-
commodation. While the positive relative accommodation decreased in the result of an 
independence t-test after watching 2D and 3D images according to the solid angle, in the 
result of a covariance analysis, there was no significant decrease. This is because there 
were differences after watching 2D and 3D images according to the solid angle as a result 
of the independence t-test while the differences after watching them as a result of the co-
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variance analysis was mainly caused by the differences in the relative accommodation 
before watching, the covariance, rather than the differences in the solid angle. 

In Ukai et al. and Sumio et al. [26], also, it turned out that negative relative accommo-
dation decreased in the group with instability in watching after watching 3D images and 
that the decrease tended to be larger in watching 3D images than watching 2D images due to 
the visual fatigue. 
 

5. Conclusions 

This study attempted to evaluate the impacts of watching 3D images on the human body 
through tests on horizontal heterophoria and accommodation. In particular, there have been 
few studies of tests on heterophoria and accommodation using the solid angle, following 
guidelines for the safety of 3DTV broadcasting. The results of this study will be used as 
materials establishing guidelines for watching 3D images and presenting another alterna-
tive. 

The limitations of this study include that the average age of the subjects was 22.5 years 
old, which was confined to the young generations, that the number of subjects was 40 and 
36 persons per group, that there are many myopic patients and exophoria patients, so that 
it is difficult to generalize the results of the study. 

It is hopeful that this study will be used for the verification of the items of guidelines 
for the safety of watching images and as a material of a clinical proposal of recommenda-
tion, and through an analysis of additional visual functions, it should be added that there 
are impacts of the state of the individual viewer's visual functions and a difference in as-
thenopia in watching 3D images. 
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