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Purpose: Three-dimensional (3D) displays are very useful in many fields, but induce physical discomforts in
some people. This study is to assess symptom type and severity of asthenopia with their habitual distance
corrective spectacle (HDCS) and their binocular vision corrective spectacle lenses (BVCSL) in people who feel
physical discomforts. Methods: 35 adult subjects (ages 32.2+4.4 yrs) were pre-screened out of 98 individuals to
have the highest symptom/asthenopia scores following 65 minutes of 3D television viewing with HDCS. These
35 individuals were then retested symptom/asthenopia scores during they watched 3D television for 65 minutes at
a distance of 2.7 m with wearing BVCSL of horizontal, vertical or base down yoked prisms. A 4-point symptom-
rating scale questionnaire (0=no symptom and 3=severe) was used to assess 11 symptoms (e.g., blur, diplopia,
etc.) related to visual fatigue/visual discomfort. Distance and near lateral phoria were measured using Howell
phoria card and vertical phoria were measured using Maddox rod. Symptoms induced by watching 3D TV were
compared between wearing HDCS and BVCSL. Results: Asthenopia in watching 3D TV with wearing BVCS
was significantly lower than wearing HDCS at 5, 25, 45, and 65 minutes (all p <0.001, paired t-tests). In only
refractive error power correction power group, all asthenopia was not significantly different between HDCS and
BVCSL (all p>0.05, paired t-tests). In prism correction groups for binocular imbalance, symptoms of asthenopia,
however, was significantly lower for when wearing BVCSL than when wearing HDCS (all p <0.05). Conclusions:
Correction of phoria/vergence-based binocular vision imbalance can reduce asthenopia during 3D television viewing.
An individual with binocular vision imbalance need corrected/compensated glasses with appropriate prisms prior to
prolonged viewing of 3D television displays to reduce asthenopia/visual fatigue.
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INTRODUCTION

Three-dimensional (3D) displays are very useful in many
applications including vision research, operation of remote
devices, medical imaging, scientific visualization, and vari-
ous educations. Unfortunately, 3D displays often yield dis-
tortions in perceived 3D structure compared with the percepts
of the real scenes the displays depict, and induce physical
discomforts in some people.*! Viewing symptoms such as
asthenopia, blurred vision and double vision were associ-
ated the mismatching vergence and accommodative demands

occurred in S3D viewing.*”! Differently with viewing real

images, mismatching between those two components arises
from a significant difference in the stimulus to vergence
decided by image disparity relative to accommodation
decided by the focal depth of S3D display.®” Visual com-
fort can also be affected not only mismatching vergence
and accommodation but also by the angle of gaze, rela-
tive to the primary horizontal gaze position, imposed by
the position of the screens. Asthenopia, ocular fatigue or
discomfort also appear to be the symptoms most often
associated with binocular disorder under normal viewing
condition.'”! Near exophoria with vertical phoria and lower

vertical fusion reserve can be causes of asthenopia.!'!

*Corresponding author: Jae-do Kim, TEL: +82-31-786-1146, E-mail: jdokim@yahoo.com



364 Jeong Ho Yoon and Jae-do Kim

Even there have been many studies to evaluate fatigues of
3D viewing, the studies to reduce fatigues in 3D viewing
are not easily found. Hoffman et all" reported that when
focus cues are correct or nearly correct, the time required
to identify a stereoscopic stimulus is reduced, stereo acu-
ity in a time-limited task is increased, distortions in per-
ceived depth are reduced, and viewer fatigue and discomfort
are reduced. However, this result is also not sufficient to
use as a method to reduce fatigue in 3D viewing.

As result of previous studies, components to induce
asthenopia in both real and 3D viewing can be mismatch-
ing accommodation and vergence, or/and binocular vision
dysfunctions, which can be corrected by glasses with prism.
So we try to reduce uncomfortable or asthenopia of 3D view-
ing by glasses correction with resolving mismatching accom-
modation and vergence. This study is to assess symptom
type and severity with and without their binocular vision

corrective spectacle lenses (BVCSL).

SUBJECTS AND METHODS

35 adult subjects (ages 32.2+4.4 yrs) were pre-screened
out of 98 individuals to have the highest symptom/astheno-
pia scores following 65 minutes of 3D television viewing
with their habitual distance spectacle correction. They did
not have amblyopia, strabismus, or ocular disease. These
35 individuals were then retested as they watched 3D tele-
vision for 65 minutes at a distance of 2.7 m (which reduced
the mismatch between accommodation and vergence). Retest-
ing was conducted in a counterbalanced manner with either
their habitual distance corrective spectacles (HDCS) or their
BVCSL; the latter corrected/compensated for their exopho-
ria with base-in prisms, their esophoria with base-out prisms
(combined with 0.75 D yoked prisms), and their vertical
phoria with vertical prisms. Time separation between the
HDCS and BVCS retesting conditions was over couple of
days for adaption to BVCSL. Objective refractive errors
were measured with Vision-K 5500 (Shinnippon, Japan). Dis-
tance and near lateral phoria were measured using Howell
phoria card and vertical phoria were measured using Mad-
dox rod. Distance and near fusion reserve were measured
using prism bar (Luneau Ophthal, France). Subjects were
verbally responded to 11 questions at each measurement
while watching 3D. The 11 questions were eye straining,
eye pain, dry eye, sore eye (irritation), watery eye, photo-
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phobia, blur vision, diplopia (cross-talk), eye fatigue, head-
ache and dizziness

A 4-point symptom-rating scale questionnaire (0=no symp-
tom and 3=severe) was used to assess 11 symptoms (e.g.,
blur, diplopia, etc.) related to visual fatigue/visual discom-
fort. It was administered at 4 equal intervals during each
65 minute test session.

The subjects were divided into 4 groups by type of pre-
scribed prism lens for managing binocular dysfunction.
The 4 groups were a group of correction power without
prism(CP), base-in prism (BIP) group, vertical prism (VP)
group and base-down yoked prism (BDYP) group. Base-in
prism, and base-in and vertical prism were included for the
BIP group, vertical prism, vertical and base-in prism, and
vertical prism and base down yoked prism for the VP
group, base-down yoked prism, base-down yoked and
base-in prism, and base-down yoked and vertical prism for
the BDYP group.

The SPSS statistical package (version 13.0) was used to
analyse the data collected. Repeated Measures Analysis of
Variance (RM-ANOVA) was used to examine changes over
the study period. Changes from 5 minutes 3D TV watch-
ing were examined using posthoc paired student t-tests
with Bonferroni correction. Paired-samples t-test was used
to examine changes from wearing their habitual spectacles
to new spectacles. A critical p-value of 0.05 was chosen to
denote statistical significance for all analyses.

RESULTS

For 65 minutes watching 3D TV, the total score of astheno-
pia to 11 questions with HDCS and BVCSL was 21.89+11.28
and 9.51£12.28, respectively (Fig. 1). There was statisti-
cally significant reduction of asthenopia with BVCSL com-
pared to HDCS (p < 0.001, paired t-test).
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Fig. 1. Total score of asthenopia to 11 questions for 65 minutes
watching 3D TV with HDCS and BVCSL. Error bars
represent standard errors of mean (SEM).
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Fig. 2. Score of asthenopia to 11 questions for watching 3D
TV with HDCS and BVCSL
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The score of asthenopia in watching 3D TV with wear-
ing HDCS was gradually and significantly increased from
3.54£2.55 at after 5 minutes to 6.26+3.15 at after 65 min-
utes (p<0.001, RM-ANOVA) (Fig. 2). The increasing of

the asthenopia was statistically significant at 25, 45, and

65 minutes of watching 3D TV (all p<0.001, paired t-
tests) compared to 5 minutes of watching 3D TV. The
score of asthenopia in watching 3D TV with BVCSL was
also gradually increased from 1.63+2.24 after 5 minutes to
2.80+3.74 after 65 minutes. However, there was no statisti-
cally significant change in the asthenopia over the 45 min-
utes of watching 3D TV with BVCSL (p=0.116, RM-
ANOVA). And asthenopia in watching 3D TV with wear-
ing BVCS was significantly lower than wearing HDCS at
5, 25, 45, and 65 minutes (all p<0.001, paired t-tests).

Table 1 presents the mean and standard deviations of the
scores of asthenopia to 11 questions with wearing HDCS.
The symptoms of eye straining, dry eye, sore eye, eye
fatigue, and headache were significantly increased during
watching 3D TV with HDCS for 65 minutes (all p<0.05,
RM-ANOVAs). The increase of the symptoms in sore eye,
eye fatigue, and headache was statistically significant (p<<0.05,

Table 1. Scores of asthenopia to 11 questions with wearing HDCS and BVCSL

Symptoms Glasses types 5 Minute 25 Minute 45 Minute 65 Minute Total
o HDCS 0.601+0.65 0.97+0.95" 1.11+0.93" 0.89+0.99 3.57+£3.17
Eye straining
BVCSL 0.51+0.70 0.43+0.74" 0.54+0.82" 0.43+0.78" 1.91+2.72F
e ) HDCS 0.29+0.62 0.40+0.74 0.54%+0.85 0.57+0.85 1.80+2.60
ye pain
BVCSL 0.14+0.36 0.17£0.45 0.20+0.63"* 0.23+£0.69* 0.74+1.96*
b HDCS 0.431+0.61 0.63+0.69 0.71£0.79 0.86+0.88" 2.63+2.40
ry eye
BVCSL 0.09+0.28" 0.40+0.60" 0.43+0.70" 0.46+0.74" 1.37+2.04"
S HDCS 0.14+0.36 0.43+0.70" 0.60+0.74" 0.60+0.77" 1.77£2.18
ore eye
BVCSL 0.14+0.36 0.23£0.43 0.29+0.57* 0.40%+0.69 1.06+1.51
HDCS 0.09+0.28 0.23+0.43 0.26+0.66 0.17+0.45 0.74+1.40
Watery eye
BVCSL 0.06+0.24 0.11+0.32 0.094+0.28 0.09+0.28 0.34+0.87"
) HDCS 0.17+0.45 0.20+0.47 0.20+0.47 0.09+0.28 0.66+1.21
Photophobia
BVCSL 0.03+0.17 0.00+0.00* 0.03+0.17 0.03+0.17 0.09+0.37*
o HDCS 0.11£0.40 0.23£0.55 0.09+0.37 0.03x0.17 0.46+1.24
Blur vision
BVCSL 0.00+0.00 0.00+0.00* 0.00+0.00 0.03+0.17 0.03£0.17
Diplopia HDCS 0.71+0.93 0.74x1.04 0.51£0.89 0.77%£1.14 2.74+3.48
(Cross-talk) BVCSL 0.09+£0.28" 0.17+0.45" 0.14+0.43" 0.17£0.45" 0.57+1.56"
) HDCS 0.83+0.89 1.26+0.85" 1.57+0.85" 1.51+0.85" 5.17+£2.82
Eye fatigue
BVCSL 0.49+0.66" 0.60+0.88"* 0.71£0.79* 0.63+0.77* 2.43+2.77F
HDCS 0.11£0.40 0.40+0.74" 0.57+0.78" 0.63+0.88" 1.71+£2.50
Headache
BVCSL 0.09+0.28 0.20£0.53 0.23+0.49* 0.26+0.56" 0.77+£1.59
o HDCS 0.06£0.24 0.23+0.49 0.20+0.41 0.14+0.43 0.63+1.26
Dizziness
BVCSL 0.00+0.00 0.03+0.17* 0.094+0.28 0.09+0.28 0.20+0.68"*

The values represent the mean + standard deviation.

Bold, significantly different; *, versus 5 minutes, p<0.05 by posthoc paired student t-test: +, HDCS versus BVCSL, by paired sample t-test
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p<0.01, p<0.05, respectively, paired t-tests) by 25 min-
utes of watching 3D TV compared to 5 minutes of watch-
ing 3D TV. The increase of the symptom in eye straining
was statistically significant at 25 and 45 minutes of watch-
ing 3D TV (p<0.01, p<0.01, respectively, paired t-tests)
compared to 5 minutes of watching 3D TV. The symptom
of eye dry eye was statistically significant only at 65 min-
utes of watching 3D TV (p<0.05, paired t-test) compared
to 5 minutes of watching 3D TV. However, there were no
changes of the symptoms in eye pain, watery eye, photo-
phobia, blur vision, diplopia, and dizziness during watch-
ing 3D TV for 65 minutes (all p>0.089, RM-ANOVAs).

The symptom of dry eye was significantly increased dur-
ing watching 3D TV with wearing BVCSL (p=0.001, RM-
ANOVA) for 65 minutes. The symptom of dry eye was

significantly increased (p<0.019, paired t-tests) by 25 min-
utes of watching 3D TV compared to 5 minutes of watch-
ing 3D TV. However, there were no changes in the
symptoms of eye straining, eye pain, sore eye, watery eye,
photophobia, blur vision, diplopia, eye fatigue, headache,
and dizziness during watching 3D TV for 65 minutes (all
p=0.119, ANOVAs).

Diplopia, eye fatigue, eye straining and total symptoms
with wearing BVCSL were significantly lower than with
wearing HDCS at 5 minutes, 25 minutes, 45 minutes, 65
minutes (all p<0.05, paired t-tests). The symptom of dry
eye was significantly reduced at 5 minutes, and total of
watching 3D TV with BVCSL compared to HDCS (all p
<0.026, paired t-tests). There were statistically significant
reductions of photophobia and dizziness at 25 minutes, and

Table 2. Total scores of asthenopia of 5 groups with wearing HDCS and BVCSL

Symptoms Glasses types CP(n=5) BIP(n=9) VP(n=16) BDYP(n=16)
o HDCS 3.00+4.12 2.33+2.50 3.94+3.15 4.75+3.34
Eye straining
BVCSL 2.40+3.78 2.22+3.53 2.38+2.96 1.50+2.07"
) HDCS 1.60+4.12 0.78+1.64 2.811£3.23 2.50+3.35
Eye pain
BVCSL 1.80+4.02 1.11£1.96 0.69+1.58"* 0.44+1.09*
HDCS 3.20+2.77 3.44+2.96 1.94+2.21 2.25+2.21
Dry eye
BVCSL 3.00+3.67 1.44+1.74" 1.13+1.63 0.69+1.01*
HDCS 1.80+3.03 1.56+1.59 2.25+2.46 1.50+2.00
Sore eye
BVCSL 1.60+2.07 1.78+1.56 1.06+1.39 0.63+1.41%
HDCS 0.40+0.89 0.44+1.01 1.31+:1.82 1.19+1.80
Watery eye
BVCSL 0.00+0.00 0.22+0.44 0.50£0.97 0.25+0.68"
) HDCS 0.24+0.45 0.44+0.88 0.88+1.41 0.81+£1.38
Photophobia
BVCSL 0.00+0.00 0.33+0.71 0.19£0.54 0.00£0.00*
. HDCS 0.20+0.45 1.00+2.12 0.56+1.09 0.25+0.77
Blur vision
BVCSL 0.20+0.45 0.00+0.00 0.00£0.00 0.00+0.00
Diplopia HDCS 4.40+3.58 4.11+3.86 3.00+3.39 0.88+1.59
(Cross-talk) BVCSL 2.00+3.08 0.89+1.76* 031+ 1.01° 0.06+0.25"
) HDCS 4.40+2.61 4.67+2.96 531%£3.16 6.13+2.96
Eye fatigue
BVCSL 2.40+4.83 3.22+£2.82 2.75+2.79 1.88+1.89
HDCS 1.80+1.79 0.78+1.56 2.31£3.30 2.31+£2091
Headache
BVCSL 1.00+£2.24 0.56+0.88 0.94+1.65 0.75+1.65
o HDCS 1.40+1.95 1.00+1.73 0.75+1.39 0.25+0.58
Dizziness
BVCSL 0.60+1.34 0.22+0.67 0.13£0.50 0.13+0.50

The values represent the mean + standard deviation.

HDCS, habitual distance corrective spectacles; BVCSL, binocular vision corrective spectacles lenses; +, p<0.05 by paired sample t-test,
HDCS versus BVCSL; CP, change correction power without prism; P, prism; n, number of subjects; BIP, base in prism; VP, vertical prism; BDYP,

base down yoked prism
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total of watching 3D TV with BVCSL compared to
BVCSL (all p<0.05, paired t-tests). The reduction of head-
ache was a statistically significant at 45 minutes, and 45
minutes of watching 3D TV with BVCSL compared to
HDCS (all p<0.05, paired t-tests). There were statistically
significant reductions of blur vision, sore eye, and watery
eye at 25 minutes, 45 minutes and total of watching 3D
TV with BVCSL compared to HDCS respectively (p<0.05,
p<0.05, p<0.05, respectively, paired t-tests).

Table 2 presents the means of the total score of astheno-
pia of 4 groups to 11 questions with wearing HDCS and
BVCSL. In CP group, all asthenopia was not significantly
different between HDCS and BVCSL (all p>0.05, paired
t-tests). However, dry eye and diplopia in the group of
BIP were significantly lower for BVCSL than for HDCS
(p<0.05, p<0.05, respectively, paired t-tests). In the group
of VP eye pain, diplopia and eye fatigue were signifi-
cantly reduced when wearing BVCSL than when wearing
HDCS (p<0.05, p<0.01, p<0.01, respectively, paired t-tests).
In the group of BDYP, eye straining, eye pain, dry eye,
sore eye, watery eye, photophobia, diplopia, and eye
fatigue were significantly reduced compared to HDCS (all
p <0.05, paired t-tests).

DISCUSSION

The eyes need to be pointed accurately to maintain ste-
reopsis and singleness of vision. The eyes must also con-
tinuously convert or divert to make stereoscopic images,
and accommodate to see clearly in 3D moving display. In
the 3D viewing, exo- or eso- vergence can also be required
more accurately than in real viewing to make stereoscopic
images. Binocular dysfunctions, which the eyes cannot come
together easily, can induce asthenopia not only in real 3D
viewing!">*! but also in 3D display viewing."! And eleva-
tion of gaze in 3D viewing may induce binocular disrup-
tion and strain. Correcting prisms and lenses used in this
study may decrease the elevation of convergence or diver-
gence and accommodation required in 3D viewing respec-
tively. Mechanism to relation between convergence and
accommodation in watching 3D TV differ from that in real
viewing, and can increase more asthenopia than in real 3D
viewing. Moreover, previous studies*”! have also reported
that mismatching between accommodation and vergence in

3D viewing was main factor to induce 3D fatigue. People
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who have binocular dysfunctions may be more sensitive to
sensory conflict, and mismatch between convergence and
accommodation in watching 3D TV. This mismatching
between convergence and accommodation occur by phoria
and/or refractive error, and amount of the mismatching is
depended on refractive error and/or phoria in not only 3D
viewing but also real viewing. In real viewing, correction
of phoria by prism or refractive error correction by lens
can reduce asthenopia and visual fatigue. So, prism and
lens correction used for this study may play a role to
reduce visual fatigue in 3D viewing.

3D viewing images through 3D display images change real
images to be smaller or larger. As convergence demand is
increased to maintain fusion of right eye and left eye
images, 3D image may appear to become smaller and
move closer or toward the TV watcher. Controversially, as
the divergence demand is increased to maintain fusion of
two eyes images, 3D image may appear to become larger
and move farther away or out. This change of image can
alter the perceptual and vestibular demands of the physi-
cal stimuli, and their prismatic properties alter the ver-
gence demand.I"” Simultaneously, input from eye movements
is a likely cause of vestibular stimulation."®! When seeing
objects it also involve in two separate visual processing sys-
tems, focal process and ambient process.'”’ The ambient
visual process helps to work with sensory-motor informa-
tion. 3D viewing by 3D display images may alter the ambi-
ent visual process. Vestibular stimulation and eye movement
by changes of images without body moving, and ambient
processing systems may cause dizzy, eye straining or other
symptoms. Sensory conflict between the signals received
by the three major spatial senses, which are the visual sys-
tem, the vestibular system, and nonvestibular propriocep-
tion, can also lead to symptoms.['®!8]

This study also showed that dizzy, eye straining and other
symptoms occutred with 3D viewing were reduced by correc-
tion glasses with prism and lens power. Specially, base-down
yoked prism significantly reduced symptoms of eye straining,
dryness, watery and diplopia. Rose and Torgerson!"! sub-
scribed that yoked prisms can be a very effective tool in mak-
ing changes in the oculomotor state, which thereby affects
sensory function. Yoked prism re-adjusts the motor system,
and sends information to the visual cortex. Kim e al?” stud-
ied reduce or decrease of dizzy using vertical yoked prism of
glasses, reported that vertical base-down yoked prism reduced

J Korean Ophthalmic Opt Soc.
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dizzy more than vertical base-up yoked prism. And they
also reported that subjects who have esophoria at near felt
less with vertical base-down yoked prism than with verti-
cal base-up yoked prism. This study supported their results
in 3D viewing condition as well.

And vertical prism also significantly reduced eye pain
and diplopia. Diplopia called cross-talked may occur due
to incomplete fusion of two eyes. Different images of two
eyes in size, color, clearness or shape and disagreement
between two eyes' visual lines at the object??’??! increase
possibility of incomplete fusion. Correction glasses used in
this study increased clearness of two eyes using refractive
error correction and agreement using horizontal or vertical
prism. So correction of phoria/vergence-based binocular
vision imbalance resulted in a significant reduction in diplo-
pia and asthenopia both during and immediately following
65 minutes of 3D television viewing. An individual with
binocular vision imbalance should be corrected/compen-
sated with appropriate prisms prior to prolonged viewing of

3D television displays to reduce asthenopia/visual fatigue.

CONCLUSION

Asthenopia during 3D television viewing has a correla-
tion with refractive error correction, binocular imbalance
and vestibular condition. Correction of phoria/vergence-
based binocular vision imbalance and yoked prism of base
down direction can reduce asthenopia during 3D televi-
sion viewing. An individual with binocular vision imbal-
ance need corrected/compensated glasses with appropriate
prisms prior to prolonged viewing of 3D television dis-

plays to reduce asthenopia/visual fatigue.

REFERENCES

[1] Kim JD, Lee TH, Yoon JH, Kwon HY, Kim TH. A Study
on relation between asthenopia and ocular functions in
watching 3D television. Invest Ophthalmol Vis Sci. 2011;
52:E-Abstract:5718.

[2] Yoon JH, Lee IH, Kim TH, Kim JD. Visual fatigue in
watching 3 dimension television. J Korean Ophthalmic
Opt Soc. 2012;17(1):47-52.

[3] Yang SN, Schlieski T, Selmins B, Cooper SC, Doherty
RA, Corriveau PJ; et al. Stereoscopic viewing and reported
perceived immersion and symptoms. Opt Vis Sci. 2012;
89(7):1068-1080.

[4] Howarth PA. Potential hazards of viewing 3D stereo-

Vol. 19, No. 3, September 2014

scopic television, cinema and computer games: a review.
Ophthamic Physiol Opt. 2011;31:111-122.

[5] Hoffman DM, Girshick AR, Akeley K, Banks MS. Ver-
gence accommodation conflicts hinder visual perfor-
mance and cause visual fatigue. J Vis. 2008;8(3):130.

[6] Inoue T, Ohzu H. Accommodative responses to stereo-
scopic three dimensional display. Appl Opt. 1997;36:
450915.

[7] Yanoa S, Idea S, Mitsuhashib T, Thwaitesc H. A study of
visual fatigue and visual comfort for 3D HDTV/HDTV
images. Displays. 2002;23:191-201.

[8] Tyler CW. A stereoscopic view of visual processing streams.
Vision Res. 1990;30:187-195.

[9] Westheimer G. Cooperative neural processes involved in
stereoscopic acuity. Exp Brain Res. 1979;36:585-597.

[10] Borsting E. Prospective comparison of convergence insuf-
ficiency and normal binocular children on CIRS symptom
surveys. Convergence Insufficiency and Reading Study
(CIRS) group. Opt Vis Sci. 1999;76:221-228.

[11] Wolfgang J. The proximity-fixation-disparity curve and
the preferred viewing distance at a visual display as an
indicator of near vision fatigue. Optom Vis Sci. 2002;
79(3):158-169.

[12] Hoffman DM, Gir Girshick AR, Akeley K, Banks MS.
Vergence accommodation conflicts hinder visual perfor-
mance and cause visual fatigue. J Vis. 2008;8(3):1-30.

[13] Grisham JD. Visual therapy results for convergence insuf-
ficiency: a literature review. Am J Optom Physiol Opt.
1988;65(6):448-454.

[14] Daum KM. Convergence insufficiency. Am J Optom
Physiol Opt. 1984;61(1):16-22.

[15] Ciuffreda KJ, Tannen B. Eye movement basics for the cli-
nician. 1st Ed. St Louis: Mosby. 1995;104-126.

[16] Van Die GC, Collewijn H. Control of human optokinetic
nystagmus by the by the central and peripheral retina: effects
of partial visual field masking, scotopic vision and central
retinal scotomata. Brain Research. 1986;383:185-194.

[17] Trevarthen C, Sperry RW. Perceptual unity of the ambient
visual field in human commissurotomy patients. Brain.
1973;96(3):547-570.

[18] Reason JT. Motion sickness adaptation: a neural mis-
match model. J R Soc Med. 1978;71:819-829.

[19] Rose M, Torgerson NG. A behavioral approach to vision
and autism. Journal of Optometric Vis Development. 1994;
25:269-275.

[20] Kim JD, Kim DH, Lee IH, Kim BW, Kim YH. Subjective
visuoperception to vertical yoked prisms. J Korean Oph-
thalmic Opt Soc. 2008;13(1):95-99.

[21] Ogle KN. Induce size effect. I. A new phenomenon space
perception associated with the relative size of the images
of the two eyes. Arch Ophthal. 1938;20:604-623.

[22] Zihl J, Von Cramon D, Mai N. Selective disturbance of
movement vision after brain damage. Brain. 1983;106(2):
313-340.

J Korean Ophthalmic Opt Soc.



Binocular Vision Corrective Spectacle Lenses Reduce Visual Fatigue in 3-D Television Viewing 369

)

0

—

FOIAl wHOKAOl 3R Hiiu|d NE Z Wilist OFdT2 244

2
ziﬂr A 302-718
) aSAE], A1E 121-828
sk}, 1] 730-739

A
Z Aol 28] 7
7 &}
099 29), AlA AL (20143 oY 18Y)

FIL 20143 0892 1¥), 7942014

Jf
2
(9'S)
)
o2
ox
rlo
£
-
|
>
é
Y

2] Hololl A v F-E3HA|T YR AFE A AA Q) EATS doFith B A
Hake hvl—t— Abgdoll oA 59| A8t ES 8-S o AtEs 2

= 1 Agelct. W A 98-S 150 283 g2t
S 6583 A1 ; orgu 27} 71 AsHAl =7 2144 yro)S U2 7ok zaj g 2=
¥, 74 e 7|14 3 HEFe] SFZIYFS FUIS PR wgE S FHEEkal 2.7 m ATl 651"5; 3D TVE
AW 3k B9k ek 2] A S FAE AF7REILE Hrhs 17HK] S0 tis) 43 =AY (0=812, 3=3h= 3kt
AT 2 AT 73 A= LA HAFFE(Howell phoria card) 2 S 3o 432 AMt IR
(Maddox rod)& ©]&3}4TE 3D TV Al o3l BAE = S48 H827ES 2838 wo} detr] ngehids &
S8 W= vwsidoh A b WA AS 283 Aol 3D TVE AT o Al 5, 25, 45, 658014
A8otdS Fgslu AlHE W R} PRI 2T} f-olol A Skthall p<0.001, paired t-tests). =H o] d =R I
82 3= IFdAe AH8eHE A8 A wAgE S Aesta A & Hﬂt HE PO E A o] F=Eel
A zpo)7) ATt et okekA] o)Ate] ZElE WA oA 0]—;(43]§l—_ ool A ot Zgo] Agoty e
) Bo}h fo] SFoll A Wokthall p<0.05). B&: AL /e1E o 252 VR f?l FEA] o]de] HE 782 3D
Al ol ST EE 3EE 5 Utk IR oS 7H AFEE (TR E Fo)7] 9@ 3D TVE 28 BV A
o -3t x| HQasit.

FHlo: 3D R, R, REA] o1, AR

fr
(98]
wn
oR
T
2

OO O_u

Vol. 19, No. 3, September 2014 J Korean Ophthalmic Opt Soc.



