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Table 1. Changes of far phoria before, during, and after watching
on 3D images

Measuring period (min) Mean=® SD (A)?

Before -0.80%+1.12

10 -0.98+1.37

During 20 -0.94+1.25
30 -1.00£1.28

5 -0.90£1.13

10 -0.84%1.13

After 15 -0.82£1.12
20 -0.78x1.11

25 -0.80£1.16

30 -0.76£1.08

*Negative and positive signs indicate exophoria and exophoria,
respectively.
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Fig. 1. Changes of far phoria before, during, and after watching
on 3D images (Error bars represent standard error of
mean).
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Table 2. Changes of near phoria before, during, and after
watching on 3D images

Measuring period (min) Mean= SD (A)
Before —4.361+3.66
10 —5.71£4.45
During 20 -6.20+4.62
30 —6.58+£4.63
5 -5.8214.31
10 —-5.00£4.09
After 15 —4.48+3.65
20 —4.40£3.65
25 —4.34+3.67
30 -4.36£3.65

*Negative and positive signs indicate exophoria and exophoria,
respectively.

Vol. 20, No. 3, September 2015

During watching After watching

Near phoria (prism diopter)

Beflore 1I0 2I0 3I0 é 1I0 1I5 2I0 2‘5 3I0
Time (min)
Fig. 2. Changes of near phoria before, during, and after watching

on 3D images (Error bars represent standard error of
mean).
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Table 3. Changes of calculated AC/A radio before, during,
and after watching on 3D images

Measuring period (min) Mean= SD (A/D)

Before 4.92+1.17

10 4.45+1.37

During 20 4.24+1.48
30 4.11£1.50

5 438+1.41

10 4.68+1.32

After 15 4.88+1.18
20 4.90%+1.19

25 4.93+1.18

30 4.90%1.16

J Korean Ophthalmic Opt Soc.



322 S84, de, A%

152307 = 3

A4 A F 302 4.11£1.50 A/D o]F2 G4 A F
B % 258 493+1.18 AD 744 A1H A AC/A BIE 3
Ees 43S BATHp=0.000). Z, 94 A1H 85 5 5
i 5 AC/AMIZ} 438+ 141 A/DOIN F4 A4 F8 &
25% 5 493+1.18 ADSE FA A1 A3} TUF AL
T2 3Ea0H, G AIH F UEEY F555o] o
Al Bt A oNA 71 AR RFe] HAst Al
A AC/A B2 FJE3= Fgo g ERGTH(p=0.598).

A A== 3D 973 A1 A5 Table 13 2
o] ¥4 A1 A vluste] G A FE F 108 F
o= 0.18 A ARIE SV} BF o, 30 Foll= 0.20 A
AR 71 Bol ST :Lﬂal AR ol M=
Al Bt} O B2 AR WS Ho|w 3D §
A7 215 Table 29} o] F7 A1 A3} BlaLstod
AA ZF 102 Folle 12 A JANIE S71 d19loH
Folle 23 A AR 7P Bol 78k A9
oA Dl A&F ZAE EFo] A=} 1A
Zol MatE do7in o]yt wsle o] - A3
(vergence adaptation and accommodative adaptation)Z} ¥+
Q= Aow Bydl A sl 3p GAre] A A
Aol A AR W3S 2254 -S(prism adaptation) &/
I AR o F BHugh Ao 2 RE ALY F71d
e AR F IS Bloth B AFellA ofE gl
°] 0.8 o]’ thidAtel] sl <A Akele ¥sE T4
o2 Bristg ot A% tdAE gdiste 2Hol Y &
o} Axol WE AR wistel B S SR F
7HAQl AFE JPE ool e o= £t

3D GARE A3 A1 Aol A ZEHo] A EH ] o]
Ao A T WstE KRR 3 AR
Yepdt Bl = g-3to]dk Q F-aK(fusional vergence demand)
o] LMo e e - 9 EdFol
3D FE AAshs S el "okl olfgt 711
o= st G A1 Tt AATRT ZAZ oA 2JAL
e WsPl £& 5 F=5 SAo] UehA Ha, o]
o uhe} AC/AH]E °§*¥ A% A 4.920+1.17 A/DI} H| WL
4 41124150 ADL. 2 ZHAatdch

297} £30) BAAY} P2 S
Fksa °l°ﬂ e 92 FHPo e peE Whg A
o] el sjAish FnSe) Z7lel iR Qo
A7+

2 o] Astol A ALSIES AC/ANIE
Ao) wstsh A% Fo] FBL Felsh Bl Fo, of

r_&wO&OJ.L,
N A o ox

O N

3D 94 A1

l

2et A7 2HE 3D IS AR Al A A5
AN 2AL 33 YA Sk Heto] Al w2 Z

Vol. 20, No. 3, September 2015

Feo] WsE aely) uliel g3e) Wl YelA &
Fo} 27e) BAR7} wAE o] HgT=s} wals) &
aLPholg Qs ZAzIot AAE] A=Y RSt AC/AH]
S} CA/CHISH 22 23} F5o] o= FFE = 7
APz AL FRIE = YTk =P, A|&H 22

Aoz AT ZRZAE 2EY2)d WE AE s}
526z welZa glom, ol HgTE sfale A4
o W& PR FAjo] dasithe 2 HojFal ik

Zd %

B AT 3D B A A - Fo) A7l wstA AL
A= Eﬂﬁ‘roé %—Xgé}oq og A 7Vl ALOlE sl
& A B thste] Lomgieh,

A= W3 kol tg Aol A 3D FAF A1 A7t
Aol wheh oake] ko g Frlbehe S Eion,
AR RS SAZ A A= ﬁ}ml o FA Ve
o AAF AC/ABIE ZHidhs 7 E’iﬁ‘r Q& A3
T8 T 58 FRE A 73% o]

i Holl Al A} T3 AI=E ﬂ%ﬂ—t— AFs v
ERf AT

zs) gl gk BeEH o
=9}e] Qflste] 3D GAHAI el uw el A A
e} AN Bad Ao poET,

#ZAlel =

B A3E 20159
TR AFUL

ZAedg ) ARl Ages

REFERENCES

[1] Hoffman DM, Girshick AR, Akeley K, Banks MS. Ver-
gence-accommodation conflicts hinder visual performance
and cause visual fatigue. J Vis. 2008;8(3):33.1-30.

[2] Lee SH, Kwon SC, Kim JH. Digital stereoscopy, 1st Ed.
Seoul: Jinsaem, 2014;37-60.

[3] Howarth PA. Potential hazards of viewing 3-D stereoscopic
television, cinema and computer games: a review. Oph-
thalmic Physiol Opt. 2011;31(2):111-122.

[4] Kang SH, Hong HK. In watching 3D stereoscopic display
using the binocular disparity, the effect of pupillary dis-

J Korean Ophthalmic Opt Soc.



3D TV 24 A H ol & AL =} 284 Z 50 H7} 323

tance of adults and children on the perception of 3D image. J.
Korean Ophthalmic Opt Soc. 2011;16(3):299-305.

[5] Kim JH, Son JS, Park SJ, Kwon SC. Clinical consider-
ation of visual fatigue on 3D images. J KICS. 2013;38C(11):
990-999.

[6] Kang JJ, Kang MH. A study for application of human
factor in stereoscopic photography by 2D-3D converting
technology. AURA. 2012;26:111-122.

[7] Park 1J, Li HC, Kim SW. Screen disparity and size per-
ception function of various 3D stimuli. Journal of Broad-
cast Engineers. 2013;18(1):66-76.

[8] Herman S. Principles of binocular 3D displays with appli-
cation to television. J SMPTE. 1971;80(7):539-544.

[9] Kim JH, Choi YS, Kwon SC, Son KC, Sohn CB, Lee SH.
The Influence on changes of visual function by watching
3D images - focused on blink rate and accommodative
response. INFORMATION. 2014;17(12B):6589-6597.

[10] Lim SW. A study on acceptance of broadcasting platform
in the era of media convergence: Focused on the niche
comparison of selection factors of users. PhD Thesis.
Chungang University, Seoul. 2006;1-261.

[11] Kham KT, Lee JH. The effect of inter-pupillary distance
on stereopsis. The Korean Society for Cognitive Science.
2003;14(3):37-49.

[12] Kim DS, Lee WJ, Kim JD, Yu DS, Jeong ET, Son JS.
Change of Phoria and Subjective Symptoms after Watch-
ing 2D and 3D Image. J Korea Ophthalmic Opt Soc.
2012;17(2):185-194.

[13] Maeda F, Tabuchi A, Kani K, Kawamoto K, Yoneda T,
Yamashita T. Influence of three-dimensional image view-
ing on visual function. Jpn J Ophthalmol. 2011;55(3):175-
182.

[14] Kim JD. Clinical refraction and visual dysfuntion prescrip-
tion, 3rd Ed. Seoul: Shinkwang, 2010;240-260.

[15] Kim DS. The effects of 3D images on the visual function.

Vol. 20, No. 3, September 2015

Master Thesis. Kyungwoon University, Gumi. 2011;1-84.

[16] DTV and video equipment portal TV4u. The resolution of
the TV and the viewing distance, 2006. http://www.tv4u.
co.kr/guide/content.asp?idx=953&sec=&url_home=http://
mania.dreamwiz.com/(24 February 2006).

[17] Freeman J, Avons SE. Focus group exploration of pres-
ence through advanced broadcast services. Proceeding of
the SPIE. 2000;3959:530-539.

[18] Wsselsteijn W, de Ridder H, Freeman J, Avons SE, Bou-
whuis D. Effects of stereoscopic presentation, image motion,
and screen size on subjective and objective corroborative
measures of presence. Presence: Teleoperators and Virtual
Environments. 2001;10(3):298-311.

[19] Sreenivasan V, Irving EL, Bobier WR. Effect of hetero-
phoria type and myopia on accommodative and vergence
responses during sustained near activity in children. Vision
Res. 2012;57:9-17.

[20] Karpicka E, Howarth PA. Heterophoria adaptation during
the viewing of 3D stereoscopic stimuli. Ophthalmic Phys-
iol Opt. 2013;33(5):604-610.

[21] Lee SH. Understanding 3D images, 1st Ed. Seoul: Jin-
saem, 2010;16-56.

[22] Ban JE. Effects of interpupillary distance and AC/A ratio
on binocular fusion and depth perception. Master Thesis.
Yonsei University, Seoul. 2002;1-51.

[23] Kim DH, Choi SH, Sohn KH. Visual fatigue prediction
for stereoscopic video considering individual fusional charac-
teristics. Journal of Broadcast Engineers. 2011;16(2):331-
338.

[24] Kooi F, Toet A. Visual comfort of binocular and 3d dis-
plays. Displays. 2004;25:99-108.

[25] Yekta AA, Pickwell LD, Jenkins TC. Binocular vision
without visual stress. Optom Vis Sci. 1989;66:815-817.

[26] Tsubota K, Nakamori K. Dry eyes and video display ter-
minals. N Engl J Med. 1993;328:584.

J Korean Ophthalmic Opt Soc.



324 EHH, B, AAE, DA, Bl shuA, f54
The Evaluations of Phoria and AC/A Ratio by Watching 3D TV at Near
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Purpose: This study was designed to evaluate the changes of phoria and calculated AC/A ratio, and their
recovery time points by watching 3D television (3D TV). Methods: 50 subjects (male 30, female 20) of 20s to
40s ages who can watch 3D, were measured phoria using a Howell phoria card at 3 m for distance and 40 cm for
near. The phoria was evaluated before watching 3D TV and every 10 minutes from starting of watching 3D TV
for 30 minutes, and every 5 minutes after finishing of watching 3D TV for 30 minutes again. Results: For the
distance phoria during and after watching 3D TV, it was increased to more exophoria —0.98 £1.37 A (prism
diopters) after 10 minutes from starting of 3D TV watching (p=0.063) and increased to more exophoria —1.00+t
1.28 A after 30 minutes (p=0.024), and started to decrease after finishing of watching 3D TV and recovered to the level
of before 3D TV watching (-0.78=1.11 A) after 20 minutes (p=0.32) with comparing to phoria of before
watching 3D TV (—0.80x1.12 A). For the near phoria, it was also increased to more exophoria —5.711£4.45 A
after 10 minutes from starting of watching 3D TV (p=0.000) and —6.58+4.36 A after 30 minutes (p=0.000), and
started to decrease after finishing of watching 3D TV and recovered to the level of before watching 3D TV after
20 minutes (—4.34£3.67 A) (p=0.32) with comparing to the phoria of before watching 3D TV (-4.36£3.66 A).
AC/A ratio was decreased from 4.921£1.17 A/D for before 3D TV watching to 4.11£1.50 A/D for after 30
minutes from starting of watching 3D TV (p=0.000), and increased after the end of watching 3D TV and
recovered to the level of before 3D TV watching (4.93+1.18 A/D) after 25 minutes (p=0.598). Conclusions:
During watching 3D TV at near, it showed a tendency of convergence insufficiency by decrease of calculated
AC/A ratio as result that exophoria at near was higher increased than exophoria at distance. However, the
increased exophoria at both near and distance was recovered to the level of base line after 25 minutes from the
end of watching 3D TV. Through this study, it seems to need rational proposals of advice for watching 3D TV.

Key words: 3D TV, Phoria, AC/A ratio, Asthenopia, Exophoria
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