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ek, F8 APERlE 9428 AR (GEm)9}t 2
& A3 (40 cm) 18] 3L EFE](CP-690, NIDEK, Japan)=
]85}t

3. XFE =Y
DF/3 3DFFNA vEhd A7) WShe SPSS(Ver.
12.0 for windows)E ©]-838}] paired ttestE o] 43k,
95%2] AHTIFOZ p<0.05¢ W FAHEE F2]4d0]
Az ATt

2 I

1. 2D, 3DYUL AlE MFO| AR H5}

2D9} 3D A1 A5l YEhe= dAE S 2AE
A= W3)= Table 13 2oH, (-) F3e A E,
(+) Foe WAKIE UERd Zolth dAZ ARIES 2D
Gd Al A 2532 1.98AET £ ETHRHAA A &
3131197402 QA SV} A3S B 31 (p=0.000),
3D AIHL —2.69+2.03 004 —221+248A02 &
AFIEE o5 Ur o)k 2}o](p=0.083)E H.o]A|
ekkth A8 AIEE 2DGA Al A -8.00+3.52A
AN A7 F —8.75£339A0F ALY FT} IS B
I(p=0.000), 3DF} A1HL& —7.99+3.77A014 —6.95+
448002 A A AH3FS B THp=0.009).

2. 2D, 3DAY A|H MFo| =HH B35}

2D2} 3D A1 AT el 2-E 2] H3l= Table 29}
7L1:]_ Zzéeﬂ_q 2D051)\1- }\]24 = 7.79+1.50D, /\]x4 _7_
7.86+1.31D2 248 9] W= gl (p=0.051), 3DF
M= A1 A 800+1 55D, A% ¥ 7.62+1.25DZ 2D
o} 3DQP A1 F AdtEe AR BYot 1 HelEF
& AR U (p=0.004).

Table 1. Comparison of lateral phoria® before and after
watching a 2D/3D image (unit: A, prism)

2D 3D
Method
M=SD p M=SD p
Distance lateral | Before [—2.53+1.98 -2.691+2.03
phoria 0.000 0.083
(n=70) After |-3.13+1.97 -2.21£248
Near lateral | Before |[—8.00%3.52 -7.99+3.77
phoria 0.000 0.009
(n=70) After |-8.75+3.39 -6.95+4.48

“Positive and negative values represent eso and exo deviations,
respectively. M+ SD: mean= standard deviation
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Table 2. Comparison of accommodative amplitude before and
after watching a 2D/3D image (unit: D)

2D 3D
Method
M=SD p M=£SD p
Amplitude of | Before | 7.79£1.50 8.00t1.55
accommodation 0.051 0.004
(n=70) After | 7.86xt1.31 7.62+1.25

Table 3. Comparison of PRA/NRA before and after watching
a 2D/3D image (unit: D)

2D 3D
Method
M=+SD p M=SD p
Before | —2.58+0.65 —2.58+0.65
Pf;?) 0.172 0.958
(M=70)| After | —2.55+0.66 -2.57+0.70
Before | +2.52+0.63 +2.53%+0.65
Nf;g 0.698 0.231
(=70)| After | +2.51+0.63 +2.61+0.73
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Fig. 1. Change of distance PRC before and after watching a
2D or 3D image.

recovery

Vol. 16, No. 2, June 2011

YA

A

F9] A7) s 181

©O:

3. 2D, 3DYA AA o|Fo| MU= Ha|

2D9Jr 3D0ﬂ}\1- /\] =] O]—r b}E}q—— Ok)ﬂz\h:ﬂz E'_:l' L;q:}
= Table 302 YeERAT. A4 NZEHe 2D A
A A —2.58+0.65D, A1 ¥ —2.55+0.66DZ 2DA%
3 =2 wsleE $19al(p=0.172), 3D A1H A
—2.5840.65D, A1 ¥ —2.57+0.70DF A% o]ZE A
3t AS ®olzl st oy 1 wslEke] A2 &ttt
(p=0.958).

LA ZAEEHL 2DGA Al A +2.5240. 63D, A1
T+2.51£0.63DF 2DYF AlHolF & Wele gl
(p=0.698), 3DF’d A1 A +2.53£0.65D, A7 F +2.61
£0.73DE A o|Fole 7t A= EOVJ st}
1 WslEFo] AA] %k THp=0.231).

.,d
>~

A

£ =

o
= o] A %

4. 2D, 30U AlH MTo| MfZFE HS}

2D} 3DFE A1 olF Uehd= At 2AY &

AR EFY W3S 242} Fig. 13 Fig. 28 YERAA
Near PRC, 2D
35
—O—— Before
After

30
254
4
8 20
g
o
c 15
8
o

10 4

5 -

0

blur break recovery
(a) 2D
Near PRC, 3D
35
—O—— Before
After

30
_ 254
g
8 20
s
[=]
£ 15 4
z

10 4

5 -

0

blur break recovery
(b) 3D
Fig. 2. Change of near PRC before and after watching a 2D
or 3D image.
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AT N EFTES 2DF A1 A s-HH AR/
3B 0] 9.89+4.53A/17.34+£631A/11.52+5.82A, A%
3 9.73+431A/17.00£6.25A/11.30+5.75A 2.2 2D}
A HolF Z W3le= QUAI(Fig. 1(a), p=0.342/0.268/
0.128), 3DGA A% A 10.09+4.39A/17.85+6.2624/
11.76 £5.94A, A& 3 9.54+4.08A/17.17+7.20A/11.10
+559AF A o]Fodl= A} AakS Holzl st ot
1 wsteko] =A] eEkth(Fig. 1(b), p=0.028/0.077/0.122).
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Fig. 3. Change of distance NRC before and after watching a
2D or 3D image.

Vol. 16, No. 2, June 2011

3 Uehve= dAg e 249 =
dNE4 Eﬂiﬁl—% Fig. 33} Fig. 42 YERUTH. ¥A
222D A1 A EEREEA 8.54

+3.50A/5.64+3.56, A1 £ 8.824+3.53A/5.28+3.07A
o= 2D°§/\o]' /\] é C’]*:raz = 5]’1_ BA/\AE(Flg 3(3)
p=0.345/0.227), 3D9’d A1 A 8.16+3.35A/5.06E£3.4A
ol ] A1 3 923+3.43A/5.71+444A2 AH o|Foll=
Z7F AEE Bolzl st o 1 WslEFo] A eF%k
(Fig. 3(b), p=0.002/0.023).

2A8 SAANETEL DA Al A 11.20+431
A/16.63+5.03A/11.91£5.094, AlH Z 10.94+£4.0040/
16.44+4.96/A/11.51+£4.69A 02 2D A1 ©o]% = W
3h= QILAL(Fig. 4(a), p=0.152/0.467/0.257), 3DF*+ A7
A 11.38+4.44//16.66 +5.02A/11.91 5114004 A1 H
Z 12.11+1439A/17.49+4.80A/13.06+4.71A2 A o]
Foll= S7F BFE Ko7l stF oy 1 wskEFe] A4
2SITHFig. 4(b), p=0.086/0.029/0.006).

Near NRC, 2D
25
—O—— Before
_— A — After
20 A
g
5 15 4
2
0
o
S 10 4
o
5 -
0
blur break recovery
(a) 2D
Near NRC, 3D
25
—O—— Before
— & —  After
20 A
g
5 15
2
2
[a]
E 10 4
c
5 -
0
blur break recovery
(b) 3D
Fig. 4. Change of near NRC before and after watching a 2D
or 3D image.
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5. 2D, 3DYA AlY HMEo| THB0|Y s}

2D} 3DYF A1 AFo] 24804 WS}= Table 4
of VR Act. ©etke] A4 99t -8 8L 2DY
A1 A 13.62+4.23 cpm(cycle per minute), A% $ 13.25
£3.74 cpm O E A3lEE AFS HAAT 1 wstEe
FrolskAl eFkar(p=0.093), 2Rt 8ol de 2DFE A
7 A 13.18+£4.29 cpm, A1 F 12.81£3.95cpmOZ A
stElE AS RIAT 1 weEe fohA] gt
(p=0.050). 3D} A= A1H A 13.60+4.20 cpm, A
% 15.04£4.14 cpm©OZ 3DFA A1 ©o]F 9ot - go)
39l S7F A€ = AT (p=0.000). 3DF NN =
A7 A 13224431 cpm, A1 F 1576 +4.30 cpm O =
3DY A1 olF FHF 2EEoldY] S @S B T
AATH(p=0.000).

ot zAgole 2D A1 A 15.06+3.97 cpm,
A% F 14.65+3.75cpm O & AtEE AIFS B
(p=0.012), 3DF/dNA= A1 A 15294423 cpm, A
% 16.78+3.79 cpmOE 3DRFA A1 o]F ket 2H o)
el 27} S B 5 AATHp=0.000).

Table 4. Comparison of accommodation facility before and
after watching a 2D/3D image (unit: cpm)

2D 3D
Method
M= SD p M=SD p
Before | 13.624+4.23 13.60+4.20
MAFOD) 0.093 0.000
(0=70) | After | 13.25+3.74 15.04+4.14
Before | 13.184+4.29 13.22+4.31
MATES) 0.050 0.000
(=70) | After | 12.8143.95 15.76+4.30
Before | 15.06+3.97 15.29+4.23
BAROY) 0.012 0.000
(=70) | After | 14.65+3.75 16.78+3.79

MAF: monocular accommodative facility, BAF: binocular accom-
modative facility, OD: oculus dexter, OS: oculus sinister, OU:
oculus uterque

6. 2D, 3DYA A|H HFo| 0|&820|Mo| 5}

2D%} 3D A1 HF9 ool d WStE Table 5
off JerSItE 2D A1 A 13.49+3.85 cpm, A1 &
13.18+3.65 cpm o2 A3tE= ALS HAAT A H o

Table 5. Comparison of vergence facility(VF) before and after
watching a 2D/3D image (unit: cpm)

2D 3D
Method
M=SD P M= SD p
VF | Before | 13.49+3.85 13.19£4.16
v 0.077 0.000
(=70) | After | 13.1843.65 15.13£3.98
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Changes in Visual Function After Viewing an Anaglyph 3D Image
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Purpose: This study aimed to compare and assess changes of visual functions in viewing an anaglyph 3D image.
Methods: Visual functions were examined before and after viewing a 2D image and an anaglyph 3D image with
red-green glasses on seventy college students (mean age = 22.29+2.19 years). Visual function tests were carried
out for von Graefe phoria test, accommodative amplitude test by (—) lens addition, negative relative
accommodation (NRA) and positive relative accommodation (PRA) test, negative relative convergence (NRC)
and positive relative convergence (PRC) test, accommodative facility, and vergence facility test. Results:
Assessment of the visual functions indicated that near exophoria and accommodative amplitude were reduced
after viewing a 3D image, and although there were small changes in relation to these findings, NRC and PRC
showed tendencies to increase and decrease at near, respectively. There were no significant changes with NRA
and PRA, and accommodative and vergence facility were shown to have improved. Conclusions: Changes of
visual functions were more in the 3D image than the 2D image, especially at near than distance. Particularly, the
improvement of accommodative and vergence facility could be related to an effect of subsequent accommodation
and vergence shift to have stereopsis in the 3D image. These results indicate that an anaglyph 3D image may, to
some extent, be the effect of vision training such as anaglyphs.
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