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Purpose: Change of the fatigue and the visual function after watching 2D and 3D movies at near distance in 3D
notebook computer was analyzed using Simulator Sickness Questionnaire (SSQ) and the visual function test. Methods:
15 subjects (8 male and 7 female) with the normal visual function, normal stereopsis with stereo visual acuity higher
than 60 arc sec, uncorrected and corrected visual acuity of better than 1.0 (Participants who wear eyeglass or contact lens
were excluded.), age range of 23~33 years (average age of 25.67+1.6 years) were selected as participants. Participants
watched 2D or 3D movies for 90 minutes on 3D notebook of the diagonal size of 15.6 inch at the distance of 0.5 m.
Before and at 30, 60, 90 minutes during watching movies, fatigues using SSQ and the visual functions (phoria at far and
near, fusional vergence and accommodation ability) were measured and analyzed. Results: In the fatigue survey between
before and at 30 minutes during watching movies, there was no difference between 2D and 3D. However at 60 minutes,
score of ‘difficulty concentrating” was statistically significantly increased in viewing 3D (p=0.036). At 90 minutes,
scores of ‘difficulty concentrating’ (p=0.011), ‘dizzy’ (p=0.023), ‘stiff neck’ (p=0.028), ‘sleepy’ (p=10.030), ‘eyeache’
(p=0.027), ‘vertigo’ (p=0.014) were statistically significantly increased in viewing 3D. In visual function test, statistical
significant change occurred at Accommodation facility, Near point of convergence, Amplitude of accommodation, but no
abnormal change occurred. Conclusions: Watching 3D until 30 minutes at near distance, there was no noticeable difference of
fatigues compared with viewing 2D. However we need pay attention when we watch 3D more than 30 minutes.
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Fig. 2. Schedule of experimental procedure. (V.F.T. = Visual Function Test, A.R. = Auto Refractometer)
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Table 1. List of visual function test

Table 3. Score of seven subjective ranking assesment

List of visual function test Score Degrees of symptoms
Horizontal and vertical phorias, 7 very severe symptoms
Fusional vergence, Vergence facility, 6 severe symptoms
Near point of convergence, 5 moderately severe symptoms
Relative accommodation, 4 moderate symptoms
Amplitude of accommodation, Accommodative facility, 3 slight symptoms
Accommodative lag, Stereopsis. 2 minor symptoms

1 asymptomatic
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Table 2. Questionnaire for evaluating visual fatigue

List of fatigue survey

Blurry, Dry eye, Eyestrain, Gritty, Pain in the eye,

Eyestrain ~ Sting, Eye heavy, Hazy, Warm eyes, Flickering,
Watery eyes.
General  Feeling heavy in the head, Difficulty conceming,

discomfort  Dizzy, Stiff neck, Sleepy, Feel heavy, Stiff shoulder.

Nausea Vomiting, Vertigo, Nausea

Focusin Difficulty focusing, Double vision, Near vision
€ difficulty, Far vision difficulty.

Headache Pain in the temple, Pain in the middle of the

forehead, Pain in the back of the head.
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Fig. 3. SSQ score difference changes in general discomfort category. Statistical significant differences between 2D and 3D were

noted by *.
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Fig. 4. SSQ score difference changes in eyestrain category. Statistical significant difference between 2D and 3D was noted by *.

| \ u2D miD
1 ]
2 Nausea i Focusing difficulty i Headache
) )
g 3 | !
1 ]
j- i |
53 i i
g 2 | :
£ & ! !
¢ | |
=11 1 i i
g : i
Z o | |
g |.|. M | |’ | [ ’
g = 0 1 1
e b - P s -5
g 30 60 90 30 60 90 306090:306090 306090 3060900 30609 !30 6090 306050 3060 00
5 Vomiting Nansea : Difficulty  Double vision Near vision Far vision : Pain in the Pain in the Pain in
2 | fousing dificulty  dificulty | temple middle  the back
' ' ofthe ofthe
frehead  forehead
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Table 4. Statistically significant visual function test results before and after watching movies.(*: p<0.05 by paired t-test)

2D 3D
Visual function
Pre Post p-value Pre Post p-value
N.P.C. (cm) 6.46+2.51 7.77£3.26 0.039* 6.33+2.76 7.11£2.47 0.012*
A.A.(0.D.) (D) 11.83£2.02 11.50+1.48 0.371 13.26+3.06 11.75£2.25 0.028*
AF.(0.S.) (cycle/min) 12.80+4.55 14.33+£5.31 0.011* 13.13£3.91 13.27+5.87 0.884
N.P.C. = Near point of convergence.
A.A. = Amplitude of Accommodation.
A.F. = Accommodative facility.
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Fig. 6. Results of Accommodative facility after watching 2D
and 3D movies. Statistical significant difference between
before and after watching movie was noted by *.

—
th

B

Near point of convergence (cm)

=]

Pre Post

Fig. 7. Results of Near point of convergence before and after
watching 2D and 3D movies. Statistical significant
difference between before and after watching movie
was noted by *.

TH(Table 4).
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Fig. 8. Results of Amplitude of accommodation before and
after watching 2D and 3D movies. Statistical significant
difference between before and after watching movie
was noted by *.
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3. 2AZ A 3720 3D =ERA 2D 2 3D I A1 M, F dE2Ee) A7l WEE gEs
(Simulator Sickness Questionnaire)$} A|7]%5 FAAFE T3l Hln EA81t). ¥WH: Al7|59 o]/do] %}J’_, A9 ¢
AAIE 60 Z(sec) oPFoZ PAFF A1 FE7t e W wF B Ut AlFo] 1.0 o (EA ¢ EHERN=
2hg-2), ok 282k A 9)Ql 23-334(HTEAH 25.671.64)2) IAA 159 8%, of 79)S e g 9t 156
012)9] 3D =EES o]&3ke] 0.5 m AglolA 9027F 2D E 3D G ATt A1 A, AIH F 308, 60,
9022 o] IEE AR(SSQ) R A7Ts HAKE-E A A H ¥ 5, HY)E *‘Alokﬂ A8k Ak
B A1H AT 308 Fo FJ2E AAIAE 2D B 3DoA] xFol7F UERA] ERAIRE Al F 604 E 3D
Gl Hedt7] g 5ol ¥ =A YEFEIL(p =0.036), 90% A1 F 3D JAolA H537) oH %
(p=10.011), IR HE(p =0.023), F-o] WZ3Hp=0.028), =H(p=0.030), T2 F5(p=0.027), 2182 A7|ZF
(p=0.014)9] 3=o] FoJsHAl & A2 Yedth Al71% HAIAE 28 &olA, T34, HAdl 248 &
A Frol3 Wals BEsIAINE A171%52) v 2 Wale AR gtk AR 2614 3D S A
AE A9 308 =] AIHL 2D FF AR vlaE] 2 A1 A2E fskA] GARE A ARl o 7 A

Fo7F a7,
FH0: 3D FIHEAGA, A A, HEE, A7
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