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Purpose: In Virtual Reality (VR) device of Google Cardboard type, change of the fatigue and the visual function was
analyzed for two VR application. One application was VR theater (Movie) APP that viewing direction of participant was
fixed and the other application was Titans of space (Travel) APP that required head movement of the participant.
Methods: 20 people with the normal visual function, normal stereopsis, the normal, corrected visual acuity of better than
1.0, and age range of 21~27 years (average age of 24.6+1.91 years, 10 male and 10 female) were selected as participants.
Participants who were wearing eyeglass were excluded. Before viewing VR device, fatigues using Simulator Sickness
Questionnaire (SSQ) and the visual functions were measured. After 20 minutes viewing one APP using VR device,
fatigues and the visual functions were remeasured. To minimize the effect of the visual function and fatigue, experiment
using the other APP was done next day. Results: In the result of the visual function before and after viewing VR,
statistically significant change occurred at Near point of convergence and Accommodation facility, but no abnormal
change occurred. The change of fatigue was significant. In Movie and Travel APPs, overall fatigue was increased.
Increase of fatigue survey score was statistically significantly larger for Travel APP compared with Movie APP in
General discomfort and Nausea (p<0.05). Conclusions: The change of visual function before and after viewing VR
device and between two APPs was not noticeable. However Fatigue was increased after viewing both APP. The
increment was larger for Travel APP that required frequent head movement, compared with Movie APP that did not
require head movement.
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Fig. 1. Schematic configuration of VR device of google cardboard
type.
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Fig. 2. Photo of VR device and participant wearing VR.I""
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Table 1. 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. Experimental procedure. Test of Movie or Application
was performed at different days.
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Table 2. Differences and p-values for the oculomotor changes
in the movie and space travel application before and
after viewing VR APP (*: p-value<0.05)

Visual Movie (post-pre) Movie (post-pre)
function Pre-Post p-value Pre-Post ~ p-value
NPC 0086101 0020  -0.78£117  0.006*
(cm)
AFOD) _o19:351 0806 1052238 0057
(cycle/min)
AROS) o030 0739 L14:224  0.030*
(cycle/min)
AFOU) 071511 0306 1484359 0.074
(cycle/min)

N.P.C. = Near Point of Convergence, A.F. = Accommodative Facility.
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Fig. 4. Results of near point of convergence after watching
movie and space travel application. Statistical significant
difference between before and after watching application
noted by *. (*p-value<0.05)
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Fig. 5. Results of accommodative facility after watching movie
and space travel application. Statistical significant difference
between before and after watching application noted
by *.

T 7Y EFeAlA B FF o] ST
F 23 B RS oF 3 emol2 VR AIH A A4
M F5 23 s 7Y 9 AR A 3 HA
7} gk LR v @ vERA] skt

24 gold2 A P A wolA "E 1.14+2.24
cycle/min(p=0.030) Z+A3dtP o, LEZE F 1.05+2.38
cycle/min(p=0.057)2} 2t 1.48+3.59 cycle/min(0.074) -2
RE 24 Bolid ghol] HlaA FotA ik AEs
R cHFig. 5).

A7Ts 7k SolX 842 AL 798 9, Hol =
Ay, o) 24, HAs Bold, 24 d 1 &5 VR I
I AF 9 A FY3 Zfo|7h vEhbA] gt

5 THLS F A A1 24004 BT A4S
olgfg e VR A1 xdo] 2AY Al 21 vl
sl7] Wit o2 F5HT 719 ZAE G Aol Bgk
ATFES AVEA 24 BE gAbelA A FERs E121
g 4 Yk Bk 5] 40 cmo| A ZREED Fo
Al AHE & 24 BES vlalol| A Tk Bl ekl =4 &

o]/d HAst 24 1Y ST Haston P17t 59
50 cmol|A] mES-S A3 A5 ARy 24 8ol4,
5 2, Jd 2d9e] AE Rusidohl =5 3
o ATAME 3023 1 molA 2D B 3D FE A1
A v -] s Harstoh! iR Rk vlaE] ¢
Al 2.5 m A1 AFjelA= 2D 2 3D S AR
) Al7)s It BEER] ok om M moluk
S BT g o E FEEEks 2 A9idE
24 715l A G XA FUATET 2 A7l AL
S5 7= 7I=HEE e VR 71718 B3 Hole 9
2 =9 9F 0.67 mQl WA Aol FAEHEZ 20871
O] A= F5= ZHo] oA BES YR A=
Heloh

T3t 24 ol STt 978 of & Ao oAt
Hashe AEke] UYelgtet ol v B2 HE £39%
ol W M & 870l Y VE WfiE o R oIS
At}. ©]:= Ebenholtz®] Aol QH 5 17 (oculomotor
tonus)®] W= 24 o]8 3 d(accommodative hysteresis)S-
frgstar o] gl Qb 5 U] At -7 ofE
ZAo) A T Z7] wfiFol] - Lol T Az
oz g} 1720

d

[o

=}
=

2.

Kl

2= M2 2t ¥
o AR 9 2871A] Al ALl tiEE 9% A1
‘VR theater’ 2} -F13) ol Z2]A o] A ‘Titans of space
cardboard VR’ &] 7% o]} p gr& Wb Zlo|tth. Al
75 Ao} D] o] oA {3k 2to]7} e
st

HI

o El

1) =2| ZI&(Eye strain) HF
9 %(Eye strain) HFolA= 38 HolAY WA
R ABlurry), 728 ¥ SHdry eye), =2 717 (eye strain),

Movie gap
250 * ® Travel gap
*
*
2 *
T £ % *
° * L * - * .
;5 15 | * [ * . -
2 { . s .
1 *
- i T 1 !
i ! | !
05 | i | . . |
’ 1 Bl B 1 Bl B
0 i i i | +
y Dryeye  Eyestrain Gritty Pain in the Sting Eyes heavy Hazy Warm eyes Flickering Watery eyes
eye
Eye Strain
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