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A Study on Simulator Sickness and Physiological Responses in
Dynamic Driving Simulator

* Byung-Chan Min - Hyo-Jeong Jeon - Eun-Jung Sung -
Soon-Cheol Chung - Chul-Jung Kim

* Ergonomics & Information Technology Research Group,
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** Dept. of Biomedical Engineering College of Medicine, KonKuk Univiersity

The study was to evaluate psychological and physiological changes of simulator sickness in the controlled condition of
driving a car (1 hr. at speed of 60 km/h) in a graphic simulator. Simulator sickness was measured and analyzed every 5
min using both subjective responses(i.e., Simulator Sickness Questionnaire) and Physiological signals(EEG, HRV, Skin
Temperature, GSR). The results showed that there was significant differences in subjective response 10 min after the main
experiment. From 10 min after the driving, the level of subjective simulator sickness increased significantly, relative one
of the rest condition. There also was significant differences in physiological responses between the rest and the 5 min af-
ter from the start of driving : for EEG, & and @ at Fz arca increased, while @ decreased; the averaged R-R interval and
skin temperature decreased; LE/HF and GSR increased. The results indicated that simulator sickness was induced by acti-

vation of the autonomic nerves and inactivation of the central nerves.

Keywords : Simulator Sickness, Physiological Responses, Graphic Simulator

1.M B2 e g4 FoH Prht g w2 skl 3
el o3 gtk AH BN ztel g A

Azbe AL ARREe) BAARel tstel AR Wgol uF ATE AHor fusHE 24 @ AN
4, $0HoR TS B4 HYHA =0 B o me Awse, NRLE, WNVALE, WPsIA
S¢ EPo) oFI 4 AT 87 vl weh b Fe Foid AolS vehln[,121823] 44 AFol
s WaITHel oldd WS AT Astel AY AR AFom Hud NFEET FIY 5 Y= A
Az e BAHD) TN AAMoR AFE HE & RATANIIL AR AFom fEE B
AL 2 Fg5 2o A FFNA Ad2YA £ BAAE QTG Foas dodo] BE w8



FX XISXE AIZOIEA Simulator Sickness2t E2I= H&0) TSt A7 23

N
N

o oX
A

2

N

N

Er

2_]}4

8

=

fr

N d

i
B
N
)
o
o

2 2 @& 232 o N e I

Zefol olz{gt
HlRsHA] AZHE Al
A& AAZE L A
Bkdgtoza ofdf
A7) e »15}[2 10] 131‘4 ’\]Eﬁﬂo]ﬁg}
7P LA [(AR, AF, Y,
E4 %), AEHEH A2 22A(LdEE,
rate, A ZPA(field of view) %), g #H 8oz
At @AY APl ol Em|, HzAE, TE,
mel Aol ¥ 3 E 5 Simulator Sickness® UZHoiX]
Hzraol B 35EArH16,17]. Simulator Sickness 37}
2% (questionnaire) I A} A A & W (postural test)o] F*
lg5ln gomn 44 294Ee olgehe A
& deA A LAuk AR dFelA 4wk 7+A

Wi, tachygastria), 3% % %(skin
conductance level)7} Simulator Sicknessol] T 7Hgk HkE-
Btk &r20].

F#A 9l Simulator Sicknessol] tdF <J
Z 70~80%7F 7HAEA Ajade A3t & Simulator
Sickness ZAto] UEREI1[2,24] o] g Z
A AlEeolE], v& AlEHIEHAA FH A =F
Alzbel wheh F7hetATHS,10,22]. ol wE el A
2 dFuteh zo|7t ot HH kgL dF 9
Ao 7‘z§‘1 “H g el w3 GT’Jr*‘C‘ 7 as)
e “Ef?} ﬁ‘i}‘ﬁi}% ‘—‘?—iﬂﬂ

o

2 i o o
= o
<3
E
2P
>
b
ok

ok
Ay &
oX
B A

2
=
OIL

on
oA

o%“:
S‘i
2
rﬂ‘.
olo
=2
= b

e

2 rlo rob
=
({2

P

=
o
=
(¢']

i oW sl
o

(heart period),

o

r

o\}l

7}:‘}{“ o ‘%E}”LEH 1. 5]— R =+
Simulator Sickness2} A#]2] wh
*1“ 1‘]4’ BhS-o Mgk F-o) gt ’E}LL
Simulator Sickness7} Z7}8E AA| Sk o
F o9 2ok adh, puf, B3 wgttha doi9).
=24 gANA A4 tﬂz“;} A7)}

9»)5‘:‘ ] AA oM oE % 43 T
Aol AA #FA wsdA A2 /\]Efﬂ ol 17——1: o] &
v}, 128} Simulator Sickness®] Ao 2

_‘

A3 Aug 25 odgel Atk 2w, A
olu} Apel wat Al - A Wee thkaAl U
ehn Qow, s E nad dao] HAH T

ATH2].

B o= AlgdolE oA WS Simulator Sick-
ness9] W3lel AJ2|A ukgo dishe] dolry] $jste
524 A AlEHolEE ol&ste] F#HA Simulator
Sickness$} A}= AAlol w2 Hu}, Hubdstg 5 Alg
A wheo =A3gith ek AE 9 sickness a0l w)
& Simulator Sickness9} Ajz]& whg-o] THAJo| dlslA
5 2439l )

2, (Y

2.1 ZA} CHAIRE

A AR deo] W 204] ol4bol: 47 o] |
W elgel AY el I8 107, o#z} 8g) o2
HaAHE 23919409 AF A - AE AR A

of L & F = =, A, "#% D_Xl"o *é"‘%

4T A o

Fagr). 29 H 4@w™y

A7 F AEUIE Rl A&AAEE 7] 9
sol A% A3 FLT BAGE 29, 29 A
A SR8 AL o4 AgE @ ¥ AAsgch ® A
go] Fold HAAEL ABeold Ao @ TF
Aol tate] LT Aol Gk SYssT

Ayl olgd xFA AlEo|HE Open GVS 425
o] 43t 3D graphic engine®} LCD projectorS A}-8-5}o]
80 inch rear projection screen ol 30(H)x25(V) ¢ Az}
ZHfield of view), 30 frame/sec® FA}8}%1 L motiond 3

Zo f% Nxvlez TaHe gt
Simulator Sickness™=  16%3o% A H  Simulator

Sickness Questionnaire(SSQ)E 23] 47 HLE(0==7]
A geth =25 =4, =R =2,
ehE Z2ARIAT2I<E 1> ‘331"133‘.: >4 3H(Electro-
encephalogram : EEG)E Fz(H % ASFH, 1a9), Cz(dF

ZAH 13, A% (Electrocardiogram : ECG, 1d)
1) 2. (Skin temperature : SKT, 1z]d, 2 &% ofx]), ¥
B4 7] 21 3 Galvanic skin responses .GSR 13d, 2&28&

AR} FA)yE SA8NR Beals 24 Biopac sys-
tem¥} Acgknowledge 3.5 T2 IS o]-8&3}31 1 sampling
rate= 256 Hz2 A ste] dlo|el& +HsAch



24

< 1> Simulator Sickness Questionnaire H|4AHE
2t SA0 it 71
s 4 N 0
(MANR) | (ULSSE) | (e "’ét*')
dntel 24 ® o
biA o)
5 o
o 9z o)
9 23§ w377t ol o o
L o
ukgt 0
o Bt O @)
Jestr) Zad o) o)
we|sp & 2 =3 o
Bl Alof 0 o]
=& gedy #7115 0
& ZAokede #7)% o)
W EE=ge oAl g o)
el agd o)
EY o)
CIs Al <> <> <3>
e
N=<1>x9.54
0=<2>x7.58
D=<3>x13.92
TS = (K1>+<2>+<3>)x3.74 ¥l 4] 7}5A= 0
2.3 Ay

$4 A5R A

18
o AT AL

ru
JPﬁ

S
jo

248 =

== 60
fAdiel 14058 Fgskdn 229 29 919 29

< BF AY AdHelM 2AEA

E1°ﬂ7\1 Beola #Hd, 7t& g ‘34 THNE |83t

TR, FRFAS FY W AP AFEHE £
Asled AA sttt F#4 Simulator Sickness: 73 A
I &, F3 F 5ottt A £ da) FFE
APA7L B 2AHAAL e AE gl g5 g
HIlE2 3t 7 A AN EHAAM FHE @GS
control o2 Asle] F3Y A SAHE FA vlwdd

oo AE AEE FY A SE FAse B dsdo
2 IAZFES 2ASTkIY 1>, TR W A

-10 5 0 510152025 3035 4045 50 55 60(mm)

CIXlrest
trol

SSQassessiment AN ERENUNERNER S
Physiological response
measurements R

<J8 1> 49 o

2.4 Hiolg 2N

F8A HrHeE SSQ At 9ste 37bA] FAE(Hl
27, ATFEEEH, 0‘5571:7—."0‘ A 37HA] FAEE
15l Total Score(simulator sickness)E AJ4Fsle] Hyrx}

ZEUAE T RAMHAAREY A ¥ Total
Score(Simulator Sickness) F7k(60.88)2 7[Fo 2 Sick
7(60.88 0]} NonsickZ(60. 88 ©]vho = B F3%}

3}t EOG(Electrooculogram)oll %} artifactE A7 3k
% FFT(Fast fourier transform)®y-& AAI3le] A)7Hed 9(time
domain)e] AE5ES EF F34 9 A(frequency domain)
o Aoz WEsdc. FFTEe B 795 douz
83H0.5 ~4Hz), B3H4~8 Hz), asH8~13Hz), BIH13~30Hz)
of Ad ¢ 2HMEY ZS 7L HF A9 gl
th5le] NS (normalize sensitivity)dt ZtO.Z H]u B3}
Atk Azt g, FR2E, HRATASS AF A 5
2, 7 602 F 5% HHeR A E FAsh
AlubA % -&(Heart rate variability, HRV)-& ECGolAH A=
H R ¥UEZRY HF RR 7H2E Fotn A8 ~+
EY BMow Fiu4 tHo| wel LF(Low Frequency
0.04~0.15 Hz), HF(High Frequency : 0.15~04 Hz)E -
Y 1 9 AR 2%t HE A7 AT Acgknowledge
ZgaoA AE AZY FHEE Tt

F3A Simulator Sicknesse} ZF A A3 SAZEE A
bl wet HiEH FEAAE T AYNsE F
3 @(COHtrOl)PJ e VIR HAFANA A,
Sickness &=l U:}E} o B4 o}oﬂl:} nE z}g_,] =

l



T XIFX AZ0E{0A Simulator Sickness?t 4= B0 LDt o1 25

3.4 o
3.1 =&A Simulator Sickness

A ZAMHAAE2] Total Score(Simulator Sickness)&=
<2 2> controlz} 7} FHAIZER wlwg Az}
controlo] H|3] F3§ 102 F(p<0.01), 158 F(p<0.01)°]]
Al gk Zfolzk AL controlol] H]E] FF 207 Fof
Al 60 F74A] frolg zbolrt AATHp<0.001). A]7HA
o] w2 Simulator Sicknessi controle] B]F} &l 458
7R AR wobzlen F8 458 o]F 2 A Wt}
A gfokrh. ohE Simulator Sickness AollAe 7 g
Aol =& A 15% oo Sickness ZAto] wAE
30F ol =EHAS AT 5E~60E o= A A
A tH24]. ol o AlEE ol FalA et A3
b mzsie[5,22], 1AECl Ue IHE AEHlH
(fixed-based simulator)o| A} 3] A] Simulator Sickness7}
1Az A S7H8d Aol vls] 2 AFoA olg
g 5] = AEA A& Y o] Ef(motion-based simu-
lator)oll A= 458 o]F g2 = A =7}lebx] &gtk

250,
200

dkokok Fkk kokk

control5 10 15 20 25 30 35 40 45 50 55 60
time(min)

<33 2> AlZt Z2f| WE Total Score
(** p<0.01, ** p<0.001)
* controlit Z} F3A|7H 2] R-2] A}

3.2 Mz|d "2

32.1 ﬁ}

Mot YU o R Fag g wet b, 6, q IR
TES13]. B AFdAE JA Foe ggdq gigk
5, 6, a9l Fd H]&, = 8/(5+0+atP), 0/(8+6+a+P), a/(5
+0+atB)S T TE Fz F-9olA HA 2AGAEY
Fo4 oiged wE B4 dds <ad >3 2o 88
+0+a+B)2} B/(8+6+a+B)= control(XZ) HT} F3 A =%
I a/(3+8+atP)= 3 A} controlol] Bl Pk} 8/(6+0+

atB)=  controllATh 3 15% F(p<0.05), 45% F
(p<0.05), 555 F(p<0.05)A] 3t Aoz} AATE O/
(8+0+a+B)= controlol] B3 F+8) 5% F(p<0.05), 20& T
(p<0.05), 258 F(p<0.05)91A Fogt Hol7} it o
(6+8+at+P)= controle] H]3] Fa 108 F(p<0.01), 202
B(p<0.01), 25% F(p<0.01), 605 I(p<0.01)oA G2z}

7b AR FA O SE 3(p<0.001), FH 15& F
(p<0.001), 3} 308 F(p<0.001), 73§ 355 F(p<0.001),
F3) 4082 B (p<0.001), F3) 458 F(p<0.001), 3 502

F(p<0.001), T8 552 F(p<0.00)NHE Fol3 Hol7}
SRS

AL Variability of EEGs
0.20 -
0.15
0.10
0.05

25 45

50 55

10

-0.05 15 20

-0.10 ™
_0. l 5 *k¥ Xk *kk
-0.20 , :
025 - 5/(5+8+a+P)
& 9/(5+6+0+P)
time(min) -o-0/(5+6+a+f)

<% 3> Fz R9l9| HuiHsE
( *p<0.05, **p<0.01, ***p<0.001)

ool tg AelA b7k Qzke
Fhsaia], AR Az wEHY
2. 9stst aske AiSAEe] i e #d
2] o9 Bk Erbie, S g
oHael. =@ 7Hdd

XL—\i
B3

—Vliiom
od
2
=)
U

r z r
01}1
E
o
},1_,
_\,L

A b
Pyt RR AL <2 4>°ﬂ/‘ﬂ deﬂ ARG ES
B80S u) controldl] H)3) 38 A] 7435t} Control



26 gLt

of B} F3 108 F(p<0.01), 552 ZF(p<0.01)o| A -2
& Aolrt AYm FH OSE F(p<0.001), 15%
(p<0.001), 208 3(p<0.001), 258 IF(p<0.001), 305
(p<0.001), 35% Z(p<0.001), 408 3(p<0.001), 45%
(p<0.001), 50% ZF(p<0.001), 605 F(p<0.001) % F2
gk 2ol 7} vyttt

1 4o b o

sec Average of R-R interval

0.9

k¥ *ok
skk FEF KKK g dokk sk Rokok RRK ok kK

0.8 [

0.7} B

ool 18 B i '
control 5 10 15 20 25 30 35 40 45 50 55 60
time(min) J

<IB 4> FHAIZH W0 M2 WF R-RUAQ
(** p<0.01, *** p<0.001)

<a¥ 5>8 o] HA AINASAESY Fag gido
uzt LFHFE 4% A7} controlo] nl3] F3 A
LF/HF = E%th control# FEAZMAZ v wstd &
o controlol] ]3] F-e) 55%(p<0.05) FoJ AT {23t A}
°|7} AR

ratio LF/HF

20

15

10 *

5

0

control 5 10 15 20 25 30 35 40 45 50 55 60
time(min)

<33 5> FHARZE Aajof wE w2 gdu|el #s]
(* p<0.05)

AAA 2oy BAA ZJo] Fadte AAE
2t FEHE FAEE B9 Ry RaFe] AjZRzE
Z7betAw, w2 Zede] 23} ol AlArs
a9 $7ke] A%
g5 o] 7raste] FHafAH AdHEY 1
4 AAe GHE FUHEH15). 3 &
A, AR AZom BASAY 1770

x? oft Y ol

o
<
el
2
o
=
o
i
o
o
E~
Ol
o
)
=
r..l
)

&

X

2

i 2

o i
0oye B 2o &

=

o
e

HEY  8LT - W=E - UET

323 N5 9 IRAr|Ag

ARLEE <O¥ >3 Zo] AA ZAINAAEY 7
5 controlo]] v]8] 3] A] ¥t ow control® ZF A|7Zhu)
22 B2l S w control BT F3 5B F(p<0.001),
105 $(p<0.001), 155 F(p<0.01), 208 F(p<0.001), 25
B F(p<0.001), 305 F(p<0.001), 35% 3 (p<0.001), 405
Z(p<0.001), 458 ZF(p<0.001), 503 Fp<0.001(), 558 &
(p<0.001), 60 (p<0.001)oll A Frolgt =po]7} AUt

oc Skin temperature
33.8,
33.6| "

334} Aok *%
33.2¢
33.0f
328}
32.6}
324
control 5 10 15 20 25 30 35 40 45 S0 55 60

time(min)

*
HAK g dokok Aok dokk kok ok Rk

<37 6> FHAIZE 200l WE n|f2xe| He
(** p<0.01, *** p<0.001)

Galvanic skin responses
Volt P

25
2.0
L5 sk RRR RRE Rk R Rk g RRE o Rk RE
1.0
0.5

0
control 5 10 15 20 25 30 35 40 45 50 55 60
time(min)

<IE 7> FHAIZH ZD) ME LLHIINYO| Ha}
(** p<0.05, *** p<0.001)

j]l?‘;ﬂﬂx']sc}g] AL <2y 7> A A A }_/\}_EH;E}X}_
& control BT} 3 Al Fobxom controld} F3 A
2 v W3 controlB T} F8 5E F(p<0.001), 10
F(p<0.001), 158 F(p<0.001), 208 F(p<0.01), 253
(p<0.01), 30 F(p<0.01), 352 3(p<0.001), (p<0.01),

AL

ob Az



S XITXL AIZB20IE{0A Simulator Sickness2t eI HHEOfl CHEH A7 27

3082 (p<0.01), 352 F(p<0.001), 405 F(p<0.001), 45
B Bp<001), S0B (p<0.01), 558 Z(p<0.01), 605 &
(G<00DA Feg Aol7 Ak

o A AH BN A4 A AF
gt} BHstAY 113 fEHY SR E
3 FRAVIAEE FUMER6,7], 54
Falo|u} s A B#olel F3) Al Simulator Sickness<}
Pl yE2rE ghAs JRAVAY, IFHE
© F7rst Ao gAE dAskE Ao UTH2,5)

o, K1

3.3 =2 Simulator Sickness?} ME|™ HES2)
A

F34 Simulator Sickness$} ¥ 3}, A-&NA 5 A H
HhEo digh Ao #4 A <F 29 2ok AA ¥

H

B
dH B4 HaA gEAE Total Scorew WE-L
E(p<0.05), F|F-H7IAFHp<0.0)7} FolF & Fan
AE vedh G2 9 FAHE9 Total Score= I|H-2%=
(p<0.01), FFA7 A8 p<0.01)% F2F o FBHA
g ez oz A3 =59 Total Score= Cz H-99
8/(5+8+atB)ot HRAVNAFH FoT Fo AHAAE
e THp<0.01). Sickness STl wE Total Score:
Nonsick ‘252 Hd RR 7HA(p<0.05), TH¥-2%(p<0.05)
o o 29 el ATk Sick TFfA Total
Scores} Fz 7919 8/(8+0+atp)= 4o FH#AE et
W3l(p<0.01), d/(3+8+atf)E 59 A BAE Yewon
(p<0.05), Cz HSlollMe 8/(5+0+atp)et Fo] iAol
AATHP<0.05). Sick ~1E-ol| A Total Score} T|F-#7]A
g So ABAAS JERATHp<0.01).

4. 8 =

2 d7e 54 A AlgUolEHANA Fdde F
o} Simulator Sickness$} A2]A ¥F2-S =43}l Simulator
Sickness7} AJ2] A whgo] vixE FF§FS U

252 AEGOIHEZ T8 Al HA HPAEY Simu-
lator Sickness: T3 A|7to] ZH gt u}
Ay W& F3 A vluEdes o
% o= F7HSIRAL, a T =5
3 Al "1 RR HEL ZAast g
UetllE LFHFE E9kvh 53 dHio 3 A
Te woldy, ARAZIAFES st A W
T3 Aol vla] FAPL wf zol+= 3
Holl e dA Feo W= E 4 YA Simula-
tor Sickness®} Zt AHANTE AA| AP}, A, Sick-
ness ol wel ARAAE BAT Ao BEA
S FRIA dHsrle oA dnh ol

= e =

Bg] 8] A] Simulator Sickness 2HAjo| wE Alg]A =k
9 AEgsS BFY & Y B AP &5 A
S W ez & dntglsire ofga AlEdEelHA
o gz2e T3 s, A T vwd) JAL 7
Aot 22 ARAHQA ald 7PEEA AF, A[EdelH
Fjog Q3 92 F oy aglo] EFAoR 243
AE 7HsAE dA4€ETt

s

X Algdoly ¥ /PdEdS o
dx= sy« A B &

Simulator SicknessE HA3}slEE dfof & Ao} 3l
ot A ZASAZRY ohdd A A wkgd
3 deolHE 21 A#std & e YA A4 A
F7t EEFooF & o0& Alsdrh

£ op
rl
>
oy

<E 2> Simulator Sickness2} Mz|® H129| AlAHRA(x p<0.05, **p<0.01)

o Total Score(Simulator Sickness)
Physiological Total
measurements bq at Maie Female Nonsick group Sick group
(Mean values) subjects (n=10) (n=8) (n=10) (n=)
Fz 0.026 0.001 0.139 .0.023 0.269%*
8/(8+8+at+p)
Cz -0.007 -0.078 0.270%* 0.083 0.260*
Fz -0.010 0.024 -0.140 0.023 -0.207*
a/(B+B+a+h)
Cz 0.057 0.150 -0.173 -0.052 -0.127
R-R interval -0.055 -0.107 0.020 -0.204* 0.075
LF/HF -0.019 0.074 -0.086 0.155 0.097
Skin temperature -0.137% -0.247%* -0.043 -0.214* -0.119
Galvanic skin response -0.280%* -0.511%* 0.381** -0.141 0.315%*




28 oLt MER - LW - FEE - HET
EZnEs [13] Fisch, B.J. : Spehimann's EEG Primer, Second revised
and enlarged edition, Elsevier Science BV, Amsterdam,
(1] d9d, Ads8, A, ¥9E, &NE - «4)ots) The Netherlands, 1991.
g o] &3 AAEAIAT 3 AAZ=Ao)] #A3F  [14] Harmony, T., Fernandez, T., Silva, J., Bernal, I,
A sz #8Es) %], 1(1) 1 93-103, 1998. Diaz-Comas, L., Reyes, A., Marosi, E., Rodriguez, M. :
2] AGE, 28T, A<y, o|ds, AR, A&, 1 "EEG delta activity : an indicator of attention to internal
3l ubdz whgx] 713 <yl AglA e & processing during performance of mental tasks",
ol A X g gk HMgegsd o International Journal of Psychophysiology, 24 : 161-171,
7, A aEts 20003 FASs ] whg 1996.
= FF, da9sr|eAFYd, A8, pp. 242-248, [15] Hartley, LR. & Armold, PK., Smythe, G., Hansen, J. :
2000. "Indicators of fatigue in truck drivers", Applied
[3] =g3t: “ AR 2ol #A3 AP, HAete= Ergonomics 25(3) : 143-156, 1994.
8 28, 1999. [16] Kennedy, R.S. Fowlkes, J.E.: "Simulator sickness is
[4] 98z Asd, 24, UdE, eXo, A4, A polygenic and polysymptomatic : Implications for re-
A Aed, AEdF AR <) 2 22 A4E search", International Journal of Aviation Psychology,
of me AeNAAL whgn, FRPYTEE A, 2(1) © 23-38, 1992.
2(1) - 61-68, 1999. [17] Kolasinski, G. : Simulator sickness in virtual environ-
[5] "z, Bed, LA, d&8A, 2 AEF © “Simulator ments, Tech Report 1027, Orlando : United States Army
Sicknessol <¢J8] ity AE A Wyl AAAFH7} Research Institute of the Behavioral and Social Science,
o mAE @Y, = ABIA, 4(1) :23-31, 1995.
2001. [18] Levenson, R. W. ; "Autonomic nervous system differ-
[6] o] ; “7AA A oldlE Eg 7Y AA ences among emotions", Psychological Science, 3 :
A 2R Hrp, st Iers) ) 1(1) :113-122, 23-27, 1992.
1998. [19] Makeig, S., Jung, T. : Changes in alertness are a princi-
[7] AFA, Aed, A", A2x], A4, 74918, 7 pal component of variance in the EEG spectrum,
AZ 1“IAPS AL zb=el f2d 14 724 WS Neuroreport 7 : 213-216, 1995.
o] Hrp, s=gAdIsty 2000Wd% FAske)s]  [20] Miller JC, Sharkey TJ, Graham GA, McCauley ME :
dEE=FE H, dAdEgw, ddAGH, ML, pp "Autonomic physiological data associated with simulator
134-137, 2001. discomfort", Aviat. Space Environ. Med. 64 : 813-819,
8] A48, AN A4, 19E, 29, Ak 4 1993.
Az <A AN A=F3 =2 ZF Eslo] ubE  [21] Robert S. Kennedy and Norman E. Lane, Kevin S.
AEANFA vhg>, A abeka] ], 2(2) 1 75-82, Berbaum, Michael G. Lilienthal : "Simulator Sickness
1999. Questionnaire : An Enhanced Method for Quantifying

9]

(10]

(1]

(12]

A&A Oy 71383 “Simulator Sicknessdl] ©
S Hriel A drgahe] AdadAd #d o
T, ©]33%3 7], 2001.

A 4=

o=, EA

A &xot 2 Fel Wsto] W gHY A
Hq7p, Qg 2des) A, Al 247 657 15163,
2001.

Ao, I, A, A LA, Ang, 4
AZ A A=l sl wEd gwste 3P,
=74 7ekg] 2001 e EASkEU ] BREE,

<}, pp.182-185, 2001.
Boucsein, W. ; Electrodermal activity, Plenum press,
1992.

[22]

(24]

Simulator Sickness", The International Journal of
Aviation Psychology, 3(3) : 203-220, 1993.

Robert S. Kennedy, Kay M. Stanney, William P. Dunla
p : "Duration and Exposure to Virtual Environments :
Sickness Curves During and Across Sessions", Presence,
9(5) : 463-472, 2000.

Sohn, J.H., Sokhadze, EM., Yi, L.G., Lee, K.H, Choi,
S.S., : "Patterns of Autonomic Responses to Affective
Visual Stimulation : Skin Conductance Response, Heart
Rate and Respiration Rate Vary Across Discrete
Elicited-Emotions", Korean Journal of The Science of
Emotion & Sensibility, 1(1) : 79-91, 1998.

Sue V.G. Cobb, Sarah Nichols, Amanda Ramsey, John



S XISXL AZEIO|E{0A Simulator Sickness2t Y= HEG0f| [t A

R. Wilson : Virtual Reality-Induced Symptoms and
Effects(VRISE), Presence, 8(2) : 169-186, 1999.

[25] Task Force of the European Society of Cardiology and
the North American, Society of Pacing and Electrophysi-
ology : Heart rate variability. Standards of measurement,
physiological interpretation, and clinical use, European
Heart Journal 17 : 354-381, 1996.

[26] Walter, W. G. : The Living Brain, New york, Norton,
1953.



