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Abstract

By progress of technology, it became possible for us to do many kinds of operations in
virtual environment. However side effect is called simulator sickness may occur to human
body when human come in contaét with this new environment. It makes symptoms similar
to motion sickness. Many studies about that were started in 1950s and have actively been
progressing in other countries, but in Korea recognition about that field is insufficient.

Main contribution of this paper would be the base study about phenomena of ‘simulator
sickness which may be occurs in simulator or virtual reality environment, factors which
induce simulator sickness, and quantifying methods of simulator sickness.

1L A&

71€e wHoz A3l B Yol EAste FAYoly HlLo] Fo] Ex AYES A&
OB etE M EAAN AT & A HAG oy AlEdHHE A FAN 1T, £F;
FE, A, 28 T 94 BoklA oy A FHoz {&3HA AMEET AN 2y o]
21§ A BHClEE AMEEA BEo2N A9 AAd od 2AEE dod F oy o
228E £33 “simulator sickness"Zx ¥ £ Ao} oL 27t E3I| L= Hr
(motion sickness)8] ZAEAE tl$ FAI8H, L W E A2 714 FAES Fukd.

old] #E AFEL dToME 50dl ZWHFE A ZHATH Reason®t Brand(1975)% “At
go] oA ¢& AHA o X FEHoz uEE FXE B uotd w Eng
g o] dojdtt s watgh . 19533l Crampton® Young2 A4l £8d 8% gl &
A HE(self-motion) B EL BAIEE video display X E & % duj7t dojd #
Aoi= AL 29yt 1957 Havrond Butlers dvulel ulg @Ade] wisgry|(dFH)
ANgHolEd FAFS FE Ytz HLoz EANRZ FHIHUY HIZ AFE(Kner,
Lampton, Bliss, Moshell & Blau, 1993; Regan, 1993)°} A & simulator sickness2 ¢z % o}
3 o) AFEE AAHE 339 FAGAY AT dojd &+ e, 24 wet Tt
A@ A (Virtual Reality)Zte M2 7149 2538 §449 98¢ F2 dda st 22
B2 H2e ATEL 33449 YMGHe Aol 7HBAeNA Y simulator sicknessE

» @FUiSta et AT
o BYTST TG HAFHH



33 P =3-ut @l G0 23 7H3 @73 A Simulator Sickness 4o} @& 4+

A %3} 8l 1 (Kennedy, Lane, et al, 1993) o & 3l+=(Kolasinski, 1996), A€e Q7 Eo] A3y
2 3l

HZ FUAME A §F, 2T, o RolE FAHo2 AEHOIH /o] &3 AYF4
A 2 7HRE @A Ae3dAd QAT simulator sicknesso] ¥ FFES A AyH
AA # Qlch

getA, B dFdiME dA AlgdelHY sHAdA #FdA dold 4 & simulator
sickness @4l A Gelin, 19 FHE °]EE, simulator sicknessE F23}E 29,
simulator sickness A %3} 7| Fol thdl dolR 1z gt

2. Simulator sickness #%4 '

Simulator sicknesst A& E2 A< LFHUNE dold F Avte RE AYsin 4dv)
(motion sickness)$} Bl%38lth Kennedy$®t Fowlkes(1992) 1 #/3ol zt7kA] A% el ZAHE
Uelz] fiZo F3Foletn R2& Aol aigdigdn Ao 2 FAY U @
Kennedy$} Fowlkes® simulator sickness& "Polysymptomatic(thEA4)"2 BAAY 9.8
AxeE FE, d2AE, 39 29 5 Fv(motion sickness)$t Hlx3th 1 wvtel FAE
= Uueg &3 A58 2¢, 137 23 =2 (fullness of head), A Ao}, ¢ ¥z Fo
¥

T & Kennedy$t Fowlkes(1992)«= @Y 8.<20o] gdo2 Fd Aol ¢17) W&ol simulator
sickness¥ “Polygenic(th 921 3)"oletn BASI T AFAE 93 #AE o8 2ASd =
ol A o] /A3 #HP 8<¢(Reason & Brand 1975)3% 3tH A9 (Frank, Casali &
Wierwille, 1988), Al¢k(Kennedy, Lilienthal, Berbaum, Baltzley & McCauley, 1989)2} o] Al
Balolget #AP 89, 717K Fowlkes, Kennedy & Lilienthal, 1987)% % A& =(Casail &
Wierwille, 1986)9} #Zo] &4 33 #dE 8AE°] At

Aol g FAH EXF 7 ANEHIH AL ZTx, FA &4, aglm AN
U v Ao dAEA ol simulator sicknessE o3 71A 949 dFge Fuh
(Crowley, 1987). ¥£3% 24+l A& EFZF(d: Baltzley, Kennedy, Berbaum, Lilienthal &
Gower, 1989), shift in dark focus(Fowlkes, Kennedy, Hettinger & Harm, 1993), &2 H=
(¢l Stone, 1993), 18l 3= W3l (Kennedy, Fowlkes & Lilienthal, 1993) £33 Zo] A&
dolelE gozn A7lEe 243U 45 A

ANEHEHE go2ZH A7l & v A4¢ 9L &5dxF(ataxia)gty S+
LA Bt olt), Baltzley et al.(1989)% zhAle] £<¢HA T EFHARE 2 FFFo] 621304
A&H 5, ol|d ALos 12A37old X &E 7 e ¢tAn g A FHEEDdD .
H] & ataxia® 4 EAste AL olUAT =FAIZFolY postural test®] UHAA wjFol 71
gcr B3] 2 AEHQA 9%, 53] F(flashbacks)olvt &5 A Z(ataxia)st 2L REL A
Edolg o ALEAET 1 9o AIZEY <t el ot

o8] & simulator sicknesst® 2 E Al E°] AA He AL ofunh dF AM AR
N%AEE A olFH FALE =72 gl o235 2(1997)0] w2 156 AL A
BHolHE g ¢ Fo F4So d&lA A& A3 the Figure 13 2l dA 156" F
oW FAL =71 AlEL 84%o|n, a0 =7 FAHEL Figure 29 2o 55 $€S 3
237 & £ 983l9] $HF WREQ 74%(723 )7t XYY D FHx, vt ofx=
tH14%, 1431¢%), EY R 2h9%, 9318 1), 71E 3%, 33¢H) €22 HoJdd. 1 F 7]
B FAL Fo] olZAY AAFTiZ Hol Ut HE, o]Z8(199NAAE T4 A F=
2 REF}A 23, GIFF A4S A EISA Fotr MHEY HEES AFsrie FEA
simulator sickness®] F2A4E& A7l SRR & &+ A

=
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Figure 1 $4 9 #74]& Figure 2 49 #+384l&
3. Simulator sickness$} @@ d o|&

Kennedy$} Frank(1983)€ simulator sicknessell ## ¥ motion sickness®] o|&Eo] tlsjA
71EATFES 1B gy o] A

1) Vestibular overstimulation theory

Motion sickness7t WA 71| EALZ A3 dojdths o] &(McNally and Stuart, 1942).

2) Fear/anxiety theory

M FES}F A Aol motion sickness7t €olg FHEAHE FIMANIIE AFZHA d8E 9
= ©])&(Benson, 1978).

3) Balance of autonomic activity postulate

Motion sickness A7t w2 Z AL FuRAZAY FU71% gz dojgd & Ut
€ ©|&(Tang, 1970).

4) Toxic reaction theory

Motion®ll &3 dojyps EHol F4o] U 2RE AAs7 e Edte wHgg §oia
£ 7} 9§ o] &(Treisman, 1977).

5) Fluid shift theory

Motion A5 2 & FF¥ qEoly diyede] EFRojy oz s AAUY 5
A Rulel nlmgAAEQ Wt motion sickness® R W THE o] &(Lackner and Graybiel,
1983; Steele, 1968)

6) Sensory(perceptual) conflict theory(Claremont, 1931)

Motion sicknesst T 7@ o] Nqd FHEE 71&ulA EdXo] g
§olx, 7l & (expected) 72t A H 2 7 3 experienced) 77 YT BEYAZ Q3 Yol
g & Ut 2EAHoE MAVA, SEHY, NGAAR =7 $EHEI} ZZRAAN dFH
2 R g8 YHARE FAY FHolY FAARoZ RAE AAMA JxE AY¥FR
o A7 AFA9 vl A} (Kennedy and Frank, 1983).

o] o]&& @A7A simulator sickness FT7< FHY FHEANA /M3 Rol 9E€H3n Y1
N7l gl B FAaAM AME gFnA ok £F Kennedy® Frank(1983)2] motion
sickness #¥ o2& 9= HZol Riccio® Stoffregen (1991)o] 23} Aty Aejsry ol &
t A B A (Postural instability)ol tsiME A8 otfux g

|

31 #4718 FE ] &(Sensory conflict theory)

Claremont (1931)o] ]38 X292 A¢t® perceptual conflict theory, sensory
rearrangement, cue conflict theory ¥+ neural mismatch theory2 % ¢8a Zzirigte] 25
o] &(the sensory conflict theory)el simulator sickness& 4A9ste oj&oz HAHYL} o



33 Az -4l g0 2 7He 87 A Simulator Sickness 4o #¢ A7

g2 Mz & 4B dd A/ "] RA AYP) vl AFZE ¢
g Jen A8A ¥& o sickness7t gtz Atst it

Simulator sickness& ¥otin AzZsE F 7bA) SEAHA FES AL FA7HELY
%E(5, intersensory conflict)® HR71# N4} canal &3 otolithE3}+e)  FE(F, intrasensory
conflict)) tHGuedry, 1968). F+ A F&L A7|A54(proprioception)oll &3] 2. ol &
2E0] (AZA71# FEC)E4 wal) sicknessE dodv REY ol FE A S Wi Al
Ztz} AA A Lol T} AFRA)S ETINA F %oy, SFHZF(ataxia)E o F
A oH(Fregly, 1974).

3.2 A4 B-2A (Postural instability)

Simulator sickness®] 5 WA ©]&& Riccio and Stoffregen (1991)o] o&f A¢t=E AT o)
Aesta olgL JMlgle] 71eH ez AHHQ ApMiAlo(postural controD)E& #A|3te= WY
AUA ZYAY obx] wi$A B&. 4o A sickness7t dojdttn ALt o] o] A,
%1761., 1}714‘% i Abeltt o A 9 redundancy7} Z1E 2 o)z gt redundancygl Rrxzo 2
Q8 sickness7t A tE FZA @ FECIEY 7|Z stHe] ol E A7

Stoffregen and Riccio (1991)e] @23 2213% redundancys WHEA] 7IdiEl& AL ofyd,
23B2 AAFES A2 2E U VF0] HA R .

H|E A sta o]&0| sensory conflict theoryst AAY 4 9luhslglE, sensory conflict
theoryE @A 714 2 €& 2 simulator sickness o] &o]t, F&do] da 4¢3 H2 & 2
g o8& AAE @y W&ol 7} FF3ich

4. Simulator sickness®] 9% F= 29l

Simulator sickness® ¢lAM =R A2 six] QJAEA A LAYE F QU
Kolasinski(1995)= 7} @A oA simulator sicknessell 932 & £ U+ 8UJEE Table 13
Zol AA A ZEAGRGe] BEE 8, AEHlHY FHEE 82, AP FHEE 82 HF
2 UFrdo B FoXe 2 F Ade #@E 80 disiA zAE dFnz g

4.1 Ye](Age)

Reason® Brand (1975)% motion sickness @AM 20014 1240 Alel7t 74 agda B
23R} ol 1249 A 2147 = A giastist 2 F 4] gAaEA € 504 A
T oA+ Motion sickness7t A9 £A31A] ¥Evtn Yt

el Azziwe £E8L A3 AAGug 2 Agoez A& 2o sigh He gt
dojdtam AZrE] 7] wf o, simulator sicknesse] ZZ7|H FEo|Ed FR3 AL =
AMAL ZAEe vole AHE BAI A

Uolet AL AABAI U, HoAM ttFA AT, AAAMAL AHLE sicknesset ¥
AT#AAZ ok o] 28 9(1997)9) A E(Figure 3V ZANRE Q87 A4 H0 FA8s
£ simulator sicknesse] 2 &Eo] F/AEE & £ Uh



Table 1 7}4§7 A simulator
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sickness®} #HE" FAH 8<E (from Kolasinski, 1995)

Individual

Simulator

Task

age
concentration level
"ethhic’itx '
experience with real-world tasq

experience with simulator
(adaptation)

flicker fusion freqhency thresho
gender

illness and personal characteristi
mental rotation ability

perceptual style

postural stability

binocular viewing
calibration
color
contrast
- field of view
flicker
inter-pupillary distance

motion platform
phosphor lag

position-tracking error
refresh rate
scene content
time lag (transport delay)
update rate (frame rate)

viewing region

altitude above tei-rain
degree of control
duration

global visual flow
head movements

luminance level
unusual maneuvers
method of movement

rate of linear or rotational
acceleration

self-movement speed
sitting vs. standing
vection

type of application

2H ko] 40cH Sock ek
o

14018t 1-54 5102 1015 15~201 2008 AR

(a) dHE X

Figure 3 987 &

42 A% 4F(Concentration level)

TEY FART E& FEY sickness® BHo| AL AojPE AL

o
=2

Regan(1993)&
#Est g

Z
)

(b) 28 2%

A Y W& simulator sickness@ Y &E
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4.3 %4 (Ethnicity)

Stern, Hu, LeBlanc & Koch (1993)= A48 Ro 2 A& dojuti= motion sickness®] ¥
Aol dsl M2 & 9F 2§7¢ vaddch HAPAEL EF A9, F3FA,
244 v, ozl FtA uFAURN 32§22 YAHAKESIAE T3 HAIAL, WA
Umx £ a2§L vF gt circular vection drumolgts FA 7} vection(HARE &
ZFolA] gAY S0l QUoke =74 ¥E R)E oyl 98 AgEHNT a1 §¢ Y2
A Al (electrogastrography : EGG) A&7} 2332 motion sickness®] F8#H Filo] 7|25
Y. Stern et al.(1993)2 XA aFo°) &€ LFEEY FEY & motion sickness F4
o] f Aslttes AL BAsAUY. Efo] T T4 EGGAZAME |9 H«@ AR U
t} olE AFdE FIA Aol A viZAely ofxeFlA vIU A vuPE of W
% motion sickness f&7t5Ael e 259 HAE AAPUT. F 7HA o)@e) o] AYPq
A dolA zolE A3y A8 vt A BRE T2 HAYAE vFoA 3d ojg
AgH7) ol 2 2 dEY RHolge A} FAHLE FF AAMAE ZR=
Z 28 Fte Eotl(catecholamine) S F3te ¥9 o] wjFEolgts Aol

44 844419 7Y (Experience with the real-world task)

Kennedy, Berbaum, Lilienthal, Dunlap, Mulligan & Funaro (1987)& uv)87 o] @3 AlE
ol Alzro]l A ul3Als} vl gAIZke] ML v YA simulator sicknessol Z& 7 4ot
2 3| B & g @AV FF BEEJAAY, E FAET G- dBHAE Iy
(Kennedy et al,, 1988). Kennedy et al. (1988)& 121 @A’ #28 7HSd A4 vjge 77
Zdol A v 3PArte] FEo] A g moulsizie EdAXd A AR F Aoz 3
Crea & Conway (1992) ¥ 7}A o & 284 49S AFAG. FavPA= vigaay
o o go] ul&y] AJFXNE =F37] Wi FAY Ao A=t AR € F YWD A

.5 WA, BoF HFH viewing AXUF FEL M YAl JAtH, viewing region©] A7t
g & v k. BEH sicknessite FABEAC A A BEHA F& F S,
Kennedy et al. (1983)2 3ol B v gAs o4l d7UEFHY & F#HA simulator
sicknesso| d2x ¥E2 BRI EHJAY, simulator sickness 2 ALZEL vlg] AE 9o A
o s AP ozt AgsHt

45 N EdHole 9 ¥ (H &) Experience with the simulator (adaptation))

Uliano, Lambert, Kennedy & Sheppard (1986)= A€ Eov|3j& & gzl 2 & =
oyl e X g g 5 Ud;, 2¥BZ Aol BFEF sickness7t @ dojdtle AL @
ARt oA AEHoEH AP(H )] BE F£E YNAHOZ sickness LA FolET
o] & sicknessE 427 AT WAL AH F AAY sicknessE I YEE e
Qe AL guiFd HE ol HEL sicknessE Folvdl =& & 4 AT,
Kennedy and Frank(1983) 7§¢lo] RE@ 74 Solgt-& wf A9 4] € + dozn A 3H
3t} ol9 Hl3 AL Regan(1993)2 VE AAAMY 59 HEol2 A3 HAEXI} ¢
AA d&aA Hz, AL E ZAHT F5AL3A Bo2MH sickness?t E1EA Ho
E53e B¢ H&ol F4e HF2E Fx AR EF F FA 9 A8 F ddx dAh

e
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4.6 Flicker fusion frequency threshold

Flickere AlE#olEgl #Hdd g F9 HU=zAM tdaFdoe FXY EAHL Yedd
a2y Aldel EAQ flickerst #HEE F & M AHo] gk o] AL Flicker fusion frequency
thresholdel™}. o} thresholde BEE AZHez AZY & Y& AFez AHgdr
Grandjean (1988)% <1%+9] flicker fusion frequency threshold& FZtollE Z718t3, of7tel =
A n AHEHAD. A 80], 4, Uo], A5 2L o8 F9 we}t threshold] 7H¢
7} AtHe.g., Botwinick & Brinley, 1963; Maxwell, 1992; Wilson, 1963).

4.7 43 (Gender)

Biocca(1992)= ‘a At A& motionAtFe] ti@ #Zwge Aole gAT, dze o
motion sicknessell Z7] 4y Bt a8 ole At AwF FAel ATt sA) A
A N3 H7] dEL Rolgtn AHPA N 322 4§ g2y £ o 9y JE =
o] YA TAL A EANTES MEE &£ Aok 28y Kennedy and Frank (1983)
2 A7t GARGY B AlokE 7IX 3 g1, W AlobE simulator sickness@Ajo] Z7bdte

Ang ALY 9.

48 ¥ /YA E4Illness and personal characteristics)

WX simulator sickness WAZMEAC THEHAA FAHY ARz #AAsY g
Kennedy, Berbaum, et al. (1987)2 A4 AZ4E7F obd HAHAE hafA AlEdolEH =
Zo A& =AL 3193, Kennedy, Lane, et al. (1993)& SSQE ZAME o ZAAR AH )
AE AHET MEZ Hol Atz 2AsIATh o) oud A& HIAY S FAE Tk
< W@t oile Hz2 BHF, £33, A%, 43A 2=Ed2 3gv), A 29, D% (ear
blocks), ¥ 57 Tl ZYU AlgdEol XA

A7t Biocca (1992)8 AA%F, 9, 244, WgE 3 2 AAQH 540 sickness F27H%
A3 Bdo] Y& Hojgatm 3}

49 AAA 3 A 53 (Mental rotation ability)

Parker and Harm(1992)& 7}d& 7oA Yol sicknessol ol FAHog EAE 3
Aee THFH o] Tl P & JYu G dd =3 A HAL BEY WY
RA FE W AHgo] EAE A £ UEE #FE Aot Parker and Harmo 482 7
8 Ao ddte =3YAT 252 FFUY o) JFBAE A AWANE Qo] 9
o I Zide MEFAE 88 5 gttn g 28 WEF) A EL L FE A=
ol BAAHQA L BAY WY HEE AFE AMXRtin FdRdT. 2¥ Az
& Eo AATAAME MUXTL JMFBANNE do2 Ho 2 o dojd £ o}

re i Ao

2.3.10 =zt <4} (Perceptual style)

AZFAE BHE AL MU0 fieldl e olo]ldE Az & o surrounding field”} 4 &L
il AEE Vel gE& 22 Ade] EdFeE RseE FEE vehlE Ay
(Witkin, Moore, Goodenough & Cox, 1977).



340 Az 3. .0 2 3 7438730l A Simulator Sickness 4ol #8 I3

ML A7 FH L field-independentt field-dependentZ &% ¥t "Field-independent” <]
A FEL olo]dEE surrounding field2 58 E2siA ANAE 4 Ut a8 Agse BEFs

78 A surrounding fieldel AwjEch 121 AEELS 2% sdozRE 7E58E JUHE
214 3}7] o] Ho} ' ‘ -

Field-independent?! A}#Eo] field-dependentd] AFZE Hth body cuesel © zsicim
ZIQtE]o] $kth(Barrett & Thornton, 1968). &3 olE oA FHQA AX AE} FHA A
7} NEzZHY] olel@ RN £5 &) field-independentdl AFESE field-dependent$! A
#H} o] simulator sicknessol Zel7] 41 o &} (Barrett & Thornton, 1968).

2.3.11 AAIA A (Postural stability)

ZHAIQFAE A (Postural stability)Z AlEelelEle] =&2 13 A #A4AE Lolrr) 48
simulator =% A% FF ZAHSHT vt 2 A w2, AlEHolH "% A A
Al &A1 g% F simulator sickness Abolell FAZE AL £ YTz Y HKolasinski,
Jones, Kennedy & Gilson, 1994).

Kolasinski et al. (1994)2 =#tAMI7F & A H U AFH o] simulator sicknessE ©W$ 33
7] 4AU Ad 5FE 498 £ A3, A4V B E AFYFE simulator sicknessE 9
AAY %9 FFUE AEE FHolgn AR Y o] M-S AFE] H8A, vET €7)
234 Algelole oA AAAAAA Y @539 simulator sickness®] AEE A Fc A
NeM g AANGALZL SSQollA AT HgAGAHY FATY HFES B o
Tl ke Ag dAYY AMAAAL LS AT EF EH diFg FSATY HeEHE #AV
ok YEeRgoh

5. Simulator sickness & %3} 7| ¥

5.1 Simulator Sickness Questionnaire(SSQ)

AEolv} FA checklists7t 7F% BE#HZHQ simulator sickness® &34 $wolt; o]e
simulator sickness® ©Z4 A (polysymptomatic) &4 W&o d7tA Az FAE 2HIE=
o

Pensacola Motion Sickness Questionnaire(MSQ) (Kellogg, Kennedy & Graybiel, 1965)°] 1t}
o] HEL 287 F4d U AT AEE 47 HAE(HFEAE ¥o, ¢, BE, AhHE g
°og & st AAE e WwHoz Holdo HE MSQY uFd Hyvr dFEA
(polysymptomaticity)® &3t A7 simulator sickness 7ol £&3170] 2Z3 A
@Y HAAHS7) sicknessd] BEFHolm E27F 7Hed Aol diF olFH HBE AFIA
231 e Rolth(Kennedy & Fowlkes, 1992). ©1&]& olfolA simulator sickness
Questionnaire (SSQ) (Kennedy, Lane, Berbaum & Lilienthal, 1993)7} 7W'Z% gt}

Kennedy, Lane, Berbaum & Lilienthal, (1993)2] SSQ%¥ 107}A] Al &#olg oA % 1119
Ml MSQE 808X Aozt SSQY FAEL 4WAHE(0=0lF AT &}, 1=9%3} 2=
HE, 3=43thz geol'd 1674 FA4oz ZHth 8AQE A ol olJEL FHHF
(Total Severity score)® %t olUel 371A g 4T HFEWH2AL, AT7SF 8, 437
S gAstgt. o MR SATY A5E TFASE FYEL Table 29 #r)
(Kennedy, Lane, et al., 1993).
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Table 2 8% o3 YAH F4T

w A A F
 (Nausea)

GTEEEH
(Qculomotor)

WA

(Disorientation)

dutzed EH
(General Discomfort)

o A S
(Nausea)

Yol B 2P

(Stomach awareness)

AEn e F7t
(Increased salivation)

EY
(Burping)
g3
(sweating)

HEst7) =8¢
(difficulty concentrating)

YurAel ¥
(General Discomfort)

b=
(Fatigue)
w9 92
(Eyestrain)

T =H 2F77 dE g
(Difficulty focusing)

ol Alof
(Blurred vision)
=

T8
(Headache)

AFs7] =8¢
(difficulty concentrating)

g Wg 9y 1%

(Dizziness ; eyes open)

& A%E A9 8NF

(Dizziness ; eyes closed)

WU EE =79 g |
(Vertigo)

o 23 wF77} o8&
(Difficulty focusing)

o =A g

(Nausea)

Hel7h 3 =7
(fullness of head)

B Aok
(blurred vision)

#19 Table 2& BH 7 ST ol FLT T4l FEHE A7 At oA 2AEHY

o YA o] dEd 2o

Gl ME EAAL AAHA AR AR 42 AAFEL simulator sicknesse] 2¥
7beAde]l Eold + duh 21¥7] " FEol Kennedy, Lane, et al. (1993)& SSQE #gdt=d
A T2 F AL ELS AT TFAAME ¢g" g 2Asg

Fojl AFoA SSQ FFrt AAHNAeW 1 HAAE dy wyoez 29 $£ Irh
Kennedy, Lane, et al. (1993)2 F3HF(total severity)t F49 AwAA A& F=E e
W FoR AMEHIE 7} sickness FAE 7M1 glEXE #Ess HY9 ARE AFE
Aolgk AHsAT FrtH oz 4 F4FY HFE sickness 2H9 B EA4o Qi@ v
H ARE AT £ Uk 2 2 ABEL MR HFE EFE 0#CHE FA4E 289
7D Qo 2 gkel FEFE A vt $UkEl) i dEes 3% © £ Yk ®
gt Kennedy, Lane, et al& € dlo]Eel 7124 N2 A4 HEY Ho] A2AE 5 U3
Pdd EEAX7E vEZE F JAEE A tolgHE AlFsiy.

webA #HZ9 simulator sickness T EolA simulator sicknessE A #E dteul QoA
SSQ7F 7H¢ BHHez AMEFoiA 1 itk 12y Kennedy et al (1993)9] SSQelle B 7t
2 Al WEHAA Ut}

ofN

A Simulator £l XF2HQ gL v AU
ZF4E0] A& F U ojEE FAYd 28T
SQ A3 FANME o]F FAsn e F

w

FET Tl HIFArt.

F @A, SSQe FA4ES F&3 Y] e MSQY 2871 FAbl uigE FAA T )
7tA 423 simulator sickness #¥ FAE FoA MSQY 287 FAHEC TEHA L F
FEo]l At dE Eo, M, FHUZXF(Ataxia) F°o] Utk £F MSQolE T FE AR
SSQoAE AYAZ FAE FolE simulator sicknessE HEE e ZAER o] g
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o 2 97} FEo|th Kennedy et al (1993)2 FEE SSQolA # o]f= 12009 FoM F
EE Ao Atdo] 29 HA @bzt ojotr] A AR FUEC ofd YL
Qe A W 2 LAYNEsE 4D wold Aolth AAZ o]232(1997)2 A FA
gukgl 1568 & #SHUS W FEAAY FAHAE EY AHES 290t

A HA, SSQ A3 Ao AL E dolHE EF AZR(TMSHANAM o Aoy Wi
o guile digeR 3Ae W dE AHE sMAE F AU

Ul A, AHEE A EHOIEZ & SHES 7HAZ A7) B @3] 8AREAS A
de A2 HF8 dMe P 8 B9 1074 F79 A EHlEHY JFAN] EFY
o] ¥Y3A %<& Aoz o WE k& AlZto]l MZ tt2uz 7t AlBdHolE FHFY B
A7t & Aol '

A MA, 1§19l simulator sicknessol FF¥E F F YE QUE0 hF Mol BEF3
. g 9 @ HAIAT AEHOHE A8 A BAEA, AL FHN FAsAd A
dge] gt

wetr et e FAHES Hade ML SSQY o] aFHjAL)

5.2 Postural Test

ojH AF(AEE] Baltzley et al, 1989)E 2 T AR F(ataxia)S H7I8ls ooz
SHZALE ALY, S FHAZF L postural testsE2E AT F At MFd{E & o
FALE Ade A, A3dA g & dge FHZ MUEs A, g oz A
AMAE A, B Foz 7ALZ A ZE Ao] 71EHQY 471X HAEoY, o] Ztzte] g
ZEOAM, AP ofd EAHT A T A UAY, SHT AL FUE AL F Qdojor @
. AAERL HEAE AAE F Ae (FuhAolY wFPast AL & YE (FWELo)
o Atk ZAAM HAEE 8 = A% #Ze A, 28 ¥iE AN 247 A 5 AUs
AANE thFetA HSE AP 2N o] 71E 47t o) FUlEM AAFAED F U

Thomley et al. (1986)2 %R E FFHZXFY FH Uity 4719 78 HEEY VIPEE
BF7tA 28L& 0% T video gamesE E71A ¥ AFE JEoE @ H2AEE A7
ALY AHEL e A¥3 2L 9% Rola, A4 AFZE 7|dF AL olU RE g2
Eo A3y, ¥ ¥S AZYA du(BA71) T2 A st ABEA Bk ohg
BT BA4tel 71238t Thomley et a2 A3dA Y& £ tig g FALE HUYe Aol A
33 F g FAHLE Mode AR ¢t FH P,

53 ATAlze o3 =AY

Simulator sicknessE &334 7 dutAHQd HErE HECY ARAAFHoltt Mg
A e AF AEEHA Fed, olvls Ful9] v foly ALl was o] 2n, AR
Dol dAY AFHA €& AT TF U7 WEY Rolth Money(1970)2 Brle] A%
of Zgol W TA nHGN Aestd HES ASs HYAT 19 BAY TR 2
g HAaEA XA

Miller, Sharkey, Graham & McCauley(1993)& ulSF X FAIZERE Aridd
simulator sickness® H3¥ HAZel Wi AETH FHZeo ARAHEL PFEAL Ardde
tachygastria(ZEFE @ AT EFAA ddd] #eE $x9 HALdHFo] HAsE A), normal
myoelectrical gastric activity, skin conductance level, vagal tone(¥|FA Ao HEArH;
HRV(Heart Rate Variability(4 325 dst&)olgtn® d2jA AF), 283 heart period & 5
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7HA QA Hxrt B850 ch Tachygastrias®} normal myoelectrical gastric activitys &
ot electrogastrogram(EGG) UlolE|& discrete Fourier-transform#|4 4& % o -
tachygastriai= ¥% 494 9 cycle(cpm)©l i, normal myoelectrical gastric activity: 3cpm©l
t}. Skin conductance level& %% 9| flexor¥-#oll 2709 A3g oA 233 %} vagal tone
< AHAECG) HolHE Fourier-transformslA d& & Y Bazgia 8359 ANEE A
&8 51, respiratory sinus arrhythmia(Z&A EAEAN)Y 2732201204 04Hz)E &
F¥ct ECGHOEHE HAYEY d4F s Y3LF F/E 4d€ + Uk Miller et
al.(1993)& 57k Agdty AHE g wlws] HW, vagal tone™} normal myoelectrical gastric
activity 20+ A ZvtE F7), tachygastria, skin conductance level®] © 9173 n 3t}

Miller et al.(1993)2 simulator sickness®] A&33 HEol Y& 2189 AT E ALY AY
ol WHAE EoIZIE YWtk W AARNY Hxr AHG 5 Yn, @Ysgw
simulator sickness®} A#H HLE ATE & AL Aotk ogd A Hr/ =4
A xQl SSQO Aol ABAAAE JHAE o} F oj4HY Holn),

4 &

ANEFOJHY FHEEAL oA B AR NES FZAA F AHoln, $PozRE
E3#E & e AT JIeo)y] gEd 438 wEde v wgd L3E B gL 0
ol 25 H3lA € Holth 3T simulator sicknessZHE HaHBo] olHd ML 71L&
T FE&Ad A¥E F FE Ug AHolth watA, AlBdolguU A EA Je Bys
9 oo W ITE BLE o]Fojxot & Aot}

B a4 LH°ﬂ*1\_ 2 AMEA FUY simulator sickness BAMY 1 @Y ol2E
% simulator sickness& #23lE 29, simulator sickness A Fs 71 So tdo] Lol n
pig=

¥ simulator sickness Q7oA E simulator sickness®l A3t L g Z71H A o
B A7t HAHOR olFojxor & Aotk 287 Hd#ME YoM =% simulator
sickness®] A#3 71¥ F 7€ SSQY EANEY g e HEe FHFH Hihy
4B A goo] Magsojof & Aolrh
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