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Abstract

Augmented reality (AR) and virtual reality (VR) differ fundamentally, with AR overlaying computer-generated
information onto the real world in a nonimmersive way. Despite extensive research on cybersickness in VR, its
occurrence in AR has received less attention (Vovk et al., 2018). This study examines cybersickness and discomfort
associated with AR usage, focusing on the impact of content intensity and exposure time. Participants viewed
30-minute racing simulation game clips through AR equipment, varying in racing speed to alter content intensity.
Cybersickness was assessed subjectively using the Simulator sickness questionnaire (SSQ; Kennedy et al., 1993).
Findings revealed a progressive increase in cybersickness with longer exposure, persisting even after removing the
AR equipment. Contrarily, content intensity did not significantly influence cybersickness levels. Analysis of the SSQ
subscales revealed higher oculomotor (O) scores compared to nausea (N) and disorientation (D), suggesting that
discomfort primarily stemmed from oculomotor strain. The study highlights distinct differences in user experience

between AR and VR, specifically in subjective responses.
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Fig. 1. A subject wearing the AR equipment and
participating in the experiment

Ot Atk 7R 1L

o

AT 7H1S Aol



106 SAI - ZTA - BA|2 - BMIR - J5H - O[RE - A15A|

Al 373 847t 7PFEA A= EAlE]o] AT Fig. ).
2= AALE 5 32 Matlab 2022a (MathWorks,
2005)<} Psychophysics Toolbox 3.0.18 (Brainard, 1997;
Pelli, 1997)= ©l&3t3ith A=< Ad e S48
7171= dgld glolE(XReal Inc.)E AHE-3FATE sl
gn1e] FOV+ 520010, 771 106gelth. g 1] €]
A7+ AHE Al 146mm x 175mm x 44mm, H 3 Al
156mm x 52mm x 44mmo]t}, QH3S 283k FIRl=
ME= = FEE M HOﬂ ARlE Zgakh A
Aol AAE Je] A F7Ed 717100 Hgd

29AE Sl 27 A E A,

. XxE AIZKelEE AIZhF 89l 2,
yoll W AkelH Hu|& dold
|A= ALY £22)
= &3 A zrek AlEd ol #old Al
o] A Azt Ao 2 A AET FY Az A=
o AR A7 ge), HY So] AAHE E93 F3)
LEE AFAE Fee Feluh
4

291 AT AN B SR 717 2 AR

°
b
1
o
SL
B o=
bt

< &8l stk 109 A5 3024 AAEHA L
™, 7} 72k 3700 A=54 AHEE A ol
3 AY HAxE =8, At E 908 A1 HY
= FAANA AIH AlZre] A wEl GEiAE Alel
W Hu) o] AEE dolE & AN 1208 el A
A AR A Bt AL 7171E FAEE =21 Hnr
2Rl Aol Em| 71e] s 1T = AATH
S5 8202 gl Al Wellxe] P 78 £
A3l skt olol 3719 thE Fo SEE Y
= 9 A= Srttel A ol A2 e A & AF

fﬂlol” A —T*ﬂ FdE AT L A, e A

whebA B dlold AldS E&ate] 2 Aol AR
& &£t AAFer 279 AFS vHEsAoh
2 Aol E AL ol F3) &
37§9] Aol XMHMJ%, 2z W &
Pt S oF 290km/h94 W2 Ap=olRlHh S 2o
Ed] T, UL A%, W] 59 =4

o
ou] A A3} F Soldoz, #7410
[e]

H

A AR SERS BRE 29 F SUR A
&2 5 A7 A3 AolE AR wep B 29

EA

AE 37 A4S 7 AR 2E)7h Ak e ALE)
of, B2 AFRT A7 AT & g

=
weko 7 =L A &Astgch 1 Ay MR =

) d E5E
o] AFo g i L% 120kmhe] A A HiE S
110km/he] 2] A=2S 2 28] A3t}
=3, #ol

X

N

N
2o
| U
o

B

Q1 Aolu] Wr] ZH2 9shA] Tk
£ A3 THChang et al., 2020). SSQ=

=
=
748 44 AE Baoln, A5 B

h=4 ¢}

rh
rO
v
1o
N

)
of\
2
r
ko
o
o

SSQe| Al 7 Z= 9IS N, O,
=

FE G FUAEA 34T+ 9

2
-

o,

g
e

rO

i
Haorle

Tl A= Kennedy(1993)2] SSQ
WS #8-sko 7‘L7V}-4 =7t

e
d
N
N

tlo

N\
2
ol

ol

N AR
i

41
AN
oo
0]
=
N
-
—IJ
2
Ry
o
_,_.
op
B
o

Slgel 2 ALE S48 AGAFEL Mo
(Kim et al., 2008; Rebenitsch & Owen, 2014; Zhou et al.,
2019; Jang et al., 2022), & A-FolAM = F7HA Q] A=
7HEA Z2 A A (Ames et al., 2005), PQ (Presence
Questionnaire; Witmer et al., 2005), VIMSSQ (Visually
Induced Motion Sickness Susceptibility Questionnaire;

Golding et al., 2021), MSSQ (Motion Sickness Susceptibility



BUHH0IMC] 7HBA ZHIx AIY ZEa Alold Zol 107

Questionnaire; Golding, 1998), st=djo] EH7F AR H Ao, 7H7Ee] G e S, T S
(Kim et al., 2021)E #7007 SHE = A A&} T =8 £ 2 A A= ATHslow, middle, fast]. &%
ATk olw, 71F2] PQ w3ES B 7HEAA AlAE 7ro] ok 3719 G AT 49 SAE Al
of theh AT thd e & Sk U] witol 2 AT A=Atk & E=olAe AAIE oAl et 7F G4
M= 7MFAAE AAS e dojE BT SAEES = A WA A=[stiml], 7 HA AFSF[stim2], Al #A
A dol= HHsH ;‘qga—}oq AHEBEE R A, A= [stim3]2FaL A A Sl
VIMSSQ®] At & oldell 744 7171= <lgk &3 B A= 37 A o] B e & X AR A
e A3 Ho] A=A °L°H‘i7l A TRt Al i TAlA = F 907 ANHAR] A1 737l tis) A
zF t2aZdo] B AHERIHNE 7719 dAld S4d TAE Tl THHOE SEEUTE A G Aol
A 71715 F7kste] J7EAE Al A AR B g A% A 7171E AES JEE SSQE
2 AFE 120 WO E J ATk AAp= AA 3 SHIES 3 O H[post-test], ©1F 7 A A
AR Y il 2 AR AR 9, 2 A 2 AR £, PQ, VIMSSQ, MSSQ, 12|71 al=¢]o] BTzt A
A, AR AE G R QIR E o] Fo] M tHFig. 2). TAE SHIES stk riAY o g Z3EA 717E
A Q] B AR AE dAlOA 7S Al HEs 3k 3 SSQ 555 Wt THpost-removal]. B Ab
gk SR E WY A 37 FAME Atk B3 T Ao SEel B AF ITEReA IE R 3=
FGE ol A o] Atel HuE gRIEt] flaiA] AE AlFstaith Qe A8 8 + =AW kg
Aol 7t ol T34 71718 2Heekal 57 Het 1 A gk FEe AABHITE B 2 EHr)gke
st AHIE FA13E ), SSQ AEAE 2 51 THpretest]. 28 AdE TS e T 28 Y ANES
2 AR E AR oA e SAEAS A & T § 3EdE wrkA] SRS A4S S H 9
Zh Zp=ol] thgk AbolH] HrlE glstarz} shith At Aol il #> W] JIEFE FFE Wik
e I A7 ok S o g A= 7k ¥
gk AlgdlelAd Heold Al F3 Fdelden, 7t 2.5 SHH 7} EEX| Tp|
B2 94s AlAsH S 7o) AAE W J|EE
HES =8 SHshE '§A HAE stk U = ATl M= A= A AIZE St FTEAREC] Al
=l gk 300 NS S5 5 A7 SsQ A Zt 2=l FE 7102 E 1hast HAE AA S
e ol AAl el tis) SHEEk AL, dste v th G HA = A= Flde] Aol SO E WE
FAE A H o AFS AT 9FS F 3 = 7ol UEbE W 7B ES] Ado]intE =9

i ost- MSSQ, VIMSSQ,
preparatmn pretest stim 2 stim 3 post =t ran"novaI F’Q etc
e 2= Task [ ssa [ ask J( ssa | ssa W ssa ]

- Interwew

L Black-white |

| >
K 05/1/15sec 1sec " 0.5/1/15sec /

Detection Task

Fig. 2. Schematic procedures and example of detection task of the experiment
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Fig. 3. Accuracy and RTs for the three viewing time conditions.
*p < .05, *p < .01, **p <.001
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Fig. 4. Accuracy and RTs for the three stimulus motion speed
conditions. *p < .05, **p < .01, ***p <.001
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Fig. 5. Comparison of the mean SSQ total scores and mean SSQ subscores across the viewing time conditions.
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Table 1. Mean value of SSQ total scores(TS) and SSQ subscores across the viewing time conditions. The values within the
parentheses represent the standard error

Pretest Stim1 Stim2 Stim3 Post-test Post-Removal
TS 14.23 (2.34) 40.62 (5.35) 41.87 (6.02) 48.10 (6.39) 45.61 (5.40) 34.18 (5.63)
N 8.22 (1.94) 29.15 (4.58) 27.03 (4.66) 31.80 (4.76) 31.01 (4.29) 19.86 (4.15)
(¢} 16.84 (2.47) 41.27 (4.30) 43.80 (5.18) 49.69 (5.66) 48.22 (4.47) 38.11 (4.97)
D 10.05 (2.75) 32.87 (6.95) 35.96 (7.71) 41.37 (7.71) 35.96 (7.26) 28.23 (6.83)
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Table 2. Mean value of SSQ total scores(TS) and SSQ
subscores across the stimulus motion speed conditions. The
values within the parentheses represent the standard error

Slow Middle Fast
TS 42.28 (5.64) 42.49 (6.53) 45.82 (5.65)
N 20.94 (4.46) 20.94 (5.58) 21.47 (4.61)
(0] 27.37 (5.08) 26.11 (6.10) 30.74 (5.47)
D 23.59 (6.83) 26.68 (9.05) 29.77 (7.94)
a b
60 60
= ssQ - N
Total e}
50 Score 50 A =D
40 J 40
o —
30
g 30 ]
20 20
10 10
0 0

slow middle fast slow middle fast

Fig. 6. Comparison of the mean SSQ total scores and mean
SSQ subscores across the stimulus motion speed conditions
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Fig. 7. Correlation matrix for the post-survey questionnaires.
*p < .05, *p < .01, **p <.001
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