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Abstract The aim of this study is to predict the sensitivity of motion sickness (MS) using pattern of cardinal gaze
position (CGP) before experiencing the virtual reality (VR) content. Twenty volunteers of both genders (8 females,
mean age 28.42 + 3.17) participated in this experiment. They was required to measure the pattern of CGP for 5
minute, and then watched VR content for 15 minute. After watching VR content, subjective experience for MS
reported from participants using by 'Simulator Sickness Questionnaire (SSQ)'. Statistical significance between CGP
and SSQ score were confirmed using Pearson correlation analysis and independent t-test, and prediction model was
extracted from multiple regression model. PCPA & PCPR indicators from CGP revealed significantly difference and
strong or moderate positive correlation with SSQ score. Extracted prediction model was tested using correlation
coefficient and mean error, SSQ score between subjective rating and prediction model showed strong positive
correlation and low difference.
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Fig. 1. Experimental design and environment
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Fig. 2. Procedure for signal processing and indicators
definition. (A) Procedure for detecting the
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Binarization image, (c) Detecting the pupil
area by CED algorithm. (B) Coordinate of X
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Definition of PCPA and PCPR.

B g BAZMIA VR 26z A o]
FAIE 91A9 ¥ (PCPa)ol <L vt

Atele] ul & (PCPYO] 10 7PHe45 2ul=
A9 A7 =E GdEnt gashs Avks 8
oo thE el A8 HrlAte] HElS Fig 3o LheR
Atk A3 #A7kA Peel g, VR €= A|H o

PCPAS} PCPR7P Z¥2} 265073 10722 vEbgtal Al Y
o] SSQ HF 172472 SR1¥ITh v, A7 A7kt
P14¢] 4%, VR 282 A4 el PCPas PCPr7} 2H2F



= A9 RS o]

3 QAavlsl g o

231

e

110.1177} 1.8029] 235 R A1 $ol SSQ A+
181.134% golw 9t

(A) Major axis:  6.016
50 Minor axis:  5.610
PCP,: 26.507
@ PCPg: 1.072
5 . SSQ score: 17.247
:§
Ry 20
3
3 14
N
%
s -3 -10 30 s
% 0 0 1 b 18 50
2
3
£ 26
3
© -30
B
20
X Coodinate of }gupﬂ Center Position
B) Major axis: 15.894
50 Minor axis:  8.821
PCP,: 110.117
40 PCPg: 1.802

S8Q score: 181.134

&
Y
&

30 30

Y Coodinate of Pupil Center Position

50
X Coodinate of Pupil Center Position

Fig. 3. An examples patterns in PCPA and PCPR for
participant 6 (top) and 14 (bottom).

53 X2 t3A 23 Fig. 49 JeRIAG A4 20
el A3 A7HAe SSQ AHFE VIR F AFSE
3193 PCPast PCPr B 97380 & AletA =71
© AF% 284 &8 aF Aol BAA R FoF
2ol 7k 81 = Ak (PCPa: t[18]= —4.632, p = 0.0004,
Cohen's d = 2.184 with large effect size; PCPg: #[18]=
-3.136, p = 0.0057, Cohen’s d = 1.478 with large effect

size).

4

=<

O Low Motion Sickness Groups  MHigh Motion Sickness Groups

1600
sk

1400

1200

e

00.6

80.0

66.0

40.0

Area of Pupil Center Position

s
B
©

24

O Low Motion Sickness Groups M High Motion Sickaess Groups

20
E3 33

Y]
g
¥ i
&
§
=, T
=

N
& Ry
ST 1o
SK
=
5
% 0.6
£
S e
g
& o0z

a0

Fig. 4. Results for PCPA and PCPR between low

and high motion sickness groups using
independent t—test.
7=0.787 (p < 0.01)
AN
< = N
5 00 -
g 4
S a
T N
= 10000 R o N
£
s <
< » | a ’_,/A
N s
Total SSO Score
” 7= 0.662 (p < 0.01)
ar
g a a
= 0 N
‘E 1.70
5. -
s =T A
8 750 A A
S /,/’ A
s N o
e s s
5 .
=/ A

0.00 0.00 100.00 150.00 200.00 250.00

Total SSQ Score

Fig. 5. Results for correlation analysis between PCPA
and SSQ score / PCPR and SSQ score.



232 S=rgests)=iA Ao AlllE

Table 1. Results of the multiple

Mode!l Summary®

linear regression analyses on SSQ score for motion sickness in response
to indicators of PCPA and PCPR (N = 20).

R R Square Adjusted R Square Error of ‘;:g Estimate Durbin-Watson
91a 848 830 29.900 2244
a. Predictors: (Constant), PCP,, PCPg
b. Dependent Variable: SSQ score
ANOVAP
Mode! Sum of Squares af Mean Square F Sig.
Regression 84994.580 2 42497.290 47536 .000a
Resiaual 15198.149 17 894.009
Total 100192.730 19
a. Predictors: (Constant), PCP,, PCPg
b. Dependent Variable: SSQ score
Coefficients®
Unstanaardized Stanaardized
Mode! Coefficients Coefficients Beta t Sig.
B Sta. Error
(Constant) -172.215 41.032 -4.197 001
Area of COP 153.235 30.212 495 5.072 .000
Ratio of COP 831 123 661 6.775 .000
a. Dependent Variable: SSQ score
3.2 4¥HEA % 39 $4& 53 B2 S5Q WS A% me 54
VR 2dx A3 Ao 7] FAE 9Ae) ey @ e
(PCPa & PCPg)©] 37 n] W% (SSQ score)ol] 7] A]
= oJakS Folsly] 98] Ho] ATEAS AX|Ety T SSQscore (expected) (4)

=
71 A¥H= Fig. 50l HERAITE PCPa 9F SSQ A= Al
of a2 A3 o AudArE gl=Eda
= 0.787, p < 0.01) PCPr ¢} SSQ #< g
A3p T3b ko] ATt SAAEAT (r = 0662, p
0.01).
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01 5& EH? 34 e SSQ el el AH R
ARE (F = 22650; df = 2, 13; p < 0.00L;

Durbin-Watson = 1.650)% 2= Aoz Fel= At o}

= 153.235 X PCP, + 0.831 x PCP, — 172.215

a3 918 379 E2algn ol AFe] 91
37k 9e ANSAT 45 Aol 109 (43 5,
o) x): 5%, it hol: 2726:3344)2] Hhet 2 vjstely
o) el eIsiek 2 A 2 2w 49 o
Aole 2 B A9 2% 2ot 21 AWM &
22 ARUAR, B, AF Y9 APWpE £ 4
Goll golaka 29ke APAIIAES o sk
ARF7IAL 1078l it A5 A7 Ade Table 2%
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Table 2. Results for verification experiment of regression
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