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Abstract

Simulator sickness is one of the important side effect of virtual reality. Simulator sickness is influenced by various factors, and
field of view (FOV) is one of them. The FOV is a viewing angle limited by the screen, and when the FOV is reduced, the simulator
sickness is reduced, and the presence is lowered. Previous study developed a Dynamic FOV Restrictor (Center-fixed FOV Restrictor)
to reduce simulator sickness while maintaining presence. It is a method that limits the FOV dynamically by reflecting the speed and
angular velocity of the avatar. We also developed Eye-tracking Based Dynamic FOV Restrictor (Eye-tracking FOV Restrictor) by
adding head rotations and eye movements. This study attempts to compare the simulator sickness and the presence of the No FOV
Restrictor condition, the Center-fixed FOV Restrictor condition, and the Eye-tracking FOV Restrictor condition. The results showed
that the simulator sickness of the Center-fixed FOV Restrictor condition is significantly lower than other two conditions. The results
also showed that there were no significant differences in presence in three conditions. The interpretations and limitations of this study
are discussed in this paper.
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Figure 1 Three FOV Restrictor Conditions: No FOV Restrictor, Center-fixed FOV Restrictor, Eye-tracking FOV Restrictor.
Note: FOV, Field of View; HMD, Head mounted display.
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3.2 Simulator Sickness Questionnaire

Al 27 7r2] SSQ FA4E v 3}7] $]31o] repeated measures
ANOVAE &3 #A% A3}, SSQ A+ Al =27 2
FAARSE Fou| S Aol HolA] ¢Skt (F (2, 32) = 1.921,
p>.163, > = 0.107). F7}2 744 "o 249 g2 F el
SSQ&F FMS®] 4 #AE 43 27, SSQeF FMS+ 44
AB A S B G THr=.592, p < .05). T] A4 3] B4 38}7] 9 8}o]
Z4 HE AAAAE EA3 437 No FOV Restrictor & 74 3+
Eye-tracking FOV Restrictor 7oA SSQ$} FMS7} <43
A A AA S H Y HNo FOV Restrictor: » = .544, p < .05; Eye-
tracking FOV Restrictor: » = .719, p < .005). Center-fixed FOV
ZA A= SSQe FMS7H BAZRo® fondt
BHBAE HolA gt (p>.170).

Restrictor

3.3 Presence Questionnaire

Al 274 7+) PQ A4-E v 317] 93t repeated measures
ANOVAE 53 &A% 23, PQ Aee Al =4 20
EAROC R §on| 3l 2o & Ho|A] ekskrh (F (2, 32) = 0.335,

p> 718, ;72—0021) DZ 57 240 PQ &} 7 Ev 54
A= —E g 2, 2 AFelAe

t BA4oz folna
L) 174]§ H o] x] ¢Fgkt}(FMS: al]ps> .668; SSQ: all ps > .225).

3.4 Individual Differences

A7 A7 WA A, vhel, B2k, A Hrl ol
Gt AR Aot 9EA FAsA A Au Ba

Individual difference”7} ¥ Aol A A A x}o] 7} 9l+= FMSo|
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v A= FEFE FAsTE FMS Bl AW, del, ITQ,
MSSQol] w2 2t 7} QA Goti 7] f8l, 482 Fy =,
o], ITQ, MSSQ+ 1 ¥ 22 152 Yo ttestZ FMS
BEE 2 AERE FA3TE 2 A FMS -2 Al 7HA] FOV
Restrictor % 7 o} A] Individual differencel] wh2}, 255 EA A o &
T2l gk 2po] 7} VPR 2 TH Gender: all ps > 403; Age: all
ps > 266; 1TQ: all ps > 070; MSSQ: all ps > 405).

3.5 Experiment Day Effect

o]

oo >

o] A = FHIHIY, 2%, 39 day) = AT Aol v] 2=
3¢S sty 3, Al W A 2] FMSE repeated measure
ANOVAE 53 2A43lglth 1 43t FMS @ Agol
AW £ IRl wet FAR LR 953 Aol 7 vepR)
QEQFTHF (2,32) = 1.782, p > 185, 7 = 0.100).
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® QA7e opilEe] SEo} 74,
B DE AEA 240 WG Sze] WE FOV
Restrictor®] & 4 27] A E F3l &3t No FOV
Restrictor 2712 3} ol 2t head-tracking 2 g
Center-fixed FOV Restrictor 272 olu}lELS] 29 M4 &
Wk 3k FOV RestrictorS AH-8-3} 91 T} Eye-tracking FOV Restrictor
2212 AFEAY wze WS wdd FOV Restrictors
AR, T A UdE Wk dte] FOV Restrictore] 4] o]
A =25 = 3}t 243 A, Center-fixed FOV
RestrictorZ 2] 7} Eu]7} No FOV Restrictor?} Eye-tracking
FOV Restrictor®] 7} @uof wlsl] @A vepga, A 234

Apolol Q7o Aol LheRA] ghgle.

o
7EL‘CT

H o] WA 7L Center-fixed FOV Restrictor % 717}
Eye-tracking FOV Restrictor Z 71 2] 7}4} ' 1] 7} No FOV Restrictor

z 70 w3l S Zolete Aotk A% 23 Center-fixed FOV
Restrictor & 7¢] 7F4 Eu]= No FOV Restrictor®] 74+
Wolu A7 ekt old A7[3el el <Al
Qlt}. Wk Eye-tracking FOV Restrictor & 712] 7H4 H o)== No
FOV Restrictor 2719 7} Buj e} xpo] 7k vpephhA] oFgkal,
Center-fixed FOV Restrictor®] 7}4F @ n]of v]&| =4 vEbSTH
o] Z21-& Eye-tracking FOV Restrictor7} 7}A 1 Qle= B 717
&40 713 Hul g Eolwd AEetA gttt

QkoF Eye-tracking FOV Restrictor7} o] 421 02 =2
A& 015 A I tha, 3] @ A= FOV Restrictor?] &2 -8 =2
T 902 Aot} AT eye-tracker?] HlolE= AW Ao T
frejmet 3 3z
tracking FOV Restrictor®] 4% 23S Wk 3to] 733 A
Al ZHS Z 33t} o] 213 Eye-tracking FOV Restrictor®] Al oF&
7hels A4 Hio] A A, st=dlol g
Zhkol s} -0 A3kS S 754 o] gtk Eye-tracking FOV
Restrictor®] 22912 w9 FAA Hrtl= FHAA
oA ek, Boffe} Lincolnol] w2 FHAl= S4A|
Zhwkolof| wlZbalTH23]. 12 Potter et al.o] WEW Z-
Aol =2 13ms ©]5te] A7 ApFel® Fid] WeE
Gril. B AT s@Ae Bw Age
AR e® FH7 widel, FIPAEL  Eyetracking FOV
Restrictor®] 22 Y& S83] & 7FeAdel ok olH s
A &A QA Aol AHEAE Fo] S EE =74 A, Eye-tracking
FOV Restrictor7} 71 Bu]E 0] 13 7ls/do] Ut} o]
A= 2 37] B7of| A FOV Restrictorg 73 & wl] opd}elS]
L£x9t 4 e wkdstal, Mo X943 w9 AU
HEd 3R] ok 5, A A 845 AT S A v vk S of

@2 A AR,

re

p!

A&Hoz

ol Aol 7 Wul g A3 24+ FMS9} SSQ7t
A=, FMSe] £4] A3} Center-fixed FOV Restrictore} TF2

Table 1 Paired sample t-test results of Fast Motion Sickness Scale (FMS) averages at Session 18, 21, 22, 23, and 24
Note: N, No FOV Restrictor, C: Center-Fixed FOV Restrictor, E: Eye-tracking FOV Restrictor

Session 18 Session 21 Session 22 Session 23 Session 24

t Sig. t sig. t Sig. t sig. t sig.
Nvs. C 2.529 <.05 1.993 >.06 1.832 >.09 2.249 <.05 2.614 <.05
Nvs. E -1.175 =26 | -1.119  >28 | -1.244 >23 | -1.175 >26 | -1.202 >.25
Cvs.E -2.264 <05 | -2.149 <05 | 2247 <05 | -2258 <05 | -2453 <05

-56 -



22 Apelell 74 ) Aol & el 4 gl e, SSQol A=
Zpol & 2T 4 {L3lTh o] 212 FMS$}FSSQe] 22 A Aol 9
o3k Zlo =, FMSE 71t A4S Adete =5 =713 de
7h3 EulE o2 W S5, SSQe M FEE AFT £

w7 e M Ens é@} . B AdAME FoV
Restrictor 2 AE Alolo A 7}4F Hule] xlo]= 18 HE 24

A7 A
Zubol it 244 4

24 A %‘iOﬂ eRba, 18414 o)A
o] 39] Fubol A= LhEREA] ghgkeh. whebA

EMSOl M b dele] delg AT & AAW
SSQOIA & Aol 8 HAT 4 Pl o= AE FFHE Aol
hJehF 549 SR 715 202 BTk

B oz o] T 7} Center-fixed FOV Restrictorz 71 3
Eye-tracking FOV Restrictor 2 712] 4 %&7Ho] No FOV Restrictor
27} Aol 7t A ok Aolet: Aotk A% 23 Center-
fixed FOV Restrictor® 71 2] ¢ #7+o] No FOV Restrictor & 71 9]
QAT Aol7h A gk}, old A3} ATE
A= 3l th T8k Eye-tracking FOV Restrictor 27 2] 1 7&-71o]
=29 93 B AL ATA AL
t}. w}2} A Eye-tracking FOV Restrictor7} T} 2

], 7S A A L FA PSS

(o]

= 4 O od

Bl so i
32
J

)
mlo
£ 1~N _l

4 o
30 ‘[“

12

N
N
oz

ol A&EHog o8 =&
7

W2, 25], 7H 2ol AlzE

|-N ﬂ-@z
o

tlo o
N

N

oz

i)

=)

N

N

i b
x
uy
l
z
I

oM,
o
N
oy
i)
=)
N
N
o
fou
e
N o om

=
wn
ek
ol\
N
N
Ir
M2 2 = oox XKoo

N
2
lo

re

2
o 4

1o

m

aQ

E

5

=%

e

4

O

I

o,

N
N
9
N

]_%I-AE sl

1
_{
]
hut
hut

rlr ol
N
N
o
38
T
o

)

2

o

2
>
fa *
4
i
K
v
(o
B

o I uZ ¥ ko)

—_
o
S8
W
=

o T oy 2 fope N
rr
N
9
>
ok
o

i~
i
Q
-
Mo oo g W
o2
4
— o
i)

>
oo
[

00

o flo
=)

- % L
52
rlr
Y,

W
e
>
N
)
ih
tlo
41 o
S

E

o s
)
i)
)
o

NP
N
ox
12kl
=)

fo
Wi O o o Yo%

(e}

o N

o o

A=)

o8 H

b

>

ol
o

o Moo
3
ol
rlr
2
2 ;
+

PR F.- )

o

B oq:rLL—_ ez 7}1] 6‘]-71 e 7};(];17_ oh;]_ 7‘<-] tﬂzzﬂ Eye—tracking
FOV Restrictor2] 7] 7} 9 t}. Eye-tracking FOV Restrictor+= =2

ZABE AN E A B, L3 A A7 A T T,
23 Aol A@HA A Azkel W 4 FAE
Agd Bert Ik S 2w Arg 2o e LS
4 g5}ol[26], 122 Eol = el T W7} vk F w2

A= Eye-tracking FOV RestrictorS F3E ] eye-tracking

o] o] ]9}  head-tracking Tl|°lE|E REF w¥Hde= S
A ol 484 2od Hud wa 4ute
HHES A e 55 wgteu, Al & 5 oju st
247 Qe FANAEA B & 4 gk DA Aok
u}ebA]  eye-tracking U] o] E Rk 75.%—']-7-] U},  head-tracking
o o1l 3 83 5 A8 EREEE

FOV RestrictorE =
AZHE S oA ATE 24 er JAPHUh B AT =
weA e 29 2 37 I AYH ek 7Hg A4
Ne AgASNA ThFe APL AF A7) A3 of el A=
#732 AR Yok FF AT E BAL WME SEe)
Aoz WA, 2% PAS wEE o] 4y e
Ane @ 7Fs Al ek

X,‘l_

l' o

5. 48

2 AFE FOV Restrictors I P A} 8.4 Hked =20 e},
713 Huleh RS vl EA465E 2 Ao A
u} 2 1 Center-fixed FOV Restrictore] 714+ & n) 7} ot} 2 F 2 A o)
Hl& 2Fekar, Al 27 Abelofl 477t Abel 7} fla& Ehel et
2 7HA] gARE B ety B AdFE YoE FOV
Restrictor & F & 8=t QLo A AFEAF 8.4 23| tfj 8l A4

FTEE Ao oF 35 &<l8k3laL, FOV Restrictor®] 5475
ojFol thafl Fx= AFE 3 Al 227} Yok

Acknowledge

°f =2 2016 W& AR HFRAGT) Ado=
AT AT AYE wop #yHE V2 AFAY Y. (NRF-
2017R1A2B4011151). Kim
(kenny@hanyang.ac.kr)

Correspondence to K.

References

[1] LaViola Jr, Joseph J. "A discussion of cybersickness in virtual
environments." ACM SIGCHI Bulletin Vol. 32, No. 1, pp. 47-56,
2000.

[2] Kolasinski, Eugenia M. in Virtual
Environments." No. ARI-TR-1027. Army Research Institute for
the Behavioral and Social Sciences Alexandria VA, 1995.

[3] Treisman, Michel. "Motion sickness: an evolutionary hypothesis."
Science Vol. 197, No. 4302, pp. 493-495, 1977.

[4] Kennedy, Robert S., Kevin S. Berbaum, and Martin G. Smith.

"Simulator Sickness

-57 -



"Methods for correlating visual scene elements with simulator
sickness incidence." Proceedings of the Human Factors and
Ergonomics Society Annual Meeting. Vol. 37, No. 18, pp. 1252-
1256, 1993.

[5] Fowlkes, J. E., R. S. Kennedy, and M. G. Lilienthal. "Postural
disequilibrium following training flights." Proceedings of the
Human Factors Society Annual Meeting, Vol. 31, No. 5, pp. 488-
491, 1987.

[6] Regan, E. C. "Side-effects of immersion virtual reality." Paper
presented at the International Applied Military Psychology
Symposium, 1993.

[7] Pausch, Randy, Thomas Crea, and Matthew Conway. "A literature
survey for virtual environments: Military flight simulator visual
systems and simulator sickness." Presence: Teleoperators &
Virtual Environments, Vol. 1, No. 3, pp. 344-363, 1992.

[8] Jerald, Jason. "The VR book: Human-centered design for virtual
reality. " Morgan & Claypool, 2015.

[9] DiZio, Paul, and James R. Lackner. "Circumventing side effects of
immersive virtual environments." HCI International, 1997.

[10] Maxwell, C. A. "Flicker science and the consumer." Information
Display Vol. 8, pp. 7-7, 1992.

[11] Witmer, Bob G., and Michael J. Singer. "Measuring presence in
virtual environments: A presence questionnaire." Presence:
Teleoperators & Virtual Environments, Vol. 7,No. 3, pp. 225-240,
1998.

[12] Seay, A. Fleming, David M. Krum, Larry Hodges, and William
Ribarsky. "Simulator sickness and presence in a high field-of-
view virtual environment." CHI'02 Extended Abstracts on Human
Factors in Computing Systems, pp.784-785, 2002.

[13] Fernandes, Ajoy S., and Steven K. Feiner. "Combating VR
sickness through subtle dynamic field-of-view modification."
2016 IEEE Symposium on 3D User Interfaces. pp.201-210,2016.

[14] K Keshavarz, Behrang, and Heiko Hecht. "Validating an efficient
method to quantify motion sickness." Human Factors Vol. 53, No.
4, pp. 415-426,2011.

[15] A, o134, Alaf, W33, & 235 "7 Eo] A 3¢
< A A= B He] &2 9 33 7|0k FoV Restrictor
o) 7 9 | AT FRYH T3] 5 =, pp.
2116-2118,2017.

[16] Kennedy, Robert S., Norman E. Lane, Kevin S. Berbaum, and
Michael G. Lilienthal. "Simulator sickness questionnaire: An
enhanced method for quantifying simulator sickness." The
International Journal of Aviation Psychology, Vol. 3, No. 3, pp.
203-220, 1993.

[17] Shahal, Avner, Wanja Hemmerich, and Heiko Hecht. "Brightness
and contrast do not affect visually induced motion sickness in a
passively-flown fixed-base flight simulator." Displays, Vol. 44,
pp. 5-14, 2016.

[18] D’Amour, Sarah, Jelte E. Bos, and Behrang Keshavarz. "The
efficacy of airflow and seat vibration on reducing visually induced
motion sickness." Experimental brain research, Vol. 235, No. 9,
pp. 2811-2820, 2017.

[19] Llorach, Gerard, Alun Evans, and Josep Blat. ""Simulator sickness
and presence using HMDs: comparing use of a game controller
and a position estimation system." Proceedings of the 20th ACM
Symposium on Virtual Reality Sofiware and Technology, pp. 137-
140 2014.

[20] Jerome, Christian J., and Bob Witmer. "Immersive tendency,
feeling of presence, and simulator sickness: formulation of a
causal model." Proceedings of the Human Factors and
Ergonomics Society Annual Meeting. Vol. 46, No. 26, pp. 2197-
2201, 2002.

[21] Derogatis, Leonard R. "SCL-90-R: Administration, scoring &
procedures manual-Il for the (revised) version and other
instruments of the psychopathology rating scale series." Clinical
Psychometric Research, pp. 1-16, 1992.

[22] Golding, John F. "Motion sickness susceptibility questionnaire
revised and its relationship to other forms of sickness." Brain
Research Bulletin, Vol. 47, No. 5, pp. 507-516, 1998.

[23] Boff, Kenneth R., and Janet E. Lincoln. "Engineering Data
Compendium. Human Perception and Performance. Volume 3."
Harry G Armstrong Aerospace Medical Research Lab Wright-
Patterson Afb OH, 1988.

[24] Potter, Mary C., Brad Wyble, Carl Erick Hagmann, and Emily
S.McCourt. "Detecting meaning in RSVP at 13 ms per picture.”
Attention, Perception, & Psychophysics, Vol. 76, No. 2, pp. 270-
279,2014.

[25] Kennedy, Robert S., Kay M. Stanney, and William P. Dunlap.
"Duration and exposure to virtual environments: sickness curves
during and across sessions." Presence: Teleoperators & Virtual
Environments, Vol. 9, No. 5, pp. 463-472, 2000.

[26] Kalman, Rudolph Emil. "A new approach to linear filtering and
prediction problems." Journal of Basic Engineering Vol. 82, No.
1, pp. 35-45, 1960.

-58 -



(M RE2TH)

A A
- 20184 BFeHE HRE A S
- 20189 ~ B4 Tt

AFE - ATERoftat 41
ok MR, FHape

244

+ 20109 =AvRE O YR H st (R ET)
Aejstat what

20104 ~ 20134

e £y olF tatu(Davis) A2 ska}/
drgrgof de A

20131 ~ 20154 A& TS Q1] st}
BK ¢4ta4

+ 20159 ~ &R gt Ale|gtat
Zus

TR Wl xerg Al Ttel,
EdAE

AFE

20094 gHoFojjstan HhA;

20099 ~ 20109 FFA s A
+ 20109 ~ 20139

Aej Yol tf 3t (Davis) A7+
20133~ ghefhsta

A - AZE ol Rulg/Falg
TAREOR A-HFEANT A, 7HEEA,
OJBHE A ES] o]

e

2

-59.



