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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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Figure 5 Results of FMS in Each Conditions.
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C, Center-fixed FOV Restrictor; E, Eye-tracking FOV Restrictor.

3.2 Simulator Sickness Questionnaire

Al 27 7re] SSQ HA4E v 3}7] $]31o] repeated measures
ANOVAE &3 #A% A3}, SSQ A+ Al =27 2
FAARSE Fou| g Aol HolA] Skt (F (2, 32) = 1.921,
p>.163, i = 0.107). F7}2 744 "o 249 g2 F el
SSQ&F FMS®] 4 A E43 27, SSQeF FMS+ 44
AB A S B G THr=.592, p < .05). T] A 3] EA38}7] 9 8to]
Z4 HE AAAAE EA3 437 No FOV Restrictor & 74 3+
Eye-tracking FOV Restrictor 7oA SSQ$} FMS7} <3
A A AA S H Y HNo FOV Restrictor: » = 544, p < .05; Eye-
tracking FOV Restrictor: » = .719, p < .005). Center-fixed FOV
ZA X SSQe FMS7H BARo g fondt
FHABAE HolA gt (p>.170).

Restrictor

3.3 Presence Questionnaire

Al 274 7F) PQ A4-E v d17] 93t repeated measures
ANOVAE 53 &A% 23, PQ Aee Al =4 20
EAROCE §on| 3l 2o S Ho|A] ekgkrh (F (2, 32) = 0.335,

p> 718, ;72—0021) DZ 757 240 PQ &} 7H Eu 54
A= —E g 2, 2 AFelMe

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

3.4 Individual Differences

A7 AL WA A, vhel, B2k, Ha Hrl o]
Tt AW Aot 9EA FAsA A A4 B

Individual difference”7} ¥ Aol A A A X}o] 7} 9l+= FMSo|
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v A= FEFe FAsHTE FMS Bl A, el ITQ,
MSSQeol] w2 2t 7} QA Goti 7] f8l, 482 du =,
o], ITQ, MSSQ+ 1 ¥ 28 152 Yo ttestZ FMS
BEE 2 AERE FA3TE 2 A FMS -2 Al 7HA] FOV
Restrictor % 7 o} A] Individual differencel] whe}, 255 EA A o &
T2l gk 2po] 7} VPR 2 FTH 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 = FHAIHIY, 2%, 39 day) = AT Aol v] 2=
S gelslr] 3, Al W A 2] FMSE repeated measure
ANOVAE 53 2A43lgth 1 43 FMS BFe Agol
AW £ IRl wet FAA LR §9 53 Aol 7 vepR)
QXQFTHF (2,32) = 1.782, p > 185, 7 = 0.100).

4.0

® QA7e opilEe] SEo} 7%,
2497 2L N8R ssel WY £z ©E FOV
Restrictor®] 932 4 37] IAE 53 2<ls3ith No FOV
Restrictor 2712 3}H ol 2t head-tracking 2 g
Center-fixed FOV Restrictor 272 olu}lEFS] %9 M4 &
Wk 3} FOV RestrictorS AH-8-3} 91 T} Eye-tracking FOV Restrictor
2212 AFEAY vz FHE W FOV Restrictors
AHEEEAL, T A dE Wk dte] FOV Restrictore] 4] o]
A 255 39tk A3 A3}, Center-fixed FOV
RestrictorZ 2] 7} Eu] 7} No FOV Restrictor?} Eye-tracking
FOV Restrictor] 74 Wojo] w3} W vhehda, 4 22

Apolol Q7o Aol LheRA] ghglel.

o
7EL‘CT

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

z 700 vl A& A olete Ao|th A3 A} Center-fixed FOV
Restrictor & 7¢] 7k Eu]= No FOV Restrictor®] 74+
Wolue A7 ekt oA A7[3el Aheh <Al
Qlt}. Wb Eye-tracking FOV Restrictor & 712] 7H4 H o)== No
FOV Restrictor 2719 7} Buj e} 2po] 7k vhehbA] ook,
Center-fixed FOV Restrictor®] 7}4F @ n]of v]&| =4 vEbSTH
o] Z1-& Eye-tracking FOV Restrictor7} 7}A 1 Qle= B 717
&40 713 Hul g Eolwd AEeHA gttt

QkoF Eye-tracking FOV Restrictor7} o] 421 02 =2
A& 015 A THa, 3] @ A= FOV Restrictor?] &2 -8 =2
T 902 Aot} FHA T eye-trackere] HlolE= AW AHOoT
frejmet 3 3z
tracking FOV Restrictor®] S % 23S Wk 3to] 333 A
Al ZHS Z 33k} o] 213 Eye-tracking FOV Restrictor®] A oF&
7hele A4 Hio] A A, st=dlold
Zhkol s} -0 A3kS S 7lsA o] 9tk Eye-tracking FOV
Restrictor®] 22912 w9 FAA Hrth= FHAA
oA ek, Boffel Lincolnol] w2 FHAl= S4A]
Zhwkolof| Wl ZFalTH23]. 12 Potter et al.o] WEW Z
Aol =2 13ms o]5te] A7 AFel® Fie] WeE
Gril. B A7 s@Ae BE APe
AR e® FH7 widel, FIPAEL  Eyetracking FOV
Restrictor®] 22 Q& S83] =4S 7FeAdel ok olH s
A &A QA Aol AHEAE £ S EE =74 A, Eye-tracking
FOV Restrictor7} 71 Bu]E 0] 13 7ls/do] Ut} o]
A= 2 3] B ol A FOV RestrictorE 73 & wl] ou}elS]
L£x9t 4 e wkdeta, W X439 w9 AU
HEe 3R] ok 5, AR 845 AT oA vk ukg S of

@2 A AR,

e

b

A&HoE

oWl Aol 7 Eul 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.
Nyvs.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
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