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Abstract This study was designed to find ways of reducing the cybersickness issue in virtual reality. As
part of this study, relationships among the various factors causing cybersickness in virtual reality games
were analyzed. To choose a specific topic for experimental research, we resort to a theoretical review
that explained the need to understand factors influencing cybersickness in VR games. The experiment
was conducted in an independent space, where 112 subjects were divided into groups of 28. There was
only one round of experimentation as part of this study. The subjects had adopted a self-administered
evaluation to measure cybersickness, spatial presence, and hours of gaming. Collected data from the
experiment were analyzed using a SPSS 22.0 program. The findings of this analysis show that narratives
in virtual reality had important impacts in terms of content satisfaction and playtime on users based on
their high spatial presence. Scan rates did not have much influence on the spatial presence of users
when there were narratives. Whereas in an environment with no narratives, scan rates had impacts on
their spatial presence. As visual elements had huge impacts on improved immersion in VR content and
presence, high spatial presence had resulted in longer game playtime and higher satisfaction with
exceptional gaming experiences. Scan rates had no significant effects on the timing and degree of
cybersickness, but they had significant effects on game satisfaction and playtime. Scan rates did not have
big impacts on spatial presence in the presence of narratives, but they had impacts on spatial presence
in an environment with no narratives. VR content developers and planners can use these findings as
useful data to establish a direction to reduce cybersickness in VR content.
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ARSI BAIEA] 42 249 YE Hasteh]
flste] HMDE}F =9 AdE 14stgion, sadda:=
DPAH o 2R, Ax) APkt HMDY FARES
ALk BE StEo] ARG, B, A, ¥
2 2E TAARSNA SLDoHA AAstd

AA9] S Al A QAtellA ZHAsto] Al
APt = 513l om, A1ZHA folEel EH2E <l
s HAgsks " @RS Ao EAstar mE 2
o2 AAA FFPog gt "rlE AT MY
+AUE sl flote] Ee 1T &, THFEAS
HE P52 EZdojaHold AEER (DUALSHOCK 4
Wireless)® AP = JY=E Edol5 APt

ARE 5] A oAAREA AY 54 4 F
AL, FOAR 5= FES] AEsieler, £219 9o
mE} AAEA] AY TFo HMDE HolA AYES T=8
T 5 USE A ZHJAAR] Aol 7t QIARE 7MY
A FHRE AT A1 Al At Hu|7h SA5HA
F7RRIt= 71&€ AF8TE Faste], Ego] =5
AR BHdhe LAY SRE It dA=
A F57T 7Fsdithe AME IX|5HITH 18] 2Hl=
AR = gAY Atold ErlE EHs17] fl5to]
SSQ HEAE A/Jstrt.

AR, AtolH Hu| F4Z &A1) Yote] A7|ET
A(self-rated) B7PIHE AMERITE & dAqtoAe 5
A AR =791 SSQ(Simulator Sickness Questionnaire)
WS ol 8SHATH19). 16719 HE EFor 7™
SSQE 7HIEA Aoy A& olEE ARESIAEA] A
2ol AtolH Hu| S/ Brel] flste] ikt &
Tl 2851 rhH20l. 24 23R 48 F%(4-points
scale) (0 - 343°] gith, 18 - 2kt 4ol it 23
- B3 340l Slth, 33 - A4 F40] JthE &4
3ttt SSQ 2 Kennedyet al. (1993)9] AlAF v
wheh AA 2k (total score)t A FEHnausea),
2% EH (oculomotor disturbance), BF4ZF AF
Al (disorientation)& EsH= 3719 51 Q210 Higt
37} gholl tiste] 715AE Fojsto] E&sltt. SSQ
= AF A3 AY Fof 134 F 23] S4oth

=4, gAgAe] 37+ A7 (spatial presence)=
Vorderer et al. (2004)°] 7§&st MEC Spatial
Presence Questionnaire (MEC-SPQ) A& =15 At
&5ttH21l. MEC-SPQ A+ 4l g3t % 7Hds
7 2ok dATolA AATS 7351 sl ARgsta

pom A Hopoll A= Aut FFTt JA F9] Aol

(o]

=




1A

oA Atold duof FE HX= 2ddT VR AdE SHeE

A AF E= AY 8459 AFE Hste] AREEI A
th. MEC-SPQ= 971 AR 829152 7‘440}3 Art
9719] 2912 =< (absorption)d} A2+ 57t o]u| A+
(visual spatial imagery), =H< &4 jﬂ'u (domain
specific Interest)?] RAZHE I vh= 2719 A
Z Qola} 47]9] EAA Qoo TAHL} 27)9] A4
Z 9912 9A]A oL (cognitive involvement)2}
E419] 89 (suspension of disbelief)2 FAIE}. 4
7He] mEAIA Q152 0] 3 (attention allocation)
T} 37+ A3 29 (spatial situation model), 37+ A
Az A7F YA (spatial presence: self-location),
A7 715 %5 (spatial presence: self-actions)
HQ\:]—

OOH
!‘ﬂ-(r_}l_,
o
:‘.‘:

o] A& Eoz TAE Foggdy Ak
ot 2709 sk 8Rle R HAEHRT} A Ztek=
IS Frkskach A8 B2 58 4= (1 =
A A, 5 = ¢ IFhE L=, SER
7] AN71AL S H] (response bias)g B
st} AR -2 o ISHAh
, AR A o] AlkE = TR &7}
TolA &8st & A= HMDE 28
fol AlFEE AIES Edl= o]§ A7 Azt

2 71EE Aken, gdEAr HMDE HAY Ad &
&S ﬂxé Sh= AJHS EEl2 & 28 AFHoE 24
Eli=g

U4, HMD HAEeo]Y] FARES thefst
A Fa% 248 285kl Qlth FARES THIEA
A9l A2+ EBOo|A Aok} g £ gQlo=2 e
Sk Qlet. & Aol Al 90Hz , 120Hz9] & 744
A& Fofsto] FALE APS AP skt

npxjgto 2 g E 8212 IAEA A AU Al
U & APHd ATl 24 (narrative condition)
3t AFsHA = 24 (no
ol 27HA & =
Sk 27X = DAE

pepes

10 2 oft v

N R AT )

© o
ot

Ho

x] 7

ol
o

£
o
=

re
ue)

—Or‘,‘
=
N of

Oo>~

Fdlzo]

=

£

narrative condition)& %
Fic} APdo] AU & AT
F ADeNA H5HA =le
S} vAdo] it AS HIAESL A ARV A
AREE "R Zo] AHE SPoisinh AE S01A, T4
AR AL AF AFE AAL o= 2
T-9] oAUt ﬂ 19 HYdE 9
7‘]74"][ =g 9474]

"_

Ho

=
o
=

A Bel AT,
SUtE Pt

G419 o] A7) Wbt gelgl
= Al eg Az,

61

HEl9R ABIA Y AL AL B 4
ol o] chet HRE HAFAeA Ags etk

4, 912N

4.1 A 20| EfY Xt0] HY

(Fig. 1)< JAPAZRE € A E0] =
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59 B3H=450.009 ol =2 A0E YEyith
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Fig. 1. An illustration of the measures of game
playing time for narrative X refresh rate

T Ao7t FAHLE FRMAE Brlsl] fst
o] Kruskal Wallis testS &850 47] 159] B &
o] AAE +Fst3irt. Bt A3t x2(3)=26.926, M
F94=0.000<0.052 YEptom, waha] 47] 159
B Aol= BAHCE fot AoE H@riEct
(Table 1).

Table 1. The result of Kruskal Wallis test on the

measures of game playing time for
narrative X refresh rate
Dependent | Narrative X Mean 2 |Significanc
N x
measure Refresh rate rank e
No, 90Hz 28 | 33.73
Yes, 90Hz 28 | 57.04
26.926 0.000
Game |\, 120H, | 28 | 58.59
playing time
Yes, 120Hz | 28 | 76.64
All 112
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AFSEA 0 2 A Bonferroni test—e— o]-g-sto] ths vl

% 23, WHEEZ gl 2o disto],

120Hz 159 vé&t 90Hz 1&°] BHETt A4 &

-4’\201]/\1 Aoz yetdth 18a e BT}
e 249 q1 Stof, 120Hz 159 ¥+t 90Hz 1F

9o gHHEo BAZHOZ u|dE +5(p=0.063<0.10)
oA =2 AC=E YElGtHTable 2).

E

Table 2. The results of Bonferroni test on the measures
of game playing time for narrative x refresh

rate
Mean
! J difference (I-]) p-Value
Yes, 90Hz -143.9286* .005
No, 90Hz No, 120Hz -162.1429* .001
Yes, 120Hz -253.2143* .000
No, 90Hz 143.9286* .005
Yes, 90Hz No, 120Hz -18.2143 1.000
Yes, 120Hz -109.2857 .063
No, 90Hz 162.1429* .001
No, 120Hz Yes, 90Hz 18.2143 1.000
Yes, 120Hz -91.0714 194
No, 90Hz 253.2143* .000
Yes, 120Hz | Yes, 90Hz 109.2857 .063
No, 120Hz 91.0714 .194

4.2 MO|H 0| xf0] #F

(Fig. 2= APAREE ZHE Aleld Hulo] of
g WEHE x HAEHo] FARE 279 ATE U
Wi ook WeEErE gl 27004, 90Hz AR 11
F9] H#(=1369.6)3F v|wste] 120Hz FARE 189
BH(=1379.8)0] Thh =& Ao = Uehdt} T2y Y
HE| B} Q= AL 90Hz FARE IF9
(=1386.8)°] 120Hz FARE T1&(=1085.5)9] HoHT}
Lo Aoz EFHI.

o]
Py

1379.8 1386.8

1085.5
1369.6

Marrative (No) Narrative (Yes)

— G0 hz 120hz

Fig. 2. An illustration of the measures of cyber
sickness for narrative X refresh rate
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TEE o7} BAH R SRS B st
o] Kruskal Wallis test& &-8sto] 47 1&9 B %}
o] ARE 2Hstgct Wyt A}, 22(3)=7.646, HA
Fo5E=0.054¢0.102.& Yehgon], wehi 47 IF
o] HHo] Xol= EA RO Q0Ju|5t $=F(marginally
significant) 22 H7}=|tHTable 3).

Table 3. The result of Kruskal Wallis test on the
measures of cyber sickness for narrative x
refresh rate

Dependent|Narrative X N Mean ranid 2 Significan
measure [Refresh rate ce
No, 90Hz 28 61.77
Yes, 90Hz 28 61.88 7 646 0.054
Crber NG 120Hz| 28 | 60.52 ' '
sickness
Yes, 120Hz 28 41.84
All 112

Bonferroni testE 0]-860] AFFEAH O 2 A ThF H]
nE FY3 Ay, WEEZE gle 270 disto,
120Hz 189 B3} 90Hz 189 Ha-2 Ao]7} Q=
ZAo& yehgrh T2v W EES} Qe 270 dish
AE 120Hz 159 B2 90Hz 159 BHEth 54
oz ouiglE $£&(p=0.067¢0.10)4 &2 ZHo=z
UepPdtHTable 4).

Table 4. The results of Bonferroni test on the
measures of cyber sickness for narrative

x refresh rate

Mean difference
I ] - p-Value
N Yes, 90Hz 10.000000 1.000
o No, 120Hz -7.178571 1.000
90Hz
Yes, 120Hz 294.071429 052
v No., 90Hz -10.000000 1.000
s No, 120Hz -17.178571 1.000
90Hz
Yes, 120Hz 284.071429 .067
N No., 90Hz 7.178571 1.000
> Yes, 90Hz 17.178571 1.000
120Hz
Yes, 120Hz 301.250000* 043
v No., 90Hz -294.071429 052
°s, Yes, 90Hz -284.071429 .067
120Hz
No. 120Hz -301.250000" 043

4.3 st 2 xi0| HF
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War Qlot. W BT ls 22300
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159 HaH(=3.8)7} Bluste] 120Hz FARE 159
HaH(=4.3)°] 2 Z o0& Yeyth T2y el Er)
U= 2 A 90Hz FARE 159 HaH(=4.4)
7} 120Hz $4H& 159 HaH=4.4) Ttoll= Aol7t ¢
AoZ FHEHA

n.t]o

i

FIF

Narrative (No) Narrative (Yes)

—G0hz 120hz

Fig. 3. An illustration of the measures of spatial
presence for narrative X refresh rate

TR zpol7t BAH LR FRAE Wrlsl] Hst
o] Kruskal Wallis testg E-83t0] 471 259 B A}
o] HAE sttt W7t 23k x2(3)=31.073,
F945=0.000<0.052 YeFtoH, maba 47) 159

B9 Aol= BAE FogEolA B7HEATHTable
5).
Table 5. The result of Kruskal Wallis test on the
measures of spatial presence for narrative
x refresh rate
Dependent| Narrative x N | Mean rank | x2 |Significance
measure | Refresh rate
No, 90Hz 28 28.39
Yes, 90Hz | 28 57.79
. 31.073 0.000
Spatial 1\ 1200, | 28| 6750
presence
Yes, 120Hz | 28 72.32
All 112

Bonferroni testE ©]-&5to] AFTEA 0 2 A ThF H]
nE P A7, WHEHE gle 2d0A= 120Hz
159 Bto] 90Hz 19 BHEH BAR f9=E
oA & Ae& Ykt T2v WelgErt gle 21
oA 120Hz 159 Betdt 90Hz 159 B A&
o7t gl AoE UEthTable 6).
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Table 6. The results of Bonferroni test on the
measures of spatial presence for narrative
x refresh rate

Mean
I J difference (I-]) p-Value
Yes, 90Hz -.45539* .000
No, 90Hz No, 120Hz -.55814* .000
Yes, 120Hz -.60936* .000
No, 90Hz .45539* .000
Yes, 90Hz No, 120Hz -.10275 1.000
Yes, 120Hz -.15396 470
No, 90Hz .55814* .000
No, 120Hz Yes, 90Hz .10275 1.000
Yes, 120Hz -.05121 1.000
No, 90Hz .60936* .000
Yes, 120Hz Yes, 90Hz .15396 .470
No, 120Hz .05121 1.000
5. o] o B2
32t ARl et W ElE x AR 2719 a3t

= WelEB7} gle 23004, 90Hz AR 159 H4
I} ¥ w LS W 120Hz FAHE 159 B0l £ Ao
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