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Abstract The purpose of this study is to investigate the display fatigue quantitatively when operating 2D and
HMD-based 3D VR bicycles. Though it is generally accepted that the display fatigue induced by 3D VR is greater
than that induced by 2D VR, there have been few studies which attempted to measure the display fatigue
scientifically. The subjective degree of cybersickness and quantitative flicker fusion frequency (FFF) were measured
in twenty subjects (Male 10, Female 10) before and after they operated 2D and 3D VR bicycles for 5 min. Two
dependent variables affected by the 2D and 3D VR displays were analyzed and compared statistically based on
scientific evidence and research. This study showed that 3D VR resulted in a significantly higher cybersickness rate
and a significant lower FFF rate than 2D VR. Given the current propensity to couple VR techniques with exercise
equipment, it seems appropriate to verify the general beliefs through scientific methods and experimental measures
such as the FFF and cybersickness questionnaires.
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aT’:xlﬂ’ olgd 4 9li=dl, Table 132 Zo] wl2AE wolut th7h I Za A AFAR1 AR A T ol
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Table 1. Cybersickness Questionnaire Example

Contents Response* CriteriaT
Overall discomfort 1
Overall Fatigue
Headache
Eye fatigue
Trouble of eye focus

Increase of saliva

Sweating
Nauseous

> || Blw|w|=|E

Trouble of mind focus
Feeling dull in the head
Murky sight
Feeling somewhat dizzy when
opening eyes
Feeling somewhat dizziness
when closing eyes
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Overall dizziness

Burden to stomach 1
Belching
A

> >0l O

6
10
12
6%9.54+10x7.58+
12x13.92 = 300.08

Score

* Random values for example
T Weights for each criteria (A:9.54, B:7.58, C:13.92)
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Fig. 2. VR bicycle device designed for experiment (Left :
2D, Right : HMD-based VR)
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2.3.1 Cybersickness

Table 2= 9lellx] A eh S&5HT

i

7|EoR Aol

B Er| Al g 24435 vehfal Stk Table
25 o|&3sted F 719 SHWG(Gender, Type)’t &%

=
H4=(Increase Rate)ol] E714 2

2 folsl 9Fe vl
A Qohurl  gis wEelE ol gRAREA

(ANOVA)[6,13]% Table 37} Z°] 24 0.055 7|

Fom AAs

Table 2. Experimental Results related with Cybersickness

Cybersickness
Variables Increase Rate
2D 3D VR
2.52 20.18
6.51 20.99
6.39 17.44
5.53 10.40
2.31 7.23
Male 0.38 3.37
2.05 12.13
0.55 1.01
4.63 10.46
0.59 2.49
Ave. 3.15 Ave. 10.57
S.D. 243 S.D. 7.23
1.00 3.69
0.55 4.64
1.55 3.61
0.86 1.43
0.10 2.10
Female 0.97 2.82
0.33 3.90
0.87 4.30
0.12 1.33
0.70 1.94
Ave. 0.70 Ave. 2.98
S.D. 0.45 S.D. 1.21

Table 30419} 7Fo] Atolr] Hu] F7k&olA = A,
37 Type, 12]1L 43 2-8(Gender*Type)©] &S
o feFF(a) 0.059014 FelsiAl ¥ mHT
(P<0.05). E=3F, Post-Hoc TestZ $18l| Pairwise t-TestS
Adet A7, 7 Typee B33 of/d ol A AlolH
dulo A el atAl 2ol 7t YR THP<0.05).

Table 3. ANOVA Result

Sources DF SS MS F P
Gender 1 251.89 251.89 16.85 0.0002*
Type 1 235.00 235.00 15.72 0.0003*
Gender*Type 1 66.37 66.37 4.44 0.0422*

Residuals 36 14.95 14.95 - -

Total 39 - - - -

* P-value < 0.05
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2.3.2 Flicker Fusion Frequency
Table 4= A3 FFF 44&E 7|50 % FFF H&

E #4439 el gl

Table 4. Experimental Results related with Flicker Fusion
Frequency

Hicker Fusion Freugency

Variables Decrease Rate
2D 3D VR
0.043 0.058
0.016 0.079
0.029 0.072
0.023 0.076
0.000 0.027
Male 0.077 0.090
0.069 0.083
0.026 0.079
0.026 0.079
0.029 0.044
Ave. 0.040 Ave. 0.069
S.D. 0.023 S.D. 0.020
0.000 0.015
0.015 0.045
0.068 0.068
0.030 0.060
0.042 0.069
- 0.030 0.090
0.013 0.039
0.000 0.016
0.044 0.015
0.063 0.063
Ave. 0.030 Ave. 0.048
S.D. 0.024 S.D. 0.026
Table 45 o]-&3lo] F 7]9] &YW (Gender, Type)
7} F4& WS (Decrease Rate)oll A2 08 F-o51A] 4
FE AR dofrr] Y3l wHEE o] PEiHEA
(ANOVA)[14]& Table 59} 2°] #94F 0058 7] &
o Y
Table 501]*19} Zo] FFF ZgolA Ay} Jozt
&(Gender*Type)> T F25F(a) 0.05914
FOISA G vI3A BAANE=005), B B S
FrolstA dEdS mAE f9do7 283819 thP<0.05).
Table 5., ANOVA Result
Sources DF SS MS F P
Gender 1 00015 00015 26462  0.1125
Type 1 00067 00067 124129  0.0012*
Gender*Type 1 00007 00007 1338 02549
Residuals 36 00199  0.0006 - -
Total 39 - - - -

* P-value < 0.05
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