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Purpose: In this study, we compared the difference in fatigue and immersion when playing a game with a virtual reality
(VR) device while wearing glasses and contact lenses. Methods: The experiment was conducted on 32 people aged 19-27
years who did not have any objection to using VR. Fatigue due to wearing glasses and contact lenses was investigated using
a simulator sickness questionnaire. After the experiment was conducted with the same subject wearing glasses and contact
lenses, a corresponding sample analysis was performed. Results: In the fatigue analysis, all items showed higher values when
wearing glasses than when wearing contact lenses, and seven out of 16 items were significant. In terms of immersion, there
was a significant difference in ten out of 26 items in the questionnaire, and most of the items showed a high tendency to feel
immersed while wearing contact lenses. Conclusions: It is inevitable that when people with ametropia use vision correction
glasses or contact lenses to experience VR, fatigue increases and immersion decreases. In certain results, wearing contact
lenses was more satisfactory than wearing glasses, but discomfort factors, such as dry and stiff eyes, sometimes occurred.
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Table 1. Classification of participants (N=32)

VR Preferred vision

. N . N
experience correction method

Yes 14 Glasses 14

No 18 Contact lenses 18

Total (N) 32 32

A

Fig. 1. HTC-Vive virtual reality device (A) and Beat Saber
game screen shot (B).
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Table 2. Experiment sequence

1. Preliminary questionnaire

2. Glasses and contact lenses optical power, pupillary distance
measurement

3. Corrected visual acuity test

4. Pre-experiment simulator sickness questionnaire

5. Explanation to game controls and experimentation

6. Post-experiment simulator sickness and immersiveness
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Table 3. Difference in visual fatigue survey results between glasses and contact lens wearers

Examination Category Glasses (meantSD)  Contact lenses (mean+SD) p-value
General discomfort N, O 0.94+1.27 0.84+1.19 0.301
Fatigue (0] 1.69+1.35 0.78+1.16 0.001"
Headache @) 1.06+1.39 0.53+0.95 0.044°
Eyestrain o 1.53+1.39 0.88+1.50 0.037"
Difficulty focusing 0,D 1.31+1.49 0.56+0.91 0.004"
Increased salivation N 0.81+1.38 0.38+0.75 0.042"
Sweating N 1.69+1.65 1.56+1.63 0.326
Nausea N, D 0.88+1.26 0.66+1.29 0.193
Difficulty concentrating N, O 0.75+0.69 0.38+0.87 0.074
Fullness of head D 0.69+1.12 0.38+0.87 0.072
Blurred vision 0,D 1.09£1.53 0.44+1.11 0.022"
Dizzy (eyes open) D 0.88+1.58 0.63%1.10 0.233
Dizzy (eyes closed) D 1.03+£1.20 0.66+1.10 0.057
Vertigo D 1.06+1.19 0.78+1.10 0.139
Stomach awareness N 0.53+1.24 0.06+0.44 0.019"
Burping N 0.25+0.76 0.03+0.31 0.064
N: nausea, O: oculomotor, D: disorientation
p<0.05
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Fig. 2. Difference in fatigue before and after VR experiences
within the nausea, oculomotor, and disorientation
categories.
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Table 4. Difference in immersiveness between glasses and contact lens wearers

Glasses Contact lenses

Category Examination (meanstd) (meancstd) p-value
The sense of perspective was good. 5.06+1.39 5.28+1.30 0.193
o The background and objects are well separated. 5.38+1.39 5.66+1.29 0.216
Proximity -
I could feel the speed of things. 5.38+1.58 5.66+1.00 0.150
It felt like something was being held in my hand. 5.25+1.37 5.5941.10 0.063
(in the game) It felt as if an object or light was actually hitting it. ~ 5.38+1.41 5.41+1.36 0.453
Three-dimension  (in the game) It felt like an object was passing me around. 5.50+1.24 5.81+1.23 0.129
(in the game) It felt like an object was popping out. 5.03+1.58 5.66+1.31 0.031*
The picture quality was clear. 4.97+1.75 5.38+1.48 0.116
Sharpness The screen resolution was high. 5.97+1.67 5.47+1.44 0.068
The color was clear. 5.47+1.54 5.56+1.44 0.356
It felt like I was in a VR game. 5.28+1.49 5.56+1.46 0.160
It felt as if I was real in the space within the game. 5.19+1.53 5.53%£1.41 0.074
Space related It felt like it was moving in the background of a VR game. 5.22+1.45 5.56+1.22 0.085
It felt like I was experiencing a different world. 4.94+1.68 5.41£1.39 0.004*
It felt like a virtual world. 5.22+1.48 5.41+1.36 0.182
I didn't know time was passing. 5.34+1.49 5.44+1.46 0.338
i I forgot about myself and was completely absorbed. 4.53+1.52 5.00+1.63 0.025*
Time related
It felt like time passed faster than I thought. 5.50+1.48 5.22+1.52 0.156
I couldn't think of anything else. 4.72+1.44 4.91+1.53 0.176
I felt like I had to move my body. 5.84+1.25 5.75+£1.22 0.351
Immersive It seems that my body moved left and right. 5.72+1.35 5.78+1.36 0.402
dynamism Tt felt like it was going to hit the light or object from the screen. 5.47+£1.24 5.63£1.36 0.265
There was a strong sense of collision between objects. 4.75£1.55 4.84+1.59 0.366
_ It felt as if the image in the VR game was real. 4.88+1.60 5.2241.36 0.059
h;r;z?;\: It felt like I was participating in the actual (game) scene. 4.97+1.58 5.34+1.38 0.055
It felt as if the screen existed in reality. 4.53+1.54 5.22+1.39 0.001*

* means p < 0.05
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Appendix

Simulator sickness questionnaire[14]
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