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Purpose: Cybersickness is a type of motion sickness induced by virtual reality (VR) or augmented reality (AR) environments that presents
symptoms including nausea, dizziness, and headaches. This study aimed to investigate how cathodal transcranial direct current stimula-
tion (tDCS) alleviates motion sickness symptoms and modulates brain activity in individuals experiencing cybersickness after exposure to

a VR environment.

Methods: This study was performed on two groups of healthy adults with cybersickness symptoms. Subjects were randomly assigned to
receive either cathodal tDCS intervention or sham tDCS intervention. Brain activity during VR stimulation was measured by 38-channel
functional near-infrared spectroscopy (fNIRS). tDCS was administered to the right temporoparietal junction (TPJ) for 20 minutes at an
intensity of 2mA, and the severity of cybersickness was assessed pre- and post-intervention using a simulator sickness questionnaire

(SSQ).

Result: Following the experiment, cybersickness symptoms in subjects who received cathodal tDCS intervention were reduced based on
SSQ scores, whereas those who received sham tDCS showed no significant change. fNIRS analysis revealed that tDCS significantly di-
minished cortical activity in subjects with high activity in temporal and parietal lobes, whereas high cortical activity was maintained in

these regions after intervention in subjects who received sham tDCS.

Conclusion: These findings suggest that cathodal tDCS applied to the right TPJ region in young adults experiencing cybersickness effec-

tively reduces motion sickness induced by VR environments.

Keywords: Cybersickness, Virtual reality, Transcranial direct current stimulation, Functional near-infrared spectroscopy
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Table 1. Comparison of the simulator sickness questionnaire scores be-
tween cathodal and sham groups (Unit: scores)

Cathodal tDCS Sham tDCS
Pre Post  Difference Pre Post  Difference
Total SSQ 13090 86.02 -4488 14212 13464 -7.48
Nausea 66.78 47.70 -19.09 9540 104.94 9.54
106.12 7580 -30.32 11370 9854 -15.16
19488 11136 -83.52 180.96 167.04 -13.92

Oculomotor
Disorientation

tDCS: Transcranial direct current stimulation, SSQ: Simulator sickness question-
naire.

Figure 1. t-statistic maps of oxyhemoglobin values during cybersick-
ness using NIRSLab software
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Table 2. The significant channels of HbO during rollercoaster virtual re-
ality

Cathodal tDCS Sham tDCS
Pre tDCS Post tDCS Pre tDCS Post tDCS
Lt STG 212.63)
MTG 31(2.11) 42.27)
32 (2.96) 22(1.72)
SPL 35(3.99) 9(1.99)
10 (1.86)
11(1.76)
SMG 2 (3.89) 2 (2.60)
AG 1(3.48) 1(1.67)
32.72) 6227
16 (1.86)
17 (2.25)
Rt STG 24(2.41)
MTG 33(1.75) 34 (2.48)
SPL 36 (3.14) 36 (4.46) 36 (2.66)
SMG 6 (6.40) 29(1.87)
29 (3.06)
30 (5.63)
AG 5(5.09) 7(1.71)
18(1.73)
19(2.15)

Values represent significant channel (t-value). tDCS: Transcranial direct current
stimulation, Lt: left, Rt: right, STG: superior temporal gyrus, MTG: middle tem-
poral gyrus, SPL: superior parietal lobule, SMG: supramarginal gyrus, AG: angu-
lar gyrus.
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Table 3. The significant channels of HbT during rollercoaster virtual re-
ality

Cathodal tDCS Sham tDCS
Pre tDCS Post tDCS Pre tDCS Post tDCS
Lt STG 26 (1.73)
MTG 23(2.85)
SPL 35(4.30) 9(2.24)
10 (2.41)
35 (2.56)
SMG 2(2.19)
AG 1(2.13) 16 (2.13)
16 (2.30)
Rt MTG 26(2.92)
34 (3.38)
SPL 36 (2.28) 36 (4.55) 36 (3.43)
SMG 6 (4.03) 6(1.71)
29 (3.02)
30 (4.42)
AG 5(5.14) 5(1.96)
18 (2.22)
19 (2.16)

Values represent significant channel (t-value), tDCS: Transcranial direct current
stimulation, Lt: left, Rt: right, STG: superior temporal gyrus, MTG: middle tem-
poral gyrus, SPL: superior parietal lobule, SMG: supramarginal gyrus, AG: angu-
lar gyrus.
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Figure 2. t-statistic maps of total hemoglobin values during cybersick-
ness using NIRSLab software
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