Reducing Virtual Reality Sickness for Cyclists

in VR Bicycle
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Figure 1: Overview of countermeasures to reduce VR sickness in bicycle simulators: (a) airflow, (b) dynamic field-of-view
restriction (FoV), (c) two-sided head-mounted vibrotactile feedback. Airflow creates a wind-like sensation, FoV dynamically
restricts the peripheral vision of cyclists by blacking out the field-of-view, and vibration conveys a simultaneous sensation on

both sides of the head.
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2.3 Virtual Reality Sickness and
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Figure 2: In the first study, we evaluated three steering meth-
ods based on the: (1) Head-Mounted Display (HMD) (left),
(2) handlebar (center), and (3) upper-body (right). The HMD
method allows steering by turnings one’s head left and right,
the handlebar - by turning the handlebar, and the upper-
body - by leaning left and right.
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Figure 3: In the first study, we investigated three routes
(bird’s eye view above), where each route consisted of five
left and right turns and contained coins placed at equal dis-
tances from each other. We also added two slalom tracks
with obstacles to enforce steering with smaller turning an-
gles compared to larger turning angles for 90°turns (bottom).
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Figure 4: Experimental setup used in both studies: Participants cycled on a stationary bicycle simulator while wearing a VR
head-mounted display. The VR trackers and the turntable were used to measure the rotation angle of the handlebar and speed
sensor — the cycling speed. In the second study, additional countermeasures against VR sickness were used: a fan placed in
front of the head, vibrotactile feedback integrated into the head-mounted display behind the ears, and a reduction in the field
of view displayed in the HMD. Another difference between study 1 and 2 is in the bike platforms: The figure shows the Tacx
platform used in Study 2, while Study 1 used the Kinetic Rock and Roll to facilitate upper body movements.
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Figure 5: Overview of results: means and standard errors for Simulation Sickness Questionnaire (SSQ) score, accuracy as a
number of collected coins, System Usability Score and task completion time.
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Figure 6: Routes explored in the second study from a first person perspective (above) and bird’s-eye view (below): (a) 1D trajec-
tory (cycling straight), (b) 2D trajectory with turns left and right (turns), and (c) 3D trajectory with turns left/right and slopes

up/down (slopes).
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Figure 7: Overview of the total SSQ scores and its sub-scores (nausea, oculomotor, disorientation) with means and standard
errors for the types of cycling routes (left) and measures to reduce VR sickness (right).
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Figure 8: Overview of VR sickness tendencies over time per
condition using 90% data ellipses. Data ellipses construct
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6.2 External Countermeasures to Reduce VR
Sickness in Bicycle Simulators
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