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• 26 participants

• Temporal order judgement (TOJ) task between onset of passive whole-body 

rotation and onset of auditory reference stimuli

• Rotation stimuli: 1 and 0.5 Hz, 20 deg/s peak velocity, raised cosine 

trajectory on MOOG 6DOF motion platform

• Sound stimuli: 800 Hz, 10 ms duration square tone

• 9 stimulus onset asynchronies (SOA) (on a log scale): -600, -295, -145, -35, 

0, 35, 145, 295, 600 ms (negative represents auditory leading vestibular)

• Virtual forest environment created in Unreal Engine (ver. 4.16) presented 

using Oculus Rift (CV1)

• 5 visual conditions: eyes closed, visual gain of 1, 2, -1 & 0.5

• Within subjects design with blocked visual conditions and frequency (10 

blocks x 54 trials each = 540 total trials)

• Perception of self-motion is crucial to guide our actions as we navigate our surroundings

• The vestibular system is the main sensory modality responsible for detecting acceleration 

and velocity of the head, as well as our orientation relative to gravity

• However, vestibular events take longer to be perceived compared to other sensory 

modalities [1] 

• A vestibular stimuli needs to occur before a paired sound stimuli to be perceived as 

simultaneous, modulated by the frequency and velocity of the motion [2]

• Existing research has only been conducted with no or minimal visual stimuli, limiting 

interpretability of current findings; the likelihood for the brain to detect the onset and 

change in motion can improve when relying on multiple sensory sources [3,4]

• Hypothesis: Delay in perceived onset of vestibular stimulation will be reduced when 

ecologically valid visual information is available
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Perceived onset is affected by the frequency, but does not change when 

vision is present.

PSS: Significant effect of frequency (p < .001), no effect of vision (p = 0.531) 

and no interaction (p = 0.902)

JND: No significant effect of frequency (p = 0.905), vision (p = 0.207) and no 

interaction (p = 0.342)

Perceived onset is slower when the visual gain is inverted at both frequencies.

PSS: Significant effect of frequency (p < .001) and vision (p = 0.007); no 

interaction (p = 0.794)

JND: No significant effect of frequency (p = 0.567), vision (p = 0.775) and no 

interaction (p = 0.777)
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• A passive motion needs to be presented significantly earlier than a paired auditory stimuli to be perceived as 

occurring simultaneously. This effect is more pronounced when the frequency of the motion is slower, replicating 

past research [2]

• The addition of vision did not significantly improve participants’ ability to perceive the onset of self-motion as 

hypothesized (eyes closed vs gain 1) or improve their precision (JND)

• However, there was a significant effect of vision on the perceived onset of motion when the gain of the visual 

scene was inverted (-1), but not when the rate of the gain was increased (2) or decreased (0.5)

• Vision does not affect the perceived onset of the motion unless the direction of the movement is altered

• Future work should further explore this relationship and assess the perceived timing of self-motion and visual 

cues (instead of auditory)

Perceived onset is affected by frequency, but not affected when the visual gain 

is doubled in velocity.

PSS: Significant effect of frequency (p = 0.028), no effect of vision (p = 0.097) 

and no interaction (p = 0.089)

JND: No significant effect of frequency (p = 0.586), vision (p = 0.115) and no 

interaction (p = 0.116)

Perceived onset is not affected when the visual gain is slowed down.

PSS: Significant effect of frequency (p = 0.028), no effect of vision (p = 0.073) 

and no interaction (p = 0.164)

JND: No significant effect of frequency (p = 0.790), vision (p = 0.292) and no 

interaction (p = 0.303)

0.5 Hz

1 Hz

Platform Movement Trajectory

Visual Movement Trajectory

* *

*
**

JND

*
*

* *


