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A study on visuomotor and visuotactile synchronization in full body
ownership illusion with virtual avatars
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Abstract
Body ownership illusion (BOI), which means ‘the illusion that a non-bodily object feels like my body’, has been actively studied since the
Rubber-hand Illusion showed that a person can feel a rubber hand like one’s own hand. It has been proven that BOI can be elicited for virtual
bodies in virtual reality. Although many studies have been examined the effect of visuomotor (VM) and visuotactile (VT) stimuli, which are
mainly used for the elicitation of BOL there were very limited studies that delivered both stimuli to the whole body at the same time. In this
paper, we investigated how each stimulus affects BOI when delivering VM and VT stimuli simultaneously to the virtual avatar, and examined
user experience that appears as presence, emotion, and virtual motion sickness. The results showed that BOI was high when VM is
synchronous, but there was no significant difference according to VT levels. In the case of presence, it was confirmed that VT affects only
when VM is synchronous, and in the case of emotion, both VM and VT affect valence, and in the case of virtual motion sickness, a statistical
difference is not found. These results suggest that overall synchrony of VM is important factor in BOI with virtual avatars, but that the matching
VT affects subjective experience such as presence when VM is synchronous.
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Figure 2. Virtual reality and virtual body used in the experiment. (a) Participants saw their whole virtual body through a mirror
(b) Participants saw their virtual body by looking down (c) VT stimuli were delivered when a black sphere hits a virtual body.
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Table 1. BOI questionnaire items.
Question Statement
Ownershipl I felt that the virtual body I saw when looking down at myself was my own body.
Ownership2 I felt that the virtual body I saw when looking at myself in the mirror was my own body.

Self-location

Agency

Overall, I felt as if my body was located where I saw the virtual body to be.

The movements of the virtual body were caused by my own movements.
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Figure 4. Results of BOI (Boxplot). ‘Sync’ = Synchronous; ‘Async
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‘Sync’ = Synchronous; ‘Async’= Asynchronous; * p < (.05/6); ** p <
(.01/6); *** p <(.001/6);
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