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Abstract

It is known that the illusion of body ownership, like as the rubber hand illusion, affects the proprioceptive sense of body
position. In the present study, we investigated whether eye movements and pupil responses to the location where the sense of
body ownership was induced were also affected. We presented a virtual left hand on a head mounted display and stroked both
the virtual hand and the real left hand with a brush, while a light suddenly appeared on the virtual left hand or empty right space
randomly. The participants were asked to move the eyes on the light. We found that the illusory ownership of the virtual hand
occurred with proprioceptive self-location drift by the synchronous stroking, but the saccade eye movements and pupil sizes
were not affected by the illusory body ownership, suggesting that the gaze responses may be independent from the self-body

representation.
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1. Introduction

We can have an illusory ownership towards virtual objects other
than the own body parts. If a hand is obscured by a partition, a
rubber hand is placed in front of the partition in the same direc-
tion as the real hand and simultaneously stroked with a brush, after
looking at the rubber hand for a while, the rubber hand is felt as if it
were one’s own hand. This is called the rubber hand illusion [BC98]
[THOS]. This illusion of body ownership also occurs for the hand
or body of an avatar in a virtual environment [YS10] [IdKHO06].
The subjective rating using a questionnaire is the most common
measurement for virtual embodiment, and the proprioceptive self-
localization and its drift are often used as a behavioral measurement
method for the rubber hand illusion. In addition, the skin conduc-
tance responses to threat stimuli are used as a physiological mea-
surement method [ARO3]. Recently, it is shown that the virtual em-
bodiment modifies attention allotment for the benefit of dual motor
task performance [INIG22], and the illusory body ownership posi-
tively correlates with pupil diameter [FBH*22]. Thus, we focused
on gaze responses including saccadic eye movements that relate to
attention and pupil diameter changes. We aimed to test the effects
of illusory body ownership on the saccadic eye movements to the
embodied position and pupil responses as new candidates for mea-
surements of body ownership.
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2. Methods

Twenty-four healthy adults participated in the experiment. They
provided written informed consent before the experiment. The
methods of the experiment were approved by the Ethical Commit-
tee at Toyohashi University of Technology, and all methods were
carried out in accordance with the relevant guidelines and regula-
tions.

Visual stimuli were generated and controlled by a computer and
presented on a head-mounted display (HMD, HTC Vive Pro EYE).
A brush attached with a tracker (HTC Vive Tracker 3.0) was used
to present tactile stimuli.

Participants sat on a chair and put the left hand on a desk. A
virtual left hand was presented 20 cm rightward of the real hand
location. An experimenter stroked the participant’s left hand with
the brush, and synchronously the virtual hand was stroked by a vir-
tual brush (synchronous condition). In the asynchronous condition,
the virtual brush delayed 2 s compared to the real stroking. Dur-
ing the brush stroking with observing the virtual hand, the partici-
pants were asked to a fixation point, then move the eyes to a light
suddenly appearing at one of eight locations; four of them were
at tips of the virtual hand’s fingers while the others were symmet-
ric positions to the fixation point at empty space (Figure 1). After
40 trials for each condition (20 on the virtual hands and 20 on the
empty space), the participants indicated the position of left middle
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finger and answered an embodiment questionnaire. Two conditions
(sync./async.) were repeated twice in a counter balanced order

Positions
of a light

Figure 1: Schematic image of participants’ sight on the HMD.
Blue dots were positions of a light for the saccade. The light sud-
denly appeared at one of these locations randomly..

3. Results

Questionnaire results showed that the illusory body ownership oc-
curred when the brush stroking was synchronous compared to the
asynchronous stroking (t(23)=5.560, p<.001, d=1.135; Figure 2
Left). The proprioceptive self-location of the left hand drifted to-
wards the virtual hand in the synchronous condition (t(23)=1.815,
p=.041, d=0.370; Figure 2 Right). Thus, the illusory body owner-
ship was induced by the synchronous brushing. The saccadic eye
movement time was not different between the synchronous and
asynchronous conditions (F(1,19)=0.073, p=.790, np2=0.004) or
the virtual hand and the empty locations (F(1,19)=0.263, p=.614,
Np2=0.014; Figure 3). The pupil diameter change (difference be-
tween the stroking period and the pre-stroking period) was not
different between the synchronous and asynchronous conditions
(t(23)=0.184, p=.856, d=0.038; Figure 4). .
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Figure 2: Results of subjective ownership (Left) and propriocep-
tive drift (Right).

4. Discussion

We found that the illusory body ownership towards a virtual hand
by visual-tactile integration in the subjective rating and the proprio-
ceptive self-location drifts. However, the illusory ownership did not
affect the saccadic eye movements or the pupil responses. These re-
sults suggest that gaze responses may be independent from the vir-
tual embodiment or self-body representation. However, our results
were inconsistent with the previous study [FBH*22]. We should
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Figure 3: Results of saccadic eye movement time.
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Figure 4: Results of pupil diameter change.

further study this discrepancy and need to look for other behavioral
measurement for the virtual embodiment.
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