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(Two individuals' share and joint of hands with virtual co-embodiment)
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An avatar displayed in a virtual environment can be felt as if it were one's own body, and this is
called virtual embodiment. Virtual embodiment not only allows us to feel various bodies with
different appearances as if they were our own, but it can also change a person's internal attitudes and
behavior. In recent years, "virtual co-embodiment" in which two or more people operate and
experience a single avatar as a self-body, going beyond the restriction of one person having a single
body, has also been studied. However, most studies on virtual co-embodiment have focused mainly
on the whole hand and arm movements and has not focused on the detailed movements of the hands
and fingers.

This study presents two experiments on virtual co-embodiment of the hands and fingers, aiming to
uncover new scientific insights into this phenomenon and demonstrate its potential applications.

In Experiment 1, we compared a single body that is completely manipulated by one participant, a
shared body that averages the movements of two participants, and a joint body that is partitioned by
two, using the same task, and aimed to obtain fundamental scientific findings on their embodiment
(sense of body ownership and sense of agency) and task performance. We made a virtual
co-embodiment system of hands and fingers, capable of being shared and jointed by two in real time.
We then compared the shared and joint bodies to investigate their sense of body ownership, sense of
agency, and task performance in finger reaching. The results showed that the sense of body ownership
and sense of agency were high in the shared body that they were not so different from those in the
single body, and the task performance was consistently higher in the shared body. The joint body
produced some sense of body ownership and sense of agency but lower than the shared body, and its
task performance was also lower than that of the shared body, and lower than that of the single body
with high task difficulty.

Experiment 2 explored the application of virtual co-embodiment to a motor skill training system.
We developed a virtual hand imitation system that comprised a virtual co-embodied hand from a
first-person perspective and a pre-recorded hand movement of a teacher's hand (teacher avatar). The
participant’s virtual hand movements were averaged in real-time with those of the teacher (shared
avatar hand). We investigated the effects of the participant's hand avatar being a shared avatar with
the teacher and the presentation direction of the teacher avatar on the performance and ease of
imitation. The results of subjective ratings showed that the teacher avatar was presented in the same
orientation as the participant and the shared avatar was rated as easier to imitate than when the
teacher avatar was presented in the participant's opposite direction and reflected only the learner's
own movements (a single avatar). The evaluation of spatial error indicated that presentation of the
teacher avatar in the opposite direction was superior to presentation in the same direction, regardless
of the condition of the participant's avatar. The evaluation of temporal latency indicated that the
shared avatar was better than the solo avatar, despite the orientation of the teacher avatar.

In the future, we believe that this study can contribute to the construction of applied systems in
various fields such as skill acquisition and skill transfer, rehabilitation, and remote collaborative work
using virtual reality technology. This study enriches our comprehension of virtual embodiment and
highlights its potential to enhance interactive experiences within virtual environments.




