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Abstract of Thesis

The illusion of body ownership transfer (BOT) to human-like android robots is a sensation of
embodiment into robot’s body that operators report during the teleoperation of robot’s motions. It is a
recently discovered phenomenon that has shown potentials for understanding the fundamental aspects
of our perception of own body and self.

The aim of this research was to investigate about the underlying mechanism of such BOT illusion
and its effects on the operators. Using a brain computer interface (BCI), we developed an
experimental tool with which we could inspect the cognitive model and consequent effects of such
illusion in human brains. Four experiments, designed to address the cognitive underpinnings and
effects of BOT, are presented.

In Experiment 1, we confirmed the inducement of body ownership illusion for a pair of
BClI-teleoperated robot’s hands by translating subject’s imagination of a grasp movement into robot’s
motions of grasp. Using BCI system and removing bodily movements during operation, we could
clarify the role of proprioceptive feedback in the earlier introduced cognitive model of self-attribution
during voluntary movements. In the previous works, the illusions of ownership were mainly induced
by integration of multiple sensory feedback channels. However for the first time we could show that
even without integration of proprioceptive feedback, the synchronization between one’s motor
intention and one sensory channel that was visual feedback of planned motion could result into a
sense of agency and ownership for the seen motions and body. In addition, results showed that the
strength of illusion was linearly correlated with the subject’s BCI performance.

In Experiment 2, we further investigated the contribution of proprioception in the inducement of
body ownership illusion under the inevitable delay of real time operational system. To that end, we
compared the intensity of BOT illusion when the subjects controlled robot’s hands either by motor
imagery (BClI-teleoperation without real body movements) or by motor action (previous
motion-capture system tracking real body movements). The results indicated that under delayed visual
feedback, the removal of mismatching sensory signals such as proprioceptive feedback in a
high-performance BCI-teleoperation could enhance the sense of agency and illusion of ownership.

From above two experiments we realized two facts: First the practicality of BCI systems in the
inducement of BOT illusion for teleoperated androids (Experiment 1 and 2), and second the
correlation between subject’s operational skills and the intensity of illusion (Experiment 2). In the
following two works, we were further interested in the effects of body ownership illusion on the
operators of a BCI-controlled android. Therefore we challenge the employment of BOT illusion in the
BCI feedback design in order to improve subjects’ BCI performance and motor imagery skills.




In Experiment 3, we positively and negatively biased the performance of subjects in the presented
visual feedback to manipulate the strength of BOT illusion and evaluated changes in the subject’s real
performance. Although subject’s online performance did not show any changes due to feedback bias,
offline classification of brain activities demonstrated a more discriminant feature distribution during
motor imagery tasks in the positively biased session. This result suggest that when the subjects
received an enhanced feedback of their performance during robot’s hand operation, the feeling of
being the cause of the motions and the controller of the hands assist them modulate their brain
activities toward an improved motor imagery pattern.

In Experiement 4, we focused on measuring the direct contribution of BOT illusion to the
improvement of subject’s motor imagery skills by changing the robot’s appearance in the visual
feedback. Two groups of subjects teleoperated a different robot: a pair of very human-like android
hands versus a pair of robotic gripper. The results did not show any significant change in the trend of
learning probably because the robotic gripper was to some extent similar to human hands and
subjects’ assessment of BOT illusion was unexpectedly high. However in the follow up session, when
both groups repeated BCI-teleoperation with the robotic gripper, the group who initially practiced the
task with android hands showed significantly higher controlling skills than the other group who only
experienced the operation of robotic gripper. This shows that motor imagery skills learnt during the
BClI-operation of humanlike hands are robust to time and visual feedback changes. Future
experiments with a completely non-humanlike robot are required to rechallenge the comparison of
motor imagery learning due to BOT intensity and feedback human-likeness.

All together, by suggesting a positive interaction between the inducement of BOT illusion and
improvement of subjects’ operational skills, our findings reveal the promising nature of
BCl-teleoperation for an efficient interaction through android robots and furthermore the application
of such system in the future BCI training paradigms.
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