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Embodied Communication Emergent from
Mutual Physical Expression between Humans and Robots

TETSUO ONO,t MICHITA IMAIL,* HIROSHI ISHIGUROT it
and RYOHEI NAKATSUt

In this paper we propose a framework of embodied communication focusing on physical
expression. This framework aims at clarifying the mechanism of communication based on the
relationship which emerges by the entrainment resulted from mutual physical actions. Psy-
chological experiments were carried out to explore the validity of our proposed framework.
Concretely speaking, the experiments focused on a correlation between physical expression
and utterance understanding in human-human and human-robot interactions. The results of
the experiments showed that subjects communicated with humans smoothly using entrained
actions each other, whereas subjects could communicate with a robot smoothly only when
the robot practiced sufficient physical expression entrained subjects’ actions. The results,
moreover, suggest that an investigation of embodiment is indispensable for developing the
interactive technologies in the next generation.
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Fig.1 Experimental setup in human-human interaction:

arrangement of subject, informant, destinations,
and turns.
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Table 1 Results of gestural arrangement in experiments
on human-human interaction.
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Table 2 Results of entrained actions of arms and eyes in

experiments on human-human interaction.
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Fig.2 Photo of entrained physical expression in human-
human interaction.
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Table 3 Results of conversation analysis in experiments on human-human interaction.
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Fig.3 Photo of inplemented robot “Robovie” for experi-
ments (left), and the robot’s head and arm motion
mechanism (right).
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Fig.6 Results of subjects’ physical expression in
experiments on human-robot interaction.
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Table 4 Results of subjects’ psychological evaluation to robot and its analysis.
C-1 C-2 C-3 C-4 C-5 C-6 ooooooo (F(5,24))

ooo 3.0 (1.225) 3.0 (1.871) 2.6 (1.140) 3.8 (1.924) 3.8 (0.447) 4.0 (1.414) F = 0.803, p = .558 (ns)
ooo 4.2 (1.483) | 3.4 (1.342) | 3.2 (1.095) | 4.8 (1.095) | 4.4 (0.548) | 4.8 (1.643) | F = 1.515, p = .222 (ns)
000 | 3.8 (1.304) | 3.6 (1.140) | 4.0 (1.581) | 4.4 (0.894) | 5.4 (0.548) | 5.4 (0.894) | F =2.557, p =.054 (+)
oo 3.4 (1.673) | 3.0 (1.225) | 2.8 (1.095) | 4.2 (0.837) | 4.8 (1.304) | 4.6 (1.140) | F =2.348, p = .072 (+)
ooo 2.6 (0.548) | 3.0 (1.414) | 2.8 (1.095) | 3.6 (1.517) | 4.0 (1.000) | 5.0 (1.000) | F = 3.733, p = .012 (%)
000 | 2.8 (1.304) | 3.2 (1.789) | 3.4 (2.074) | 3.6 (1.517) | 3.4 (1.517) | 4.2 (1.304) | F =0.415, p = .833 (ns)

(x»» 00000 (p<.05)0+: 0000000 (p<.10)0ns: 00ODD)
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Table 5 Mean time until the subjects’ arrival at the destination and its standard

deviation, and the number of subjects not arriving at the destination.

C-1 C-2 C-3 C-4 C-5 C-6
ooooooo 69.5 71.3 67.7 70.2 66.8 65.4
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