JAIST Repository

https://dspace.jaist.ac.jp/

iUy UUg o

Title gooooooogo

Author(s) a, o0

Citation

Issue Date 2020-03-25

Type Thesis or Dissertation

Text version

ETD

19/ 16655

URL http://hdl . handle.net/ 101
Rights
Description Supervisor: ggooo, ooooooo,

HEN

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



K 24

o6 o O i GnEEET)
oA i F o5 g s
AR5 AR AM2HFE3IABA

LI, Guanhong

B D : | H Mirroring in Humans for Symbolic Communication: Evidence From an EEG Study
i # A E B FEAE BA B ALRERESRBIAE R T Bz

Ho Tu Bao [A] EoCia

HUYNH Van Nam [A] i

Hi FF A %

FEE RS AR Hifz
X ONEDEE

Humans and many other animals exhibit communicative behavior. One of the most important features
distinguishes human beings from other animals is the extensive use of symbols in communication. The
lack of evolutionary continuity between human symbolic communication and non-human animal

communication makes the evolution of symbolic communication a puzzle.

Following the discovery of mirror neurons in the brains of humans and some non-human animals, a
mirroring mechanism based on the neural activity related to the mirror neurons provided a solution to the
evolutionary puzzle of symbolic communication. However, the functional role of mirroring in symbolic
communication had not been understood yet. In fact, previous works found no empirical evidence for a

functional link between mirroring and the performance of symbolic communication.

The present work aims to clarify the role of mirroring in symbolic communication. Specifically, this study
hypothesized that mirroring plays a functional role in the formation of symbolic communication systems
on the connotative level, rather than the denotative level. In order to investigate the neural activity in the
formation of symbolic communication systems, this study designed an experiment adopting the

experimental semiotics approach.

In the experiment, pairs of participants need to cooperate in a coordination game, in which the players
need to develop communication systems with geometrical figures. Forty participants were recruited for
the experiment. Participants went through a non-communicative condition individually and a
communicative condition in pairs. During the experiment, the participants' neural activity was recorded
by electroencephalography. Behavioral performance on forming symbolic communication systems was
measured by three indices. These indices measure overall performance, the performance on the denotative

level, and the performance on the connotative level, respectively. The mirroring activity was measured by




the significance of mu-band power suppression in the electroencephalography (EEG) signals.

The first analysis compared the behavioral performance of the participants with significant mirroring
activity in the communicative condition against those who showed significant mirroring in the
non-communicative condition only, but found no significant difference. The second analysis found that
the participants with significant mirroring activity in both communicative and non-communicative
conditions performed significantly better than the other participants in terms of overall performance and

the performance on connotative level.

These results are consistent with the hypotheses of this study and suggest two potential benefits from
mirroring for forming symbolic communication systems. Firstly, mirroring has immediate benefits for
developing connotative meanings in symbolic communication. Secondly, mirroring has fundamental

benefits for sharing arbitrary form-meaning mappings through interpersonal interaction.

In conclusion, the present study provided empirical evidence for a functional role of mirroring in the
formation of symbolic communication systems, especially on the connotative level. The mirroring may
have evolved in humans to respond to imagined action without actually perceiving it. This extended
mirroring may provide a neural substrate for developing and sharing symbolic communication systems,

by which humans become capable of sharing knowledge beyond the limits of space and time.

Keywords: Mirroring, Symbolic communication, Electroencephalography, Experimental semiotics,

Communicative coordination game, Mu-suppression.
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