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Communication
Channel Verbal ① Language 

30～35%
② Near language

a. Acoustics, Phonetics 
b. Temporal pattern of utterance

Non-verbal ③ Body motion
65～70% a. Gaze

b. Gesture, Posture, Body contact
c. Face expression

④ Proxemics
⑤ Artifacts
⑥ Physical environment

Implicit Communication (Embodied Process: BA)

Explicit Communication (Cognitive Process)

We interact with many people in daily life, and this affects our behaviour and 
thinking. These interactions have been considered not only from the viewpoint of 
verbal and explicit (conscious) interaction but also with respect to nonverbal and 
implicit (unconscious) interpersonal interaction. 
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Enlargement

Importance of Non-verbal Communication

Alex Pentland
MIT Media Lab

Honest Signals: How They Shape Our World
The MIT Press (2010) [Daibo, 1998]
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Interpersonal Embodied Synchrony

Condon & Sander 
1974

Neonate’s motor behavior 
synchronized with adult’s 
utterance 

Interpersonal Embodied Synchrony

Nagaoka & Komori 
2008

Positive correlation between 
body movement synchrony & 
positive evaluation of 
counsellor-patient relationship 
in psychotherapeutic 
counselling  

Low rated counselling

High rated counselling
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Experimental Task

Sh
u
ff
le

Empathetic 
part

Informative 
part

Task Material

Head AccelerometerHead Set

SpeakerListener

One-way communication task

Inoue, Y., Ono, E., Kwon, J., Motohashi, M., Ikari, D., Ogawa, K., Miyake, Y., "Head 
motion synchronization in the process of consensus building," Proc. of the 2013 
IEEE/SICE Int. Symp. on System Integration (SII2013), Kobe, Japan, pp.70-75 (2013) 
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*P < 0.01

Analysis of Empathy

• Listener listens to playback for voice 
recorder every 30 seconds, and rates 
degree of empathy with speaker.

• Calculate mean degree of empathy 
for empathetic and informative part 
(“Very Low” : 0; “Very High” : 4)
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Analysis of Embodied Synchrony

Step 1: Head Acceleration Norm Step 2: Time‐frequency Analysis 
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Analysis of Embodied Synchrony

Step 4: Time‐Lag Analysis

A faster than B

B faster than A
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Step 3: Frequency Factorization 
Amplitude Spectral Analysis 
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90 % line

0

Head Motion 
Synchrony

• Extract	STFT	data	at	0.5	Hz	interval	
 Amplitude	spectrum.

• Spearman	rank	order	correlation
• Head	motion	peaks		90%	line	

&	‐0.5	sec	൏	Δt ൏	0.5sec
→ Head	motion	synchrony.

Relationship between Empathy and Synchrony

Intensity of embodied 
synchrony of nodding 
increased under empathetic 
condition
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Yap, M.S.R., Ogawa, K., Inoue, Y., Miura, S., Miyake, Y., "Multi-layered embodied 
synchrony in the process of consensus building," PLoS ONE (under review)
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Frequency of Body Movement [Hz] Frequency of Body Movement [Hz]

Speaker 
faster than 
listener

Listener 
faster than 
Speaker

Relationship between Empathy and Synchrony

Listener’s nodding delays 
speaker’s nodding under 
informative condition  
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Yap, M.S.R., Ogawa, K., Inoue, Y., Miura, S., Miyake, Y., "Multi-layered embodied 
synchrony in the process of consensus building," PLoS ONE (under review)

Nodding
Laughing
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Synchrony

Informative Part Synchrony Empathetic Part Synchrony

Frequency of Body Movement [Hz] Frequency of Body Movement [Hz]

Synchrony Difference
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faster than 
listener
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Speaker
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listener
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Speaker

Frequency of Body Movement [Hz]

Listener’s nodding 
precedes speaker’s 
nodding under empathetic 
condition  
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Embodied Synchrony in Social Communication

acceleration sensor 

infrared ray sensor 

Business-Microscope (Hitachi )
Yano et al.  http://www.hitachi-

hitec.com/jyouhou/business-
microscope/index.html

Ara, K., Sato, N., Tsuji, S., Wakisaka, Y., Ohkubo, N., Horry, Y., and Moriwaki, N. (2009). Predicting flow state in daily work 
through continuous sensing of motion rhythm. in Proc Sixth Int. Conf. Networked Sens. Syst. (INSS), 1–6.

Body Movement 
Data

Face to Face 
Contact Data
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Face-to-face 
Contact

௧ݔ


0[Hz] 1[Hz] 2[Hz] 3[Hz]

Frequency of 
Body Movement

An Example of Social Communication

Higo, N., Ogata, T., Nozawa, T., Ono, E., Ara, K., Yano, K., Miyake, Y., "Interpersonal entrainment of body sway in everyday face-to-face 
communication," Proc. of the 2012 IEEE/SICE Int. Symp. on System Integration(SII2012), Fukuoka, Japan, pp.906-911 (2012) 

A B

C

A

B C

A and B

B and A

A and C

C and AB and C C and B

Face-to-face communication network and time-series 
data on the body movements.

An Example of Social Communication

Ogawa, K., Xu, B., Asami, A., Ara, K., Yano, K., Miyake, Y. "Body movement similarity during daily face-to-face communication 
based on degree of context sharing in social networks," PLoS ONE (under review)

1. To define the similarity ݕ ݐ ൌ
௫ ௧ ି௫ೕ ௧

௫ ௧ ା௫ೕ ௧
ൈ 100 every minute on each pair.

2. To calculate the time average ிݕ in face-to-face situations .

(similarly, in	ேிݕ non-face-to-face situations)

3. To calculate the ensemble average ܻி and ܻேி in each organization.

21

Analysis of Embodied Synchrony

Higo, N., Ogata, T., Nozawa, T., Ono, E., Ara, K., 
Yano, K., Miyake, Y., "Interpersonal entrainment of 
body sway in everyday face-to-face communication," 
Proc. of the 2012 IEEE/SICE Int. Symp. on System 
Integration(SII2012), Fukuoka, Japan, pp.906-911 
(2012) 

Distribution of ݕி&ݕேி

Distribution moves to left when 
embodied synchrony is strong.

Analysis of Embodied Synchrony

A B C D

E F G

Organization A B C D E F G

Type R&D Wholesale Consultant
Development

support
Development Development Development

Participants 117 212 135 219 144 109 124

Days 41 48 33 57 57 57 57

Embodied Synchrony in Business Office

Communication Network of Face-to-Face Contact in 7 companies

ிݕ :

ேிݕ :

Embodied Synchrony in Business Office
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Yun, Watanabe & 
Shimojo, 2012

synchrony of both fingertip 
movement and neural activity 
between the two participants 
increased after
cooperative interaction

“Preston and de Waal (2002) proposed a 
neuroscientific model of empathy, one which 
suggests that observing or imagining another 
person in a particular emotional state
automatically activates a representation of that 
state in the observer, along with its associated 
autonomic and somatic responses. “

(Preston & de Waal, 2002, Behav Brain Res)

(Singer & Lamm, 2009, Ann NY Acad Sci)

Neuroscientific Model of Empathy

(Zaki et al., 2012, Nat Neurosci)

Posterior superior temporal sulcus
後部上側頭溝

Temporal pole
側頭極

Anterior insula
前部島皮質

Posterior cingulate 
cortex 後帯状回

Inferior parietal lobule
下頭頂小葉

Temporoparietal
junction

頭頂側頭接合部

Medial prefrontal 
cortex

内側前頭前野

Premotor cortex
運動前野

Anterior cingulate cortex
前帯状回

楔前部

Brain Areas associated with Empathy

Empathic neural responses are modulated by the perceived 
fairness of others

(Singer et al., 2006, Nature) 

(n=16)

(n=16)

Women

Men

Pain > No‐pain

Fronto‐insular cortex (FI)

Left FI Right FI

Singer et al., 2006, Nature
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生命としての「場」

（阿頼耶識がはたらく場所）

Festival and Prayer space in the Jomon period (B.C.10000～B.C.500)

Circular square
（Embodied Synchrony）

Grave
（BA of Life）

Embodied Synchrony in Japanese Culture

Festival and Prayer space in the Jomon period (B.C.10000～B.C.500)

Embodied Synchrony in Japanese Culture

https://www.youtube.com/watch?v=we3_aDa2Hls

Festival and Prayer space in the Jomon period (B.C.10000～B.C.500)

Embodied Synchrony in Japanese Culture

https://www.youtube.com/watch?v=qu64q0FYm1c

Thank you for your attention!
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