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Embodied Entrainment in Everyday Face-to-face Communication

Naoki Higo

Abstract — This study investigates whether the body sways of people entrained with
each other in everyday face-to-face communication. Using werable sensors, we measured
individual time series regarding the body movement of the upper torso and also face-to-
face interactions between people in daily life. People in the seven business organizations
participated in this study. The rhythms frequencies of the body movement are defined as
the number of the upper torso movement for a minute to analyze embodied entrainment
simply in daily life. The observation included 100 to roughly 220 participants from each
of organization over a period of two to three months. The present study analyzes the
distribution of the differece of the rhythms frequencies by re-sampling. We show that the
distribution of the difference of the rhythms frequencies have the small standard devia-
tion and the high kurtosis than that of the differece obtained from re-sampled rhythms
frequnecies. It suggests that the rhythms frequencies of the body movement become
more closer in face-to-face situations. This result promises that the embodied entrain-
ment can be observed in everyday face-to-face communication. Our proposal method for
measuring the daily body-entrainment is expected to develop an assessment method of
the smoothness of social interaction in daily life by the degree of entrainment related to

the quality of communications.
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If the distance between participants is shorter than 2[m], it is regarded that they are meeting.
Otherwise, it is regarded that they are not meeting.

Fig.1 The wearable sensors (Business Microscope). The equipment is attached
on the upper torso of a participant [18]. The equipment has a three—axis
acceleration sensor and an infrared transceiver. The three—axis accelera-
tion sensor captures the rhythm of upper torso movement. The infrared
transceiver detects face-to-face interaction. The data are collected by
minute. Participants put on this equipment when arriving at work and

took it off when leaving.
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Fig.2 Measured data sample.
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Fig.3 re-sampled example.
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Fig.4 The four examples of Q—-Q plot. Each example has two histograms and
the Q—Q plot. In the Q—Q plots, grey reference line represents Q1 = Q2.
In the panel (a), two data sets A; and A; obey the same distribution.
In the panel (b), the distribution of Az is 1.2 times as broad as that of
Ai. In the panel (c), the kurtosis of A; is higher than that of A2. In the
panel (d), the tale of the distribution of As is heavier than that of A;.
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Table 1 Summary of organizations. ” Type” expresses the category of business
in the organizations. ”Participants” is the number of people whose
data were analyzed. ”Days” is the total duration for analysis. Orga-
nizations A, B and C are different companies. Organizations D, E, F
and G are different divisions of the same company.

Organization A B C E F G
Development
Type R&D Wholesale Consultant support Development Development Development
Participants 117 212 135 219 144 109 124
Days 41 48 33 57 57 57
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Fig.5 The original distribution and the re-sampled distributions by histograms
and Q-Q plots. Panel (a-1), (b-1), (c-1), (d-1), (e-1), (1) and (g-1)
show the histograms of the original distribution and the re-sampled dis-
tributions of organizations A, B, C, D, E, F and G. In each panel, the
grey histogram represents an original distribution, and the polygon his-
tograms shows a resampleing distribution calculated by averaging five
hundreds resampling. These histograms’ bin width size is 0.2. The poly-
gon histograms have error bars, which shows standard deviation of each
bin’s length. Panel (a-2), (b-2), (c-2), (d-2), (e-2), (£-2) and (g-2) show
Q-Q plot (the quantile of the original distribution — the quantile of the
re-sampled distributions) of organizations A, B, C, D, E, F and G. The
horizontal axis presents the percentile of the original distribution, and
the vertical axis presents the percentile of the re-sampled distributions.
Red reference line represents QQ = Q.
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Table 2 The standard deviations and the kurtosis of the distribution of the dif-
ference of the frequencies. #°P represents standard deviation of orig-

inal distribution. 5P represents standard deviation of re-sampled

distribution. 6*“"* represents kurtosis of original distribution. grurt
represents kurtosis of re-sampled distribution.

65D 657" (mean =+ sd) ghrurt 0kt (mean + sd)
A 0.794 0.912 4+ 2.99 x 1073 0.329 0.098 4+ 2.53 x 102
B 0.785 0.902 + 1.56 x 10~3 0.595 0.165 + 1.43 x 1072
C 0.837 0.929 +2.29 x 1073 0.122 —0.131 +£1.83 x 1072
D 0.826 1.046 + 1.69 x 1073 0.516 0.095 &+ 1.50 x 102
E 0.770 0.910+1.61 x 1073 0.595 0.130 + 1.67 x 102
F 0.748 0.895 +1.96 x 10~3 0.382 —0.029 + 1.61 x 10~ 2
G 0.788 0.926 4+ 2.56 x 1073 0.756 0.127 £1.95 x 1072
(a) (b)
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Fig.6 The differences of the standard deviation and the kurtosis between the
original distribution and the re-sampled distribution on each organiza-
tion . Panel (a) shows the difference of the standard deviation between
the original distribution and the re-sampled distribution by the box-plot.
Panel (b) shows the difference of the kurtosis between the original dis-
tribution and the re-sampled distribution by the box-plot.

ooooobooooooooobooooooboooog
goboooboooboooboooobobooooog
ooboooobooooooobooooooooog
oobooooooobooooooobooooog

12

gooobooooooooboooooobooooooon
gobooooooboooooooboboooooog
goboooboooboobooooboboooobog
gooboooooobooooboooooooooon
ooboobooooobooboooobooobobooooog
oooooobooobooobboooooooooog
gobooboooooooobooboooboood



oobooobooobooobooboooooboooog
obooobooobooboobbooobobobogon

gbooOooooooooobooooooboooooon

gboboboboboboboboboooboooo
goooo

g

goboooooooooooobooooobooo
goboooobooooboooboooobooooog

gboooobobOboboboooooboooon

oobooobooooobooooboooobooooog
gobooooooobooobboobooooooog
goboooboooboooboooobobooooog
gboobOoobooboooobooooboooboog
oobooboboooobooboboobooooooog
oooobooooobooboooooooo

1]

[10]

oood

J. D. Bransford, and M. K. Johnson, Contextual
Prerequisites for Understanding: Some Investiga-
tions of Comprehension and Recall, Journal of Ver-
bal Learning: and Vebval Behavior, 1972, vol. 11,
pp. 717-726.

G. Knoblich, S. A. Butterfill, and N. Sebanz, Psy-
chological research on joint action: theory and
data, in Psychology of Learning and Motivation,
B. Ross (Ed.), Academic Press, Burlington, 2011,
pp- 59-101.

W. S. Condon, and W. D. Ogston, Sound film
analysis of normal and pathological behaviour pat-
terns, The Journal of Nervous and Mental Disease,
1966, Vol. 143, pp. 338-347.

W. S. Condon, and W. D. Ogston, A segmenta-
tion of behaviour, Journal of Psychiatric Research,
1967, Vol. 5, pp. 221-235.

W. S. Condon, and W. D. Ogston Speech and
body motion synchrony of the speaker—hearer, in
the Perception of Language, D. L. Horton, and J.
J. Jenkins (Eds.), NY: Academic Press, 1971, pp.
150-184.

A. Mehrabian, Silent messages, Belmont, CA:
Wadsworth Publishing Company, 1971.

J. D. Matarazzo, and A. N. Wiens, The interview:
Research on its anatomy and structure, Chicago:
Aldine-Atherton, 1972.

W. S. Condon, and L. W. Sander, Neonate move-
ment is synchronized with adult speech, Science,
1974, Vol. 183, pp. 99-101.

(Eds.) Cambridge University Press, Cambridge,
1991, pp. 401-432.

R. C. Schmidt, and B. O’ Brien, Evaluating the dy-
namics of unintended interpersonal coordination,
Ecological Psychology, 1997, Vol. 9, pp. 189-206.

K. Shockley, M. V. Santana, and C. A. Fowler,
Mutual interpersonal postural constraints are in-
volved in cooperative conversation, Journal of Ex-
perimental Psychology: Human Perception and
Performance, 2003, Vol. 29, pp. 326-332.

13

[11]

[12]

[13]

[15]

[17]

18]

[20]

[21]

[22]

23]

[25]

R. C. Schmidt, P. Fitzpatrick, and J. Mergeche,
Understanding social motor coordination, Human
Movement Science, 2011, Vol. 30, pp. 834-845.

G. Katsumata, C. Nagaoka and M. Komori, As-
sessing students’ interests in a lecture using speech-
driven body movement entrainment, Human Inter-
face Conference Magazine, 2011, Vol. 13, pp. 275—
282 (in Japanese).

E. Ono, M. Motohashi, Y. Inoue, D. Ikari, and
Y. Miyake, Relation between Synchronization of
Head Movements and Degree of Understanding
on Interpersonal Communication, 5th IEEE/SICE
International Symposium on System Integration,
Fukuoka, Dec. 16-18 2012 (in press)O

J. A. Paradiso, J. Gips, M. Laibowitz, S. Sadi, D.
Merrill, R. Aylward, P. Maes, and A. Pentland,
Identifying and facilitating social interaction with
a wearable wireless sensor network, Personal and
Ubiquitous Computing, 2010, Vol. 14, pp. 137-152.
C. Cattuto, W. Van den Broeck, A. Barrat, V. Col-
izza, J.-F. Pinton, and A. Vespignani, Dynamics
of person-to-person interactions from distributed
RFID sensor networks, PLoS ONE, 2010, Vol. 5,
e11596.

J. Stehle, N. Voirin, A. Barrat, C. Cattuto, L.
Isella, J. -F. Pinton, M. Quaggiotto, W. Van
den Broeck, C. Régis, B. Lina, and P. Vanhems,
High-resolution measurement of face-to-face con-
tact patterns in a primary school, PLoS One, 2011,
Vol. 6, €23176.

K. Zhao, J. Stehle, G. Bianconi and A. Barrat, So-
cial network dynamics of face-to-face interactions,
Physical Review E, 2011, Vol. 83, 056109.

K. Ara, N. Sato, S. Tsuji, Y. Wakisaka, N.
Ohkubo, Y. Horry, N. Moriwaki, K. Yano, and
M. Hayakawa, Predicting flow state in daily work
through continuous sensing of motion rhythm, 6th
International Conference on Networked Sensing
Systems (INSS), Pittsburgh, PA, 17-19 June 2009,
pp. 1-6.

T. Akitomi, K. Ara, J. Watanabe, and K. Yano,
Generic model of activity-level in workplace com-
munication, 2011 IEEE 3rd International Confer-
ence on Privacy, Security, Risk and Trust and 2011
IEEE 3rd International Conference on Social Com-
puting, Boston, MA, 9-11 October 2011, pp. 814—
819.

E. T. Hall, The Hidden Dimension,
day&Company,Inc., 1966.

I. Daibo, The role of anxiety trait and communi-
cation medium in dyadic conversation, In Hiebsch,
H. et al. (Eds.) Social Psychology: XXIInd Inter-
national Congress of Psychology Selected Papers.
Amsterdum : North—-Holland. pp.188-194.

A. Steland, Resampling Methods for the Nonpara-
metric and Generalized Behrens-Fisher Problems;
Doubleday&Company,Inc., 1966.

M.B. Wilk, and R. Gnanadesikan, Probability
Plotting Methods for the Analysis of Data, In
Biometrika, Biometrika Trust, Vol. 55, pp. 1-17,
1968.

E. Ono, T. Nozawa, T. Ogata, M. Motohashi,
N. Higo, T. Koboyashi, K. Ishikawa, K. Ara, K.
Yano, and Y. Miyake, Complex Medical Engineer-
ing, 2012 ICME International Conference on, 2012,
pp- 321-326.

M. E. J. Newman, Analysis of weighted networks,

Double-



Physical Review E, 2004, Vol. 70, 056131.
oo

O0A ODOOO0OO0OO0OOODOOOOODODOOOOb
oooooo

Daibo OO OOOOODOODOODOOOCOODO
ooooooooooboboooooooooooboog
000000000000oooooooooo 210
ooboooooboooooooboooooooooo
oobooooboooboboooobooobobooooog
ooboooobooooboboooboobbbooboog
gobooobooobooobooobooooboog
ooboobooooboooboooooooooooo
ooboboooboobbooooobooooboooog
oooooooobooooobooobooooooon
goboooboooooobooooobooooooo
oobooboobooobooooboooboooooog
gooooooooon

1.1 0O000000000000000o000000
ooo

oooobobooooooobooooooooboooboOoo
oobooobooooboooboooboooboog
gooboooobooooooooooboooboon
oobooooooobooooooooobooooog
gobobooooboooooboooboooboobooooog
O00000000000000D000D00Newman
gobooboooooooooboobooooobog
0 25000000000000000000000
ooboobooooooooboooooboooog
gobooboobooooooooobooooooboog
gobobOoOoooooooooboooooooooon
ooboooboobboboooboobooobobog
ooboobbooboooooooboooboooog
goobooobobooobooboboobooooog
ooboobooooobooooooooobooooog
oobobooobooobboooooobbooooobog
oobooboooobooboooooboooooog
oboooboobooobooboobbobogoo
oooooODooOoODOO0OO000O0 Goooooooon
goboooooooooobooooooboooog
goooopoO0l. ooooooO Goooooooo
00000000ooO0o0oooo 251000, 2. 0
OoO00000ooooooobO Gooooooooo
ooboooooooboooboo,3.0ooooog
oo0o00ooooo0oooooOooooooooo @
oood,4. 000000000000000000
O000@2)000. 00000000000 ooo

oobooobooooboobobooobooooog
goooooo Goooooo

Fig. A-1000000CO0O000ODODODOOOCO
OO00O00000O0Fig. A-100a00 b0O0O cOO dOO

Oed0f0O0O0O00ODOgOOOOO AOBOCODOEOFO

ooooGUOOOoOOOOooOoOOoOoooOOon
ooboooboooboooooooooboooooooo
gobooboooooboooobooobooooboboog
goboooobooboobooobboooboog
gobooobooboooooooooboooog
O000000OFig. A-100hOO0D0OO00O0OOOO0O
oobooooooobooooooobooboog
gooboooobooboobooooboooboog
0000 A0ODOOOODOODOCOOOCO 7O
oobooobooboooboooboobooooooo
ooboooo22017080190 18000000 DO150
good

O0 AO0ODODOOrFOGOODOOOODOOOODODOO
ooooooooooooooboooooggoo e
doooooooobooobobobooboooooboooo
0000000000000 0O0000O0OFig. A1

OclOO0OO0O0OO0OO0OO0OO0OOOOoOOoOOoOOoO0OO

gboobooboobobbobobooboobo

1.2 O000000O00000000

goboooobooooboooobobooobooooo
ooooooooobooobooobobooooog
goboobooooooboooobobooobooa
goboooboooboooboooobooooog
oobooooooooooboooboooooog
gobooooooobooobobooooboooog
gobooboooooobooooobooooog
obooooooooboboooboobo rpOoO0O
oobo0oooooooobooobooobobooooog
OfEp"eg00000000000DOO0ODOOOO
0000 E~er0000000000000000
Ertre0QO0O00E™er000000000000D0
oboooooboooooobooo

Yi””a:{{ﬂxi—mgute:nj}|(z',j)eEi"”“}
(A1)

Yi"m:{{ﬂx};—xiuteﬂj}\(z‘,j)eEi"t”}
(A-2)

000000000000 YirregpQOOOYinter O
0000000000000000000 Yres0n
DoOoY™e«00000000000000000
00000000 QQOOOC0O000O0O00ONONDO
000000000000000000000000
Q- Q00000000 Fig. A-200000000



60
50

The number of nodes

Fig.A- 1

A

| —

il

B Cc D

Extracting communities from face-to-face interaction human net-

works. Panel (a), (b), (c), (d), (e), (f) and (g) are respectively re-
sponding to organization A, B, C, D, E, F and G. The vertex rep-
resent sensor users, and the edges represent face-to-face interactions.
The black edges connect the two vertex which belong to the same
community. On the other hand, the grey edges connect the two ver-
tex which belong to the different communities respectively. Panel (h)
shows the size of communities on each organization.
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Q-Q plot on intra-community edges and inter-community edges.
Panel (a), (b), (c), (d), (e), (f) and (g) show Q—Q plot (the quantile of
the original distribution — the quantile of the re-sampled distributions)
of organizations A, B, C, D, E, F and G.
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