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Accent stabilizes auditory-motor coordination of
rhythmic whole-body movement

TAKAHIDE ETANTY®  AKITO MIURAZ MASAHIRO OKANO! HARUKA TANOSAKI! MASAHIRO SHINYAS
KazuTtosHr Kupo*

1. 0Oooo

uoboooooooooboooooOooooobooooo
cooboooooocoooboooOoooboboOooobooooo
cOoooOoocbOoocboobOoOooOoOooboOoooooao
coOobooobOoooooobOoooOooobooooooao
O[ljoo0000000oo0ooooooooooooooo
cooooooooocooooooooboboOooobooooo

I QgoooooooDOooOoOoOooag
Meguro, Tokyo 153-8902, Japan
2 00D0O0DO00O0O0O0OoOoooo
Tokorozawa, Saitama 359-1192, Japan
35 QgOoO0O0OO0O0O0OO0OoDOoOoOooO
Higashihirsoshima, Hiroshima 739-8521, Japan
4 000000000000
Bunkyo, Tokyo 113-0033, Japan
) etani7@gmail.com

(© 2017 Information Processing Society of Japan

00000000000000000000000000
0000000000000000 [20
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000 BO000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000 400 5000 [f|00000000000
00000000000



gogoooooood
IPSJ SIG Technical Report

000000000000000000000—000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000D00D000000000000 40000000
000000000000000000000000 [8)0
000000D0000000000 [9)000 [10)0000
0000000000—000000000000000
000000000

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000D00000D000000000000000000
00000000000000000000000000
00000000000000000 11)12)13j0000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000 30301.33HA00000000
00000000000000000000 6060 2.66
H,0000000000000000000000000
00000000000000000000000000
0000000 123ms0000000000 97-170msD
[14000000000000000000000000
00000000000000000000000000
000000000000000000000 HKBOO
000D0D0000000D000 [6ro00o0oonn
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000D0000000000000
00000000000000000

0000000000000000000000000
0000000 [1500000000000000000
0000000 [16000000000000000000
000—0000000000000000000000
0oo

0000000000000000000000000
00000000000000000000000000
00—00000000000000000000000
0ooooo

(© 2017 Information Processing Society of Japan

Vol.2017-MUS-115 No.32
2017/6/17

2. OO

2.1 0OO0O0OO

4000000002131 00000000000DO
gogboobobobobuooboobuoobboooboon
gogboopobooboobobooobo

2.2 JOOood

gooooooobobbbboboooooooooo
gooooboboobbooodoogoloooooood
goooloobooobooooomobooooooaa
godddooooooooooobobobobobooood
gooooooobooooooboooobobooooon
000000000 7MemO0000000ODO0OOFoster
Electric Company Ltd., JapanOO 50 cm OO0 0000 88
cemJO0000odooog

2.3 00O
0000300000000000000@Q)000O0
000000000000000((®)D0000oooo
0000000000(3)000000000000000
00000D0O0DbO0O0b0O0O0DbOo0DbOOoDOg Matlab
0000000000000 40Hz2000 msODOOO
gogbobooobobooobobuoobooobobo 22000
O0DO0o00D120bpm 00 480 bpm OO0 D0 OO bpm
gogboobobobbooboobuoobbooboon
gogbooopobooboobbooboob 9o

24 0000

3000000000000000020000000
00006000000000300000000000
00000(1)00000000000000000000
0000000000000 00000000000
0000000000000000000000(@3)000
00000000000000000000200000
00000(1)0000000000000()00000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000 60003000000 180000000

25 0000000000
OO0O0O0DO0OO0DDOOBiometrics Ltd, UKODOOOOO
gboobooobooboobooboobOoooooo



gogoooooood
IPSJ SIG Technical Report

O0O01000 HzIO OO OO OO DAQ OO OO O National
Instruments, USADO OO O OLabVIEW OO OOOOO
0000000000000 iPhone 650 Apple, USAOO
goooooooo

2.6 00O

0000 MatlabOOODOOOOOOOOOODOOOO
ooooooooboooobooobooooooooon

oooO1oHzOO0O0O0O0OOOOOOOOOOOOOO
oooooooooobooooobooooooooooa
ooo0oo0ooOooooooooocoOooooOoboOoOooooz
O0000000000¢@ =arctan(w /6 )000000
cobobObodooooooobbooooootdilewOOn
coeDOOO0OmMmMOODOOOODO 10OC0OOCOOOOO
coboooooooocoooooooooOooobooooo

goboooooobooooooooooboooooooo
coooboooooooooboobooooooo1000
cobboooooooooboooboboobbooologoo
coobobooooooooboooooooOooobooooo
cobboooooooooooobooboboo3oogo
coooocooooooooon

3. 0O

3.1 OOooooo
dd0d00000o0oO0oOooOoOoOoOoOooOoOooooo
00 00000Greenhouse-Geisser e 00000000
0000003000000000000 [DO00;000;
00000000000 [00;00)0000000 [60-
69-; 79-; 91-; 105-; 120-; 138-; 159-; 183~; 210-bpm|0 0 O
00000000F(1.21, 15.74) = 10.1232, p = 0.0042(000
OO0O00OF(1, 13) = 14.6831, p = .0021[0 0 0 00O F(2.01,
26.19) = 584843, p <.0010 0000000 0OOOOOO
O000000OxO00000F(1.9, 24.68) = 3.4998, p =
04810 00000x O0O0OOF(2.91, 37.86) = 4.2070, p
=.0120000000000000000000000
g0oooooooood
ooo0ooo0oooooooooOoouooooooo
00 1lMmo0oo0oooooo 2000000000000
go00oO0oOoO0oO0oOoO0oO0oOO0OO0OOO0OO0OOOOOOOOOO
O0000ps <05 0000000DOOO0OODOOOO
dd000O0oO0oO0oO0oOoOoOoOoOoOoOoO0OOOOOOOOOoOo
dd00O0O0oO0O0oOoOoO0oOoO0OoOoO0OO0OO0OOOOoOoOooo
O0000p<.05MO0000D000O0ODODODOOO
dd000O0oO0oO0O0oO0oOoOoOoOoOoO0OOOOoOOoOoOooo
gdd000O0oO0O0O0oO0oO0OoOoOoOoOoOOOoOOOOoOoOoOo
dd00O0O0oO0O0oOoOoO0oOoO0OoOoO0OO0OO0OOOOoOoOooo
goooooooooo
00000DOO0OxOoOoooooolooooooog

(© 2017 Information Processing Society of Japan

Vol.2017-MUS-115 No.32
2017/6/17

03 *

AR
o
N

0.1

-2

01 0000000*p <.050

h—fE arkao—iL

00 T1-Tio0O0O0O0O0O00OO0OO0O0O0O0OO0OC0O0000O0O0
T5060- bpm OO0 105- bpmO O O0O0O0OO0O0OOO0O0OO
oOoO0o0o0TeO120- bpmOOOOO0D0OOO 200000
oooOoooOTrm138-bpmOOOOODOOOOOOO 2
00000000000 T80159-bpmOO0OOOODOO
U200000C0c00000COO0OCOOO0O0DOOO0O0
0000000000000 ps <.050T90 183- bpmO0O
TioO0210- bpmOOOOODOOODOOODOOOOOO
uobooOxOOOoOooooocoOoooooooocooo
oobooOoooooocooooOooOo 2000000000
ooooboooooooOoooobooooo 20000000
Uob0000o000dps <.050
0ooooO0o0oooooo()oooouoooooo—
O000oo0o0ooO0oU0ooOo()ouuooooooo
ooboooooooooboooobooooo

4. 00O

oooooOoooooOoooo()ooooooooo
O00oo0o00ooO0oU0ooOoUOoo@eooooooo
obooooboooooboooboooooooooonn

41 00000000
0000000000000D000000000000
000000000000000000000000 20
00000000000000000000000000
00000000000000000000000000
ooooooon
00000000000000000000000000
000000000000000000000 [11][12)13]0
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000
0000000000000000000000000



gogoooooood
IPSJ SIG Technical Report

ooobooOOoooooOooooooooboooobooooo
0 120-480 bpmO 125-500 msO00O0O0O0O0O0D0OOODOO
ooooooOooooOoOoooOoooooooobooooo
oooooOoooooOoobooooooooboooo
ooooooooooooooboooOobobooOoOoOodr1o
0000000 160220 ms[17]02:1 0000000200
OO0D0O0 10000000000 97170 msO0O 0O 123
msOO00000000DO0OO000O0DOOO00OO0O0O0O0
O0000000000000000000OUOEEGOOO
0000 [18)0I0I0d 100-160 ms 00O OO OOOOO
O0oO00oO0oooOoooO ooooooooooo
OO0DOO0OD0O0OO000O00C0O00000 8 HzO480 bpmO
I0I0 125 msO00 0000000000000 0OOOO—
ooobDoOoooooooooooon
oooooOooooOoOooooOooooOooboooo
ooooooOooooOoOoooOoOoooooobooooo
oooOoooOooOO0OOoooOooOooobDOoboooooo
20000 10000D000DO0OO0OOODOODbOOO
ooooooOooooOoOobooOoOooboooobooooo
oooobo0oOooOoobDOooDbDOoOobOO0ObDOoOoDOoOoDO
OO0DO0O0O0O000O00DODOO0C00O0DOOdauditory
stream segregationd 0 0 00O O0O0OOOOOOODOO
ooooooooooOoobpoOoOooobooOoobooooo
000000 000000o0ooooooooooo
000000000000 OITIO Interonset-interval(l O
ooooOoOoOoO0opOoOoOoobOoOoooDbo1boooo
ocoooOo0ooOooooooOooITIocoooooooo
00000 2000000000000000 [21j000
oo0ooOoOoOo0oDooO0OoooOoOoooboooobooooo
O0o0000o0o0o0oooO 2200000000 ooo
oooooOoOooOooOooDboOoOooobooOoobooooo
ocobooOooOo0o0ooOooDOoobooboOooboooo 2
ocooooOoooooOoOopboOooooboOoobooooo
oooooOOoOoOoO0ooOooOoDboOooobooboooooo
ooopooOoOooooooooooon
goooooooooooobooOooobo—0ooooooo
oo0oooO0o0ooo0oooo@)ooooooooo
O00oo0o0oo0o0ooooooooooo@R)oo
oco0ooooOoopooOoobD2000000DO0000
O00000000oUoU0oooOoooooooooeE)
ocoooooooooOoOobooOoOoooooobooooo
oo0ooOoOoo0opooOoooooOoobooOoobooooo
oo0oOoO00oOOoO00obDOoO0Oobooooboooooo

4.2 OO0OO0OO0OCOO0OOOOOOCOODOO
uobooooooooobooooobocoooooon

cooooooooocoobooooooOooooooooo

ooobooooobooooboooobooooboooooon

(© 2017 Information Processing Society of Japan

Vol.2017-MUS-115 No.32
2017/6/17

gooboooooobooooooooobooooooogd
gbooooooobooooooboboooboboooon
ooooooooobooobooobooooooogooao
O0000000000oO0oo0oooooooooo 2310
gooobooooooooboooooooooboooo
O0000o0o0o0oooOo oooooooooo
gobooooobooooooocoooooooboooo
goboobooooooloooooooooooogoon
goooooobooooobooooooooobooooo
ooboooooboooooboooooooooboOooo
gobooooobooooobooooooOooboooo
gobooooobooooooocoooooooboooo
OO0 [b)0000000o00o0boo0oooooooo
0000000 1e)o00o0bo0oouooooo
oobooooooooooon

5. OO

goooboooooboooooooooo—000o00d
ooooo()ooooOoOoOoOoOoOoOOOoOOoOOoOoOoOoOoO
(2000000000000 0OO0O0OO0OODOO0
ooboooooood

00 Ooooobooooooooboooooood
ooboooooooooobo 2900000000

gooo

[1]  Brown, S. (2003). Biomusicology, and three biological
paradoxes about music. Bulletin of Psychology and the
Arts, 4(1), 15-17.

[2] Merchant, H., Grahn, J., Trainor, L., Rohrmeier, M.,
Fitch, W. T. (2015). Finding the beat: a neural per-
spective across humans and non-human primates. Philo-
sophical Transactions of the Royal Society of London.
Series B, Biological Sciences, 370, 20140093.

[3] Kelso, J. A. S., DelColle, J. D., Schner, G. (1990).
Action-perception as a pattern formation process. In M.
Jeannerod (Ed.), Attention and performance XIII (pp.
139-169). Erlbaum, Hillsdale, NJ.

[4] Carson, R. G., Oytam, Y., Riek, S. (2009). Artificial
Gravity Reveals that Economy of Action Determines
the Stability of Sensorimotor Coordination. PLoS ONE,
4(4).

[5]  Carson, R. G. (1995). The dynamics of isometric biman-
ual coordination. Experimental Brain Research, 105(3),
465-476.

[6] Miura, A., Kudo, K., Ohtsuki, T., Kanehisa, H. (2011).
Coordination modes in sensorimotor synchronization of
whole-body movement: A study of street dancers and
non-dancers. Human Movement Science, 30(6), 1260—
1271.

[7]  Miura, A., Kudo, K., Nakazawa, K. (2013). Action
perception coordination dynamics of whole-body rhyth-
mic movement in stance: A comparison study of street
dancers and non-dancers. Neuroscience Letters, 544,
157162.



gogoooooood Vol.2017-MUS-115 No.32
- 2017/6/17
IPSJ SIG Technical Report

[8] Carson, R. G., Riek, S. (1998). The influence of joint
position on the dynamics of perception-action coupling.
FExperimental Brain Research, 121, 103-114.

[9] Carson, R. G. (1996). Neuromuscular-skeletal con-
straints upon the dynamics of perception-action cou-
pling. Ezperimental Brain Research, 110(1), 99-110.

[10] Riek, S. (2004). The effects of viscous loading of the hu-
man forearm flexors on the stability of coordination. Hu-
man Movement Science, 23, 431-445.

[11] Byblow, W. D., Carson, R. G., Goodman, D. (1994).
Expressions of asymmetries and anchoring in bimanual
coordination. Human Movement Science, 13, 3-28.

[12] Fink, P. W., Foo, P., Jirsa, V. K., Kelso, J. A. S. (2000).
Local and global stabilization of coordination by sensory
information. Experimental Brain Research, 134, 9-20.

[13] Kudo, K., Park, H., Kay, B. a, Turvey, M. T. (2006). En-
vironmental coupling modulates the attractors of rhyth-
mic coordination. Journal of Experimental Psychology.
Human Perception and Performance, 32(3), 599-609.

[14] Repp, B. H. (2003). Rate Limits in Sensorimotor Syn-
chronization With Auditory and Visual Sequences: The
Synchronization Threshold and the Benefits and Costs of
Interval Subdivision. Journal of Motor Behavior, 35(4),
355-370.

[15] Chiou, R., Rich, A. N. (2012). Cross-modality corre-
spondence between pitch and spatial location modulates
attentional orienting. Perception, 41(3), 339-353.

[16] Rinaldi, L., Lega, C., Cattaneo, Z., Girelli, L., Bernardi,
N. F. (2016). Grasping the sound: Auditory pitch in-
fluences size processing in motor planning. Journal of
Ezxperimental Psychology: Human Perception and Per-
formance, 42(1), 11-22.

[17] Repp, B. H. (2005a). Rate limits of on-beat and off-beat
tapping with simple auditory rhythms: 1. Qualitative
observations. Music Perception, 22(3), 479-496.

[18] Fujioka, T., Trainor, L. J., Large, E. W., Ross, B.
(2012). Internalized Timing of Isochronous Sounds Is
Represented in Neuromagnetic Beta Oscillations. Jour-
nal of Neuroscience, 32(5), 1791-1802.

[19] Carver, F. W., Fuchs, A., Jantzen, K. J., Kelso, J.
(2002). Spatiotemporal analysis of the neuromagnetic re-
sponse to rhythmic auditory stimulation: Rate depen-
dence and transient to steady-state transition. Clinical
Neurophysiology, 113(12), 1921-1931.

[20] Bregman, A. S. (1990). Auditory Scene Analysis. Cam-
bridge, MA: The MIT Press.

[21] Bizley, J. K., Cohen, Y. E. (2013). The what, where
and how of auditory-object perception. Nature Reviews
Neuroscience, 14(10), 693-707.

[22] van Noorden, L. P. A. S. (1975). Temporal coherence
in the perception of tone sequences. Unpublished doc-
toral dissertation. University of Eindhoven, Eindhoven,
Netherlands.

[23] Walsh, V. (2003). A theory of magnitude: Common cor-
tical metrics of time, space and quantity. Trends in Cog-
nitive Sciences, T(11), 483-488.

(© 2017 Information Processing Society of Japan 5



