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Effect of cognitive awareness to time predictive model in synchronization tapping with
periodical stimuli

Shohei Yoshida*!, 0 Masanori Yokoyama*'0d and Yoshihiro Miyake*!

Abstract —

In this study, to evaluate effect of awareness to time predictive model in dy-

namical complex environment, we analyze the synchronization tapping behavior against
the periodical auditory stimuli with simple perturbation pattern. Previous researches
provide lag 1 cross-correlation between ISI and ITI. But this research provides lag O
cross-correlation on awareness condition for periodic fluctuation. This result suggested
that the timing control mechanism works predictively with the awareness.
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2.1 0OO0OOOO
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00000000 (boooooooo)boooooo
R(n)00000O000O0O00O0OO ISI (Inter Stimulus-
onset Interval) 00 00 000000000000 ITT
(Inter Tap-onset Interval)J 00000000000
000000000 SE (Synchronization Error) O O
00 ()0 (3)0000D000000

ISI(n) = S(n+ 1) — S(n) (1)

ITI(n) = R(n+1) — R(n) (2)
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Fig.1 Definition of parameters
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ISI(n) = D(1 — Acos(gn)) (4)
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Table 1 Basic interval D and disturbance
level A
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Fig.2 Example of time series of ISI
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Table 2 Recognition of perturbation rates

A %] [ Sbj.A Sbj.B Sbj.C SbjD Sbj.E SbjF
0 12 12
1 12 12
2 1 2
3 3 3 3 2,3
5 123 1,3 2 12 123 123
7 1123 123 12 123 123 123
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Fig.4 Example of cross-correlogram ISI vs ITI (a: Sbj.A, b: Sbj.D)

4. oo

000000000000 0000D000OOooDO
000000000000 D0000D0D0O00O0DOO
O0000Thawt00DOOODOODOOOODDOOO
0000000000000 D0000D0000D000
0000000000000 00000000noon
Thaut 0000 Bl O0D0DO00OO0DODOOOODOOOO
SE0000000000O0 ADODOOOOOO
0000000000000 00D00DOoOO
ooo

0000000000000 A=507%0000
ooo0oDO0OO0OoOooo

00000 A=003%000000000000
OO0 ISIO ITIO0DDO0O00O0D0D 10000
oooo
000000000000 400 10000
0000000 A=5000 %0400 100

234

A=5%00ISI0 ITI0D0DD000000 10

ooooooo
Thawt 0000000000000 DO0ODDOOO
0000000000000 0D0O000DO0000O
000000000000 000000000000
0000000000000 00000000DOn
0000000000000 00D0000OOooDOn
0000000000000000000000 AOQ
00000000000 O0OSEDOONOOODDDO
0000000000 ThawtODODODOODOOO
0000000000 D000O0D000D000O0nOd
0000000000 D000O0D0000000000
0000000000000 D00000000000
Oo0oo0ooooooooooooooooo
0000000000000 D0O00D000O00O000
0000000000 D0000D0000000D000
0000000000000 D0000D000DO0
0000000000000 000D0D0O000DOO



gooooooooooMoooooooooon
gooooooo

Thaut 000000000000 DO0OOOOO
0000000000000 00000000O0O0O0
0000000000000 D0D0000D000OnDng
0000000000 000D0DO0ODODO0OOoooDg
0000000000 D00000000000000
0000000000000 000D0D00OoooDo
A=507%0000000000000000000
00000000000 O00O00O0O0O0OoOoOoOon
0000000000000 0000000000O
00000000000 D0000D000000DoDO
0000000000 DO00O0DO00ODOoOOoDO
0000000000D00600 2000000000
00000000000 00000000D000nO
000000000000 D0000000000D00

00000000000 00000O0D0O0O0oDO
000400 3000000000000000 0
0000000000000 0D00D0D0000nono
0000000000000 D0D0000D000nonDg
0000000000000 D0OO0OO00O0DOoOooDg
00 RPdgooooon A=20%00000 AOOO
0000000000000 00000O000oonQ
0000000000000 D0D0OO00O0ODO0O0oDO
0000000000 D000O0D0000D0O0o0ooDO
0000000000000 00000DO00nnO
0000000000 A=5%00000000000
000000 0000000000000 (000
A,D)000 1000000000000 2000E
F)00O00D0000000000000000000
000000000000 0000DO00OoDoog
000 100000000000000000000
000000000 00000000D0000000
0000000000000 D000DO00oooDQ
000000000000 0000DO00Do00no
00000000000 D00O0DOO0OO000Ooong
ooooooo

00000000000 0000O0000OoooDo
00000000000 1000000000000
00000000000 0000D000O0D0oOong
0000000 0000000000000 DO0
0000000000000 0D0000DO00OOoO
0000000000 DO000D0000DoOonDg
ooooDooOooooo

0000000000000 0000000nDo
0000000000 D000D000O0D0O00onOg
000000000000 000000OoOoonoDo
000000000000 O0000000D000nO

235

gbobooboooboooooooboooooon
gbboooboooboooooboooboooboooon
gboooooboooobooooboobooooooon
goboobobooooboooboooobboooooon
gbobooobooobooooobooobooooooboooon
gbobooobooobooobooooboooooon
gbooooooooooboboooooobooobobogon
gpbooogo

5. ggo

g000d0dThautOOODODOOODDOOOODODO
gobooobooobooobooobboooooboooon
gooooboooboooboboooboooboooobooon
gbobooboooboooobooooboooobooon
gboooooboooobooooobooobooooboboon
gboboooobooobooooobooobbobooooooon
O0000 Thaut DODO0O0DOO0ODOOODOODOO
gooobooobobobooobobo 400 3000
gboboooooobooooboooobooooooon
goo0o0OoOOO0OOODOOOD Stephan00d0dgd
gboboooboooobobooooooboobooao
gboooooooboooboooboooooobobooon
gboboooooobooooboooboooooooon
gobooobboooobooobooooobboooooon
gbobooooooooobooooooooboogoo
gbobooobooooooboooooboooooboogon
gooobooooobooooobooobooobobon
gobooobboooboooboooobbooooooon
gboobooobooooboboobooobooobobooon
gbobooobooooooboooobooobooooon
gobooboboooobooobooooobbooooooon
gboboooooooboobooooooooon
gbooooooboooboooboobooooooo
gbooooooooooobooobooooobooobogon
goboooboboooboooboooobbooooooon
gbobooooooooboobooooooooon
gboboooboooooobooooboooooon
gbooooooooboooobooooboooobooobobogon
gooooooooboooooooboooobobogoo
gboooooao

good

O00:000000000DO0000000; 00000
0000000000, Vol.1, No.2, pp.14-18 (1999).
Condon,W., Sander,L.: Synchrony demonstrated
between movements of the neonate and adult
speech; Child Development, Vol.45, No.2, pp.456-
462 (1974).

Ooo,00,0: 000d00ddgdooogoogooo
goodooooooobooooooooooo,; o



(4]

(9]

[10]

(11]

[12]

[13]

(14]

(15]

[16]

(17]

(18]

(19]

[20]

“

OOooooooooo, Vol4s, Nod, pp.215-223
(2009).
Hary, D., Moore, G.P.: Synchronizing human
movement with an external clock source; Biolog-
ical Cybernetics, Vol.56, pp.305-311 (1987).
Haken, H., Kelso, J., Bunz, H.: A theoretical
model of phase transitions in human hand move-
ments; Biological Cybernetics, Vol.51, Vol.51,
No.5, pp.347-356 (1985).
Mates, J.: A model of synchronization of motor
acts to a stimulus sequence: I. Timing and er-
ror corrections; Biological Cybernetics, Vol.70,
pp.463-473 (1994).
Mates, J.: A model of synchronization of motor
acts to a stimulus sequence: II. Stability analysis,
error estimation, and simulations; Biological Cy-
bernetics, Vol.70, pp.475-484 (1994).
Thaut, M., Miller, R., Schauer, L.: Multiple syn-
chronization strategies in rhythmic sensorimotor
tasks: phase vs period correction; Biological Cy-
bernetics, Vol.71, pp.241-250 (1998).
0o0,00,0000:00000000000200
00000000 ;00000oo0oooog, Vol.3s,
No.12, 1114-1122 (2002).
Miyake, Y., Onishi, Y., Poppel, E.: Two types
of anticipation in synchronous tapping; Acta Neu-
robiologiae Experimentalis, Vol.64, pp.415-426
(2004).
Nojima, M., Shimo, H., Miyake, Y.. Sub-
jective Timing Control in Synchronized Mo-
tion of Humans -A basic study for Human-
Robot Interaction-; Proc. of 9th Int. Sympo-
sium on Distributed Autonomous Robotic Systems
(DARS2008), pp.1-12 (2008).
O0,00:00000000000000DO00000O
0000ooOO0o;0000oooooog, Vol 39,
No.10, pp.952-960 (2003).
Lehrdahl, F., Jackendoff, R.: A generative theory
of tonal music; MIT press, (1982).
Vos, P.G., Helsper, E.L.: Tracking simple rhythms:
On-beat versus off-beat performance; Time, action
and cognition: Towards bridging the gap, Vol.66,
pp.287-299 (1992).
Dunlap, K.: Reaction to rhythmic stimuli with
attempt to synchronize; Psychological Review, bf
Vol.17, pp.399-416 (1910).
Repp, B.: Phase correction, phase resetting, and
phase shifts after subliminal timing perturbations
in Sensorimoter Synchronization; Journal of Ex-
perimental Psychology, Vol.27, No.3, pp.600-621
(2001).
Repp, B., Keller, P.: Adaptation to tempo changes
in sensorimotor synchronization: Effects of in-
tention, attention, and awareness; The Quarterly
Journal of Experimental Psychology, Vol.57A,
No.3, pp.499-521 (2004).
Thaut, M., Kenyon, G.: Rapid motor adaptations
to subliminal frequency shifts during syncopated
rhythmic sensorimotor synchronization; Human
movement science, Vol.22, pp.321-338 (2003).
Repp, B.: Comments on ”Rapid motor adapta-
tions to subliminal frequency shifts during synco-
pated rhythmic sensorimotor synchronization” by
Michael H. Thaut and Gary P. Kenyon; Human
movement science, Vol.23, pp.61-77 (2004).
Thaut, M., Kenyon, G.: Response to Repp’s
Comments onRapid motor adaptations to sub-

236

(21]

22]

23]

24]

[25]

[26]

27]

(28]

29]

liminal frequency shifts during syncopated rhyth-
mic sensorimotor synchronization’” by Michael H.
Thaut and Gary P. Kenyon; Human movement sci-
ence, Vol.23, pp.79-86 (2004).

Pollok, B., Gross, J., et al..: The cerebral oscil-
latory network associated with auditorily paced
finger movements; Neuroimage, Vol.24, No.3,
pp.646-655 (2005).

Stephan, K., Thaut, M., et al.: Conscious
and subconscious sensorimotor synchronization—
prefrontal cortex and the influence of Awareness;
Neuroimage, Vol.15, pp.345-352 (2002).

Thaut, M., Tian, B., Azimi-Sadjadi, M.: Rhyth-
mic finger tapping to cosine-wave modulated
metronome sequences: Evidence of subliminal en-
trainment; Human movement science, Vol.17,
pp-839-863 (1998).

Franek, M. M., Mates, J., et al.: Finger tapping
in musicians and nonmusicians; Internal Journal of
psychophysiology, Vol.11, pp.187-192 (1991).
Brainard, D.H.: The Psychophysics Toolbox; Spa-
tial vision, Vol.10, pp. 433-436 (1997).

van Noorden, L. and Moelants, D.: Resonance in
the perception of musical pulse; Journal of New
Music Research, bf Vol.28, No.1, pp.43-66, (1999).
Ivry, R.B., Hazeltine, E.: Perception and produc-
tion of temporal intervals across a range of dura-
tions: Evidence for a common timing mechanism;
Journal of Experimental Psychology: Human Per-
ception and Performances, Vol.21, pp.3-18 (1995).
Killeen, P., Weiss, N.: Optimal timing and the
Weber function; Psychological Review, Vol.94,
pp.455-468 (1987).

Karmiloff-Smith, A.: Beyond modularity: A de-
velopmental perspective on cognitive science; MIT
press, (1992).



	pagenum231: 231
	pagenum232: 232
	pagenum233: 233
	pagenum234: 234
	pagenum235: 235
	pagenum236: 236


