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i
o
e
o
2
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L
(A

Ao w3 BAo] MEHOR o Folx: FErt EAQ dlolth. oA
Ueh 2 op oA

[e)
T
29 BW 2e 2¥x J)% vohw A% W, FFTEE 5 A& B

et al, 2005). 53], 8" F&FU SVt o3 o] =T o
AMA =gt ole & T=3 FHEEE dY uATH PFow
F714¢1 gl g AA F29de sx3= v 24 o] Foof 7ts s
(Kotz et al., 2018; Patel, 2006; Provasi & Bobin-Beégue, 2003), & o] =
7Foll w2} FAE T (Drewing et al, 2006, McAuley et al, 2006;
Thompson et al., 2015).

oSt BHE HAATES THHA WERE 2l RH £hRe T
=

d

=2 A (finger tapping task)E E3) HFHo

gEo AA AdE wFE e82 Fotrld yEur] AlEeFo] (Smoll,



1975; Provasi & Bobin-Begue, 2003; van Noorden & DeBruyn, 2009) *d
ol71o ol27|7kA] "= A tHDrake et al, 2000; McAuley et al.,
2006). van Noorden® De Bruyn(2009)2 wh 3-114] o}& 6008 S tiiao
= wEs)7h e o Rl &k B HAS FASA st

A3k, 34 obESl A% ANHE FAAT G| A Raha ol

7137 e HEY &
Tomasello, 2009). ©]x§ ® 4-54] olse] HZ-&5 5713 85
How Ay Hlaste] gol Wolxla, vk 6-7TAc= Hup FFHAS
Wk 15-23A410 7FE e Hkg-o] JPHAlS B (Drewing et al, 2006;
Thompson et al., 2015). 3}ATF =217]d] o2 A= thA] Aol HAa
3= A oS HolFEtH(Krampe et al, 2005; Salthouse, 2000; Thompson et
, 2015). ol#1gk Y-S dAFo] F/ETE Hhste dAY EE7]5Y
Ao B, +E Al T
A o] YEbFtHKrampe, 2002).
UM A AdyAFAAH vEeF w=st® 18] 2] AA| Al Al(central
clock)7} @3S we=vy, v Ad 5330 JA4 3 A =219 Bold
7P S Frrefor gt 1Yy A bgE AgdT S A A%
& =015 Abolell A ZHHA S Zpol7b yEuAl @gktha Hastar gl
(Duchek et al., 1994; Drewing et al., 2006; Greene & Williams, 1993). o}
Fol olzER FAH AU =078dE 5 HE = HAH0] =9
s o JpaAe] AAA R Frlste AEFS WERW A tH(Krampe

et al, 2001). =gk =21 Sot7te] A9 vletrt

QQulA o ;q];ﬂjq_ wlgs 7Lo] S 1:]_ o]ﬂ]-zﬂlgg

t

lo
ol
s
o,
o
=
B
=
I
L)

S
RS
B>
ol
o
|

=

(o,
rob

d A Z}(auditory perception) 2o A

Alain, 2012), &g tigt 4174 ¥bg9 YA E =g th(Parbery-Clark et
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S8 2=

}9tH(Chen et al,

J|

KeN
=

¥ ¥ (musical training)

1o

o}
=
S

werd &

al., 2012).

Repp, 2010;

2008;

s

ol

o
Scheurich et al., 2020). =ujjell A

p—
O

ot

HH

gyl

Tor

—_
fie)

]

Aol o

Fol7F “eptth(o] 4™ & ©]

ki3

)

~

2019).

bel, A Aol el e

S

gl

1 A3, Agel wste] ket

e

JJo
E

1l

o Yetwtt. ol7]l

P

e

o
00

xm.o

o
ﬁo

w
Joby

o}

—_—

0

)
fite)
;OU
2]

ol
oH

—

NI

2) N7BAEH 71A

(beat extraction), & 7]/ (motor periodicity),

ANE v FE

_?4

7]

TAL s 7EA R o FHEF(Clayton

[
=

of st AlA

Ch=s

Z] o]
1w

1, 4

u} 3]
15

et al., 2004; Kotz et al., 2018). T}A]

pEA

3 Chen et al., 2006; Patel

glof o

& Iversen, 2014; Ravignani et al., 2017).
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)

~
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Fote] H7F Alsel AAe A Y FUIsF @A eE fFEET
(Felix et al., 2011).
gendst 299 glolde tigh A4 wAYSS tE dAFA

= A@ANA D= A4 g5l A EbEe H¥sts AAE Fd

Lo

ol

A stal 7154 #7133 9 (functional Magnetic Resonance Imaging,
fMRDS &3 1 2345 AHRS ditdoz 29 goliy A7t
7} 8-% 9 9 (primary sensorimotor area), A (cerebellum), H<%3 2
(premotor cortex), X Z¥ % % 9 (supplementary motor area, SMA), 4=
T3] (superior temporal gyrus), 714 3 (basal ganglia) 5¢ 993 Ady
o] A 3(Jancke et al., 2000; Mayville et al., 2002; Thaut, 2003), 53] 7
553, A

| A7A

i

L=,
[}

<)

A B=8 dxd5<9 3 & (ventrolateral prefrontal cortex)

Ho

o
1l

o W& & Wwse sxstel ;A Fxo A HChen et
al., 2009; Kung et al, 2013). H3F #2< A (sequence)®] A4 F7]
ol eEst= AZHA Bolw el A% Aok AMEA(striatum) 9
gdst7F YEs g B sk ti(Ivry & Schlerf, 2008). ©l+= &
of FAAES A= oA 7IA Y, Ay T @
o

I i 9 d(cortica) S Eoh= & G

o

A]

(1 _l¥

o
ko

=
3

A RESEFAS Aoz 71 AZF 7H4 (second)S 7H7 Elol

_15_



599, A(thalamus) 5 ¥ 999 &Ads7F A= AR HMcAuley
et al., 2012).
olxd &7t BBy 2 degt A 78 Lol B3 A
g4 ALY Fo] EAgt o] & T3 Bw A4 H A HolWY Fa
gk 7|2 B0 e Aol Bt F8&Fdd o g F &
& s}

4¢) 3t ol wok B AANE A

3) Etolg Ao M

= d<% 4 (continuous) =¥ &

- gl tigh AAl 2o 57
144 (discontinuous) ¥A|9] S wel AR 7|9k o] ™ (event-based
timing) ¥} 23 % E}o] ™ (emergent timing) Ao = FRF T}

AA, ARAZIRE Blol® deFe] o & 5o BAb AR A gl gt wh
Ao 7 AgstA E7he S BBk dAle] A Erbeol "] fs
Aol gt oA drt oA { & §Ego] WhEA o1
o flet 22 =dE P2 stue] Aol Ha, ol EdlER FiAe
AW A Al (internal clock)E &3l 25 A= W& ¥h&-9f 1H4
2 e FEE g A "go wmEbd AeAQl F2 ke arER A
s A M= ARbE 7SSk Ag g o] gabEa, 4 2
7143 Zh(negative autocorrelation values)©.®  YEFHTHWing &
Kristofferson, 1973). o] Elel® Q579 741 HAFS Hbgsl= F o]

olyel A g5S A3t pacemakere] W ZFWAS e

8]

)y
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Y
rlo

Aol wo] &lete HPalt HAE T BEAYT. o2

7)
% g% (motor activity)S A 7H2 7PHA S BolFa, Az}

O:
>

oft
r
Mo

o] A&t § WS 3He AIZE AolE doXid. olE FVIE oW
(synchronization error) 2 H]%&7]4 (asynchrony)¢|g} 4=t} o]t
718k ool AL &g A1E Fal Holl dEHIL U AZE W

S A AA] Bt= AlFo]l A L% 7] wjiE o]t (Fraisse, 1980). ¥
WhAl o g2 gt A Al Az Ap=o] gk &b e Fd A A A 5ol
Ab=ol AAIE Al EY A wEEEHA "k LYy TR W E =
g 5o digh o Fo] ZhsalAa o= Q18] HA A= AAl Al HETE oF
20-50ms A& WA wrEsHA du mebd Er)sk e wEe S5 HH,
0]Z negative mean asynchrony(NMA)Z} A| % 3Fc}(Aschersleben, 2002;
Dunlap, 1910). olg1gt @4 FE5HFE @AY odF 7t wHHo=z <l
af AAA= AA ARG ®Ego] Addsk= o5 = (predictive
strategy)< AF&3ste] 7ol #& ¢ EolWS At VIHE A A
tH(Aschersleben & Prinz 1995; Dione & Delevoye-Turrell, 2015; Wing &
Kristofferson, 1973).

AT AAHAE 2A9L QA BT FA%] A
,/_'l:

= HE71Add U AR E VMo ® 9 R/E FA(error correction)d)
= BAol QT HHRepp & Keller, 2004). whoF o]t 3 o] AeFer}
H, AZEA W5 (temporal variance) AAF S = a1, o Fgk bpe} o] A
Zhzk=el gk §e H5A I wegs e A 2R slolth O F FALS
dA&Hor E785AY EdEHom QFE AHAASE F 711 Fy=

¥t} phase correction, period correction. Phase correction< ©] 7% <]
P ARE ngow Zpzie] §f glo] o] 2g A AES Witk Period

7)
correctione @ E=n g F2bo] EX

N

;

Al

gk 7] (duration)e] WA o2 WE=
g HalhH, ole QAA A A ofg o] FofXth, F7]AQ0 HEe] AL
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A 'l WSl tisk X234 ol 2 period correctiono Al B 4=A o] a1
olF FHAIIE JTE gt} W, phase correctione F718F &F &
Elo]l™ & Q. (perturbation)®] A 74 ©A|o Al =g Aotk thA] )], W}

o] @77} dolxtE]y] VE AR e A9 ITHE -2 2L

r
o
s

AS HolFa, fxe] ®wst Ar7 S5 1T WEA Aests 2
B 5 ot ojuf HxA oA W] "ojuh=(overshoot) 2 IS B 5 2
4 o]+ period®} phase correction®] FAlo] EAEATHE AS vk
ch wbd) ey o] W E x| Zbekx] H3 4§ F=Z phase correction?t ¥4

@ 5 qom, olges BEAMANA kA WolAX exm ITIe] A

—

o] WAt} o= ITIC] % 8o] #Hol% period correction §lo]% HAYsk
T Atk "ol T3k o] A H period correction< phase correction}

rlr
v
it
X
o
ke
g
oty
il
Y
N
_0|L
rr

=Aoll gk o] e Al HE Fo o

W del e devh B3, Aol Arh g wdste] wkgskA] ¢

Lo

oS Wl 152 phase’t of
periods €H¥stAl AAlE = ot o]glet A= period7} Aok of

w9 JAAA 7]%5<l WA, phase® TE W 7o A

K
N
i

T,
=4
it
Jo
N,
ol
ol
)
>
i)
et
s
filo
N
>,

us

3

Iy
o
k1
rir
i
rlo

1) w4849 54
g lglo]l oW V&S oW ARt AA FE3] dFta, ol M=

A ted & oduw, $Pe oed ARe sAdYy EdsAY A
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)
_?L
N
>,
1o

Qe deE HAg, T8, a7kl 2AsHA dvEe] Stk o
AR g2 Fofel AAH HolAY V& ¥ (skill performance) < <ol
JoAE AdF HE=3 EAS VA1 it (Magill & Anderson, 2021)
drHow 7]Eo| w¥(expertise)s AAsh= 202 VNS AAH 5
4, e, AA, 7le T 5 W vt Addd el mad, A4

widel A Z2H A (novice) ¢t BluLsto] <& 2 (expert)= U W=l A 2he} A
HE S AAeta, A2 /2 ZAE sdstes s9% 53 @7 (short
term) % &7](ong term) 7191¥€ S 7FA| L oW 7] Ax2 RUHH
3= 7140 HolutH(Glaser & Chi, 2014). &E3F tholwjulal 3t oA |
sH Ane] ojmet Al oaAdy g wx Fdo] mE AdRE FES)
= 71%, AdlE(disturbance)oll WHS-sl7IRTE WA 2ol A o ek
1% T8 X3 i, M2 AHRE ¢ w23 A wolsllt

(Cellier et al., 1997). o]9Jo|= AXx =i & FHAE 72 5242 A

Aom x%3tE W (automatic fashion)S E3te] A& w=goz 229
F3jo] 73ttt A tH(Abernethy et al, 1994; Starkes & E
2003; Tan, 1997).

ojHY wEAPLS HE AES SUlste 5A4017] Wi g S
ANA AHstr|BohE Tk A #dHA A o]sEoof gt} o] e} Il
Starkes®} Allard(1993)= 22 & (physiological), 7]% %4 (technical), ¢1%] %]
(cognitive), A4 % (emotional)¢l 47}4 9L 229 <#He Q¢o=w o

=kt
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W o] (phase transition) ¥t}

so) A skt

a7 ThEol A

ojFA T&

< €l
-— A

Al

13k (Kelso, 1984).

= o
=

3}(spatiotemporal organization)

= At

3} Q%o A
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=
=

Kelso(1984)¢] Aol A 3] &=}

ol 914 (anti-phase) FEI S 2
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(Byblow et al., 1994; Fujii et al, 2010), AFAWH

(Kelso & Zanone, 2002), 7I217F -8 (Timmers et al, 2020; Schultz &
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et al, 2004),

9 (Koutedakis

2005),
(Misigoj-Durakovi¢ et al.,, 2001), <4 (Deighan, 2005) %5 3}

1985 Wyon,

et al,

(Bruyneel et al., 2010; Crotts et al., 1996), #}A]zZ4 (Kilroy

¢}

2 =z
T, T

==
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et al, 2016), % A|YXA|(Thullier & Moufti, 2004) %3 7Z& L%z o]
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[¢)

, 3] (Blasing et al., 2008)
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A 1o
& Dupui, 2000; Hugel et al., 1999; Jola et al., 2011). ©]&]3t

(Bruyneel et al., 2010; Crotts et al., 1996, Goloomer et al., 1999)
— 24 —

2016; Rein et al, 2011; Schmit et al, 2005), &% & A T3 A Al

¥ Holwk A ZE A (posture control)
ZytH o}y 2}7] 487 ZH(proprioception)
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A ko]l A o4 (Smyth & Pendleton, 1994),

2 3}
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wAYe] £ gollly AlAF o] ZolA 3] FedI T
FFS m X = A oM (control parameter)e] Tt & £, WEZE A
of sty RtEHow EVE F=e7] A 3 Al FA4A=e] wEr]d
HstE S W Y] 3 SRV weAAY =2 A A HE 7]Ee
A AIRE A ] 2357 FUAAY HstE doA AER Tl A

ul

Sol a7dY. 5 Y ddE XS oz Aotyoe] & F2 7}
A T sty g% 9] W3l (Haken et al., 1985; Kelso, 1984).

duba o Ik °oF 200-1,800mse] WA AesA wrAE A zted
(Fraisse, 1982), ¢F 400-1,200mse] AJZF FACA 73t vhxz}
(sense of beat)S H.o]Fth(Patel & Iversen, 2014). wlx] o] WS H
ot 2lF 7k Sl =2 A 7Ide7 = olHHHRepp & Su,
2013). L} o] 9] el = Fd oz g AZF A3 11 AIZE 3b

A ke Az zpol7h EAICE v A EA dFR H5EHEe] 5714

4
%2
R

A FAHEE Awetn wiA 3 A9 dolg ddeES e o
ez we 5L 34 250-400ms) el A= o) FASE v,

d ZEWA 42 600-1,800ms) ol A= HAa FASE AEFo]l AT
(Vos & Ellerman, 1989).

£71e g Age] oM 7 AF s wkxkeE 1.5-25Hz(8AF 7+ 3
7 400-700ms) ] tH(Drake et al., 2000; London, 2012; Repp, 2013). ¢ 7]l
v A7 59 olFE Fd A AdIsteE WEQHz olshxE EgtHETh
(Leman et al. 2013). ?2=5-ete] A 9o+ 340-640mse] Afe]o] vkx7}
o] Fi1, o] W UelA HFFS 463ms, TS 45lmso®E 53,

440-460mse] HrAF HY o HFHo AT (van Noorden & Moelants,

[r

et

e gl5<Exo 9lojA %713 <X (synchronization threshold)¢] ¢

= AR FdHE A9 150-200mso®E K% ™ (Repp, 2003;
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Eh=s

o7 ATy
Pressing &

7
2009;

}

gt

al.,

et

A

}3, BE 200-300ms A}l

S

100mse] A7+

o

o
F93 o (Fujii

Erke e

°©

et7te] 4

Jolley-Goger, 1997).

transition

=
=

= VTR

200ms
zonel &2 o]7|m 200msX. Ut wWE 7Aoo

i =
jun BN T

i

[e)

h=g

[e)

=

H

1
-

1

RYE

=

=

etk A A

LR R R

7

=
-

=

=

A= = (stimulus—driven) = 2]
Z] o]

74 A o]
Je w9 &

]

(weak) 57137} veEltth(van Noorden & Moelants, 1999; Wing &
Z_l

Kristofferson, 1973).
A} 7] 24 (self-paced)

ANA ol et

il

kel
A Q) (index finger extension)¥ W Hw A& &8+ %24 ¢ (heel raising)

R4

—~
fite)

o]

= A

o

5]

14 & = (efferent pathways)d] HAxE A

™

"_

S

=

3

F 2 oH(Billon, 1996; Paillard, 1948).
i

[e)
o]tH(Jin et al., 2019; Krause et al., 2010; Miura

et al. 2016; Repp & Su, 2013; Scheurich et al., 2020). thA

=

=

It

3]

(effector)ol] FA]o B A ATt

‘_E_ll
~

ioh

7t Bopol A HAH A 2d 7]

[e)
_29_
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oF--21}. Kelso®t Zanone(2002)

(interlimb coordination pattern)2]

o}

$% ¥ 7] (motor effector) Alolol vhE}

o] Aol(transfer)E A F

FADel ol

IGE

Al %

=
pu—

Folk. wea

9

Al =

[l

E/jo

3

3ol )

T A~
- T

718 A vhe

A wek(distal)

)

—

A

—_
o

o

A

o

A o]
-1 =

(tapping)

1: T
=g E=

571 %

ks
R

=

FEFS v Aoz Y

)
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= Tust FAS AlEstd o, AT dettd AE o E T
& 5 QE® 2Asg ArgIe] B4 <E >3} 2ok
R B R i P RS )
novice expert
(Mean%SD) (Mean%SD)
total 30
N 15 15
male 1
gender
female 14
age 34.2+3.9 32.2+4.0
height(cm) 173.1%+6.1 167.9+4.5
weight(kg) 72.0£10.8 52.8+3.9
music-related experience 17.0+17.6 112.3+107.3
period(month)
dance-rekﬂed experience 06417 9559467 3
period(month)
career as a 3~4y 2

professional
dancer

5~Ty

more than 10y

2. AEHA % =7

1) 4d A

$A, @ 5324 B, @ DAL W
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g #HA EF A AR FAFIJTHIE 1. RE 2AdAE Ty
(tapping) FH o= JAPAt @ A2H &5 HE JAdA= ITIE A

stol SaAsl Hsae] S2e) P A

Tapping task Measures behavior
@ Spont_aneous inter-tap interval | | Preferred tempo
motor tempo J L

Synchronization
performance

‘ 5Synchronization-
continuation

Continuation
performance

mechanism
inter-tap interval
(3 Tempo change Adaptation
relative asynchrony

e I o I T e R R

ATFAAE 7o HAdE FA9 FAd wE EVkE Fx=eY
(finger tapping), W¥ x| F=2]7](heel tapping)E =5+ FdsAT &
7t Fog7] 3 A AFFolate "HolE ok ozt grol vl A £&
HolE o #HaAl &¥¥3, 4 <=(dominant hand)9] 7 A (index

finger)& Ab&3te] 7I9j=9] 5 ATIE FEAG. A £ HAE A

9@ A Ehe s gu QA% Fu dE 5 ARl
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o,
o,

E 9 52 F&5 Hd &¥Ea AAS IS I3 A HEzste =
(preferred foot)e] F X Z ulgro] 1A x o] Q= 7|d=9 5 £AIE
Fodoi(ag 3). ol AFHARE A FEY = ~EE Fl

= Us o AFdAE FAAS] e oot 2

a9 3 EHwA FeeY] e dddd

D)
i
a
Ho
offt
jutit)
Hd
A
2
Ll
B
021:2
ol
ol
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1o,
>
ro
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s
o,
[>
lo,
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L
o
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N
w
—
'z
o
w
S
=
1o
>,
=
)
iy
1=
)
toby
[z
Iz
4
ot
ol
ol

Q
A

(Jin et al., 2019; MaAuley et al., 2006).

@ &718F-A & (synchronization-contunuation) 4]

ArFods deEs FE&d F F71Ad ERE 2 2 7]9

£EE fAsY Tn Asgel AND WA s Aud Al T
Eet 548 wEdon it Arge ArddgelA A4 A%

M=, As 3Me 287F Algsy ol5-9 37 &gr7E FA48 du=
Agdt. MEZw9 g5&5%ET 30, 40, 50, 60, 90, 120, 150, 180 beats
per minute(bpm)o]™, =% =3 (30, 40, 50, 60bpm)= 10bpm T, ©]3}
+ 30bpm T FACITHE 2). AFFAAE 77 geSsEdE 23] b

B rREga, $49 FAel W 1684 3 329 FRsac
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2| 54 %(bpm) 30 40 50 60 90 | 120 | 150 | 180

ISI(ms) 2000 | 1500 | 1200 | 1000 | 666 | 500 | 400 | 333

@ ®IEZ ¥3l(step change) A

AFzoI A= 500mse] (Ao ® AFEE MERE &
o ZA7IE FEUY gAAHA wMEAY =2 A ¥sts)
et F=27] F2s FIIY. ol AR o] HAUISD2 500msS
7|+l ® - 150msoll Al +150ms(-30%° 4 +30%)¢] HLlel Al 10ms(2%)
52 50ms(10%) 9= F7FsFA Y #HASt 10ms @99 ISI= 460,
470, 480, 490, 510, 520, 530, 540ms®] FA S = 50ms T el ISI= 350,

2

% F>

fr

400, 450, 550, 600, 650mse] FA o =2 €7t wgtstoh(E 3). ¥ Wsle
ek MEZE Age] Ay sAs 44 dX Hst 28 ((E )= 8-10
Heol 7] ISI(500ms) 7t A& < 1] Wste ISIZF Al =3l
U AFAAE Fg6tr] Aol AFAs ARl Al g W] Al el A

)
0 il
o
[S—y

3}
5 AAserh AT ST WE 2049 71F 1819 AT 05
288 E7be FEevls wEEA Rl fdeg

3, 7hzbe) AGS v B oz Wl o3 @ dE Wg SR U
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==
ke

3. 9

Wst F7)6F wakel] wE ISIe] W3t

unit: ms

negative positive

-150-100 -50 -40 -30 -20 -10 O 10 20 30 40 50 100 150

350 400 450 460 470 480 490 500 510 520 530 540 550 600 650

% 49X s Ao 20w 54
condition tempo change magnitude tempo change direction
condition 1 10 -
condition 2 10 +
condition 3 20 -
condition 4 20 +
condition 5 30 -
condition 6 30 +
condition 7 40 -
condition 8 40 +
condition 9 50 -
condition 10 50 +
condition 11 100 -
condition 12 100 +
condition 13 150 -
condition 14 150 +
2) 4P =

B A8 e LabVIEW(2021 National Instruments Corp., 2016 SP1)=
&3ato] A#gk s A7 2 golW 8§ ZEIOWE Foko] s E Ak
Al 7H A AAE 7] A = 229 S A8gsr] g =E

5, d=3E, 719 = 270 (E7HE, BRI AS)7E AP E AT 4 AAe] =
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AT B

Eis

¢1(IRB No. 2104/004-027)

L3N =

29
NE wekon,

=
<)

ki3

ofol o

1
S

aL, Aol s LA

ARG EAY =F

—_
fie)

W
ol

B
T

X
B
!

o
ot

o

el
ojn

I
ko)

A 9ol =

O
RS

-
T

T AR HQl AR

B

2) AEA 24

A HAv= orlE o

e
T

Tor
)

otz
Il

o
Hlo

il

o
o

~X
s

3) A A 3

2| o) =

A=

oAxt= Al 79l
= A

=+

A

AR T E A

&

3} aHA

Frelse) Qs
atof A7

ol A

371

sl

N AR o] Fol

hms

Zro] Aol Al

fle A

)

pan—
fite)

ﬁ
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a1
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)

} <3 o} (Barut et al., 2007).
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o] o] Ao,
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Hel Ageldrt BE AAE Fdstnd 49 B

AAZEE 2FsEe] oF 1A17F 40+ A Th

flo
ot

O AL £F AZEMT) A

A7 FIAE ol o el ool Y AdsHW HEFHE SrE
eulgo Holl 9% Frath atg os YW SER FAE &
o AAE Agetel s 5 £ANE FEADL o FEY] FA4L
314 23] W Fad &7
oael gre AMlA AEE we] FEAS g L PHOT 3}
A FYF F 6029 FANLL b,

@ F713 d< FHA
A AT As dEEs A& AgAke] AlE Azl 3 §=
T2 Fote] AlesHe AA4A=TMERS 229 dxel 2t Hdid A

Fpsl A=) £AIE FEAL o F F7ARTe] Aol E FAF d
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o oh 37 whel WEsh AT, Al He Wi oW Wt
Jol WS SHe Stk webd] £rhed wnEA F

acs
32

[

4. A8 EH

T AT E sxstek #dd Al e AFAAE Sal dHolHE +H
sbal AT A A Fa o MERE Al v whgshe
57|38} 43 (synchronization performance)ll~] uYEd Elo]rde] A 3HA
(accuracy)<= H]&7]7d (asynchrony) =, A=) A&} A3} ofol] A&5-ah=

Whg 2Fel AIZE ApolE FA A THIE 5.
101
f—l—\
stimulus S1 52 s3 54 S5
| | | | |
i | | | |
tap T T2 T3 T4 T5

S = rhythmic stimulus

ISI = inter-onset interval
A = synchronization error
ITI = inter—tap interval

T = tap response

1% 5. ISISHITI 349 5718t &5 =el(Thaut et al., 1997)

5713} @ F(SE) =, asynchronies® #Hi ke HE 252 eyt
o= Ao E WY = glFo ek oSl o FHAIF A= AA
Al BT WA w837 wT o]t} o] & negative mean asynchrony(NMA)
2t A3 gt (Dunlap, 1910). /K19 &718F A A2 AIA A HT}
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ol Ao Hkg-3l: o= HZ(predictive strategy)d} o] Fof ¥Fg-o] el

F4 g (tracking strategy) 2.2 FE¥ H(Dione & Delevoye-Turrell,
2015). wekA F7]st defo] wed yEive @7 Fa(+, )l w7
o] HE AZAF(auditory stimulus)ol]l H]LZF o2 A wFEE A=A
(negative) =4 ¥H&3} =4 (positive) &  UtTh o]= ofye} o

210 7 AAakg 7o) th(Semjen et al., 2000)(52] 1).

B30 5 (sm) = R T (4 1)

(¢, ITL T: ISL n: 4233815

%713} o579 Auzk(absolute error, AE)S WF3-9] o] E(early) & =
S(ate)oll #Agle]l asynchronye] A7]1& YERHATE o] Fro] A&4E A
gdol =2 As gugtt. w3 57|13t FaolA yEhd golw 7pHA
(variability) 2 B35 A SE9 ZFHAES H ITIEZ ve WHEASF
(coefficient of variation, CV)& &3t FSAHSIATHEA 2). o5& T3t
pacing event®} HliLste] ] Elo|o] dwii}p bF A=A A¥HE F
gom =e Ad4E T 7 (tapping) 3ol o ZPHAZ S AL 903
tF(Mills et al, 2015; Repp & Keller, 2004). A< 3o A vERG Elo]™
7P (variability)< ITI FFH A0 27]E Hate] gk HEEE

CVinZE A4tete] =4840 (52 2).
ov= (%) % 100 (21 2)

5718} =812 CV (s: SEQ] XFHA}, 2 ITIS H+)
A& 3o CV (s: ITI ZTFAA}, 20 TS Hi)
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7t AP A B mE FAAA W& oy 2o O AEA
& HZ GA A= g el Al A F 31709 ¥ dolHIF FHEM A
zyzkol Aldol Al =5 3070e] ¥ 7+ ZFA(inter-tap interval, ITD®] <

FAAE BE] olF Aud LAY FAo wek ww 245G

Mo

(

b

oo

@ E73-AE& FAANM = AT FHol w2t s7)st 2313 A%
2 FEste] dHelHE zdettt 718 219 A A7
2ol 2t 7lsj=e] A E =S o
U oAl e, A=k &F=5 Afolel] §io] FErEAY shube] A}
o 93k dolH &= AA A Al Al eet A tH(Thaut et al., 1997,
Thompson et al., 2015). 3+ W] Aldo| A A 51719 & o7} 3
AL, zhzhe] Alguitk A5 5719 ®ES Aleleta AT Adelskd
713k 234 =9 F 2670 | Holy, A& M FHE AT
ZheAzk AARQlel ®Ek ol whEk HA 2578-FH o) 31709 ® dHolH, T
51-5771¢] & ©lolB & At gs&eo] wet Blal 483t

@ Hx W3t AAdd= X st Ao A 7]
= ¥ 57het "l W3t o] % g
°of & dHoleE FHATE 22t AldoA FHE dHolHE o] u
Bt ITIA470e] 7)) B3t % 2THAE 2
HE714 2 HolA vevs AAakE AlAst L Ao x 1 7
gjsto] ¥ r7] fsto] Hx sty BAsty] ol wkE-3k 5 5719 o

BN kel AN et mEIHS Wi B v

mE

UH
1o
i
_04
O,
rEl
¥
i)
ol
o

S

gl

F oo

32

Joa 32 HJ
i
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(o4
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S
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[e)
s

rr

off

7174l dd YAt (raw data)E relative asynchrony® W #slo] A A s}
Ak
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SATHY 6). FAIFoRE AHREWE EAM sl FH2 A2 HETE A
2HEl = A" o % phase correction® olY 2} 2+ Al ZHE period correction=
HEd3har, XA s29 s3 73+ W$kgl= phase correction®} $H7 period
correction®] F7H& WERHTH ol ®lE ®Wste] AV & 7oA e
U= B4y 22 23E 2t e e =z cl-¢7 F7F2 phase
correction §lo] EAA 35 #o= AFH3S period corrections ¥Hed gt
AElsty, LAA sl, s2, s3 2zl vebd |l wste] g 483 o
Ak ZAA c1-NE T3t volHE A8t AT
M PSSO A7|7F (el WwEgew & ALV ISI9 50%) 7He] H)
(extra tap)o] A5 WAt B a1 tH(Repp, 2002). 28t 719 ¥
< ®x W7 gle A3 9 7F 11 dSolAE EAskE dnbA<l
Whg-olth 2 AjelM s 7he] §ol Ao WAstA Fskow, F= 3 o
ATFrAZ e AA 5] AL ZE vEbsk e whEbA] B2 Aol A The] s
Aol skaL A8kt

et

-

101=500ms  Phase Shift

&5 s} €7
sl = N2& g5 XN& AA
s2-3= W Q¥ Il T3
¢ = F/8E Akee 73

a9 6. 9 WS BA e A v Akl g

ro
hiA)
=1
N
Rod
b
%
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5. TAA ¢

2 AT A= SPSS 260 RS A8t gy 22 EAS A
A8 THSPSS Ine, Chicago, USA).

AA, A4 5 FE Aol s dHolE = 2Me] Al
HeH2), w4 FHQ mE AolE E437] skl WESA ojdE

2HEA (Repeated measures two-way ANOVA)S A A &1t}

=

=4, 713-A% HAAdd FHE HeolHe s7sket A% 2o T
ol

welo] Zzke] zAdA £/ WHEA Frey] Fddz B4

x

@O 5713 =] &7y EHwA 3 JEQ), HESm@)l

O dx ¥l Begs nAsta, J©2), B wWg 27 oJR(2)d mEf
EAA sl, s2&3, collM yEbd 5718 A5S AHET] flstke ol
FEAFE A (Two-way ANOVA)S A A351% T}

@ A ©2), X Wt 27)(7), BFQ)ol wet EAA sl, s2&3, coll A
Ueld F71st H8S AR fste A E4HEA (Three-way

_46_



ANOVA)S 2 A&

Z4zel 4ol A A (Sphericity) 7Hd& SFHAI71A Xd)
Greenhouse-Geisser?] WHo =7 FAE AF% S Fxe9 1, AHS-HA
o] 844 v EH =Y vsH|n(Bonferroni's multiple comparison)<
Are o, 7HE HAESs A% A4 Felaee p<0bE AT
Lok AFEHAe] a9tE wj= tenlaE QIgk 1F SR (type I error)9]
BAE 9ste] oF A4 (multiple tests) *H<Q] Bonferroni correction

methodE &-&3lo] HAE alpha®l v]us}$) ).
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&g o] SMT(M=807ms)7} 3= 43 (M=640ms)°ll
(p=008).

6. A3 w2 Aol W& SMT[Mean(SD)]

=<

wa w2 ook

unit: ms
finger tapping heel tapping
N novice expert novice expert
1 756 (40.60) 675 (12.97) 521 (18.04) <443 (1.66)>
2 968 (27.09) 479 (20.55) <391 (14.52)> 781 (25.63)
3 780 (1.98) 717 (7.20) 606 (15.25) 877 (22.62)
4 908 (21.55) 930 (31.24) 493 (8.87) 515 (2.41)
5 1370 (39.14) 911 (7.75) 577 (2.41) 903 (28.28)
6 650 (1.82) 525 (17.31) 522 (30.01) <2128 (21.92)>
7 503 (24.31) 964 (1.02) 893 (20.43) 625 (19.89)
8 537 (2.71) 935 (274.44) 513 (6.04) 476 (29.65)
9 655 (3.30) 782 (260.37) 684 (13.93) 543 (10.51)
10 1093 (116.42) <1485 (59.51)> 748 (16.90) 549 (17.88)
11 757 (249.10) 998 (2.39) 1092 (112.13) 528 (15.83)
12 706 (8.39) 1131 (129.05) <1196 (37.49)> 472 (21.96)
13 714 (2.94) 616 (4.65) 505 (2.44)
14 957 (37.91) <391 (5.54)>
15 1370 (17.49) 465 (11.72)
total 834 (40.87) 779 (60.05) 665 (24.40) 616 (17.92)

< > HLE B A
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[ finger novice [ finger expert [ heel novice [ heel expert

1500

1300

500

BT {rms)
5
*
_|
o
_|

k8

700 %
500 _L e I

300

2. 3713t 84 JEld gol® EA

713 A & HAl= A= fFo wegt AR5 ERE &)
L5 (F=Y7)S 5713%st= Z 7 (synchronization)¥ *Zxt=o] Faj¥
FE A o]H e FEEHEE FA = A& X7 (continuation) &2 T
o the 5718 2A 8709 &4 XE(ISI=333, 500, 666, 1000, 1200,
1500, 2000ms)ell @& &r7hetat AE e F=g7] Faol A yERd Elol
W A& A (accuracy), 7FAA (variability)S A3t 224 2 (finger,
heel)oll Wz} Z+zF Fk(novice, expert)¥} #E5&xo] wWE xfo]lE Ayl

A 3ol o},

1) Etol® A& (accuracy)

718 2A YERd FEE7] s oW A4S HAA=
g Zhol vEhd A &, 7138 /(¥ E 7|4, asynchrony)E

i
off
_OL
£
Ay
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AstArt ¥3E Ad H]E 7] A (signed asynchrony)& 2.x}o] HFEEA(
)& onsty A= 1A § g A S5C)E, =4 ¥ % A S
(+)2 yepdr} vE 7149 Ad gh(absolute asynchrony)& Q22| 7] &
UEt Y, FX7F Y-S5 go|d AEAdol =2 AE ongith
E 7249 Al Je gesEd wE vlEr|de] G 2 55 8E (%]
finger tapping(N=30) heel tapping(N=25)
ISI group
positive negative positive negative
novice 92.7 7.3 83.5 16.5
333
expert 97.5 2.5 88.2 11.8
novice 7.2 12.8 80.2 19.8
400
expert 96.1 3.9 84.4 15.6
500 novice 77.5 22.5 60.0 40.0
expert 95.2 4.8 82.4 17.6
666 novice 79.6 20.4 72.0 28.0
expert 94.6 5.4 82.9 17.1
novice 99.9 0.1 98.0 2.0
1000
expert 97.1 2.9 90.5 9.5
novice 73.2 26.8 58.7 41.3
1200
expert 87.6 12.4 68.7 31.3
novice 72.8 27.2 51.5 48.5
1500
expert 87.2 12.8 81.3 18.7
novice 66.9 33.1 48.3 56.7
2000
expert 73.2 26.8 58.4 41.6
<E > 718 2AA UERE HlETIAY Y B 559 HE
()% FAY BN mel YU AEEEWE PRl nelFnh &7
g Ty FaeA ted $78 eRE SRS MSAR BT 8
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o] YEHEAA 70% ol Y7t FAMSE L, BHwA Tl =d
2] A RE HEEERAA 5T AR o, vl Rt 49 A
o7 d 55 5(S1=1200, 1500ms)ol A YEeERG 59} S+ H| S
H 5333, 7H =9 855 E(ISI=2000ms) o A9 S7F 56.7% % S
of Hl3l 43 ApolE FAEAT olE AL YR A BF F
T7F A% Ayes HEZE A7 AT ol% # s AS 9
lk=ia=
¥ 8 w4 dAE He, g5E%e e 7|sF A% [Mean(SD)]
finger tapping(N=30) heel tapping(N=25)
ISI group
AE(ms) Ccv AE(ms) CVv
233 novice 59 (23.0) 9.0 (10.6) 57 (23.4) 7.0 (4.4)
expert 66 (15.1) 4.6 (1.2) 63 (19.2) 5.7 (2.2)
400 novice 50 (40.4) 13.2 (22.4) 55 (27.7) 6.8 (9.1)
expert 58 (33.0) 3.6 (0.8) 56 (25.6) 6.3 (4.9)
-0 novice 42 (20.1) 4.1 (1.5) 44 (25.6) 5.1 (1.7)
expert 44 (16.6) 3.7 (1.1) 51 (20.8) 4.1 (0.7)
566 novice 51 (24.9) 4.0 (0.9) 48 (34.6) 5.2 (3.9
expert 59 (22.4) 3.5 (1.4) 58 (26.5) 3.9 (0.9)
1000 novice 100 (33.7) 3.3 (1.0) 109 (41.3) 4.1 (1.1)
expert 118 (28.2) 2.6 (0.5) 104 (41.8) 4.2 (2.9
1200 novice 50 (34.1) 2.6 (0.8) 50 (46.1) 3.8 (3.3)
expert 49 (29.1) 2.5 (0.6) 58 (34.1) 2.8 (0.9
1500 novice 76 (52.7) 3.8 (1.3) 68 (50.1) 3.3 (0.9)
expert 69 (40.7) 2.8 (0.5) 72 (46.6) 3.1 (0.4)
2000 novice 84 (59.7) 3.2 (1.1) 87 (66.8) 3.3 (1.3)
expert 71 (49.0) 2.4 (1.0) 69 (47.5) 2.3 (0.8)



<E 82 T3t =AM yERE HlE7]Ade A gk(absolute error,
AE)¥ WHEAFCV)E 239 S we oy gesedz FE8)
o] HojFEr

E7he S verd Je g5sdd wE nlE A e oAk
A A9 Jde] Fade fFosA FRoy YEHr FaE
A GEFSOH A7, 221)=23.508, p<.001]. ey HEy 5559 F35 2

§ Rabs RO YT AESEY FENE AFAEE B

O

Bhukal, ymA gesHs 2590 E 793 Aols BAu(p<006). HET
[SI=2000ms 2= (M=77.6ms)¢] &713} 277} 400ms(M=53.9ms)(p<.006),
500ms(M=43.2ms)(p<.006), 1200ms(M=49.5ms)(p<.006) ZA 3} 23+ A
o2 yepster, ISI=1500ms =7 (M=72.2ms)¥} 500ms =71 b #po] 7}
TRk Ao YERTHp<006)(1H 8).

finger tapping

> 100 A
30 A O Novice

W Expert

asynchron
D
o

333 400 500 666 1000 1200 1500 2000
ISI (ms)

a9 8. &7 3o A, fagie wE v
S A FaelM yEbd e 2lmsiood mE WE7]d e oldEAt
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Ap

_ti_ll
rr
Ho
1o

N

A A, guel FEAE 408 agout dEEREe 3
ShAl YEFSETHF(7, 221)=12.940, p<.001]. ey Ha3} 255
A4g ke e WA JESEY FEAT AT
gk A3 ISI=1000ms oA vebd HlE 7174 o] 106.4mse = 71 =7
GEa, A PESE 2AERE §o8 SR LehRTh(p<ool),
T3k 2000ms =71 (M=77.8ms)¥} 500ms(M=47.6ms) x=31 I+ AFol7F {9

H
Lo
o
fot

o
o

KeN
=

off
ol

ol

AV

B A ow GEtH(p<006)(1d 9). old @ AnE B 1d dEse
2ANA et MEo)ge] FUHoR ME dESE 20 v 2
29 %9

heel tapping

L=
N B
o O O

O Novice

[0}
o

B Expert

(=2}
o

asynchrony mean (ms)
=

B o

o o

N
o

o

333 400 500 666 1000 1200 1500 2000
ISI (ms)

a9 9. FEA Fde Al dEsEe wE e

2) Eto]® 7} A (variability)

o] &g du@rh <E 9> o3k, b2 SN tehd Y ¢
S&md mE CVel o] ARAEA A3, Fue FEIE F5H e

oM [[(1, 221)=7.155, p<0l], dE5&2e FEIHE F&A et



[F(7, 221)=3.418, p<.01]. Z+7te] FEa34E ASHAS Z3 FAds A7,
S A CV(M=32)7}F ¥l & AAHM=5.4)°] B8] A YERLa(p=008),
55 27 3Fe Aol ISI=400ms =7 (M=8.4)°l4 1000ms(M=2.9),
1200ms(M=2.5), 2000ms(M=2.8) &3 Fol3 o= YE T (p<0.5).
AP Adtel A yEbd {olgk zbol7F 05K ZHEA|RE, Bonferroni
correction method® X 4% alpha(.006=.05/8)¢} ®]u st A3} Fo|3k# &
otk A, Jod YEEHEY FEE ade FoFE 5%olA Foldt
2 A YGEFEAIRE folgFE 10% 7)ol FoE A2 YERG U AT,
221)=2.030, p<0.1]. olel tigh AF$34 A, ISI=400ms ZZ1elA] v &H
Zke] CV(M=132)7F @2 M=3.6)°] Hl&] =A e THp<006)(1#
10). olgist A% E F3te] e #ESE A YERY 5729 Elol

W oAhwadel WAAd W von Sd, gijdom wE PEHrq

dob
rok

f

o
>

400ms kAo x3olAM 2 Aol7t FEHAE As & F UTh

=3
«©
offl
N
ok
BN
My
4}
_}l_‘
1y
4
O?L"‘
o
o)
i
o,
A
N
e
AL
ol
Ap
k1
-3
=)
ru
@
<
lo
o
m\z
Shd

A A & 3 AHE HIFAF F TAgE
et 284.545 1 284.545 7.155"  0.008
ISI 951.531 7 135.933 3.418"  0.002

Ak « ISI 565.064 7 80.723 2.030 0.053
S 2} 8789.306 221 39.771

#*p<.05, *¥p<. 01, #+xp<.001
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mE

=——axpert
[===novice

333 400 500 666 1000

I1SI (ms)

a3 10, &7 S b Ad g EEr

e CV

1200 1500 2000

WHEA SN et FEd e ESEe] hE CVel ol ARy
2

S|
]

A3 BE&xe] Faaut folatA UestHA®T, 221)=5147, p<.001].
ols AFHAES  Fa E<ld A, ISI=2000ms =7 (M=2.8)%}
333ms(M=6.3), 400ms(M=6.6) =1 1t Zo|7} fod oz ettt

(p<.006)(28 11). o83 ANE E3}o] =

WA AHor wE fdE2s ZAd 1)
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SIESE ]
’ = -

of uh& ITIe] 7= $AF

[Mean(SD)]

unit: ms

finger tapping(N=30)

heel tapping(N=25)

ISI group
sync. cont. sync. cont.
333 novice 333 (23.0) 333 (37.2) 333 (41.7) 335 (87.9)
expert 333 (17.2) 331 (25.8) 333 (27.4) 326 (63.9)
100 novice 404 (43.7) 396 (25.0) 402 (40.2) 397 (36.8)
expert 400 (42.2) 393 (18.5) 400 (32.6) 390 (51.4)
500 novice 500 (23.2) 491 (23.8) 497 (46.2) 482 (20.4)
expert 500 (20.7) 493 (23.3) 500 (28.8) 486 (30.6)
666 novice 666 (33.6) 668 (36.2) 664 (42.3) 658 (41.8)
expert 667 (27.5) 655 (25.3) 665 (41.2) 641 (37.1)
1000 novice 1001 (49.7) 999 (48.1) 997 (64.9) 984 (115.2)
expert 999 (33.5) 985 (50.4) 998 (54.8) 970 (63.5)
1200 novice 1200 (59.2) 1235 (60.1) 1194 (87.1) 1189 (99.9)
expert 1203 (41.9) 1179 (49.4) 1200 (54.0) 1158 (49.9)
1500 novice 1501 (83.0) 1588 (97.2) 1499 (102.2) 1521 (99.1)
expert 1499 (64.7) 1480 (53.7) 1511 (95.6) 1488 (67.1)
2000 novice 2003 (114.0) 2221 (130.0) 2000 (126.7) 2095 (157.4)
expert 2001 (84.2) 2002 (92.7) 2000 (114.6) 1948 (105.5)
£t FPolA et B8 279 gus s wE P
ITIo] ol &E4ktA 2y, AT Fades FoshA vetweH (4,
221)=7741,  p<Oll, #E&H=e FEAE fFosA HERETHAT
221)=737221.945, p<.001]. 284 A} 5529 F548 29 7+
o)ahA RTh W, <E 11>l ook, A% hoHE Yo Fau
[F(1, 221)=19.309, p<001]1¢t EE&5=el FaH[F(7, 221)=1411.107,
p< 00117 frelalAl ko, i dE4re] 4548 ZvE §o
st Aoz Yeb o F(1, 221)=5.358, p<.001]. A& A4 yeErd ot
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i)
L)
iy
1B
k1
o
ox
fol
B
ofo
F,O‘{l
o
il

d

AT AARS T g2l A3 ISI=2000ms

7 1500ms oA e @ zke] ITI(ZHZE M=2002ms, M=1480ms) 7}

Hl s & 2H(ZH2E M=2221ms, M=1587ms)el|l ]3] 7] ISIel 3 stA e

S Hp<.006) (L ¥ 12).

¥ 11. A% 24-E71 3o et Jd, gl5S55 w2 Hf [TIol o

A& A& A= FHIEAF F o3 E
He 157226.920 1 157226.920  19.309™ .000
ISI 80432174.194 7 11490310.599 1411.107™  .000
A&k * ISI 305422.426 7 43631.775 5.358™ .000
A} 1799550.797 221 8142.764
#p<.05, #xp<.01, #*xp<.001
2300

2100
1900
1700

1500

ITI (ms)

1300
1100

900

700

SR
500
[=—expert

300

= = =novice

333 400 500 666 1000 1200 1500 2000

a9 12 A% 2A-E7ke RadA et [k

gE5&E g Ht ITI

— ESSB —



WHEA FYAA et B35 249 g SR v P
ITIS) ol uales A, Hube] Fase fo84 ggor), PEHEY

=
FaEANE FosA e T AT, 221)=768859.704, p<.001]. 221} et
dEdry A5d8 ads 98k Fgvh v <F 12>9] 93k
A& 2@ e Ao FEIF(, 221)=11.485, p<01]1¢t B E5&5=9
B A7, 221)=2069.592, p<.00117} fFelstAl vElgend Ady fE55%
o) H5Ag ZAE Fod Ao e THAT, 221)=2544, p<.05]. J&

28 592 ATPAL Ed FA3 A ISI=2000ms
o)A bt S ake] ITIM=1947ms)7} H] <% & 2H(M=2080ms)el H] 3
7]= ISIel 4 8kAl WEFHH(p<.006)(2# 13).

E o

N

12. A% 271-25 54 P4 et JAd, gs55Ed ud H 1T

A A% AHFE HEAF F T e
Het 57943.374 1 57943.374 11.485™ .001
ISI 73092398.850 7 10441771.264 2069.592™  .000

At = IS 89861.956 7 12837.422 2.5447 015
=k 1115017.515 221 5045.328

xp<.05, *xp< .01, #xxp< 001
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2300
2100 o)
1900
1700

1500

@
E 1200
E 1100
900
700 & &
500 = axperl
== *novice
300
333 400 500 666 1000 1200 1500 2000
ISI (ms)
A~
a9 13 A& 203552 S vEhdt Jd

2) Bo]g 7t

&7k oA vehd Frls 27 Ay gEEEe] wE Hat
ITI9] oY@ AbEA ZA¥ #E5&H=Ee FaAT
221)=3.145, p<.01]. Wrd, <¥ 13> 9J38lH, A& A= Ao F&
A, 221)=19.309, p<.0011¢} #HE% EHF(7, 221)=1411.107,
p<00117F FrofshAl Vet ou, Jud glg&Ee] F5as 9= f9
A otk ZH7el FEAE AMFHA S F gl A, SHAe] ITI
CVIM=48D7} H&#AAM=6.10)1  Hvla] @A eI (p<.006),
[SI=333ms #7119 ITI CV(M=9.33)¢} ™= g5&H%E 210 1k zol7t
Ao & YEFSETHp<.006). ol#d Aye F718 203 o
Ao A vERG vsRARe] Erke galo] Sizte] HlE] s A o]l

e EEE A0 Mol A el e ofvd.

H
1o

AC)
N
B o

HJ lo
ol
H

N
—_
O,N
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13. A& 21-E71 34 vehd fgd, d552dd wE ITI9 CVel

A A& AHE HAFAF F TAgE
et 98.745 1 98.745 9.099" .003
ISI 536.054 7 76.579 7.056™  .000

Ak« ISI 67.932 7 9.705 894 512
o} 2398.455 221 10.853

*p<.05, *xp<. 01, *#+xp< 001

B A oA vehd B8t 27 Yo g EEEe uhE ITIY
CV old&stiA Az Herel FaA[F(, 221)=8972, p<01]9}t Bl 5&%
o] FEI[F(7, 221)=4502, p<.00117} +93+A vebgth 28y Avky)
gEEEe] 45aE gdE ok otk Jdeo] Fa o] gk AL
AR Ay, HEAke) ITI CV(IM=5.18)7F W& @A M=6.17)°] vl StA
EFTH(p<.006). <FE 14>9] ol3lW, 2% ZANME Ao Fai[F(,
221)=11.485, p<.01]¢} &&= FEALF(T, 221)=2069.592, p<.00117} r
ojatAl yEtwkow, AFSHAE Ay, Ao ITI CV(IM=6.14)7F vl <A}
(M=82D)°ll Hl& YA YEFSEI(p<.006), ISI=333ms =3 (M=11.26)3}
666ms(M=6.02), 1200ms(M=6.38), 1500ms(M=5.25), 2000ms(M=5.53) %71
b Aol 7t freolgt Aoz YERSTH(p<.006). ol Aye Fr]stet A&
A v sEAe] BEEA] Fao] Suafel] HE bW Ao, A&

270 A% e BEErd A el 2 et AL o,

r°*'
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14, A& 21-TH 5 oA et Jd, gl5&Ed mE [T1e] CVel

AX A &% AHE HAFAF F TAgE
e 236.039 1 236.039 9.147  0.003
ISI 1135.957 7 162.280 6.288"  0.000

Ak« ISI 110.387 7 15.770 0.611 0.747
o} 5703.226 221 25.806

*p<.05, *xp<. 01, *#+xp< 001

4 AE W BE H$ 54

1) 9E @Astel g@ Aed A4 B

A2 Wt JAl A BE AR xtes 424 Alduit Erket 52 0
HAwA Feg7] 38 v F $ "HEvt |
Qokd, WEA EE A ojgA W
ot S99 Fd2> "HE7t w2 Wats(negative), ®X7F =gl A W3
(positive), M 3}81S(no change) & 4 ¥ At}

<39 14>= w49 FAol wet Jad e yepd g2 Wt gk $

o oH &S HoFu AFFezie A $9 T 2vkE Sl &g F
=7l 67.9% %3, IHEA FEE e 68.0%ATH FAY A e
Aod A3 gt H&S Aund &vbeg Fegv)e 4g st
7} 679%, =AA7E 80.7%% L, LHFEA Frrlel A vsdARTE

68.3%, S HA7F 81.8% A Th HA Ao R Hedxrt HlGHE Al HF E

il
N,
N
ol
R
ui
atit}
H
g
oy
o
ok
o
2
=)
i
o,
fob
ot
oo
ol

(e}
=
o
o
i

=
17
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B 7 =gl A WEek A E v E5HAS] 654%, SE A 81.2%7}
SnutE A SEEda, ®|xryl w24 Wi FAdAE v &5HAe

707%, %A 812%7F s SHSATh oAy FUAE WE W

o =toy, +30ms ol FFEH= AEsHA S

[e]
k=3
(N7 whaly 2o =9 A)3

= T -

5 Qo ow Sy Arddae e £/eE wHEL Fegs) &
QoA HARIE 22 215%, 18.1%, wl&EAAIL 247 32.0%, 317%0.2
Jepdt) ol &axl wEddel va B wWsel g NgEs) =
& AL o)nay,
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93k

(a) finger tapping

—— Expert_correct response «++E++ Expert_no change

—— Novice_correct response +++A++ Novice_no change

percentage of responses (%)

-150 -100 -50 -40 -30 -20 -10 0 10 20 30 40 50

tempo change (ms)

(b) heel tapping

—fl— Expert_correct response ss*E3++ Expert_no change

== NOVice_correct response *ss#x++ Novice_no change

w B
o o
L

percentage of responses (%)
vl
o

SEe HE&o] 7FY =2 condition 1(-10ms),

=
2:10ms)el A WE W A7 oiRol wet 2z APe TR

Wk lE e
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<9 16> E7F sdolA yehd /i st Xzt oo mE e
Hit ITIE §2 Wsl W3fo] we} Fo Wak(a negative)d 59 Wak(b:
positive) 2.2 FE3e] HoFEL F I 25

I 28R e A ko] FEE ApolE B 4 QUrh "lETF w2 A §E)
= X (negative)ol A W3S A Zsts W BHlsdAE A s2&300 A
ITI7}F =% ISIXth o Hlojubi=(overshoot) ¥l o] YEbRE, < #E A= s3
oA 1egh AdFo] YEtH(I® 15a). W, R1E7F =2 A
(positive)oll Al W 3tE X[ Zbetls W Hlsdabs EA4 3, clollA ITIV}
=3 ISIHT ¢ Hoju=(overshoot) B ¥lo] UElyka, <z dlx WA
st ol 3 Aaxar 53X AHES Hojus Ao YEtRth(2® 15b).

novice novice
—e— detedted e notdetected —e— detedted s notdetected

540 540

530 530

520 520
_ 10 _. 510
2 500 2
£ 490 £ 500
E = 490

480

470 480

460 470

450 460

-3 -2 -1 0 S1 §2 s3 C1 C2 C3 C4 C5 C6 C7 -3 -2 -1 o Ss1 §2 s3 C1 C2 C3 C4 C5 C6 C7
sequence position relative to tempochange sequence position relative to tempochange
expert expert
—— detedted  ssefeer notdetected —e— detedted <essBee+ notdetected

540 540

530 530

520 520

510 510
£ 500 2 500
£ 490 E 490

480 480

470 470

460 460

450 450 4 {

-3 -2 -1 0 S1 S2 S3 C1 C2 C3 C4 C5 C6 C7 3 -2 -1 0 S1 s2 S3 C1 C2 C3 C4 C5 C6 C7
sequence position relative to tempo change sequence position relative to tempo change

condition 1: -10ms, condition 2: +10ms

a9 15, E7F Al vehd JEWsiA 2zt of o] wE Hehd H ITI

b

7Fet =3 9] negative conditionoll A YERG Hutyt w1l W3 %7} o

wE ITI¢ ZF EAAE(s], s2&3, ¢) o] YEAREA Ay}

1
2
e
By
=
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s2&3° A kel FaIAIE fFefstA ek en[F(, 86)=8.063, p<Ol],
B Wl A7te] FadE fFoFE 10% 7Eo® foe AoR vEy
THA(1, 86)=3.242, p<0.1]. ¥te] Fazdd g A4 A3, vjsAxt
9] ITI(M=483ms)7} < HAHM=501ms)ll H]3] &3 ISIA L3 Ao
2 YERStH(p<007). 28i " WstE A 7ber A4-9-(M=486ms) 1% A
£ A$M=498ms)el W& FFAsE AFe]  JER o (p<0.),
Bonferroni correction method® XA alpha(.007=.05/7)¢} B3+ 2z}
FoahA] ekl m3h positive conditionel A WERG Heky ®lx A3}
A zp o Fo] wE ITIO 7} EAAH(s], s2&3, o) ol d&ihtA A
A s2&3AA Aol FaA[F(1, 86)=3.018, p<0.1]9} Hty ®Hl¥x W3
28 a[F(, 86)=2.879, p<0.117} o+ 10% 7o 2
ojgk ZAlow yetwth FEAE e dE AAsHEA Ay, dx wst

Azbgk 2o vl Ae] ITIIM=518ms)7} <8 2AHM=502ms)°ll  H] 3l

<a® 16> LEEA FoA dEhd Ayjfolvh. |lxvh waA We}
= E(negative)ol A W3S A Za= s zbs &g e
Hl sz Al A4 s2&301 A4 ITIZF &3 ISIHtE ¥ 3oy (overshoot) ¥
glo] vElt oy} o] Foll= &rbe Falo ARt ITIS] Wgo] A e
oh 2oy |1 W A 7F R mE S o] FoAs Tl Ao
S HolA &ZUrH(1¥ 16a). v, HIxE7F =2l A W= =7 (positive) ol
A WstE AAstds W F A9 2F XA slolA ITIF 533 ISIH v

E=
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novice novice
—e— detedted e« notdetected —e— detedted  «+f@e notdetected
2
540 560
530 550
520
510 540
— 500 _ 530
2 290 2
E 480 £ 520
= 470 = 510
E 460 = 500
450
440 490
2
410 470
400 460
3 -2 -1 0 51 S2 S3 C1 C2 C3 C4 C5 C6 C7 3 -2 -1 0 51 52 S3 C1 C2 C3 C4 C5 C6 C7
sequence position relative to tempochange sequence position relative to tempochange
expert expert
—e— detedted  sseBes not detected —e— detedted  seBeee not detected
560 570
550
540 560
530 550
520
229 540
— 500 _ 530
2 290 2
E 130 E S0
= 470 = 510
= 460 ~ 500
ﬁg 490
2
10 470
400 460
3 -2 -1 0 s1 52 S3 C1 C2 C3 C4 C5 C6 C7 -3 -2 -1 0 51 S2 S3 Cl1 C2 C3 C4 C5 C6 C7
sequence position relative to tempo change sequence position relative to tempochange

condition 1: -10ms, condition 2: +10ms
a9 16, BREA FRA Yt BTz oo ge dud P
ITI

U5 %] 4230 9] negative conditionol A WERY Hekd "y A3 x|z}
of Frofl whE ITIO] Z} EA AR (s], s2&3, ¢) oY EMEAN Ay FA4o
2 F93% Aol YERA gkktl ¥ positive conditiono 4] U ERGE
Aoy b W3l x7F o R wE ITIO 7z} LA (sl, s2&3, ¢) 14
EAHEA AR, EAA slol A "l Wt A7t oFo] Fadrt foaH
el oH A1, 86)=11.866, p<O01]. oldl whdt AL$x4 4
A7tk 2719 ITIM=539ms)7}F 12 %] X3 271 (M=505ms)el Bv]al] 2
Qs Aol AA Ve HH(p<007).

@ asynchrony
<A™ 17> E7FE oM uEd FaE Wk X 7p of o

il
o
AV
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W AR A 8] % 7] A (relative  asynchrony)S €% W3l ®3F(a: negative
condition, b: positive condition)el]l we} FEste] HoFETh F e

B
WE MRS AZG A 284 g Ad o FUd olg B 5

>

Atk wE " Wzt 2o WEE AstH s v sEAs wEA 7
T (baseline) 0.2 Fol& HbH HlasdxE 7|Ed34E 4y "9oAd e
AL B 5 ri(1¥ 17a). WA, =@ €932 W38l 27 (positive)ol Al ¥ 38}
S A4S W vsdxes 24 J2 455 VedY B3R, &

A A 7] ol upE Feld Aol oA YTHLH 17h).

(a) condition 1 (b) condition 2
novice novice
—@— detedted sesBkee not detected —@— detedted sesEbee not detected

relative asynchrony (ms)
o Al f
S

3 -2 -1 0 S1 S2 $S3 C1 C2 C3 C4 C5 C6 C7 3 -2 -1 0 S1 s2 s$3 C1 C2 C3 C4 C5 C6 C7
sequence position relative to tempo change sequence position relative to tempo change

expert expert

=@ detedted esefbee not detected ==@— detedted e+@pee not detected

3 2 -1 0 S1 s2 S3 C1 €2 C3 C4 C5 C6 C7 3 -2 -1 0 s1 S2 S3 C1 C2 C3 C4 C5 C6 C7
sequence position relative to tempo change sequence position relative to tempo change

condition 1: -10ms, condition 2: +10ms
a9 17, E74E ol A YEld "I RSt Z; ool mE Huhd AoE

Hl& 7143

=718 4280 9] negative conditionol A Y ERG Fekyl wly W3} 2] 7p o
Hol wE AA 85 7] A (relative asynchrony)®] ZF LA AHE(sl, s2 &

3, ¢ oAt Ay, FAA collM Heke] FEAVE FolEA e

N
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A1, 86)=5.467, p<05]. o]o thst ALsHA A}, =#HAFe] o4 v
5714 (M=-12.53ms) ¥ & @ AHM=-44.75ms)°ll B3] 7=l 712A o
B}t o H(p=.022) Bonferroni correction method® X A% alpha(.007=.05/7)
oF wjuet Ay Fo5FK kvl ¥HH | positive conditionol A YERHY F
b "l st A7y offo mE AA BlErIAde 7 FA (],

s2&3, ¢) ol¥EAEA A, SAHeR Fo3 Apol= yEhA st

D ITI

<ad 18> HlE WE =7]o @9 E £10ms¥ +50ms®
7her oA yebd Jud | Wl Aol W] mE ¥y 1A
i ITIE RAFE XF9 xAA -35YH 07h4+= 7% ISI(=500ms), *E
A s1-s35 NMESE ®Xo F7|del= FH1F EFEAA cl-c7E FU]|EE

AW BT gAadA Wetd W

1
ME
_O‘L
9
avs

et

ot

riu
BN
Y
\%
I+
w
(@]
5

e
2
2
N
2
=3
2
jaio)
o
an)

=
Hojtb=(overshoot) B &Fe] FslstAl Uetwton, ol& <lsf A= Hx
E o ATk E=g A

& Haxol A Aol oM SuAIE vl Al ws) kM gle

K-
X
olo
ol
rr
ke
X
od
o
Ao
N
N
X
4,
fr
il
i)
_\;
rir
mlo
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470

450

430

—— +50ms
—=— +100ms 7 550

—a— +150ms

e 100Ms
rpree -150ms 400

condition 1: -10ms, condition 2: +10ms, condition 3: —20ms, condition 4: +20ms,
condition 5: -30ms, condition 6: +30ms, condition 7: —40ms, condition 8: +40ms,
condition 9: -50ms, condition 10: +50ms, condition: 11: -100ms, condition 12:
+100ms, condition 13: -150ms, condition 14: + 150ms

a9 18, £7be el vehd AW, 9E Wa 20], 3@l e Bit 171

rx

7t oA vEhd o, Jx wst =37], W] wE
(sl, s2&3, ¢) v ITI9] AT Ao 53] £AA 2&314
gy d3sl 27), Wk Auzag a3 §93%8 Aoz vehgon[F,
385)=2.520, p<.03], AFFHEA A, -100ms oA HHA
ITI(M=356ms)7} H]<AAHM=410ms)ell Y&l &3 ISIo] 3 skAl e
2 (p<007), +150ms ZF7olA @AY ITIM=742ms)7} B & #H A}
(M=704ms)°ll H3 #54 Aol A FeERHLTHp<007).

Aok "\ Az 37) Wk wE 7 EAHAE(s], s2, 3, ¢ Hir ITI

)

H~l

]/\

-

i

2 E3lo] 2E3 3 A A9 714 7] (slopes of the regression lines)E ¢

b

il
i

9] %] #(adaptation index)® Aro} Fehd &l W3lol] 233 AL
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B dtHRepp & Keller, 2004). 7€ 717} 191
ek, i 2 091 A A8o] dd o] FoAA BAFE 9
717F 18tk =29, 3<4=A (overcorrection)©], 1H.t} 2o
o] YeH&& T Ao, &9

(counteradaptive strategy)e] U}
T yetd 2 £AA
s1(W] - =}E 0.23;
s2(v] A 2} 1.33;
T80l YEtwtaL, collA = 7

Z]
|

undercorrection

o)
=

71 7] (negative slope):= <%

& e
Heg ouatt <1y 19>% st

EREE

48 A

=

& Aol wel HolEo
0.26)1 A= A &o] d8 o] FojAA ekgkort
1.60)¢F s3(Rls @ Af: 117, & =b 1.27)9 4 3

N\ % AR Geal 77 10302 e

RS
Sa A

S stA A Eetal o] & A&Hste AS vbget 53], A s2&3 -7F
ANA yehd @zt s Aol nlsdzte Hla & AS & 4
t}.
fingertapping
2.00
1.80 A
1.60 4
5 140
2 120 A
S 100 -
g 0.80 + D novice
% 0.60 A
S 040 1 W expert
0.20 A4 ’%
0.00
-0.20
s2 s3 c
sequence positionrelativeto tempo change
a9 19, 24 EAMNA bt gehd 4 AE
<a¥ 20> ¥l Wg A7]e] @9 E #10msy +50msE ko]
FEA g vebd Jod "y W3 Av|9f Weel mE ¥xdd
Bt ITIE HoFth E7be F8o A mxbbA = F Jd 25 g%
Matel @/ AdSE B Aol Ty, 10ms B2 AEd
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1‘>4

A(<+40ms)ol A Yehd HE WE F oo]2 AXdE FIHEAA
c1-7)¢] ITI7} 50ms ©91¢] ®F wah z7eo] wa) o 7bdze e 2
At =R, &b S A WE W

o Fafo] W Ex Fao A gl 27t
ol A Ao 277 FiH o Akl vlGuAe BHFA FHo)

+

als

HEEA ol yebd He "l wat 37) ke wE Ix A
(sl, s2&3, ¢) A+t ITIY AL EAES Z2Y, 53] A collA e, =
¥ st A7), B 4oAE 23Ut T 10% 7o w fF9% A
o 2 YEelt o[ L6, 380)=2.086, p<0.1], AF-H4 A3}, -150ms Z=71 ol A
2ol ITI(M=339ms)7} H] & @A (M=327ms)ol Y3 &3 ISIel 435
Al e EH(p<007).
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novice expert

el

A AE A

ke
il
i)
AV

<9 21> EHEEA F PN vEhd 7}
of whe} molFEth XA s1(M&EEAE 035 FEA 03760 = A&l
A o] oA kot s2(M @Ak 1.35; @k 1.34)¢ s3(H & @A)
1.35; s@zk 1.3D)elAl #EA o] vEal, collAE 71&77F HiEsaate
108, &A= 1.042 Aol ghulshA A&ata o5 A&t S kg
of W FEA A YEhd A8 A FellA FHe 7 2ol Holx ghon &
7t 8 ¥ vl

L
w7b S e e ¢ 5 Atk
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heel tapping

tm

O novice

- 0.6 M expert
©

0.4 4

0.2 A

0.0 T T T

sl s2 s3 c
sequence position relative to tempo change
a9 21 7 £AAA dehd gud A8 A%

@ asynchrony

WA, E7ke Faola veld Huh, "lx Wl Av], dake] wE x4
A (s], s2&3, ¢) A4 vlE71d ] AdEAHEA A, ZAA slol A=
Bl dsl 3719 FEIF(, 386)=3.820, p<011¢t ®IE ¥3} whako]
EH[F1, 386)=29.314, p<.00117} FrefshAl vebstth. Zhzke]l F=a el o
3 ALZHA Ay £10ms 2 (M=-4.31ms)¥ +150ms Z7 (M=-42.01ms)
Yk 2ol 7t »EREAL(p=002), =¥ ®lE W} 2] A v
A (M=-492ms)¢] W& W3} =71 (M=-32.00ms)el vs| 7|EHel 7H4A
LHERE TH(p=000).

XA 2&3 A= ®IE st 7)o FEI[F6, 386)=10.963, p<001]
o} wrake] Fa (1, 386)=397.256, p<.001]7} +2latA vebytiel. 7Hzhe]
FaIo] o AFAA A3, +100ms =3 (M=-7825ms)ol A 7+ 2 4
A w71 e]l vebal, vex 27 205 B o Aol o
Bk o (p=000), +150ms %7 (M=-56.60ms)¥}  +10ms(M=-8.33ms),
+20ms(M=-14.75ms), +30ms(-14.45ms) =7 3t F2]3 o]z} velyi),

TR =9 "E s 2o AdA vEr]d(M=264Tms)e] wE HE

r
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W3l 21 (M=-92.36ms)ol sl 7= 7HA YERSETH(p=000). A,
Azag ave oy 9 sl A1, 386)=5.558, p<001], ®W1E ¥
3} =7) 9} W F(6, 386)=22.382, p<001], ¢, ®1x wsl =7], Wk F(6,
386)=4.002, p<O0llelA Fels Aoz et 2H2be] 4

AESEER L
H] 571 (M=13.60ms)°] H]=#H2H(M=39.33ms)oll H|3| YA YERSaL,

-10ms =7 (M=-25.84ms)Z} -50ms =71(-96.66ms) <+, -100ms =71
(M=-172.33ms)#} -150ms= A&t Yy x A7) =71 3F -150ms =7
(M=-181.83ms)3 WA 7] 27 3F 793k 2po]7h VRS . (p=000),
-100ms®} +150ms 7oA =dEAY A4 H]5 7] (M=-132.33ms,
15.76ms)°] H] & E X (M=-212.33ms, 121.50ms)oll H]3] 7]l 3 3}A
L ERSTH(p=000).

FAMA cdAME JEY FaFF6, 386)=4.203, p<05], ¥ W3} A7
o] FEIF6, 386)=6.590, p<001], WFe] FaIF[F(, 386)=47.708,
p<001] 25 rolstAl vebutty zh2zbe] Faatel s AAsd4d A3, =
dzke] gdA v)E 714 (M=-33.31ms) o] H] & HA2HM=-46.69ms)°ll 13l 7]
FHol 7 A yeErsk 2 (p=.041), Bonferroni correction method® X% ¥
alpha(.007=.05/8)¢}  wlagk A3 FoakA] ok, £100ms =7
(M=-75.22ms) ¥} +10ms(M=-28.48ms), +20ms(M=-23.40ms),
+30ms(M=-20.50ms), +40ms(M=-20.44ms) F7A 7t o3k z}o|7} vhepyt
O w(p=.000), =¥ ®E W3} 29 A HE7]d(M=-1747ms)°]
€ W3 23M=-6254ms)ell vl 7IEH el 7HA YERETH(p=.000). 2
A, e a9 BF Fo3 Aoz yehk=d(p<0s), ol Bk Al
A4 Ades te 2k 92 A3t 2717F £100ms?! 2ol A sE At
o] A Hl571/d (M=-40.19ms)°] H] <A (M=-110.26ms)°l H& 7]F
Aol 7F A YERSEIL(p=.000), ®E7F wEA wstet 2xlo A Sw At

o

.
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dA s 7174 (M=-40.53ms) o] Hl & HAHM=-84.54ms)ell H| &l 7]E 3ol
TPRA GERE 0 (p=.000), -50ms %71 (M=-104.81ms)¥ - 100ms =71
(M=-105.28ms)] A& HlE7|del  7HE A JERGA,
~10ms(M=-39.98ms) (p=.004), 20ms(M=-42.28ms)(p=.006),
30ms(M=-40.21ms)(p=.004) =73} o3k zfe]7} yepskeh 2e]ar Jeh
Rzt 27], kel Ao g gtk e ArFHA AF -100ms =31
oA vEhd Ao AdiA HE718(M=-1723ms)e]  Hl @A}
(M=-193.33ms)ell Hl&] 7]l 7Fg A YErsETH(p=.000).

e el A yERd Hd, | Wl A7), Wk mE xR
(sl, s2&3, ¢) A vlE71d9 AdEAEA An, 244 sloAe ®
= w3l wrake] FE A, 380)=504.891, p<.001]7} frelstAl viEbst.
olo digt AMFHA Az, =¥ ®lx Wa xxe AU nlE71A4
(M=-68.26ms)°] w2 W3l 271 (M=46.71ms)°l Bl&| 715l 7MA o
EFTHp=.000). ®3, ®lx W3t =27]ep Weke] A5AE ave fofd
Aoz e om[F(6, 380)=42521, p<.001], A5EHA ZA} ©
2717 A-FE AdA vE7IdE ZlEdeA "o, -100ms £37
(M=-132ms)3} - 150ms ZZ(M=-149ms)°l A YA =dE3} F3 2
o2 YEhden(p=.000), +100ms =7 (M=96.66ms)¥} +150ms =7
(M=98.31ms)°l A +10ms(M=4.16ms)(p=.000), +20ms(M=7.39ms)(p=.000),
+30ms(M=23.96ms)(p=.000), 40ms(M=41.96ms)(p=.001) =33} 23 =}
o] 7} hERRkTh

FAA s2&3lAE HxE We Ao FEAF6, 380)=2.454, p<.05],
(1, 380)=383.453, p<.00117} <37 YeElst) oo st
, =9 ®x WSt 2o A vlE 744 (M=67.33ms)e]
2 W3t 230(M=-84.26ms)°ll W&l 71EHd 7HHA UERETHp=.000). %=

gy gy wWE A9 JuAg aI[F6, 380)=2.203, p<.05], §E

_4

-
X

i?&
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Hsh Ar)el ke Aazg a6, 380)=32.20, p<.00117F F<f 8t
Uebsk o) ofo tigk AFSHAE A, £100ms F7lol A SE A o)A
1] 5714 (M=-4.83ms)°] H|& @ 2H57.50ms)ol Hl&] 71&=dol 74 A vEr
WU a(p=.002), -150ms Z71(M=-222.96ms)2] A4 w5714 7|+
A 7 B eS B U4HA 2059 BT Fod Aol vEwW e
®, +100ms A (M=121.00ms)¥}  +10ms(5.66ms), +20ms(10.90ms),
+30ms(38.30ms)(p=.001) %}, +150ms 71 (177.83ms)¥ +100ms= A+ 1}
HA =271 234 3 74 E 2ol 7F Y tH(p=.000).

ZIAA colA = ®E W ek FEA[F6, 380)=104.363, p<.001]7}
FrolstAl YT olell tigk AbSHEA A, =9 "E WSt 23] A
A H)5 7] (M=34.55ms)°] w2 W3} 27 (M=-44.55ms)oll vl 714
TWAA SebskeE B, Rl st A7) eh Weke] Aoz Ede fost
A YERSESH[F(6, 380)=8.268, p<.001], A4 ZA¥ -150ms =71
(M=-100.36ms) 3} - 10ms(M=-20.41ms)(p=.004),
-30ms(M=-10.19ms)(p=.001) =74 7+ 2|38 207} Lielyt
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W3l dAE P& Tl AR

hyA
fin 5N

B-4% B4, 8

Z3}ol A A7t

1o
o
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Z

I

AN

2]+, =

*

2 H% #Z7](moderate tempo)z}t

==
fL

|

7

5

2]
2

-
e

7]
&l

-

oo

Bl
500-600ms
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}71(McAulery et al.,
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=
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2006), A 7](Leman et al., 2013), =7} F=2]7] 23 (Drake et al., 2000;
London, 2012)°4 A5 3dl= A4 G (SMT)E o 7)o EZ3the )

SMTE 228 2dshs F3 402 wiae QxR 7149 £% 54

r—{o

S Syt A~y e £ = A ®E(internal tempo)S ¢ 1) gk}
SMTE 9 7158 Aoz v$ wE(very fast) W27]¢l 123msol| A ol
% “d(very slow) HWZ7]2 2150msel °|Z2+= WFE FAsL =
(Fraisse, 1982, Hammerschmidt et al., 2021; Moelants, 2002), °]& 3t 712l
7F 2pol= dAE & FF7]8 S (circadian rhythm), £9H4 238 5 2% g
Ao oaf s Wt APATE Sl Atk Yo7l B
T= ofd dold g FAorE =¥ SMTE 413 3}il(Baudouin et al.,
2004; McAuley et la, 2006), 35 & 6:00-18:00 Atolell= SMTe] £ %=7f
7bEE Aok (speed  up)  18:00-22:00  Abolel= & QLo H (slow
down)(Moussay et al., 2002), &4 &= 7H ok b4 ddel §l
= ol Hlaste] =¥ SMTE 7FRou Aele 49 so7ket vl&¢
7} 7 zpol= UEYA] &9kt Drake et al, 2000). B3 Aukel koA

AggeldE gelrke SMTE £7te FEev]g Fitel 249 23,

[

i

O

ZorA el SMT(M=1416ms)7} A <ot A T2 (M=756.35ms)l H] 3] =
Y Ao Z JeERTHEIA A, 2006). FFetol A el BEuk(o] =vh) o] 7§
=9 wael AR dukd o g ol7te] AEEE "Wy g ay R W

_80_

-";rxﬂ-! _k::l 1



e oot SAACRE Fo3t Aol= yEA okt ol g A
L %o} AFo] AL Algto] @ SMTE A3 34 3L (Hammerschmidt et
al., 2021), A< &et7kek w7k 3 Apolzb yEbubA] 9k S (Drake et

, 20000 Hagk AadATgel Aol 2 wWEol xRt by Fobrt

& ddem 3 suldy ZAiete AvrEHAT daFEdE dAE

EVL
G7b vhe gEel Bgae] W) Fopo] wEHE WE} EeE BT

oo gAAe)] va e Wxe) SMTE dsss AL v Wy
2 Sop® ofeh Agotel wEEE WNE EF Sofe] BAQE JFsA
o] 3, T WHA LY WAM Fopr AFSoe PAste] wg ol
om, ATTgo HFHE A B3 PTG DA Yooz o)
9l gop wpxe] FAlsh: 718 /AR Wil T& HAAs) 1)
9] SMT Akel7} 217 vehbd e Aoz g7tk olst B

o Ay olN
[
X

o
o o
)

7 F=42]7]1 & motor noiseZ 138 7P A B o] JhFsta, 7119
% 9% (motor intent)E AT F A7] wFol A 24 (event-based)
Z(predictive) Efo]® dATrollA] &3] &&5o ok 1y &7
Tl AbA ¢l $-7 9l (spontaneous movement) ¥ A @ E o] Q1A
gt webAd Sof T AR dEk ARl vk fdo] e
o] A %(Rose et al, 2020)> <=3 vl 5 e A g7
(effector)2} FtE Ty 27] 24 (self-paced) Z7ANA &3 oo AU
A LIS w 2o £FYe R APFHAoy HzExpo] ul
St oA e wET &7FE wkgo] 4k ehxlth webA R A
=g7]e A vehgE SMT7F &g Rt mE Zow oisiga, &
7o A¥otE X5
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713} S/ E A9 BE ZAolA U (positive asynchrony)’} $-A3FA+=
t, ol A3 Ee] WERSE &g AA] o]Fol REg(tap)d A=
Ebith 18y positive asynchrony 2]l X7} A ZAF=o] dsk 4 wkS
AlZbolet A= 150msE T AFk7] wjitol ol& A=l s WS (react)
& Zeor HI7IEOE tg AFd A7 fste] O35 wkg
(anticipatory response)dt Z o 2 X sl= Ho] HAsitty AHAT), w
ghAl Zp=S 3 gEA o] 333-2000msS) HF ol A AlEE = RSl o

# 571512 FAer] 9 F149 A3 dSehe] wesE Aol &

T

-
EfubA] edgkoy, gused wel {3 Aholrh yEstth E 75k Al
A MERZE &P &
= Blold o] Ay pHAgd S vAE AojHgoln. dutHow
e g ESEdd 5 &b FEYY] 28 A AdAer =d fEss
of Hldl 7|3 F7F AA YEbdth(Aschersleben, 2002; Kolers &
Brewster, 1985; Mates, 1994a, 1994b; Peters, 1989; Pressing, 1998; Repp,
2003). & AFA A He5HEs A= A= 1 FAISDO] 333ms

ol A 2000ms7HAl 2 whE RHE =% £LEE K5 E3etal glthk(van

}M
u-[o
»
juies
Apy
K
Ll
g
S
by
N
rir
fo
r o
o
t
ol
Ju
iy
lo

Noorden & Moelants, 1999; Willemze, 1979). <=7}gt & g &% =3 &
T ISI=1000ms Z7AA B713 o 77 744 2A YEeEhg s, dAdoes
W g EEE ol Ao =¥ gEEHE HF & Ho|r)h

ol#d Ay= V& AAAT At 22 Mo vo|y g @
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Fo e 29 F bl dESEEDIS FAT F Yok
$708h 2AM vehd Bloly by Ayt d2A Sage

AR 7 folg Aolsh etk Awdoew &dd Cvb wEds

N

F3Poll A vlE71A4 e 7PAA(SDasy)2 ISI¢F ITIS] Zoleo} A Z7138+%
a1, o] A A (linearity)©] 500-950mse] ISI HF oA Hojzxitha
&9 tH(Loras et al, 2012). Whd olRT} B W2 4w ol ISId
A= H]A3E 7 3 (nonlinear trend)©] YEFSETHRepp & Doggett, 2007). &
Aol 7k @ @R 3 25 500-2000ms ¥ el A ISI9]

Aol7h Pl A5 E(ME =A A+ nE714e] AR Frhehe 4

il

F& By, ol J1Eel ebd HYH Wt xgHE WS F o

WA Aed = de AR B A

3. A& Sl A e HolW 54

T718-A g A FY Al FoRT ARt vsyHA F Ao)E T
A HoFE AL A& Fo|rh. 5U1E FHAA YEldt T o]
ITIE & 2E5E5E A0 71# ISl 243ty A& 2hd =
Ao Al vlswze] ITIZF @ zkel &l ISIA 2

=
A Mold A B £ vk ole@ AIE F/1% 2N FAATo]
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ITI7F <=7 =3(ITI-1SI=111ms) ¥} ®]usle] =33 ISIo| 7H7le Ao =
ettt olglst Ayl ol F7|3d gES 7|Yst o]k Fd3

€l
1

2 FAdE st A&sted BHEA Fdo] ¥ =2 A S
S st Ao 2y EEEA e ITI a3 (ESAAL
105.5ms, Hls @A 2}F 157.4ms)7F &7 A 92.7ms, Hl s @2} 130.0ms)
of wla) =LA vebd Ao w Hop Wy Fao] vebd ITIo] B4
&7t R %oy o 7 Ao A

Tk, F8& FEAs vlsdAte] vl 5713 aelA s Eeld

H

H
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PR, AE A 53, =9 g5EE 204 =& 1T Ao
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-0,
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A=)
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o
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]
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4 AE w3l AAGA Jet A AAUS

. Wzt thgk A& Aol LAAZE WA A g3 (error correction)

2 avns) e B2 5 9

rr

Z Welo g ITI® asynchronyS &
Latant. A2 "y dig &3 = o]&4 S 9fstd,

ITIS 53t A9 7HZ0o] W3S uf 2ASE internal timekeeper

N
ol

d& 4249

J

period®] 4% ¥4 (period correction)<, asynchronyE &3to] F7]% 2 =}
o] wF %732 FAstEA yHor 1dE A= ¢ 7 B4 (phase
correction)& A o= 4T 4 ti(Mates, 1994). dntx o= &7l

FEE 7] Fae] ol AR w3 uig T8k 4-5¥9 ] ulolA
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of o x4 glo] AFAoRE HAAES AAHo] Tx FF(periphral
leve)d £% A3 (motor implementation)¥} WH3sA A#xo] v}
(Mates, 1994; Repp, 2001).

condition 2(+10ms)ell A vepd &7kl F=e]7]o] | WstE #7243
Alge a8 ek Alde] Hlal] EAA $2&30l| A BFA = A o] o
Ebukal, o= Hls Ak g FE XA YEstoy 7438 Afol=
UEREA] ekt R, A FrEv]e] "X WstE A 7hgk A

e Aol AA slollA AA dErWa {3k ztolE WERSI T

of’.i_"
rlo

ol#13t Atz =d ®lX® W3l A [TV 5% ISIRt o "Hojus 43
of W wx FFoA Erre W= vebwkar, ol g A E e
¥ WstE AZstS W FslekA Bow, HsHAo AN B =H
Ard 2 A g @F Aste] xztow Qi F A o[ FAH
A (phase & period correction)®] ZAgEH WA o]5 &&3l+=d w|£3sto]

B Aoz A 4= 9 tH(Repp, 2010; Repp & Keller, 2004). T3 3}
FAOR < JEL ¥ HLaE £ =
&2 9] condition 1ol WERE Ao} AwtE AR olE Fote] WX

ks Agsidle W F8&  sdA= BlsdAtel Ble] phase

)
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e
g
o

N,

o,

O

gy HX WslE A 7kskA] EgE Aol A ITIe] A-&(454 glo]
ITIZF w2 A 53 ISIe] =gste] ol& A &HE)¥ vl &7]4de A -So]

correction(=asynchrony @] #-3)3 ®13 WH3lo] w3l 212] ]
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Abstract

A study of rhythmic
entrainment ability on

expertise

Nam, Soo Mi
Department of Physical Education
The Graduate School

Seoul National University

The aim of the present study was to Iinvestigate rhythmic
entrainment ability of dance expert and novice and timing
characteristics on expertise. Thirty adults(15 subjects in each group)
aged 19 to 39 participated. They were right-handed and 5 were left
footed and the rest were right-footed. Three experimental tasks were
used: spontaneous motor tempo task, synchronization—continuation task,
and tempo change task. The participants performed finger and heel

tapping in all task. The results are as follows. First, dance expert
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group preferred a faster spontaneous motor tempo than novice, which
was the same for both finger and heel tapping, and finger performance
was faster than heel. However, the difference between groups was not
significant. Second, there was no difference in asynchrony between
expert and novice when performing synchronization task, whereas, the
variability of expert was generally lower than that of novice, and the
difference between the groups was noticeable under fast tempo
condition. Third, in continuous performance, the timing accuracy of
novice was lower and the variability was higher than that of expert.
The difference in accuracy is evident in 1500ms and 2000ms conditions,
but the difference in variability was large in 333ms condition, contrary
to expectations. Fourth, dance skilled people were more sensitive to
tempo change than unskilled people. However, when the tempo change
was perceived, ITI and asynchrony showed slow adaptation, and when
the change was not perceived, ITI and asynchrony showed rapid
adaptation. Fifth, adaptation of ITI and asynchrony appeared fast under
conditions with small tempo change, and adaptation of fast ITI and
slow asynchrony adaptation under large conditions. In addition, when
the tempo changed, the tendency to overshoot was greater in expert,
but adapted faster than novice. In conclusion, dance experts had a
faster spontaneous motor tempo than novice, showed high timing
accuracy and low variability when performing
synchronization—continuation task, and showed a large tendency to

over—correct to sudden tempo changes, but adapted faster.
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