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g Z8st] YA e Fstn #AAY. 1w & He W €
o] £71gnE Tgtel I elolde] VL = F Uk o9} T
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Z+e thEAH Q) 7+ (sensory modality) &2 E}o]
=

5 ool o Exp} JEAE Fa

T4 XA 7= 75 573} (sensorimotor synchronization) A
5 A3t Elolw 548 YA tH(Repp & Su, 2013).
agan ol#d AT 713 HAdA= o2 ol Edd

SpA o A Aol -‘ﬂ—’éfﬂﬂ‘% = OVE}O =

|
Efoldo] JFE F+ 7] E(reliability)= 2ol whel Apolzh 9t
ol# gt FFH AtolE FE3t7] sl A2t 2 (sensory integration)
I #AEH dFAAM= HUH$E F4 W (maximum likelihood estimation,
st Aderd ZddelA Z o]l golHel wA = 7]
S E FA3SAtH(Alais & Burr, 2004; van Beers et al., 1999; Ernst &
Banks, 2002).
714 BolW dAFolME dntzlo g Hz; 250 AZtoly =7}
Ho gol® Az 2 3 f’lljr;% olg}a A QUThEliott et al.,
2010; Kolers et al., 1985; Repp et al, 2004; Varlet et al., 2012). ©|&



AFAAE 4 A9 A AET F e AE @l E(temporal
resolution)”} AlZtolyt EZAA R KL =11, HolA 74y 58 9
J
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Py
Q
5

=
=}

&

o3l 3} oh(Kelso et al., 2001; Wing et al., 2010). ##dstd HZH ozt
} 5% =9 (optimal multisensory integration)o| A= TFH FAAHRE=
HgAgom A4y g2 o5 #AV AsiA 2ddstrl
ol Aojell aFHolgtal A TH(Drugowitsch et al., 2014).
I, A KB IE 370 ol el 35|y A A HalE vHAHLr] W
1% o] BHHY & v 2345 HIE3 TH(Elliott
., 2010; Ernst & Biilthoff, 2004).

A, o] A AAA-ETE Aoy SAPEEG A AL
Aol thell FgFHol fAlstH &# A  ATH(Fendrich & Corballis,
2001; Morein-Zamir et al., 2003; Vroomen et al., 2004; Bresciani et al.,
2005). |23 HAAFR AR ANAGAHEY 2o FU|E W
sishA| Ry, 1 Wit @A WASHA ¥eual HiHI|E s
(Repp & Penel, 2004; Kato & Konishi, 2006).

T3 1S 2o B golW AgAS Hlwdk A4 Al
AR HE Bol® Ao axrt glARE, A4 E= a3 o|dn
(Arias & Cudeiro, 2008). 12y, +ZtF2 R}y HH o] ¢Fof] whe} nir)
o] A5 Rol7|= 31 S M (Roerdink et al., 2011), 23} Z7+2] oF
A AYT 23o] A4 A4 At 2AEG A3 BHo|doer
A7 FYste g A3 B s ok (Nieuwboer et al., 2007).
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o 283 gREe] APAFodAe Gt B

H(tapping) HAE o] &3t 7], o] AHZ

g 2ol A&2 & A=A FUHHQ HFo
&5 ElolgolA ARE A4 o ofH TFAAE FAo] Elo|H]

AeAol a3 o ke EAe A Al BEHe a3 Ao F

2Fo] QFA A (stability) AlA A SHAA w]§ Fa3iTh 53], T

A g (rhythmic) &2 YollA Hol= FE AL £ E(Hoyt & Taylor,

1981; Kelso, 1984), F-Al(Scholz, 1993), 2] 2] 3 (Kelso & Schoner.,
3]

k

ol

E7He B £25 AT Blo|W A4 = 1Hz ©]3te wWE7]
z7A ®Hx7t Frlstd Bold AGAE Foiites F5d A
S UEFATH(Fujii et al., 2011; McAuley et al, 2006; Kurgansky &
Shupikova, 2011; Repp, 2008; Zendal et al., 2011). ¥+®, 9 18]7] 3}
Aol A= wWE ®lxoA elol®] Aol FrtetAwh, 7hAAd EZH
7 st A Th(Lorés et al, 2012). °ol& &7tk BB RT o J8717F §
Zho] BxpAdo]l Z7] wiiEel AzhE SRIE¥Tt ofyE} T2t kA Aol

Eold g S viFle Zolgt 44T & Atk wEkA Elol
=
[}

d

Aol AP L WmeE AL

2
o] AAQl 4=F(goal space)® Tt ofyg} 43 I}A(task space) TH
=

A8l AAABRE AAHeE AVHE A= F53t(Janzen et al.,



2014). AEjstA thollle] AR oA Azt F2ke] A9k T &
Z9o} T8 #AAA ‘;E:ﬂ_ 2171 9l(Gibson, 1977; Kelso, 2000; Kugler &
Turvey, 1987), #4243 £5 WMl EIH AFE= F WHAY A
TAE adE TAZCRE AT F de Yrt e Aot
AF7HA A A 2 AHE &7 U3 Al JIAH
Elol® sy #dd Tt e, o 2] #A 9 7% 5-10em
=719 A2 &52o] U thH(Robertson et al., 1999; Spencer & Ivry, 2005;
Studenka & Zelaznik, 2008; Zelaznik et al., 2005). 18|31l °]& dAF+=
Sae] Azk AHS s BolW AToly] WRel FaY 54
of gt &7} FF3XR th(Hausdorff et al., 1996; Miura et al., 2011;
Miyata et al.,, 2021; Studenka & Zelaznik, 2011; Zentner & Eerola, 2010).
gy AR 2x = Ao 83 EEUled AT AAL LY
FoE gsts BT FHola, s AMEE 2320 &
srde 25 Ao wekA 7]%—94 ol A7 AdE AA o
o3 EF7IEd AHEsHH AFErF FHE sHOE HAE
Fste] A BHIEE FEE AV}t U

AZde 7HEEAE Ted dEE A AAe v AREs
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Ghahramani & Wolpert, 1997). We&tA 7H3Ad & 83 A+ 71E
o AFeA Bl =8F FAE FHsI, A FAYES AFF
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Holet & %

)

7l wstel A3
o}, webA

AT A=

=N

L

file)
Ar

Eh

J

S
=

]

S

B

J|

b

S

o] QIzto] of @A Ao E Elo]H
S EXM Aol BAV =&

oA o]l

=
=

2 A7 54 =

29

)

AA 57 &0

= A
=

o, A A3

S5A BRoA



g 4

& Ao

mo

KA1, E}ol

ol Aol A Ao

_—ll‘”

olp

)

P ofell wet, & d7-l

S

S ARzt

1) A7 Hol| w

o

il

3) HIE W3l we

529 Y

=
T

4 IE @slo] w

3. ¥97+A

x
o

) Y

]

}719(Repp & Steinman, 2010), A|ZAHRE &

J|

712 <l

FAt.

IR 72 3

7 A
of Fa¥ 4TS

3)
=

]

3

EX
=

umO
oY
o

el

°l(Arnal & Giraud, 2012; Nobre et al., 2007) 1% &

Aol ge} Azt A st dEw, 7



Aol B4 A4 Hahe] FErt th2r] BFe] £ FRYH F
gAY Fold BY otk IHI L Aol: AFe| WE 27

g ARA o2 Yehd Aol olgd AL 2AR B ATolA
e ge A7stae 4

1. 3713k FAAA A= A3 "o & ol H
1.1 A4 A=) 9& ASET Elo|® Xéz“éﬂr Ao
1.2 &2
1.3
14 =

1‘
.I_,
v}
Al
\1
A=
-3
X
o
o
ol
o
Jou
ox
%)
e
[‘J
o
o o 9

1
< uﬁj—‘)ﬂ A E]—O]
d

2. 718 FA A AFe FHd WE JHE HI
2.1 AZAFo] g2 AFHT EloldW AZAHo| nX = 7Tyt =
S Zolg

3. 713 FA AN AAF R mE It AFAF v
3.1 "z mE 3 A ddAd e Aolrt A= Aot

4. A% HANA AL Wstol W EholW g Mm
41 AFFH3 A Wl met etol 239 Aolr} 9IS Zlolth

g FAN AGAR] B2 Y B
51 W% Wsle] mE Fae ¥9 54 Wl e Aod
52 9% Wshe] B2 ¥ 94 Zolr} AL Aol



A

gt

79| Al

HolA|

Aol &

=
T

1) AAA Elol® 582 6~74] o] FFE ARl o

9 5]

2~30t) =

AT AT S

2

=t} uetA

i

sk,

= 1%

2 o] FojHH.

2) 9 287 FA

o7 o EEXA

skt



5. 80]9] Ao
B ATA AEE foj g3} o] Heojwn)

* A ZR X (perceptual information) : A=9] ¥ HEZ=E EHolHE

ARG 5 Qe A% AzhA Rl

e 2% ¥-3(@motor coordination) : ¥ 18]7] FA| A AlLEHE QE
et ZwA Y FAQd FA Ul AFHA o= Z3EA
stel S &5 o= AYsitt. w2 dE dHEHe A
F(relative phase)®] HF& <l =Z7]Z(Stergiou et al., 2001), =&
|25 HE XS AdAZY VAP E A3k tH(van

Emmerik & Wagenaar, 1996).

MK
2
flo o
I

g2
fu)

o
o

S

Z F2o] S (Repp, 200502 H AFoAE F7]7
o=

& AF3 BE AFeIAY Fo AFHHOE YA FHE EolY

57144 (asynchrony) : WX = 32 Blo]®] Q F(timing error),
= 5713} 2 F(synchronization error)E 2|v|slH =3 F2}o

Bl Al @ A exhE AEdn. 53], AR HA =



Elo]® 7} A (timing variability) : Elo]™ JAAL F2lstr] 93

HE2A 85714 2] -5 A 9 (coefficient of variance)Z AH= 5 AT}

Elo]™ 4% Wh-3(phase correction response, PCR) : A| 3 =
Hda7F F29 2 HIS o vetds 4310 Blel 4

sk B W sl At AR (FdLAh
(Repp, 2005).
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©
QL
28
o

77y &2 (sensory modality) : <1Zto] 7] HRH} HS AL
Ao A ASEH= A7t 87 iH‘::j._(channe])i/ﬂ 78]7]- /\]7 =7}

| A7-E7, AZ-F7be] AgE Ttz

1o
i
e
iy
RS
o
o'
N
"
>
N
A

7 71 E(sensory reliability) : 23¥ 7 T A- [Hzto] &%
Elo|H ol drty AS FFE HX =7t ek

2 AEYA 2EH H &2 2FX(odds)E I AEE AHEA
=



1. 2595 o237 BolT
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L7] el WA &% Al ~El(motor system)d] T 7]
olef7} Hasttt. Fote 5
I w27], olF #A%
of gt} wolghe 4 7#s S S0 ANAdARREE F
oAl AAH A HAFES AAH &Fo A vgS Mdsta, A3
st o 288 Y. o] HoA WHZ £FEHEBEL &F FH(motor
neuron)= &3t ZF oo H7|H A2 HEH

ol WAo] FA oA HYA HFZHORE st FEo]
olx 8 <zte] A7 Al 2~Hl(nervous system)¥} F7dZ AR Abo] 2]
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&2t A 2=l (action system) 5
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2 JAFE Aoz olgsly] wEe UAXAH #Folgt & 4 At
o] #HL AZF WF<2 YA A (hierarchical) TFANA & WHo] A

A FFoA 39 FFE9 3132 (top-down) AES 7| EZFQ HAAE
ok HbH AR - AAH ASol EAEHA ¥
TH A0 HA (heterarchy) FollA F2AAe & vl x5 Al

Aol st S43 elHo Agshe ©e Tl tuw 3
o #AE FAste Aol AAE F

ol F 7HA BHE EUE Reed(1988)= QA2 B4 9
Al 22"l A F(motor system approach)¥ AAH A T2 Al~®E A

(action system approach)S A7NSFHTE ©] 3 Meijer & Roth(1988)=
o5 FAIZelY FWEF AT HTH =o] vtHFHUG

OE /\])\@ ;ﬂ.:l
@ ABAE ol &
19708t &2 A
A A gt vlgLES Fi A FS A FEFHA AlnAY A
o] A2 wigtReE 8 HT WHo|th(Halford & Andrews, 2011;
Siegler, 2006). 7|2 A o2 AHHRAZ o] M= vl(mind)S HR7}
s2& AxHoE At 29 A4 A 2HS 9w I
L, Az Ata AAE AFE Q) Hlaste F5 AAAE stES
o
o

o
o} (hardware), VA& A2 FHL AZE O(software)ol] -85t A
kS

B 2] o] E(information processing theory) 2l

ARAY o]&2 AAAH AP AAHY EAE FHIFALA A=l
tht A 7f, Qb3 E, Hbg-Ads) el w@A|e] oA Al FFd #AE F
I FEAIZE 5o WA BAE ASSATE 53] Adams(1971)9
H 3= o] E(closed-loop theory)dll A= 1Xte] 7] A A A=

2ol Iz FAY AA + F ZolE ¥ EM(feedback) HEE &
&3t St Aer EYPEe AT o/ FHS o
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A A st A 213 Gibson(1950)2] AMEfSHA o] &3 AHE=9 &
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ojl9] Al I (Bernstein, 1967; Kelso, 1995;
Newell, 1986; Turvey, 1990)2 Z33ith o]5 #HL F Yo ot
AR7E A A2

",
gstel 5 B4 9ol 54
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Aol A%
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= A

2009).

© oY A=d ole

Bernstein(1967)> AlA 84 EAYN AFEE vHIEo=E QITHY

+2US dgsiE 71917k
o A9 w9 EFA3}il(complicated), A 3R T AE gt A
]

E 24 (complexity)oll g+ olafoll A A ZHE o},

AAl @ Tolle AZAHJ B Hole AR
=2 A&o=m st HAAF A =
5 HAoA AWE F3etA Eod LE5I) &
QA HAY, Aurt g8yA =
transition) A3 o] EAHZ &7+ F43
Fat7] gl Z|RH o tdoluy Axw o2 QIzte] B A~

Ho] ttEoys d5 EAS Z4178H2 (neuromuscular) ST o A
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4oty =78 Agdstel ASTA BT oldT BACIA TjFRe
AfE EFAL olast ATE =37 Y3 =€oE FE ¥
g wEe ue SEd A4 HAH Axdoz Fopug W
o R A" Ade] BACNA JNE 24se BHSY HAE
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v} 2 Ql(dominant) WEE FHe= Ae ZTFIT =3I AAL
(time-series)ol A1l o]E1 2] A 44 (stationarity) L# S A& T3}
HIA Y Al2"le] HAA B33 S AAFHQ] AAdoE HId
AHRzH o7 ol BIFAHL s Eeite Jidel oidEr A
= ¢t EAske AR AES welde ASs Yrgy. ot
Aol AFolA toliy AlxH o]E9] AL ofuA EZE
FEE ARHor xZHH & AzHo] 7|54 24 HH
S PAst=A Bel= AAHolzgt & 4 AT (Bernstein, 1967; Turvey,
1990).

Bernstein(1967)2 ©] &3t &5 TF(motor structure)s FAst= H

3
A% HRANN A7 Azl J5A APy T2 54 o35
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A& &5 Alz"le] A FZE(hierarchy)E Yl 71A] FFo=z2 FE
ste] A sl Hth(Levels of Construction of Movements). A&, 3& Al
At HEe FAdste F&d g MY dEe FASE AY
TF(level of tone)e] 7F& 7]EZ <l TAolth 1l SRS A/FE
TAE Adsty] A8 AFA 4 3 /771480 FEREeE FE YUY
NS SRI= AZA FF(level of synergy)©l T WA ©A ol
Al 1A, FXF FF(level of space) 2t o3 HRE MY sia
A Wl thAY & A= dF dHHe ¥HIE ¥ E 5535
= Aotk mpAE Yl HAR] 52 F(level of action)> &2Fo] o &
o A8 vgo® F2 < A7}t o] Rty AHiitt. TS,
MEE 542 §55tc A8 T8 AF=EY 943 J538 &
oA F& HAHsHA At ABHOE AAE W= T wet
dAs HHS HAE F Ae F348S st Aolgt & +
oh 3 o3 TS 4 @Al et ArE EAE siEsH
AR AASA HZo2 F&o FAdd Ut olsiE sl kA
TH(Profetaa & Turvey, 2018).
Newell(1986)2 7121, &4, HAAE T2 AP AN A 942



AFFA A SAAS ol Axw wgel A Hwsh

= U=
goluyie] FHolA T8 7] A (neuromuscular-skeletal constraints),
A EA(e.g. speed, external force, spatial position), ¥7H(e.g. gravity)
olgl= Ao (control parameter)ol] ]3] 1 WHIIAAHE ol T 5
ATH EZF LHo AFoly AR iy B4 AgS Fote A
4 AAH 25 FF AE&S 55+, 39 Wt wat A

/1% B8 F2E I

ol

=

‘

o

FTEE AR} Ao EA REete
| FTh(Newell & McDonald, 1993).

o|A Y Tholy A=Hl o]E9] HALe EFIFAHE U G £
HHEEE o] dlolgH A Hole on] e dAolth. 7] AH
7b AZEel 5 &4 o® WsE HoleA FH o FHIEsha,
T HAA A FAY P AEjel i 54 H A<
Aolth, ol g tholy] FHFo] 7|E JAA AT AT EFNA Al
A A&Ho] g 8ll=s

Az o 7 olgsle AES o] Q)

ol
S
Y

>

@ Aty o] &

HZol= Aeistz B3 (Gibson, 1950)9A 3HAo] 7Hx1 Y= A
Heol AAe H5tx BT #AC =S wFa Utk fr|A<}
e Al (ecosystem) S &HFS] @912 AT AEstd HoA= A3
A z21& 295t A4 47 Wehs st mebs QI

AA A A2 HAo} A AfE, #
o
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o] %, Gibson(1950, 1966, 1977) 275 A Zk(direct-perception)= ET
2 AEHsts #AdE AAEH sV AN e AE AA 9

gu|E Az, &, TS AHde] ERd ARE I AA=E FE
st7)ol F71A]l AHAE #HAHo] EFQsitt= Zlolth. ol9f
SHAARE AFA R A4 & Atk AT #F e 4 g
< A3 52 ditolet= S04 olsiH T

Ao & -so|l A4y o= FEH AAH HAAE FA
st= Aol ofygt A% 3 2 2o A= ATl A&
Aol 71 2otk Warren(1984)2 A Zb-52F Agtel & A<l
AT 27 HAE B3t L5 F A+ 2o D= Fo|E A
Zyete (B ANAAHBE AZste A A FAHAETL ATt =
gk RAolE WS AFSSE AAERE AFES A AW 1A"

Sveistrup, & Woollacott, 1996). 723, A ZH B} FstA 283t
GARA] A AME 2-std = o] HATS 4A HUAH. A
Zb-s2 Ags AWele E & "diEzddd A7 FAe 5 F/e

[e)
70 A (catching) & ZF°]th(Dannemiller et al., 1996). 713 &%

AR ke FE& AHRBEUTHLee & Aronson, 1974; Foster
z
=]

kd

7)ol
oA Oe &%, A, Ge S 2L ARE wotsts] 916

A%7Ql o] Wasith o AN go| F4 dste] e A7
ARE Ao FAYTY YAATE BIA JEE 33 (optical

[}
acceleration cancellation) o] ALgE o] Fh2a= F& 7] A3l &
248 A oAl Fth(McLeod et al.,, 2001).
A=, ety olgel gAe [ Azd Yn

&2kl m A 3 Aol & 4 AT A=A A



et 2y 2, AR AA Y rjs HetA] e g F ol BA
Zolgk= Ao t(Gibson, 1977). o|AH 1A A HHl EAS

sl FAAE WskE BANAE BAe HAsA FYY + Uk =

AT Sl sy e oEdsg a. ol»t« u}%f& RERP
)

HA-3k s2o] 7hedA| A ZFsk= A o]t (Gibson, 1977).
AEH O R A7h-F2e] A ARFALE T3l $4H FRE &
gote A& 28y AAF s &

H
HEAGH] oJxdx JfF o2 o]
ATH Warren & Hannon, 1988). ©]%, XFH-ZH{ A2t it +
A s FEEE e ARZE AU 8}7<]U HHA L A 23}
=2 Aojol WA A #Ale, AFAGE FRAS} &4 3 H©
Aot Fszgol #AS F7] Wi F HEY A5 BUbssina

o A H HH(Meijer, 1988).

) =&A o] o]&F Elo|® Ao} 7|HA
AAe] &2 o] Azt FIHY] 2FHELE o]F u T2 Elo]
] A3tk & 4 JYth(Kelso, 1992). 1FTHH %315
4] Eloli & ogA AojHm o EAZS Hol=A &

l
B o= Az B2 A 2EH o]2EZ A B 4

A 7R er AF dEvE AL AT VR o2 AEAE B
3

o] QAR Eol® EJ2 lxto] MHASE AZte] the FHE 7]
Ao GO E Hfr(keeping)dt= A= AAE g HEH tho]ue] A
2 o]2& A7) 2% S}(self-organized)e] W E F2Fe] Elolwy

< Jeo] AFHor FHAETdE #HHolt

AR Fst = AIZEe] Az A o] om] = AP ARE HbE
o2 PAHHE &5 ZEIHCE AFHta Erh(Shaffer, 1981, 1982).
ol #HHE" gE, 9, "2z 2 gclso] A F=x



(cognitive structure)E FA3taL o] 5 FZto] F83 HAE=E &F8H
Jo= Ao q(Clarke, 1985; Gabrielsson, 1987; Shaffer, Clarke, & Todd,
1985). o213t A2 AAFee] TR Ho| o= FHo| Elo|g
dasE=A ASHA ATl 7hssAEA =de 3 ZATE vt
dE A

O AF-JAAZ ol Ao
ol g & Elol® Aloj= ARt 1A Aol w
2} A5-AAA Elol®] A of(auto-cognitive timing control)Z A H T},
AIZE Z¥A0] 1z ol3tE &S FFe HF A (cerebellum)2} 7] A 3Y
(basal ganglia)®] 7|5S2 &% Elol® O] Al o] ¥ TH(Buhusi & Meck,
2005; Lewis & Miall, 2003; Ivry, 1996; Pascual-Leone, 2001).

:’-a"} 22 oY AZAsRel = AIZF ol ARkl A

e
Z

O
N

745 A F<E 3 d(prefrontal area)?} -+ X Y S (supplementary motor
area, SMA)Ol Hoste] JAAHOZ AZFS 7TA|SHA Hth(Kagerer et
al., 2002). °o]21g AR A Ero|W Aoe 719 H F2(attention)E HT
st Y 7] Y(working memory)©] T8 9&& Jtha B

1jr(KOCh et al., 2009). WztA AaL7E 7HsgE AIZE Aol w32

945 FHOE o sHOR MY & 9

!
Kl
32,

iy
o
o,

.

AT A7 742 0] ofUg Al ol Eu} B go] A 4
ol Wag AXH wdo ma Heals ¥o] A B 5 9
i @Th ER, 712 Ak AXH mAR] Ao} 7] M o] B

Shs HEA AZelA, Hols i wrel W Azde] F
AT st A= AFA 99| F oh(Harrington et al., 1998). ©]
A TheFe oy HAlE e R = wet Elolw Ao o
B =S AsHn A% olgd Hyel Holgx @ WAdolT
(Merchant, Zarco, & Prado, 2008; Diedrichsen, Ivry, & Pressing, 2003).



@ ARABYH erolT Ao

A= shbe] AlZE A0 opd AL5AHQ AIZE Ao tig A
Zt# PFo 7S qF AFH AABASH FAE EWE AR EF
o]"(event timing)¥} Ay A (emergent timing) Efo|HW O 2 FE3}I] A
33 F TH(Ivry et al,, 2002; Robertson et al., 1999; Spencer et al., 2003;
Wing & Kiristofferson, 1973; Zelaznik et al., 2002).

A Elo]™ & Wingd Kristofferson(1973)8] 17121 Elo|® »nd
o] 7Aoo 7Wts o B9 TFEEHE dE5FHA AR Az 114
Eo] A CE YHAAC #AEH, olF vEoeE 2 YUY ¥
o] F=E = A o|th(Gibbon, 1977; Wing & Kristofferson, 1973). ©]&=
= ARA AHAA ol AAE T ZEIHA o3 UAXH

zA|
Elolme WAL Qo] A7 Azds £E5E o
A ol HAHoA FFA ElolHo] Aojdry A3
webs A golwe AR FHAA zde wEt AUz s
(self-organized) ¥+ AAOE H T87] 22 A& AU EolH

71705t & o AT

=
S22 o7 FAHY HAAolzgt & & Jx, WAH ol 7H
23 A=F9] 954 ZA(dynamic coupling) 0.2 AHHTH(Torre &
Balasubramaniam, 2009). °]& TAH=E &2te] A& met golw 7]
Mol FEHIG. HA EAdES 31

7b 0ol HE AA Frre] WASL, 53 E7bgol =
S7he HAARE BI AAFoE PAF TR F de BAS
F7ke] Efol Aol W4l Ao Ag@rh ogd ERH A4



2 WA A Al(internal clock)”’} H3E3t= AlZF HAS YA O R2 43S
= 71¥°] 2 4 UH(Robertson et al., 1999).

719 ‘E‘lé‘ﬁ, Y 28] 7](circle drawing)t “3A] 2]
oscillations) HFAAHH FEH A5 FAdS AT £S5
AsheE AH ol 582 EAdel F83H] Wil 529 to
gl Ao wE WAz elojmog AoHThRepp & Su, 2013). ©]
Torre?} Balasubramaniam(2009)°] 153 A4l 29 H4e&
718k A4S AAEHo] A ole 954 (dynamic)d F713 <l
A% 9] A3 (perception-action coupling) .2 3|Hsl= AP 2
olth. WA A Elo] & tolY AxE o] oA dHte= A
3 RHEZ g- el w2 9lo] 54 ANA AFom 223
23 #dd. mgs dE5 F2AY BolW Aojes £dd
IRk &2 St FFAAA Y oA A Aozt obd, tholujy] 3o A
DAY A Erolw] Aol Ad=gor Hu"E 4 th(vry et al, 2002; Repp
& Steinman, 2010).
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T oot E
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1P
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o

i
% e
My
tlo gt

i

Efo]™ Ao ¢ 7HAl 717 o] FAlol wEt FRETE Al A
SHAZE &5 &40l Ae B 95 29 Bold #A s
FFol fAl FAE FE9 A JHHA S SVMAFETGE AT
(Spencer & Ivry, 2005; Spencer et al., 2003)7} At} =3+ fMRIE &&

N
r o
£
ol
S
N

shel d&Holm R BAL oW Aojolit 437}
Fethe AAE AT AP0 B Y TK(Spencer et al., 2003). o}

g aME B2 A%l gt goly Aojo] HuHoz Friu
@ & vt
=3, T A 7)de] %y olr] ol %ﬁﬁ% Age s

Torre, 2011). oA AT AT
YL B A P G A2Ee A BEeks A4
Bobel wHow wald Ak AW slole] HAeR £F eholw



oJv] = AF(event)

I AR ZE AIZE ZFA(interval)oloF. 18] 3l 9|

3Z (tempo) <}

Qe w

(rthythm)ol]

18] 2019 gl EW X (thythmos) ol A = o] g5 o2
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=

= HHolzt

HA 92
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Aol WE ATl
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=
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1) FRA B2 ol AT

£E Boly AToA 488 FAE B4 mw A7 FAst &
5 AR Yol &% HAL oA Bae] B4 me £7)
P37 2L AXA BolW FA, L BBAL AL A

O ol A I+

Elo|®] Azt dAFtE ASE AFsta AlZEY Aoy WEE
St A 7F AFE-E T (Meegan et al., 2000; Schubotz et al., 2000). ©]
= d7NAME A sEs A5 A7 AH FHol &5 Y
o5 HolH&= Aol FEEATH

2929 AE8tA} Piaget(1964)+= Elol®W AHRIL Ao 3
(assimilation)®} Z%(accommodation) 285 F3] WHOoZ FAHII,
Ao AAZH F20 =4 (schema)e] THEAX T stRT Elol®W A

HE Agsts 710l W&3| HAA FgAR, 7EH o2 Eold

i3

W

z3|
vl oh(Ivry, 1997). £3], A7 4%
ABA S FxAla 7%

(neural plasticity) G S A|ZH
HHA"E AFoA BolW X4 HAE T oEsA ¥ & Eol
B35 tH(Meegan et al., 2000).
=AY Elol zHo] FF41749] H]
U EA TH(Schubotz et al., 2000).

5 AAA, AAsA A A vl E L

s
o A Sl BAG FFAM By e Ao LFY
%

A AzEel A Zbo]l B AFsA ol Fo4d 4 A sin. dE



of, Aol FAY Aolg ot wf FItolA olFA 7= WHS
AHgstd, £49 AGA S =9 & Aot ok (Turvey, Soloman, &
Burton, 1989). B3, AU A 71 w20l A oA wEtol] 2]
EA9 el Z7I7F Wskr] wWEell, ol e Hl&<l EF9(TAU)
ol-&ste] =AY HE NS BEE 5 UA Frh(Lee, 1988).
w3k AAY ZFoly W™ EAstes W FY A4 HE
=2 o mE AAY XY Aol WIE A= AFTEALL
22X AZEA|Z}e]| o] -8-FH T(van Beers, Sittig, & van der G
+9 Zol7} Wsle £5F Ak, ol EUE AZMY 35S A
248 g doe Aolth Aoy EAE Hi At ©E =7 W
E AMAAE FEE gofetAY, 71E JHAAL e &Fel dig
qS &gt AZFAZe] Jhsdttkal gk
A ol A /\]le]z}% Ae 52 TIIES w9
AN BAERE 71938t IAS taoll AR dso] dolRts o
oAl A &3ls 57199 (motor memory) 7Nd S 2

1968). TS Zw‘?:“’ﬂ o & 71‘-’49—3 1121*’3}511} k= &2k ARt
s

—|—'

i rr

o
k)
=
)
12
L

frt
=(I)L_1‘
_P‘
o
£
~
(¢

(¢]

o

-
Y

)
ol

2 o o
A

T = AR - gul T= U
FaF spgoz wgne Zol ohuzt sl Fuz AZE FHo]
Festn @ + A

npR| et o = &7 Bl F(tapping) @ LEtr]e e T4 &85
AZr& A Z4s= "ol A th(Benuzzi, Basso, & Nichelli, 2005; Brown,
Newcomb, & Kahrl, 1995; Fortin & Breton, 1995). &3&}7] WH 2 <o)
U 2oz A5 Ale A Zo] AAZ S AT Aoz do|.
TR, ETFeboly e o] §dte FrhEe= wFe WA dgEoly
HExs Ale 3A-AA S3dY AdS AA4T 4 ATH(Cassenti,
2011). o]=1g B M2 AZE A4S S5t +FPToE W E

He 39S B AkE A7



Boltz, 1989).

7t gEAgol Qo AZAe 29 ol o
U el molx ere p7brwe] mA# 27
airle] A9 1 AEE AFsEs] oy weA
o BysE A B

S
o
N
N
:Jd
i
L)
ol
£
>
N
o
i
_ﬂ
i
)
2
>
rlr
i

@ &7 =93 a0
EfolH] Ao A tlEF oz AEEHE &7 HEe &

5
Aastate] A oW ¥¥E s IAPT T 5 Utk
Tg: 3T A

Repp(2005)> =712t B Heithd & Ab&ete tiExl A4l
AR A=53 F49 gol® YA £AE AEE 5713 (sensorimotor
synchronization, SMS)Z AWsIR{tt. &5 T7|st= oF F71%
A A3 PEV RS 2] YSoT &5 HeolRg AN F

23k &4 ot (Repp & Su, 2013).

A4eEs  w718e] AL ASH FF4Y FUIs R
(synchronization error)E TA3st= ACE FZF AT 349 AZF 2
25 A et H4skslE A o] th(Keele et al, 1989; Pashler, 2001).
olg g 5713 Lf{+ A= §hgo HEUIAE FI BHE F U
o HE7IAde AF3 AA FlH/e A 2
interval, ISDE T3l 5713} &7 AEE ¢ F Utk T34 EHolH

A4 A dB_pAHLS A &9 3 7 AIZE ZHA(inter-tap

Z}(inter stimulus-onset

interval, 1T EFUXE Tt AT 5 Ao =, A59 AzE
7} (inter-onset interval, I0)2 BIX & AAst= Q102 7|&9 &7}

g B AFoME IdHH o F 300ms~2,000ms M E AP A0
A =] tH(McAuley et al., 2006; Kurgansky & Shupikova, 2011). °o]&
AzEe] HE-AIZEO] FH A 100~200ms A2 (Whelan, 2008)% 1, 12E 7]



Fo =2 go|H 7ol HIHET= AT (Brown, 1997; Kagerer et al.,
2002; Pascual-Leone, 2001) &= EUlZ Ag o] AAHHIUT
Fujii¢t 19 55E52011)e AFolA+= 300msoll A 1,000ms= B3

7} gastes 3% NBs140l Frbse A3k dekth o4 ©

27} ZastA oW A8 AA fAAdhe A2 s dFE
A FEHOZ BEATHRepp, 2008; Zendal et al., 2011)

A
Elo]lm] 7P A o] 16ms(1.6%), 1Rt} ®HX7F WE 500ms ZHAE=
10ms(2%) 2 THAste AedFs EAT AR AA gty o= kg
7] ol#& 300ms (HA 9 wWE LxoAE JRA o] 12ms(4%)E SVt
st A3E B ATH(Fujii et al, 2011).

&7 "8 AAe AEAHH dALS vudd ATFE THSH
IZto] WEEE = Q= WA olA A=9 Hxrt Srhetd dnbd o=
Elol A4 Aol Fold e & F Utk ol £E-AEA B
A o] &(Fitts, 1954)°l4 3 AIA LS =71 F7bstd
ANZE AR 2318 FUtske AT AT (Newell, 1980)eF A AZE

= ]

o £EBF SHS A B H4ol we oA oA T
9k,
® 53 543 ol

A9 A S0l YHOoE EHEGE ARe LFUFL
AAH AnAz FHHem Agss AnsE o5 w9
(generalized motor program) 71'd ¥} A&HTH(Schmidt, 1975). LRt3}tH

o% mEage $571%0 EAel Azw BHA AUelA F4H
o FHE AY 2L FHBHE Adolth 53 ©F Z2adel Az
4 B 49 HolWe ARt Fad adlolr HAl9 S4ol
G alAle] eEehd acls SYHOE AFATHL o} A HrkZelazik,



o™ S

H Elo|® EAS Hoof gt} SANE AT 7 A= FFE

AN 7 Blgoly o ag7)et o] 3 A&l vE

Aol = =pol7} WAE A ThH(Ivry et al, 2002; Robertson

et al., 1999; Spencer et al., 2003; Zelaznik et al., 2002). &A= TA|

Aoz HA EAo| wE Elo|® 7FHA X}o](Robertson et al., 1999;

Zelaznik et al., 2005), Elol® <oF FA gk Hln(Repp &

Steinman, 2010; Studenka & Zelaznik, 2011), A7 338 ZAH(Ivry et

al., 2002; Spencer et al, 2003) 5= S5l 2o ALl EolH
7178 ztolo} HHE S BT

® $71%-a% ws et
2% Bolw AToA WMEHE AT FAL ANATE FAE
Ga) ool AFo] ALHEAY wep B2

L,

ﬁ

O o

rE

oo
£
v
o

o

(synchronization-continuation — paradigm)o. 2 &%
Summers & Pressing, 1994). 57|38} ¥l-g i H OIS
A53 dgS dAATE FAE AHEshE 9, A& vEg St
T HE-3-(self-pacing) 3 = =
S}, Wing¥ Kristofferson(1973)= 44 WH&S U AAAIZF AT &
A A

FTHHo dFo] Ad&AoE YY



AgAdL =A A=A Wing, 2002), 9<% ¥H-3o] =Y #HF o]

+ +58d EAHS EIUdE A7 (Wing & Daffertshofer,
2004), 182l A1 BA3 d"Ho] F AAE FHs= T AA=
T 7 WGl tHEt o]sirt FE3HA FTHRao et al., 1997).

2) PR S & Bol dF
Az AAANANAAAE A vbE, AL, &
Y JHAARD et AR, Sof #d AH
EA wet ztolE Heln 7l FHE H
A gAY EAC F53 BoldW A7+ tad 2o
AR, 4 olA 95AIZEA] TReFRE A®d mE d
4~54l= =74 "B 39 BlolW Aol wRo, eAlFEHE
AR vl 79 234E YERITH(McAuley et al.,, 2006). SFA R,
AZ7F wE 2 AE 78419 A-¢ Blol® rhAAge] AEn =
< 23%E Uedle 5 ®xo wet A7 1 Bold Ade] zpolrt
W TH(Kurgansky & Shupikova, 2011). 3} ¥ &8 24-& TA3 AH
g Aol A A"l WE Bold Aol AolE HolA A=
=l

o Az

O

2]

W

S 2=
a3

SH(perceptual sensitivity)= 5530+l FFtH(Buonomano & Karmakar,
2002; Ivry & Schlerf, 2008). wWetA Sotd AHS 1Hg AFAA=
ALl ¢z AR F471e 2% duling golw 7HHA
o] o AE HYTH(Baer et al, 2013; Repp & Doggettt, 2007). &
3], =& "(drummer)e] 74-9(-20ms) IolUXZE Fo ©E 47t
(-50ms)E T} Efo|® Aol =& AHE T BHYY] FoAAE E

A THEES T3 s@Ado] FFE T d5S AAFSTH(Krause et al,

m

2010).



TR ARFSgH & dEES  a¥e] AT S

) 155

(Nicolson & Fawcett, 2011), A& FHo| &4H 7d-F(Corriveau &
=

=

TC_)T

Goswami, 2009) Efol™ HgAdo] asts AiFs HATH
A #-87l(developmental coordination disorder, DCD)7} $J

d Z+-25 A (auditory-motor coupling) I ] EA| 7} 7]
v

o2 449 753 £40] Wingd Kristofferson(1973)°] A A gF U

>
)
1o
N
g
o,
o
Hir

o]7] wZol et Avte 847

og{é
flo
Mo o
N
oo
e
>
)
4z
o
of\
il
N,
N
_Bi
i
z

oA FAEe] o Folx: ot olE s &%

)

= ] A H
A g7ste AL Fa8st &% Alag HAIZoA = ERel™ Ao
A A3 oF/F FAHOE Byt A5 AR AgH &5 =
2O8S Bl AF ol Mgola, oF FAHE olHe s &
At 7zp fEdE o] &sle] o] £ X TH(Studenka & Zelaznik, 2011).

O A=34 Eol™

Fotel g0 B2 FAU VE AFT o, Potes & EHA
& w25 AR Y ofF A=l tisiA dSekan vkg-sfof
3t} BEgdog A2E R Zsta wrSo] MAEE= A7lo] Qs
ol HHEEE A HFe FAS siAs oS B ot



(Roman et al., 2019). AFRZQ] ou|2 o F2 A== AR tigt

WA el =A AA sty Aol Al Folut vk x|k AL
2 e

Poulton(1957)2 <l&& 8&7] ol Z(receptor anticipation), &37] 4

(effector anticipation), *|Z}2&] of Z(perceptual anticipation) 3FFZ T

e ST 718U ok BAE o

T3S wOoE KA A Fste A o] g g FE&UE

Aol oldA Aoz AL o3}

oA

ok
£
(o
of
ol
R
R
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o
N
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o
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rlo
N
>
1o
oxl  offf o

_Ll>i
©
e
o
=
=
il
lo
>,
["-E
©
i
o

ol g} o]x o] dAFoIY BES
e oS &8 F o

S50 g2 Qe Az-F2e dx| HA A Ao Z AFHY F
Ztol 10ms A% Adstd Uete o= A QA th(Aschersleben
& Prinz, 1995, Kolers & Brewster, 1985; Mates et al., 1994). ©]&| 3+ 4
S AHgoE % AsHo o] Adste AFES F4 HlE57A4
(negative asynchrony)©|2}3l 3FCh(Aschersleben & Prinz, 1995; Hary &
Moore, 1985).

4 HlE7I8E A5 #dsty &Y 7 UHA RdE Add
2 R d(sensory accumulation model)> B-S 53
&ty JedEn o5 Azo HzZh Az A
| = HEH7] ol ol HAsHr] fgk &
Eldthar o] of7] $th(Aschersleben, 2002). + W

Al 7L A Z+A A 7H(perceptual underestimation) /o2 2|7t

N
_;!‘_:,
I
X
o
A
e
o
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O
fu
offt
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H A 7tA& AARG gou 27)7] wi e F5FS o =sta
o] o]F oz ar Wt Wohlschliger & Koch, 2000).

HHH, 2~3% o] AIZF A S AF 2HOE 3 dAFolAE 4
SHT A7 o]l F83817] wjiZoll(Brown, 1997, Kagerer et
al. 2002) B34 Bvl57]Ado] TFrAasHEAYUMates et al., 1994), A= & &
Zro]l A= AHZA H]57] 4 (positive asynchrony)©] UEIGETH o] &
TAE Miyake®t 19 FE5E(2001)2 Elol® FA A AZE 1A
ezt 71de]  tEA 3} &st=  °]F 95 7]%(dual-anticipation

mechanism)S 73} T

@ AZGH K8 EolH
Elo|®] HAo A FH A= A= TS XA 7
Ae SR &S "o 95 AbdA otgols AR
(signal)% EEd0®E w3t A (stimulus)O] A RE, A2 H Q1A AA
F3l v e ARZ d8HY. oy AR A, A, 57
o] thekdt A AR A (modality)o] B 4 Jom, AT A7}
=, 74, AYA Tl met 1 dAo] EebxIth(Schmidt & Young,

off ml

L

1991),

=& BolHoA THeE F
(perceptual event)©l| H
B A= EAZE
Aol o T3 AL Aolgt: A 44 Abdeo]l #9HE 4% H
A0l WMEA o]FoXHRepp &
, MEEES 83 o 87 FHA A
EA3 Aol FZA E(Zelaznik & Rosenbaum, 2010)4 Al 2 E
(Studenka et al., 2012)& A Fste= A-¢ DA &S AR Efo|H
A9 dBAdol =4 YERRTh

oAY 9% AZ4H e the AAE AT F 9

olfy Aol =i

i
ft(rt
2 |o

Steinman, 2010). o &

Ay

[



SR 4 AL B F& BE AU AT & e
7IEoz2 Z8E 4 Jth(Repp & Steinman, 2010; Torre &
Balasubramaniam, 2009). =3+, A3 AL 38 o]F o] ITw o
HEg V|Eor 49 L{E FA4st=H F48% dATgL &
I TH(Hary & Moore, 1985; Vorberg & Wing, 1996).

AFE = A7 Ee A dutr oz AZFHKHT H24A 57}
ANZEA =TT 7] wiEel Brel® Fdel axpAHolgta Ay A 3
THElliott et al., 2010; Repp et al.,, 2004; Varlet et al., 2012). 12| 3L 3}

U g R T he ol FAR BHA FH| Az 3

al., 2010). ¥#Est] FHFH o2 ¢ E P (optimal multisensory

| o= AY BAZE O Z Elo

B Ao EaaAd = Aok AT AN, A RIE 37) ol

o2 g4E A5 3y JAAH FaE =2 F A7l BHol®W +3
of E3}AHo]A thil A TTh(Ernst & Biilthoff, 2004).

ARG R A A ARAH T2 549 At Eleold 3y

I ARG #Ho] Yok AE5A-th-8 7H(continuity-matching  hypothesis)

NME AZAR Sao] 2 Asgold 45 APHL 21, &
:

o] ol frelsirie
ATEL

AT, The] Bpolm AgelA o

H7} glol® gl mA= FFol H& Atkal BHista gtk 9
& 5o &7 "9 AAE A¥FA JF flo] FFAA F(air
tapping)St A= A HFste & F4 ARIF AFHA F7] WE



of A Efolrgo] opd A2 Elolw Aloje] 54-& HQITH(Studenka
& Zelaznik, 2011). oA ¥ F2o| &FsHd 5L FLIAT 54

AL Az Aol £F5 e Boln /Ag AHHE Fad 8

QAJolgtar & 4 Uth(Zelaznik & Rosenbaum, 2010; Zelaznik, 2018). X
gk, 42 LA Ao F3x7F FL3}F HA|(synchronization)
A, S5 HAl(syncopation) 1A o] W} Efolw G Xo]E Ho]
= Y 9TE AR AHFR axle FoAol AxHL UH

(Zelaznik, 2018).

S 3t d
A= HFABo = o FAHHE & Tx4 AT FIHsta e &
o] Aoy 3o A3E Hluwste zolE ¥, A= 2ol
o A4eE 5718k vbEEE Bol® HAE Foke] dvEA -
ot ol A= BolW F= &713 &F, & HlsrIAgolgtar &
o AT 5718 Hls7IAddd dd A4AHRE J|iter e R/RE
T8t Eedl, wef ol#d Ao TE oW LRk 7hHA

rlo
i)
re
2
[o
fu

Z7FsHAl A tH(Vorberg &

=
=
e
p—
O
\O
o)}
\‘./

71=d &34 o]th(Meegan, Aslin, & Jacobs, 2000). ©°]= HEZE &
713} o] Azt g5 w49 HAZ §ES olFI A&KZH ol
FAAR] F75t HHE e 7] W&ol BeolW s FE
A Ao g aRFHolgt & 4 JtH(Thaut, 2003). °l& A%t
49 WHAAE A= AR & 5 JTul(Zelaznik, 2018),
WAl A& gEo] uE gFe IFs wof 2R Fx3s= &
qoz EYAQ 5ol AR FFd= 4S5 F(mutual entrainment)
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ok
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X
flo

23 & 4 SThRepp, 2004). Wt AZ-F2 A
A28 gesto] A7F 7hAd tE AATA TS 2IA T Aol
2 & 5 o} olF FEEle] FZo| ol AR ey 9%

ATANE AFE-H™(Repp, 2005; Volman & Geuze, 2000; Wimmers,
Beek, & van Wieringen, 1992), A|Zt-&2 A5 Ho| ¥ ADHDSHAY
o Y-S FHANI= ETE AHEEH7]E Ti(Shaffer et al, 2001).

53], MERyE 7|3 FdANA ZEEH= ASAE MEERS
(Interactive Metronome, Interactive Metronome®, USA)2 7] A7zt
Asof 9o A7 &5 A2HS SEste ETEA EolW AHE
Ay Ao aFAHolgln d#A  ATtHRoénnqvist, McDonald, &
Sommer, 2018). F4&28 WEZFL A 53 ®xe] HZ 2
o] &5 Al¥ 2 £ (sequencing)t FHE Ho AMALS A
3}5} 3l (Bengtsson et al.,, 2009), 529 -8 w3let WA ElolH o
Fe PG dHA th(Jantzen et al., 2007).

[e:

of

9 erolme) AARE A7

Ao A7 A"l 772t Al 2~El(sensory system)¥ =& Al

o] dew F AAo F71HA Loz

Aol A7} 7hssity. FFAIAA L] A3 (cerebellum)= AHA| 2]

A zde "o, FAHEE o

t Z5S A BAY W o598 XIER A7t JHeEkA o

HoA Fa3 4TS stal S I

ato] ¥H3] M ok (Middleton & Strick, 1998; Ivry &

Keele, 1989). AW S LAY AH o B A= A9 B¢

o AR ANzH EFdom FA49 Elo|® Aol s AT "o
Ao 2 Hts] F th(Harrington, Haaland, & Knight, 1998). 4X7} &

HE 2Ads FIAS u FeIH 2FIY F5 EHolW

[e]
©
of oJ¥ & HEo]i(Hore et al., 1991), WE= = &7k B]g A 9

Ml oo o2

rl
Ho
™
o
4
o
o
[t oft

of
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A Efol® 7hWAgdol ol ThIvry et al, 1988). =g, E}o]™ A2t 3%
Ao FPHo] BoJA A (Ivry & Keele, 1989; Nawrot & Rizzo, 1995),
EE57)E9 gEHAHAA Fe s E9E HYHCordo, Bell, &
Harnad, 1997). 28] AlA9] %32 &-§(Welsh, & Llinds, 1997)3}
2242 o =3 AH P A (Buonomano & Mauk, 1994 Sl 47}
ks A ARG #ATS & F AT

Efol®] Aloje #Ast= thE 71320 7] A (basal ganglia)
Uz gleld & dAste b 8% IS Sth(vry, 1996). 7] A 3o
oldol U= AW ALY A v HAANA Erol® 7hd
=S ™(0'Boyle et al., 1996), = UAAIAZ} FdHoz 25314
7] W&ol ARt t4s Bdsk=E T |
(Pastor et al., 1992). 3z1<W $Hx}9] A
Al &S FAstE d oHeS AU, olE ZH(freezing) &
Folgta gt} A7y st~ & =
28 A= ZYA LS o AGAHE o HAHAY ~EE F 3
O+l 3FCH(Freeman et al., 1993). o] & &<lstr] ¢s #I1EH At
Al glEgo]l A= A4 ATE o] &3 &7 BB AAE AAES A,
I Ay 7 F71AQ] AAAEE &3 AA sl Y A
35 X Y TH(Nakamura et al., 1978). T3 HZ} 235 E F3 %7

°

Ag3tal o] & Fdo] MAFHAA AASE 219 A4S T 3

flo
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i
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ok
r_p

A AAE & w 7)AHG 4
AT dojue A4S HtESE Ho AZIRIA S #HEAS AA
dutsletdth. 53] A 532 (The pre-frontal

=
cortex) 4 ©AY JAA, #AH, 57 7Y AAHS EEot= HY

)



gorA oHd 7%

o
=

e £ =
selstal, goldd #dd 99

[0

| Tty dH A Th(de Jong,
Willemsen, & Paans, 1999). ~1g &

motor area: SMA)S Elo| 3 #H
o2 4HA AdtH(Macar, Coull, and Vidal, 2006). =3+ Brown(1997)2
E2 TYHo] a3 gsHAE Tl AIAA} Foloe AAE
Lot AT o] AFNME HFsoF & 249 AV S D5
AZEAZEoll HijE A ARTE A eS UEHT o] §3t]
7F 4R e 7Y A FH dEste] AZbe] AR Elol R ¢

% 9 (the supplementary
A

A HHT AR ol el Belsts Wl Joe 3
Aol weh PEAGE AR FAL g 2ok a¥9 &4l
e A9 A% FAY Hold HAl Fael ol @AW, BA%

A AIZHE VA S STV HTEE ATH(Spencer & Ivry, 2005)F
glo]H o] #HAstE AS & F At T IMRIE

I R 29 BlolW Aojddls 4&xrE B

sHA gete AF3E gR1d dFEo]l EILEJATH(Spencer et al.,
2k A&l wet Blol® Aojo] AdgH o

Fl

, o5, W 5o FE R H.75H A

1o
N
S
3
oX,
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L
o
o
u
oo o
X
o I-
=2
>,
A\
S
T
oX,
o
Mo
[r ol
2
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O
k]
e
)
Au
2_‘
N
_\|L
g
ox,

ZA(Sternad, 2006)2 ATk

i)

/](Haddad et al, 2010; Kurz & Stergiou, 2004), & o
BARSEAY &5tE, B4 2 AE FHE o4 & Ao
o UEWE HEE e Ao G MARP)S 529 S I
Bl & (Stergiou et al, 2001), 183 H Ao Joi9de] F=HA
(SDRP)= & HHA= v dth(van Emmerik & Wagenaar, 1996).
TFAHeRZ  w¥e  MARPE in-phase(close to 0°), =< A%
anti-phase(close to 180°)& <] ©]3}1 (Bardy, et al, 2002), SDRP7} wo
g Aol E=5s, HHHE =2 A FS "y 7pHAo]
=52 9| r| 3 tH(Kurz & Stergiou, 2004).
A e JH A QIXEe 2YS HEE At 4 AN
f714¢ Aol HFAHOE o] | H(Gibson, 1950). EZF 522
7 F5 Ax"e MHAPLE FHe AHHo| JIFS HeEh
(Bernstein, 1967). webA], o]#qt X7} F2+e] A eh(perception-action
coupling)¥ &5 A28l F-§ A A(stability of motor coordination)
< EFgHoE AurEs AEEE tolue] - (ecological dynamics
approach)= 3l Elol®W ITAdA ¥ HAKRE vty AZsta, F
2bs g A fF71H &2 Aojst=A BEd 4 U

re

i

ol
ol
010 rlr



A Ao me} AT WA= G*power programol A FEH FA A
AEE 95%E TFste 308 o E AASAT. AP HAA| s3] o4
o] gl&= AAS AHQl Jdd 329 (female: 2)©] st ZHBFHAT. A
g 2y 9 A AP Aetide AHEHAAS Y st B

2

Zahm 21859 © H(IRB No. 2205 004-011), 2

oN
A ol F FAl A g 10% o4 A 29 & BAIA A<l

FN

h! L}-o](year) A1 7 (cm) %-27](cm) Z-Z o] (cm)

w28, o 2 263 + 4.7 1746 £ 5.0 61.7 £ 2.7 542 + 2.4

2. A7

E Aol A¥FHAA = HTC VIVEMHTC VIVE PRO-eye, HTC VIVE,
USA & Taiwan)2] HMD(head mounted display)®} AEEHE AF&3t] 7}
FaAANA PFHJAY. &5 BolW A= FYE|(Unity 3D, Unity
Technologies, USA)E ©] &3l 7MddAdA FAsAH. FUHE &&
st =3 F2HY AIZE ZpolE ms BRIE FREE A, HEE Y 3
4 HIEE AT w2t 100HzZ FHSFIAY. A7 HAR=E AHF
(cervical), LEZ FH(right arm), =% 3}<(right forearm) A (L H3)
of BPAMAME FAste] o7 I F5x - 22 YL iSen(iSen 3.0,

STT systems, Spain) A& EJo]E &83l 100HzZ T3 3T

>
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1. 7434 AH|(HMD, controller) a4 2.

107 |

1000,2000

Ellipse_A:

Ellipse_B : 10
. Tar;_;;est_DIlr . [;74 Sensory_modality Feedback : v/
arget_Scale : o () ()
: . audftory i(v) Progress :(v/|

Trajectory D
HandActive :[ |
Click:[ |

1™ 4. Unity A A& 34H




3. 4@ A

AT FARE F7140 AT T2 dAAIE &5 oW #A|
E T HAl= AAAHE 2100 A59 FAH "z wg F
ARG AFE= A=Y FAS AZ(Auditory, A), AZF(Visual, V), 2t
(Tactile, T)®| @I} F ZZpo] Agdd oz Ee oA
FYSHAl 25ms B AFE AT A= ®HEZE= 20bpm(interval: 3000ms),
30bpm(interval: 2000ms), 60bpm(interval: 1000ms) A 7} ZZH OS2 o] Fof
Aotk A7 FAAE Aol 22 HHOA LEER o/ JEoeE MW
40cm ol AHS FALE A= MY dS @ Ige #A
TY3A . AFEH= 92 B/ (frontal plane)dl] A5, X EF
2 2ol 50%E AAEHUT. Bl ExEe Y oA Wk A
5 10cmé H24 F(sphere)® AASIAT. AT FAAE LEES=E

4

AEEHE A Aol SEoIA AZste] AR A weh AATG
o $Holtr} Al HxEel AF Holny Bio] £ S
A%H o gk

Y g7 #A
4. AFA=}

AT RE HAAHLE AMeudu AHE Y3 (Seoul National
University Institutional Review Board, SNU IRB)%| 37}t & &84 7}



1) 5713} #}A|(synchronization task)
2 Ao 2L AN E 5718 FA=

B4eF B713% 58 HAsE AAolth B35 AANA U
=
o

Hs 714, Bol® 7hAA, s3F7], 72 vHlE71Ad Y AIRE Wl
F3l Elolw A dAAFE v AT Aol AREH I =Al
= F3 AAAF(beep), FE A AlZAS(flash), 181l LEE
HAEEH AFEH= F4% }%L(Vlbratlon)g AT ZAz}o A A A

of wel AFeA. AT FARE 67HA AASFH =
zq mE 713} J—’JrZﬂ% MR 539 A5y F 2034 Y
3} % TH(20trialsx2blocks x6modalityx3tempo = 7203]).

Al ol 37]_;(] E]-;]'_;JL_

2) A-g 3| (adaptation task)

d2e] A5 A= T3 HAxe LA FrlA "ETE Wshd,
T A= WstE BlolRol stFo AFA HSsk= FATE FAHA
o 208 3 F 8~123] Abelell FAXoR HETE F7H30bpm—
60bpm), = Z+A(30bpm—20bpm)st= W 37F AL, AT e
A 7hed wEA W3t Bojde] HSstEE AART AT
Fegzte] w7 gl gEZAo AFaAAE AAS] A =20E 1E
5L 3HA F 1029 A= ARk AAs



5. 434

B A7olAE eol 718t AR (Taskl)ol A AR ok Al
14 AgH dB4e vasta, 28 FAdA 74 34 =
W etz stATh =3, A-S A (Task2)S T3 Efol™ F=Ho] o

Al ol FoAxH F2hel g8 ey AL AR ved 22

it of

O
41 o

3t 2. Experimental design

Independent variable Dependent variable

1. Temporal variables
* Timing error: asynchrony(Asy, ms)
* Timing variability: CV of asynchrony(CV,, %)

* Anticipation: negative asynchrony(Negative,sy, %)

Taskl 2. Sensory reliability
modality(6)*tempo(3) * 0dds(%), odds ratio(%)
3. Spatial variables
* Spatial error: mean radial error(MRE, cm)
¢ Spatial variability: SD of MRE(cm)
1. Temporal variables
* Adaptation: phase correction response(PCR, ms)
Task2 2. Kinematic variables
tempo change(2) * Coordination pattern

: mean absolute relative phase(MARP, deg)
* Coordination stability
: SD of relative phase(SDRP, deg)




6. AE5Y L B

3o AT YBAL PR gHol= AEBI BHY
(end-point)®] 379l HEE o] Lot HEHAT WL FHA AL 9
PN
.

@ wAe gxYe BAAN

29 EE 32

i
«
o
=)
.
S
oo
-
o
&
lo
=
S
T
N
il
X
2
O]
ok
8
0
ofN

1) AlZHAE WM<l (temporal variables)
@ #]%57]%d (asynchrony)

Elol® 25l HE4L Aol

)

|
£ W1 =2ete =3XF Atolo A= AlIXFLXHms)e] H Al
2 Z}(mean absolute error, AE)Z 4F=3H th(x: AA| AT, T: H3E

AZE n: 8 3.

THe =3 HEEHL &

MAE = ZLZ |

i=1 n

Z=2] 1. Asynchrony

@ el 7IHA(CV of asynchrony)
Elol® dHAAM L AZt e ZFHAE A Ed
St W57 9 (coefficient of variation, CV)E ©]&3}la] Elo|"] 71HA

AESFATHS: AZEAMe] EEHAL, x: AP A H ).

cvV = (8/z) <100

2] 2. Timing variability



©@
A
2
=
of

713 (negative asynchrony)
d= AFAES Yeldls 24 vEAE dAA F3m) T Ao

FojAE AMETG WA B Yo TddE F3o Hxk) HE
=

N, = (k/n) <100

asy

2] 3. Negative asynchrony

@ Elol™ 4A Hk-3-(phase correction response, PCR)

Elol® 4 Hh-g2 =9 ®HzZ7} W A-e T T3
UehtE AZEY e extz AEstdthx: AA $HAZ T B%A
Zh n: 3 3.

x,— T
PCR = E

i=1

2] 4. Phase correction response(PCR)

k
~_
@
(¢}
=
w
S
2
&
5
=x
=
2

) 5
HAT P(V)= 0~1 Abele] ghs 2zt WAl

3F<(logistic response function)Z, °|& Ay 3} str] A3 4k
(odds) 7Nd<= Edstd 2 7ol EolW F3o mA&= 7HA=
(reliability)E F43FHTHAlais & Burr, 2004; van B

& Banks, 2002).

3 g0 ZA 2

(€]

eers et al., 1999; Ernst

P(Y)= 1 odds(Y=1) =

P — eﬁn + Bz
1+ 6_ (()’0+ 811?)

1-P

2] 5. Logistic response function 221 6. Odds



AR P(Y)7F RASHA] e gEe tig P()ol HNTE g =
23 &0 A FEEY Z iR YEhl= A xoltk(4l6). Lyt
3} Y = d(generalized linear model, GLM) &4 A3} 4&H AlF B
I 12 H$SE=FAH(maximum likelihood estimation, MLE)S A}-8-3}

HHEAR] At 2 57 HUrl HEs 2t dA Ao 4
23 Hgs s HTHoE AP FE B

. odds(Y=1)
Log(odds) =B, + B odds ratio = odds (Y =10)
42} 7. Logit 4] 8. Odds ratio

Likelihood
functions

AN

Probability

vision

Size

1% 6. Maximum likelihood estimation(MLE)



FPAe] 22 EF(end-point)e] 22 do] I JH(frontal plane)
7€ ® AAE o AFE Houe HEHE 2 2 (mean radial error,

MRE)%} <FH (anterior-posterior, AP) W3aFe] Agxtz F3F 2xk9}
7F A= Bl A Th(predicted;: 53 AR, actual;: 38 A)).

]

(predicted; — actual,)*

MRE= /Y,

i=1 n

=2] 9. Mean radial error(MRE)

o 3 &
*"‘u.

Y axis (mmj}
o
5 o
o T

5 xaxis(mm) j—i%x] 8 7—]3] _Q_j]‘
a8 7. 99 29 A4 (g B2, A F9)
4) ¥%5382 H<(kinematic variables)

B Ao 91 3 (mean absolute relative phase, MARP), 18] &
AL Ffdel EFHAH(SD of RP)E H| WS T

A7E EAole B FHol me v X LHYoE TR
of ¥ obe T BEA(1FB) N@sE) BH £49
7 dThE 9 BAGTEE et



& 3. BEAS} o)) BE §1Ye] FUH A
Elbow Shoulder Indicator

Flexion-extension — E-Sf

) . Abduction-adduction — E-Sa
Flexion-extension ; "

Horizontal rotation — E-Sh

Vertical rotation — E-Sv

D 74 $] Z(relative phase)
O = actan(y/x)

(x : angular displacement, y : angular velocity)

=21 10. Phase angle

@Tp =6,— @p
(64 : distal segment phase angle, @ p: proximal segment phase angle)

2] 11. Relative phase

@ Mean absolute relative phase(MARP)

oA7fel Hx HHel S wE-S G d(relative phase)= &
st Ht At At/ (mean absolute relative phase, MARP)S. = 4F

paanp — 3 1801

i=1 n

2] 12. Mean absolute relative phase(MARP)

@ SD of relative phase(SDRP)

S
de AL Fisde 2EHAE Halsk T




SAAE

N

Al
_1>~
Ol
=0
2
£
A
N
ol
t
=2

Two-way ANOVA with repeated measures)S AA|SIHT Fa3 9
Jo 28 a9t BT A, TukeyHSD AAFAARSE Q1 thEHla
st 7+ 7]

}Zho| W2 54Hodds)¥ F4HHl(odds ratio)E BT H A9

X geleze 052 MR

~

o

T 22A2Y FAEA(Logistic regression)= =3}

oft & i
N

)

3t 4. Statistical methods

Class Variables Analysis method

* Asynchrony
Temporal * CV of asynchrony
variables * Negative asynchrony
* Phase correction response(PCR)

Two-way ANOVA with
Spatial * Mean radial error(MRE) repeated measures

variables e Distance error

Kinematic =~ ¢ Mean absolute relative phase(MARP)
variables * SD of relative phase(SDRP)

Reliability ¢ Sensory reliability Logistic regression
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60bpm)°ll e} 187

1. 5713} I} A|(Taskl: Synchronization task)

1) A|Z+& M <Ql(temporal variables)
O ©Etol™ 25F: Asynchrony
E713F FANA AAHR(FA, "E)o] W& Eol® /7Sl HF

717 (Asy)S H=3 2.

Timing Error

Asynchrony
o 2001 Tempo
[7)]
£ : W z0tpm
= 30bpm
) 100+ P
< 80bpm
oA
A v T AV AT V-T

modality

138 9. A Z4A B wrE v 5 7] A (barplot, Taskl)



Timing Error

Asynchrony
,8200* Tempo
E -8~ 60bpm
2 - 30bpm
7 i
< 100 - 20bpm
0_

A v T AV AT VT
Modality

19 10, AA4A R wE H] 5 7] A (lineplot, Taskl)

2 ATl ZdFHe FeleES oI 2ol oS tk(Signif.
codes: 0 “**#%°0,0001 “*** 0.001 “** 0.01 “*> 0.05).

® S5 AAA R mE ¥F7]4
H Z=7] A
15714 (Asy, ms) - »
Tempo Modality N Mean = SD
A 30 219.0 £ 82.5
vV 30 260.1 £ 70.2
T 30 113.8 £ 76.5 s
60bpm A-V 30 200.6 £ 71.4 18.16 <.001
A-T 30 189.3 £ 106.0
V-T 30 1223 + 63.7
average 188.5 + 954
A 30 108.4 + 53.8
vV 30 143.2 £ 55.7
T 30 120.0 + 66.1 .
30bpm A-V 30 97.8 + 40.3 4.78 0.00041
A-T 30 1155 £ 52.8
V-T 30 77.6 £ 234
average 1149 + 56.3
A 30 139.1 £ 57.8
vV 30 1442 + 43.7
T 30 160.0 £ 68.7
20bpm A-V 30 1359 + 435 1.77 0.12
A-T 30 1559 + 83.6
V-T 30 1173 £ 42,6
average 1439 + 58.9
A: auditory, V: visual, T: tactile p<.05, “p<.01, "p<.001

M E-1]) @



] 3
test of sphericity) A3 T34 78S HuistA ZFUATHPp>.05). °]of A
AAS B]E 749 HHESA o)A EAEA Ad A9 44 F Hx
zA0 A Fa77F JeEls T (Modality: F(5, 145) = 24.16, p<.001, 72
= 0.22; Tempo: F(2, 58) = 28.958, p<.001, 7? = 0.52). T3 A=A
I "z A58 aHRE 71933 HH(Modality*Tempo: F(10, 290) =
12.6, p<.001, 7% = 0.22).

BHEE s 29dd)e] TE e 97 7384 A (Mauchly’s
3
o

¥ 6. H%57]14 Two-way RM ANOVA A3}

df Sum Sq Mean Sq F P n?
Modality 5 288181 57636 24.16  <.001""  0.22
Tempo 2 498445 249222 2896 <0017 0.52
Modality:Tempo 10 300633 30063 12.60  <.001"" 022
Residuals 435 1037714 2386

T8 o ﬂ%?‘& TukeyHSD AEAR AT Q1(%2)e A Alzto]

=75 (p<.0001), A Zr-AZHp=.02), A Zt-ZZH(p<.0001)E Tt B F 7] 0] =
gkoh. BhATL AlZkwk Zzbe] AgE z=Ae AZ(p<o0), F7E2
(p=007)2.t} HEF7]Ado] Bt} QA E)o] 23 HlF|AHS AR
A4 A 30bpm FHo] TE F ZHETG {FosA ko
(30bpm-60bpm: p<.0001; 30bpm-20bpm: p<.001), 60bpm F71-> 20bpm}
o vlE7]do] T 8tAl E=JTH60bpm-20bpm: p<.0001).

Asynchrony Asynchrony

—— 250+

A
=

—

2004 ' 2007

W 1501 i;“““=~\1g/’/////3

>
100 2 100
501
0_ 4

V T AV AT VT 200pm  30bpm  60bpm
Modality Tempo

m

Asy(ms)

A




Aol pArdEe] NEAGENE BeFId 2T Ed
= =3
L N

ihJ
1;
12
32
—E
o
&
_l B
\!
N
<
A
=
o?ﬂ_‘,

Hl 5710 =3 Ijr. w3 Ao AS F£4 jﬂr fé‘% o“?‘ AR R
Hl 57144 0] fstAl Fdkthp<.05). ol T3l dde
W A (60bpm)ol A ZZto] OHE F 7ztRt @74%% =738t &
49 ST =9, A

A

— >

W A 24 A4H AFste A 28y gold 75‘—'"2}*301

.
3 2
dolglou, A J7he &7 AFEY EholW Aol ol

30bpm FANA A HZH(p<.05), A2 p<.05), AZF-F7
(p<.00)ETh BlF7]do] FolatA =t =g 7o A A=
ZtRo vl57149 52 AAE BATH ol F3tY HJE3HE 30bpm
91 oA SdZe F7, 7, AZ 0% ol AgAo] &

2 23S BRYY. wxgog =@ B ZQ0bpm) XA AT
o) we} BB xtole F981A Zthp=0.12).

Asynchrony Asynchrony Asynchrony
Tempeo: 60bpm Tempo: 30bpm Tempo: 20bpm

—, 2507 ——— 250

200 200

T
150 1504
‘ 200
T 100 ‘00 < 1001
18
50 = 501
0

T Y-TOAT AV A V-T AN A AT T T AN A

Modality Modality Modallty

Asy(ms)
sy(ms)

a9 12, sl W'k AR Fesgaat

1

@n
1=

1

<
I=3

130
1

=]
=]



@ Efol™ 7}HA: CV of asynchrony
AR w2 Elol® 7HHA L vE7|A e WHEA S (coefficient
of variance, CV)Z Th53 #Zo] A=H QT

7. AZA RO wE Eoly s
EFol % 7 (CVasy %)

Tempo Modality N Mean = SD F P
A 30 33.1 + 20.7
vV 30 220 + 11.6
T 30 62.0 + 30.0
60bpm A-V 30 274 + 18.2 17.02 <.001
A-T 30 36.5 + 21.7
V-T 30 50.8 + 21.6
average 38.7 £ 25.9
A 30 73.4 + 26.1
vV 30 63.8 + 24.8
T 30 67.7 + 33.1
30bpm A-V 30 70.3 £ 22.5 0.847 0.518
A-T 30 72.6 £ 20.4
V-T 30 75.3 £ 20.8
average 69.7 £ 26.1
A 30 78.2 + 24.2
vV 30 749 + 21.1
T 30 66.7 + 13.8 .
20bpm A-V 30 74.3 £ 20.6 2.641 0.025
A-T 30 70.6 + 19.9
V-T 30 84.9 + 20.6
average 74.3 + 20.7
A: auditory, V: visual, T: tactile "p<.05, “p<.01, "p<.001
Timing variability
CV of asynchrony
751
3‘3 Tempo
%’50- - 60bpm
44 @ 30bpm
5 25 - @ 20bpm
0_

A V T AN AT MT
Modality

1% 13 AR g gl 7hHA



HEE = QQl(d)e] T84 & 93k 384 A (Mauchly’s
test of sphericity) 2% T34 7FdS fistAl L thp>.05). o] A]
DA Blol® ThAA Y] WEESA o] ZAEA A A5 of4 8l
HY ZAdA FE2H7F YEFSETH(Modality: F(5, 145) = 4.729, p<.01,

= 0.05; Tempo: F(2, 58) = 83.457, p<.001, n?* = 0.76). T3 A=
of a3 "Hlxo HEAEENE 7935 tH(Modality*Tempo:  F(10,
290) = 6.020, p<.001, n* = 0.12).

¥ 8. BtolW 7pPHA Two-way RM ANOVA 23}
y

df Sum Sq Mean Sq F P n?
Modality 5 10622 21244 4729 0.00003"  0.05
Tempo 2 135095 67547 83.457 <001  0.76
Modality:Tempo 10 27045 27045 6.020  <.001""  0.12
Residuals 435 195411 449.2

Fa o W TukeyHSD A3AA A7 Ql1($A)] A Al =
ZH(p=.017), ANZ-5ZH(p=.003)Et} Bfo|® 7FH/Ado] frojstA

Aol &7
ok mESH QRI2(AE)Y 79 60bpmo] TS F KR Elo|® 7}
WA o] FolahAl REektH60bpm-30bpm: p<.0001; 60bpm-20bpm: p<.0001).
CV of asynchrony CV of asynchrony
; 100+ renn
751 '
+
= o —— . = 75
%50' ‘%ﬁ' 50-
= >
© 254 © 25
. 0 : :
A \ T AV AT V-T 20bpm 30bpm 60bpm
Modality Tempo

O™ 14, BRol® 7hiAd el i A4 R Fa3



Efol® ZhA ol gk A9 FA*elxo] JIALaHE T
a3 BHS 53 ARrdoz nusdtt. B4 A} 60bpmol A 2
o] g U =HRT glold spHAgo]

AN ZF-2d ZH(p<.05), HZ(p<.01), BZ-FZ(p<0l)). L FZto] Az
I} A3E Aol E A2 (p<.05), HZ-AZHp<.05), A2 p<.01)ETH E}
olF ZiWA o] ESH. olE T3 4L AALEF TSt Eol
WA FAAA F JdE Gt

A

3%m1§ﬁﬂHE%%4%4Z}%ﬂiiﬂﬂﬂL%HVJ“%OQ

b

oAl FUATHp<.05).

CV of asynchrony CV of asynchrony CV of asynchrony
Tempo: BObprn Tempo: 30bpm Tempo: 20bpm
1001 —_—
El 80
. _ 751 .
& & &
=60 = an
(7] N 501 %]
© © ©
30 251 30
G 0 0
V AV A AT VT T V T AVAT A VT T AT AV V, A VT
Modality Modality Modality

a9 15 BRol® 7Pl iRt A4 Ee| FEstgas
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74 3F3: Negative asynchrony

A5% T ATHG Bl HAstel veht: wE ol
wa wEr14e A2 ue et 2o NEg By

£ 9 AZPRe] hE B3 WE/4

-2 8] 5 7] (Negative,,, %)

Tempo Modality N Mean = SD r P
A 30 28 £ 72
vV 30 48 £ 11.3
T 30 19.5 £ 242
60bpm A-V 30 6.5 £ 20.1 5.138 0.000202
A-T 30 9.0 £ 19.7
V-T 30 5.0 £ 124
average 83 £ 17.5
A 30 33.0 £ 24.6
VvV 30 13.2 + 179
T 30 63.0 £ 21.3
30bpm A-V 30 22.0 £ 20.9 31.59 <.001
A-T 30 64.0 £ 19.0
V-T 30 50.0 £ 22.9
average 394 + 29.0
A 30 41.5 £ 19.6
VvV 30 26.0 + 18.8
T 30 65.0 = 16.3 .
20bpm A-V 30 30.5 + 19.0 22.18 <.001
A-T 30 58.5 + 21.3
V-T 30 50.0 £ 19.2
average 449 + 237
A: auditory, V: visual, T: tactile p<.05, “p<.01, "p<.001
Anticipation
Negative asynchrony
.60+
=
=
<€ 40+
2
4]
320+
z
0_ T T T T T T
A \% T A-V A-T V-T
Modality

29 16 AZAR BE B wEI]4

J’—-! : ‘~‘,3| 1



HHEEE 22l1d)e] TEAMY oS A7 73 78 (Mauchly’s
test of sphericity) 23 T 71A-E AulstA L UTHp>.05). ©]o] A
AN BA 57 e MESA oldiEAHEA Ad A=) 44 F
Hz o] Fa37} ey th(Modality: F(5, 145) = 51.818, p<.001, 72
0.29; Tempo: F(2, 58) = 194.486, p<.001, 7? = 0.03). T3 oF2]*Elx
o] A3FE&ERE Fo5H H(Modality*Tempo: F(10, 290) = 6.803,
p<.001, 7%= 0.11).

® 10. ¥4 ¥]E7]14 Two-way RM ANOVA A3}

df  Sum Sq Mean Sq F P n?
Modality 5 93461 18692  51.818 <001™ 029
Tempo 2 140311 70156 194.486  <.001™"  0.03
Modality:Tempo 10 24539 2454  6.803 <001™"  0.11
Residuals 435 1895.1 4.356

L2123 2@ E)e] FEHE TukeyHSD AFHAS F3)
Hlwstdoh &4 A3 542 F F749.2%)°] A5 Aol 7t
Z E=I, AA14T%)0) AF AEFFo] M skt E3, 60bpm X

AB3%)2 e 7 ZAEG 45 Aol FUTBobpm: 39.4%,
p<.0001; 20bpm: 44.9%, p<.0001).
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z T =z
0 0
A v T A-V A-T V-T 20bpm 30bpm 60bpm
Modality Tempo

a9 17. 74 vlE7]dd gk AAA R Fa



1‘%75. Hl%ﬂ*éﬂl ek A= FAxRlxe] HsAgaHRE deT
Hl sttt &4 23 60bpmoll A 2

, AZQ2.8%)NA M @
m ZANNE FZ63%) T F7-H 7H64%)

Aol ko, AZH13.2%), AZh-HZH22%)A o
A Zpo] BT oA oS AEFl WA UERSTE 20bpm =310
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2) 7+Z} 7] E(sensory reliability)

22X 2 &N A ZYY AFEE T8 FHE A
(posterior probability)©|T}. ©] & o] &3l A A=H AI}r} o=
Zro| A DA P=A FE3AT. St st

X
|
2AORAAAY, R2-E7, A7) o]Fe] £F &

rr

b
%
i
rlr
o
iy
2 ON N

O

P(Y)=1), AZHP(Y)=2), ZZHPR(Y)=3) Al 7HA 3ol &8
717t Ne s A4S

D AZ+-AZ =7 (Audio-Visual)

Az AN F FAol AgH 2d& Al A 'lEAA @At
Hoh HlE7|A4ol we ARE Bt 28U BAZCE {FoF A
o]= 30bpm ZHONA A7 A FZAZ =74 Abolol Ak e
CH1®™19, P< .05). &3, B ®BX oA AZ4-AZ =19 #5
H Erol® Z7PHA(A-V, + shape)2 dSE 7FHA(P_AV, grey color)E

O E=9tlE19). ol T e Agel #x3 EgPHolx o

2
_l

kl

Audio-Visual

® ] ®
2501 80
" — * Modality
@ 500 -+ éao- o, ® A
£ 3 ® v
= ()]
a 1 + Av
4 D _’_ i,
150
< o ) 407 R P AV
1001 i . . .
20bpm 30bpm 80bpm 20bpm 30bpm 60bpm
Tempo Tempo

I 19 A =239 vl 4Eh 3 el 7 () Hia



O AZ-A1Z Z71(60bpm)

GLM £4 23 WE714L2 60bpm ZA 72t 7oA =E F74
st fForg HeE YES T (p=0.015). ©etA, FHE AS(L
= -1.181, B, = 0.008067)% At&=dH d==wgye L3 o}

odds : P(Y=2) / 1-P(Y=2) = exp(-1.181 + 0.008x)

E 11 AZ-AZ 2719 GLM 4 A 7H(60bpm)

Coefficients Estimate Std. Error Z value P R?
(Intercept) -1.1814 0.8711 -1.356 0.175
Asy 0.0080 0.0033 2.433 0.015" 0.114

A7L-A7ZE 22(60bpm)ol A SHE HIE/IAE 200msE oS E
= B3 =23 154835 =Esith. ARH o2 F 7
vs] Ao 7dZs) 54% =88 oudg. =3I, o
1.01(exp(0.008)) 2 Asy7} 3 w9 Z7}atd Hzbo] ws] Azt

9 8ol 1% F7HHE o ST & 9

_l\l
o
l'f:l:
-

Audio(1)-Visual(2) ‘60bpm’

— O o] O CIIDPOCHDOOD SR O OG0 O o]
1
@ |
-
-
o™ _
l
z = n
o - B— probability
B--- observed
O 1
1
‘_'—OOO(W Q0G0 GOIENEDC O 00 o o 00

I I [ \ \ I I
100 150 200 250 300 350 400

Asy(ms)

a9 200 AG-AA 210 2R 2 3HAEA 2 IH(60bpm)



O #Z-AZ 271(30bpm)

GLM 4 A3} u|57]4e 30bpm WA 7z 7|28 4
st foul@ WEE GERdTh(p=0.0298). WEtA, FHE A
=-1480, £, = 0.01HZ =" =g g3 2}

E
S

odds : P(Y=2) / 1-P(Y=2) = exp(-1.480 + 0.011x)

E 12, AZ-AIZ 2719 GLM 4 A 7(30bpm)

Coefficients Estimate Std. Error Z value P R?
(Intercept) -1.4809 0.6612 -2.240
Asy 0.0112 0.0052 2.173 0.0298" 0.152

A7 JdErt 45% =SS o)
LOI(exp(0.011)E Asy7b & w9l Z7bska Fzhol uls) Azkz o

g g5 1% F7}8te HoZE 9

Audio(1)-Visual(2) '30bpm’

S 4 o eoho 0w wEs @@ @0 & O
.
N2 v:1_455§5(odds)//
Z_“; = = /// “
o |- T
S_@mofwwquéf”@moq”‘ e
50 100 150 200 250
Asy(ms)

a8 21, LA 219 2R 2¥ 3AE4A Z23(30bpm)



@ AHZ-£7ZF Z7(Audio-Tactile)
60bpm oM HZ-FZF =19 wE7|do] ARG FofsH

S 31(p<.05), ZZFR T E=9Thp<.01).

Audio-Tactile

[ B -+
2004 | ~ 90 Modality
—_ w +
» £ - ® A
£ 175 k=) ®
= . el ® ® ® T
% 150 1 3 @ . 4+ AT
® 0 507 P_AT
1251
% [ 33 30
20b'pm 30b'pm GOblpm 20bpm 30bpm 80bpm
Tempo

Tempo

a9 22, A4-=24 2319 e EHI Bl 7PAA ) Wl

O AZ4-=Z =71(60bpm)
GLM £4 A3} H|F57|4E 60bpm XA 72t 7|A=E F

st dl from @ WER GERthp=0.0298). WebA, A A8,
= 24816, A1 = - 0019 4A=H S22 o4 2o

o

odds : P(Y=3) / 1-P(Y=3) = exp(2.4816 - 0.019x)

¥ 13. AZ4-=Z =719 GLM £4 2 7(60bpm)

Coefficients Estimate Std. Error Z value P R?
(Intercept) 2.4816 0.7751 3.201
Asy -0.0190 0.0043  -4.377 <.001™ 0.476




T

18] S7te] 71H=7} 208%(F 2v) = UEbyith E=9h, e == of
1.02(exp(-0.019))Z Asy7} ¢ ©9 ZFr1stHd Ao ws| 243 A4
2 3Eo] 2% TadtE ALE dZHdY. &, £749 795} 2%

=
Fold 52 WEs 4ol Ims RolAThn 22T 5 AUk

Audio(1)-Tactile(3) '60bpm’

g — oo o aEIECEE O coi@ [¢) o o
[Lp]
o
& e
> &
& !
0 T: 3.0894(odds)
3 — ool m@im&moooo
I I I ]
100 200 300 400
Asy(ms)

ol
rir
in}
Jo
Lo
=)
£
29
b
u
v
o
L
i)
<
'é
S
=
k=)
)
Ry
ol
o
it
M,
;L},
=

odds : P(Y=3) / 1-P(Y=3) = exp(-0.4731 + 0.0152x)

¥ 14 A4-57F 219 GLM 41 2 7 (20bpm)

Coefficients Estimate Std. Error Z value P R?
(Intercept) -0.4731 0.6306 0.750
Asy 0.0152 0.0069 2.205 0.0274" 0.476




A7h-Z£7F 2720bpm)oll Al SAHE HE7IAEL 156msE SRS
6.753€ =E3tAut. 234H o

=7ke] 71 =7} 575%(F 6Hl) =

°F 1.015(exp(0.0152))Z Asy7} & &9 Zristd AHZbo] wis) &2Z+3
#dE gEo] 15% S7Hts o2 A FH3AH.

o 4
N

Audio(1)-Tactile(3) '20bpm’

g — Co a0 OCDO@O@I)U@OW o oQ
|
1
v |
o |
— |
T T: 6.7530(odds)
> |
i
b L ! B— probability
o { B--- gbserved
9
s
o :
s = COONEy COOD OO0 O 00 O Qo Q
-

I I I I I I
50 100 150 200 250 300

Asy(ms)
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@ AlZ-F7Z+ =7 (Visual-Tactile)

Visual-Tactile
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O AZ-%7k 271(60bpm)
GLM 4] Az} v%7] 43} etolw 74 60bpm 7oA 72t

= 0017). webd, MES el o 33 %ﬂﬁo=&mn,ﬁ1=
L0.0260)25EF AEE o=

ko
ogh
rlo
v}
o
i)
L
iv)

odds(Asy) : P(Y=3) / 1-P(Y=3) = exp(3.0472 - 0.026x)

15. 3772 2719 GLM £4 2 7}(60bpm)

Coecfficients Estimate Std. Error Z value P R?
(Intercept) 3.0472 0.9331 3.266
Asy -0.0260 0.0052  -4.951 <.001™ 0.662

227 Z7(60bpm)oll A SAHE HE7AHS 12msE I SRE S
B3l L2 1158 =& Afd o2 7 72 T A vlE|
Z£7ko] 7|9ETt 15% L ZoZ YEelgt.
1.026(exp(-0.026)) = Asy7} 3 &% S7istd AZo wls] 23 &
dE &0 2.6% Hadte ALE dFHAT

Visual(2)-Tactile(3) '60bpm’

B— probability
B---- observed

P(Y=3)
20 22 24 26 28 30

100 200 300 400
Asy(ms)
a9 26. NA-F7 219 2A2Y 3 A4 A IH(60bpm)



3) 3%+3 H<Ql(spatial variables)

A agr] s F3F AL B4 A (frontal plane)oll A A3
3go] H#ubd Q AH(MRE)9F A% ®}3F(anterior-posterior)e] A g 2}
G AR HEvbdea 2 Agest

O #GHAAY I BEAE H 7HHA

MRE % SDwreoll thet HHEEE 821(1d)e 84 &< 4
A 7S AuiEkA] ZATHp>.05). o]ojA A A MRES] HHE
AEAREA A3 ’lxo] FEaATE YERGTHTempo: F(2, 58) = 7.10,
p<.001, 7° = 0.025). =, SDwped WHEZA o|AEAEN AFoAE
dlz o] 837} YEPGTHTempo: F(2, 58) = 62.48, p<.001, 72 = 0.191).

_'__[L

xéo

o

rob

"

¥ 16. MRE2] Two-way RM ANOVA A3}

df Sum Sq Mean Sq F P n?
Modality 5 12 2.46 2.46 0.032 0.032
Tempo 2 14 7.11  7.10 <001™  0.025
Modality:Tempo 10 3 0.28 0.28 0.985 0.005
Residuals 522 523 1.00

MREC oig ®Hxze FaIA= AFHAH ZF} 60bpm F719]
30bpm(p<.05)Z} 20bpm(p<.001) ZAXTF MREZ} 934 ¥ Ao
2 UEst. SDweeoll W3 B2 FaFE ASHAY A BE X
oA Fg FolE EATH60bpm > 30bpm(p<.0001); 60bpm >
20bpm(p<.0001); 30bpm > 20bpm(p<.001)).

E 17. SDyre2] Two-way RM ANOVA 23}

df Sum Sqg Mean Sq F P 72
Modality 5 0.4 0.09 0.71 0.62 0.005
Tempo 2 15.5 777 6248 <0017 0.191
Modality:Tempo 10 0.4 0.04 0.33 0.97 0.004
Residuals 522 64.9 0.12




Spatial error Spatial variability

frontal plane frontal plane
‘ -
54 : e ) ; !
| ——
—— __1.751

2, 1.501
w o
e =
= o)

2 w0 1.25

1 : : , 1.00

20bpm 30bpm 60bpm 20bpm 30bpm 60bpm
Tempo Tempo

a9 27. 599 B A o

A
N

4 A (frontal plane)

@ APHEFY T HEY H JMHA

APLEFe] DE 9 SDpeoll ik REEEHE 21(1d)e T4 &<
A3 74 7HHS AEkA FUTHp>.05). °]ojA AAIE DE %
SDpe8] WHEZA ol EAEA AF SDpeol|l #3 ®WEo] FEIAVL
oAl YEF Tt Tempo: F(2, 58) = 3.49, p<.05, 7% = 0.20).

E 18. SDp9 Two-way RM ANOVA Z 3}

df Sum Sqg Mean Sq F P n?
Modality 5 3 0.597 1.95 0.084 0.017
Tempo 2 2.1 1.064 3.49 0.031° 0.012
Modality:Tempo 10 1.8 0.179 0.59 0.826 0.010
Residuals 522 159.4 0.305
Spatial error Spatial variability
AP direction AP direction
18 r = 1
— }/__{/{ E i/,k’—‘f
£1.81 =t
5 £ 1.0
= (7]
© 151 8
0 1.2 o
(%]
Anova,p =0.2 0.0
205pm 305pm BOprm 205pm 305pm BOEpm
Tempo Tempo

—_

a9 28. 9 ¥ A 2 7PHA (AP direction)



2. Z-§& A (Task2: Adaptation task)

1) glo]®d 4 ¥-3(PCR)

AT ZFAA= S HEZBbpmE 5718 FAE TS F Y
=3t ]I W3 (phase shift)oll 2 -&3t= AAE FPstAT EFol
A Hk-&-(phase correction response, PCR)2 Bl W¥3}7} 2AIgE o
3 ol LFE FASH YEhh= A (over correction)

_/_F_

% =)

. Elol® Mg mAlolA W Wsh @ A=ekAe] me PCR A3
=l %

#® 19. 92 W3} g A5¢4 o & PCR(Task2)

Elo]® 44 HE-3(PCR, ms)
Phase shift Modality N Mean = SD
A 30 -179.6 + 115.2
VvV 30 -48.4 + 1484
T 30 -210.4 £ 164.5

-1000ms interval
A-V 30 -170.3 + 147.8 5.605 <001

A-T 30 -207.3 £ 101.8
V-T 30 -109.0 + 255.6

(30bpm—60bpm)

average -150.85 + 167.4
A 30 -241.6 + 605.9
vV 30 -235.2 + 478.8
T 30 -315.6 + 566.7
A-V 30 -350.7 + 581.1 0.201 0.962

+1000ms interval

30bpm—20bpm
(30bp prn) A-T 30 -305.9 + 596.2
V-T 30 -254.3 + 523.5
average -277.1 £ 551.55
A: auditory, V: visual, T: tactile p<.05, “p<.01, "p<.001



Adaptation
Phase correction response

G -1001 S - A
O e 9 - T
@ -200 %
c = —— AV
3 ) AT
= -300 :

onset = VT

-1000 +1000

Phase shift

13 29, ®1E W3 @ xZFFA o] w2 PCR(Task2)

R = 29dde] S A= A%
test of sphericity) 23 784 78S {uistA] &
AAZE oW A w3 WESA o|dE4tEA AR "Hx w3t
ZZ7dA4 FaEIAIVE e O(Shift: F(1, 29) = 8417, p<.01, 7° =
0.023). ¥HH, A=A o] FaF gl 'l wsh Ao 4o aHte
FoEtA th(Modality: F(5, 145) = 0.960, p=442, 7n?* = 0.013;
Modality*Shift: F(5, 145) = 0.243, p<.943, 7% = 0.003).

¥ 20. PCRE Two-way RM ANOVA Z ¥}(Task2)

df Sum Sq Mean Sq F P n?
Modality 5 808294 161659  0.960  0.442 0.013
Shift 1 1417522 1417522 8417  0.004”  0.023
Modality:Shift 5 204898 40980 0.243  0.943  0.003
Residuals 345 58100867 168408

TukeyHSD Ar377A & F3 PCRO| Ulg ®©lX W3l Fasp B4
Haste 2AAEE =7 +1000ms)ol A 'l =7}

]_
ZAAFNE 24, -1000ms)E T PCRO] F23H Sk thp<.01).



Adaptation
Phase correction response

Adaptation
Phase correction response

-150

= 5001 7

EE’ i = 2001

O g

o ] =

= 500 § 2501 Anova,p=0.0037 |

2 10001 = |

-1500 on‘,set Fa T -3001 on%set
-1000 +1000 ~1000 +1000
Phase shift Phase shift

S
i

719 30. PCRoI| i3t Bl Wsle] Fa 3 W, - o v W)

2) +% H-S-(motor coordination)

2ol ¥ Y H A A9’ (mean absolute relative
phase, MARP), 18]l & AAAZ L Ao EFHA(SD of RP)
2 Hwstdoh o7le g2ole W Y wa v 7R 52
o8 FEdt EASEATHES o).

¥ 21. %0 ©}£ MARP % SDRP(Task2)

Mean + SD(deg)

RP
20bpm 30bpm 60bpm

E-Sf 40.0 £ 14.1 477 £ 14.4 674 £ 16.8

E-Sa 36.3 £ 11.9 46.6 £ 13.1 63.2 £ 16.0
MARP

E-Sh 533+ 95 61.1 £ 10.0 73.0 £ 14.8

E-Sv 56.7 £ 5.3 62.6 £ 8.4 72.5 £ 11.6

E-Sf 193 + 54 222 + 48 29.1 £ 6.8

E-Sa 192 + 43 223 + 4.4 284 £ 6.5
SDRP

E-Sh 253 + 49 263 £ 5.2 304 £ 8.6

E-Sv 277 £ 2.6 287 + 4.5 320 £ 7.7

E: elbow, Sf: shoulder flexion-extension, Sa: shoulder abduction-adduction,
Sh: shoulder horizontal rotation, Sv: shoulder vertical rotation




&5 HIE %A dE 2
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22 o}7)]) A}F(Sub.308, Task2)

MARP_Elbow_Sv
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O ¥-8 I H(coordination pattern): MARP

Bz WH3lel 7HZhekao wE MARPS| WHEZA o] JEAEAN A
I BE FAY AtiE #ACA "'z Wzt FaATE UERET
(E-SE F(1, 29) = 144.073, p<.001; E-Sa: F(I, 29) = 193.489, p<.001;
E-Sh: F(I, 29) = 150.844, p<.001; E-Sv: F(I, 29) = 187.331, p<.001).
AP A "ZT SUkete A Ee o &2 delA MARP

s 43}741 T7Fek=(p<.001) WM, RZ7F FASHs 79 MARP

tH

o = =]
frolahA 723 ATH(p<.001),
MARP MARP
Elbow-Shoulder(flexion-extension) Elbow-Shoulder(abduction-aduction)
100 | I Ak = I 100 ] b -
=) ] =)
ﬁ 15 ﬁ 751
Q Q .
w w
(] (]
5 50 5 504
)] = )]
o >
ke ke
& 251 2 251
0 0
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Tempo(ms) Tempo(ms)
MARP MARP
Elbow-Shoulder(horizontal rotation) Elbow-Shoulder(vertical rotation)
1001 i i 100
g 751 g 75
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w w
© ©
5 50 S 50
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5 5
& 297 & 251
0 0
20bpm 30bpm 60bpm 20bpm 30bpm 60bpm
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9 33, o7 29 MARPO| thdk Bl W3l 8 F(Task2)



4 A (coordination stability): SDRP
=73 oldEAHEA A

O
Hx WHslel 7Hzhefalo] wE SDRPY WHE HEA A
B mE A9 Aud BACA WE Wste] FEH7 e
(E-SE F(1, 29) = 116.447, p<.001; E-Sa: F(1, 29) = 164.994, p<.001;
E-Sh: F(1, 29) = 32.386, p<.001; E-Sv: F(1, 29) = 33.800, p<.001). AL&
B4 A% 9%} Z75 BE SAYeIM SDRPF fol8 F7tst
9T (p<.001), BE7} 7+23HA SDRP7}F frolahAl 7283 Thp<.001).

SDRP SDRP

Elbow-Shoulder(flexion-extension) Elbow-Shoulder(abduction-aduction)
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SD of Relative phase(deg)
S

SD of Relative phase(deg)
N
[e=]

20bpm  30bpm  60bpm 20bpm  30bpm  60bpm
Tempo(ms) Tempo(ms)

SDRP SDRP
Elbow-Shoulder(horizontal rotation) Elbow-Shoulder(vertical rotation)
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SD of Relative phase(deg)
8
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205pm 306pm 606pm 206pm 305pm Goﬁpm
Tempo(ms) Tempo(ms)

19 34, SDRPo| 3 B W3 ol 38 3 (Task2)
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CH(Hsieh, 2019; Newell et al., 1980). A3 AT} Th2A B AFoA
AR AAE AR ONA AAEE o A4S b agE JAR
Al Elol® F3t FEgAgo] Al SFEHE olFxEY ool 3
o wehA, A59] "'zt SUtste] §2hs wEA s oF s+ A
T 71E dFolA AHEE FAERG FUiF o s Expste 2 7
FEo] 8757 el Bol® Aol 23y AT HoE AR

A} olgd @ Ase sEol WHH Fre] weslel Agte] B
B BAE AA BHT 2EI1E0 A5 AL BAY B4
3} QIzke] Feo] fEo] mEHofol F L & Utk

Zzvepajel wer WA golw PP Aol: WE A 3
sAgENE st TAH 2dA EARYL. BT F

(temporal resolution)”} =7]ol HZAHB7} Elol® A=A fstth

3 dHA UTH(Elliott et al, 2010; Kolers et al, 1985; Repp et al.,

2004; Varlet et al.,, 2012). stA|%F & AFE B3l A=< =z ma}
°

glol AeAdol Fagk s Zolrt ol B AT
w3 wWE ez o] Z7hok2] A 2] 3k 14-1:!17(] ZAA thzrzhe]

Efol® AHaAo] Bztztu =

Fol & FANAE T gzto] A 73% 27t _wm%—oa
Eol® Aol FAH aNE 1A Ao H4T & Ark AL,
E2pqae] A5 e WEAA T2 24 2 gpgrd golw o
F7b AASA AL colHe Aol WAHYLH, FrhHe AT}
Basitin AZ4Ed. £, =9 HEA ged e el
BEa Aok YA 2o ARE Fd = 52| go|d Ao
X B4 gztol A24eE Fse fUASAY SAT G WA
A ee o & oAn



AEHE As 17 ol 7l 3t 83ty o]
TOR o] Fo| A= uolst A, o5tz Fejo] wel Zelrh b
%7 9 4o g AAFAG £ O F 30~70msE o2 B4
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& Eelde Aolg A¥E Harh o AR 4y

HAAH 7]AA 487](mechanoreceptors)d] S A L= X7} dom

2 A= EA48H7] A AR dHA  JTh(Purves et al,
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Aol AsAol7|Ety Zride o] AA Asstr] Wl
(Koch, Oliveri, & Caltagirone, 2009) JUX|H o2 o Z3st= 0|

AS Aoz AZHEY. I3 Aschersleben(2002)9] T ATAHE
(sensory accumulation model)3} Wohlschliger & Koch(2000)2] =]z}
43} A (perceptual underestimation)ol] WEH A A FPHTE AL
(A== B wmEva A Z4stal, Awsty] mjio] =9 ®lZ oA 9

NP AfrE dF AFAEAE O SV ol AAE
& BolW e drpy b H o R Elo|W] F7]8E ol Fibet g
A Etol® o7 2 WEE @A FHsA ASEe Yol T4
sttt o] & FRlslr] 9%t A8 HA(task2)= oA B3k AlA- ol
Hzo Wsls Fo| A7 FAx7E oS ofgA A=A v
(PCR)= A RYT AT FAAREL HE7 Frhshe 2drRg 7t
At 204 BolW WEE A= 3717} g 2 353

(overcorrection) A ¥ HATH o] W3
correction¥} period correction®] FEZ80Z YUEh}=E WSO FE 2|7
=2} Adto] 78 7 9(tight binding) F5A e =277 A vehdh
(Repp, 2008). wetA, wE ®IZ O] A ZA4GH7} X Z-F2e] Aol of
st7] wiZol] =9 ®Hlx2 Wil Y& A wkgo] A yE
Soa s = T

AT A7FHSub.1)e] T3 WE FPFr] 2 HETE8E AR
A(1™35), B27E bekes FelA o :
<ol Yetdt. "gx7F FrbstAY A
T4 ¥hgo] WEE A=Hu WA FPs=F o|FojHT. v T
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a9 35 (X g mE glol® &F 4A WE-g(Sub.1, Task2)

-5 BoldY 74 7d=

ATt H & A9 gt ARE st ow, Hgst A&
el e AR F HAe Fgete 5 FAEAS ARESHAY,
ME e AR E ddstA Eoh(Wele arren, 1980). ﬂ
Zzhol A A FAol wEt s3] WA= I Aol & ¢
ABL ZpolE HolA Hoh HAE ¥ HZEF Y H(supplementary



motor area, SMA)o| A TE THZtefalo A3y = AAFME7 &
sHAIRY, A fHzhekA e g A=+ E9s SA3H ¢ A
ATH(Tanji 1994). E}o]™ 7) !
AR RE A3t 45 Beld w7185 WefiskA g, oo A4
A ] A4S UEA] 2k tH(Repp & Penel, 2004; Kato & Konishi,
2006). °lE 3 FAES St A4S OE ARG Elo|® Ao
aRA o, AT G oE dHA Uk

¥t gHzto]l Agtd ozt 23elA 2] 7)o E(reliability) &
gkelslr] fall H ol =% (maximum likelihood estimation: MLE)©] A}
25 A tH(Alais & Burr, 2004; van Beers et al., 1999; Ernst & Banks,
2002). TFek, AFE 7okl 7+ #AE A o] § I (uncorrelated) = 2 o]
g Z4zpo] A BlolW AAE o] &sl A HIAS W
Elol® Aag FAACE FAHY 4 JtH(Cochran, 1937). 3FA| 9, 4
w AA A5E SRS Zolrt EAEATH
Re= ou|stH, 7H2F Apolo] A A4AH

A Al(redundancy)’t Se= & F Atk 9]
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2016; de Vignemont, 2014b; Bayne, 2014).

w4243 wmE "HxdA Faa Aol A" 45 Bol A2
Aol mAE 7 Es Aol FAA4ET 548% =9hTh ©
JZp- A Zpe]l Aol A AlAeFao] AA4HG oW Ao »
FEo] AT T  Jvk. T WE HELANAN F4 H7
Hoh 208% 719 =7 oW, A ET 15% ¥ A3%E A =
d BEAME S42 AGHY 575% w2 7IEE E%E‘r. o] A &
AsYAFo| A Hzbo]l Mg g2 oz &R Z(Bresciani et al.,
2005; Fendrich & Corballis, 2001; Vroomen et al., 2004)3 TL=2A &
ATolM = ZZo] Bold Fdol 7H AT IFe mIAH, B4



=2 g A

0|
=

al

K

7}

1

& AztrT 7)o

)

)

o}

i
B2t n7}

ks
pul

J

€

“‘ventriloquist effect’’ 2}l

IE

(Stekelenburg & Vroomen, 2009).

FAI S-S Hol

= =2

3

Ank o7 Azto] Au

3 ol A

““temporal ventriloquism’’ ©]

—
| .

Th(Parise & Spence, 2008). ©]*|

SEMEED

=

8 24g AT AT

1

o] A3

SRR P IRSERSE

*

Xé H

A o]
1 =

Ho

upekA, A

o

x
o

|
—_

ol B4 2t

X

no} we g

EEa

3 Aol 7}

=

2 Bol® %

2 5ol

0] %] %)

)7}

o

AT

o)
[EpS

A

HE=

pas

s =)

S

(Studenka & Zelaznik, 2011).

A

wjr

—_—

0

)

O

o] w=7]ol| uwel 4

—_L
=

gL A

o]
=

3

A

wjr

o
o

o

o]

]

A
s

A

1R A B

Ao

........



2

TAME FwAeh oA A FAYAA dEtte g8 ddH
A=d s BFskTh d929 HE HACNA AT FAs
FAYL d2rt SUketd e A AU HdMARP)F B Aol
elde] EEHAKSDRP)7F =obpth Wh, |27E fastd 52
MARPS}H SDRP7} Wopsth. ol= Elol® HAS waA s
o Ee WMETE A7 de Aol Hdasks AolE T &
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m
Lo

-
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o
ATt a3 dqs i Hah= in-phase(0°+30°)2}
anti-phase(180°£30°) H oA F2+e| A2 EAo] T & GARE Aol
(phase transition)® = Z1©] ©}d out of phase(30°~150°) WA A
|
H

@ Zolg @ Aok E=¥, @S gAe] Wssl AsE e
02 Ao Holy HAE FAsHE £F A2 WA 54

o] Wslelal & 4 Q) Th(Pacheco et al., 2017).
o] ol A e =olE EFgstH, B AFoHE Xz F3o F 7}

A ZwelA tdd €5 eoldel 54 WAt AFe W=
Felolghe ol AT Tk AR zdol hE &F ol
We A%

wow, 7zt Vo xe At 9 o 5SS F3l ElolH
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Elo|Ho] FHHo|1, oEA &% ElolWT FZo] Aoy E=rrds

Azol gair] 9ls) AaE B ATe oo g Adge =g

A, AZe] Ao wel eholW FHAYl FIAT AAARE o]}
Atk WE AN AR, T AENE FARRI &

B ol
A, =3 A2A BolW o= AFAHo] A, HEs} Pade |
st= Z7lee A9RT Bol® B5F whgo] Yehdo
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Abstract

Motor Timing and Coordination

according to the Perceptual Information

Jaeuk Jeong
Department of Physical Education
The Graduate School

Seoul National University

Motor timing is determined by the coordination of perceptual information
and action. Searching for the optimal perceptual-motion combination, and
observing which information is important and how the characteristics of
motion change, is a very important problem in understanding human motor
behavior. The purpose of this study is to examine the motor timing and
coordination control according to perceptual information and to explore the
strategies necessary to improve the motor timing. 30 healthy adults (age:
26.3 + 4.7y, female: 2) performed a timing task(circle drawing) according to
periodic stimuli in virtual reality. In Experiment 1, timing accuracy and
variability, spatial accuracy, prediction tendency, and sensory reliability were
compared through the synchronization task according to the sensory modality
(auditory, visual, tactile) and tempo (20bpm, 30bpm, 60bpm). In Experiment

2, the timing correction response and coordination characteristics were

- 1056 =



investigated through an adaptation task in which the tempo changes. As a
result, there was a difference which sensory modality was effective for
timing accuracy. Specifically, tactile modality at fast tempo and auditory
modality at medium tempo were effective for timing accuracy. In addition,
the timing prediction tendency was high at slow tempo, and timing
over-correction response was observed in the slowing tempo change. As a
result of comparing the sensory reliability using logistic regression analysis,
it was found that under multi-sensory conditions, tactile, visual, and auditory
had the greatest effect on timing accuracy in the order. Finally, in the
adaptation task, sensory modality did not affect the motor coordination, but
the change in tempo brought about changes in coordination pattern and
stability.

This study tried to verify the characteristics of various motor timing in
two aspects of perception and motion. In order to apply the research results
to the sports field, it is necessary to examine the motor timing and
coordination control in various aspects of perceptual information, and it will
help to establish a strategy favorable to timing accuracy through
quantification and prediction of sensory modality. Finally, the various results
derived from this study are basic data for understanding and developing the
motor timing, and it is expected that it will help the feedback information

of the coach and the learner in the filed of motor control and learning.

keywords : Perceptual information, Motor timing, Motor coordination,
Sensorimotor synchronization, Sensory modality, Sensory
reliability
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