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shje] Alore e A8 Yol AT 2t 2ok ojze o
F9] ‘SjA o & FEFIEA oldfol=d], AFY A Al A, A4,
ofE|Ed|old, A= T TRt 84E UERA|TE 5] FHIEL Zgjo]A] 9]
ARK A2 5 AR 048 WD Aie
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1) Erik F Clarke, “‘Rhythm and timing in music,” 7he Psychology of Music, edited by D.

Deutsch, 2nd ed. (San Diego: Academic Press, 1999), 489; Henkjan Honing,

“Structure and interpretation of rhythm in music,” 7he Psychology of Music, edited

by D. Deutsch 3rd ed. (San Diego: Elsevier, 2010), 383., |07, “H&Z Elo|gz} A4
9 ZA," FZtwSgeY, 46 (2021), 221-222.

-l>
Q|
_g
o
mlm
O
5
)




10 ¥ - %58 43

oh 1A 92l9] B34 S &S dolAle AlRH ofg2 SiAl o] 0}1,]
g} w7t % A1 st #3804 go|gols A9 HEAHY &
9] 38-& “BS-7-57F (short-long-intermediate, SL)2.Z2 A= 7'114-
22 AAA %—?(systematlc variation)2= T, T 7HQIAQl o] o
FAE 71 A A, A% A S Sk AAE W= QL 2t At
ol o = 7 AU YT HFA ol odfT 4+ U= AR, A=
Q1 o], £3HAR] o] f, o] W o]f 5 o7 Helsol sf THEo]
=g

I o714 2lge] YRt FRHHE Lle A2 dHQ] Hol gof &
A, & 710l AFAL} HAL Afolofl FRERL 7] wizolth. “HE A2 Eo]
gol Bt BE == o] 3EH 71| Hi Ho] EARth= 7 flo
o]FolA| 1 qltt. T2y 11 55H 7Ieo] B ¥ she] sUH w7y
F0= w0l g 7)Y BiRA ZERt §lS7F ofUd o 7je A=Azt
oA Finith 22 Aguitt t2A| deEE 2971
A AEAR GRS A )9 7 AEAQl ] & WEAARY
(Internal Clock Model)o|t}3) o]AL 98] uf3<Lo] Z5Ae] vhao| 7R
Bl 22 g AT 2. ofd o] g ‘?_}SOMJJE Elo|9] 2=
SPHE SY2E ] Aol B o] WRAA Rl & He BE A4HA
A&d A A4S AR ) 22 she] I 5 ARSRITE o] 3|27} A|
ke AZslal S45HE AR Ho]A HlolAd| ofsf Ao WEE=
7% S (pulse)o] FA710l FAIH 0w A= 1 HA7]of %2l M52
FE A E27 ATk AT o AL ot Fojamo]A-HA 7] AlA

Hl(pacemaker-accumulator system)C & AWHEHTHY TG F o= o]

2) Ingmar Bengtsson & Alf Gabrielsson, “Methods for analyzing performance of musical
rhythm,” Scand. J. Psychol 21 (1980), 257.

3) C. Buhusi & W. Meck, “What makes us tick? Functional and neural mechanisms of
interval timing,” Nat Rev Neurosci 6 (2005), 756.
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4) C. Buhusi & W. Meck, “What makes us tick? Functional and neural mechanisms of
interval timing,” 756-758.

5) Michael D. Mauk & Dean V. Buonomano, “The neural basis of temporal processing,”
Annu. Rev. Neurosci. 27 (2004) 314.

6) T WY AZStE S0l WA 3A W] 7HA], AN 85 E3(Ramping activity
model), XAA EFP(delay line model), A 2&Z A|7+&4 R ¥(state-dependent
timing model), A7 7] ¥ (neural oscillators mode) 2.2 HFZog LR} vt
T3, L& ALY A7 E4do] AlTHAIZo) vl g, B =R (F2
sk, 2017), 6-9.
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&, 28y o] 22 Ho] 92 upE&of whEoiAle ®A Al =
7H] Az bRl e FF0 AAVE S=, @A 255t HofolA =
911 = YA Al7Hemergent timing)T} AFA 7]8E A|7Hevent-based
timing)®} €70l 7o g5t AL gtk
S AZE AR 713 Aol T ke ) 9] 2E U3
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7) R. M. C. Spencer & R. B. Ivry, “Comparison of patients with parkinson’s disease of
cerebellar lesions in the production of periodic movements involving event-based or
emergent timing,” Brain and Cognition 58 (2005) 84-93; D. Delignieres & K. Torre,
“Bvent-Based and Emergent Timing: Dichotomy or Continuum? A Reply to Repp and
Steinman,” Journal of Motor Behavior 43/4 (2011), 211.
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%= 20 tholjulo] gREolU AT AACIE o] =50] Aol A-g3k Tt
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Wik, ourshe 927t Az 244 AAlske WAlo] shte] 9lxA A
2 S 0] oot B HEOIE AAE B RSk A
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S-217F ZetollA BIE Lyl Zo] ofd Hi7FEe] s dojuh=Ao
a4l 12H]. A. Grahn)}2 3A|, 72 7|4t HX(rule-based approaches)
&ZX(entrainment)?] TN HIoh= ol20E FESIUTEY 3 7]
AL g2 FY o] ol S|k grh10) 115y 719 9] 9

8) B. H Repp, “Sensorimotor synchronization: a review of the tapping literature,”
Psychon B Rev 12 (2005), 969.
9) Jessica A. Grahn, “Neural mechanisms of rhythm perception,” Topics in Cognitive
Science 4 (2012), 590.
10) £2(Mari Riess Jonesh= 0152 ‘P02 (The Encoding Theory) & £33}, Mari
Riess Jones, “Musical Time,” Oxford Handbook of Music Psychology, edited by
Susan Hallam, Ian Cross & Michael Thaut (Oxford: Oxford University Press, 2008),
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At I} o Mll(Povel & Essens)!Do] o]&o] di#zloltt. oof tisiA=
AA(20059 2o & A=A Uth12 olg FY o|EE2 AHolE
(information processing) 2= A%Ql @x*(linear error correction)<
ool QIAA IR AFHh AlEe] WA AlA b 24l
b S TR0 E 2ES XS WAlo]7] wiZelth14) of7]A
WA AlAlE Hof sigshe 54 2 tjAE 724 7H4o] Elo & HEE]
+ HolaHo|A-FA7] AlAEE FFo £ e Aolth

£ st &0 7IRkeE A EAl Ao] seh s
O|Z(Dynamic attending theory)°|th.15) FETH FoJ%% o] 22 W& A
A9 BFe-& F9)AF(attendinglol2h= 9JA1H @o] QR 25t Hx5t
of douh= 2] 5] A5 0= Hi= o]Zo[th o] o] 92| ukZo]
R Eo RN FA4S Zohfjo] I2HE thE Hof gigt 7Hg 42
7131 o] Z|HERE ot A= Tk o A £45ks BHS B
AR we A ke Thee) 3EE wHRe) Sl Aatow
etk

79 o|2ES BEe) 199 BYE T ARH Bk AHe 247 Y
A5t 9J29] Aol WS T ATAEIE hgo] FEARE et ®
126-128.

11) Dirk-Jan. Povel & Peter Essens, “Perception of temporal patterns,” Music Perception
2/4 (1985), 411-440.

12) A9, 959 AZT} QA g2y O5g 72,7 T A7t Q1A I, (0149 #H
H, A& FLAA, 2005), 190-196.

13) D. Vorberg & A. M. Wing, ‘Modeling variability and dependence in timing,
Handbook of perception & action (San Diego: Academic press, 1996), 181-262.

14) Jessica A. Grahn, “Neural mechanisms of rhythm perception,” 591.

15) Mari Riess Jones, 7ime will tell: A theory of dynamic attending New York: Oxford
University Press, 2019); E. W. Large, “Resonating to musical rhythm: Theory and
experiment,” Psychology of time, edited by Grondin Bingley (UK: Emerald, 2008),
189-231.
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Aoltt. 59 F3F 2P Aol olet S AFE & A
o 599 3% 2E] Al ARl EA(ones)2] HIARIAZH
(metric binding hypothesis)10-2 12{3t o] & sjifo|t}.

&4 59 T FAHS BE2 5HTA 0| 71&351aL 7] vl |
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16) Mari Riess Jones, ‘Musical Time,” 128-130; Mari Riess Jones, 7ime will tell,
219~221.

17) Mari Riess Jones, 7ime will tel] 194.

18) Mari Riess Jones, 7ime will tel] 139.
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JET AL £t o] E719] Bre oIS e oA YA Al7to] A
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o1 9 02 BYE At 9L AuSol 42T 1 9ed oo
22 HER ol SIS 79 uEel 930S SE, 111
(J:1:)9) WgoET MR We AmEe] MUsie dole A
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19) Mari Riess Jones, 7ime will tell, 168.

20) Peter Desain & Henkjan Honing, “The formation of rhythmic categories and metric
priming,” Perception 32/3 (2003), 341-365.

21) o|wF, “#@A eo|ga} AA9] SAY," T3St 46 (2021), 2289141 ARAE-

22) B. van der Weij, M. T. Pearce & H. Honing, “A probabilistic model of meter

perception: Simulating enculturation,” Frontiers in Psychology 8 Article 824 (2017),
https://doi.org/10.3389/fpsyg.2017.00824, AAL: 2022. 10. 10.
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23) P. Toiviainen, G. Luck & M R. Thompson, “Embodied Meter: Hierarchical
Eigenmodes in Music-Induced Movement,” Music Perception 28/1 (2010), 59-70.
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dho]| tkeo] Y5 ZA5H=(Sensorimotor Synchronization: SMS) -2
9] 5 Aoz AR tE F 7K 771 itk shuks 271t g Hols
O] FEg]7|(tapping) &2 FAto|tt. o] B2k Y9Q|o] Ay} HEo| Ky
ot B0 EA oF #44 FAolHL 3t o] FAZ & o £H9 A=
BN 2240 Ags] W57 Asf kERith I ER A7HA BEE] Qlof
A Aehgo] & o9t Yz E= FARE R 9187 F2te] Atk o] &
A2 Y7t A&H o= dofdtt. 9] A7 AL o] osf A&A

L U7 A45] R o|yL Ukl sk o Ay o2 "ol 1
e o] & 539 F2&0] ZEEe A AATE AR tEr 1A RS
AFA 71HE Al7Hevent-based timing)°]E}al Skl TAR= HHAYA Al7E
(emergent timing)o]2kal tct.24)

AR 715 AIZES BEA S A AogA 8 uhEe] Y /\]
(internal timekeeper)7} ZFgoto] SHA|HO R 7|t FEoh= |
O A 18EE QR TS w (1diol ok Yol )
ZtAH 0 2 $7o] Yofdtt, o] & HAHste BE JHAY 0|2 7|X% =
H| =229} Y(Vorberg and Wing)?] A2} 14 44 (linear phase correction
process) Z@o]c}25)

A AR 2154 sA AfE ACEA 8 & A9 W tol
e o 2Ry TAgsto] 5] FAdoly wagh 22 845 ofs 9

J[N Ja X

24) K. Torre & R. Balasubramaniam, “Two different processes for sensorimotor
synchronization in continuous and discontinuous rhythmic movements,”
Experimental Brain Research 199 (2009), 158.

25) D. Vorberg & A. M. Wing, “Modeling variability and dependence in timing,”
181-262.
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7F MRS At} A AR ASA7E A4 YAE Aok A
= (self-sustained  oscillators)2A]  Z=5l7]  wiEo] =9
(dynamical ~system)oll 71x3t ZEAQ IAAE  HKlimit-cycle
dynamics, Schoener and Kelso, 1988)& Ald§gtct.26)
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26) K. Torre & R. Balasubramaniam, “Two different processes for sensorimotor
synchronization in continuous and discontinuous rhythmic movements,” 158-159.

27) R. Balasubramaniam, Alan M. Wing & A. Daffertshofer, “Keeping with the beat:
movement trajectories contribute to movement timing,” FExperimental Brain
Research 159 (2004), 129-134; K. Torre & R. Balasubramaniam, “Two different
processes for sensorimotor synchronization in continuous and discontinuous
rhythmic movements,” 160-165.
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UABA] Rt AL Ofnlgich, 2 w1 BBl oo] 4el e St 2
opulgieiiE & % oIt

29) R. M. C. Spencer & R. B. Ivry, “Comparison of patients with parkinson’s disease of
cerebellar lesions in the production of periodic movements involving event-based
or emergent timing,” Brain and Cognition 58 (2005), 84-93.
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Abstract

The Event-Based and Emergent Timing
in Music Performance:

Current Findings and Implications

Mikyung Lee

The traditional theory of short time interval processing is the
centralized internal clock model. However, recent advances have proposed
that the brain represents time in a distributed manner and advocated that
time for short interval can be estimated by the process of change in other
ways, rather than using a pacemaker-accumulator model. In line with it,
the beat perception and production in musical activity can not be
processed by one kind of centralized internal clock in the brain. The beat
is not only perceived as the isochronous regularity but also experienced
as the continuous flow. Research into musical timing has been explained
this duality as an expressive fluctuation of metric timing. However, I
argue that there may be two processes in beat perception and production,
which are alternative and discordant, based on the two modeling
frameworks to account for sensorimotor synchronization. Event-based
timing involves a clock-like neural process and an explicit internal
representation of the time interval. In contrast, emergent timing can be
maintained without reference to any explicit representation of the time
interval, and emerges from timing intrinsic dynamics of the effector’s
body. In distinctions in two timing control ways, I consider an embodied
timing mode of beat perception and production. I highlight the
implications of this theory applying to the musical rhythm and timing
study and discuss the difficulties facing the empirical study field.
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