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Temporal Controllability of Musical Performers
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Musical performers have an excellent ability to control their body movements to express through
their interpetation. To measure basic temporal controllability, musical students who play the
piano in a intermediate level, tapped a board as equally as possible, and the temporal fluctuation of
the tappings was analysed. It was suggested that the tappings were governed with a memory
that preserved the previous 20 intervals of taps. Consequently, pianists in various levels,
percussionists and non—musicians alsc made equal interval tappings. It was showed that the
fluctuation by skilled pianists was smaller than begginers, non—musicians and even purcussionists

in some frequency regions.
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Fig. 1 Examples of power spectra of temporal fluctuations in equaled interval tappings for
various tempos ranging from 180 to 800 ms/tap. In panel (a), each spectrum is plotted as a
function of frequency in Hz. Whereas, it is plotted as a function of frequency in cycles for 200
taps in (b). The critical phenomenon is commonly obeserved at the frequency of 10 cycles for
200 taps, which corresponds to the period of 20 taps.
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Table 1 Order of the best fit AR model to temporal fluctuation in equaled inteval tappings for
various tempos.

Subject :

Tempo MO SK CI MY NS Mean
180 ms/tap - - 24 - 21 14 19.7
370 ms/tap 12 15 24 13 17 16.2
800 ms/tap 16 16 20 11 16 15.8

Spontaneous Tempo 33 30 16 18 24 24.2
Mean 20.3 21.3 200 158 178 19.0
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Table 2 Order of the best fit AR model for the three—beat rhythm and the seven —beat
rhythm.

Subject
Rhythm MO SK CI MY YA UA| Mean
Three—beat 15 30 18 12 28 16 19.8
Seven—beat 28 28 29 15 21 15 22.7
Mean 215 2900 235 135 245 155 21.3
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Fig. 2 Power spectra of temporal fluctuation in equaled interval tappings for vaious levels of

piano performance. Group A and D show skilled and unskilled pianists respectively. Group B
and C show intermediate level of piano performance and Group G show non—musicians.
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Fig.3 Power spectra of temporal fluctuations in equaled interval tappings using the middle
fingers of the right hands (a) and dram sticks (b). Marks * and ** show significant differences
between percussionists and pianists in the significance levels of p<.05 and p<.01, respectively.

DEO&Sic, IEBRFR, €7/ RFELER 27 4 v 72HAVT @07 v RTHR
REBOEEGTS < LRBRTVEH, BT v ERL, dERAVEEARRET /RELY
AL ERF AL o

5. ¥&¥®

EE 1, 2. BLU3 LY, SHHELROFAMDS T, FHBEY v € v 7 ORI
fic, A3 20 tep ORFEIRIRE AL, TRV TROBRMEMBERET 5 & 3 Rt
REAARAET B EMWRBENT, FRERIBIVLAD S, FRAROPMT X - T,
WoEAWNE BBBETHRENE, COT LR, FHESY » €V 7EHET 2 ERBRE—T
by DR LT ZOBBOFAOLFMS EL BB LERLTVEIDOTRBEVWALER
oh3, ZRAT, IEBHREHNE T/ BHCH U CHMMABIEHSERW LRI RTH o fedl
SERVEERERE. KREHAZOFRLETH > id, —ROMBRTBVTbREKDO
EREABMLOVTE, SERNNUETD 5,

<XHR>

[1] Cooper, G. W. and Meyer, L. B, The rhythmic structure of music, (The Univ. of Chicago
Press, Chicago, 1960), pp.3—4.

[2] Musha, T, Katsurai, K. and Terauchi, Y., " Fluctuations of human tapping intervals," IEEE
Transations on Biomedical Engineering, BME —32(8), 578 —582 (1985).

(3] BT, BREARRK, L)IHNER, Wty (LR, W5 1983) pp.142-146.

[4] Miller, G. A., "The magic number seven, plus or minus two," Psychological Review, 63(2),
81-96.




