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Effect of Short-term Piano Practice on Fine Control of Finger Movements by the Beginner Pianists

Ayumi NAKAMURA*, Shinichi FURUYA™*, Tatsushi GODA*,
Hiroyoshi M1wA* and Noriko NAGATA*

The purpose of the present study was to assess effects of daily piano practice on speed and accuracy. When they
were asked to play the trained tone sequence as fast and accurately as possible, the maximum rate of keystrokes
increased after the practice, indicating enhancement of finger movement speed. This was also the case when
playing an untrained tone sequence with the left hand and untrained right hand as fast as possible. A retention
test, being performed two months after the final practice session, revealed no apparent deterioration of the hand
motor functions, suggesting robustness of motor memory acquired through the piano practice. Finally, provision
of visual feedback regarding rhythmic accuracy of keystrokes facilitated the movement accuracy, which implicates
a potential of the augmented feedback for improving piano performance.

Key Words: motor leaning, music education

1. U &I

ZE, AR—=, bOOIL Y L ESHLRFTICBWT, #
B ED LB DOMRIAAEH 2 50 T 5. AFEIfEDIE
BITEFHIE, BERA, Mtk £% - 55, 2R
MR ESEFSERBRES 2P TBY, REHHINLTY
BWZEDPLV. 29 LI N ORBEIEC bbb A 5 =
ALEWEPICT A I L, 8 - 5 - HBFOLE, 2
WIIEFEAT A TER - b=y YA VT T2—AD
Mo EZLND.

7 JEBREIZOHRTH RO 23 oBw & LT
Bohsd, ElLAZAMEECTH L. 20720, THROVH
BRI OT R D 5 F BRI OMHA % BT 5700
12, 7 ZA &G E LIRS INETIHEL R ENT
X720 72l 21F, BBEORL LAY T A MR L7
FER, FROMV BRI 7O E T A M DIE) AT T 2

* BITSABER B AR =R 2-1
NS =T 7 - BREBIR S E SRR - E R T
N A E IR
* Graduate School of Science and Technology, Kwansei
Gakuin University, 2-1 Gakuen, Sanda
** Institute for Music Physiology and Musicians’ Medicine,
Hannover University of Music and Drama, Germany
(Received November 21, 2012)
(Revised March 7, 2013)

TETZAMRET VREHRE L) EHNZ LML TY
5399 Aoki 5IFTOET =X b EET ) RREBREIZKIE
TIRHEETOY v ¥ V#itiaiThbe7z. ZOfFKR, €7
) RIEBRE ISR D & v ¥ v FREDSIE O L Y A EIE
PoleDIR L, 2D L) RIEMOERITOET =2 b Tk
BoOLNLhol, T, BRPNZET VEZIHICL -
T, BELEMTICE D TRRENM LTS 2 E 2Rk L
TWwa, AL, =¥ Z7a—74%WVwCE T HEROT
e B A FHII L, RO L BERIRSH 2 1T % o 724ER, 7
OE7 22 MI$T_TORERBEMY. L TH»ESL 2 &8
Homreoz®, L Lads, ZALOREIE, oK
TZAMEET ) REEE EDAFVOERIZE L TR L
72bDTHY, €T S RKERENTUET A MO L S BT
o O EBHRE 2 159 2888, FIROEBIHEREZ IR0 - %D
ISR T A IE LI RE I E TIC—URE SN T
W\, BRREIE 2 IS B o DO IE L W ElE s % WAL
5L, BN RYET VB EEHLT L7202, ¥T
VB ETBRY LD VI 72— AT B 72012 h
VBEARTRTH 5.

Chiang 513 1 RKDOIRZF 2SI O L M LTl % 5648
T 5% 4 BT R bR, BRLY LM LTh
ERETELLIICRAZEEZPLMILEY, &6, #
FHNZIRF O OFREE % HBRE ISR L 7o k53R, %
x5 252 ENFIROBIEERREON LICEMTH D

TR 0009/13/4909-0840 © 2012 SICE



SR BB R 5498 E 95 201349 H 841

EFHSEhE Lol T2, TUET A N EE T RERE
2 35 rHICB L R ERHIME 2, ZOBOTIROH)
& LMIEBIOZALE TGRS L B &, AP R ER)H
FEDBERITAE, FFETF & M0 o 58 Bl BE 2 i 8350 D i I =
BMRTHIEVHLhE R, 2L, LOERFE
ZE)D 7201013, EHRENEEE LV S RET LI L
PLETHLIERRBLTNE, S50, FIFEE, FEIHEH
BOFOEEFERE S 1A L L, ST & RO —RKE)E &%
B OBIGE DML L5, Jl RO R ERE R
AT O EF B AN TR S o - 2 EAURIBE N, 2
NS TATHIEDFEFICHED S, U7 2 HlFIcEY, FEoEE)
HEDA LT B2 L, PRSP T WnFIZ bR
T5HZE, E512E, BEDONNT =< Y AIZDOWTEEE
WCHENICHRE 5.2 5 2 & CHEERMEIMEME SN L LK
3 CTe.
RIFFEOHIIE, 4 HRICB LI AT ZHlBICE Y, €7/
KB O FH OTRGERN B FEDN A LT A2 52T 5
ZEThEH. €T RKRBREICETFCHEDEIE —EDT
AR TCH JIHEE A TR o Th BV, ZORE, FIHERE
W2 EFOREE B X OEMEO L% 72, AT
el FUERICEOE, HIME 4 O & L, FEEBREERHAT2 B
BIARREIC 2 A & 9 ICEBRFTI 2 37 C72 ™. G, JEF)
EFORTE, iR, EiR, MEO AERKOENL 2 KO T #E
RITRTCOMBELELECHMA T & Lz, £/, KE
% ENEDOEFEIRERIE e KT TR e PR 5720
AT A — RS WEMAEF ZHIBREE Lz, 25612,
FFANEAS, IFRICH T WHEFIRIEIHHTE (GF) 0
BRI KT TR O R AIETE L 72, RIS, FTHEE)
YED T > RO IEMENE % I IS BRE SRR IR T 5 4
VYT ARVERT A LT, HET 14— Ny 7 5
12 & 2 FIROBCEERE O LA 2T 2 0 a2 n 2 72,

2. ITREEOEHE &R

2.1 EESNE

EBBINE R, €7/ OFERBRO L 124 (B 10 4,
P2 4, FHER 224 £ 1.2, SEAHE) LA A
FEBROBNME L, FIEOFHALTFEICLEA 7+ —L4F
Tk PRI o7, AROFERIT, BMEFRERFICS
FAMEEERICL > TRE SN,

2.2 EEAEEIRRE

FEBHEBIIY v FLAES R -T2 arROFT & LY
7/ (P-250 YAMAHA co.) 2fEf L, T#® MIDI 7— %
RS L7z MIDI 7— % &1&, $T#E%, /) — b F -
), TS (Vou o7 1) ICETAEHREED. Y
037 413 1~127 TEDEN, 121 PRI REIVEREZE
by,

FERZINE L Fig. 1(A) 1IR3 55 GIERE) 2 LT T
B, ZFOR, A0 —0% 150720 6031 (60 BPM)
IZRGE L, ZRUCADRETEE L7z GTERMFERHEIZ 500 ms).

5 4 5 3 5 2 4 3 4 2 3 2
5 —— 2
L A s S S e
i Lo —
5 4 3 2 3 4 5
goﬂ. —r T 1 T T i

Fig.1 (A) The scores displayed for practice with the left
hand, (B) untrained tone sequence played with the
left hand, (C) tone sequence played with the untrained
right hand. Numbers below each score indicate finger-
ing (1, 2, 3, 4, and 5 corresponds to the thumb, index,
middle, ring, and little finger, respectively)
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Fig.2 A graph displayed as a visual feedback regarding tem-
poral accuracy of keystrokes. Vertical axis indicates
the average of absolute error of the inter-keystroke
interval between each participant and metronome
(500 ms) within a trial. A left and right bar indicates
accuracy of the previous and present trial, respectively
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Fig.3 The flow chart of experimental procedure during suc-
cessive 4 days
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Fig.4 Changes in the inter-keystroke interval during the
fastest performance with practice. (A) The trained
tone sequence with the left hand, (B) The untrained
tone sequence with the left hand, (C) The trained se-
quence with the untrained right hand

Table 1 Results of ANOVA

Variable Practice Group

Pre- and post-test
Speed testfF (7, 70) = 57.87**|F (1, 10) = 0.45] F(7,70)=0.03

Intra-manual transfer testf (1, 10) = 31.82**|F (1, 10) = 1.63| F(1,10) =2.40
Inter-manual transfer testf (1, 10) = 32.90**|F (1, 10) =3.07| F(1,10) =2.65
Accuracy of keystrokes| F(7,70)=2.04F(1,10)=5.01* F(7,70)=1.74
Retention test
Speed testfF (2, 12) = 17.53**| F(1,6)=0.04] F(2,12)=1.15

Intra-manual transfer testf (2, 12) = 14.08**| F(1,6)=0.84] F(2,12)=1.46
Inter-manual transfer testfF (2, 12) = 14.95**| F(1,6)=2.13] F(2,12)=0.78

Practice x Group

*p <0.05 *p <0.01
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Fig.5 Changes in the rhythmic accuracy of keystrokes during
the training session over the four successive days
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Fig.6 Changes in the inter-keystroke interval during the
fastest performance with practice. (A) (Retention
test) The trained tone sequence with the left hand,
(B) (Retention test) The untrained tone sequence with
the left hand, (C) (Retention test) The trained se-
quence with the untrained right hand

WTHEENFO LN, T, T LTk
TEFIHFEAS, WHDI L o TORMELIZZ L ZREL
TWw5h,

3.2 FURICLZIEHDT > RIEBEANDFE

Fig. 5 12 4 HEOINHERE R O 7 > RO IEREEO BB 1
PHOHRERT. BVELOD L 2 ERGHGHE21T%
TR, BEOENEIRD SN2, I O FR)FIIFED
SNhdrodz, F7z, A OIS EIEHZRIEFRO
S o7z (Table 1). BEICA L CEELEB 4T » 708G
1 HHOIMR, 2 HHoJEE, 3 HHOHIRR, 3 H
Hodl#ig T, henBEfIcAEEI EBo bz, Zhug,
HEPOT Y ROEMUELZBRT A LICE-T, 7VKRD
IEREMEAT E L2 2 e ZRIBLTWA,

3.3 IR DORES

Fig.6 &, 1 HEOJIHEE, 4 HHOHREZ, 2 2D
TREET A MBI B ITRMPEREH OBERE R OFHETH 5.
(A) BEF TG TEL 21T EATR LGS, (B) &

EFCINHMENZ TE B2 TR LSS, (C) 134
FCHHEREL F UV oFy 2 TE 2 721 CIT# L 72
HEOVIETD 5.

MR L DD B 1 ERWTEGH ZAT% o 72K, $XTO
EEIEEET A MI2BWT, 4 HHOIIHR L REFET A O/
WEBERIFEO SN, o7z. Thabb, EEIE ISR
T20HBLERSNDL Z EARE SN,

4. # =

4.1 IR &3EEBORERENE(L

REFFEDFER, LTI 2IEEHI, EFIC L 5 IEES
B, AT L DR E W UV 0E5] & s TH# L7zl o
BRI - TR L7, Ths o, ¢
T KB OIETF L IEIHRTF O OEREE L, —ET
YRTOEHIGHICE > T ETAZEZRBELTVES, &
LI, EFOREEIIWHOEBERZIIOAMELEZ EDS,
ORI R HZHBE I RTTHEEI AT TR
EATRENT.

FATIFZE T, JERIE FOE TE 57200 B3 3k
% 5EMIChDERLIE A, EE)HE & IFHEE AT L
L BEENTWE Y, Lal, —E0TF v KTOHEYF
e AT, B IS RIFTHBR NI TIIRE SN
TZhhol. KEBRIHIZ, —EDTF v K TOEMIH
HHFEFB LU EFORBEEON LICHFSFT LI L%
HENZ Lz, ETOREEIMHOEZERZICOAM L
ZLICBL T, SNOEBREENES T X2, &5\ ITHE
L X722 e RREE R ESNL, 4%, ¥T /2 RRBRE
1238 L 7 B E O MG 21775 ) LB D 5.

FATHIZEIC & D), FHR OB EMFIROKE S L F4BD
SEEYHE ORI EOMEAH S5 2 LB HEENTNL 10, F
72, KEREM RS LB H Vgl L bk, TuE T2
A DB FAREIE X AT 7 O B, 0D 3 B BE i Foh R I oD iR
WHRIIET VREBE LY b ermonTsh, o
AU EREINFRIC & 0 FHREB) e O RGO R =R HE A 72
EEZLENTWE W, L oT, KIEOME, 25—
DT YR TFREZF D THILEE & 7 2 B B A3 o i
DS L72729000, BoRB e IS RFNCE B T & 2 ik
HilBoHrEs 2, FFEFOREEDR L LIz EHEREING.

FRCINZ, FFIC & 2R O EBIIHOME, FE
HFEOEBERES M L L, T & FRO—KER)E & EE)
HHOREELWAT LI L HMEENTVE D, Lzdts
T, KW CHEINT, —ET v RIZL B OZDOIEN
T OEFRAE O EiL,  [FIR 0 E B R i s O HR FE Y 22
IZEDBHDTHE I LITRIBENT.

Y7 Ak L PR OEEEEEDO R ICOWT, KAFZETIE
IR B L 8—ED T v RTOINEE & T8 D REE DAL
DOFREFH7ZICEB L7z, WEORREEBREHES 22T 512
25 % ERPLETH 5.



844 T.SICE Vol49 No.9 September 2013

4.2 ¥URICLZEE

REFZEOFER, B IITET ~ RO EMHE 2 HEMICHK
RTDHIEEY, FTEBHEOEHES M ETLEVn) 2 &
ARENT, T YROEMMEHOR LI, 50 LoR
TTLICHRT Y ROEMEZHRT 5 LiFREN TV 5,
Z D70 B OFTEER) O EMEMEICTERDTA WG R, HoR
T LEFICHARTEWIEREES S O N L RSN D.

—77, BUROFEII DD ST, PHEBERED [ERE
ICERIBDONL o7, ZORKRE, HENLEREY S
25 Z EPROMEBEREN LSRN TH 2 &\ ) SEATIE
RORRLE—FH LY, 2OFEEE LT, —DIZEMRMEC
BT BRI G &3 5 EEIRARIC & o TRE B8 E KT
FIENEZOND., b)) —DlF, AHOERTIE, MM
P Tl % CEATHRD B T T U RDEMEIEIZ OV THR
REGZ ORGSO N o RN D 5. A
X, NIATIVHEICYTIVY A LTT VROEMEEIZOWT
BoR% 5.2, FOMBERIT 5% L, RhRM D ORERM 2%
RTERBIT 228128, €7V FEHIEA V5 T2~
2D E IR .

4.3 FlSERRORE

P72 L OFEE, 4 HEHORBGEREER L 2 0 AR ORE
7 A M CFROEBREOERIRDO N o7z, Thb
DFERD S, IR TS IR RITRIFEND T EAURE
SNz, FATIIRICB T, FERI T2 L 2 BRI 4 52
i U 72 B & 8 J A2 (A% oD 2 B BE S AE I O R T i | S 7 SR SRR
HHNLEVT ENRFEESN TS D, KEERICE ) FHH O
FETH > CTHREPEHMICO VRSN D Z EHTRE
nr.

5. & ¢ O

RIFFETIE, 4 HRICB I RET VA E 7 KixEhsE
DFIRROEEIRE ICRITTHELHO 2T 2720, ¥T
J KRBT THRE 0 72FHNE DT v AR THE I
HEE TR oTH OV, ZOJMRIRLRIEL 2. ZORFRE,
T & IEINMT COIREF DI E o) L, B X OFNHR)
BORMBIC DO 2RO LNz, ThoIdkkn s ¢
T HEIRS B O F AT S0 5 L AR L
TWa, L2Lads, 7 ROEMEICET 28R 5 2
% LEEEIAE S FAESIRFE O EMEE S NS L v ) IR
WBXEIN Lol R LET ) WMSFEVNIEMEENTE Y
M52 L DERITR SN

YT WIFEOHBIAE D FHEskaE o L 2 g e
L LR 5L, Y7 2 AV OEBIEEOER D
HEOHIRECTE 2. £/, ELEL VI B TEEEEFE D
iz E iR d 5.

Sl ED OHRE S A, FRIBUEEIREE L L U RIRM
(2] L &5 FB LD FEFRIZ OV TR 2O T L

z £ X B

1) T. Munte, E. Altenmuller and L. Jancke: The musician’s
brain as a model of neuroplasticity, Nat. Rev. Neurosci.,
3-6, 473/478 (2002)

2) HERE— KT =2 ORiERET S BHEEITOA S =X
L, &Rk (2012)

3) D. Parlitz, T. Peschel and E. Altenmuller: Assessment of
dynamic finger forces in pianists: Effects of training and
expertise, J. Biomech., 31-11, 1063/1067 (1998)

4) S. Furuya, M. Flanders and J. Soechting: Hand kinemat-
ics of piano playing, Journal of Neurophysiology, 106-6,
2849/2864 (2011)

5) T. Aoki, S. Furuya and H. Kinoshita: Finger-tapping abil-
ity in male and female pianists and no musician controls,
Motor Control, 9-1, 23/39 (2005)

6) H. Chiang, S.M. Slobounov and W. Ray: Practice-related
modulations of force enslaving and cortical activity as re-
vealed by EEG, Clin. Neurophysiol., 115-5, 1033/1043
(2004)

7) M. Hund-Georgiadis and D. Yves von Cramon: Motor-
learning-related changes in piano players and non-
musicians revealed by functional magnetic-resonance sig-
nals, Exp. Brain Res., 125, 417/425 (1999)

8) A. Pascual-Leone, N. Dang, L.G. Cohen, J.P. Brasil-Neto,
A. Cammarota and M. Hallett: Modulation of muscle re-
sponses evoked by Transcranial Magnetic Stimulation dur-
ing the acquisition of new fine motor skills, Journal of Neu-
rophysiology, 74-3, 1037/1045 (1995)

9) A. Karni, G. Meyer, C. Rey-Hipolito, P. Jezzard, M.M.
Adams, R. Turner and L.G. Ungerleider: The acquisition
of skilled motor performance: Fast and slow experience-
driven changes in primary motor cortex, Proc. Natl. Acad.
Sci. USA, 95-3, 861/868 (1998)

10) K. Amunts, G. Schlaug, L. Jancke, H. Steinmetz, A.
Schleicher, A. Dabringhaus and K. Zilles: Motor Cortex
and Hand Motor Skills: Structural Compliance in the Hu-
man Brain, Human Brain Mapping, 5-3, 206/215 (1997)

11) L. Jancke, N.J. Shah and M. Peters: Cortical activations
in primary and secondary motor areas for complex biman-
ual movements in professional pianists, Cognitive Brain
Research, 10-1-2, 177/183 (2000)

(% & & 7]

o HOH
2012 4R BTG e K T A A R R A3
[RJ AR [ A2 e B T AP F ZE RS Rt 27 il - i)
MR, BULICES. HREER ORI HEE.

7 B T — (E&H)

PINIE RN T N N e = | g S et 3
NGRS Sy SR Bt oS R S A=
2009 4F I &V & KREMFRRIEIFE R, 2011 4F
NI =T 7 —EREBIR SR AR - FRRE
FRFFEHTRZE R, SREBERFOMEICIEE. &
+ (E#).



R A BRI S 49 5
& B &8 &
2012 BTGB R AR B T2 7R okt
FHEREELAIHRRIE T, FREEREMZOMEI
T,

B & 3. £
e 1992 FH R FIFHEF R L. FENTT
A, EA Y N — 2R - I - RREREE, B
L7 7 Mg - R b & ol ICE T S
TFZERAZEICHES . 2002 4EBIPE =B K= EE T 24501
R AR, 2006 4EFBh#IZ, 2012 4E[F
Yoz, BRTEOZEICESHE. Bt (HHRS).

1983 R A H AT R A, F4FE =2
T\ (BR) AtL. BT AT AWFZERT R & CHEE
PRI OB ZERZE I HE . 96 FERIRFRFERE
IERE T2 Ze BHE L ERAR 5 T, 2003 FRITE 2=
KEPTFEIE R AR B #%, 2007 4E[FIZdZ.
2009 4 Purdue KFEBWIZER. EHEEHRS, A
T4 7 LHOMERICHESE. Ht (T5).

9% 201349 H

845



