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Abstract

Secrets of professional drumming techniques were
investigated. A previous study has indicated that professional
drummers exhibit less co-construction of the pair of
antagonistic muscles (flexor and extensor) than
non-drummers, when tapping as fast as possible for twelve
seconds. Nevertheless, even professional drummers might
use not only the pair of topical antagonistic muscle groups in
the forearm, but also multiple muscle groups when they tap
at a normal tempo for a relatively long time. To explore this
possibility, we asked professional drummers (n=3, PDs),
non-drummers (n=4, NDs), and an experienced drummer
(n=1, ExD) to perform the following two tasks: [1] a
two-minute tapping task using a drumstick at 120 and 160
bpm; and [2] a two-minute tapping task using a drumstick at
120 and 160 bpm, while rotating the wrist of the hand
holding the stick. The tap-pressure data, Electromyogram
(EMG) of the two pairs of antagonistic muscle groups of the
forearm, as well as high-speed digital video data of the entire
scene were acquired. Then, the mean and the standard
deviation (SD) of Inter-Tap Interval (ITI), and the SD of
Relative-Difference Signals (RDS) were calculated. The
results indicated that the SDs of ITI in PDs were much
smaller than those in NDs. The SDs of RDS in PDs, on the
other hand, were much larger than SDs of RDS in NDs.
These results corroborated previous studies, however, the
histograms of RDS suggested that there were different
distribution patterns of RDS, even among PDs, including a
pattern interpreted as an index for co-construction of
antagonistic muscle activation. Therefore, it is concluded
that dexterous drum performance is not necessarily achieved
only by using the pair of antagonistic topical muscles.
Keywords— motor control, coordination, electromyogram,
drum performance, RDS
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Db, B, YEHIZB VT RDS DT DX RK
SN ENS ot £, AFEBRICKIT S RDS 07
oy b, Fujii et alBICaR SN 7288 D454 &
[FRED b ODRFRD A=K 3, /5), —F7 T, A EE
2BV T, Fujil et al.bl & (3570 2 R D5 A0 05588
D@ 3, X 3, Hk), T7xbh 2 S TRt
U780, RDS=0 i COIYLHEOMIL, Bk
L TR o7, ICHED LT, HELEMEITHE
FFEN Q2 &M B(EE 3), MYREh OFRRHPET T 23
FEENMEE BT D HK LIS 22Vl ® 5,

10 7#HIL7= RDS 7'm b (M 49T, HSHhoE
BIIRO bieniode, B 3 T, D546 &
7pofetzd, 10 HEILISE, BITN CTITEE ) ERE
T5ZEPMEESNTZ, UL, EEIZFREED RSy
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BN TWIZZ 2D, LFO XK 5 72 alaetE &
5, 1) B 3 FrfT OFFIEE X — o DD 2 &,
2) s N — A THEE L O gA, ARk L
TR TEEA I 2 =2 &y WTNoOEAICE
WTh, BIERH OIEBIOZ0 5 W 5121, HED
WCHIEHRNZ LN L3N TH 5,

BHFEITEE, 7 LN 20EUEORT T RS
~—Tbhv, HEMIER L TWDINE T ORENHIC
DNTND, LIUIARFEBRO X 5 7238 T izdksun
THEE LS HOTHY, TORE, FEFEHIHIT
FBME G CTRRDAREER S D, 2D X D 7efd
B2 7T EN S, Fujil et alICHiE XT3
X 97, BEBEGD 1 &y FOLhbHOME T
ZENZNEDTH D,

3. ZEEx2

3.1 BH#W

Bk 1 Tl 2 oFOFTIIRNEZ AV, B DS,
WX IRTENLDOFEE DS, LERIZREFE A2 EZBL L T
DL EE LTz, ARFRTIE, FIREMBRNZED
2% &9 RIRAVET S, BEE IS L ENE ZHER
TED I L ZUTORBEEE AV THRREL T,

3.2 Ak

RG], FEERSINE, M AMSRIIER 1 LE—T
ol
PRRE ¢ FEHR2 T, ERSINEICE ST LOEE, 1]
FERREELE Lz, ChUE, ZLoF T U v TF=ST A0
VTN TSV~ 7Yy T EERBINE OILE
DR THY KT LD TH -T2, Vr—~2 7V v
ETFORPHMEEFATERD 7Y v THY, TAY
TV TET VT T ey —< Ty
TOHRRBULETAT 4 v 7 28T 7Y v 7 Th o,
RBTAVHTY v X, SERGHICHIETE S
e KTty NEERT DEEZDGFATHE D
T EMB, REBRTRRE LIS, 34807
AU BT T Oa—Y—Th-o7,
ST FTIET — 21, ITI - {TAIREO ) & SD 2%
H L7, EHEGET —ZICOWTITFER 1 RO
L7706, RDS #H L7z, Z0%ZEh 6D SD
ERHL, BEHOREEITo2, W, £
LRI—THoT,
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% 4:1T1T - $TA5REE
Ta 25EE0N=3) FHEEEN=4) FEEHENM=
P 120BPM 160BPM 120BPM 160BPM 120BPM 160BPM
ITI(ms) 494.16 376.1 491.93 363.01 461.39 352.66
A (mV) 3.35 3.37 2.72 2.68 3.57 3.44
ITI SD(ms) 14.42%% 9.44%% 60.16 29.32+ 15.29 19.27
AE  SD(mV) 0.1%* 0.11%* 0.36 0.35 0.3 0.44
+p<.1, #p<.05, #xp<.01, *+kp<.001.
#* 5:RDS SD
RDS SD AHEEF©NM=3) FEEHDN-4) #HREM)
120BPM 160BPM 120BPM 160BPM 120BPM 160BPM
Mean 1 0.48%* 0.53%* 0.37 0.4% 0.41 0.44
Mean 2 0.26 0.26 0.24 0.26 0.36 0.4
Mean 3 0.27 0.3 0.29 0.3 0.4 0.41
Mean 4 0.48 0.51 0.34 0.37 0.38 0.42
sD 1 0.05 0.04 0.05 0.04 0.03 0.03
SD 2 0.01 0.01 0.03 0.02 0.01 0.01
SD 3 0.02 0.02 0.05 0.02 0.03 0.04
SD 4 0.01 0.01 0.06 0.03 0.02 0.01
1REFEES  EEQIFRAS 2:FEESH L1865, S REFEESF  BIE6S 4. FEES - REAFHE
+p<.1, #¥p<.05, #£p< 01, *+xpl001.
hET: HEHLEIE AT R(Ver3. 1) & Ve, S0ttt BB (=1 @ TTI %, 120bpm T, 461.39 +

OE (N— Ly MEE) ICXY, EREOMR T
T —H2IZBL T, BWREE (2K x7 R (2K
He) ([2ONWTD, VIR LDOH D 2 BRGEST 21T
STz, ZELEITAVAEE AW, ok, ERMEN
WERTE R oT2 ) L RT AN w7 T —HIZONT
&, vava sy o ONNFIRE 2 -V, BEREEXT

R 120, BMHEXT V7R 160 T F U HOW TR L=,

3.3 #ER
ITI - 4TANERE : ITI O F¥ & SD (220 T, 120bpm
(X 500ms) T, #AFEE 494.16+14.42ms, #
RER# 491.93+60.16ms, 160bpm (% 375ms)
TIX, 8\ddi#E 376.10 = 9.44ms, RFEERE 363.01*
29.32ms Th o7, 2 BRGHOGHTOFER, ITT O
IZDOWTIE, BREDOER - ZEMFEMIC L DA EZE
1372725 72(F(1,13)=0.19, ns; F(1,13)=0.66, ns), 7 >
RIZOWTIEEDRDRBD L2, ZIUTHEEE &
NDT VRN ER D20 Th - 72 (F(1,13)=110.53,
p<.001), SD T, AREIIRERE L AR/
o 72 (F(1,13)=15.53, p<.01), 7 > REK T,
160bpm £ ¥ % 120bpm OFEEHIHC SD N KkE< 725
A EME D Hi=(F(1,13)=0.07, p<.1), 2ZHAEH
WZHOWTIE, BEENED LILR-72(F(1,13)=2.717,
p<1), PLENS, REROD L 5 hHEEMN2LH) SE
IRINBATHRE CTH - Th, ITI O FHNTHERIICAE
RFETERD BN 728, ITI DT o &9 SD
X, BE O DA EINS N EAIRENTZ, 721,

15.29ms, 160bpm T/, 352.6619.27Tms Th > 7=,
FTAIREE 2>\ T 120bpm TlX, #AFEE 3.35+
0.10mV , RfEBrE 2.72+0.36mV, 160bpm Tix, &
i 3.3710.11 mV, RRERHE 2.68+0.35mV TH -
720 2 BRSHHT ORGSR, BME ITRRBRE LV A
BICH N RE - 72(F(1,13)= 7.05, p<.05), T >R~
WEDEDNR - REERITRO N0 o 72
(F(1,13)=0.29, ns; F(1,13)=2.21, ns), fTANGEEED SD
X, AMHEIIRERBRE LV OABIC/NE Do
(F(1,13)=24.64, p<.01), £7=, T RICLDTRE -
RHEHEED LN 720 - 7= (FQ,13)= 0.01,ns;
F(1,13)=0.76,ns), LI LD, BsEAARERTRED K
I IRPUZIBNT S, ZERZZFTINH ) &2 EBL L T
DT EDREINTZ, 7k, RRERE =1 OFTANRE L,
120bpm TiZ, 3.57+0.30mV, 160bpm TiZ, 3.44+
0.44mV Th -7,
Relative-Difference Signals (RDS) : £, RDS ®
IAERT AN T BB Lo, 2EE 11, 5
B 1A, MmSIL & 7220, 0 FHEDMEL 725 L ) ey
B Do & 7o 72, RDS=0 it COHMGIEDOEHIG 1
1%EEThH o7z, BB 2 T, [HRIES O L
72572, RDS=0 L COMUGEDOEIATEL 5% FEE Th
ST, B 3 - REBRE T, EBR 1 L0 b, 0
S & 72 o 7=, RDS=0 {1 COHLHEDOEIEIE, 5%
BECTh-oT-, REHREIL, OOMEMRESOLET
HoT,

e - AT 4 5PE1 23817 S RDS O SDICBI L T, R
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TARE - R PR OV, 120bpm T,
A 0.48+0.05, AR5 0.3720.05, 160bpm Tl
AE 0.56310.04, ARFEERE 0.4020.04 ThoTz,
FRIE - WIEMHEICOWT, 120bpm Tl #iz
0.26+0.01, AFEBR#E 0.24+0.03, 160bpm TiL, Fisk
#0.26£0.01, AFBR#E 0.26+0.02 Th-o7-, RAEIF
IR - MIEMEDICOWT, 120bpm TlE, 2z
0.27%0.02, KB 0.29+0.05, 160bpm T, #
# 0.30£0.02, AR 0.300.02 TH 7=, HHEIHE
i - FREETFARMAICOWT, 120bpm TiE, 2AFE
0.48+0.01, ARFERA 0.3410.06, 160bpm T, #
#0.51+0.01, AFERF#E 0.37+0.03 TH-o72, 2 KA
SYHRGIHT DRGSR, FRURI AR - R BRI AR A A T,
RHEE - 7 U AREROERR - REAFM E bICHEAE
MER 8 572 (F(1,13)=18.10, p<.01;F(1,13)=186.56,
p<.001;F(1,13)=9.72, p<.05), ZHEHK D EZh Iz
W, BEEIIREERE L0, SD BAKRE o, TV
RER O FZHFIZOVN T, 160bpm Ti, 120bpm L ¥
t, SD BKRE D o7, FEREM-RIEMEG T, EH
MEMER TEX Mo Tlzizdd, )T A RN v VRRE
EiTolc, EOREE, MEICHBERZTED bk
Mmol=(7 4 vay o OIENTRE « G E X
120bpm, W=9, p=0.4,ns; ZAi#HE X 160bpm, W=6,
p=1,ns), JURITARIEAT-FE R CIL, 7 o R EK -

RHEAERH & HICHBEZENRD 572 (F(1,18)=109.06,
p<.001, F(1,13)=8.78, p<.05), AR D FNEII, A
BAPRD HR-72(F(1,18)=0.19, ns), 7 v RE
KD FRRIZONT, 160bpm TiE, 120bpm XV %

SD NKEDoT, IR - REAFRM X,
YRZ AN IREER T2, WTHUCEBWTH A
BRI Do 72T 4 v a3y Y o ONBRFRE « S
X 120bpm, W=12, p=0.057, ns; Z\H#E X 160bpm,
W=12, p=0.058, ns),

BEREIZ SOV TORDS O SD I, RAMTFARJE 755~
FARMFZOUVT, 120bpm Tl 0.41+0.03, 160bpm
TIE 0.440.03 Tholz, FEIERA-BIEHERICD
T, 120bpm TiE 0.36+0.01, 160bpm Tid 0.40+
0.01 Th o7z, RAFRIE I -BEEMEHIZONT,
120bpm Tl 0.40+0.03, 160bpm Ti% 0.41+0.04 T
bolz, B EEEMTFRMATIZOVNT, 120bpm
T3 0.3840.02, 160bpm Tix 0.42+0.01 Th -7z,

3.4 BE
FEBRTI, ER 1 LERRY, 7V v TERELS
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W25 2 5 HOFTNEAT HREEEZ R LT, 2D,
ITT CFTANSREEIZDOUNT, R & ARRERE ] DA
REL D EMBESNIZ, TORE, ITI - #1058
FEDWENZONTIE, EBr 1 [, AEEITGRD Hh
7227203, SD X DWW TCIEEBMEE O F DA BT/ o
7o LA EDNDEEE 1L, REBRD X5 IZHEEN DL
EZFRN DD IRVUCINT G, HERLENEZHERFC
XA LN hotn, Tu Rov—it, EEREOEES
ENZ I T, SRR FEE OB 2 RIS U TV
FRNLEET L ERRkOLND, HENIZZOX
D IR A R LT D BVEE RED ERBINE Y, A
FERBEE TR 1 LT LA CED L RWERZENEE
EHITELOL, 20D THD LHERISNSE, —F,
ITI 7  ARERIZOVWT, 160bpm Tid, 120bpm X
0 HITINDONRT SE %7 T SD WHEINEL 2D 2
LA ot ZHUE, 120bpm OFETIE, HIRIREA
Jis< (120bpm TiE 500ms, 160bpm TiE 375ms), — &
DT VR EMEFTHZ ENHETH -T2 Th D &
Ezxbhd,

RDS DfEIZDWT, ARIER CIIEEEEtan 7Y »
TG U THBICER T 5720, BERICE N TH
RIRBREFRE, 0 (1L, 32D WITeREGES(~ A
FAHGE) TIRONAR 72D Z ENVBESH, L
UARERIE, B O 3RRERE L v A EIC SD 2
K& oiz, T7bb, Fujii et al.bicZ2 b 20, A6
FIEER 2 128V TH, RDS OO oAN K& <,
UHMBNZRITFE L TWD Z EIChb, 7ay b
ZMLTYH, BEICE LT, AL IR L1370
S hoTn, BEHE 1 1o T, 7 uRERb T
JREEACH Y, BdEE 21250 T, RDS=0 (/11T
DIUGHEDOEIG R E VAT DERH Y 2R 5H, &
PRA 72T & LTI MBS T T e,

F7-, RDS=0 Hr COMIUMFEDOFIGIL, B - 7%
BEREL VL, REBRETEOTNEN-T2Z L5,
KRARBRE 1L, FE OEIFEES A, Ji b iR 2 HUGHE
SHRNDITH TN DITHRE L, S - BB IX 2
DX D RBEICE TS, RO %, FEBEHO
EMEEHERFT 5 2 & T, B RBRICFIA L7z argerEns
H5,

%< @ RDS 534 CHIEFAMESTH - 72 mIo0
T, THOK I & OGN EFHNC, T & OB
PERZET D, FTIORE, /05 mI s < OIS
IRF 0D HITSEOD JEE HE A ORI AR ) CTdo o 7, — 7RI,
T BLHE A ENAB < O, Bl G
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FRFH) THoT-, LI TRY A LEIERRZ I
HNOEFATE H720, 13 & A ERIGBIME DT
RO, EER 1 OBUET —Z B EI LR K DI,
AT 4 v 7 PFTEICA 2803 Y B, RIEZSEZ 5,
Z O, BN EBH L L TEDRL TS0

Fujii et al. BFROARFEEROREE 1 IZRO LD K972
FUaIRORIE Y LR ST ol 8B R BIVD,

— 7, ARREBRE CIX A OEI G N E -T2 2
Eob, NERFICEDZFIATE T, K72 HEEN
EZoTWebDEEZLND,

4. HIERIEER

KRAFFETIE, (REREED 728, R o FTI1(5EER
1+ QORZERIRAE(TEER 2) % TR L L CRE L
7o BMREIIZ D X D 7R TH, ITI O SD 1T/h =<,
FIANBREE DO INIRREE L 0 b ARICKE o7z
(#E 1,4, ZnHOT—21%, AMGHABIET, 31
~OFHEZ HENZH LN T 5 L O T o7z,
Lo LRVHE 1, 2867 SOIROH T, ITT - FTRI5REE
EHERFCE QW Z &0, Z2Honsk, 12955
WNIDE D EATRERICTHIE L TV D A = X L DbikE
BRTZENTE T, BEE O RDS OF —# T, 2
ST ORI BN T Y, i B AR OFE T & <,
HERZEME SRV EW D 1972 Fujil et al IO
TR 5T 20RO LN EE 1), — 5T, I#
ZREME, 23U b i AR OFRN 7215 O A
MBERIND DT TIIRNZ L 2R T —% 1D
Hivie GAEE 3), [T —2 1%, FTANEMEDOERM: %
RTTF—2THH Y, Fujii et alllBITRESNE, =
BHED 1 2R e LR TR0 Th b 2 &
AN 3 Wi

P EDOF—421%, R KO L2k R4~ T
EXEFT DI A Thotz, LvL, R AEER
DOFGEE, Fujii et al.BD X 5 7, RETHIRETCIER
<, ESHNRBIE LIV BRRTT S 2 LD ERE
RS LEERT—H Lo, DI, ZOLH 7R
BRSRDHR 0 pld, B ISHEE D D KT AH
REMHT 5 2 LT, HEE OB FREC AL/
Wh, [FE] ZEHRTE DR H D,

5. RE

ARFIE TG LTz, BARE DS, M m—3THR %%
1 ICHHEL TWD LW ) D E I,
BernsteinBlo>, [RICXD50%) bbb, i,
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T OBHED, BEIC X - CTHAT Sl s
WHZEERLIZBDOTHLE, Lo L2en s, Bl
MED L ITERFEZIT> TNDHONIE LTI,
AW TIIMFECTE 2o T, £ 2T, FIMEIEICE
5 DEEICk 2308 o 1 DL LT, AT 4w 7D
XAy 7By FINCET DS E G L T b,

Bt
ABFFEDEMIZ 7= - TiE, HAZEIRELAR 2
e B BHRIRAORE ST ZE GUEES 15K12053) @

B A2 £ Lz, Z 2SR LT L B ET,
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