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Personal tempo and pattern formation in polyrhythmic tapping
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Abstract . Personal tempos in our rhythmic movements have been studied with various
tasks. However, no studies have examined the personal tempo in bimanual coordination
with interference between the right and left hand movements, because the previous studies
used auditory or visual stimuli in acquisition. For the same reason, a formation of the
bimanual coordination pattern could not be examined. Therefore, the purposes of this
study were to compare personal tempos produced by a single-rhythmic tapping and a 3:2
polyrhythmic tapping, and to clarify a mechanism of the 3:2 polyrhythmic pattern
formation from a viewpoint of entrainment.

Intertap intervals (ITIs) of each rhythmic tapping by ten subjects were analyzed. Results
showed that the single-rhythmic tapping produced ITIs which were similar to ITIs of 3-
beat sequence in the 3:2 polyrhythmic tapping. This suggests that there exist consistency
between the single-rhythmic tapping and polyrhythmic tapping with a personal tempo.
Another result showed that 2:1 and 1:1 patterns were emerged before the formation of 3:2
pattern. Such a shift is expressed in Farey tree that shows frequency ratios at
entrainment. We found that the complicated pattern was formed through the formation of
more stable patterns formed by entrainment.

Key words : polyrhythmic tapping, personal tempo, pattern formation, entrainment, Farey
tree
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7 R (personal tempo) . ¥ 7:i3#UIF7 > H (preference tempo), ¥ 7 ~ #H (mental tempo) &
FEATVS, N=VF N T VRO E LT, BABEBIFKENWT & EBAREEINENE
LAEIFSND, Fraisse (1982)% 12X AU, 78—V F -5 > o o T4 8% 18 BT W8 12 600ms B4 &
EZONTWAHY, ZOBREMMEIZ380~880ms DEEICH ), BMAZEIFEEICKEVI LATRE
nTwa, FBEIZ, BARDOZEENI LT T, 1EDORTORFTO/S—VF I - 7V ROEENT
EEHREHEREO 3 ~5%ThHh, Thid380~880ms DEHDOE X IZBII 2 ANBEOHENTH
2V, =V FN T DG ) 1 OOMEE LT, BREMO—BMOMESEITOND, it ‘
TLeRBOBHENANZELDBH, L0 E) 2T XTOFTBHL2ELCRL T ¥ REFELET 2
PEIDEVHIMETH Y, FEO ety & M OMBEEE I LI ENTESL, ZOM
B LT, EDEILRFETOIRLT VRPIFEETDH LV — B2 BT IHEL., +XTCD
BELBLAE—0F Y RIFEEL VL) BB XRTIRESFEL TS, BET
2, IRTOBRELELTC—HE LT v ROPHFET D L) —BHEIRBD Sk nwds, BUEED
= F T RBEAENE VIRERIIELENTNEY, LaL, BULAEETH- T
b, BB EICHETBPAEL S L ) RRRTON—V F -7V ROBEBRO—BEHIconT
T, ThETHDEZHFTSALHLPIZER TRV,

EIAHT, RAD) XLEBOFITIE, BREOEBRVBICHETESBETD LD 2882 H
IEBIAEFTE L TV b, — RIS, A& S D OITEI 24T 9 BRICIE, 1 DD HAEAL 771 A
B2 Lidn < HEROBMAREIHO L TEBWT WA, BiICHEZ TS, E@fLi :
PHAHIE L TERLTBY, SHICEFNERDOGEHEE L TV A EHOGHMED FEIC/ER LT F
Wb, ED XS, HErEET 28121, B R T 2 8B O BRI OBMEAL T L
TEBNY - VR L TWAEDTHE, DL 2B L) X880/ 5 — CBRICES5 4
AHFBL LT, ZEEEHMABOMEMERICE - TEBINY — VBRI ENDEVSIFLFIHN -
T7O—FOBEP O ZRRBREIEZILNTVD, 5 EAABS (entrainment) & iF, R v
HIRIZB T 5 HOHBILO—FET, EEOEREIRE T (non-linear oscillators) FIDFABELE D i
ZLTHBY, EBHEIHTIIAFIAN - TS O—F Tk, EREL LR 2AERE T
DRED L IR ARRIEE T & LTI A2 LIZE 5T, BBy — VOEKICOWVTE EALH
ZOBEIPOLBRE LT3, ZOIREMEIED FROF] ZAABRIZ L BHE L) X 2580
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BAADOND, BETIE, SO 2BFELHFRCLLELT L) XLEHREL LT, K
JZ L+ %y ¥ (polyrhythmic tapping) VSN, MEREDF A IV T - AKX LR
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— RFGBE (response-response interval) 12X %/%% — Y FBICDOWVTHRE$ 5T L ATE 2 o7
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2RV YR L - F oY TR EEREE L, HECRIIEZRTTARBIEE 2 THLTIC, BROPL
BBEOEEDT VR THITE®LI LI LTz, TOERICE T, HELEFHIES v €V TD
NReUFN FUREBFEY yEV 7O —VF ) - FUoREREBEL, BURERO—EEORE
YHLDIIT B, 62, MEREY v ¥y IFDIA IV T - AAZXLEN=VFN - TV RD
BEIPLRHATAI LI, 37, RERTIRAZEL R 2HBRY L OFRFIFE TRV L
b, 312K YRL XY =TSR TELVEIMRE, S/ 8y - E LTERS R
TV BB RICHBEED LRETT 52 ENTEETH D, Loh > T, FEOYPEENLD/8 —
CHEOBEE YA FIAN - TTU—FIZBITBF ZAAHAROBAL LKA L. BHLTTFH
EEB DY — RO A = XL HLDIZT B
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1. #HERE
20~24F DK & T KEREIZE EHV 2, TOL04D) L 8AHIEFE T, 2AHEF
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2. EBRRE

AEBOEHHEEL LT VIV AL - F 9 ¥ FE3 I 28YY XL ¥y ¥y T (Fig.l)
PHW, BEBREIZ. SNV XL Yy Er TR, HEFETEFRWT—EDEEDT V
BCE—NVA - F—% o ¥ 7 LTSRS hhol, 72, 31 2KRYVXL ¥y ¥YT
Cid. HEFTIHMFI v Er 7 Lads, ABICAET2HTY v ¥y 7 LR2ITRERL2dh 572,
72720, K Y ZL0HA 7 VERERIEEE L2 o720, BBRECIEEDT Y RTY v ¥
TR,

3. XBEFRZ

BTCOBBEIZY VIV Y AL -y Cr TR 1BFTERIIXL - ¥ 9 ¥ 7% 3FITETE
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3-beat sequence (right hand tapping)
R1 R2 R3 1
* * * I; ﬁ@e
A ] A
L

L1 L2 1
2-beat sequence (left hand tapping)

< 1 cycle >

Fig. 1 Diagram of 3:2 polyrhythm.
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Table 1 Means, SDs and CVs (coefficients of variation) of ITIs produced by single-rhythmic and polyrhythmic

tapping.

single-

rhythm polyrhythm

1st trial 1st trial 2nd trial 3rd trial

prefered  left right left right left right
Mean 633.7 16685 ~ 889.3 ** 1088.4 " 727.8 959.3 ** 596.2
SD 159.1 605.2 198.6 336.2 224.2 275.9 151.3

cv 4.7 337 " 420 ™ 238 " 25 " 16.5 212 *
(Mean & SD: ms; CV:%)
(**: p<.01; *: p<.05)

TIE &R, 20 FIXEBRBOFSEIRTRICE bR > TN o T LEAID AL
N7z B2, HIRITEICBIAEFO ITI OFHIE (596.2ms) &, Fraisse (1982)YA5R L7z
SUTNWYAL o F yEYTDOIN=F ) FUREEML T, 72, HREBOBRERZED
KEL, BEABOEBHEAKRENWT EATRENS, E 610, BEBRENOEEM 2R TEBRBEDOF
EIZ, £FTI6.5%. HAFT2.2% &@m\VMEERL, BANOEEMESKENWI L ERL,
RIZC YV TNWY XL - ¥ 9y BV TIZBITAITI EEBRBOZFEHELR) YV XL - ¥ v EY
FICBITLITI ELHEROEFEEEL t REICI VB L7, FOER,. YV 7NV XL -5y
Yo ZDITIOFEYEIE, RUY XL - ¥ ¥y FOE1RITOEF (1=5.03, df=9, p<.01)
EAEF (t=4.74, df =9, p<.01), E2RITOEF (t=59.0, df =9, p<.01) &EF (1=2.36,
df =9, p<.05), S5 IRAITOETF (1=3.24, df=9, p<.05) DITIOFHHEI ) HEEIZ
NEPotze Tl YT NIXL - F yEYTDITI OEHFRBOFEHEIR, KV IXA- 5y
Yo rnE1RTOEF (t=4.58, ¢f =9, p<.01) EAF(=3.79, df =9, p<.01), E2RfTD
EFE (£=3.30, df=9, p<.01) &AF (1=5.63, df=9, p<.01), ZOWIZEIRITOEF (t=
3.05, df =9, p<.05) DEERHOFHMEL Y bFERIBENWT EARENT, DEDRERDS.
UV AL - T 9B TDIR—IFN - FUREEYVYAL - F oY TDOE2, IFTEHD
BFO/;—=VF I - F R, KokERE S BAROREHICB VTR LTz, MANE
BHICB W TIERLZ > T AZ EAVRENT,

2. ST ILERYY) XLOIN—VFIU - 7 ROEEN

BNVAL %y ¥V FIZBIFANS—VFI - T ROBBREBM COBERZRETT L7201, &
YENY AL F I BIAREBREBDITIOFEEE, RUVV XL FyEVTDE]L
~3RTBEICBILRBBREBEOZSTOITI OFIGMEROME % Table 2R L7z, ¥ ¥ 7)Y
Ah-F 9y ZDITIR, BRNVYAL -y CrZBIAEFOITI LN BEFDITI EDOH
KEBWEDHEER L e ZOERLS, YU V) XL ¥y EVTIIBIFENS—VF N - T
RERYYZL - ¥ 9 ¥ FIEBIAEFONS—VF IV - Ty REDBIIBVEERENH L Z LN
IR=X (O A

RIZ, BVAL - 9BV ZIZBIFAENR—VF I - TV ROBBEANCTORERLRF T 5720
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Table 2 Correlation coefficients between personal tempos of single-rhythmic tapping and polyrhythmic tapping.

1st trial 2nd trial 3rd trial
single-left single-right single-left single-right  single-left single-right
-0.148 0.512 0.531 0.652 -0.123 0.306

12, BEBREBIZ, DOV ZXL - o ¥XTIZBIFAITIE, BIYVZA - 79 ¥LrTDE]
~3RTECBILZEFOITIROZME 2RO/, Table 31X BHEHREDHBRE L 2z ' £t
L EWMUCEHB LA ESER R LT £1 ~3RFT P ELTEFE LEMBIEL ., BEY
ANENWZ EATRENT,

Table 3 Means of correlation coefficients across all subjects between ITIs of single-rhythmic tapping and
polyrhythmic tapping.

1st trial 2nd trial - 3rd trial
single-left single-right single-left single-right  single-left single-right
Mean  -0.022 0.026 0.046 -0.025 -0.005 0.048

3. RUYYZL - 188 =K

3I2RYNX A 5 = UHPERENDIBREERET 572012, FIT LA 2 0BT 5
HFLEFORBBILOELE KD, Fig. 2-A), B), CWXBEK /Ny — Y EROBEERL
723 BDPEREDE L ~ 3RT IO 2EF LEFOREBELE (EF FF) OEMLERL TN,
Fig. 2 -(A), Bid, AITRIRAESE TIXZ3 { 2RV VXL « NF = YRR TE R Do 205, BEMY
WREBETAZ ENTELBEBREDTF— ¥ Thb, THITH L, Fig. 2-Ci3%E1 ~38T7%EL
TEL312R))VAL - X —VRBHTEL DS BBEEDT -5 TH 5,

Fig. 2I1TR L7z 3 BOBERE £ &0 72108 OERE 12308 L T /-4 e LC, BEREIEILT
52,3 (3:2LA%E, LFREME) Oy - #FRT AN, 1718172, 1,/3¢05
THEEORBBIADOBITERVEL TWAZ EPBRBENS, Fig. 2-Q)TIRE 1R T0E£FH
523035 = EFBR LTV, FOHDBL1R1 /2035 = ~DOBITITRERLTY
72 F 77, Fig. 2-B)TizE 1. 2F8TICBVWT1 /1, 1,/ 2D:8%% — y ~OBITHBRE SR I2A5
BIRITFTOERFDIE 2,/ 3D % - EHELTW/, E6ICFig.2-C)Cix, 1.71&1.72,
1/308F7 —~LB|EAEN-T T, BRIIZ2 /3D1Y - 2@ BETELD 572, L
EDX3IZ, 3 2035 — Y HHENLBEIRENT,
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(A) 11
213 " e oot e
LERS I
12 b=
173
The Isttrial  The 2nd trial The 3rd trial Cycle
@) nfp- ‘\/ A
273 -%r[ ------ ~[L1X~4wan
LERE \ \
1/3
0 i . - Cycle
The 1st trial The 2nd trial The 3rd trial
ORL o4 ﬂ s
23
LERE
172 mIAA v A i v
13\,/"V \ VMA['LA
v v
0 ™ The ist trial The 2nd trial The 3rdtmal _ OYol€

Fig. 2 Three typical transition routes.
On the y-axis, the observed frequency ratio (Lf / Rf) per cycle is presented. The Lf indicates the
frequency of left hand tapping, and the Rf indicates the frequency of right hand tapping.

vy Ew) BEEESE R —TH 5, MERICHETEIFETLIHELHFELZVEED
oY TEEDS—VF N - FURERB LI, A TIT 572 v TN X b - ¥ 9 XTI
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BIFH/S—VF) - 7 28R, Fraisse (1982)% 2575 L7 U HIBEEER (29600ms) & /S WWEA
NEBIE, %25 TR EWVEABZEBRME LTV, SHISHL, KUY XL -4 o ¥y s
BIFHIN=VF N - TR, BANTS, BARTOEEICKEVWERMEZRL25, 57
BATHROMNICE b % > THANOEBBRIZRD LT, S510, HFON—VFL - FURE
YIYTNIZXBDIS= Y F) - F U RE DB ERE IR SN e ot 2. DY LY X
LERVYZLDN=VF N - 7y ROBREBIZ B MBI, HFICBVTEVEMERRL
20 BEDZERS, YU ZNYXRERY Y ZLDI—VF )b - 7 2RI BER O — B AT
OoM, METHEVHLL ) LHETOI B LAV - FUoRERBATELIENBHEN
2o LBL SYTNIALERY)ZLDY v ¥ ZOBBBENICHIT M. 132 A LER
BUED o720 BEDZ ERS, SV ZN) XL F 9 ¥ ZERYYZIL -7 9y ¥y I3RS -
AV THIAEIToThuB I LR SR,

2. RYVZXL 2y ELTDINE - TR

FHRICBNTHE S — 2 L L2383 I 28 Y XA - 39 — VAR ENLBRICOVT, A
FLEFDTAF I 9 7 2| ERABBOBEL ORI L., FFILBNY — S BEDOA D=L L
%%Bﬁuiézt%E%tLto%ﬁﬁﬁkléé‘ltlwﬁﬁﬁmuﬁﬁéﬁﬁﬂ7—yu‘
AFLEFOFNERLBRICL DAMBOEBIZ L > TSI D 2 L ARl ST 5247.13.20)
it‘P@aam.u%w“)u\%#Kﬁ#a%ﬁ%ﬁos:8&5:8$UUXA-N7~Vﬁ\
BFORBOBRBBEOWINCE %o T, L BMEBED2 1513 I 5KY YA - 17—~
CEBTHILERLI, SITC, BNEETENE LTHASRTWEIY b u ¥ —RkOERIZHE
IEL =y (BRF) RRBIHELTOLCHENEEI LTV, L L, EGROL D LEE
WERBRICB OV TIE T AV F — B G I RET 572010, /87 — v id—FHICEET 2 0Cid
<, H2WEZACTHBILT 5 EFHONT VD, LA T, U EDORITFHEDER, S, PE
BOBBY XY — U DPAEEICRDE, I ) TANF—BRBEENICEE L o/ 3y — ~BITL
KKW) 285 —UNEBIFLT, Hizk/88 — V0 BRSND Z E AR ST a2 58111320

LAL. ABOITBIDOHRICIIFFE ICHM T, TRV F—HoRlEN I b ARERER Y — > b
R ENT WD, DL ) 2 BM%REE) Y — > OBBICH LT, TR 5 0ME X3+
BIENTELD o7z TIT, AFETRENIINY — VRO BREIZ, T3 ¥ —BaEN
KHFEITEELTHDL D187 —hb, 20123 1 157 — v ~OBFIRSN, £6izT
FNF—FRMEIICE WVALER 3 L 2R ) XL - 188 — U ADBITATRENTe DL ST,
B BBy — oo X BB ER Y — U AEBIFLT, HLVSER Y — VBRSNS
:tﬁﬁméhtoULwcau\%ﬁﬁ%uiofﬁéntfﬁbtﬂy—VWB\lbﬁ%&
NG = UNEBFTLTW W) PO —HRIC L AL BEOBEATRENT WS, oD
L9 BITORBIE, Fig. 31 RLET7 > — 1 —0tH (Farey tree) 11.25) - > CRTZ &HH
BETHD, D77 —DfHZ, 5IERAABRICE 2 2 0DJRBITF DIREMHORBLEEED LT
Whe 77— — DL EAABRBOBBRIUTOL S IC3HH SR B,

TV POE-—BRDECL 5L, BREZRTNTHRESREICERTW L HIICELT 5,
AL, BARICBII2AGREL, B2 0BT, TRALF— 2B SE T, HFFLOEER
BEEL R T 5 &) BTHAREES BRIESICH L BIC3 2AAHES) SBE X T\V 5,
DED., REE - ZHENOLBNEESERNICER IR0 TH D, Hi2. 2 20EEBIERDTF O
F1ERBDINY — 1243, Fig. 3ITRL72 L) 2EMANEL TV S, STk, 220038k
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Fig. 3 Schema of Farey tree (Peper et al.,1995; Yoshikawa, 1992).
Farey tree indicates the relation of ratio of frequency of the entrainment. Level indicates complication of
structures in relation. As low level, it is simple and stable.

EHTFORBBSECFE IR -7 &051&RA (1 D 1OFE#) 211K Y, LidtsT,
PRENEAS] D 2R &IC31 /2845, —R&IC, Bl ERAADREFUIMB L BHOLIC
BB, THENDFERADE— FORIZIE Fig. 3D LD ZEABRAKY LD, ZDT 57— —
OBOPTIR, FITNETAE-FOIFIMRIVPL TV LS D 7TICHAL T LIREOE—

Fid, BUNRTG A= HETHE, 2 1 52F72031 | 205183 RADE-FIIBE, 77— —

DORNZBIT A EVOSKOBIRIE.

p/q (> r/s = (p+r)/ (g+s)
EVIFERICHEL L -V TRE - TWE, 2F 0, FRE, 2BRELZHL4ICELELT, T
ELNEFELYTROKE LS,

DEDOHBICHL L) Bl EF 727 7 — ) —OBIVRT L 512, BOEBIZ Y — VK
PITbh D BRI ENRT, RFROFBRTIE, FEPHTILNVOENL 112 1 108
=Y LR EN TR 57205, FITEELIIORNTLI) L NIVDEN3 1 2038 —
RIS TWis, LEDZ ehs, FFICL T, LML BERHOEH Yy - 2R T 2
BiE, DAV F - BRI EE LRI Z A TN/ — U0 n X DMLY —
UNEBITLTERINS Z RSN,

LaL, ABOESOHICE, LR LTE2L) 2BALL R TREHTELVWEE SRS
HANEL TV D, £DO L) REMETEREOH 535 — ORI, R - LCEHERSK
ECHGLTVRILEBELCHEBEVEVWES ), 4%KiE, 20X 2B, 7 Tu—FL
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TWE, HHELEEINY - OBBRIZH LT A+ I A NVLER RN R ER 2 MBI L,
BEL TV Z LR sN D,
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