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Abstract

Infants acquire an upright bipedal walk that lasts until they are about one year old, after which they
begin to acquire various patterns of movement. In preschool children, both the nervous system and
perceptual motor ability have already begun to improve. Therefore, improvement of motor
performance would appear in tasks of skill rather than in the tasks of muscular strength.

Timing is essential in the execution of skillful movement. There are two temporal elements
involved. One is adjustment to am moving target, in which timing involves a single response to a
coincident-anticipation task; the other is rhythm, which involves timing movements to correspond to
a certain tempo. This paper focused on the repetitive movement sequence and investigated the
developmental characteristics of motor control in those movements in children from 3 to 12 years
old.

In experiment 1, the subjects performed tasks involving, synchronization and maintenance of an
externally prescribed tempo, and they were then asked to control and regulate their own
movements. A 500-msec interval was considered the preferred tempo for subjects aged 3 to 12
years. When the target pulse (interval) was withdrawn, younger children (3-4 years old) could not
maintain the required tempo and changed the tapping frequency to a speed of their own. Children
over 7 years old could regulate their movements to adjust to the external stimuli to which they had
responded during the movement sequence. It is suggested that some developmental transitions in
the central nervous system occur between 4-5 and 6-7 yeas of age, and these'improvements'
temporally modify the control of movement.

In experiment 2, the subjects executed the task of responding to a set of indicated auditory stimuli
as quickly as possible by tapping. In the younger children (3-4 years old), stimuli seemed to
promote responsive motion, accelerating the motion itself as the stimuli continued. Although
younger children could perceive the time lag, they could not adjust their timing to the stimuli while
continuing to tap. Regarding continuous repetitive movement, poor consistency was observed in
younger children. On the other hand, in children in early stages of elementary school (7-8 years
old), cognition of a time lag in their responses seemed to inhibit the continuity of response.
Furthermore, when the subjects executed repetitive movement, attempting to maintain a certain
tempo constantly, they could not often do that rhythmically using whole of the body, coordinating
upper and lower extremities. It was suggested that movement control was affected also by the
level of peripheral maturation.

Although a maximal limit of effort is often the focus of developmental study in the field of physical
education, regulated movement that required submaximal effort was investigated in this study.
From the results, the possibility is suggested that the tempo of the rhythm and movement,
particularly self-inhibitory movement, is introduced efficiently to assist in the execution of skilled
movement.
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The development of movement control in repetitive movement sequence of children

Reiko Sasaki?

Infants acquire an upright bipedal walk that lasts until they are about one year old, after which they begin to ac-
quire various patterns of movement. In preschool children, both the nervous system and perceptual motor ability
have already begun to improve. Therefore, improvement of motor performance would appear in tasks of skill rather
than in the tasks of muscular strength.

Timing is essential in the execution of skillful movement. There are two temporal elements involved. One is adjust-
ment to a moving target, in which timing involves a single response to a coincident-anticipation task; the other is
rhythm, which involves timing movements to correspond to a certain tempo. This paper focused on the repetitive
movement sequence and investigated the developmental characteristics of motor control in those movements in chil-
dren from 3 to 12 years old.

In experiment 1, the subjects performed tasks involving, synchronization and maintenance of an externally pre-
scribed tempo, and they were then asked to control and regulate their own movements. A 500- msec interval was con-
sidered the preferred tempo for subjects aged 3 to 12 years. When the target pulse (interval) was withdrawn,
younger children (3—-4 years old) could not maintain the required tempo and changed the tapping frequency to a
speed of their own. Children over 7 years old could regulate their movements to adjust to the external stimuli to
which they had responded during the movement sequence. It is suggested that some developmental transitions in the
central nervous system occur between 4—-5 and 6—7 yeas of age, and these ‘improvements’ temporally modify the
control of movement.

In experiment 2, the subjects executed the task of responding to a set of indicated auditory stimuli as quickly as
possible by tapping. In the younger children (3—4 years old), stimuli seemed to promote responsive motion, acceler-
ating the motion itself as the stimuli continued. Although younger children could perceive the time lag, they could
not adjust their timing to the stimuli while continuing to tap. Regarding continuous repetitive movement, poor con-
sistency was observed in younger children. On the other hand, in children in early stages of elementary school (7
—8 years old), cognition of a time lag in their responses seemed to inhibit the continuity of response. Furthermore,
when the subjects executed repetitive movement, attempting to maintain a certain tempo constantly, they could not
often do that rhythmically using whole of the body, coordinating upper and lower extremities. It was suggested that
movement control was affected also by the level of peripheral maturation.

Although a maximal limit of effort is often the focus of developmental study in the field of physical education,
regulated movement that required submaximal effort was investigated in this study. From the results, the possibil-
ity is suggested that the tempo of the rhythm and movement, particularly self-inhibitory movement, is introduced
efficiently to assist in the execution of skilled movement.
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RET 5BERENR G [HECO 2 EHTHOLN, 2oL brEAsHTEE 2 L TRELE5L3ERAH S
FREIR D CEFRIND, ZOKE L IRELEFOHEH SIRE L, 1800 FEENER O EBFHGER T O i)
THBIVEVbN, BEIE—FEALE > THREBEEZEST 2 LIk D RELATDBL TV D TH -7, 1930 FERUC
AD, Gesell” ® McGraw 'V [ZAEYPERRSEICT » 2 HZOBELR L, BMLOEFE2FANL LTI > TEADL
ST 2o SN, BENSESSHV SN, & 5RBEABBIIIRZED O SER & L TOEER BT 7
fbansd X Hicis -7 (1928-46),

R ARKEERIRICIABTREESEFRENFTICBEG L, N7+ —<v Y2 LTEFDO7 4 —LIFEHLT,
b HBHD Y — v EREEBNNORTHENHOONBE LI ot T THIRRE LCoES) ] 28K SH 5
WIAIET 2 2 L KBRAHKEIPNTVED O THY, TOEOHILE LT3, Hellebrandt'®, Helverson'?,
Wickstrom® ¥ 72 &1 &k 5, HITEEDE LS OBRAWEORKE 5 — v RS h, FEFxv4ov— (&
B, FENA L AN =7 RCWRR) VST RIBE T,

S 51T 1970 FERDIKE, FEFHE - EB P EMAOREELZ Y, THIERE L ToES | 2RIET 5 & (product
oriented) 75 [EFZHEAHT T o] ZObDEHHTL T & (process oriented, ¥) ~ERFFRAEGED -
TWot, INE, EFHOEANBEDL DK 500, MHBTOEAEZRITONPLEVD I LIHNZELS bDTH
%o HITLHEB)FIE (perceptual motor development, ¥) DOE LR TEBFELEA 5 HESE < A5NB LI,
EFOECBL T, ME, FAAROMRLEAL COFREROHV LN LS ICB > TETV S,

INSDRNITHOL, EHORES, HICHAOHLIRERNLETICBD - TRD U2 bDTREL, HEBE
U2 NEE 0B RkA2 RERPHECEEL BB OMINTV S 6D EVS T EERT T LI S,

Cratty ¥ &, EBICB T 2EEEOFRE L, EE (motor), HIHE (perceptual), HIRE (intellectual) & 3 W13
%11 (cognitive), Fi& (verbal) & W - BEEENSHHAEICBER LS > THZFL, REOERMBEIBBHICER - TRENS
bOTIEN L, BACEBURLABERPEVICEEEREILEVENS, K, AL TV bD0THEELTV S,
REBAD 1, EBHFEOHEANOT 70— FICBL T, RO EEMBE L ohiRMEROA « BB L L TiRA
ke, EHREMERESUEBEOZLPCRMICHIE L TIRA 25 &40 3 LN, TiEGESEHERT 2ER
EREBHNCHEA 20 LT, BERBEILH ELREOS 2BV 2 7 A2 KE L THIET 2 80HTcH I L LTY
%o

b b OEBFEHORA S

EbDEL OFEE, 2RICHNITERICE BERNREC LMK -TEFONT7 4 —<w v Z2DEELTVL T &R
HOFELVH>TEIWTHAD, LOLEBHSE, THRLT L OERNIC—HoREHE L >R LELTWI I T
375\, Scammon®) OFHBEMHFH T O 5 & 5 Ic— MO REEHZEICHS HHNRE, HELRD, BENRERED <
§—VIZRNBIENDNE, COILESFATENRELEAL S L, TOEBCEOERSELELINITLD,
ZORZERMO—BHETRUEL BRI EBTFETE S,

WA S IREIZH T TORE, LEDORE « FENEF L, IFIEFNHEEHLTEXLL5ITH > TOLEHT
H5o FICHEREEEDORZII C ORIIEETH D, REMOKDOLY CAITRIBERAD L ANVIZETET S, L1t
WoT, ZNIHEY, ZORMICEBZRLEEDS 2 VEBERREZEBLTOLE, WALWARILEN [TELWV] &
Mo [TED] EANBIT, BRLTWCElita s vwbh s, BEBLUBKETFORELEZ BT, kb
BV E LA, THROLEENKETRES U o1, BARBNTFTENLE T N7 4+ —< v ZADM EL D,
oo Ghndig T 2 EE I L, COXINRERLSITEOOEHMEA LS DD T o~
Fid, BRRENTOEFHKZITEL, BEHIGIZECEHOHBMORENCEH T L L REETH A .
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THEWIE, FEo0EHRNOREER, AXD O OEROZT ANDOIEMEMS &AM OFEEKED, HHROR
BKEIC L > TRECHESNTVE—F, ThODEEDPH D WVIERIIEERE & - 7o — FRRILL Ric &R
EENSESLTEY, ADERAHAICRRSE 205 Y 7 FEHICBOTRELFIALIELIZAONS T & A5
LTwky, REOBNAMEICIMA, EWSHEHICEHTIRESIEERBL TV, FhFRo -2 v® SHEES
PEZEME D & ZRITHRMNCN T TEORELE SZTVLH, HRMOBEEESCREEEOEITICO L THELTS
HERICIE, FREEIFECHRE L, 2B UEERRGT2TEA 20 ES D, ZLTASTEEL NV TLD @V T 4+ —
Y/ ADRTBTEEDLES P, VI 2ODEMEEZ BMENRD L, FRo-—YvDWnd [Eh] & [&ET] O
ACHTRDTHLE, FIEVZOEMBATHY, BEVZRTHRAICHLEbDEEFELLNG,

i

B (0 AL FHE

PEORREIFHERIC DLW TOMRDOE < EF, TREEOTEPIPEHBEICERL TV 2500 E 0, HEHRIC
ENRTESSULTE 2 %2RET 5 LRREY, —EREICENKE T IAI v EVIETIEBTEENES
LRI oy S ROREL &3, ERIDE Y 2 7 L2 EUMEREEET 50 b MR OFRZEEE, MHRIHHT
BTIcB T2V 0 BADESBEE V- KEREEDH LR EIWRET 2, LB -TEDNT7 4 —< v REFRE LI
mEL, 6820 4T CRIFERMICZHEICERE L TV,

BIEEEIC VTR, ok EHw] 2&% TRL] E925Ho—AT, ENLETERIL 0ES & EREC
TELp, TEOLEEOMGI b EDIEIEOEENE VS &b, BEE S F T TV ILH > TEAYLERT
bbb, CHICBEELRITOICHI - T, HIRORES), TRLLFTHMMA, HEbEDLZITOLDOMET 0
75 n, $HDEEMES, BLUHREDOLND O BEIFICHEE S 5 LITHA D,

AR EDOFH—FGRE (coincident anticipation task) FEMFOIEMMAFTM T 2DICHVONE, TOEE,
HEEORRICH b E CHEN, ZERCACOBEERAHLA TRE LBV, INE TOBERENTICEVT,
T ESOFH—EEREORITRENCIERENA OGNS I EMRESN TS, L OBEERRICW LT, 5T
BOEEICH L TRETE, BORZICEETE5 L0 l@@ERL, COEROYETR “bidEL0ES” OH
KEHBICISE T2 CENTERLE VI, LLEAFHFE—BRETH->Td, BEHOTL OB TR, BHDFEL
EE, HEVREHIRE>HESDATOHEICH->TLE DN, 8-IREDERICA S L, FEITHLTLDIEMH
BIRENTEDLIITLBELD O,

HEEEOTEICIE, &5 H 3 VI L, BEAN 1ERVOW ZHREMICAbE TV &L, 20—
ATYRLLELETHEREH P ILEBEDL I, KEZEOFTHEEE L TREIL TV T EMBTF 5N 5, £ b
OHEXOPICRE, ETERIUHELT, 2 —TEOHESPF v REL->TREL TITONE bDREEAONE, %
OREIAM L, FE & I LT C &, BfoEFESERIcfVBE Ll cERnEsIhE cicbimEx
NTVED, & MRPEERLADERICEZOTVWERLIESI KD E VbR TED, TO—FEOHEE, 3
Wik 7 v K ld, Personal tempo?®, Mental tempo!® 2, Preferred tempo® 7 & & LiFN TV 5%, Mishimal® i3 Z
DEkINTF v RE, EBNICHEDL-cbDTHD, A=V F I F o OREBLLoTVEODIEELTVE, T
DT & % D Personal tempo BEEDCTF L b Lo, FL—HOBEORTHLZOEFHPKEY, THHLLHARDORH
BMOEEESEVEVD TERRESN TV S, BITHRIEBVTE, Thoo7r vy FEBBLZ 05 MHikTHL &
WELTVWLEOMBELHZ VOB Fih, xaZHVAHRICINE, HEEEBNICERZ DR LEFHO
DORFHI ) RL %55 DTN XLY 2 2L — 5 OBENSED-> TOE I EbiEHENATVS D,

RENTH B L, FDOT L b Ok L I EBHEORKEE, ToBEoEFEHOKETHD, TORS>x0EE
WIREHE & BITEDT 29, KIGEFoMERIZBEL T, TO0—2A2FHRTEA N =X a%E e b PAKE->TL
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5LWHEZFHMND B, Summers 53, Treismand?, Viviani & Laissard3® 5 (3% ® * & = X 4% ‘Interrnal clock’
L& U, TN L A BIEOMMNERECEBESABLELTVE, ChbL F ORENBIFOES £4£5 HT
BHELZZ 55601, NNICHEAL, EHOBBNHEICrrHEEENE D,

FEOOEV - EHOFUC S Y X IANBLDRLOB2HEFRIELEENE, TOFTHREY, FHETFO XS,
HBE—EDT Y RICHDOELHELITOI L L, ZDYXaRT yRICHIEL DN DR P - DTBHILEE
ERE->THEIPIEL TERDTERP 27D TS, EPCEEZLPTVEBEL T v ADHELTNE, 2hid
DELIRZFINELIZGECE, WOWIHOOERALBHEIKILT, ALY INEWROFEI KA LEEL LI
BER SV LI, HESNAEIITH L TENLTEHCOBS ZHIHTE 2, TOEEMBEVIE EHEO
BAREWEVS T LA, TR EoHSDEME THCOELHAMI TE 200, $HEDLIICTEE L
IRIEBDIEH D e SRS REICH T TORREHMNAREE T 2 BRLECEC0FE Yy - v E2FBELTCL
CEHATH YD, £ ZORICEE N7 + —< YA SBRIICELL TV EVbn b, ThoDI & FRHOYRE OB
BB S IR OBIEORZICLZ LT H5DHDTH %,

AETIR, ThoDBERESLEZ, EEMNTH -5 v €V I EROVAERNFE (sasaki®, xRS 3020, )
DEROFN S, TFELDO ) I W NVIGEHOFBEOREILH>VLTRLTVL,

OO0

EB1 ~—EBFUVRRBICHT ZRIEEBET VRIFF~ (sasaki®)

AERTIE, HESW7 v RICHCOBIEEE 25bETITS E VWHRBEISHT 2 IHEN S, EDL S0 OEfEHR
B (5 ) MPEEcEBOEch I hi VI 2RI, FELOEET v REBORENBELAFAS T L &
&Ll TITR, 74— R (FFER) PREOVRBHP ORI IHBETELLINSKRET S &,
BLUBEHMEZEELYTVIENS “o o By BifE2 AV, BIENRKESEIC S 2EBMNAREC> VTR
L%,

W
WRE IRESYE, RETHD, TNFNEETINV—FE VI L, £2IBIPOHRIbDE Lz, BHOAKDOANR
BUTDEBOTH B, BrE; 12, 459, 55,10, 685,10, 7512, 85%; 12, 9% 12, 10%%; 11, 115 1D

EL S84

EfEIIREBEMTITY, PO LB I N TIE (HERE6em A 2FIXFTMN LV D TH -7, HBRER,
HiACBEINI Ay b T =7 La—y—p oM Z2RIME (2kHz OFEME, 1 FIME ORERZ, 9 80 msec)
KhbHETITMNEZITY, ROTESECAB N -TS, TOF R UEE THET THINEITS L Hic & WIERMNE
AoNi, WMEKE, MEHIOVTEELBIERIEGA SNEH -7,

FhlgE—aiTic o —EH0, ~CHBTEE L bOMBERSN, TOTHMAIRE, 370, 420, 500, 540,
620, 720, 850, 1000, 1300msec @ 9 FEIATH - 7o, HHIMUL, TN THITEAEED S W0EIERL, ZHICD XHEVT,
1 EIHICZAT 5 0L, SHMEROBWIRET, REL L RREERE 30 D50 ZEHERSRES i, —&RIT
ORTEERED NED | LvIGRIck -7, 486, ARBICBVTE, REL L 9B —EoERHERE%
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(RETr v ] LEBT L, ERIPME-ATHOERL, IBEOBREORITIERS v 54T, £HBRELD
El—DFEITIEF TiT > foo BATHICIR 1 ~20BEOBEYBAREL LD, FEHICIIHENIVL ST LT,

7 — ¥ I

Ny bF=TLI=F—ORFLALF ¢ VXML, FIEEL, FIMEERAL THEAL OO L ETNENGETE
L, zhz, BEHEEREBITEE (ITHESEE) 2fHL 7Y s MLL, RELK,

SAITBANSE 10 [H % TR, FIMEITINOThoi%E, 2hBOBHMOEREES Z-ThoE, ¥y EVT]
THEORMBER%E, 2hFhOFERBB X OHET v RICOVWTHIE Lz, BRichiz-Tid, —RTOY, T45b
bEflEchdbE, RPFLTy vy v /45l &2FBLESnXEE TRAYE], o&ERvToy v v 70a0K
% [RkGEAE] & L7

EREME (accuracy) DFHMHICIZ 2 >DRIEEEZA V. 1 DREMHETOEHEE 4 v ¥ 70T, 51
kgt D 5 v € R (TL; Inter-tap-interval) &HERIRE OBMNZERTH D, TNTNEREOER B
JUORE T L EEE kD 1,

MEHIC BT 25 v BV IERROEEFES S > TEEDEE M (consistency) DIEEE L7,

BRBEIUEER

E{ED IEHENE

FZ1id, BFEF v RICBY 2HREFEDO [HIE (S)—Tap) oFhER GS4HBLIED IS-T] i) oy
EBXUEEREELRLILODOTH S, &RITS-T OfER, FFEFIMNOEHETRT 0 msec EHITED ER T
BB, FIHETIE—125 5 +98msec DEIFHTIE S 2 ENAH LI,

FEE (DX 7 v (9 OHEAIEIT - R, ERMOERE (F (8,796) = 9.20; p<.00D), BLUV 7 v HOFHE
(F (8,796) = 5.69; p<.001) AN, TNOoDEMBICBEAL T, LSD HIC L3 TAREEIT-> o TDORER, 3
mESEU EORER, 4FE 6B LOSERm, 55E6, 7, 95, 6m&E 8 10, 115, THRE IIROBICHEERE
BHohk (FhEFN, p<.05), Fl L v v E vy oThEE, #Hics 4RETHOFERI D REVERICH S
EHRE N,

F v HRICBAL TR, 370msec & 500msec LI EDR 7 » %, 420msec & 850msec %< 540msec LI EDOK 7 v &,
500 msec & 1000msec DRENICEEED A SN (FhZFh, p<.05), 370, 420msec DFEVERFEF v R ZHE~D
B, BBV vy RTE, BMEL 5o BV IBRTTAEB TS - 7

x1 FPACEITZEEHE, FET v ARNCRCTRB—Tap] ThEHMOTFEHE (M) &L VRERZE (SD) [M (SD)]

£ GR) Fl @ R B (msec.)
370 420 500 540 620 720 850 1000 1300

3 (n=12) 65 ( 48) 11 (103) 63 (125) 1(135) 24 ( 13) 8 (159) 40 (176) 21 (184) 43 (248)
4 (n=9) 98 ( 78) 477D 35 (106) 29 (166) — 42 (144) 0 (134 64 (192) 32 (208) — 56 (176)
5 (n=10) 48 ( 2D 34 ( 58 13C69 — 5(67 — 5(59 — 200118 — 59105 — 431100 — 5204
6 (n=10) 200700 — 7(58) — 41050 — 46(113) — 63(102) — 69 (137) —125(137) —102 (129) — 34 (148
7 (n=12) 31 (49 30(115) — 31( 64 — 30(7D — 36(9D) — 33C90) — 52(8) — 8107 — 713D
8 (n=12) 9(61) — 15(78) — 14(59 — 25(61) — 24(72) 17 ( 99) 8 (145) 42 (67) — 50 (123)
9 (n=12) 11(89) —22(98) — 37(61 — 74(67) — 56(68) — 62(73) — 40(93) 46 (104) — 32 ( 96)
10 (n=11) 52 ( 5D 10 (103) — 51(64) — 61( 42) 7(116) — 19 (155) 18 (160) — 10(103) — 10 (109)
11 (n=11) 43(68) — 2(46) — 18(49 — 32(52) — 20059 — 22( 68 29 (164) 30 € 8D 15 (117)
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RIMERDBHERL CLUBED, & v €y 7 RIsiTbniXi GEtH) TE, v v v 7 1TEORMRERRE & RIE L
foo 213, REBEO Y v ¥y SEROFHE L FEEREE, WREOFHRBFBICRLILODTH S, ¥ v EVIH
PRl & OFIMBHICE VT, FERERES 500 msec DRFICEK bEREMROBICET D - 720 fMORIBRIZ D W T, 500 msec
i, BRERRESEVWE Yy Y SRR EN LD RS, SICREHEEIRVWE S v BV SEREEC S E WS
MR& SN, £z, EBEFEEORXESLLALE, §o EVITEBOZEHEIL 500msec L Y BWVERET v R LT
RELC, SOCEERZICES O TRRERRBIC O LD S FTRED - 1,

£2 WHEALEITZERE, FET VRBNCHICY v THRBOTEE (M) EXUEFEERZE (SD) [M (SD)]

& GO o @ M B (msec)
370 420 500 540 620 720 850 1000 1300

3 (n=12) 509 (192) 492 (193) 503 (189 494 (154) 530 (169 532 (201> 640 (325> 625 (207 647 (239
4 (n=9) 407 (84) 439 (97) 516 (164) 487 (119 565 (187) 601 (172) 681 (107) 598 (185) 703 (304)
5 (n=10) 387 (27) 446 ( 69) 490 ( 65) 542 ( 83) 606 (126) 687 (144) 745 (126) 855 (156) 1045 (189)
6 (n=10) 383 (36) 454 (68) 463 (38) 498 (37) 569 (60) 642 (68) 693 (84 819 ( 86) 1063 (159
7 (n=12) 366 ( 23) 418 (35) 468 (38) 508 (36) 588 (47 693 (54 797 (59 891 ( 62y 1191 ( 97
8 (n=12) 369 (34) 419 (43) 491 (29) 521 (39 593 (48) 695 (46) 812 (57) 961 ( 64) 1185 ( 92)
9 (n=12) 358 (27) 407 (34 468 (35 491 (38 577 (37 698 (44 795 ( 51) 968 ( 64) 1232 ( 90)
10 (n=11) 368 (29) 415 ( 28) 475 (39) 518 (26) 600 ( 38) 692 (46) 774 (47) 929 ( 54 1127 ( 76)
11 (n=11) 381 (21> 440 (26) 487 (23) 529 (23) 628 (34 712 (35 809 (4D 933 (49 1193 ( 82)

7 v RBICERIC L 2 —BERO GBI EIT - oo T DFER, 370, 420, 540, 720, 850, 1000, 1300msec D& 7
v RITEEENS S S (420, 540 msec T p<.05, THLAT p<.01), 500 ~ 600 msec %Z3Eic LT, 7 v+ DEH,
WA, ZhhoMn s BEFHRENRS B -7, 35T, FMEDHSNIT v RITBWVT LSD Hic k5 T
BEEIT-7&ETAH, 3R, TOREALOBBIIBVT, EOFEMESBEELENSS SN (T, p<.05),
F 7o RilfEAS 1000 msec 1300 msec 1278 % & 3MUADOMOFERB T L HEELEMN S SN, 65%L 8, 9, 10, 11KH
bEBRENL LN (Z0EN, p<.05), LHLENS, THUBTERERMICIIIIBZEALEDF v RTHFELE
A ONILED - T,

FE T K 500msec & 540msec DEREFA /NS, MARN, BAMTOEKOERLEDL Shicl &rb, <
hoofkES, FHLPTV, 78bL Y BV IEELELbERTVHRTS 2 T EARB I NI, ELJED
3, 3D 5 I5BAENFRE LLEBREREL S, REAL s v vy VB IRFERICBEET < 500 ~ 600 msec TH 5 5 &R
HLTWE, £, 60 0KOTL ST, 550msec D < — X BNEES ( T DOES ZHRFTE L L OEED
H 5,

Shea &3 1%, FH—HFERE (coincident-anticipation task) DFEZ ODEfEHEEICE VT, RIEOT 5 —E 55K, 9
% 18RSIV LTV ZEERLI, FAHESRKE (REDOHKRER BEVEEOERNICERE
T, EVEEOERICEETEARIGER LI EERE LTV S D1, Nagasaki?® ELOLEIAIC B VT
vyuF vRIGEC, TOEERGEVSIERHL, FlICH - TRAICECRD —ELT 5Ll TVE, LLE
WS, BEEZEDRVEML NVICBOTRERESENEEREETEVE b TW B,

LB T v EERE S DR LOBEEME L TV, £OF v &L “internal clock” ik » THish %
EWbngM®, INHBEFORRN Y — v ZIEMICENK T 2 REERES Y, COBEORMEITIR T O HEER
INEITIFET %0 Ivry & Keele™® (3, /NNMICIREO b 2HBRE T, ) X I A VIEEEED 7 v RORNENHEDS,
BEBCHNTIEFCREZVWCEEZMEL, COBVIITROBHBEBEHRFO x # = X & (central time-keeping
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mechanism) OZEEMEL/NMBEETLIORZ VW LICE B BTV S, Williams 5 9 1, FLOFE & DEFE
HEEEORENEEZ, BFORBNERCS L TEFEMEL TV LKA ON D BN, REFIERIGOKIET
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