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T X B EFEORAERSE N, B - SEHIZ
EHE e E & SIE T L. HMAZSIEKRT 5
CEMHLPITENTWVS (Bemben et al,
1991 ; Fisher et al., 1990 ; Kallman et al.,
1990 ; Stanley and Taylor, 1993 ; Rikli and
Edwards, 1991 ; Welford, 1988), i « &&FH
DFFERE & BRI VR RS NI ED <
P T R b OFER D S S RIBRGIRE DL S
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BELT2EREDOBELARDITTE LI
(BAD7 14— KNy 258 fEHT 2 (HEE,
1983)0 %7z, FHSEBH LS5 ET 53 LHE
oI B L EEE LV, EFREE IR
9% (Bernstein, 1967), FHEREZIRZ 579
KIS DERICEOEZAESREB LU T
R 2R L. T OFEREERETT 2 MEND
59,

F28H BHHREFABEOAUE - FMICRET
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TW5, 7KH « kA (1974) &, MOFFLERE
EHE) (GoMEER X > THIERTRS 4,
MEBAEI 2 X M & L7 FEE 2175 ). dbR
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S kH - dEA (1974) 3. 4 FEEHO HEEE
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JTID3/4%FFIFED LR E U 813 EER
EiT->TW5d, dbAR (1984) 13, HE@EE LT
0.3HzD IEFLHE. @ &0 . Bk o
JTEEAH VT WS, Carey et al. (1988) &,
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T. force tracking test®BlIxE & D Itk % #&
LT3, bk (1984) 3., EREEOES
FHEREOEEHBEM T 0. RIiF /S HEN
WA RT EHRELTWE, T, E-—TH%
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B OIE MAOREFAZREOEHHE
AKH < bR (1974 1F. BERSBRAB T3 &
R E L. MoRFEEER % 4 EO BE
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LIEEEE DY S &, LEM. EiEE, &
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FIBRERREICRE D < o 4 TE T DR BHGES)
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1B R R %, MHOED SV ->Th, HliC
DX FIEOBEGESPEN., MO & H
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ELTWE, F7o. AN E K BVERE
FcREFPHTHERESR EL, AT
v NERTETNT 3 ERELTWVWE, JtE
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e LT, BESHN (BEFREE, 0.15 0.3,
0.6HzD BT, &RETID3/4% fi 1%
Ho ERE L) ~oEHFAHER» S, B
FAERFIC B 1) B EL B IRBELOREE % S8 U
IETEMED © & fc G IRE R Tl &S B AERAL
& H1C0.3HzDEE) ) X & B EREFHENREEZ R
U ZEAEEFEES SRS BOREERL 72, &
ISETRERAZRA LMD - 12, BEHTIR
BHEEALE $0.15HzDEE Y X A TEETS
FERIRAEDS A S e h, 0.3HzRl Ricis 3 £0.15
Hz & bl L CARLERGIREE 5 - 12, KFE
Hecid, HFOFERENR VRS L &
WELTWB, dbAR (1984) 3. BFELETFF
EIZENRE L, HEME L T0.3HzD IEFX

B, O X e, B 3EEEFA V.
z O BEMBICHY 3G REFOZ/h» 5B O
JR - EEE O FERE LR L. BERE
WX T IR O ETISEEE b8
ORI > TB WBERBA LN, KED
LD TR, EREE. O X0 EE. HBE
BEONEIC B < WBEZEMSEML 7o, BEFRE
X9 BIRE I OHIERTE TR, SEEES 2
~ 4 kg CRIFEFAEGIREN A SNz, BEI &
DT, EREE. © &0 iE. K
FEolgicREESEML ., EBrhic BRI
9 5 HEE~ ORI OWE I RE N, B
HHE, (HERE bic, B, &L &R C L
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367k D RN 2RI ST R ANE D 30~40% D4R
T OEREEH W T, 10D force track-
ing test D RIEMED I ZMET L. fES1D3A]
EFzoicxt U TliEs»sE L L, 20 EoRE
A TRHIR 3 EITOEEE A RRMEE L
&DOEERI0.72TH » - EHEL TV B,
A (199D 3. BERBFEEIZEWRE
L <. WNEEioEH - HEESicSEosE (0.5
1, 2, 4, 8kg) ZAML. HEKE (0.3
HzDIEFL « DT XD « [FRER) @ d 36
BREOREmE. MHETh, IRIELEZHEIE
5 LTk EEFETREOES LT L
MIFERETIRIER. D XD HFEDNERFE ThL
HBL s o, 77 o 7 BERE,SZE
b9 3 LB T RAME 3 h o /DI WV EREEE
BHETH B T & TR, SBELE b
JEHEF O BRI I DFII0% LA T DFETIEA — /¥ —
Ya—bL, THULOETRE T VI — Va2 —
PO D B & HIERED S B T
2. BREEBEORERE IS REB S Nz, S 51T,
IBEER DI i « HEES) O K@ EB) 1 135K
IR 6~ T %DEFHTH B LHEL TV 5,
hHEEA (2000) . £33 FFEKOERE%E
FiWT, Biie AR EHE L. BEBDHE
HOBEGZRMBEVWT EE2WMELTVB, T O
H & FoBnEOMENRICEIRREC LS 7 1 —
Foxw 7 HIEORENMBES T2 EPHS
HMicEh T3 (Vercher, et al, 1993),
FIThitE = £ OER A2 H 3 2SR I35



BREN OMRNER TH 210, P, B&
UBEESENPIEERLD SERICE S LHMES
N TW3% (Sloan, 1951 ; Rabin, 1957 ; Oliver,
1958 ; Howe, 1959), £ E (1976) . It
o DM E E & FHMETEREE S 2 EZE)
YEDRHE T, MIREXINERVBZ DT 4 — =
YARWCKENEELBZ 5 X5 RGEAICIL AR,
IEREVRISHT 2 BENF LS LS ERKRLTL
B,

DE SHRREED 7V a —VEKHIZ & - T
POBKEE. F LEROEHEHIE, ERES, N5V
ZBHESICEEENTND EPTFDH LN TH
% (#A, 191, FABEENO—HERERLE
Z N5 (Franks, et al., 1976 ; Jenn-
ings, etal., 1976 ; Rundell and Williams, 1979 ;
Ryan, 1980 ; Maylor, et al., 1987 ; Salame,
1991). P (D - #AELZR, 1974 ; Franks,
et al., 1976 ; Savolainen, et al., 1980). B &
UIE# . (Maylor and Rabbitt, 1987, &5
WIBHR N 5 v F v 73&E (Cherry, et al., 1983 ;
Hamilton and Copeman, 1970 ; Klein and Jex,
1975 ; Landauer and Howat, 1983 ; Linnoila,
et al., 1978 ; Linnoila, et al., 1980). # X U4
M AEZE (Price, et al., 1986) ZEAs 7 v a — V&
kO ERICVET T2 LHMEsn TV,

Plbok5ic, FH/FREFHREEICEIL TR,
by —= v ORI L, B L UESREH
FIZROKFIPHEBOARE X, IR, BLU
JERE & BB DBREIA S i L iS58 0
bN b, Fio. HIFREREROHEENRICE
FHARICK B 7 4 — FNy 7 HlHOZENE A< |
FEATETE R R TRAEO R ER T B G,
S, BLUOBREEEVSEERLD FE LT
& Tova—VERUC & D IEBEESEEICE T
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IhE T, BGEEY dbARiEh», 1981k
AR, 1984, 199D, AMILZFE. LE¥H 50
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D (Carey, et al, 1988 ; Halaney and
Carey, 1989 ; Yamashita, 1990 ; Riviere and
Thakor, 1996) ZFicBW T, FI v+ 7 H
YER O R T X % &8 O FBETNIREE Z 5T
LIcER A NS, L L, WIFNsEEH
EWNRICESEMINTEB O, ZHHEORET

b RINTOEG, DE Y, the SES
DRI ERBEREZEUICTHE T 2 B D 5
EEZoNB, UL, - SEHICHEBER
BERERAN N OETI 5 2~ & L TR IFRETEERE
DERSAE « MER S 50750 (Dustman,
et al., 1984), & » T, /IR HEFAERZEA
LHIESEZBER L LT, B4, EEE
ZRET L. FUAEOEV, b - OFIFETEE
REE SN OEAKEL 5 7 2~ 2Kk
LHIEMEETHAD, T LT, IN5DEEF
SNTHNIFEFAEREF 2 v 2HWT, F 5
FEOHIRERBREOFZ S AH S »MITT 5
WBENHBEEZLOND,

E3H - SFEEOHNIREREROAE -
FFEICBE T ST

AIET & T, B IAETREREORIE - FEMfic
BLT. e 3FEZFICEALIHRRBEAL
HAONIBWT EBEHSNER -1, - GFEH
DREFEEEICE L Cid. BEATE ICERICBEE
LicZh o OEEERECHRIME T K EELRE
ELTHBINTWABD, DL S BIEEERE
DFHE I > W TREAAZRD TH—s 7
Rfgiisw O\HIED», 1993), —4. e &
FEEO G BE L 7 B R IETERERE O BFFE I
WL obhIlRESINTWS (Aniansson, et al.,
1980 ; Judge, et al., 1993), KEiTR. T 5
HEEOFERE L BRVEVRARETICE D {H
FEHOEEE T 2 b ORRITLELED, h o F
FEEERNRE LB IRERERECETs N

CEFTOEICTODVWT L E 2 —d 5,

F£1EH BHREREZREOME
Houx and Jolles (1993) &, 20~80m&kft %
R E L, BRPURFEICOE T 2E{EAE— F
DHZEEBRE L. VTN OFEREEIIBLTH,
FHRLHELIDEERAE - FIcBEN S EHEL
TW3, —4. York and Biederman (1990)
D gy ¥y IEREE R BT BB
BT, 0RO T NTOEREBR T
WTEERIFZMTREIFELLERELTL
%, Speller, et al. (1997) . FEoEHS
DBERSNLZHEOEE X7 + —< VY RAEFZD
EEREER (BRHS) ZE LTV 2 BHOLENE



NBEREL TS, FEFH (1998) &, 60~
8O D RS RIS DEZEERET L.
WRE. OfRERE. B REOT T R F v BV
TIBOTEEN, IARETE B W T s
BN EHEL TV D, AREH (1989) i3
MHERRRICBE L T2 BB L UF o i
HEPED o MROBREMICIIWELE
T3 EMEL TV S,

Dbk ST, o - SFEEOFHBIEOHZEIC
BAL T, BfEX ¥ — K, FiEoBH &, #iE
. BRUOFZHRME BT 2HEBHS IS H
TW5,

F£21E HHORERZROERE

FEREIINE & & SIET T 24, ZOIEK
BAH=ZAEASPICENTOVEL (Kaura-
nen, et al., 1998 ; Levin and Benton, 1973 ;
Rantanen, et al., 1998), ik, LT &S
ISR 2 ISR SRS L S h TV B,

Stelmach, et al. (1987) 3. KILElicE 2
5N BHEW D E WD E i O SUGBA R R P E)
TERFRIC RIZ T B 25 L. Sl gk
T BEMEDMEN D 7o D I FHEE L RIREICERO
TEREFHT 205, HEE LA TH. HRB
KO OEERETICBIT 2 (H MBI R %
FEL, BERMSEEHE LTV B, THE
» (1987) 1366~915 O RS Sina = R
BHEEERAAE ] & i & OHHBAIZ0.290HE
WETH -7 HE L T3, Light and Spir-
duso (1990) iF. E#E BIEFEEZICHTEH
TEDSEMEI s 272, RBOZITd 2 RSt
KBNS EHE L TW3B, Bembem, et al.
(1996) I, RIEERIIC X 25X ORIERE
Rir o, BB RBEFEFICHNT, KETOfH
EEIORAMELL, HIELL>OmE (G
FR (FBER), LEIENERE, GFribiH

i, AREREN, AREES ohTdingic

ESBENDETEREFELVEREL TV, /o,
Dustman, et al. (1984) X U &9 3T
WF7¢ (Rikli and Busch, 1986 ; Rikli and Edw-
ards, 1991 ; Spirduso, 1980 ; Welford, 1988)

BT, B ORISR 0 & &S IcE T T
52 EDNPESHITSISNTWVS, Yan, et al
(1998) 3. 65~B0BMO EHEE IEEE LD

RIS 1 3 v 7 OEBHAX < . £ 18
VERH A EL . BELTLRHLEREL TV S,

RS (1998) . 60~8OEDEIME LR E

LT, B &R E OBIR BB L TR 5 L1
LLTWVW3, '
PLED X 5 iz, o« SEEOTEHEOERE
B LTI TR DR T g B RS,
ByPERS. BHIEIEEAEET. BB X OO
RGHER. 1B 2 IEE L GERZE) 5
HohicEsh T 3,

FIE HOXRERZREOBERIDIR

AR L & SITET 95 (Levin and
Benton, 1973) 43, £®d b L —= v I$hEPH
# (Moritani and de Vries, 1980) ic2>WT
BHAHASHPICENTVEY, koT, F 5
AR N RER R T 2 P A ER L
FRENRPREEDOPUREZ TS 5 L IdE
BEEZOND,

| BAE SHRERSEONGEG

FIEIH (1987) (3. 66~918% O feRE 7 Bt
= 2RI B ISELBIRES) & BAIR A R AR
& @$E|3§6i0.28@7§%ff&4‘[5f35 o fc EHRE L
TV, AHED (1993) d. SkhEENRE
LC. FHEmHERETZENEEYF I,
BLEHARTR T AR R - FEIcEERE

- RV o, REOBRIIE, - EHEL

TWVW3,

Plbo & 5o, b« EtEE O B0 xEk
BBl TR, BETE TV B, FHBRELIE
Z5FAMELTHBINEROF X MEOD
BIR AT L & B,

e BEFEOTHBRARI LS L LIRS D
T A MIEBICEEL. BECEREVNRD S
N3, UL, IEEERICE S B hFERE
BEICBET 2L RBYD S\, F i, SFEITH
TICAHA LN BHFBEET X ME, WFhbh -« 5
FEHERICERE N b DL, FIHEEE G
%) BRON B, ZAMHEPHET O RBIIGETG I
DVWCHEND 5, —H. T - FEBERAR
& LTS ARSI B S < B iflESs
HEOTED T 4 —VFF 2 MBI 2B 1T
BEIKY 2EBREENED 5NE, DE D,



e BEZEENRE LEHFEICBOL TR, #KER
B OO EFELIEOTR L 1IZRIL 5 729,
ERFH IO T 2 HEECHE ST IOV TO
BRI EENSNETH L EEZLOND,
PbozEho, the SEZHICBERL 5
FIFIBFEEEET X b BV IE BRESEZIEZ T
B, IR ERRERICEEB X OERERS
S5 DMRERT 5 & W HALIEDL SRt A et
TEMBENRDAD, ey TOBRFTITBLTI
h - EIEEOKBEEER L ICIES X G-
FHiEOHEAH 5 VIZRFAB L INENETH B,

H3IE MBEOMESL CHREE

F1E BEOME

b b O IREREREEZIEZ 2HEREPL T
A A WCicH - SEE OREBIC X B
B TR TR ICBI T AR VT, B2 E
DXFERFFE %8 LT S 278 - 7o RERER IR
XL PUTDETH 5,

AL, B - SEZBOHIFREABEDOK
o WTH ST 22 EAELZANTS
5, Db, - BEFOHIRETEELS
HEE « REINCHIE « 3T 5 BEMH 5, L
WU B R & ) I R S 5 I
ERAEMbFHE—S i FERE WV, 22T,
¥ 9. BIAVWERBICEAT MR, WAROS
W RIETIRERE AR X A AIESREAZBIF L.
ZDT R PEEKT 2HEDND B, RIT, T
SEIR AN BEDF 2 AEEFHE LT, &
SEEOHIRERERROBELHO NS S
MBIND B, PE-> T RELHNFREFHEED
HIE « FFcBEd 25 & h « SFEZFOH IR
BIEBAEOEIC T 35150 2 >0BAD S
R8T 5 C EWEETH 55, BIEEE
CRIFERE S 7 R MERKICEIT AR, BEQ
AEMORFECHZE. BEFEOKN & OBRICE
TAMETH B,

B1E BHOREREEROAE - FFHICEET
BHR

s BAREREREAET SREICET HRE

AFFLIE, BN RS +0ET Lo BTy

FENERBICB O TEHIICREL S 58177

FIBFEREZ M T 2 HIERE AR L, £ b
DS IFAEFEEEL A 57 X b 21E L. &
KTOBHAFREI L > TESN A REEETH
DI S DREJIRHERH & 0T 3 AILIFIC
26D TH B, FEITHFITE VT, RERDOH;
NFAEICED < PEAEISE T 3. FIRE TR
BEA YR Z B 12D D ENT 1 FIE%E B
FZ TR I TV W OSSR
Ntzo 20 EFBEDOF X FERRICH 72 » TS

BIELRE OB, 7 X M. FMEEE.

%A, 2RI 2 EDEETH S, K-
T TTBATOEAT 2 b & LTHiNFER
BRe LA B2 EREOEWAIEREABFT
BREND D,
INETOMFETHG SN BT ERERE
A DA BHEREONEEZREL, &8
B« EHSAESRELHEREL, COHIERE
DR (T4 AT VAR, TR PR
ERET BBENS B, HT, FEREICE S &
EBZohsh - GEFICOEAARE . LHK
DEVGEELHRET LI EMITETH B,

s B REBEHERET X MERKICEET PRE

FATHRICB VT, B IRETEEREEIRA 5
7 A M FERRICTREBE R A A . P
WED 7 2 b E T4, FREESHECI N
TVRVWEDRELA e s N, K->T. #
Lk, EHEEEE TR LT, E O

 IRETRERE A AT > EANICIEL 3 7 X

MEPERNT B EREETH b, HiIFERE
REZEZ 2EABEOE VT R~ ZEKT 51T H
TeoTlRS T— 8 2L d <, Ev 27
LDHEELPLTVEFHEEZI O S < &HHF
BThbh. ThICZEEEICS T 2 IREE(b
MBI R RS N 2 BEFHOFEI v X 7 A 05F

BP0 ZETHBEEZ LN S,

WE->Ty AFEICBVTHINSD I & 5K
4. e EEZCOEHARES. A0S
W TRIETEERE T 2 b 21ERT A0 EL S B,

— 15—



F28 H - SFEEBOHOREREREORM
ICE8Y BB

c e SEEOHNEEFHEREORHEICET S
=] .

B e BEIC I, AR mE I EOET L

BAZSIEKRT 5, H - BEE OFERE LB

DEROVERG NN DER S 1 B Ot 7

2 b OFER S RIS 2R T, AT TR -
TER S 5. VbW 3K T ORENIFENERK
SN DHIFEIRERET 2 b OFER, WhrE B
Kt EBOEE) Znd Db, HEENED
SNBEMEHRELHICTSE FEELTEL) HE
WdH B, :

> T, - BIFEEOREERICE D {Hi/]
FIEFAEEOBUEZH S LT 20BN D 5,

- SEEOHNREBERAZRLEFOR DL
DRI T BREE
s icpE S h « SEEOKRNERERET L
AT TR, - SEE O O P
BLEITRE A EBMEIN TV B, FERE
ERARM ROV EE T X b OfERTH
BRSO DSBS IS TV B A, BT
FEEOMBELICD VTR INETREALE
BHSIC SN TV, i, 1« BES0H
SiFREREROHE T AME SRS NS,
BT OFi I < B SETH ROt
ZOMEMEA. 5V IidhoEESE & OBIR
B, TRIVF-ZDET]H 5V IdERKEEIRE
WCED < HRERERE (B vt
BBRICH B EETT AMENH A D,
- T, AT OBHAREICE D  HAHE
AR LN EDOBER. BRUOZOWEEHS
DI BTN D B,

- EFEEOHNRERAZEOEZHRICE
I 5RE
I A B2 2 5B SR 18 < 7 4 —
T UVRAD—IERBERTH b, T OEENFIEIT
BORECEHFEEIcLvELET ST EHBEL
ORI DHSHICENTWS, EEBREE
B EHHE L2 EENT 2 1O OBEXBHET
BB, LirL. EFHIEZR LXE 2 X D5THE
SnfoEFFEE (RERTICL28E) oE

ZEEMCASOICLIARERIZEAEALN
AV

BT\ TEEEETEIC & B B RO I
WRITIC & 5 EHRERA T 5 T L HBET
570

BE28 HREE

RIEfICB VT, SETHROABPHES &5
HLUCHER b - SFEEOHIRERBEDR
AR 2 LR, 9, FAEOSV, &
TR ES BB LT ZDF R b
HEOMAIBHERE, ZOREDPTF A MY

EEAVT, e EES OB RETERE DR

W2 d 2 ENEEEEL ST,

W->T, RETRINSORIESEZEHL
BEIPMNETH 2HEITHEEEEEL. N HD
METEE » SRS L5, ARUIZE TR TN X
ez A 5 D/ELT, EFEE I ~HFT
ORAELEBFNEB LI TICRTEBD TH 5, =
RanBEREOFRRAFFER, B 578X
WD L ETH > 1o B, DIEEES. 4.
BLU D TRES 5 7 RREIZDVTOLKET
21T - 12 : ‘

BIEERE 1 AR A RS 5 2D D

MEREDHHE T« A7 VAR
REL 7 A RSB & O ERAm R
ORET— [58 5 E]

FEERE 1 T3, ERmZYEE2ERL. A
DS IFBETERE A IE X 5 SN « ERHASA
ERBEEZBR L. B2 5 78X CRIEORRE
KEHOT, UPEEF 4 X7 VA RRE, 7
Z b B3 & ORI S E 0 2 MRETd 5 <
LEHET B,

BETEH 1. B ERMEER. 2. BRR

2 —=VER, 3. BT R
B, 4. BRI EERRE

WIFEERE 2 B IR ERERE T X~ DR
(55 6 &1 '

DFEERE 2 T3, b b O RIERERE LI
ABIHIERELICAEREEZHAVT, 207
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2 b OHEETHIZ S M, EREM S L CHRERIEE
MERRET U, B/ IREFREE T X + 21T 5
lExEHET B,

MEEE 1. BRIRIEFEREET X b O¥5]
Z4ME EREREEE. 2. BN
FHEFHEAE T X b ORI Y
(kHf, FEOERSR). 3. B
FIFFETIEE LR E B o (F %M

DrEEERE 3 b - BEE (SEE) KB 58
NFIEFAERE O — R XTI &
B i SRR RE | A L 65~T8
DB EEE O R —
(5 7%]

PIZEE 3 T, B2 5 7 BREIC L 257
FIEHERET 2 L 2 - BEE @EBE) &n
EEIT L CER L, BHEE E 0 LB oBE
5. EEE ORI ORI R I & e
TEIEEENET Z, T2, HMFOBETH
¥ O R TR AR O SN B & O
BRI OME I > VT bRET 5o

RAEE 1. SHEOHHREITLLENE
| DEFEHE, 2. BlE L EEE

B B IRIETIEREO L, 3.
S O I SRR E [ 0
Mz |

DHERE 4 e BEEICB T SRR
REL AT & DBifR B L U E DEE
(% 8 %]

WIERRE A T3, B 5 7 RN X 5877
FHEFRERET X b A2rh - BEFICH L TEML.
I FIETIRERE & AT & OBAfR & . BRI
FRB L OEBREI OS> 5 BLBNHET L
ZOWELZHOHIZTE I EEENET B,

REHEE 1. 4 - SFEE O IRERELE

LERBNEZLOBBRBLUZD
= 2. b BEFOHIFEE
TERE L EBRA T & ORRB LU
T OHZE

DHEERES - BEFICB T 2 A IR

REDXIEEITIC L 2 B 2R
(35 9 %] :

WFFEEREE S TR, B 9 v RRIEIC L B/ /)
FEHEERE T % b Ah « EEE IO L TER Ly
BRI O RIERITIC & B EE R SR
Sz laENET B,

BEAEE 1. - BEZOBFEHEEE

DIKIERITIC & BB, 2.
th e BEZ OB NREFERED K
ERITIC & 2 HE IR OZ(LERS
£ U7 ORHHBIG

E3H HBEOER

AETIE, AFFRCBOTHOS NS ELH
EBLOMEASICOVWTERET 3,

[#71 (strength)]

S L CREST 2 0B TH 05, —
FRENC WV SN BN & RRRE N L - TH
Eaxhaioc Ltrsd EH - AFE, 1983),
APIFE T3, FIBEOHE M GREFNCIER LT,
T HBERMICIE U CINHE « EER K
BUCHESNZTIEERT %,

[FA%8E (coordination)]

WEREE, MEERPH 2N L CEFOE S
BRIt I OCLEEARET 2B X THY
(Henatsch and Langer, 1985). t t O{&F#]
BREIZ WO MR OBHIZNd 53~ b o —
WOREF R ST (LA, 1983), AW T
R BORIE & BRI FHEME & DRREER/NC
T3 HEROMITHT 27 v b o— Lok
L. Y7 3 == v ZDFER, BoNAIEMET
boTINS DR EeHET 5,
(#7138 %4E (coordinated exertion of force)]

AFFLTld. BERMEIIE U TIHE « iR %52
DRTEICHRIEEIN S/ ETEHROERMEE
DIRZEZBR/INT T B HRERDOERICN T 5 3 ¥ b
o — )V DRET] & B I FAERBRE L ER T B0
[Zk{E (demand value)] ‘

KPR TR, BEADEBIZEKRED 5 ~25%
HEFN LB T HIEZEEZH, Y~V >3
YEa—% (evay) OBEIES S TBE
CRED 2D/ Y5 — v 2FRRNT B, BT S
7 EmEORBE. £ Fn0.3Hz, 0.1Hz &



ERANS

GERERETT (pursuit ability)]) '
AR TiE EKE & RERHIME & DEED

w/NTTE 5 & O I IR ERE 2R 2 8877,
BLUBEL 7 -7 v b ORISR AR

2 L5 icHEFOEBTEHRLE A Bl T 2657

W09,

[Z44: (validity)]

ZHMEER, BIEL LS & T 5BH., 1 E
A & OEEIEICHIE LTV 5 IcBEd 3
TdH b (FAE, 1989), AWFETIE. HHIFRE
FEGEAETFRICHIEL TV ARE R &4, A
T, TR MT & - TR S A 28 &
ODEEFHEENTVS 2, THbE, DIFICR
THERICBN B0 T 2 + OEA L EEEC
F2BHOEE & BT 251272 & & 2
T (IRERERET 2 b)) L EEENTHA
EINc—EDERE (X KR—-F, BLUEHR
BIEF X b)) & OEBEE A BEEZLMED 2 >
DOERP O ZEEERET TS (JR, P —< R
and J. K.x vy v, 1999),

[ABERE GAREEOBN3ED]

R IFTETREERE 7 2 b DY BIZ 4 A #e a4
Bitcdic, BHODICHEREBENTVWS EEZ

SGNLHL L THREFHEFE (FEHED Z2&

RUto —RIC. BBFHOFEEI AR -V,
BioBEA R — v ESRELTB D, %
BITENTWA EEZ OND, WIFNb IR
DOEE) « AR —VEPSFELILET HETH -
Too BIRAMIZ. LITICRY 2B LD ik
kS icEECEVEARLE (B6E, 8
181, &6 —1—- 28K, AMFETIF. HE
REICHEEN B BE 2 (R BRHE L IFS
[E#R EEE0FLZED] .
AIROEEREE & FRkic, BIRERERE T
Z b OHBIZ L AR B cwic, S
FEREVL > TV B EEZIONEHL L TEE
FREEWARE (BER 2BR L, hEH
BLUELTIRT BB L R L T, KE0H&
PO NS S OHERRRERRE £ H L, M
BEEN L B EEZ ONB, BIKKEGR LS
BRTH -7 E6E, HIH, £6—1 -2
2, AR T, HEBREICE 2 B2 E#EH
LIRSS,

(Bt (2> o—LED]

BB 2 OHHIZA £ R T
B, MROKEREE. B X CREBH L
LT, EEEASTIEL D REY ., BELY I’

BN EELONITENRE L TERL, —

BB E LT, BATRAME S EIRRIC. FEREEL
DI3HD, BEHIDIEBIENHTHS
((E6ZE, HE18, £6—1—-28R), KK
Tld, HUE, BLEESIcEL T 53, MR
REICEND & dH 5 EdHrantv—KDZE
M e — B & FRSS,

[Z#ak: (reliability)]

EFittE. A—07 2 + %2 E—REHE—K

FRBICHEIEREL 72 & 2 ORIEBEO—BE T

s s (WA, 1989), AWFFEL TR, BHTIFE
ERAERET 2 2 EHIIERL 72 & & ORIEME
D—HEEZIT,

[HERSHM: (reliability between examiners)]
BRERMEEME . B2 2 RESE—HRE I

72 b ERT LB ORIEROZE, —5

EicBd aach s (A, 1989), A
Tl BITRERERE T 2 L % 2 LOBREHH
—WERE I I RETERE T R v 2 ER L 2
SOREBEO—BELS T,
[th « B4# (middle- and old-aged people)]
d e EEHED « BEYD ORAL (58E
FT) L T4 7Y A 7 VDORKRBETH 5,
AW E TN E LB & 230l TH KD
REHY, HREERUIC HRERRYZE U 7o el 2 thEE ] &

IR, TR bSEERIC B ET B LV B &

Z 60U % S & —fRIICEESS C EME W,
L L. HOEM TP S SEDOTEREN, HERERE T
DETESVBEAZNKEZ VO TH—IICE
WEIENTERY (EAER, 1990), KB
RTE B EEIALIBEDIB~T8HDLF &
BITRRESHEBRE LR E Lic, &> Ty A
FTE. ThODHRHEZRIL T, F - &iE
BLEERT 5, HL, HTEAERE3 BV
Tl 6oLl LAIR E LTH . LD
DI %S & —iINICIES E WS T EEE R
LT, the 5FEE CUF [EmE &S &
BUNCEE L. SEE LV HEBELHV 5,
(8508 (practice effect)]

AT TIE. BEic 1 B REREREE 48]



FHL. Iz 4R RIREEZREL 7,
THbb, HIREENTORIFETHERE T 2
b OREFITIC &L B HE ORRNTEZENTN
LG EMEIRBAONDE EEEL T,

BAE BIEORRE

AW Tl FEREE R 272D,
DRFE (assumption) P{E#ERE: (working
hypothesis) #MEE T 5, £/, HEDE
%, EAOR, KB (GIE) HEB LUK,
Wi Hat iR, E0#EEtIc L v ERO—
BALSEIBRE N 5, 8-> Ty REITIIAMIED
fEamadllRd 2 &2~ 5,

E1EH THCLIRE
AWFZe TR, SN - ERNSHORERE
CRET R b AER L. 704N, EEEE, B
UREBEBEORNEZHNET 2, b+ O

N ERRREE, BEREEZERL T, T0EK

fEic—89 % & 5 IcESIcBAS T 2RIl E %=
g & Otk U CTESRIEZBHE S 5 iRk —
FROMEERHE LTRET 5, 2% 0. /Bo5H
FoN 7 4 == v R ZERIE T FEEM & DR
ZBTb-T, b FOBMIREREELEL S
ns&Elis,

F2H AEHEBBLULERICIIRA
AL DR IR ERET X+ REAE, &
BHEAZE LI, VbW 3BT E AV ICER
E2ERET 2 TERORELRE B L UHHEEER
Ufco BARRNT I, BT E K O FEERD
ERARE 2T, keBXUORHEATRRICEL 330
~60M DEREZEHT ZTERD 7 2 b 26
L. BAEFRAELE LT, B 5 7 BLUCEE
DLFEEHD Y — v ERHA LI, WINbES
RAEEESHBREC3ES L2 EIERH L.
FONDREEE S > TEDANDEBIEKIE &
L. SHEE OMHETH 2 BITRAMEO 5 ~
25% DEIFH & —EDiH S TEE T 5 IEKFIEE
FERfEE LCHRA Lz, FHEERE LT, B
8 & Fh I FEHEME & DBERF. BLUORKEE
EBIR LT, TOEIBHNBEDF A TH-T
R EIEZ 50D EIREL 7o -
Ty KRR TESNIEREI. Th S ORIEHE

HBLUHFHEICLBHEZT 5,

3 WHEBREICLIRR

WEREE LT, BHOREAREORNERE S
BASST B 7o dic, EEIS— 894 A2 IR L
Too IRIT, FAIFEEEFIEERET 2 b 2T 5 7
Hic, BT OBBRE 2RI L2, 72
b YIS L CEBEE R 5 7o,
ERE S hERIFAE 284, — RS2, BLU
W R EE 207 BT & L TER L,
N6 IBFEMEREOEL 286NE2ET 5
LEZONBBETH 12, THDOL, KB
TSR EO BN 28, —FEFT v b —
VB, BRUBREMEREES IIMEBEEDS S
B GHRSEEIco VTR, FifioHEOER
EZR) & LTHilBshic, —iic, iSEs
RITABEOHEKRERZ Th 2 R0 k.
BLUOHMBEESENREFRLD bEEICH B
(Rabin, 1957 ; Oliver, 1958 ; Howe, 1959 ; ¥
28, 1976) LHMEINTVB, #->T. KB
FETRAIRD & 5 I HEREEDS I S it BT 5
SEAMM L, TOBBEMEREELEL LTE
EIRESEFWOEEEGRE L, T2, T
T — VBHUC & R RS 2 i, R
BETZENLENRE L, #BREIVTN
b7 — VBB TEDEEASZ Tz, D
F 0. 73— VEREONEIRE. HE O
R < KBRS X ORIE O AR T 2 & [E
iz, 7V 3 — VERATRTS THEHEE S % b ic
BEBEENED SN, K»>TL Ta—
DFBIC K » THEMEEDBERICE 5 SR
Nto 72 MOEFEMEBRETT 2 20, R
TR =W E & L TR L, -
=EE (G OFIFEREEORFHEEK
2w, BELSEBELL X U—RE
H60Z A WERE & L CEIR L., - 8FEED
BT REERE & AT & OB B L U T o=
ERRETS Ao, BREIS82% BN L7, dr e
ST OB IRERBREO ERITIC X 2 HE
RNR AR T B0 ic, BERESME10Z % E
RUTo BHRER., WRONEBLOER
DWVWTHEHRAEZT. BEEE /R, JE
BILURAEEIT-TWVW5, - T, H/IFET
BEET 2 b P T OMDFET] T X b DEHRIZB



Tld. RADTERBENC L BT 4 —< v AN
Bon., o, BERARECBV TR, EfEED
SVWEENESNIZSD LIS,

FAE HETBINEICKXBIRA

AKHFFE TR T ENOPFLEEEICB VT,
FNMEEZEZ ONBETHEZER L. BT %,
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Visual feedback
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Fig. 4-2. A schematic drawing of the system to measure the coordinated exertion of force.The subject was
instructed to exert their maximal grip strength two times before the coordinated exertion
of force test, and the greatest value was determined. The exerted value of grip strength was trans-
mitted to a personal computer (FUJITSU FMR-60LX) through an RS-232C output cable connected
to a hand-grip dynamometer with a strain-gauge (YAGAMI ED-D100R). The coordinated exertion
of force test was performed three times at one-minute intervals. Instructlons were given to stand
so that they could see the demand value on the monitor.
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Fig. 4-3. Bar chart display (100mmX 140mm) of demand
value. The left bar (A) shows the demand
value and the right bar (B) is the exertion
value of grip strength. The test was to fit
line B (exertion value of grip strength) to
line A (demand value), which varied in the
range of 5-25% of maximal grip strength
value. The length on the display is 50mm top
to bottom. Frequency of change in demand
value is 0.3 Hz. The test time was 40 sec.
for each trial. The ability to coordinate
exertion of force was calculated using the
data from 25 sec. of trial following the initial
15 sec. of this period.
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bFig. 4-4. Sinusoidal-wave display (100mm X 140mm) of

demand value. The thin line (A) shows the
demand value and the broken line (B) is
the exertion value of grip strength. The test
was to fit line B (exertion value of grip
strength) to line A (demand value), which
varied in the range of 5-26% of maximal
grip strength value. The length on the display
is 33mm top to bottom. Frequency of change
in demand value is 0.1 Hz. The test time
was 40 sec. for each trial. The ability to
coordinate exertion of force was calculated
using the data from 25 sec. of trial follow-
-ing the initial 15 sec. of this period.
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Fig. 4-b. Estimates of coordinated exertion of
force. Arrows show maximal differences
between demand and exertion value in

~each sampling interval. Shading shows
the total sum of differences between
demand and exertion values.
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Reliability coefficients of each variable by trial (N=6)
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Coordinated exertion of force 0.909 0.869 0.824 0.643
Subjective muscle sensation 0.922 0984 0945 0.739
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Fig. 4-6. Coordinated exertion of force of the de-
' mand value in wave form.
note) Sin-1: First trial in wave form.
Sin-2 . Second trial.
Sin-3 : Third trial.
Sin-4 . Forth trial.

Fig. 4-7. Subjective muscle sensation of the demand
value. ' :

note) SMS.:

40% :

50% :

Subjective muscle sensation.
F3.15=3.66, p<0.05, SMS-1<SMS-3
F;.15=36.46, p<0.01,

SMS-1, 2<SMS-3<SMS-4



&5z, JbAR (1991 3. WO B3R
FIOK 6 ~ T % OEIHE, HERI3#710% 0 #iFE
ThdEMRMELTWS, b L e FiiERIEE
LTINS DHEREN S, BAKHID 5 ~25%
OEFHDTEERES & 0 BEANICIEZ 2 HFTH 2
EEZ OB,

P& v, BEREREAIESID 5 ~25% D
B % X258 9 5 ERBTE (5 O I & Btie
HER T, BRI L TEMIcE T 2)
2RIV B, B/ IREIRAE R TS A5 L L
T, BERIE & IR & O LRI
L. ZOEZORM GREATD 5L OBAR
EDLLBAEEN LT,

EHE HHRERAREETETI-HOAE
: SREDHE—F 1 RTLAERTE. 7
Z MRS K CFEEBERI DT —

B1E #E

BB ORIE F. —EDOHNEEFITH T S
WA, BEVIEE (mxVvF-) ZDEN%E
BT AIDICERELEZONS, LL, &
By EE DT 1. ThAIT. FIERIICIT O &
RKEOEIEITEEST 5, 7 1 — Ky 7 FEH
EREINIZFROEFPHEFORBAFTE, O
HW B EEOBEDRELIC Z. HE R DH
BHe). T BB ERARENECES T
% (Henatsch and Langer, 1985),

HEEECBOWTRIERH I EHET 5 &
FBH T, CLABRKTOHEVDIKE
MICFERNICREBELELIPPEETDH S
(Halaney and Carey, 1989), 5t - T. &=ANH
HOFME L FRRIc, BIfER&FE IR TEH
HIRICRIE LIS 2 B DR ERARERE M4 5 C
LPERELELIOND, INE T, HHREHFE
o deARE S, 1981 ; kA, 1984 ;5 JEA, 1991).

AMTE, CEEHLVEFY ALY F—Va v

DETIE LTy F Y TEEDOHI (Carey, et
al, 1988 ; Halaneyand Carey,1989 ; Yamashita,
1990 ; Riviere and Thakor, 1996) Zlz BT,

b3Sy F v IEERO EEPTRIC X &0
FEREE ARG L S A LN B, L L,
BATOEKSF 2 b & LT IRERREEDH
MO DdDOBHEIRHFERA: SN E W
(Dustman, et al., 1984),

BIEE Tt FHEROKR., MR EHER
BERRARE I D30%REE OIEER R (B/IRIE)
Thtid, BETOHLE DL, AEERE
T BT E, BREIZRKIEID 5 ~25% DE
FNE LI EET 5 EEEEFH L, I
BELTRAEEBIUESRN GB4E, 5
3, F2HEBR) BEMTH B EMHL
Efl ot LUy WK ETFT+ A7 A KR
B, 7R NS B & OSBRI & O -
72 BRE S 5 2 b ERK O BIE R IR L W AR E I
HEHAFES PO E V7 X MEROMEICD
WTRTSEBRNBEEhTVEY, EBOF
Z M. WEREOHF. &7 R RE.
BEsn 5. BUIBRE, HiHoFABRKED
FAIVIRENRBETETEDLHH, Tl Th
5OERENSRRE NI E LTH, HEEDEE
M, REHD L oL ESERI RIS
5130, ,

AKETR, £ OBNREHEEEIRL S
R « ERNRANERBZHAR T 2 L L b,
ZDT 4 AT VAERRNE, BRINE TR M
¥ L OFHliE =32 C L 2B ET %,

B2E ik
B1E WEE
WeERE 1318~20i% (FE#p19.9E£1.685%) D5
FRFAEBIZ TH o Tce TNOLDHEBREDS S
74— K5y 7 25— VERB LU T 2 LB
ERRETT B o, TNTNIEB LU I ZOH

Table 5-1 Physical characteristics of subjects : Means (M) and standard deviations (SD) (N =84)

Variable M SD Range
Age (yr) 19.9 1.58 255 — 18.3
Height (cm) 171.2 4.92 183.0 — 158.0
Weight (kg) 63.1 8.00 91.0 — 450
Maximal Grip Strength 1 (N) 466.8 80.81 652.1 — 260.9
Maximal Grip Strength 2 (N) 461.9 84.63 643.3 — 2256
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Table b-2

Coordinated exertion of force for each display format in 5 sec. intervals for the 30-sec.

test (N =84)

Display Variable Sampling interval (sec.) Fs415  Multiple comparison
1 2 3 4 5 6 ’
(0-5) (5-10) (10-15)  (15-20)  (20-25)  (25-30)
Bar chart Total sum of differences
First trial m 192.31 115.98 112.52 102.04 106.30 102.15 90.36" 1>2,3,45,6
SD 58.60 63.52 72.90 62.10 65.64 68.03
Maximal difference
M 11.72 6.13 5.20 5.07 5.05 492 91.28" 12,3456 2>6
SD 4.59 3.61 2.76 2.59 2.50 2.46
Bar chart Total sum of differences
Second trial M 169.82 95.72 94.82 92.24 95.12 9323 236.09" 1>234,56
SD 59.06 65.14 68.78 68.92 67.79 72.84
Maximal difference
M 10.42 4.53 4.70 4.58 4.54 454 190.017 1>2,3.4,56
SD 1.94 2.43 2.59 2.78 2.37 2.73
Sinusoidal wave Total sum of differences
First trial M 24470 94.72 162.64 103.81 145.81 103.20 84.747 12,3456
SD 75.07 56.86 85.68 68.81 87.10 57.12 3,56>2,4,6
Maximal difference
M 9.17 4.70 6.34 4.92 5.76 4.66 4719 1>23456 5>2,6
SD 2.21 3.35 .2.88 3.14 2.69 2.19 3>2,4.6
Sinusoidal wave Total sum of differences
Second trial M 206.44 92.52 124.98 9748 - 121.85 112.55 70117 12,3456 652
SD 71.81 51.39 78.45 57.09 79.32 64.69 3,5>2,4
Maximal difference
M 8.53 4.31 5.26 4.25 4.93 5.04 58.08" 12,3456 3>24
SD 2.00 2.65 2.52 2.23 2.35 3.01

Note) The unit of the variable is %. Total sum of differences and maximal difference shown in Fig. 4-5.

"p<0.00625.

Table 5-3

Coordinated exertion of force for each display format in b sec. intervals for the 60-sec.

test (N=19)

Display Variable . Sampling interval (sec.) Fiies Multiple comparison
2 3 4 5 6 7 8 9 10 11 12
(0-5) (5-10) (10-15) (15-20) (20-25) (25-30) (30-35) (35-40) (40-45) (45-50) (50-55) (55-60)
Bar chart Total sum of differences
First trial M 183.01 7717 7482 7053 7314 7197 7303 7131 6824 6831 6522 7991 30367 1>2,34,56,7.8910,11,12
SD . 2690 30.76 2862 1941 2890 3508 1941 17.97 2753 16.86 1224 24.09
Maximal difference
M 1252. 392 363 350 . 375 351 420 354 510 352 385 355 25327 1>23456,789,10,11,12
SD 1.68 1.14 1.33 0.59 1.00 1.34 1.82 0.92 3.41 1.15 2.02 1.38 -
Bar chart Total sum of differences
Second trial M 15684 6019 6391 59.03 63.00 66868 5812 5542 5198 5562 57.66 5369 25937 1>2,345,6,7,8910,11,12
SD 2402 2081 2251 2339 2141 2710 1753 2121 1151 1587 18.02 1240
Maximal difference
M 12.04 385 296 328 413 356 336 296 296 288 369 290 4238" 1>2,34567891011,12
SD 193 182 1.07 112 2.03 1.11 060 098 073 058 205 095
Sinusoidal wave Total sum of differences
First trial M 21636 7575 7464 10538 6591 9044 54956 8655 56.00 72.30 60.57 8354 27787 1>2,3,4586,7,8,9,10,11,12
) 5432 2360 1675 23.28 1844 27.07 20.38 39.34 1745 2871 17.56 27.97 4>57,9,11
Maximal difference
M 977 352 452 388 317 319 269 333 252 257 284 316 20537 1>23456,78910,11,12
. SD 220 050 186 108 088 085 104 139 094 084 1.01 0.85 3>7.9,10
Sinusoidal wave Total sum of differences
Second trial M 22088 6867 6076 83.89 6859 8360 5377 8091 5352 7130 5384 9657 24.33" 1>23456,78910,11,12
SD 52.77 2761 1521 2570 2523 2957 28.70 2298 8.53 30.73 2634 58.57
Maximal difference
M 1020 3.03 284 331 3.31 306 340 345 264 288 358 528 8.73" 1>2,3,4,56,7,89,10,11,12
SD 219 111 071 065 128 108 275 148 034 123 361 521
Note) The unit of the variable is %. Total sum of differences and maximal difference shown in Fig. 4-5.

'p<0.00625.
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Table 5-4 - )
Coordinated exertion of force for each display format-and feedback scale by trial for the 30-sec. test (N =11)

Scale - Display Variable Trial 3F 1010 °F 110 iIcC
1 2

Actual force scale Bar chart _ Total sum of differences

} M 441.64 347.01 12177 21.00" 0.92
SD 13520 112.30

Maximal difference

M 6.66 4.69 1.11 - 6.98 0.09
SD 2.07 1.59

Sinusoidal wave  Total sum of differences :
M 46075 45717 .  2510% 0.06 0.96

SD 125.84 132.49
Maximal difference

M 6.32 567 11.84" 2.18 0.92
SD 2.62 2.62

Relative force scale  Bar chart Total sum of differences
M 401.23 357.34 9.19" 5.45 0.89

SD 112,90  83.97
Maximal difference

M 6.26 6.20 1.03 0.00 0.03
. SD 1.63 1.87
Sinusoidal wave  Total sum of differences
M 435.20 407.79 4.02 1.28 0.75

SD 106.79 69.44
 Maximal difference
M 6.12 6.31 1.53 0.03 0.35
SD 323 240

Note) The unit of the variable is %. Total sum of differences and maximal difference shown in Fig. 4-b.
"p<0.00625.
*F: Factor A (subject) =mean square (MS.)/error mean square (MS.).
®F: Factor B (trial) =mean square (MS,)/MS..
ICC : Intraclass correlation coefficient. ICC=(MS, - MS,) /MS.=1- MS,/MS.. T

Table 5-5

Coordinated exertion of force for each display format by trial for the 30-sec. and 60-sec. test (N =9)
Time Display Variable Trial Fes °F g ICC
1 2 »
30 sec. Bar chart Total sum of differences
' M 43561 344.01 13.19" 15.19" 0.92
SD 141.58 123.41 . .
Maximal difference
M 6.84 473 0.98 5.40 -0.02
SD 1.98 1.84 '
Sinusoidal wave Total sum of differences
M 439.44 436.53 24.89% 0.03 0.96
SD 124.03 120.09
Maximal difference
M 570 524 12.35" 143 0.92
SD 2.31 1.88
60 sec. Bar chart Total sum of differences
M 784.65 64530 9.05" 15.26" 0.89

SD 196.44 137.72
Maximal difference

M 6.49 5.77 1.43 0.49 0.30
SD 2.67 213
Sinusoidal wave Total sum of differences
M 826.01 775.44 3.89 1.00 0.74

‘ SD 155.51" 178.65
Maximal difference i
- M 5.25 7.88 2.28 3.85 0.56
SD 1.35 497

Note) The unit of the variable is %. Total sum of differences and maximal difference shown in Fig. 4-5.:
1 .
p<0.00625.
*F: Factor A (subject) =mean square (MS.)/error mean square (MS,).
®F: Factor B (trial) =mean square (MS.)/MS..
ICC : Intraclass correlation coefficient. ICC=(MS, - MS,)/MS.=1 - MS,/MS..

—30—



Table 5-6

Coordinated exertion of force for each display format by trial for the 30-sec. test (N =84) -

Display Variable Trial F s383 °F 13 iCC
' 1 2
Bar chart Total sum of differences
M 42824 34865 10.48" 93.717 0.91
SD 136.55 118.11
Maximal difference
M 6.04 521 1.69" 9.17" 0.41
SD 222 1.91
Sinusoidal wave Total sum of differences
M 519.90 460.36 7.567 20.59" 0.87
SD 192.42 157.68 ‘
Maximal difference :
M 7.34  6.30 2.40" 8.917 0.58
"~ SD 3.31 '

2.58

Note) The unit of the variable is %. Total sum of differences and maximal difference shown in Fig. 4-b.

"<0.0125.

*F: Factor A (subject) =mean square (MS.,)/error mean square (MS,).

®F: Factor B (trial) =mean square (MS,)/MS..

ICC : Intraclass correlation coefficient. ICC=(MS. - MS,)/MS.=1- MS,/MS..
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Table 6-1-1 Physical characteristics of subjects
Group Variable M  SD Range
Physical fitness  Age (yr.) 23.0 1.67 274 — 193
(N=28) Height (cm) 170.6 5.57 178.2 — 157.8
Weight (kg) 67.3 8.10 91.0 — 540
Maximal Grip Strength 1 (N) 498.8 89.08 635.0 — 313.6
Maximal Grip Strength 2 (N) 498.8 93.20 642.9 — 290.1
Maximal Grip Strength 3 (N) 487.1 93.49 641.9 — 272.4
Normal Age (yr.) 19.6 0.64 212 — 185
(N=32) Height (cm) 170.8 4.82 182.2 — 160.0
Weight (kg) 60.7 8.83 83.0 — 450
Maximal Grip Strength 1 (N)  430.2 69.97 609.6 — 269.5
Maximal Grip Strength 2 (N) 425.3 . 70.36 564.5 — 2558
Maximal Grip Strength 3 (N). 434.1 65.66 618.4 — 3224
Mentally retarded Age (yr.) 17.2 1.03 202 — 157
(N=29) Height (cm) 154.2 10.55 1755 — 124.5
Weight (kg) 48.7 7.16 - 60.8— 376
Maximal Grip Strength 1 (N)  289.1 96.43 4547 — 941
Maximal Grip Strength 2 (N)  290.1 95.06 4479 — 106.8
Alcohol drinking  Age (yr.) 242 1.22 275 — 225
(N=11) Height (cm) 172.9 3.55 178.2 — 165.4
‘ Weight (kg) 70.1 8.66 91.0 — 59.0
Maximal Grip Strength 1 (N) 547.8 76.83 642.9 — 387.1
Maximal Grip Strength 2 (N) 537.0 77.03 641.9 — 397.9

Table 6-1-2 Comparison between means of each group for maximal grip strength

Trial Group F-value  Multiple comparison
SG NG 1G

First trial 498.8 430.2 289.1 43.70* SG>NG>IG

Second ftrial 498.8 425.3 290.1 41.60* - SG>NG>IG

Note) SG : physical fitness (superior) group, NG : normal group, IG : mental retarded (imperior)

group. *p<0.05.
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Table 6-1-3
Comparison between means of each variable before and after alcohol drinking (N =11)
Before ‘After
Variable M SD M SD t-value
Maximam blood pressure (mmHg) 123.4 11.44 130.4 14.71 1.73
Minimam blood pressure (mmHg) 65.5 12.77 66.1 17.57 0.11
Arterial pulse rate (pulse/min) 74.9 10.40 96.8 18.40 510~
Jumping reaction time (msec.) 290.1 31.13 348.0 38.76 5.90 *
58.21 13.2 13.13 427 *

One-leg beam balance (sec.) 93.6

Note) *p<0.05
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Table 6-1-4
Reliability between examiners of coordinated exertion of force tests by trial (N =26)
Display Trial RR Confidence limit of RR
First Second Third
Bar chart 0.647* 0.617* 0.733* 0.669* 0.557=RR=0.756
Wave ; 0.747* 0.699*  0.716* 0.721* 0.680=RR=0.758

Note) RR : mean correlation coefficient. There is no significant difference between RR of bar chart and
wave display. "p<0.05

Bar chart
HSG mOIG ENG br=0.931 (SG VS IG)
br=0.631 (NG VS IG)

s

760 880 1000 1120 1240

Wave

br=0.772 (SG VS IG)

= "

160 280 400 520 640 760 880 1000 1120 1240

Fig. 6-1-1 Frequency distribution between SG and IG, and NG and |G for bar chart and wave display.
br : biserial correlation




ATable 6-1-b Coordinated exertion of force between each group

: Display Group M SD -Max Min "~ F-value f-value
Bar chart IG - 7235 267.05 1270.0 190.5
SG - 285.5 73.27 460.1 160.2 13.27* 8.36*
Wave IG 654.8 224.07 1078.6 177.4
SG 350.0  76.32 472.5 168.6 8.61* 6.80*
Bar chart IG 723.5  267.05 1270.0 190.5
‘ NG 4791 138.31 767.8 277.8 3.74*

4.34*

Note) The unit of the variable is %. IG, SG, NG shown in Table 6-1-2. *p<0.05

Table 6-1-6 Coordinated exertion of force between before and after alcohol drinking (N =11)

Display Group M SD Max Min t-value

Bar chart Control 272.6 58.66 340.9 164.6
Alcohol drinking 371.8 85.46 5426 206.0 4,78

Wave Control 294 1 80.22 429.2 165.1
Alcohol drinking 4112  110.47 579.4 189.0 4.01*

Note) The unit of the variable is %. *p<0.05
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Table 6-2-2 Reliability coefficients of pursuit rotor and pegboard tests (N =48)

Test Trial Far04 F2,94‘° , Multiple Icc®
i 1 2 3 Comparison
Pursuit rotor (sec.) ‘
M 33.3 37.0 39.4 87.91** 90.09** 1<2<3 0.99
SD 124 12.4 12.4 .
Pegboard
Right hand ‘
M 16.4 17.9 18.3 4.26** 33.16* 1<23 0.77
SD 1.7 1.5 1.8
Left hand N
M 15.2 16.0 16.7  3.59** 22.08** 1<2<3 0.72
SD 1.5 1.4 1.6
Both hands
M 13.3 13.8 140 3.38* 6.99** 1<2.3 0.70
SD 1.5 13 1.3
Total
M 449 47.7 49.00 8.07** 49.90** 1<2<3 0.88
SD 37 3.5 41
Assembly '

M 40.8 44 .1 453 6.45* 23.59" 1<23 0.84
SD 6.0 5.3 54

Note) **p<0.01 ' .
*Fvalue of factor A (subject) =within-subject mean square (MS.)/error mean square (MS,).
®Fvalue of factor B (trial) =between trial mean square (MS.)/MS..
°ICC : intraclass correlation coefficient ; ICC= (MS, - MS,) /MS,=1-MS,/MS..
MS.= (Trial sum of squares (SS.) +error sum of squares (SS.))/(df,+df.)).

Table 6-2-3 Coordinated exertion of force for each display format by trial (N =48)

Display Trial Fieir Faed Multiple Icc®
1 2 3 Comparison
-~ Bar Chart
M 406.7 407.6 400.4 4.54* 0.15 0.78

SD 113.7 1045 90.8
Sinusoidal Wave ;
M 4728 4431 399.3 8.33* 21.24** 1>2>3 0.88
SD 1159 1034 88.2

Note) **p<0.01
*Fvalue of factor A (subject) =within-subject mean square (MS.,)/error mean-square (MS,).
*F value of factor B (trial) =between trial mean square (MS.)/MS..
°|CC : intraclass correlation coefficient ; ICC=(MS, - MS.) /MS.=1-MS,/MS..
MS.= (Trial sum of squares (SS.) +error sum of squares (SS.))/(df,+df.).
The total sum of the differences (%) between the demand value and the grip strength was
used as the variable, and accordingly, the unit of the variable is %.

Table 6-2-4 ' ~
Relationships between coordinated exertion of force and nervous function tests (N =48)
Test M SD re re
“Pursuit rotor (sec.) 366 123 -0.34* -0.04
Pegborad '
Right hand 17.5 1.4 -0.14 -0.08
Left hand 16.0 1.2 -0.35* -0.22
Both hands 13.7 11 -0.27 -0.22°
Total 47.2 3.4 -0.27 -0.19
Assembly 43.4 49 -0.25 -0.15 -
Coordinated exertion of force ( %) .
Bar Chart 404.0 84.6

Sinusoidal Wave 421.2 90.2 0.49**

Note) *p<0.05, **p<0.01 )
¢y : Pearson product moment correlations between bar chart and each test.
®r: Pearson product moment correlations between sinusoidal wave and each test.
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Variable Males (n=15) Females (n=15) Total (N=30)
M SD M SD M SD
Age (yrs.) 210 1.46 21.0 1.39 21.0 1.40
Height (cm) 1747 4.66 1614 3.98 168.0 8.00
Weight (kg) 69.0 5.16 559 532 62.5 8.40
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Table 6-3-2 Coordinated exertion of force for each display format by trial (N =30)

‘Display Trial F o 56" Fj s IcC
1st 2nd 3rd
Bar chart _
M 43475 417.01 409.23 8.20** 2.04 0.87
SD 93.04 94.55 89.70
Wave -
M 487.76 455.49 443.56 24.18** 4.50* 0.95
SD 176.89 159.13 186.24
Note) **p<0.01, *p<0.05

°F: F-value of factor A (subject) =within-subject mean square (MS.)/error mean square (MS,).
®F: F-value of factor B (trial) =between-trial mean square (MS,)/MS..

ICC : intraclass correlation coefficient. ICC=(MS, - MS,) /MS.=1- MS./MS..

MS.= (Trial sum of squares (SS.)+error sum of squares (SS.))/(df,+df.)

The total sum of the differences (%) between the demand value and the grip strength was used
as the variable, and accordingly, the unit of the variable is %.
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95%  limits of agreement are also
presented on the plot.

Table 6-3-3 Coordinated exertion of force for each display format by day (N =30)

Dlsplay Day F29’ 293 F1, ng ICC
1st 2nd
Bar chart

Trial 1 .
M 43475 349.68 3.98* 33.20** 0.33
SD 93.04 68.40

Trial 2
M 417.01 384.59 3.15** 4.11 0.65
SD 9455 83.39

Trial 3
M 409.23 367.15 2.50** 7.36* 0.51
SD 89.70 67.61

Average
M 413.12 375.87 4.56** 10.05** 0.71
SD 84.29 66.43

Wave

Trial 1
M 487.76 361.73 3.39** 24.42% 0.48
SD 176.89 107.44

Trial 2
M 45549 356.92 6.83** 24.34** 0.74
SD 159.13 146.88

Trial 3
M 443.56 347.88 5.28** 18.62** 0.70
SD 186.24 107.69

Average ‘
M 44953 352.40 8.19** 29.94** 0.76
SD 168.16 123.16

Note) **p<0.01, *p<0.05

°F . F-value of factor A (subject) =within-subject mean square (MS.) /error mean square (MS,).
®F: F-value of factor B (trial) =between-trial mean square (MS.)/MS..

ICC : intraclass correlation coefficient. ICC=(MS, - MS.) /MS.=1- MS./MS..

MS.= (Trial sum of squares (SS.) +error sum of squares (SS,)/(df,+df.)

The total sum of the differences (%) between the demand value and the grip strength was used
as the variable, and accordingly, the unit of the variable is %.

Average is between the second and third trials.
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data. The individual's mean differences
between two days are plotted against
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three trials of the two days. The mean
line (M) and random error lines
(x1.96 SD) forming the 95% limits of
agreement are also presented on the
plot.
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Table 7-1 Physical characteristics of subjects (N =30)

Variable Men Women
Younger Elderly Younger Elderly
M SD M SD M SD M SD
Age (yr) 19.9 0.78 70.7 2.35 20.5 1.55 69.6 3.14
Height (cm) 1717 469 161.0 554 1611 4.09 1496 4.32
Weight (kg) 63.2 4.83 541 8.21 53.8 4.40 505 7.23

Maximal grip strength (kg) 48.8 6.64

35.2 4.52 31.2 4.65 24.4 3.85
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Fig. 7-1. Coordinated exertion of force of the elder-
ly men (H) and younger men ([1).
[*The mean for the elderly men was sig-
nificantly greater than that for the younger
men (p<0.05). t : The mean for the first
trial was significantly greater than that
for the second and third trials, and the
mean for the second was significantly
greater than that for the third trial (p<
0.05). The results of elderly and younger
women were omitted from the illustration
because they were identical to the results

0.05)0 e O fih 77 R FERE T E E D 53 6L of men.]
Table 7-2 Coordinate exertion of force for each group by trial
Group Trial F. Fo Iy
1 2
Elderly men
M © 868.9 791.5 720.5 12.89** 12.33** 0.92
SD 290.21 26547 211.85
Elderly women )
M 1021.4 935.6 871.9 6.75* 8.07* 0.85
SD 26435 26572 206.15
Younger men
M 578.2 550.1 560.6 3.24* 0.85 0.69
SD 115.06 96.14 122.13
Younger women
M 582.9 527.2 523.6 9.02** 4.93* 0.89
174.31

SD 172.18 118.37

Note) The unit of the variable is %.

F.: Factor A (subject) =mean square (MS.)/error mean square (MS,).

F: : Factor B (trial) =mean square (MS,)/MS..

r« - Reliability coefficient. ro=(MS, - MS,) /MS,=1- MS,/MS.. **p<0.01
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Fig. 7-2. Coordinated exertion of force of the elder-
ly men () and women ([1). [The
mean for the elderly men was significantly
smaler than that for the elderly women
(p<0.05). The mean for the first trial
was significantly greater than those for
the second and third trials, and the mean
for the second was significantly greater
than that for the third trial (p<0.05).]
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Table 8-1 Means and standard deviations for 11 physical fitness-test variables and coordinated exertion of force

Men Women
(n=41) (n=41)
(unit) ~ Element Mean SD Mean SD t-value
1.:Grip strength (kg) strength 364 528 248 469 1051 *
2. Shoulder arm strength [pull] (kg) strength : 217 6.70 13.8 3.64 6.64 **
3. Shoulder arm strength [push] (kg) strength 225 6.46 146 4.87 6.28 **
4. Vertical jump ' (cm) strength 319 745 235 646 546 *
5. Foot balance with eyes open (sec) balance 87.4 38.59 595 4365 3.07 **
6. Whole body reaction time (msec) agility 451.1 144.93 509.2 170.96 1.66
7. Tapping with finger (times) agility ’ 56.4 7.29 546 6.13 1.20
8. Stepping with foot (times) agility 453 946 39.2 .8.76 3.03 **
9. Trunk flexion (cm) flexibility - 1.4 8.07 96 6.96 496 *
10. Trunk rotation (degree) flexibility 104.7 17.28 100.3 19.41 1.08
11. Vital capacity (ml)  lung function 3323.4 698.72  2390.5 45065 7.18 **
12. Coordinated exertion of force (%-sec) coordination 726.8 204.29 853.8 222.77 2.69 **

Note) t-value : sex difference, **p<0.01’, “p<0.0b

Table 8-2 Correlation coefficients and partial age-controlled correlation coefficients between variables
estimating coordinated exertion of force and physical fitness tests in men and women

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 pr
1 Grip strength 0.493 ™ 0.211 0.292 0.098 -0.060 0.178 0.051 0.242 0.160 0.270 -0.411 * | -0.168 -0.381 %
2 Shoulder arm strength [pull] 0.380 * 0.426 ** 0.242 -0.091 -0.239 0.094 0.315* | 0.149 -0.025 | 0.322* | -0.285 -0.263 -0.212
3 Shoulder arm strength [push] 0.308 0.465 ** 0.307 -0.052 -0.312*  0.259 0363 * | 0.158 -0.124 0.226 -0.068 -0.117 -0.028
4 Vertical jump 0.321* 0174 0.166 0.239 -0.141 0.165 0.165 0.092 0.303 0.280 -0.276 -0.391* | -0.160
5 Foot balance with eyes open 0.111 -0.115 0.112 0.436 ** -0.286 0.134 0.297 0.048 0.256 -0.160 -0.027 -0.086 0.005
6 Whole body reaction time -0.027 -0.030 -0.041 -0.402 ** | -0.121 -0.271 -0.523 ** [ -0.229 -0.058 0.004 0.153 -0.049 0.183
7 Tapping with finger 0420 * 0.247 0.266 0.270 0.186 -0.241 0.093 0.223 0.106 0.347 * | -0.117 -0.228 -0.040
8 Stepping with foot -0.003 0.237 0.205 0.328 * | 0.170 -0.259 0.468 ** 0.268 -0.002 -0.108 -0.046 0.169 -0.115
9 Trunk flexion 0.017 -0.215 -0.143 0176 0.007 -0.320 ¥ 0.025 0.123 0.267 0.080 -0.001 0.301 -0.122
10 Trunk rotation 0.223 0.054 0.040 0.582 **| 0.350* -0.452* 0.234 0374 * | 0.259 0.133 -0.180 0.056 -0.215
11 Vitat capacity 0.454 ** 0.315* 0.266 0.210 -0.139 -0.201 0.524 **  0.471**| 0.168 0.200 -0.133 -0.408 **| 0.015
12 Coordi exertion of force -0.302 -0.082 -0.135 -0.070 0.084 0.099 0.057 0.028 0.020 -0.007 -0.145 0.356 *
13 age -0.495 ** -0.406 ** -0.104 -0.317 * | -0.169 0.294 -0.289 0.022 0.046 -0.319 * | -0.136 0.020
pr -0.337 *  -0.081 -0.134 -0.067 0.089 0.098 0.065 0.025 0.020 -0.001 -0.144

Note) left : correlation in men, right : correlation in women, pr : partial age-controlled correlation coefficients between
variables estimating coordinated exertion of force and physical fitness tests. **p<0.01, *p<0.0b
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Fig. 9-1. Practice effect by bar chart display
(two or three times per week, three weeks)
Note) Bar-1: Pre-training. ’
Bar-4 : after three weeks.
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Fig. 9-2. Change-ratio of coordinated exertion of
force by repeated trial

Table 9-1 Relationship between measurement value
(Spearman's rank order correlation coefficient)

Bar-1 Bar-2 Bar-3 Bar-4

Bar-1 1.00
Bar-2 0.73 * 1.00
Bar-3 078 * 0.89 ** 1.00

Bar-4 0.58 0.83 ** 079 * 1.00

note) **p<0.01, *p<0.05
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Fig. 9-3. Inter individual variation by bar chart
display (one time per week, three weeks)
Note) Bar-1: Pre-training.
Bar-4 : after three weeks.
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Coordinated exertion of force in healthy middle- and
old-aged people |

—Examination based on submaximal grip exertion pursuit ability to demand value—

Yoshinori Nagasawa
(Research and Education Center For Comprehensive Science)

Abstract

The purposes of this study were firstly to develop a rational and practical apparatus to estimate the
coordinated exertion of force and to prepare test methods, and secondly to clarify the relationship between
physical fitness and the characteristics of the coordinated exertion of force in healthy middle and old-aged
people, which was derived from a comparison of their performance with fhose of healthy younger people
as well as from the viewpoint of sex differences. Various measurements were taken from 298 healthy
- younger people aged 18 to 28 years, 29 light nervous function disorder people aged 16 to 20 years, and 152
healthy middle and old-aged people aged 38 to 78 years to inspect research assignments and hypothesis in
this study. A highly multipurpose apparatus to estimate the coordinated exertion of force based on target
pursuit using grip exertion was devised for the measurement and estimation methods. A coordinafed
exertion of force test to analyze quantitatively characteristics of coordinated exertion of force in healthy
middle and old-aged people was developed. It was inferred that ability measured by the coordinated
exertion of force test differs from that measured by general physical fitness tests based on the exertion

of maximal ability.



