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The purpose of this study was to investigate whether the action observation changes
the learner’s leg stiffness, representing mechanical state of global leg spring, during drop
jump (DJ) and whether the process to observe the learner’s and model’s movement is
effective method. We used the drop jump as trial movement, since its performance is
influenced by the change in leg stiffness. 21 subjects we employed were divided into 3
groups (GPs) according to the observation type-GP1: observation of both the model’s
and their own DJ; GP2: observation of only the model’s DJ; GP3: no observation with
rest. The subjects performed DJ pre and post observation. Leg stiffness was estimated
using the leg length (240 fps) and vertical ground reaction force (Fz) (2000 Hz) during
stance phase and compared between pre- and post-tests in each group. In GP1, kinetic
(the leg stiffness and maximum value of Fz) and kinematic (i.e., contact duration and
change in leg compression) parameters in posttest were significantly higher and lesser
than that in pretest, respectively. The results indicate that the leg stiffness is increased
by the action observation and thus the observation procedure is effective to enhance
the DJ skill that utilizes the external force. Further, the results suggest that observing
learner’s own and model’s movements is to enhance the effect of action observation.

Keywords: action observation (BiZ%H#B)%#) | self- and model’s movement (H Cli
B & E)) | improvement of motor skill GEEFEEDIA L) | drop jumping (F & v
7V % »7) | leg stiffness modulation (MR 7 1 7 & A FfHi)
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Effect of Observation of Learner’s and Model’s Move-
ments on Acquisition of the Learner’s Motor Skill
to Utilize External Force, by Takayuki Koikel)2),
Yoshimasa Inukail), and Norimasa Yamadal)
(1) Laboratory of Human Movement Science, Grad-
uate School of Education, Hokkaido University,
2) Satellite Venture Business Laboratory, Muroran
Institute Technology).
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Bed B \VITREBRICE T 2 —dosf] LHH L.
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L2 BIOVTHIA LAEMErISHH L. 2
LB 7 2B B ME DT 9 LB D BIZE D
BHEOBFHAELE IS 2 2 R~NOHFFOI N
Thr9H. TOHFEOREZ, HVDF5%e bD
Tu—7 = (44, 45 B) LSS 5, B
AT ) WB O BILR; & B B S A L) 2175
IERT A3 9 — 2 a—u VSRR E N0
T % (Rizzolatti et al., 1996a, b; Gallese et al.,
1996; Decety et al., 1997; Buccino et al., 2004).
Oz a—1 VIR, BI%E L 72 E) o =X A
T& 594 (Rizzolatti et al., 2001) %, T
HZLEHNICEHZHETH L, TOEMELTT
9 BRI T % B & REIF O = 2 —1 >
WL YR AFET B LA LN TS (lacoboni
et al., 1999; Buccino et al., 2004). TD X 7% 3
T —Za—0 rOEBOBIGEIR & ETRIZILET 5
WHOWE 2K, BHFBRONIEAHIEI T —
Za— 1 Y OFENC &) BIEEREEDER S NS
2L, ZL A OB TUHELBRED B R K
LHBETWEIELIEEEZ TS,

Z OBIERBFH O T, B, F—
R—=FD¥ v ¥ 7NHFDEE (Heyes & Foster,
2002; Kelly et al., 2003; Osman et al., 2005) R35
EENTZEMIZZAA v F 25 EBHOS 4 I V7D
#EHH (Badets et al., 2006) % E23H 5. FEOMIZ
b, BRI X B3R ERE)E (Breslin et al., 2005) %
THIZE2H Yy —DF v Z7EEICBIT 2B HO
oW (Horn et al., 2005), & SICHIREIER:
DM OEEDHHF (Breslin et al., 2006) 7 &,
JReER DB EL D BAH % RN IS VT Bl S & 5 MR 72 B
Yt C O BISHERSE 2 L D EEE RIS S,
BH OB X ITESVWTWS, 7, EB%ETE
Rl TH 5BEHHRIESNLHROM (KR)
TEEHENETE T, EEBBEOAZTDEGE
TY, EEFOEBIRROUZLEDO LN T VD
(Horn et al., 2005). TN HARIE, FhEhoHE
BB HAN BB P IC RTINS
MicX->T, HEOEHFREL LTHFEINLIL
ERLTWAE, —HThLW S GEREFOFEITHIZ
EZHEANMEHT 25 FATH OBWEI R E S
5. ZOHNINIETIOMIZ, BIRIER -V OER
RRES, F—FK— FRHAIOR S 74 B OX)
LY ORELEE, BHEIKET 2188 oh
B, L7ehoT, HAxZI0 L) Ry hspEyic
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EFBHITHIE LoD, HINE §5E8) %2 & 1T L
MR bRv, L Ladss, ERICBIZEE)
B LA BT 2 BB OB R & M L 7o
7E1& Mattar & Gribble (2005) DDA TH 5.
Woix, FREOLEO) —F 7 (BIL) &
BRI BRI i lex =29 vy A (AHI%
AEEHE) A S FA L2 X ) L E N5 BB LR
A, B OEEERED FIEBREZBIETH L TH
FUEWELEEMEIE S NS 2 & 2l L7
COWETIE, AN ERERERLTERNTH
LLARLTWVEY, ZO—JT, N3 EE)
TA—RVARMESELENTHH L. EEH
(Farley & Gonzalez, 1996; Seyfarth et al., 2002)
R PRIEEE) (Seyfarth et al., 1999) % & Ti&, ®w
TR By AL DOMEFF R BUIEIIAE % 15 2 720 15 il 21
SRIVER 3 2 52 & LCTHAT 2 0%
Bhbizw, ZONIEFMT LEEFEEOEE D
H"ETHS. LoL, BEEHFEZE L7220
BIR AR D BB R W H IOV TIIRIE S LTV,
Z0LO BT EET 7201013, Wizt
W RN IG T BB R IRBIC S L L ENDH D, D
0, BRI 200K E SITHHUTRERT)
SR ZMRRE ST ) & & TH IR S Bk
B oWIE e S, EHBEITEURICSEDLD
THb. ZOMENC L > TEIT B FIEOTIFI
RIBIZHT 2% OMEOHR TR D i 51 % 15
5, W E —ARONKIBIRZ DA DS &R §
WATF 147+ ATH5 (Blickhan, 1989; McMahon
& Cheng, 1990). ZOMZA T 4 7 % A3AEMBEIC
HIRIVER L7220 oK & S 2816 & TR O
EBZHE S WE S O S ZELOMIZERIZ L 5
THENS., SHLTTONFRIIEHBED FHRE
D RO MoOFREcRS N, Fko
INAARHFEIIN T T BRI DR E S T2
LT ENMLNTVS., HHIREICBIT % EHo
Jixd oty £ BE DI T B T O IS By OIS & D
2 % O T RAHOWGENIWROZEIEHEL,
FRIIZAT A 7ARHEEST D, AT 474
DOZEACIFEE N7 + —< P AL HELTBY, #
213, EHME (Farley & Gonzalez, 1996; Heise &
Martin, 1998; Dalleau et al., 1998; Arampatiz et
al., 1999; Kuitunen et al., 2002; Seyfarth et al.,
2002) R ZFOHHH Y ¥ T O 1 BB 72 ) OBk
M D~ —Z (Farley et al., 1991; Farley et al.,
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1998; Farley & Morgenroth, 1999), & HIZiZH2%
LRCFEY, HEICRY L3588 THS Fay 7
T VT ORI G ENRER T — R A L0
N7+ —< ¥ A (Gollhofer & Kyrolatinen, 1991;
Arampatzis et al., 2001; Horita et al., 2002) {Z5%
BILIEBHMONTVS.

KOy 7Yy v T3 E b — R OB % v
PR TIT) S &SRO N L 70, T
HHEHEOBMT B %2 /NS < S8, BEsfEREoR
HioMETEEHZ K& < L, Sk 2@ m S
BRI R o%w. 2% ), HROMHE(LE i
NI SERDS, TRW#ERS 225 2
VB33 % (Bobbert et al., 1987). 2O Z &I
AT A4 TARAEFBORITINE, BT+ —< VA
PRONLWT L 2RIRS 5. ZOMEBFH - B )
RO R i D B ST T B I A D i o R S & L%
BANRICHIZ 20T, Fay 7YYy 737544
ANV v s == F GEREH OB —BRIE~O
B CHET 2 EEW O & B R 2 & 5
FEVEIDURE D D Bedo O A3 ORGSR & Hie—
ROT 4 — Ny ZEEERL 7 4 — F7+—7— K|
B2 X DTN DT, BLERNROH R TZ D
B2 R KBRICHEPEL L) ICTA N L—=07)
D1IEAELTH|ALENATVE. —HTELD
KOy TY% sy TOAT 4 7 3 A & L7AF
ZEH B Y, B TIEEE D 5 OEEIC X 5 Bk
PR DB IR IIB LT AT 4 7 2 AHEAL
T 5#HEDH S (Arampatzis et al., 2001) . F 7z,
AT A4 T A ADZALHHAFERICE Y 3> Fu—
JVE 1 (Gollhofer & Kyrolatinen, 1991; Horita et
al., 2002), 4§12 OHIEILH; 75 HHT OF i iG B
R ) oY ORFEI O EE )T L
V) i (Nielsen et al., 1994; Arampatzis et al.,
2001; Horita et al., 2002) 2% %. Z DOHiHIZ A
T4 7 AADBECHE SRR THL L &
RET L. HEROMBY, AT 4 7 A ADEALIE T
R8I o JeE il AT B IE U7 TR D2 bR B AR
DOEMICEMEINE DT, HETHRETE L2820
ZACITRRIICA T 4 7 A ADQZALIT SN b &
EZbhb. Lo, EBBgzmt iy
TIx Y THEDAT 4 7 A AFEIHFE T E LW hE
DD 5. AEIFETIE, HEEHHBGLZHEL T IOy S
T v T OBELRED LEN L SND P EBGET 5
ZLEHMEL, TOBRELEDFHMEZMA T 47
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AAD BT 72,

EHIZEADAR—VICHELBREEET S
B, % { OFHFEE DOBHEDARERE KA
LDHETHD. WHONDIFETIE, ZOAR—VITH
DGR OL WVEHIB DB X OFARELRT I LA
L, FRF I EOMHAR T EB B L, Hitk
DBEBERARL. Lo L, Mo BILET 5 HHEIEA
L 78 TH 5728, BEikd Mattar & Gribble
D L) RFEHEEOHE LEBROBBRINETDH
5. Fiz, HOOHREZBHETIRELP L. —
BT, EF+EHVDE L TREShIFREDR
AT H Rk & BLEE OB L 7R O W % 5 L T
BT 2L IMETHLDOT, TOPIREBLT
MHOBEDERDPHERTELEEZOLNS. Th
ERuy7Yr IS TIEDLE, B X )i
THESHOBEIZAT 1+ 7 % AEICHET 50T,
EPHIMHLE R LELRES OB X OER L) H
DATATHIADEROBHRTEDLEZOND.
A TIE, B Fay 7Yy » 7O F T
REBTAEME, EFVEEBREHSDO Oy S
T v TWHR R BT B R iR 72,

N5 2 FHOBIELES) - E OBV ASEBRED
YWEICG 2 BB EREET 57:012, AKHfZETI,
BB O IR BRI ey 7Yy Tl %
FERSE-. 208, BIgHgo ey Iy T
DI ED LI, WA T 1 7 % AR
T5h, SHICHMERT—2b LIy 7Yy
VTDINT F =R VANUESND hEME L
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2.1 HWEREEETI

2.1.1 #HERE

WEEE, rayFIVx IO - v IR

BRAS T EHE R B TR 24 & CEI4ER 21,5+
2.1, ‘FHEE 1741 + 5.4cm, PR 69.7 +
9.6kg) Thorz. HEREIZIE, HANIZEBROBE
Fihs L OEBRICHE S fabitk 2 & oBH E 45 AT
v, EBRBNOREZE:. 72, AW IbEE
KFRFREEFMRRMATE R RORBEZH7.

2.1.2 EFIL

BB &3NS, PRHEROBRE TRy 7YY
VIINT k=R VAN E PR TRFELS
it 20 F, B 169cm, 1KE 63.8kg) % HEHHiEH)
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DEFNELTHOWR, EFVIC S BERE RIS
FEBBINORE LG, EFVIE—EMo Fay 7
Dx v THBET, FOBRTIINA AT (DR-
DVL700, Victor) TBIZMUR DL %17 - 72

2.1.3 #HEREDODIN—THF

BB DL TR T Z 0 0 BEBE S0 7 L —
TNENEBIZ 8 BT Doz S V=T 1 EF
WEBBEHEO FOay TV Y v T @Blgg, 7v—
T2ETFNVO ROy TV X VTR EBE SV —
F3:arviru— L TrRuy 7YY 7 EE
BETERFFICHE. o0 V—7HICIIEE,
REICEERE TR o7,

2.2 EBFIE

FEEROBEMEE 2K 1A 1RT. EBRRBIIE S
35cm DENL Fa Yy FVY v T2 {iolz. TOA
i, B bay 7Yy v 7oV b NS
EETHY, ZORIPOLDOT v T LB L TAE
ZEBRIIDFEAE T & IR E R E & Th B (Bobbert
et al., 1987a, b).

WIZRE Y 7Y% v TORBNE & EEBIE* &
OEBRTIHZBATS. I, Favryr o7
VBEDLEPSHP LS & ERENETL,
FEWHET CICHERFMICY Yy ST 5EETH S
DT, BEE~E [FEBEICHTIRET Ry 7
Dy T BRI, MR THERICERL, St
TEB7ZTHL, O TELLETEI R L] %
O TR L. BBESII ey 7Y v 71
NTHHH 72D 3 MOMY % Ehtits, HEhige
WO % 2 47 Mg T 3 [M47 5 72 (Pretest). £ ®
%, o idBigEEHongE LTy 7Yy v
Tx 1TV, ThETFTIFIVA AT THRIE L.
5 DM OREERA TEBBIZE 21T - 72 BBEIC
&, EFVIERE Y VX Y TNT = VAN
WZERIRZ, BEICTSHLIRRLE BEON
B, SV 1 CEEBRERESO Fuy TV
Z1l, EFVoRay Ty 720, 51
WEgEO ROy 7YYy 1A, EFVORaY S
Vx 72NN HmE L hozMRE 1y b L
T, 25 MR T8 £y MR LA ZhEhomg
TITIN—=T2TIEETNVDO ROy TV 7 4 [|H
—ME Lo E 1y P LT, 24HET
8ty MHB L. ZV—7 3 3EBBRZITb R
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W72 20 ST HIREEHCRE L 72, EEIBISICIE T
A A<y Y b7 4 AT LA (Glasstron, SONY) #%
MW, o omcmlgzmlzi. 2B, &
NOHBZENKE vy MEORRERR, B X OO
A 2P L CTHETE L0 TH B 2 L3P
FEBRICBWTHRSN 2 LIV TW D, H)
Bigk, 5 D HOKEZ AT 3 MOME 217> T
5, EEIBIZRGOREE 2 57 BRT 3 MfT-o 72
(Posttest).

2.3 T—HPRELHBNTE

EEIHE I ORE L Tt e iTo72 (K
1A ) . WHRIJE 7+ —AT 59 b7+ —A
(OR6-5-1, AMTI) Z HHWCTH ¥ 7Y ¥ Z Ik
2000Hz THE L7z, #SREOLAEMOFIE, Kix
¥, /M LR, e BIETAE, SRR B IS Y
<= A =R T, BEEEOL IR %K 5m R
TATED O EHEE T4 H AT (FASTCAM-Rabbit-
mini2, Photron Inc., Tokyo) % H\»C 240fps T
L7z Be SN, BTy 7 b (Frame-
DIAS, DKH Co. Ltd., Tokyo) % I\ T#~—7 —
DTV E A XEAT, ZRICOMRET — F 18 H#H L
72 TNLERET — ¥ OEBEERNOZLHRIE DLT
Er v T OB LR T — %13 15Hz &
WML T2 =T — AT =2 T 4 V5
ERHCTREL L. EET— 2o koKt s
AV N OBEEEE RD IR T OB A R
®72 (Winter, 1990).

AT 4T A ADOFENTIL, HWHRE —KROBIE N A
EBIZ, B1ICFOR LB R nE 2 A3 % WE
fEl e JOEM (K1B) LMD (K1C) »
5135 N 5 ARG O REE /b 2 Felk TRD,
ZOREAEAT 4 7 A AE L7z (K2) (Stefnyshyn
& Nigg, 1998; Arampatzis et al., 2001). F v
TIV% T TIREMETELZITHE AT L
BROLN, TRIZF I YERRTE YRS 24
FeTHILPRELDOT, HHKTH LT —
PWEELNT + =<V AEBEE 5. KR TIE
R OMWME T —28I L, ZORKEL
Oy 7T% Yy TONT =< AL LTHW .
Arampatzis et al. (2001) IFHAT 1 7% R BT
TIRKBME ST —HZAT 5 EHMEL TS, Z
DT, LTFORX (1) ITRT, $REH O
K77 (Fz) & Tl O BIEEE (V) O %
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B1 (A) EBARIE,

FA4TERA (H)

e, W T — 21572,

P(t1) = Fz(t1) - V(t1) (1)
ZZT P(ty) (EHMEST—THY, tIIKEHTD
5. $2V() & UTFoRX (2) 1IIRT, EEoil
BT — 5 o3 6 - EOER & ShE IO i
WX 7— & OME 2 54572 (Arampatzis et al.,
2001).

wm=%+/hﬂ%#@ﬁ (2)

Z I T Vo 3R OSE S MO ELHEEE, m 138k
B oK, g \dEIINAEE (9.81m/s*) TH 5.
AT 4 T AME, BKST —fl, Fz OfKMEITHE
BB ORECHRLARELSZ ) ofizkor. 85
12, M1B & CIIRLAZEOEN & TRBEE (2B
i, WEBOHES, eRIHET) MEBLUTFz 20 LI,
E O HE.LOMERGERE, BN, BRSO R
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(C) TN & d B HBH DRSO W )

Time (sec)

. TERAES, BeBamif R,
(D) MffifaEoE® () LELFHBLUOHA

Rofim (0% ) B DB & RO
7). SRET QMK DRKRME, TR OE
HolRs & BLORAREN IO ME, B X OTE oM~
T b MEENZHI L7 DLT K2 X % B
B H8E, B I UOEIET— 5 AT ToRE
{3 Mathematica 7 (Wolfram research) % H\»7z.
NS & D155 N2 BUHIZO W TIIBU T ISR
TRAMLHEEZ T o7z, TN OMHEITETHFMHE +
PR R TR L7

2.4 fRETEN
WETLBLTIX, &7 NV — 7D Pretest & Posttest
BT BT — % O E KD, b FIfE

DHEBEREIIHIEDD 5 t BEEITo 72 HiFthy
A RO 5% K& Lz, ZOMRET

HEEFROON-BEOM (K3) ICBIL, Pretest
i & Posttest fH & OZEDPMUDOEE X D BHFICH SN
LHDWHoTT0, FD 3 T IV—T D Pretest
DEIOWT, F7 1 ICALEG BT & HVHGEE L
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F1 ETNVERBREHO VO Y 7Y% v THOEEEE X O EROE L RS BTV
DEEHT 6 RBDPSHBONETH Y, BB OLEBIIHEN 3 R 5B ONfiTH 5.

unit Model Subjects
Leg Stiffness N/m/kg 627.30 £90.30 166.86 + 155.63
Fz Max N/kg 78.24 + 3.70 41.71 + 11.85
Maximum Leg Power W/kg 84.42 £ 2.30 47.21 £ 10.72
Maximum Leg Compression m 0.12 £ 0.01 0.27 £ 0.09
Contact Duration sec 0.15 £ 0.01 0.35 £ 0.11
Vertical velocity of CG at toe-off m/s 291 + 0.04 254+ 0.31
Ankle angle at touch-down degree  132.10 £ 1.38 138.70 £ 13.01
Ankle displacement degree 33.90 £ 0.81 54.35 £ 23.27
Knee angle at touch-down degree 127.65 £ 2.69 147.94 £ 11.04
Knee displacement degree —0.60 = 2.61 44.69 &+ 16.76
Hip angle at touch-down degree 139.94 £ 249 145.28 £ 10.40
Hip displacement degree 12.58 + 2.05 27.62 £ 24.60

CG: BRHE L (Center of Gravity of body), Fz: §fiE 7O X,

N:zma—bY, W: 7y b (HE5K)

50
40 P
30 b -

20

Vertical Ground Reaction Force (N/kg)

0
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Displacement of the Center of Mass (m)

X2 SRR BT A FOEMNT b B
MR 9 2 A X ) & 2 oG ERO—
Bl ZORJFEROEZLSMAT 4 7 %
ADEMEND., CORDATF 4 7 % A%
158N/m/kg TdH - 7.

7o, ZOREH, Pretest fEIZRERZEDMA 5 7256
T, Pretest fli& Posttest [HOZEDS t MUEDH B
ER D 2RSS D, D F D, HREMERI
DFEDT NV — T O Pretest & Posttest D712 &
LUREMETH A, T2 TON—TE{EHKE LT,
%7V —T D Pretest [EMVEL, £I7NV—TD
Posttest fEZEEAR L L, 7V —TMos5Ex Itk
B3 A5 o 2 iz, SO5HTl, £905k
# @ Pretest & Posttest D FHHE 2L e LTH
W, Posttest D 7V — 7 & @) HME O 5228 % ik
L7z, BLLo t Mo & oriartt, B X OIL5Hutr

Tld StatView 5.0 (SAS Inc) % V72, A Rk
i p<0.05& L7

3. # R

3.1 HEREEETI

R UITETIW ERHTRIR & 7o 72 87E D Pretest
BOMWAT 4 73 A, Fz QKM WHE T —
DKM, WEOF R, HHEER, B, T
5% B £ 75 MR £ B & S K A AR vy S F- 3 il & At
WETHLD. AWM TIIBIEMGLIRET LTV
W AT EIENTBUR 2 B3 5 Wl X 5 OBFH A
TXLholz. LzAoT, £1DEFINEHE
HAOMEIL, TNZNBIEG LIRS 5 EANCAT-
72kay 7T % 705 ESGE 3 NGOFHET
HbH. Fl, EFVO ROy Ty THBES)
ELTCTHaakilz 372012, EFVEH
BB D Pretest D AT 4 7 2 AN H R > T
5 (DOF ), BBAOMEI;K) LEFHLLEZ
2. BT, BEFVDAT 4 T A ARED LICHATIC
Pretest BBR#H DA T 1 7 % AN KR FT, ZD
FHHE SN T OPERE % IFHT OxF R H B <
Tl ZORBIROLHICED. T,
EFNVOBEMGGERI AT Fay 7Yy v 7
DATF 4 7 %A 627.30 £ 90.30 N/m/kg TH -
2 EDD, WBREDAT 4 T ARAPLROET N
DOEBHPH, > F 0PI FHEREEL D TR T
WLLENDH L LRI Lz RICFOBENETH %
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F2 EHBIZZIZHE) Pretest D FEEITH T % Posttest DEALER

All trials

unit Group 1 Group 2 Group 3
Leg Stiffness % 68.31 26.68 30.87
Fz Max % 20.44 15.20 9.02
Maximum Leg Power % 6.39 —3.12 4.25
Maximum Leg Compression % —27.70 —20.88 —7.16
Contact Time % —27.90 —14.04 —10.49
Vertical velocity of CG at toe-off % 1.22 —0.15 —0.14
Ankle angle at touch-down % 3.57 2.61 0.16
Ankle displacement % 15.16 21.14 4.45
Knee angle at touch-down % 4.34 7.90 1.26
Knee displacement % 52.35 48.99 16.82
Hip angle at touch-down % 0.81 7.19 1.51
Hip displacement % 111.99 79.31 33.77

B, EHEREOHMPBANZE SITETIVDAT 4 T A
EEDL WO, FHEHENIZ S Z O 2 5155
NS LS 2 AERIFED 215U T E L. 2%
446 N/m/kg LLF &\ ) EEZED 2. T ORER
CoORFMEPSHNIEE 1% (TNV—=T1) %
MO SR 72. KRS T b Rk 2 OB
BRI R SNz 2, EAWRIZ X B [H
R HDT b N o 12 ERE 14 (FVv—72)
IR O R HBNTz. FOREE, RO
BERBIIN—FT 1T N—T 2B T784TD, 7
V=T 3N8HDFT 2L ko7, R1IRL:
EDICKINT A= TEFIVERITNGRE 2o 7B
BHEOMIIIKEREND Y, TFIVISHHIESR)
LCok#Elx taRiLiztE2xoN5.

3.2 Pretest & Posttest DL

B 3A-F 12iE, A7 4 74X, Fz Max, WIfi
28T —, S, BEHLIRET], i3 BE O Pretest
& Posttest D39l & HHERAE, T L TEN LM
DBIGEHIRD t gD RE 7V — TR TR L7
V=71 TIER3A DAT 4 7 F ANA R
ML (Pretest: 123.87 & 78.42 N/m/kg; Posttest:
208.48 + 99.21 N/m/kg; p < 0.05). ¥ 3B o
BRI S FEICHIN L 72 (Pretest: 42.87
+ 11.36 N/kg; Posttest: 51.78 £+ 18.39 N/kg;
p < 0.05). # LT 3D OoMEH=EIIAEI WD
L7z (Pretest: 0.30 & 0.11 m; Posttest: 0.22 +
0.06 m; p < 0.05). EfFHED AT 1 7% A &3
HIEOBIFR % WEE L 7= Nigg & Liu (1999) 13 AT 4

7 A A OEEMAHE AR ORI & AL DS
BIOEMOWRY % b 76T 2 & 2l Lz, A
ROMRIEZOWEL—HLTWDH. T/, K3E
IR T M & A B ITWA L7z (Pretest: 0.39
=+ 0.1 sec; Posttest: 0.28 £ 0.06 sec; p < 0.05).
INV—7 2T, WEMEOATHEIZEI L
(Pretest: 0.25 &+ 0.09 m; Posttest: 0.20 £+ 0.06
m; p < 0.05) . X 3F OfEHh#E L X 3C DAk
T —TIEE7NV—TICAERRETRD S dho
7z. 7215 Pretest [2X9 % Posttest DZAL
ZHRTELLDOPEK2THDL. FV—T71T
BD 7N —T X BB RENZ ERIRLT K
2, WAT 4 7 A ADBHRIT68.31%TH Y, T
NOZLRIIMO TN —T L HRTRKEP o7,
INOHBEDTRD b NTEED Pretest fED 5
BOTIE, WRE Lo EBETIIB W THEED
WD o7eZ L RRLIZ (AT 4 TR A Fapg = 0.85,
P 0.44; Fz Max: Fy 19 0.03, p = 0.97;
MEHE R Foi9 = 059, p = 0.56; HHLEFRH:
Fr19 = 105, p = 0.56) . F/z, K3 &k2M»
LINV—=T1DAT 4T HFADEALDMT N —T
I KREhos (BILFE: 64.31%) &b, R
T A7 AADIGHIEN 217072, H 4%, AT 4
7 % A D Pretest i & Posttest fii & O 554 &
FN—=THIIRL72DDTHY, K3 ZTNHMED
GO B L OCRGHGMORRTHS. M4 T
7NV —7 3 ORFEMRB T V=T 1 & 21X L
KLz, ZORRITIHERERIIHT L, Pretest i
TNV —T DRSS D WREERH L 2 %
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RL7z0 L L, 23ISR L7 Cld R hfE F v — EMTRIWEE RS, AT 4y 77 Fv—
FAPRD ST, L HGH TV — TEDH A ORI 0.02 B THSH. ZDETFIVE Pretest
TATAADIERITHE L LI xRl L WEHZOWMBZEDOAT 4 2 €7 F X —% T B L,
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£3 MWAT 172 A05EGH (L) &G HT ORs R

I 7NV —T 3 Thh.

Source DF  Sums of squares Mean Squares F p
Leg K in Pretest 1 75775.91 7577591 12.24 < 0.005
Group 2 16916.37 8458.19 1.37 0.28
Leg K x Group 2 11838.61 5919.30 0.96 0.40
Error 17 105219.70 6189.39
Leg K in Pretest 1 91101.76 91101.76  14.79 < 0.005
Group 2 7713.12 3856.56 0.63 0.55
Error 19 117058.31 6160.96
DF ZHHIE, FI35#t, p 3R, Leg KIIHAT 4 742 RATH 5.
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DIERETIE, ZV—7 1 THRARE R &
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T AT R L S WEIPTHENL 22 &
W%, T OFHIFEEIASEA LT B B8 D5
B Lotz v) fE5E, e A kR 12
BsaIehs, ZV—71TREMBTE ST
HEELBRE V) B> AT 4 7 2 AT
PiibhiztEz2zoN5. ThoDZ b, EEE
BEeBLTRAYy TV TONRT 53— v A%
LEgEHE, AT 4 T RAAPESFEE EINZ &
ZRRT 5.

AT A TARAREE 8T 5 —< v A EIZDOWT
¥, Arampatzis et al. (2001) AT 4 7L AD
BEEORNNI N7 + —< ¥ A DIEE L 7 B R
T —FWMEEDN, AT 4T RANES SIS
% EWINT—IWPTHEMEL TS ZOR
L, Zv—7 1 OJIE ST — O KRR
BICHML o7 (K3C). ZVv—7113HC
EETNVOBZOEREANEL, ETFTVICHE %
DT L) EEIA DT 7T V-5 B ERDEN
WARNT—EETVOME D KDz, ZOTE
i, EFVERBONRT7 +—< v A EREIT5I121E
SHICATATAAZRWEMIELUENHBH L
ERBT BT TRL, N7+ —< Y ADREIZIE
B L BEEEPLETH L LR INS.
ZFOL) BERETH-TH, 1 MOFELERH I
Lo TATA TAANPERIHEML-2LE2ERS
&, SBOBSEEEE O )T R E THME ST —
DN, T bbb T7 3 —~< v AN LT B Rk
VH5b.

AT A T I ATEN, VT E 2T 7 AR
HizAT) S TRk AV F—RE L, FoiET
ANF =% ZOHOERMEDMICFHAT 2 L0
WIRINER 24T ) 2o DEBEHEE E A SN 5.
AIFETIE, TOAT 14 74 AREAEEBIS % 8
LTHEHEINBEZLAREINT. BEOBILEED)
ERICHET AH%ETIE, Pl Sy ¥V OlET
(Heyes & Foster, 2002; Kelly et al., 2003; Osman
et al., 2005), ¥4 I 7 (Badets et al., 2006),
BRI DRy diE: (Breslin et al., 2005) D% 7 &H)
P s PRI R0 3B B2 1 BT O A 2SHEE S T B
D, HI~OHIEEFETHMEIIITL A LTTbR
T ol HINOISIZE T 5 BgEET) 7
ELTiE, AMilE=<irbihs ) —F v 7 #Eo
LB AEBBISIC X - CHEBILEICED L L),
AINTHEBL L i % B3 EE) OV TRES S 7z
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DHTdH A (Mattar & Gribble, 2005). L7275
T, BRI WO T, SR A 5 B RE
THBAT A 7 A AMEIAEEBILE %8 U THEH S
NBZEERLIZENVZD.

Fay 7Yy T7OZEWRECBTLAT 47
I ADEANZIE, FFIHE HET O O F 4 16 B A5 B
5.9 % (Arampatzis et al., 2001; Horita et al.,
2002). L7zAS>TH NV —"7 1 Tl&, HHATOH~
OEBIRFDEALL, PGB L /22 &L TA
TATARANEML7zEEZH6NA. LrL, 20O
AT 4 TAAEWMERDL72DIBETHIHOT
EBI HRIZBIR T2 LD TERY. ZD720,
FHHRICHN -8 X OB b &5 HHT O
BE NS 57200 BHRSPFE S EZ
bbb, ZOXHITEMBIIBN B XL LITE
HoHi OEHE S OIBIE X 1T 7290121, F A
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D, ARFIEOEBIBLIC L > TR T 1 7 X AR
FP NV RERIE, GREAMEERE W)
N DR % GO HPEENBIZ X - TiTbh 7z
CLERETS.

4.2 HEHELBACTOHEREDOHEICL 5EE
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T 2HNE Dotz T L bR FE RN L
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OB EBLT 5 Z L OBLER B OFR % ik
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WCBWCTHE L ET VOB & DEPSEEERE %
B2ILERRTHDTHY, ABIZEICL o THO TH
HEINHRETH 5.
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ARG S NI

K5 EK6A DATF Ay 77 F ¥ —TmLIz&
NI, BT IAIEMAEO T O JE E A7  JE il
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TEBETHZ LT, ZoEilliERE iy S MEA
DOBATHE L Vo 728 & OB IERMICAR S iz
EEZENS. ZLT, ZOBXOEROHEIA
T4 7 AR BBALE B 20 DEEES DBIEICH
MERH L8260 5. LML, EFVETD
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NS Al B R 7 b R T 0D B T B 7 & DRI
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TEMDRA L7225, —HD T IV—7 2 TldEHR
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et al. (2001) i%, WAT 1 7 4R LI 7295
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RO OTEENE DB, BFIZE > TREDS
%, BB 285 U222 X 0 R ihEh 2
Y Z LD SN T B (Calvo-Merino et al.,
2005; Haslinger et al., 2005). TD I &hb, 4
RO WCEBZHET 5 L0 bbb RERER
ERRATH ORISR LD L ) IEMIER % M T
& LVEL0BWMERL LD TEL LIRS
THEMEDSEZ 2 5D, KBIE TS, HERE A
Fay 7 Vx y 7OMBEEDDRETH) LT, E
FANORAy Ty TRBETLZTTH AT
T A AFERFE SN 20b Litew, L LD
5, Z ORI & BIEHEE) A E OBRIZOWTIE
ARIFGEORERD O IR 2 L3505 iz,
SO LMEVPLETHS.

B
AWFFEIL H AR AR B2 T8 2 Rl B 4 2L F
7% C19500491 DHfiBh % =17 7-.
Xk

Arampatzis, A., Schade, F., Walsh, M., &
Bruggemann, G. P. (2001). Influence of leg

Dec. 2009

stiffness and its effect on myodynamic jump-
ing performance. Journal of Electromyogra-
phy and Kinesiology, 11, 355-364.

Asmussen, E., & Bonde-Petersen, F. (1974).
Storage of elastic energy in skeletal muscles
in man. Acta physiologica Scandinavica, 91,
385-392.

Badets, A., Blandin, Y., & Shea, C. H. (2006).
Intention in motor learning through observa-
tion Quarterly Journal of FExperimental Psy-
chology, 59, 377-386.

Bobbert, M. F., Hujing, P. A., & van Ingen
Schenau, G. J. (1987a). Drop jumping. I. The
influence of jumping techinque on the biome-
chanics of jumping. Medicine and Science in
Sports and Ezxercise, 19, 332-338.

Bobbert, M. F., Hujing, P. A., & van Ingen
Schenau, G. J. (1987b). Drop jumping. II.
The influence of jumping techinque on the
biomechanics of jumping. Medicine and Sci-
ence in Sports and Ezxercise, 19, 339-346.

Breslin, G., Hodges, N. J., Williams, A. M. Cur-
ran, W., & Kremer, J. (2005). Modelling rel-
ative motion to facilitate intra-limb coordina-
tion. Human Movment Science, 24, 446-463.

Buccino, G., Vogt, S., Ritzl, A., Fink, G. R.,
Zilles, K., Freund, H. J., & Rizzolatti, G.
(2004). Neuron, 42, 323-334.

Calvo-Merino, B., Glaser, D. E., Grezes, J., Pass-
ingham, R. E., & Haggard, P. (2005). Ac-
tion observation and acquired motor skills:
an FMRI study with expert dancers. Cere-
bral cortex, 15, 1243-1249.

Dalleau, G., Belli, A., Bourdin, M., & Lacour,
J. R. (1998). The spring-mass model and the
energy cost of treadmill running. European
Journal of Applied Physiology and Occupa-
tional Physiology, 77, 257-263.

Decety, J., Grezes, J., Costes, N., Perani, D.,
Jeannerod, M., Procyk, E., Grassi, F., &
Fazio, F. (1997). Brain activity during obser-
vation of actions. Influence of action content
and subject’s strategy. Brain, 120, 1763—
1777.

Farley, C. T., Blickhan, R., Saito, J., & Taylor,
C. R. (1991). Hopping frequency in humans:
a test of how springs set stride frequency in
bouncing gaits. Journal of Applied Physiol-
ogy, T1, 2127-2132.

Farley, C. T., & Morgenroth, D. C. (1999). Leg



Vol.16 No.4

stiffness primarily depends on ankle stiffness
during human hopping. Journal of Biome-
chanics, 32, 267-273.

Gallse, V., Fadiga, L., Fogassi, L., & Rizzolatti,
G. (1996). Action recognition in the premo-
tor cortex. Brain, 119, 593-609.

Gallese, V., Keysers, C., & Rizzolatti, G. (2004).
A unifying view of the basis of social cogni-
tion. Trends in Cognitive Sciences, 8, 369—
403.

Gollhofer, A., & Kyrolainen, H. (1991). Neu-
romuscular control of the human leg exten-
sor muscles in jump exercises under various
stretch-load conditions. International Jour-
nal of Sports Medicine, 12, 34—40.

Haslinger, B., Erhard, P., Altenmuller, E.,
Schroeder, U., Boecker, H., & Ceballos-
Baumann, A. O. (2005). Transmodal senso-
rimotor networks during action observation
in professional pianists. Journal of cognitive
neuroscience, 17, 282-293.

Heise, G. D., & Martin, P. E. (1998). “Leg
spring” characteristics and the aerobic de-
mand of running. Medicine and Science in
Sports and Exercise, 30, 750-754.

Heyes, C. M., & Foster, C. L. (2002). Motor
learning by observation: evidence from a se-
rial reaction time task. The Quarterly Jour-
nal of Experimental Psychology. A, Human
Ezxperimental Psychology, 55, 593-607.

Horita, T., Komi, P. V., Nicol, C., & Kyro-
lainen, H. (2002). Interaction between pre-
landing activities and stiffness regulation of
the knee joint musculoskeletal system in the
drop jump: implications to performance. Fu-
ropean Journal of Applied Physiology, 88,
76-84.

Hortobagyi, T., & DeVita, P. (2000). Muscle pre-
and coactivity during downward stepping are
associated with leg stiffness in aging. Jour-
nal of Electromyography and Kinesiology, 10,
117-126.

Tacoboni, M., Woods, R. P., Brass, M., Bekker-
ing, H., Mazziotta, J. C., & Rizzolatti, G.
(1999). Cortical mechanisms of human imi-
tation. Science, 286, 2526-2528.

Kelly, S. W., Burton, A. M., Riedel, B., &
Lynch, E. (2003). Sequence learning by ac-
tion and observation: evidence for separate
mechanisms. British Journal of Psychology,

FI OB B) & BLES) OB BIE A IR LB OBAERHI G- 2 5 W% 521

94, 355-372.

Kuitunen, S., Komi, P. V., & Kyrolainen,
H. (2002). Knee and ankle joint stiffness
in sprint running. Medicine and Science in
Sports and Ezxercise, 34, 166—173.

Mattar, A. A., & Gribble, P. L. (2005). Motor
learning by observing. Neuron, 46, 153-160.

WA BE— - BEE R - R W (2003). JRREEE)
(85 6 50). HORC © PSSR L.

Nielsen, J., Sinkjaer, T., Toft, E., & Kagamihara,
Y. (1994). Segmental reflexes and ankle joint
stiffness during co-contraction of antagonis-
tic ankle muscles in man. Fxperimental Brain
Research, 102, 350-358.

Nigg, B. M., & Liu, W. (1999). The effect of
muscle stiffness and damping on simulated
impact force peaks during running. Journal
of Biomechanics, 32, 849-856.

Osman, M., Bird, G., & Heyes, C. (2005). Ac-
tion observation supports effector-dependent
learning of finger movement sequences. Fx-
perimental Brain Research, 165, 19-27.

Rizzolatti, G., Fadiga, L., Gallse, V., & Fogassi,
L. (1996a). Premotor cortex and the recogni-
tion of motor actions. Brain Research. Cog-
nitive Brain Research, 3, 131-141.

Rissolatti, G., Fadiga, L., Matelli, M., Betti-
nardi, V., Paulesu, E., Perani, D., & Fazio,F.
(1996b). Localization of grasp representaions
in human by PET: 1. Obsevation versus ex-
cution. Ezperimantal Brain Research, 111,
246-256.

Rizzolatti, G., Fogassi, L., & Gallese, V. (2001).
Neurophysiological mechanisms underlying
the understanding and imitation of action.
Nature Reviews. Neuroscience, 2, 661-670.

Schmidt, R. A. (1991). Motor learning and per-
formance: from principles to practice. Cham-
paign: Human Kinetics Books.

Seyfarth, A., Geyer, H., Gunther, M., & Blick-
han, R. (2002). A movement criterion for run-
ning. Journal of Biomechanics, 35, 649—655.

Stefanyshyn, D. J., & Nigg, B. M. (1998). Dy-
namic angular stiffness of the ankle joint dur-
ing running and sprinting. Journal of Applied
Biomechanics, 14, 292-299.

Walsh, M., Arampatzis, A., Schade, F., &
Bruggemann, G. P. (2004). The effect of
drop jump starting height and contact time
on power, work performed, and moment of



522 Cognitive Studies

force. Journal of strength and conditioning
research, 18, 561-566.

Winter, D. A. (1990). Biomechanics and Motor
Control of Human Movement. (2nd edition).
New York: John Wiley.

(Received 1 Dec. 2008)
(Accepted 1 Aug. 2009)

N BT
1975 4R, 2007 4EIbiEE R Y.
REFBEHE A FERHE L ARARE T
B, EWLEREYTIA b
NYFx¥—-¥IHXR-FKF}
i ) —tiifgeE. it (BEZ) .
2007/4-2009/3 AtifEE R RS b
WEFMEREMER. FHRESRKON I~
it NE AT B8 2 S BYHCAN T B2 B o B e R- 1R
MEMEH & &R IREOZAL RN LR O
128 LT3, FEGEEICEIC DL LR v
b7 — 2 ASEB ORIHR AT R TENC D Bk
ZHO.

koike@mmm.muroran-it.ac. jp

Dec. 2009

R HHE

2005 AFAGHEE R P TAEAE, 2007 4EAbiE R
ZRFGRE FHSAME RS T, bR LA
%%, A— MEHoRERZ AN L, EBEEOMSE
Bt B AR TIIBISEREEICET L
INHFEE TAIED M % 5/ BT HROBE
IR SEER T\ .

IWE #FH (E&H)

1960 4E4. 1985 £ KFK
FRABEUIZERME T, BifE. kil
HERFRFEHE ST A\ %
PRI, i BEP).
1992 £ + — 7 )V — KRR HBI#%
. 1998 — 1999 £ 7 LA AT IV T
2 HERE NGB R E % BATTRE. AFEIL8l
LB —FEOEE) TH 5 H & FERET 5 —HOWf
HD—D bt bLBoTHET.
yamada@edu.hokudai.ac. jp




