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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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{3 Mathematica 7 (Wolfram research) % H\»7z.
NS & D155 N2 BUHIZO W TIIBU T ISR
TRAMLHEEZ T o7z, TN OMHEITETHFMHE +
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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
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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)
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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
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%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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£3 MWAT 172 A05EGH (L) &G HT ORs R

I 7NV —T 3 Thh.

Source DF  Sums of squares Mean Squares F p
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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
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et al., 2005), ¥4 I 7 (Badets et al., 2006),
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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
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OEBIRFDEALL, PGB L /22 &L TA
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4.2 HEHELBACTOHEREDOHEICL 5EE
%5

AWFFETIE, EFVEBBERGO Fay 7V
VTRV —T7 1 THRER SRR EN
A, BFENVOROy VY TR EBE LS
V=72 TRWFN A RESHERE TR
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