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Effect of Broad Tasks on Vertical Jump

Tai, Wei-Hsun

ABSTRACT

The purpose of this study was to investigate the effect of horizontal
distance on vertical jump performance and further analyzed change of
the tasks constrain to the lower extremity kinematics and kinetics.
Sixteen college students were served as the participants for this study.
Their height were 170 + 4.5cm, body weight were 68 + 7.0 kg and
age were 21.0 £+ 1.4 years old, respectively. Every participant was
asked to perform vertical jump, 0.5 m broad jump and 1 m broad jump
task. Ground reaction forces and three-dimensional data were
synchronized to acquire by Kistler force platform (9260AA6, 1000Hz)
and VICON system (MX-F40, 200Hz). Used software Nexus (version:
1.6.1) to analysis marker trajectory, force, and moment of lower
extremity. The repeated measured one way ANOVA and HSD post-hoc
were used to test the statistical differences of three vertical jump tasks
condition (a = .05). The result showed that horizontal velocity of
landing were significantly (p < .05), but there were no significantly on
jumping performance (p > .05). In squat phase, lower extremity joints
were both increased on joint range of motion, angular velocity and
squat time with distance significantly (p < .05). In push off phase, there
were significantly on hip moment, knee moment and ankle power (p <
.05). It indicated that the performer increased landing velocity under
different distances of broad jumping, and produced higher joint range
of motion and angular velocity during squat phase. However, the
duration of squat phase showed broad jumps were shorter than counter
movement jump.

Key words: broad jump, stretch-shortening cycle, biomechanics
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A5 A o

Ruan ¥ Li & 2008 & 2 12 =« & 7 4 2 3k 1 & #
o5 o ok T R H R R T SRR
BT HFEFTTES L R T RIER L B DI
ke Toergs o oy F Bk T gE i o I R4 R
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=% A3
~F 3 i % VICON 3D ¥ i » 17 % %opr Kistler Bl 4 ¥ F
Hoje fEF R F B R4 F s F > % Nexus & Polygon #t #
AT EMRE SEHEARODEE S FHEBH LT E P LR
ATl o A F RN FEGEAE A G T A W - & F
REEEFDFDFCFHRREFEZEH R E FREA
Forod v T o B A oo
-8 R EE X
AFINEZ AT ERET R VE LR ERSTEF
TR R E 164 R AR R E T R F A A
T Ao £ 1 a0 8 P E #2007 ¢ 1.4 %~ & 3% 169.8 +
4.5 24 B HWE 675 72T ot bH F O EEEH R
S F R Y AR HREFY FAEIAGTE R PP
=z E /B BARILE
201 3 EmE KA kTR
Ig p M SD max min
£ # (years) 20.7 1.4 23.5 18.1
L% (cm) 169.8 4.5 181.5 161.0
# ¥ (kg) 67.5 7.0 88.5 59.0
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Lo B4 dFBL R B d& Jt £ 0 i i Nexus

Bos s s mr L FREH R
®ER A

2 8 8 4 F (A5 5 1 9260AA6)
it B i EIH (MX-F40) -

I o= s g (A FH )
1 &2 5 7 =x

4 < (100cm) -

TR A M o
VICON Polygon 3.1 F # & 47 &t 1§ -
VICON Nexus 1.6.1 # ik & % pﬁ FLoA 37 G 4

Microsoft Excel 2007 ¥ =~ % F 5 & 47 #x
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I
Sl
ht!
o+
S
W
1%

z ~ SPSS 18.0 %tz & 45 ¢ <~ 5% it %8 o
I ~ Origin Pro 7.03 % % Bl 4 % -
# 2 ! Plugingait Fullbody Model ( SACR) & % zf 2x ¥ £
R (a1
B3 RFHD ~ LFHD ~ RBHD ~ LBHD
8% iF C7~T10~ CLAV ~ STRN ~ RBAK
+ + K RSHO ~ RELB - RWRA - RWRB ~ RFIN
= + B LSHO - LELB ~ LWRA ~ LWRB ~ LFIN
LIl LASI~ RASI ~ SACR
= T LTHI ~ LKNE ~ LTIB - LANK - LHEE ~ LTOE
+ T RTHI ~ RKNE ~ RTIB ~ RANK ~ RHEE ~ RTOE

B 1 : VICON Plugingait Model & % zf %k Bb = 3 % BB [
(# § VICON Nexus # # 2 7 # )
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%% > 4 1 * VICON Nexus # #8222 & & 3£ 4 & 5 5 b 4
Fok ok = § hiE E P % JF R gE R R E R s o2
Plugingait Fullbody Model #j » * 4 il £ & % # 2 3~ 5 # 4
.’r_E_-o
Fogme cRp

AR RE A 2 EEE BT F R FE R (
random ) = ;% & (7 & T R o W O iRk F 3 N F o
ool 2 2 BN R iR FOR o P o RS B2 602 &
miEgF O E B L 3 ped T ;3 B 48 K% E 0.5 mEEH D
AL h it AR RRMBEER FRESRP 5 3
KA S5r sl EFs bz iRy o
Ao Ry e

TR mLFEFR I~ HBPN LA RE TRY > X B
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B o~ 154 % R

LI A R IR R e S L
ZHd FREEF A RN R RS F AR
Bode o 13 F % %2 FiEFFBEF ISR % F A2
PR R R FEHE 2w R T

P& FTHAZELSK

R4 FeF st BT EEESE S S 1000HZ
VICON # F 8 fo 38 B~ & % Jc & 8 & & F o - 3 # 4 = 3
200Hz » & 2 p 2% 42 % Nexusl.6.1 35 & & % & B & 4 & > i
i## Dempster ( 1955) #% & e A 8 20 B2 & 2 R > 3 F T o4
Bk BT S8 L0 F AN 0 0 SPSS 18.0 % 4 4
B h R e R B ST RF AN Z A S A
0t R EE TG RREEAS R EEREF LR AN
LSD i# & 7 % {5 v e o o &8 § ¢ § %40 & & %A D
Mo B on’a = 0 Kirk(1995) 3 % .059>n2= .01 * & 7
Moo R . 138>n7=.059 5 ¢ Mmoo R > m = .138 B 5 %
R OM OB R o SR F KRR T = .05~
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Fr i RBFg3H

AFE O B LB ot FRAA S WA RIERDE B
T R L PR TR FAHT R LM SR TER
b f e P REBEAE S AR AT

Iy

JlZ & At o -~ T FE RS LA
L
g

b

i o~ BPE 2R

iﬁ,%iﬁ;}bﬁaf%ﬁﬂ@lf%lﬁ.ﬁ}%ﬁ{ké CE e 3 R A KPR
s R F R X T S0 iAo B T o b RO A
P RFEHRESE B LD PR T FE N E Y o - =P
ok TR o AR EFREE R TR L FAR G
Fzfadipr  TLFREBILIEPRELR > 7L A8FF 3R

Fehit b o 2 3 B € ee kT HERAE 05 m(1.03 +
0.13m/s) # 1 m (1.41 £ 0.23 m/s) - ®& + F ¥ F £ £ >
t(15) =7.28,p<.05,r=.60> * * & ¥ ¥ @B FhLig g
#2 > 0.5m (1.95+£0.35m/s) 2 1m (2.01 £0.41 m/s) B
% W HE ¥ LE > t(15)=0.59,p>.05,r= .43 ® P 7 jEHR
il ek T R AL LR B2 E kTR
FAE B DR o ¥ LA L R L R

5 % B E Bz %R A ITETE

EBHHE F %R s F R R A

Ji

Beoom % 4K A

T oo kL

e

LR E LA 5 E R
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5 2 % g 2] 24
i}v‘l.ﬁ. ~~‘$%ﬁ?#?ﬁ

@k LR kg R¥E LD (618 6224 )~0.5m
(61.2 + 6.6 22 ) ¥ 1 m(61.1 + 6.3 2~ ) & & & ¥ £
$ > F(2,30)=.66,p<.05>n"=.04"> power = .15> &

Bt AR o R EE B (0.62 £ 0.06)~ 0.5 m (0.61 +
0.07 >4~ ) 1m(0.61 £ 0.06 =>4 )= 27 & ¥ £ 8% »F(2,
30) = .66, p < .05 n’=.04> power = .15 B} % B ¥ A F ¥

A B B EE A B @ M A o

23 Frm P Lo R THERELSE NGRS
0.5 m I m
% # M SD M SD t (15) r p

T i B (m/s) 1.03 0.13 1.41 0.23 7.28% .60 .00
- ® % B (m/s) 1.95 0.35 2.01 0.41 0.59 .43 .56
*p < .05

2 40 B AR Sz h R TR

% #ix M SD Max Min
¥ B (cm)
R ¥ 61.8 6.2 71.4 52.1
0.5 m 61.2 6.6 72.3 51.1
I m 61.1 6.3 70.8 53.1
& i (BH)
R ¥ 0.62 0.06 0.71 0.52
0.5 m 0.61 0.07 0.72 0.51
I m 0.61 0.06 0.40 0.53
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N 2 % g 2] 24
i)v‘l‘.ﬁ. %%ﬁ@ﬂ’;{(\q

% B AR Sl B E AT ET R R
% 32 Xk MS F n’ p Power
B R
BeoBE o7 178.93 0.66 04 .52 15
& 40P 269.98
w83 R
i R 1.78 0.66 .04 .52 15
N 2.69
o’ = Au® gk (effect size)
“df =2, Pdf = 30
R OME1IFERE &SR
TH LR B L E BT H AT RN Y - %M
ﬁﬁ%%@ﬁ*’%/'%ﬁa&ﬁ”@;ﬁi}iifﬁgﬁ*}é;@'&"‘lﬁﬁ”%@’
ARG THRERSDE L E - A 6T = LD i
ST MR AV R AERTHEEREL AT AN

s R B OSE M S AT SRR RP T AN SR
Bl#% A o BEM & & B ¥ £ 3 B (88.8+10.1°)F & + * 0.5m
(48.8+13.4°) 2 1m (44.4+13.9°) F(2,30)=143.65,p
<.05>n*=.91> power=1.00; % B & & h # £ 2 g (105.7
+18.4°) B 43 0.5m(87.8+19.6°) 2 1 m(89.3+17.7
°)» F(2,30) =19.56, p < .05 n>=.57> power = 1.00 ; B B
& AR ¥ 8 B (32.6+£6.0°) F & X3 0.5m (44.4+5.7°
) 2 1m (45.1 £9.8°)> F(2,30)=231.11,p<.05>n>= .68
»power = 1.00- ¥ ¢ & T o E M & EF R A B R

M e &R L2 B (4.86 £ 0.73 rad/s) & F & * 0.5 m (
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N 2 % g 2] 24
i}v‘l.ﬁ. i{:%_};‘ji?ﬂ»?/w‘q

6.99 £ 1.13 rad/s)¥ 1 m( 6.52 + 1.13 rad/s)> F(2,30)=36.29,
p<.05>m?=.07> power=1.00: % B & & R » £ & @ ( 5.34
+ 1.03 rad/s) % ¥ & * 0.5 m ( 12.22 £ 2.07 rad/s) 2 1 m (
13.40 + 1.98 rad/s ) F(2, 30) =204.26, p < .05>1n>=.93> power
=1.00; B M & & h» L2 p (1.92 + 0.44 rad/s) % F & >
0.5m (7.32 +1.50rad/s) 2 1 m ( 7.32 +2.12 rad/s) > F(2,
30) = 74.42, p < .05> n*= .83 power=1.00- B 2 % B 4 »
WA T M ALRM S~ BB O & BM S L RPPFRY R L
PoRcE B AW DB W ehd AR H P A g B
MY AR B E e 0 MM EBRME S LR
BE & B b & R B S
TR M S~ B M S 2B LR EG TR DFE S
d T M e R EFAAE TR gL o H
PREM B R AP A RSB ERFTERME S R

|4

EN A

=

TR R o BEEREFY o = L E BB
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angle idagres)

1 ==0.5m hoard jump

5 = e kg =2} =4
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Bl 2 T oM S &R
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i H
'
=] r T T T T T 1
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angular velocity {degreals)

angular velocity (degresss)

N = PN cky 2] )
T 3 BE BN

800 - =M
% m hrond jam

B0

B0

Time (s)

RN S LR o
O om A G B | oo

e | 1|
e [} 5 . hrniad pemenp
1 o broad pemp ;

1000 ; : :
06 0.4 0.2 2.0 D2
Tirne {5}
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N 2 % g 2] 24
i)v‘l‘.ﬁ. %%ﬁ@ﬂ’;{(\q

2 6 THPBPREIHE LA THE (M) 2% L (SD)

1 iF R b 0.5 m Il m

% & M SD M SD M SD
1 iF g B O(°)

i 88.8 10.1 48.8 13.4 44 .4 13.9

% 105.7 18.4 87.8 19.6 89.3 17.7

B 32.6 6.0 44 .4 5.7 45.1 9.8
& % B (rad/s)

L 4.86 0.73 6.99 1.13 6.52 1.13

% 5.34 1.03 12.22 2.07 13.40 1.98

B 1.92 0.44 7.32 1.50 7.32  2.12
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™

3N gk 2} A
SZ % &5 @d’ @4?7

2 07 THMFEREE SRR KA EE R ORER L
2 2 X R MS F n? p Power Post hoc

Ll B RN S
BB SO % 14235.71 143.65*% .91 .00  1.00 1>2,3
N S 99.10

® OB & 10T g R
B 500 1608.25 19.56* .57 .00 1.00 1>2,3
N 82.24

BB & 1 0F R
BRSO ° 786.64 31.11* .68 .00  1.00 2,3 > 1
A £ P 25.29

MG LR
B0 19.88 36.29* .07 .00 1.00 3>2>1
A £ P 0.55

M OH & R
B SO0 303.06 204.26* .93 .00 1.00 2>3>1
N 1.48

B e & R
B o0 155.26 74.42*% .83 .00 1.00 2,3 > 1
A £ P 2.09

xoint= Au®ax % (effect size)
*p < .05
“df =2, Pdf = 30
l= h# £2p > 2=05m%i®Bp >3=1m§%i%p
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Bl 5 2B 7~ % 5 7T %A % BRSO FF
I APHERDEE RS LY R R AL P F B
B IV e B & By o & B 0 OB pc o 1
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I
I
|rm.
ks
:1
3
£

Mo 2 M E &R B B A ERR 0S5 mE kL R
59 0005 s v RmATE R PRGBS NY & RS E T
SALH S R M S 2N S IR LR BB R
T i AR 0.05 sy ¥ ¥ = ffEE Pt TS &R
¥R AERNEHLRE T g N2 R F o A

sl B S A S R

>3
Iy
4
i
=

& B e 3 8 A 47

F M & 1 TE e LR
2 88 2 9 - w BB E R T RIKE S RS
BERM S FERE LSRR BT B E R L

W

\\\Xr

PSR A EE FBRESR AR S ER
EHE F L P > HSD ¥ 4 3 1 0.5m (117.8+19.0

}
]
b

°) & 1m (118.8+18.1°) %« ¥ (851+7.6°) % & %
£ % 5 F(2,30)=6.77,p<.05>n°=.31> power = .89 o

BER S a~brcod FHRFEF AL FPE DL
EE S 7

_I‘ﬂ\ “
B
'
3
=5

B R P AR 1

fa
.
i

B Ed x P RAEG 0S5 m ok iRLE P
o+

W lmee g B g R LE R KA RE S 4 e
OB X EIA  RBRF ORGSR RE T DA EY SR
B Z BRI TS Y R MR G A E
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A5 2 4. k= 2A
yr i BRein

2 8 B W I RKE R

\\\Xr

wTmiE (M) 2% % £ (SD)
m

1iF R 0.5 1 m
% ¥ M SD M SD M SD
1R (°)
L 85.1 7.6 84.1 9.1 85.6 11.0
% 110.9 17.1 117.8  19.0 118.8  18.1
B 71.2 7.2 70.4 6.4 70.3 6.4

& 3 B (rad/s)

i 9.36 1.56 10.22 1.19 9.55 1.63
* 16.57 2.04 17.22 1.23 16.47 1.99
BR 14.74 2.21 14.37 1.80 13.75 1.59
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EN = 4 by 2} A
i}v‘l.ﬁ. i{:%_};‘ji?ﬂ»?/w‘q

29 BV RES S S %R A e E 5 R R

22 kR MS F n’ p Power Post hoc

WM E 1R
B G50 9.36 0.28 .02 .76 .09
AL P 33.92
%R A 1 0% 47: 53]
B G O& Y 301.72 6.77* .31 .00 .89 2,3 > 1

b 44.60

7 A
BB & 10T if,a 53]
B B 540 4.05 0.26 .02 .77 .09

b

(A 4 15.47

WM& L R

oM & R

R 3.63  1.81 .11 .19 .29
A4 ° 1.52

BM & s R

BB OO0 3.95 1.85 .11 .18 .35

A 4" 2.14

o’ = Eu® %k (effect size)

p 0
Bdf = 2, °df = 30, °df = 1.471

1= h & &8 B¢ > 2=05m%z=pr>3=1m£%Eizp
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N 2 % g 2] 24
i}v‘l.ﬁ. i{:%_};‘ji?ﬂ»?/w‘q

oM E 4 el K

2 108 2 T ud 4 & P mTHmEs R L 2 1L G
REEFSPFHE L2 Z BRI SO 2R S5 EE g
R AFEEFREM S RHE S 2 LB BRHEE S
4% > ¥ ¥ 5 HSD ¥ £ g R > M & 4 &2 4 0.5 m (
169.2 £ 324 Nm) 2 1 m (171.6 £+ 27.7 Nm) % ¥ < * R ¥
(138.3 +28.2 Nm)>F(2,30)=14.46,p< .05 n>= .49 power
=1.00 % M & 4 & & 0.5m(158.8+60.8 Nm) ¥ 1 m( 159.8
+ 54.2 Nm) & ¥ < » R # (126.3 £+ 42.3 Nm) - F(2, 30) =
12.31, p< .05 n*=.45> power = .99 « LB & # & & B # (
12.17£2.03 W/BW) % * 0.5m (11.62+2.06 WBW) # I m
(10.62 +£2.09W/BW) £ % ¥ £ &2 » F(2,30)=6.77,p <.05
» %= .31 power = .89

KB 8 X B 10 ¥ BB N> = BB B T AT B R B Tk
B~ M B R M E 4 B R B 2B LR S 0.1

I e bR T g T RS R M e RS S E
Az BRI Tl FHFERPRE R {ﬁ*‘uﬁlv‘ A& R e B
kg oo BART UFRINIEE & ERM S E R E LR
B Fk <~ BEAR O MM 05SmE ImERLE TR
R PR FEP D E R L E P PN o mY g T K
BMoa 1 v > FA s gt BT A PR AR SR
B oo ¥R 11 2B 13 58 - % e M S AR APE 1
W MBI F O OBRME S FRAFNELE R G
H 4= gt s 9 0.05s chpigE » @ 08 R ¥ £ 3 grehs k4

IR IS T S
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Hip moment (Nm)

Kumee mddanent (M)

— G
1=——0.5 m Broad jump
250 o w1 m Broad jump

-Ei T T ¥ T d T ¥ I : L
-04 0.3 0.2 0.1 o oA

Timae (5)

Bl 8: = fE Bt B 1 iF 8 (v LALLM & + & -
o o RGO o oo

W0 — oMy
1=——10.5 m Broad [umgp
250 4 1 m Broad jump

. : . . -
0.4 0.3 4.2 411 k] iR |
Timae (5)

a
A RE BT

[N g 2] 24
FEHEH



50
P —my
—— (0.5 m Broad jump
—— 1 m Broad jump
E
<
2
o
-
=
£
04 01 An3 L1 aa 81
Tirre (s)
B 10: = Rt ig 1 it 6 (F B MM & 4+ 2 o

AR BE BT

2 10 B a4 F T mE (M) #4# % %2 (SD)
1 iF R 0.5 m I m
% ¥ M SD M SD M SD
4 % (Nm)
i 138.3 28.2 169.6 32.4 171.6 27.7
% 126.3 42.3 158.8 60.8 159.8 54.2
B 110.2 17.0 114.2 15.0 113.4 14.1
# F (W/BW)
i 8.00 2.68 8.38 1.93 8.04 2.12
% 11.35 2.91 11.04 1.86 11.49 2.43
B 12.17 2.03 11.62 2.06 10.62 2.09
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EN = 4 by 2} A
i}v‘l.ﬁ. i{:%_};‘ji?ﬂ»?/w‘q

2

21l il ER Y Rl RE A ST B R R A
F n p Power Post hoc

2 2 KR MS

i B
BB G O& Y 5569.1  14.46*% .49 .00  1.00 2,3 > 1
AL P 385.1

h M OH 4 o4E
BB GO " 5812.4  12.31* .45 .00 .99 2,3 > 1

b 472.2

7 A
BB o7 74.9 0.57 .04 .57 .14

131.4

I R 1.0 0.269 .02 .68 .09
A AP 3.7
h OB & 3
BB OO0 .8 0.39 .03 .68 11
AL P 2.1
BROM &
BB OO0 9.8 6.77* .31 .00 .89 1,2 >3

A 4" 1.5

oinT= A% (effect size)

df = 2, °df = 30, °df = 1.403

l= R+ &2 >2=055mEFH >3=1m%Zi®Hg
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{——0.5 m Broad jump
1 m Bread jump
B0 —
E
o 400 -
:
=
o
= 200
| =
=

L=

' ff 5

20 . - ’ I . | | ; .
44 03 0.2 01 oo a4

Timea (5)

B 13 : = fEpr i 1 (78 Fi8 2B M & # F o

E‘i’

RehFP g E TR A G S B VB G F TER A
ME LB REF NS THBRREEDR KRS YD
0 AR L E R o F TR 4B R DOT oM A KB LT
HpgE > 0.5 m2 | m#3® gt Pl & F &+ g B2 7 H & 12
oo B W oPE B % 3T oM OB M OBEREROZOBE B o Ra £ 11
#1228 s THEREYFEFER T BE e EE LS R
At 2 AEE 1 FAETHBEREEEIREREODEY BT R
SRz AR T HEFEEFLE o F(2, 30) =
336.73, p < .05 n?=.96> power = 1.00 ¥ ¥ F {4 1t & & 7
B EE pren T EERT (0.52 £ 0.07 s) + * 0.5 m(12.17
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+£2.03s) £ 1 m (12.17 £2.03 s) e & & B+ 1 iF o

A2 THASBEUIRERER ITHE (M) 2% 1 (SD)

~

1 T B b 0.5 m 1 m

% & M SD M SD M SD
T RER (s) 0.52 0.07 0.25 0.05 0.24 0.05
B R (s) 0.32  0.04 0.31 0.04 0.31 0.05

2 013 T HE R EREPFRF RSSO R A

22 X R MS F " P Power Post hoc

L - =

BB 20" 623636.40 336.73* .96 .00 1.00 1 >2,3

AL P 1852.04
B WO
BEBE & C 0 1396.34 2.07 .12 .16 31
A £ ° 673.55

T :n?= AL % (effect size)

|
f

*p < .05
4f = 1.299, °df = 30, °df = 1.268

l= hr &2 pt>2=05m%z%Ep >3 l m& & gt

i

S
I
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it
aalre

PR RARHEHTI N ERSAEE S AP T EA 2
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