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Abstract

The study aims to analyze and compare the differences
between hurdle rhythms with the subjects, Chieh Chen, and
other foreign elite athletes. Hurdle rhythm refers to the time
an athlete needs to finish 400 meters hurdle, the numbers of
steps between hurdles, and the stride frequency. Based on the
time and steps between hurdles in a 400 meters hurdle, the
research discusses the relation between hurdle rhythms and
changes of speed and the results, hoping to be a reference for
coaches and hurdlers in training and competition. Microsoft
Excel 2003 software was used to calculate and analyze the
strides of each hurdle, stride frequency of each hurdle,
velocity of each hurdle, and velocity of each section. Further,
descriptive statistics and Pearson correlation were utilized to
compare the differences between domestic and overseas
hurdle rhythms. The results are as follows. (1) One way to
improve the race result is to reduce the entire number of steps
effectively. Currently, Chieh Chen, completes a race with 164
steps hurdle rhythm. (2) Regarding the difference between the
fastest and slowest hurdle rhythm, there is a gap of 0.34
seconds between Chieh Chen and Murray, a foreign athlete.
Chieh Chang’s performance on hurdle speed and hurdle rhythm
is not stable enough. (3) A negative correlation was revealed
in the speed of sprint stage between hurdles. Elite athletes
perform better during the accelerating stage, and reach the

maximum speed between the first and second hurdle. Seven



hurdles, from the third hurdle to the tenth hurdle, show
negative correlation and reach the significant level. (4) A
significant negative correlation was found between the hurdle
speed from the last hurdle to the finish line, stride frequency,
and the final results, which indicates the significance of the

sprint speed during the last acceleration.

Key words: 400 meters hurdles, hurdle rhythm, number of

steps between hurdles
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¥ B & (2006) i £ & R PFHR ALK I 10 =+ P&
woRE AN SR 0 R ko~ kRN 104 2 s d
Ry r 3w RER > e ¢ CP ARG kS HR
LA F OMBEEEE N B L R oo d N F A X R R
AP o R EF R ERBRER DB E I A R
i F T ATP eh g RO o RO P e 4T %
Ba i R oo Fl g o B AR R R A 4 ok ] 0 BB b
VUBE S fR A X LR 4 A o oo At B o 4 g K o
3% (2010) # 4 400 & = h T g B LB E Y 3 400 2
CER S R F - o B R R DERKE - 400
DU ERHE L AR R HERBEE WY A G oA
feid B o0 M A € F X X F AR - FEh (2007) AR
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RP 3 A00 B R A - 2 N ¥R R E L 400 B
B R A A - KA I3 REREA GRS A EE
BT O R 0 3 T8 R h T g B H W BB

-~

W

PR EF P EST SRS R oA & 9~10 W B2 8 K S
Bl B R PR Sl AR e o kg
2% (2004) R BT EP O RE THER LA FERE S
400 2 ¢ B E £ 4o 3l g 300 o ¢ /*TI&E’;“&‘;H'. o P

HE g B ERERERDTE o8 BAEELRE - DG A

B op AAE . S REFEREEE > - 3G LB T
hoLo o R Bt Al R R eh R ogE A A E R o 3R E RO
e (2007) B P > BB ELAALAELEEFPRE R
FlE @ B 200 & ¢ o ofs 200 2 ¢ W B A fr A 4 OE R
WREEEFL a5l dd RELFEREABERED
# B ot 4 o & oE ot 4 b B A 400 2 R B E L 2 adE

B Pl F od WX R HEE S kAR RN KT T
- A RELIPRAH P ERHGFER - FPTER T
T E B E L e ARyt B RE R R
Moses & £l & K % 48 > % F B * & p 2 G BFoH kR
BB~ F 0w 7T BHEFEFT L2H 5 8 2B FFF 13H o H #i
oA R e s T H e X F PR T 169 f o @ kevin
TR A EY D 4B TR 124 > %6 A o)
EREB2BHFFEF2HY 4% 2T & B 2§+ 22
Boo 2z 88 xR FE DN I - i ¥ g Hr 134
Moo~ F - B RO o 2 R 12% R T A4S
w5 BT 134 0 B (AT 46.78 F hE K ok T
Lo EETRKp P FEERED  OFFEEL LR

15



-
P

!

2o 3

n

F_k

N
>

fe

af

S

24

>

#orgoT o~ kR (2000) w400 2 2 Bl R PR R
M ir 2 RBIER R > T T AR A - BT B AR
forAE g chid B o o m @A LA 4 0 #E L E
Ak o 2 WEd B A (2006) 4 0 B A EF D
4 200
47.50 ) ch b & & % pF > Wt 200 2 2 v L 2 2.18 f o ¥

(R ot

7

o £

52
< g

v %
EAY
3
#* %
=T
= f2
@i

—_

S

P!

> ﬁi’ N Tk

Z
14

TI S T S S A
i

St A g L ER] S B REE FE Taylor 4] ™

B % ¥ £ Herbert & # & % 3 47.81 # - # i 200
B 5 1.854 » iz & P R4 L a4 ¥R OH S

CEE T g o AL F ook B fI o B AR R PF oo B Ok h i
R BN R B S kR REL AR LR

LR rmEEEH > [ AR L P SRS E

R B 4 o Rt W ke El L2 (2008)
00 K #H = @2 je - <~ 7 4> AR Leh2EEHF
ToooHEYEEE S fI RS SRR R
AL B 2~3 f) o 4ok B X 2 R B A B PGS L R
o X e s BoA F i R s FHE G hEaE o R g

PR AR AR o LA B F o AR - F
oMk X R R a4 AT RRE A DS

o 400 = = B T B & § & B 2 ¥ 40~50 § 7@
P S SR - ST S I

d
[ a;

ek oen i v bORE 9T R E

v
\
=
W
3
o=}
c
I
Pt
~=\

g h N (R
S B a T o AT I ¥ - BT B A 4o
el R & % > K73 B4 EEB o F 73848
SRR A B B S - I 0 % X § B %

$ 5 B A M PN ATP -CP & » ¥ X 15 £ & &
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ye & 23 oRE
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SR ARG o R LW AT 2k
5 0 8 B e MM FH g - WA AR & > 400 2 2B
W F ERIHEPE LN EZT o8 AP RFEE
MERES M EES NG E NSRS S E o RS
BREH & afFg Aol RIS IHHERFE
B % 400 2 2t BpHFEL - L ZERE T ERDLHFHN S
bv 55 400 2 T §5 i B o
PR EE G o RS E L4002 2 B AL LD
S0 R E R b R OM T R LR
2% EE 2o oY R P DB FF DR
WE o Mo BN AR AL REELAL PR A
e P AT R B RER Y ERE VR REFEI R DS
FoBhgEp e R TEE S BA NN A RS
et o 43 ¢ ERFPFEE R EE N R E
i B 4E 2 RN A fe oo
i B 2R A A w0400 2 o H KRG 2 & 400
S F R A E® AR R G EESOE R AP H 200
Nt i R PEA B fE 200 & 2 RriiE S 0 & wm 200 o
TR TR A N ARG P E o FRME
B mRgfld RO E RS E O RS> RB D
*F oo A BAFETL O REBFRSE oW L RE R
#EE YR FALA R EEE R R A ER
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- S F %

A M BE L FE RS R f Y AR 102
EF>REH E T F A00MH L F + 4 2 m 1 % 5 2348
49 #y p & K B A 400 & 2 B o0 JLE F BT A B AE S
Bod (40 A 3-1- £ 3-2)2 102 & x MEH ¢ 9 3 400MH
A A L H (oA 3-3)2 M L e E4E L 400MH
% - & (40 & 3-4):

% 3-1 m#E £ p 2008 &# 7] 2009 & fF & = ¥ - %

BEF ¢ & %

2008 & A B F & F o0 R 57.51
2008 > B ¢ & v it 4 & F 54.76
2009 # & 3 F & & 9 R 55.6
2009 > M ¢ % 5 @6 ¢ 52.88
2009 > R ¢ & v it 4 % F 52.35
2009 » W & & ¢ 50.94
20090 & & & & ¢ 52.88

m .
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% 3-2 m#E £ p 2010 #

| 2013 & fr =& & %

BER 4 $ %
2010 #7 # 7 %ﬁ&ﬂ@% 53.4
2010 > W ¥ % § fx @ & ¢ 51.27
2010 4 % W "% v T @ o F 52.19
2010 & # F & = j= ¥ 51.12
2010 & & # # 9 i % 52.35
2010 > R v /= 4 1 & 51.12
2011 ~ & & & ¢ 50.17
2011 4 # R % v L& F 50.44
2011 # B & B FoAm M b 50.14
2011 & ' v 4 5 F 50.39
2011 & % * B & B ¢ 51.49
2011 > W & # ¢ 51.17
2012 #7 4 % # & § v T F 50.69
2012 + % v T 4 % F 50.23
2012 ~ & & & ¢ 49.68
2012 4 % W % v T ¥ F 49.93
2012 p & ~ £ 4 B % F L 4 50.4
2012 i §c & 50.27
2012 > M v J& 4 % # 50.23
2013 « & & & ¢ 50.47
2013 i;‘%w‘a]u% vl F 50.23
2013 » R & & ¢ 50.23
EEREEEE IR L
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% 3-3 102 # > @& H ¢ 7 5 400MH + % ¢ H
Fop oty F e 400 2 B A F v F R RFI102/10/23 17:30

AE S S VIR 3 SEE BT S
1 2t B 1309 2 & ¥ 54.21 54.49
2 B R 1176 % < 4 53.72 % f
3 EN 1083 3 % 52.98 53.1
4 £ 009 1070 m i 52.42 50.23
5 kN 1257 4 £ ¥ 52.54 52.12
6 2 B 1307 o # 4, 53.25 51.69
7 R 1045 %l # % 53.42 53.17
8 R 1048 ff + = 54.08 54.24

203-4 M@ S g R OE4E L 400MH B - &

¥ oz S
Mok 50.23
3 # 47.5
B2 47.53
G 47.81
& by gt 47.48
¥ 47.54
I 47.89
+ 48.04
L 48.44
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(- )& ¥ PP R © %@ 102 # 10 * 23 p -
(= )& % » 2 oo  Zoa T oH e
A ESE TR
AT OFOR 2 @
CORN NS R
(z)d 24 B LR &2 BT EH < Bo 2 L F Y
REFF i TR F SonyDV A 5o W
Y EHFESL SR RG o oe FpE
oo A2 Ao B 2-2 o
] 2|
' H4-H5 ;
\HS-HG HiSek e H2-H3
H6-H7 /
H1-H2
H7-H8 \
S-H1
H8-H9 H9-H10 H10-F
Start/Finish
1]
B 2-2 9 &% 3F ¥ G E B
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ER <
3 ~ SPSS for Windows

(- )Sony DV & 5 ~ = %% a 4

e
\_"YJ\

E= &
|

(= )Acer B 4+ § %5 - %~ 3

200 %3t £ E G A - F o

S
=

TR @2 sy 23

ARG BB OR B 102 & > RE B L FRFE G K
T EPB D EZ # i KWON 3D & iF &4 47 & &
T R RE NG E R E S WRER TS
#co BB EFEH T L B EJ 2 SPSS for Windows 20.0 s 3+ %
Euwmirs FRsHF2

FAF R IR T R (Y FER FEFERFHE
B A S ) R ERE A (TRE SR ER
i Sp) R ER R ST R R RS
WEHAE A RER AL KT E 2 A F F (Pearson)
A M KA 4T 0 2R S E F A g2 M BF KR
# 2 5 0=.05-

K

=

o

et = = o)y
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Sr i BF:ouk

=

400 = = > fR g3 h i B & % o Tk > iR e LR R Z
WY RSN LERFRERS LR A B REP
TR ELIPH NG RFIESDH B S F LA > oW EH
o3 AT BB Bk A 2R E R fo o ek T
Ptk 2 P H k> 2R R EE >R RH K
153~165 #% ( 3% ;& % > 3 ¥ 2007) o

=

-8 MBEL 4002 BPRFEIABH KT

# 3 R F K

R MR E ST A R 41428 BB
400 = B M 2 BHFF & F 15H B =2 > &£ H F & 2 400
Nt T g R 4o TRER AR EE ISH RS

B oox Foeha 4 o o EBrR U R B p 2010 2 R F
D EHEFR BRI B TS LAH T B
=15 BF-ERr B BHEEFE F L 14N B
ZBWRELISH o BHCF R g%k & 2012 & 2R &
Wb 7 o gl 4968 H I BRRBEDEFRE S H
M EE L - Ak % koM BE £ d 2008 & B kg
gh o LERAESRRLEAFLEREDT R LA
PHAT F oo LA A 400 2 o B4 Y R RS E
284 - A 50 R 3L - Kk o B E 2013 & B
be o W& % 5 13-14-15 ' £ 8 & H ¥k > 4 4-3 B 7 1

|
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Mt 2013 & 2 BB ¢ 2 h kY B2 R pAE L L
BoooAW W H R A - T R aE L - S

UL S S V2R S TR N L ST O At A S
HEE S E R E SRR MY TR N M

oo iy & S ® & 1 400 = * @& R K
moA R RE L3H F 14% 2 W - H 2 L H L3

&
ki
=
4
|
D

Ba e b 4 e 5 R R o Sl Az VR R ¥ 0 & 2 R R E o
A ERTE o FEfrE A aELRL S FORETS
P RS R 2012 & 4 & E 86 B o B L 49.68

o £ KR RERLFE AR TN KL TF
14% % 3 15 #H v & % > Fom e BED 7 § A LZ

£ L RRY R FRRRAD A R B R

P g m et fai 13-16 % hé 204 i L+ - K

2013 & B B 4> v F ¢ R 13-14-15 4 S B & & 0 B

% #c L 164 # o

4-1 Mo E £ p 2008 1 2009 & frE B R H B - 4

SV A B C D E F G H | J K

57.51 23 15 15 15 15 15 15 15 15 15 25
54.76 23 15 15 15 15 15 15 15 15 15 24
55.6 23 15 15 15 15 15 15 15 15 15 24
52.88 23 15 15 15 15 15 15 15 15 15 22
52.35 23 15 15 15 15 15 15 15 15 15 21
50.94 23 15 15 15 15 15 15 15 15 15 20
52.88 23 15 15 15 15 15 15 15 15 15 22

A, S-HL B, HI-H2 C, H2-H3 D, H3-H4 E.; H4-A5 -
v G: H6-H7> H; H7-H8 > I;: H8-H9 > J: H9-H10 > K ;
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% 04-2 B E £ p 2010 F 2013 & froE B F H K- £

S A B C D E F G H | J K

53.4 23 15 15 15 15 15 15 15 15 15 22
51.27 23 15 15 15 15 15 15 15 15 15 21
52.19 23 15 15 15 15 15 15 15 15 15 22
51.12 23 15 15 15 15 15 15 15 15 15 21
52.35 23 14 14 14 14 14 15 15 15 15 22
51.12 21 14 14 14 14 14 15 15 15 15 21
50.17 21 14 14 14 14 14 14 15 15 15 19
50.44 21 14 14 14 14 14 14 15 15 15 20
50.14 21 14 14 14 14 14 14 15 15 15 19
50.39 21 14 14 14 14 14 14 15 15 15 20
51.49 21 14 14 14 14 14 14 15 15 15 21
51.17 21 14 14 14 14 14 14 15 15 15 19
50.69 21 14 14 14 14 14 14 15 15 15 18
50.23 21 14 14 14 14 14 14 15 15 15 18
49.68 21 14 14 14 14 14 14 15 15 15 18
49.93 21 14 14 14 14 14 14 15 15 15 18
50.4 21 13 13 13 14 14 15 15 15 15 18
50.27 21 14 14 14 14 14 14 15 15 15 18
50.23 21 14 14 14 14 14 14 15 15 15 18
50.47 21 14 14 14 14 14 14 15 15 15 18
50.23 21 13 13 13 13 14 14 15 15 15 18
50.23 21 13 13 13 13 14 14 15 15 15 18

- A, S-H1> B; H1-H2> C; H2-H3> D; H3-H4>» E; H4-H5 -
F; H5-H6 > G; H6-H7 > H; H7-H8 > I ; H8-H9 - J; H9-H10 > K ;
H10-F -

= ﬁ B oo
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% 4-3 400 2 ¢ B 2 £EH K

L CA & > A B
M 50.23 164
3 ¥ 47.5 159
R L 47.53 158
A0 g 47.81 170
& By 47.48 162
33 47 .54 170
R 47.89 164
+ 48.04 161
i 48.44 169

HETEER

o8 MBELEE R ELEE 4000 BH LR

BEWRFER -HE&E - HHFESIHF 2L

AL R EE L ERF S FRE AR R
T E (THEFERE / FEFEREF > Ex . 2 F8H) 3%
BEAYE (THERFHEK S FRERET SRR
Boe g B H Y R s R A E L4002 2 BB 2 RS R
W E e R (£4-3) ~ FHEFHE (X4-4) ~ EHFF 2T
B R (%4-5) ~ LW EHH(24-6) > HFHEAESPF L
R OA R E B AR
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N R E

4002 = B en i P2 B ~ % Bk~ 4 E & i o A 47 400
2 BB ES AT R B - ) A43F M BE L o
WEZERKSY I BHEFFPHERIES  HFFHEE» - K

AP e 0.3F 0 W EL A YR G OR 0.1 2 %

g

oL SR TS LT R R B 13% L
1

Fa % 2 HEFE P2 iE ERERTE
c 9 E L AP FEAEF L FIHLALEO2P

Mo i BB o mBEEASTRE RS W
oo 2w ASTE R DL ] ?E\Kf N = SRR SR SR
Boens w § 0 242 ~ o~ ik~ f Y o4&
WEIFRALEO2H BT AR S E LR WRE N KK

- S ERBAEE G F R KR RS
Rl o MEBE L AERTEAREFINER

o R 02 Lt KR REELE LG E N

'gg‘;,:]grzggé‘é FdF LR ER W R E'JO.lf"j’ﬁrﬁz

o R RS SR Y HME R EEARESER R EBR
by & kR o d BA-119 e BB R R RL
0.614) » # 7 # LW F &8 R Fend & AR 2

il
g
!
=i

HooR 2 ARFREARAERE S FLARE LG L2

¥ g
g

S
12}

B o AL

A B B

X A ow R &M E L M #0.954 - 5 k % 0.97F - 4 4 4-3°¢

B BT R AR T HLE 088 PR LS

PR E 0 R  S A E G AT g R

Y- W R RE 3624 FRUERFRFHEKLEE
14002 8 T g5 ik BB A o K B A E LA F - B

£3.86F > 4 L £ 58 1§ Y r3.884 -
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R R T P 4.084) 0 & B @ E £ By s 43,889 4p

Ll ’

A1 0.24

i R R E R R g o

& 24

OO GE

I hAr s e PRGBS BRYOEE R E R DR T
WA o BT A% e R RE ¥R - nELRERHHRF P
BoaAf L o RBAERZRB R SRELY  RPRR S
272 4 EROEIHBEFEE > 2 RELE DS - PR E
S R WALGEWTE E A TR A RE LG R 4
2 4-4 MmEaRAEEL F LR FLRERFPER
"ot A B C D E F G H | J K
M 5.97 3.86 3.9 4.08 4.09 4.37 4.43 4.55 4.65 4.81 5.52
% ¥ 5.903.723.763.843.923.964.124.364.44 4.445.04
% % 2 5.94 3.72 3.76 3.84 3.88 4.00 4.04 4.20 4.44 4,52 5.19
A i # 5.98 3.80 3.84 3.88 3.99 4.01 4.04 4.16 4.36 4.48 5.27
4 *» #r 5,70 3.60 3.81 3.82 3.90 4.01 4.27 4.36 4.43 4.455.13
¥ 2 5.863.813.823.843.904.034.064.27 4.32 4.425.21
5k * 5.743.623.693.834.004.044.14 4.29 4.57 4.595.38
+ 4 5.783.723.76 3.84 3.96 4.08 4.12 4.36 4.40 4.60 5.42
# ¥ # 5.983.88 3.8 3.843.964.16 4.2 4.28 4.56 4.52 5.26
- : A; S-H1> B: HI1I-H2> C: H2-H3 > D; H3-H4 - E ;
H4-H5 > F:; H5-H6 > G; H6-H7 > H: H7-H8 > | ; H8-H9 » J;
H9-H10 > K; H10-F -
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oo Fl gt 4002 R R Y o ERE T EESB
W R RS E e s N s 4 E R E LR

B A E R ER 2 — o

204-5 o R L F A LN F AW OF N MK

oz A B C D E F G H | J K
[ 21 13 13 13 13 14 14 15 15 15 18
% B4 21 13 13 13 13 13 13 14 14 14 18
% 2 21 13 13 14 13 13 13 13 13 14 18

A0 22 14 14 14 14 14 14 15 15 15 19
% 7 27 21 13 13 13 13 13 14 14 15 15 18

32 22 14 14 14 14 14 14 15 15 15 19

A S 20 13 13 13 13 14 14 15 15 15 19

+ ¥ 21 13 13 13 13 13 14 14 14 14 19

¥z 22 14 14 14 14 14 14 14 15 15 19
i A; S-H1> B; H1-H2- C; H2-H3> D; H3-H4-> E; H4-H5 >
F; H5-H6 > G H6-H7 > H; H7-H8 > 1 ; H8-H9 > J; H9-H10 >
K; H10-F -
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18 / __ um
16 R
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1 23 s 6 7 8 9 10 11 TR
Bl 4-2 mois R E S R 2 F R K

;e RO

ko B R £ B o B 2 2 ok FO(2006) &% E B

i £

L S e
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5#H e TR EBEE G R
@ * 15 % S fF B A A o7 -
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2 4-6 m BB REEEHFEFER(SRIY)
A A B C D E F G H | J K
M 7.54 9.07 8.97 8.58 8.56 8.01 7.90 7.69 7.53 7.28 7.25
%}x # 7.639.419.319.118.938.848.508.037.887.887.94
% ¥ 2 7.589.419.319.119.028.758.668.337.887.747.71
A i F 7.539.219.11 9.028.77 8.73 8.66 8.41 8.03 7.81 7.59
% *» %7 7.899.72 9.199.16 8.97 8.73 8.20 8.03 7.90 7.87 7.80
¥ 2 7.689.199.169.118.97 8.68 8.62 8.208.10 7.92 7.68
5 kA % 7.849.67 9.499.148.758.66 8.458.16 7.66 7.63 7.43
+ ¥ 7.799.419.319.11 8.848.588.508.037.957.617.38
% ¥ 7.539.029.219.118.848.418.338.187.687.747.60
** : A: S-HL1> B, HL-H2 > C.: H2-H3 > D, H3-H4 - E. H4-H5 >
F: H5-H6 > G H6-H7 > H; H7-H8 » | ; H8-H9 - J: H9-H10 >
K: H10-F
SRE(2 R/
10.00 — e
— T
9.50
—FEE
9.00 - =k
— AR
8.50 — EH
AR
8.00
45
7.50 BT
700 T T T T T T T T T T 1 m*(ﬂ)

Bl 4-3 m#e EGE L LPEFEE(D]F)
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2 4-7 g R ohE S LR 2 (R R)
ot A B C D E F G H | J K
¥ 3,52 3.37 3.333.193.183.203.163.303.233.12 3.26
% ¥ 3.563.49 3.46 3.39 3.323.283.16 3.21 3.15 3.15 3.57
% % 2 3.54 3.49 3.46 3.65 3.353.253.223.102.93 3.10 3.47
# o 3 3.68 3.68 3.65 3.61 3.51 3.49 3.47 3.61 3.44 3.35 3.61
& *» #r 3,68 3.61 3.41 3.40 3.33 3.243.28 3.21 3.39 3.37 3.51
¥ 2 3.753.67 3.66 3.65 3.59 3.47 3.45 3.51 3.47 3.39 3.65
= ®* %~ 3.48 3.59 3.52 3.393.253.47 3.38 3.503.28 3.27 3.53
+ # 3.633.493.463.393.283.19 3.403.213.18 3.04 3.51
7% #r 3.68 3.61 3.68 3.653.543.373.333.273.293.323.61
** : A: S-HL1> B, HL-H2 > C.: H2-H3 > D, H3-H4 - E. H4-H5 >
F: H5-H6 > G H6-H7 > H: H7-H8 > I : H8-H9 > J; H9-H10 -
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