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A Perception-Action Coupling Type of Control in Speed Hurdle

Wen-Chiech Chou 

ABSTRACT 

The purpose of this study was based on the concept of direct perception to 

investigate the change of motor control and adaptability in perception-action 

coupling under speed hurdle practice for middle/late children. Ten boys (mean 

age 9.3 0.3 years; mean height 132.9 5.6 cm; mean body mass 31.4 9.2 kg) 

participated in this study. Participants were asked to practice 15m sprint and to 

hurdle a knee height obstructer that lasted for 5 days with 12 times per day. A 

laser distance measurement system (LDM 300C
TM

, 100Hz) and an 

AcqKnowledge version 3.7.2 were used respectively to record the process of 

speed hurdle and to analyze the kinematical parameters (i.e., stride length, stride 

rate, velocity, and landing distance) of pre-practice, post-practice, and transfer 

tests. Repeated measures two-way ANOVA and t-test were used to with an alpha 

level .05 were adopted to analyze the statistical difference for the behavior 

change of stride parameters. The results showed the regulation of stride length 

during the initial practice was larger than the post-practice in zeroing-in phase. 

The variability of landing distance during the post-practice was lager than the 

initial practice, and it was indicated that the individual acquired the motor skill 

to perform speed hurdle through the regulation of every stride and the 

self-organization of human body. The effects of transfer of learning showed the 

maximal velocity was raised in the fifth step before jump, and the individual not 

only reduced sprint velocity step by step until the instant of jump but also 

reduced the variability of landing distance under the task of difficulty increased. 

Under the task of difficulty decreased, the variability of landing distance had no 

any statistics difference with post-practice, and the velocity in jumping instant 

burst raise that followed the sprint velocity decrease step by step for 

approaching. Moreover, it existed individual difference that the participant to 

regulate the variability in different strategies for every stride. The increasing or 

decreasing the approaching velocity to perform the movement of speed hurdle 

did mainly in the strategy of the regulation of stride length.  

Keywords: middle/late children, sprint, locomotion, stride length, variability  
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n a v i g a t i o n  p r o c e s s e s  i n  h u m a n  l o c o m o t o r  b e h a v i o r .  

P r o c e e d i n g s  o f  t h e  H u m a n  F a c t o r s  a n d  E r g o n o m i c s  

S o c i e t y  A n n u a l  M e e t i n g ,  4 ,  2 3 3 - 2 3 6 .  

B e r g ,  W.  P. ,  Wa d e ,  M .  G. ,  &  G r e e r ,  N .  L .  ( 1 9 9 4 ) .  Vi s u a l  

r e g u l a t i o n  o f  g a i t  i n  b i p e d a l  l o c o m o t i o n :  R e v i s i t i n g  L e e ,  

L i s h m a n ,  a n d  T h o m s o n  ( 1 9 8 2 ) .  J o u r n a l  o f  E x p e r i m e n t a l  

P s y c h o l o g y :  H u m a n  P e r c e p t i o n  a n d  P e r f o r m a n c e ,  2 0 ( 4 ) ,

8 5 4 - 8 6 3 .

B o o t s m a ,  R .  J . ,  F a y t ,  V. ,  Z a a l ,  T .  J .  M . ,  &  L a u r e n t ,  M .  ( 1 9 9 7 ) .  

O n  t h e  i n g o r m a t i o n - b a s e d  r e g u l a t i o n  o f  m o v e m e n t .  

J o u r n a l  o f  E x p e r i m e n t a l  P s y c h o l o g y :  H u m a n  P e r c e p t i o n  

a n d  P e r f o r m a n c e ,  2 3 ( 4 ) ,  1 2 8 2 - 1 2 8 9 .  

C e u x ,  T. ,  B u e k e r s ,  M .  J . ,  &  M o n t a g n e ,  G.  ( 2 0 0 3 ) .  T h e  e f f e c t s  

o f  e n h a n c e d  v i s u a l  f e e d b a c k  o n  h u m a n  s y n c h r o n i z a t i o n .  

N e u r o s c i e n c e  L e t t e r s ,  3 4 9 ( 2 ) ,  1 0 3 - 1 0 6 .  

C l a r k ,  J .  E . ,  P h i l l i p s ,  S .  J . ,  &  P e t e r s e n ,  R .  ( 1 9 8 9 ) .  

D e v e l o p m e n t a l  s t a b i l i t y  i n  j u m p i n g .  D e v e l o p m e n t a l  

P s y c h o l o g y ,  2 5 ( 6 ) ,  9 2 9 - 9 3 5 .  

C o r m i e r ,  S .  M . ,  &  H a g m a n ,  J .  D .  ( 1 9 8 7 ) .  T r a n s f e r  o f  l e a r n i n g :  

C o n t e m p o r a r y  r e s e a r c h  a n d  a p p l i c a t i o n s .  S a n  D i e g o :  

A c a d e m i c  P r e s s .  

C u t t i n g ,  J .  E .  ( 1 9 8 6 ) .  P e r c e p t i o n  w i t h  a n  e y e  f o r  m o t i o n .

C a m b r i d g e ,  M A :  M I T  P r e s s .  
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F a r r e l l ,  M .  J . ,  &  T h o m s o n ,  J .  A .  ( 1 9 9 9 ) .  O n - l i n e  u p d a t i n g  o f  

s p a t i a l  i n f o r m a t i o n  d u r i n g  l o c o m o t i o n  w i t h o u t  v i s i o n .  

J o u r n a l  o f  M o t o r  B e h a v i o r ,  3 1 ( 1 ) ,  3 9 - 5 3 .  

F a r r o w ,  D . ,  &  A b e r n e t h y ,  B .  ( 2 0 0 3 ) .  D o  e x p e r t i s e  a n d  t h e  

d e g r e e  o f  p e r c e p t i o n - a c t i o n  c o u p l i n g  a f f e c t  n a t u r a l  

a n t i c i p a t o r y  p e r f o r m a n c e .  P e r c e p t i o n ,  3 2 ( 9 ) ,  1 1 2 7 - 1 1 3 9 .  

G a l l a h u e ,  D .  L . ,  &  O z m u n ,  J .  C .  ( 2 0 0 2 ) .  U n d e r s t a n d i n g  m o t o r  

d e v e l o p m e n t :  I n f a n t s ,  c h i l d r e n ,  a d o l e s c e n t s ,  a d u l t s  ( 5 t h  

e d . ) .  N e w  Y o r k :  M c G r a w - H i l l .  

G i b s o n ,  J .  J .  ( 1 9 5 0 ) .  T h e  p e r c e p t i o n  o f  t h e  v i s u a l  w o r l d .

B o s t o n :  H o u g h t o n  M i f f l i n .  

G i b s o n ,  J .  J .  ( 1 9 7 9 ) .  T h e  e c o l o g i c a l  a p p r o a c h  t o  v i s u a l  

p e r c e p t i o n .  B o s t o n :  H o u g h t o n  M i f f l i n .  

H a y ,  J .  G .  ( 1 9 8 6 ) .  T h e  b i o m e c h a n i c s  o f  t h e  l o n g  j u m p .  

E x e r c i s e  a n d  S p o r t s  S c i e n c e  R e v i e w s ,  1 4 ,  4 0 1 - 4 4 6 .  

H a y ,  J .  G .  ( 1 9 8 8 ) .  A p p r o a c h  s t r a t e g i e s  i n  t h e  l o n g  j u m p .  

I n t e r n a t i o n a l  J o u r n a l  o f  S p o r t  B i o m e c h a n i c s ,  4 ( 2 ) ,

1 1 4 - 1 2 9 .

H a y ,  J .  G .  ( 1 9 9 3 ) .  T h e  b i o m e c h a n i c s  o f  s p o r t s  t e c h n i q u e s  

( 4 t h  e d . ) .  E n g l e w o o d  C l i f f s ,  N J :  P r e n t i c e - H a l l .  

H a y ,  J .  G . ,  T h o r s o n ,  E .  M . ,  &  K i p p e n h a n ,  B .  C .  ( 1 9 9 9 ) .  

C h a n g e s  i n  m u s c l e - t e n d o n  l e n g t h  d u r i n g  t h e  t a k e - o f f  o f  a  

r u n n i n g  l o n g  j u m p .  J o u r n a l  o f  S p o r t s  S c i e n c e s ,  1 7 ( 2 ) ,  

1 5 9 - 1 7 2 .

H o p k i n s ,  B . ,  C h u r c h i l l ,  A . ,  Vo g t ,  S . ,  &  R o n n q v i s t ,  L .  ( 2 0 0 4 ) .  

B r a k i n g  r e a c h i n g  m o v e m e n t s :  A  t e s t  o f  t h e  c o n s t a n t  
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t a u - d o t  s t r a t e g y  u n d e r  d i f f e r e n t  v i e w i n g  c o n d i t i o n s .  

J o u r n a l  o f  M o t o r  B e h a v i o r ,  3 6 ( 1 ) ,  3 - 1 2 .  

J a c o b s ,  A . ,  P i n t o ,  J . ,  &  S h i f f r a r ,  M .  ( 2 0 0 4 ) .  E x p e r i e n c e ,  

c o n t e x t ,  a n d  t h e  v i s u a l  p e r c e p t i o n  o f  h u m a n  m o v e m e n t .  

J o u r n a l  o f  E x p e r i m e n t a l  P s y c h o l o g y :  H u m a n  P e r c e p t i o n  

a n d  P e r f o r m a n c e ,  3 0 ( 5 ) ,  8 2 2 - 8 3 5 .  

J a i t n e r ,  T. ,  M e n d o z a ,  L . ,  &  S c h ö l l h o r n ,  W.  I .  ( 2 0 0 1 ) .  A n a l y s i s  

o f  t h e  l o n g  j u m p  t e c h n i q u e  i n  t h e  t r a n s i t i o n  f r o m  

a p p r o a c h  t o  t a k e o f f  b a s e d  o n  t i m e - c o n t i n u o u s  k i n e m a t i c  

d a t a . E u r o p e a n  J o u r n a l  o f  S p o r t  S c i e n c e ,  1 ( 5 ) , 1 - 1 2 .

J u l i a n n e ,  A .  S .  ( 1 9 9 6 ) .  S t r i d e  a d j u s t m e n t s  d u r i n g  a  r u n n i n g  

a p p r o a c h  t o w a r d  a  f o r c e  p l a t e . R e s e a r c h  Q u a r t e r l y  f o r  

E x e r c i s e  a n d  S p o r t ,  6 7 ( 1 ) ,  9 7 - 1 0 1 .  

K i r k ,  R .  E .  ( 1 9 9 5 ) .  E x p e r i m e n t a l  d e s i g n :  P r o c e d u r e s  f o r  t h e  

b e h a v i o r a l  s c i e n c e s  ( 3 r d  e d . ) .  N e w  Yo r k :  B r o o k /  C o l e .  

L e e ,  D .  N .  ( 1 9 7 4 ) .  V i s u a l  i n f o r m a t i o n  d u r i n g  l o c o m o t i o n .  I n  

R .  B .  M a c L e o d  &  H .  L .  P i c k  ( E d s . ) ,  P e r c e p t i o n :  E s s a y s  i n  

h o n o r  o f  J .  J .  G i b s o n  ( p p .  2 5 0 - 2 6 7 ) .  L o n d o n :  C o r n e l l  

U n i v e r s i t y  P r e s s .  

L e e ,  D .  N . ,  L i s h m a n ,  J .  R . ,  &  T h o m s o n ,  J .  A .  ( 1 9 8 2 ) .  

R e g u l a t i o n  o f  g a i t  i n  l o n g  j u m p i n g .  J o u r n a l  o f  

E x p e r i m e n t a l  P s y c h o l o g y : H u m a n  P e r c e p t i o n  a n d  

P e r f o r m a n c e ,  8 ( 3 ) ,  4 4 8 - 4 5 9 .  

L e e ,  D .  N . ,  &  A r o n s o n ,  E .  ( 1 9 7 4 ) .  Vi s u a l  p r o p r i o c e p t i v e  

c o n t r o l  o f  s t a n d i n g  i n  h u m a n  i n f a n t s .  P e r c e p t i o n  a n d  

P s y c h o p h y s i c s ,  1 5 ( 3 ) ,  5 2 9 - 5 3 2 .  
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M a r a j ,  B . ,  A l l a r d ,  F . ,  &  E l l i o t t ,  D .  ( 1 9 9 8 ) .  T h e  e f f e c t  o f  

n o n r e g u l a t o r y  s t i m u l i  o n  t h e  t r i p l e  j u m p  a p p r o a c h  r u n .  

R e s e a r c h  Q u a r t e r l y  f o r  E x e r c i s e  a n d  S p o r t ,  6 9 ( 2 ) ,

1 2 9 - 1 3 5 .

M a g i l l ,  R .  A .  ( 2 0 0 4 ) .  M o t o r  l e a r n i n g  a n d  c o n t r o l :  C o n c e p t s  

a n d  a p p l i c a t i o n s ( 7 t h  e d . ) .  N e w  Yo r k :  M c G r a w - H i l l .  

M c g i n n i s ,  P.  M .  ( 2 0 0 5 ) .  B i o m e c h a n i c s  o f  s p o r t  a n d  e x e r c i s e

( 2 n d  e d . ) .  C h a m p a i g n ,  I L :  H u m a n  K i n e t i c s .  

M o n t a g n e ,  G. ,  &  B u e k e r s ,  M .  ( 2 0 0 3 ) .  T h e  l e a r n i n g  o f  

g o a l - d i r e c t e d  l o c o m o t i o n :  A  p e r c e p t i o n - a c t i o n  

p e r s p e c t i v e . T h e  Q u a r t e r l y  J o u r n a l  o f  E x p e r i m e n t a l  

P s y c h o l o g y ,  5 4  ( 3 A ) ,  5 5 1 - 5 6 7 .  

M o n t a g n e ,  G. ,  C o r n u s ,  S . ,  G l i z e ,  D . ,  Q u a i n e ,  F. ,  &  L a u r e n t ,  

M .  ( 2 0 0 0 ) .  A  p e r c e p t i o n - a c t i o n  c o u p l i n g  t y p e  o f  c o n t r o l  

i n  l o n g  j u m p i n g .  J o u r n a l  o f  M o t o r  B e h a v i o r ,  3 2 ( 1 ) ,  

3 7 - 4 3 .

O z t o p ,  E . ,  B r a d l e y ,  N .  S . ,  &  A r b i b ,  M .  A .  ( 2 0 0 4 ) .  I n f a n t  g r a s p  

l e a r n i n g :  A  c o m p u t a t i o n a l  m o d e l .  E x p e r i m e n t a l  B r a i n  

R e s e a r c h ,  1 5 8 ,  4 8 0 - 5 0 3 .  

P a t l a ,  A .  E . ,  R o b i n s o n ,  C . ,  S a m w a y s ,  M . ,  &  A r m s t r o n g ,  C .  J .  

( 1 9 8 9 ) .  V i s u a l  c o n t r o l  o f  s t e p  l e n g t h  d u r i n g  o v e r g r o u n d  

l o c o m o t i o n :  Ta s k - s p e c i f i c  m o d u l a t i o n  o f  t h e  l o c o m o t o r  

s y n e r g y .  J o u r n a l  o f  E x p e r i m e n t a l  P s y c h o l o g y :  H u m a n  

P e r c e p t i o n  a n d  P e r f o r m a n c e ,  1 5 ( 3 ) ,  6 0 3 - 6 1 7 .  

S a v e l s b e r g h ,  G.  J .  P. ,  W i l l i a m s ,  A .  M . ,  v a n  d e r  K a m p ,  J .  &  

Wa r d ,  P.  ( 2 0 0 2 ) .  Vi s u a l  s e a r c h ,  a n t i c i p a t i o n  a n d  
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e x p e r t i s e  i n  s o c c e r  g o a l k e e p e r s .  J o u r n a l  o f  S p o r t s  

S c i e n c e s ,  2 0 ( 3 ) ,  2 7 9 - 2 8 7 .  

S c h m i d t ,  R .  A . ,  &  L e e ,  T.  D .  ( 2 0 0 5 ) .  M o t o r  c o n t r o l  a n d  

l e a r n i n g :  A  b e h a v i o r a l  e m p h a s i s  ( 4 t h  e d . ) .  C h a m p a i g n ,  

I L :  H u m a n  K i n e t i c s .  

S c o t t ,  M .  A . ,  L i ,  F.  X . ,  &  D a v i d s ,  K .  ( 1 9 9 7 ) .  E x p e r t i s e  a n d  t h e  

r e g u l a t i o n  o f  g a i t  i n  t h e  a p p r o a c h  p h a s e  o f  t h e  l o n g  j u m p .  

J o u r n a l  o f  S p o r t s  S c i e n c e s ,  1 5 ( 6 ) ,  5 9 7 - 6 0 5 .  

T h o m a s ,  J .  R .  &  N e l s o n ,  J .  K .  ( 2 0 0 1 ) .  R e s e a r c h  m e t h o d s  i n  

p h y s i c a l  a c t i v i t y  ( 4 t h  e d . ) .  C h a m p a i g n ,  I L :  H u m a n  

K i n e t i c s .

T h o m a s ,  J .  R . ,  S a l a z a r ,  W. ,  &  L a n d e r s ,  D .  M .  ( 1 9 9 1 ) .  W h a t  i s  

m i s s i n g  i n  p  <  . 0 5 ?  E f f e c t  s i z e .  R e s e a r c h  Q u a r t e r l y  f o r  

E x e r c i s e  a n d  S p o r t ,  6 2 ( 3 ) ,  3 4 4 - 3 4 8 .  

Vi s h t o n ,  P.  M . ,  &  C u t t i n g ,  J .  E .  ( 1 9 9 5 ) .  Wa y f i n d i n g ,  

d i s p l a c e m e n t s ,  a n d  m e n t a l  m a p s :  Ve l o c i t y  f i e l d s  a r e  n o t  

t y p i c a l l y  u s e d  t o  d e t e r m i n e  o n e ' s  a i m p o i n t .  J o u r n a l  o f  

E x p e r i m e n t a l  P s y c h o l o g y :  H u m a n  P e r c e p t i o n  a n d  

P e r f o r m a n c e ,  2 1 ( 5 ) ,  9 7 8 - 9 9 5 .  

Wa r r e n ,  W.  H .  ( 1 9 8 4 ) .  P e r c e i v i n g  a f f o r d a n c e s :  Vi s u a l  

g u i d a n c e  o f  s t a i r  c l i m b i n g .  J o u r n a l  o f  E x p e r i m e n t a l  

P s y c h o l o g y :  H u m a n  P e r c e p t i o n  a n d  P e r f o r m a n c e ,  1 0 ( 5 ) ,

6 8 3 - 7 0 3 .

Wa r r e n ,  W.  H . ,  &  Ya f f e ,  D .  M .  ( 1 9 8 9 ) .  D y n a m i c s  o f  s t e p  

l e n g t h  a d j u s t m e n t  d u r i n g  r u n n i n g :  A  c o m m e n t  o n  P a t l a ,  

R o b i n s o n ,  S a m w a y s  a n d  A r m s t r o n g  ( 1 9 8 9 ) .  J o u r n a l  o f  
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E x p e r i m e n t a l  P s y c h o l o g y :  H u m a n  P e r c e p t i o n  a n d  

P e r f o r m a n c e ,  1 5 ( 3 ) ,  6 1 6 - 6 2 1 .  

Wa r r e n ,  W.  H . ,  Yo u n g ,  D .  S . ,  &  L e e ,  D .  N .  ( 1 9 8 6 ) .  Vi s u a l  

c o n t r o l  o f  s t e p  l e n g t h  d u r i n g  r u n n i n g  o v e r  i r r e g u l a r  

t e r r a i n . J o u r n a l  o f  E x p e r i m e n t a l  P s y c h o l o g y :  H u m a n  

P e r c e p t i o n  a n d  P e r f o r m a n c e ,  1 2 ( 3 ) ,  2 5 9 - 2 6 6 .  
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1 . 9 4 4 1 8 9 4 4 2 5

2 . 7 3 0

3 .

4 .

1 .

2 .

3 .

4 .

5 .

6 .

7 .
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8

1 3 8

F
2

power

0 . 0 1 0 1 0 . 0 1 0.33
*

. 0 4 0 . 0 8

0 . 1 6 0 9 0 . 0 2

0 . 9 8 0 7 0 . 1 4 7.07
*

. 4 4 1 . 0 0

1 . 2 4 6 3 0 . 0 2

0 . 3 1 0 7 0 . 0 4 2.74
*

. 2 3 0 . 8 8

1 . 0 1 6 3 0 . 0 2

* p  <  . 0 5 .  

1 4 8

F

A

1 b1 0 . 0 7 0 1 0 . 0 7 4.02
*

2 b2 0 . 0 0 0 1 0 . 0 0 0.01
*

3 b3 0 . 0 1 0 1 0 . 0 1 0.67
*

4 b4 0 . 0 9 0 1 0 . 0 9 5.50
*

5 b5 0 . 1 1 0 1 0 . 1 1  6.71
*

6 b6 0 . 0 0 0 1 0 . 0 0 0.17
*

7 b7 0 . 0 0 0 1 0 . 0 0 0.29
*

8 b8 0 . 0 3 0 1 0 . 0 3 1.95
*

1 . 1 7 7 2 0 . 0 2

B

a1 0 . 7 1 0 7 0 . 1 0 5.67
*

a2 0 . 5 7 0 7 0 . 0 8 4.60
*

2 . 2 5 1 2 6 0 . 0 2

* p  <  . 0 5 .  
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1 5 8

1 2 3 4 5 6 7 8

1 * *

2 * * * * *

3 *

4 * * *  *

5

6

7

8

* p  <  . 0 5 .  

1 6 8

1 2 3 4 5 6 7 8

1 * *

2 *

3

4

5

6

7

8

* p  <  . 0 5 .  
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1 7 8

F
2

power

0 . 0 0 0 1 0 . 0 0 0.00
*

. 0 0 0 . 0 5

0 . 0 9 0 9 0 . 0 1

0 . 7 9 0 7 0 . 1 1 6.06
*

. 4 0 1 . 0 0

1 . 1 8 6 3 0 . 0 2

0 . 0 8 0 7 0 . 0 1 0.70
*

. 0 7 0 . 2 8

1 . 0 4 6 3 0 . 0 2

* p  <  . 0 5 .  

1 8 8

1 2 3 4 5 6 7 8

1 * *

2 * *

3 * *

4 *

5 * *

6 *

7

8

* p  <  . 0 5 .  
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1 9 8

F
2

power

0 . 0 0 0 1 0 . 0 0 0.49
*

. 0 5 0 . 1 0

0 . 0 9 0 9 0 . 0 1

0 . 9 9 0 7 0 . 1 4 5.20
*

. 3 7 1 . 0 0

1 . 7 1 6 3 0 . 0 3

0 . 1 0 0 7 0 . 0 1 0.65
*

. 0 7 0 . 2 6

1 . 3 4 6 3 0 . 0 2

* p  <  . 0 5 .  

2 0 8

1 2 3 4 5 6 7 8

1 * *

2 * *  *

3 *

4 * *  *

5 * *  *

6

7

8

* p  <  . 0 5 .  
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8

2 1 8

F
2

power

0 0 . 0 4 0 1 0 . 0 4 0.10
*

. 0 1 . 0 6

0 3 . 8 5 0 9 0 . 4 3

0 5 . 9 1 0 7 0 . 8 4 2.20
*

. 2 0 0 . 7 8

2 4 . 1 5 6 3 0 . 3 8

0 2 . 7 0 0 7 0 . 3 9 1.35
*

. 1 3 0 . 5 3

1 7 . 9 9 6 3 0 . 2 9

* p  <  . 0 5 .  

2 2 8

1 2 3 4 5 6 7 8

1 *

2 * * *

3

4

5

6

7

8

* p  <  . 0 5 .  
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2 3 8

F
2

power

0 0 . 7 4 0 1 0 . 7 4 8.12
*

. 4 7 0 . 7 2

0 0 . 8 2 0 9 0 . 0 9

0 1 . 7 2 0 7 0 . 2 5 0.89
*

. 0 9 0 . 3 5

1 7 . 3 5 6 3 0 . 2 8

0 0 . 8 9 0 7 0 . 1 3 0.59
*

. 0 6 0 . 2 4

1 3 . 4 6 6 3 0 . 2 1

* p  <  . 0 5 .  

2 4 8

F
2

power

0 0 . 8 3 0 1 0 . 8 3 2.70
*

. 2 3 0 . 3 1

0 2 . 7 6 0 9 0 . 3 1

0 3 . 7 8 0 7 0 . 5 4 1.34
*

. 1 3 0 . 5 3

2 5 . 4 0 6 3 0 . 4 0

0 1 . 3 6 0 7 0 . 1 9 0.72
*

. 0 7 0 . 2 8

1 7 . 0 9 6 3 0 . 2 7

* p  <  . 0 5 .  
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8

2 5 8

F
2

power

0 . 5 0 0 1 0 . 5 0 2.49
*

. 2 2 0 . 2 9

1 . 7 9 0 9 0 . 2 0

4 . 5 4 0 7 0 . 6 5 6.21
*

. 4 1 1 . 0 0

6 . 5 9 6 3 0 . 1 0

1 . 3 2 0 7 0 . 1 9 2.24
*

. 2 0 . 7 9

5 . 3 3 6 3 0 . 0 8

* p  <  . 0 5 .  

26 8

F

A

1 b1 0 . 3 3 0 1 0 . 3 3 03.39
*

2 b2 1 . 0 4 0 1 1 . 0 4 10.52
*

3 b3 0 . 0 6 0 1 0 . 0 6 00.62
*

4 b4 0 . 0 0 0 1 0 . 0 0 00.01
*

5 b5 0 . 1 1 0 1 0 . 1 1  01.14
*

6 b6 0 . 0 5 0 1 0 . 0 5 00.54
*

7 b7 0 . 0 0 0 1 0 . 0 0 00.00
*

8 b8 0 . 2 1 0 1 0 . 2 1 02.19
*

7 . 1 2 7 2 0 . 1 0

B

a1 1 . 5 6 0 7 0 . 2 2 0 2.36
*

a2 4 . 3 0 0 7 0 . 6 1 0 6.50
*

1 1 . 9 2 1 2 6 0 . 0 9

* p  <  . 0 5 .  

- 84 - 



27 8

1 2 3 4 5 6 7 8

1 *

2

3 * *

4

5

6

7

8

* p  <  . 0 5 .  

28 8

1 2 3 4 5 6 7 8

1 * * * *

2 * * *

3 * * *

4 * *

5 * *

6 * *

7 *

8

* p  <  . 0 5 .  

- 85 - 



2 9 8

F
2

power

0 . 7 7 0 1 0 . 7 7 06.66
*

. 4 3 0 . 6 3

1 . 0 3 0 9 0 . 1 1

6 . 3 0 0 7 0 . 9 0 11.63
*

. 5 6 1 . 0 0

4 . 8 7 6 3 0 . 0 8

0 . 4 4 0 7 0 . 0 6 01.00
*

. 1 0 0 . 3 9

4 . 0 2 6 3 0 . 0 6

* p  <  . 0 5 .  

30 8

1 2 3 4 5 6 7 8

1 * * * *

2 * *

3 * *

4 * *

5 * *

6 * *

7 *

8

* p  <  . 0 5 .  
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3 1 8

F
2

power

1 . 1 6 0 1 1 . 1 6 5.03
*

. 3 6 0 . 5 2

2 . 0 7 0 9 0 . 2 3

5 . 7 3 0 7 0 . 8 2 8.58
*

. 4 9 1 . 0 0

6 . 0 2 6 3 0 . 1 0

1 . 5 4 0 7 0 . 2 2 3.02
*

. 2 5 0 . 9 1

4 . 5 8 6 3 0 . 0 7

* p  <  . 0 5 .  

32 8

F

A

1 b1 0 0 . 0 1 0 1 0 . 0 1 00.11
*

2 b2 0 1 . 6 2 0 1 1 . 6 2 17.58
*

3 b3 0 0 . 7 7 0 1 0 . 7 7 08.31
*

4 b4 0 0 . 0 0 0 1 0 . 0 0 00.00
*

5 b5 0 0 . 0 7 0 1 0 . 0 7 00.81
*

6 b6 0 0 . 1 6 0 1 0 . 1 6 01.71
*

7 b7 0 0 . 0 4 0 1 0 . 0 4 00.41
*

8 b8 0 0 . 0 2 0 1 0 . 0 2 00.24
*

0 6 . 6 5 7 2 0 . 0 9

B

a1 0 4 . 3 0 0 7 0 . 6 1 07.31
*

a2 0 2 . 9 7 0 7 0 . 4 2 05.04
*

1 0 . 6 0 1 2 6 0 . 0 8

* p  <  . 0 5 .  

- 87 - 



33 8

1 2 3 4 5 6 7 8

1 *

2

3 *

4 *

5 *

6 *

7

8

* p  <  . 0 5 .  

- 88 - 



8

3 4 8

F
2

power

0 . 4 1 0 1 0 . 4 1 03.06
*

. 2 5 0 . 3 5

1 . 2 2 0 9 0 . 1 4

3 . 2 7 0 8 0 . 4 1 10.93
*

. 5 5 1 . 0 0

2 . 7 0 7 2 0 . 0 4

1 . 0 3 0 8 0 . 1 3 04.88
*

. 3 5 1 . 0 0

1 . 9 1 7 2 0 . 0 3

* p  <  . 0 5 .  

3 5 8

F

A

0 . 1 7 0 1 0 . 1 7 04.41
*

1 b1 0 . 5 4 0 1 0 . 5 4 14.08
*

2 b2 0 . 3 9 0 1 0 . 3 9 10.05
*

3 b3 0 . 1 6 0 1 0 . 1 6 04.17
*

4 b4 0 . 0 6 0 1 0 . 0 6 01.48
*

5 b5 0 . 0 0 0 1 0 . 0 0 00.06
*

6 b6 0 . 0 1 0 1 0 . 0 1 00.35
*

7 b7 0 . 0 1 0 1 0 . 0 1 00.19
*

8 b8 0 . 1 1 0 1 0 . 1 1  02.74
*

3 . 1 3 8 1 0 . 0 4

B

a1 3 . 4 5 8 0 . 4 3 13.48
*

a2 0 . 8 6 8 0 . 1 1  0 3.36
*

4 . 6 0 1 4 4 0 . 0 3
* p  <  . 0 5 .  

- 89 - 



3 6 8

1 2 3 4 5 6 7 8

* * * *  *  *

1 * * * *  *  *

2 * * * * *

3 * *

4

5

6

7

8

* p  <  . 0 5 .  

3 7 8

1 2 3 4 5 6 7 8

* * * * * * * *

1 *

2

3

4

5 *

6

7

8

* p  <  . 0 5 .  

- 90 - 



3 8 8

F
2

power

0 . 8 5 0 1 0 . 8 5 03.51
*

. 2 8 0 . 3 9

2 . 1 9 0 9 0 . 2 4

2 . 1 8 0 8 0 . 2 7 13.84
*

. 6 1 1 . 0 0

1 . 4 2 7 2 0 . 0 2

1 . 0 6 0 8 0 . 1 3 06.58
*

. 4 2 1 . 0 0

1 . 4 6 7 2 0 . 0 2

* p  <  . 0 5 .  

3 9 8

F

A

0 . 0 7 0 1 0 . 0 7 01.62
*

1 b1 0 . 3 2 0 1 0 . 3 2 07.16
*

2 b2 0 . 5 5 0 1 0 . 5 5 12.25
*

3 b3 0 . 3 3 0 1 0 . 3 3 07.42
*

4 b4 0 . 4 2 0 1 0 . 4 2 09.37
*

5 b5 0 . 1 3 0 1 0 . 1 3 02.83
*

6 b6 0 . 0 0 0 1 0 . 0 0 00.00
*

7 b7 0 . 0 3 0 1 0 . 0 3 00.58
*

8 b8 0 . 0 6 0 1 0 . 0 6 01.35
*

3 . 6 4 8 1 0 . 0 4

B

a1 0 . 8 6 8 0 . 1 1  05.38
*

a2 2 . 3 8 8 0 . 3 0 14.94
*

2 . 8 7 1 4 4 0 . 0 2
* p  <  . 0 5 .  

- 91 - 



4 0 8

1 2 3 4 5 6 7 8

* * * * *

1 * * * * *

2 * * * * *

3 * *  *  *

4 * *  *  *

5

6

7

8

* p  <  . 0 5 .  

4 1 8

F
2

power

0 . 0 1 0 1 0 . 0 1 00.05
*

. 0 1 0 . 0 5

1 . 8 4 0 9 0 . 2 0

2 . 2 3 0 8 0 . 2 8 10.32
*

. 5 3 1 . 0 0

1 . 9 4 7 2 0 . 0 3

0 . 5 6 0 8 0 . 0 7 03.08
*

. 2 6 0 . 9 4

1 . 6 4 7 2 0 . 0 2

* p  <  . 0 5 .  

- 92 - 



4 2 8

F

A

0 . 0 1 0 . 0 1 00.19
*

1 b1 0 . 0 2 0 1 0 . 0 2 00.58
*

2 b2 0 . 0 7 0 1 0 . 0 7 01.69
*

3 b3 0 . 0 3 0 1 0 . 0 3 00.69
*

4 b4 0 . 0 2 0 1 0 . 0 2 00.50
*

5 b5 0 . 0 0 0 1 0 . 0 0 00.02
*

6 b6 0 . 1 2 0 1 0 . 1 2 02.68
*

7 b7 0 . 1 2 0 1 0 . 1 2 02.69
*

8 b8 0 . 1 8 0 1 0 . 1 8 04.25
*

3 . 4 7 8 1 0 . 0 4

B

a1 0 . 8 6 0 8 0 . 1 1  04.32
*

a2 1 . 9 3 0 8 0 . 2 4 09.70
*

3 . 5 8 1 4 4 0 . 0 2

* p  <  . 0 5 .  

- 93 - 



4 3 8

1 2 3 4 5 6 7 8

* * * * * * * *

1 * * * *

2 * * * *

3

4

5

6

7

8

* p  <  . 0 5 .  

- 94 - 
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