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The e l i t e  j u n i o r  r a c e  w a l k e r  i s  l e s s  s t u d i e d  t h a n  t h e  
i n f r e q u e n t 1  y s t u d 1  e d  s e n i o r  r a c e  w a l k e r .  D a t a  c o l l  e c t  i o n  a n d  
a n a l y s i s  o f  t h e  younger  w a l k e r  m i g h t  b e  o f  some u a l u e  t o  c o a c h e r  
and  b i o m e c h a n i s t s  i n  s t u d y i n g  t h e  d e v e l o p m e n t  o f  young  a t h l e t e s  
a s i d e  f r o m  t h e  o b v i o u s  b e n e f i t s  t o  a p a r t i c u l a r  c u n p e t i t o r .  
What p a r a m e t e r s  o f  s t y l e  m i g h t  b e  e x h i b i  t ~ d  b y  t h e  youneer  
w a l k e r ?  How d o  t h e s e  p a r a m e t e r s  d i f f e r  among t h e  e l  i t e  J u n i o r  
w a l k e r s ?  How m i g h t  t h e  s t u d i e d  p a r a m e t e r s  change w l  t h  f a t i g u e  
d u r i n g  c u n p e t i  t i o n .  T h i s  e x p l o r a t o r y  s t u d y ,  t h o  i n i  t i a l  phase  
o f  o n g o i n g  r e s e a r c h  i n t o  t h e  d y n a m i c s  o f  t h e  s p o r t ,  f o c u s e s  o n  
s t r i d e  l e n g t h s ,  s t r i d e  f r e q u e n c i e s ,  arm a n g l e s  a n d  f o o t  s t r i k e  
a n g l e s .  

M e t h o d  

The i n v e s t i g a t i o n  was p e r f o r m e d  by f i l m i n g  d u r i n g  c o m p e t i t i o n  
u s i n g  a  l h  Canon S c o o p i c  camera.  The  f i l m  s p e e d  (46  f p r )  was 
c h e c k e d  b y  f i l m i n g  a  f a l l i n g  b a l l  a n d  c a l c u l a t i n g  segnmnta l  
a c c e l e r a t i o n s .  R e f e r e n c e  measuremen ts  w e r e  a  m a r k e d  m e t e r  s t i c k  
a n d  t r a c k  m a r k i n g s  where  a p p r o p r i a t e .  A n a l  ys is  o f  t h e  f i l m  was  
done b y  s t a n d a r d  h a n d  t r a c i n g  t e c h n i q u e s  u r l n g  a Recordak  
u  i ewer .  

S u b j e c t s  

E i g h t  e l i t e  J u n i o r  m a l e  r a c e  w a l k e r s  were  s t u d i e d  i n  
c o m p e t i t i o n  i n  t h i s  I n v e s t i g a t i o n ,  s i x  i n  competition d u r i n g  an  
i n t e r n a t i o n a l  10,000 m e t e r  t r a c k  r a c e  h e l d  i n  J u l y ,  1983 a t  New 
B r i  t a i n ,  C o n n e c t i c u t  a n d  t w o  d u r i n g  t h e  N a t i o n a l  Champ ionsh ip  3 
k i l o m e t e r  r a c e  f o r  J u n i o r  men a l s o  h e l d  i n  J u l y  a t  L e d y a r d ,  
C o n n e c t i c u t .  Qf thm s i x ,  t w o  each  w e r e  r e p r e s e n t i n g  I t a l y ,  
Canada, a n d  t h e  U n l t e d  S t a t e s .  The  r e m a i n i n g  w a l k e r s  w e r e  t w o  
o f  t h e  t o p  non-qua1 i f  i e r s  f o r  t h e  U n i  t e d  S t a t e s  J u n i o r  Team. 
F i l m s  were  takmn o f  t h e  e i g h t  d u r i n g  t h e  c o m p e t i t i o n  w i t h o u t  
t h e  i r know1 edge, t h u s  e n s u r  i n g  r m a l  i s t  i c  compet  i t i o n  c o n d i  t i ons.  
A l l  m s a s u r s m e n t r ,  i n c l u d i n g  h e i g h t s  o f  i n d i v i d u a l s ,  were  t a k e n  
f r o m  f i l m  a n a l y s i s .  

91 



92 
P r o c e d u r e  

D u r i n g  t h e  10,000 m e t e r  r a c e ,  f i l m  was t a k e n  o f  t h e  2nd, 
9 t h  and  1 7 t h  l a p ,  t h e s e  b e i n g  mos t  r e p r e s e n t a t i v e  o f  t h e  
b e g i n n i n g ,  m i d d l e  a n d  l a t t e r  p a r t  o f  t h e  r a c e  o f  t h o s e  p o r t i o n s  
f i lmed. The camera was s e t  u p  t o  v i e w  an o p e n i n g  i n  t h e  b o r d e r  
on t h e  t u r n ,  j u s t  p a s t  t h e  m i d p o i n t  o f  t h e  f i r s t  t u r n .  Any f i l m  
o f  t h e  r a c e  t a k e n  a f  t e r  t h e  1 7 t h  l a p  was n o t  u s e d  s i n c e  n o t  a l l  
o f  t h e  c o m p e t i t o r s  were  i n c l u d e d .  The 3 k i l o m e t e r  r a c e  was 
c o n d u c t e d  on a l e v e l  1,000 m e t e r  l o o p  w h i c h  i n c l u d e d  a t r a c k  a s  
p a r t  o f  t h e  l o o p .  The f i l m i n g  was done a t  t h e  c o m p l e t i o n  o f  t h e  
t r a c k  p a r t  o f  t h e  l o o p  d u r i n g  t h e  e n t r a n c e  t o  t h e  l a s t  l a p ,  
s t a r t i n g  t h o  f i n a l  t h o u s a n d  m e t e r s .  The a n a l y s i s ,  i n  a1 1 cases ,  
was done on a  f i v e  m e t e r  segment ,  e i t h e r  s i d e  o f  camera c e n t e r .  
I n  t h e  f i l m  a n a l y s i s ,  t h e  c r o t c h  h e i g h t  was e s t i m a t e d  f r u n  t h e  
inseam l e g  l e n g t h  w h i l e  e x t e n d e d .  Normal  j o i n t  m a r k e r  p o s i t i o n s  
were  e s t i m a t e d  and  c a r e  t a k e n  t h a t  t h e  measuremen ts  were  
c o n s i s t a n t .  The f o o t  s t r i k e  a n g l e  f o r  t h e  r i g h t  f o o t  w a r  t a k e n ,  
a s  t h e  t o e  was more  e a s i l y  measured  t h a n  t h a t  f o r  t h e  l e f t .  

R e r u l  t s  

The f i n a l  o r d e r  o f  f i n i o h  i n  t h e  10,000 m e t e r  r a c e  was, i n  
o r d e r ,  s u b j e c t s  1,  2, 4, 5, 3, a n d  6. Th'e w a l k e r s  i n  t h e  3 
k i  l o m e t e r  r a c e  f i n i s h e d  i n  a  v i r t u a l  dead  h e a t ,  a1 t h o u g h  s u b j e c t  
7 was 1  e a d i  n g  a t  t h e  e n d  o f  t w o  k i 1  m e t e r s .  

The s t r i d e  l e n g t h s  1  i s t c d  i n  T a b l e  1  a r e  somewhat 
u n i m p o r t a n t  b y  t h e m s e l v e s  s i n c e  s t r i d e  l e n g t h  w i l l  v a r y  w i t h  l e g  
l e n g t h  a n d  v e l o c i t y .  T a b l e  1 i s  i n c l u d e d  h e r e  f o r  r e f e r e n c e  
p u r p o s e s .  

The r e s u l t s  shown i n  T a b l e  2 ,  t h e  r a t i o  o f  s t r i d e  l e n g t h  t o  
a p p a r e n t  c r o t c h  he i gh t , appear  s i  gn  i f i c a n t  i n  t w o  r s s p e c  tr. 
F i r s t ,  a  mean o f  .97 among t h i s  g r o u p  o f  w a l k e r s  seems t o  
i n d i c a t e  t h a t  s t r  i d e  l e n g t h  i s  a p p r o x i m a t e 1  y e q u a l  t o  c r o t c h  
h e i g h t .  A l s o ,  t h e  mean s t r i d e  l e n g t h  t o  a p p a r e n t  c r o t c h  h e i g h t  
o f  each i n d i v i d u a l  r a n k s  each  i n  o r d e r  o f  f i n i s h ,  t h e  e x c e p t  i o n  
t o  t h e  o r d e r  b e i n g  s u b j e c t  number t h r e e  o r  s i x .  

S t r i d e  f r e q u e n c y ,  T a b l e  4, v a r i e s  l i t t l e  t h r o u g h o u t  t h e  
c o m p e t i t i o n .  I f  t h i s  i s  t h e  case ,  t h e n  t h e  d e t e r m i n a t o r  o f  
s u c c e s s  w o u l d  be s t r i d e  l e n g t h  a n d  t h e  a b i l  i t y  t o  m a i n t a i n  
o p t i m a l  s t r i d e  l e n g t h  a t  a  c o n s t a n t  u e l o c i  t y .  

U n f o r t u n a t e l y ,  t h e  r a n g e  o f  m o t i o n  o f  t h e  arm shows 1  i t t l e  
c o n s i s t a n c y ,  as shown b y  t h e  f i r s t  p a r t  o f  T a b l e  5. B e s i d e s  
p r o v i d i n g  b a l a n c e  t o  t h e  a c t  o f  w a l k i n g ,  arm r o t a t i o n  s h o u l d  
a l s o  complement s t r i d e  l e n g t h  a n d  s t r i d e  f r e q u e n c y .  The f a c t  
t h a t  s u b j e c t  1, t h e  w i n n e r  o f  t h e  10,000 m e t e r  r a c e ,  h a d  t h e  
g r e a t e s t  r a n g e  o f  m o t i o n  may be o f  some s i g n i f i c a n c e ,  b u t  i t  i s  
u n s u p p o r t e d  b y  measurements  o f  t h e  o t h e r  s u b j e c t s .  Arm r o t a t  i o n  
measurements  were  c l e a r l y  a f f e c t e d  b y  t h e  amount o f  c r o s s o v e r  
t o w a r d  t h e  m i d 1  i n e  o f  t h e  b o d y  b y  each  s u b j e c t .  I n s p e c t i o n  o f  
t h e  f i l m  shows a  w i d e  v a r i e t y  o f  s t y l e s  i n  t h i s  a r e a .  



T a b l e  1 S t r  id@ L e n a t h  ( m e t e r s )  

Subj ec t I ~ D  2 9 l a p  17 
l e f t  r i g h t  t o t a l  l e f t  r i g h t  t o t a l  l e f t  r i g h t  t o t a l  

1 .76 .82 1.58 .75 .80 1.SS .73 .84 1.56 

Tab1 e 2 Rat i n S t r  i de L e n a t h / h ~ ~ a r e n t  C r o t c h  He i ah t 

S u b j e c t  l r r r  2 
l e f t  r i g h t  

1 1.05 1.13 
2 1.00 1.00 
3 a91 a87 
4 1.00 .98 
S .8S .91 
6 a98 a98 
7 (2k) 
8 (2lo 

 la^ 9 
l e f t  r i g h t  
1.03 1.10 
1.00 1.04 

m85 a91 
-98 1.02 
.96 1.02 
,87 -91 

1.00 .9s 
1.00 -99 

 la^ 17 mean 
l e f t  r i g h t  
1.00 1 . IS  1.08 

a 9 8  1 a00 1-00 
.87 .89 88 
m98 1-02 1.00 
-89 094 • 93 
.87 .09 -92 

.98 

.98 

Table 4 S t r i d e  f reauencr  
( s t r  i dedsecond)  

c t  2 D 9 17 
1 2.3 2.4 2.3 
2 2.2 2.3 2.4 
3 2.3 2.3 2.2 
4 2.4 2.3 ,203 
5 2.3 2.3 2.3 
6 2.3 2.2 2.1 
7(2k) 2.2 
8( 2k) 2.3 



Tab1 e 5 Arm r o t a t  i o n  a n d  E l  bow a n q l  c s  < l e f t  arm) 

arm r o t a t  i o n  
1  aP 2 9 1 7  
s u b j e c t  

1 108 116 112  
2 80 81 76 
3 62 46  8 2  
4 6 9  7 3  75  
5  83 94 9 6  
6 64 81 65 
7 ( 2 k )  108  
8 t 2 k )  91 

m i d  s t r i d e  arm a n a l e  back  
2 9 17 2 

arm a n n l e  
9 17 

The e l  bow a n g l  e  h a s  g e n e r a l  1  Y been c o n s i  d e r e d  a s  o p t  ima l  a t  
PO d e g r e e s  by mos t  coaches.  H e r e  measurements  were  t a k e n  a t  
m i d - s t a n c e ,  when t h e  l e g  w a r  d i r e c t l y  u n d e r  t h e  body,  a n d  a t  t h e  
p o i n t  when t h e  arm was f a r t h e s t  b a c k .  The p o i n t  when t h e  arm 
was mos t  f o r w a r d  was i m p o s s i b l e  t o  measure w i t h  a n y  a c c u r a c y  due 
t o  t h e  amount o f  c r o s s o v e r  by some o f  t h e " s u b j e c t s .  Means o f  86 
a n d  7 3  d e g r e e s ,  r e s p e c t i v e l y ,  seem t o  i n d i c a t e  t h a t ,  f o r  t h i s  
g roup  a t  l e a s t ,  j u n i o r  men o p e r a t e  a t  l e s s  t h a n  wha t  i s  
c o n s i d e r e d  b e s t  f o r  e f f i c i e n c y .  The r e s u l t s ,  however ,  d o  
i n d i c a t e  a  v a r i e t y  o f  s t y l e s .  I n  t h e  case  o f  t h e  10 ,000  m e t e r  
w a l k e r s ,  t h e  e f f e c t  o f  w a l k i n g  an t h e  t u r n  on t h e  l e f t  arm a n g l e  
i s  n o t  known. T u r n  w a l k i n g  c o u l d  have  a  p r o n o u n c e d  e f f e c t  on 
e lbow a n g l e ,  s i n c e  t h e  r i g h t  o r  o u t s i d e  arm w o u l d  be t h e  d r i v i n g  
f o r c e  h o l d i n g  t h e  body  i n  t h e  t u r n ,  whereas ,  t h e  l e f t  o r  i n s i d e  
arm w o u l d  be  t h o  r e a c t  i o n  o r  b a l a n c e  arm. 

T a b l e  6 F o o t  s t r i k e  a n a l e  ( r i a h t  f o o t )  

s u b j e c t  l a p  2 l a p  9 l a p  1 7  
1 34 3 9  41 
2 40 43 43  
3 39 35 3 7  
4 39 3 2  39 
5 -- 40 3 8  
6 4 3  46 3 5  
7 <  2k 1 40 
8( 2k 1 40 

An e x c e s s i v e  f o o t  s t r i k e  a n g l e  o r  an i n s u f f i c i e n t  f o o t  
s t r i k e  a n g l e  w o u l d  p r e v e n t  e f f i c i e n t  r o l l i n g  a c r o s s  t h e  f o o t ,  
and t h u s  a c t  a s  a  b r a k i n g  e f f e c t .  Among t h i s  g r o u p  o f  s u b j e c t s  
t h e  mean a n g l e  o f  f o o t  s t r i k e  was 3 9  d e g r e e s ,  T a b l e  6 .  T h e r e  
a p p e a r s  t o  be n o  c o r r e l  a t  i on be tween  v e l  o c i  t y  o r  s t r i d e  r a t i o  
w i t h  f o o t  s t r i k e  among t h e s e  s u b j e c t s ,  however ,  t h e  c o n s t a n c y  o f  
t h e  v a l  uo may be i n d i c a t i v e  o f  t h e  e l  i t o  j u n i o r  m a l e .  Pe rhaps ,  
t h e  f a c t  t h a t  f r e q u e n c y  a n d  f o o t  s t r i k e  a n g l e  a r e  b o t h  somewhat 
c o n s t a n t  m i g h t  i n d i c a t e  a  r e l a t i o n s h i p  be tween  t h e  two.  



Three problems immediate ly became apparent on anal y s i  r of 
these compet i t ions ;  ( 1 )  I n  d e a l i n g  w i t h  unmarked sub jec ts ,  
measurements such as c r o t c h  h e i g h t  had t o  es t ima ted  f rom the 
f i l m  as w e l l  as c o n s i s t a n t  p o i n t s  chosen f o r  angle measurements. 
(2) The segment o f  the c m p e t i  t i o n ,  bo th  o f  the t o t a l  d i s tance  
and the l o c a t i o n  w i t h i n  a  l ap ,  m igh t  p o s s i b l y  n o t  be 
rep resen ta t i ue  o f  each s u b j e c t ' s  form. Any measurement taken a t  
o n l y  one p o i n t  o f  a compe t i t i on ,  o r  few p o i n t s ,  i s  dependent on 
whateuer t h a t  sub jec t  happens t o  be do ing  a t  t h a t  moment. ( 3 )  
Measurements f rom f i l m ,  whether taken by hand o r  e l e c t r o n i c a l l r ,  
are 1 i m i t e d  w i t h o u t  a  l a r g e  degree o f  image enlargement. 

N a t u r a l l y ,  f o r  any s tudy o f  the e l  i t e  j u n i o r  male race  
walker t o  be conc lus i ve ,  many more s u b j e c t s  need t o  be measured. 
The f a c t  t h a t  t h i s  s tudy was undertaken ' i n  compe t i t i on '  
e l i m i n a t e s  the a r t i f i c i a l i t y  o f  s p e c i a l  sess ions and may be 
considered r e p r e s e n t a t i u e  o f  e l i t e  J u n i o r  males. Howeuer, 
l a c k i n g  a  g rea te r  number o f  measurements a t  o the r  p o i n t s  i n  the 
race i t  i s  h a r d  t o  Judge the cons is tancy  o f  the r e s u l t s  f o r  any 
p a r t i c u l a r  s u b j e c t .  I n  s p i t e  o f  the draw-backs o f  the 
s i t u a t i o n ,  i t  i s  somewhat s i g n i f i c a n t  t h a t  the r a t i o  o f  s t r i d e  
l eng th  t o  c r o t c h  h e i g h t  i s  c o n s i s t a n t  among the sub jec ts ,  and 
t h a t  t h i s  appears t o  be a  p r e d i c t e r  o f  success - p a r t  i c u l  a r l r ,  
i n  l i g h t  o f  the f a c t  t h a t  the s t r i d e  f requency u a r i c d  l l t t l e  
d u r i n g  the course o f  the race.  The range o f  mot i o n  o f  the arm 
throughout a  s t r i d e  u a r i e s  g r e a t l y  among the re  compe t i t o rs .  
Perhaps r m e  o f  t h i s  v a r i a b i l i t y  i s  due t o  measurement r i t e ,  
be ing  on the t u r n .  However, i t  would seem t h a t  t h i s  i s  a  
f u n c t i o n  o f  fo rm and balance, b e s t  desc r ibed  as r t y l e .  The 
v a r i a b i l i t y  i n  elbow angles m igh t  be bes t  a t t r i b u t e d  t o  w a l k i n g  
the t u r n  as the 1ef  t ,  measured arm would  become the r e a c t  i o n  arm 
w h i l e  the r i g h t  would be the d r i v i n g  f o r c e  h o l d i n g  the wa lker  
i n t o  the tu rn .  F i n a l l y ,  the mean f o o t  s t r i k e  ang le  o f  39 
degrees w i t h  i t s  smal l  v a r i a b i l i t y  ( 3  degrees) seems t o  i n d i c a t e  
t h a t  among t h i s  group o f  e l i t e  males, a t  l e a s t ,  f o o t  s t r i k e  
angle i s  c o n s i s t a n t  throughout the performance. I n  a11 cases, 
the measuremcntr taken o f  s u b j e c t s  7 and 8 compared f a v o r a b l y  
w i t h  the o the rs .  

Exc luo iue s t u d i e s  o f  e l  i t e  sen io r  race  wa lke rs  m igh t  
i d e n t i f y  the end product  by optimum parameters o f  s t y l e  and 
technique, b u t  would g i v e  no i n s i g h t  i n t o  the deuelopment 
process.Studi e s  of the e l  i t e  j u n i o r  wa lke rs  may p r o v i d e  a key t o  
the development of the e l i t e  s e n i o r s  and the deuclopment o f  
Young men i n t o  ou ts tand ing  race walkers .  
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