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D i f f e r e n t  teaching s t r a t e g i e s  are o f ten  employed f c r  i n s t r u c t i n g  s k i l l s  t o  
c h i l d r e n  o f  d i f f e r e n t  ages. This i s  a t t r i b u t e d  t o  increases i n  phys i ca l  
performance i n  con junc t ion  w i t h  increments i n  bo th  s t r e n g t h  and motor 
coord ina t ion  as c h i l d r e n  become o l d e r  (Asmussen F Heeboll-Nielson, 1955, 
1955-56). I n  a  paper presented by Miyashi t a  and Kanehisa ( 1979), 
d i f f e rences  i n  performance a t  d i f f e r e n t  age l e v e l s  were speculated t o  be 
a t t r i b u t e d  t o  vary ing  con t r i bu t i ons  o f  s t r eng th  and motor coord ina t ion .  
The r e l a t i v e  con t r i bu t i ons  o f  s t r eng th  and coo rd ina t i on  t o  t h e  performance 
o f  var ious s k i l l s  by d i f f e r e n t  age l e v e l s  remains unknown. Previous 
i nves t i ga to rs  (Boyer, 1963; Hess, 1965) have i n d i c a t e d  t h a t  s t r e n g t h  i s  a  
major f ac to r  i n f l u e n c i n g  k i c k i n g  displacement f o r  h i gh - l eve l  a d u l t  soccer 
players, b u t  t h i s  r e l a t i o n s h i p  has no t  been i nves t i ga ted  f o r  young soccer 
p layers.  Therefore, t he  purpose o f  t h i s  study was t o  determine t he  
r e l a t i v e  in f luence of i s o k i n e t i c  quadracep l e g  s t reng th  t o  motor 
coord ina t ion  jba l  1  angle o f  v e r t i c a l  p r o j e c t i o n  and l a t e r a l  dev ia t i on ,  and 
movement pa t t e rns  of k i c k i n g  1  imb) on maximal h o r i  zon ta l  b a l l  d i  sp l  acement 
f o r  young soccer p layers .  

METHODS AND PROCEDURES 

Twenty-two e l  i t e  vo lun teer  male soccer p layers  rang ing  i n  age f rom 9 t o  17 
years were used as sub jec ts .  The sub jec ts  were p laced i n t o  one of t h ree  
age groups ( 9  t o  12, 11 = 12; 13 t o  15, n = 5; 16 t o  17, n = 5 )  and asked t o  
k i c k  a s t a t i o n a r y  soccer b a l l  as f a r  as poss ib le  along a  designated 
s t r a i g h t  l i n e .  Two mini -soccer b a l l s  were used f o r  t he  9-to-12 yea r -o ld  
group, whereas two o f f i c a l  N.A.S.L. b a l l s  were used f o r  t he  two o l d e r  age 
groups. The mini -soccer b a l l s  used were i n f l a t e d  t o  a  pressure o f  69,000 
~ewton-Meters squared w i t h  masses of 347 and 349 grams. The b a l l s  used 
f o r  t he  o l d e r  age l e v e l s  were i n f l a t e d  t o  65,500 Newton-MeLers squared w i t h  
masses o f  414 and 423 grams. 

A  Locam 16 n, double p i n  r e g i s t e r e d  camera w i t h  a  6 - f a c t o r  s h u t t e r  and 
a  10-mi l l imeter  lens  was operated a t  150 frames pe r  second and pos i t i oned  
perpendicular  t o  t he  k i c k i n g  p lane a t  a  he igh t  of one meter and a d is tance 
o f  f i v e  meters f rom the  s t a t i o n a r y  b a l l .  Each sub jec t  was f i l m e d  u n t i l  
th ree  good t r i a l s  were obtained o r  a  maximum of s i x  t r i a l s .  A good tri a1 
was recorded i f  the  b a l l  landed w i t h i n  a  10-degree angle on e i t h e r  s i d e  of 
the s t r a i g h t  l i n e .  

Measurement o f  t he  b a l l  p r o j e c t i o n  angle and the  angular  displacement, 
ve loc i t y ,  and acce le ra t i on  o f  t he  k i c k i n g  t h i g h  and l e g  were obtained f rom 
a f i l m  motion analyzer on - l i ne  w i t h  a  d i g i t i z e r  and micro-computer 



i n t e r f a c e d  w i t h  McGi 11s main f rarne computer. The motor  coo rd ina t i on  pa t t e rns  
o f  t he  t n i g h  and l e g  were p l o t t e d  f o r  a l l  t r i a l s .  

PeaK i s o k i n e t i c  quadr i  cep l e g  s t r e n g t h  and impulse were ob ta ined on a  
Cybex I 1  apparatus a t  30 and 120 degrees per  second. Each s u b j e c t  was 
g iven th ree  t r i a l s  a t  each v e l o c i t y ,  w i t h  t h e  rrlean value o f  t he  two h i ghes t  
torques generatea a t  each speeu used as t he  s t r eng th  score.  Impulse was 
d e t e m i  ned f rot11 t ne  average o f  t h e  t h ree  recorded and i n t e g r a t e d  fo rce- t ime 
curves as determine0 by p lan imet ry ,  f o r  each speed. 

RESULTS 

Zero-order c o r r e l a t i o n s  and stepwise regressions were used t o  i d e n t i f y  the  
measurea v a r i  ab l  e(s)  ( f r om F igure  1 )  whi ch has t he  g rea tes t  associ a t i  on wi t h  
ho r i zon ta l  b a l l  displacement f o r  the  var ious  age groups. Resul ts  i n d i c a t e d  
t h a t  tne  l a r g e s t  v a r i a t i o n  i n  performance was accounted f o r  by ( I )  the  b a l l  
angle o f  p r o j e c t i o n  i n  t he  9- to-12 yea r -o l d  age group (RSQ = .84*; r = .92*); 
( 2 )  Tne l i n e a r  b a l l  v e l o c i t y  i n  t h e  13-to-15 yea r -o l d  age group (m = .91f; 
r = .95*; and (3)  i s o k i n e t i c  impulse a t  30 degrees pe r  second f o r  - 
tne 16-to-17 yea r -o l d  age group (RS = .97*; r = .98*). Fu r t he r  ana l ys i s  
revealed motor coo rd ina t i on  va r i ab  79 es t o  have-a g rea te r  i n f l u e n c e  on 
t io r i zon ta l  b a l l  displacement than s t r e n g t h  va r i ab les  f o r  t he  9- to-12 year -o ld  
l e v e l  (any le  of p ro j ec t i on ;  RSQ = .&4*; angle of l a t e r a l  dev ia t i on ,  RS = 
.71*), whereas s t r eng tn  v a r i m e s  had g rea te r  in f luence on h o r i z o n t a d a l l  
d isp lacen~ent  f o r  t he  13-to-15 and 16-to-17 yea r  age l e v e l s  ( impulse a t  30 
aegrees p e r  Second, RSQ = .64* and .97*, r espec t i ve l y ,  s t r e n g t h  a t  30 degrees 
per  second, RS = .56* and .92*, r e s p e c t i v e l y ) .  I n  Table 1 are zero-order  -2 c o r r e l  at io t is  etween h o r i  t o n t a l  b a l l  displacement and t he  var ious  s t r eng th  
ana motor coo ra ina t i on  va r i ab les  f o r  d i f f e r e n t  age l e v e l s .  

A l l  sub jec ts  a isp layea a  mature k i c k i n g  p a t t e r n  as de f ined  by a  decrease 
i n  angular  v e l o c i t y  of t h e  k i c k i n g  t h i g h  corresponding t o  an increase i n  
angular v e l o c i t y  o f  t he  k i c k i n g  l e g  p r i o r  t o  b a l l - f o o t  con tac t .  For 
i 11 us t r a t i  ve purposes, t h e  angirl a r  d i  s p l  acement , ve l  o c i  t y  , and acce le ra t i on  
~ i c k i n g  p a t t e r n  o f  t h e  l e g  and t h i g h  of a  9-year-o ld s u b j e c t  are presented 
i n  f i g u r e s  2, 3, and 4. 

DISCUSSION 

Hor izon ta l  b a l l  displacement i s  p r i m a r i  l y  a  r e s u l t  o f  t he  t r a n s f e r  of momentum; 
t o  t ne  b a l l  which i s  a  f u n c t i o n  o f  t he  i n t e r a c t i o n  of bo th  l e g  s t r e n g t h  and 
rnotor coord ina t ion .  Leg s t r eng th  i s  manifested as f o o t  v e l o c i t y  whereas 
motor coora ina t ion  determines t he  d i  r e c t i o l i  o f  force a p p l i e d  through t h e  mass 
cen ter  o f  t h e  b a l l ,  r e s u l t i n g  i n  angles of p r o j e c t i o n  and dev ia t i on .  This 
i n t e r a c t i o n  has r e s u l t e d  i n  a  r e p o r t  o f  s k i l l e d  soccer p l aye rs  producing 
h i ghe r  b a l l  v e l o c i t i e s  tharr u n s k i l l e d  p layers ,  f o r  a  g iven  foo t  v e l o c i t y  
p r i o r  t o  impact (Shi  bukawa, 1973). Alexander ( 1973) s t a t e d  t h a t  o f  a  25% 
var iance i n  punt ing  performance, t he re  was on l y  a  2% var iance  i n  f i n a l  f oo t  
v e l o c i t y .  I n  t h i s  i n v e s t i g a t i o n ,  t he  bes t  p red i  c t o r ( s )  of h o r i z o n t a l  b a l l  
displacement was founa t o  vary w i t h  d i f f e r e n t  age l eve l s .  They were 
ueternlineu t o  be: ( 1 )  s t r eng th  f o r  t he  16-to-17 years  o ld;  ( 2 )  a  combination 
of s t r eng th  anu motor coo rd ina t i on  w t ~ i  ch was rr lanifested as l i n e a r  b a l l  
v e l o c i t y  f o r  t he  13-to-15 years o ld ;  and ( 3 )  t h e  b a l l  p r o j e c t i o n  angle f o r  
the 9-to-12 years o l d .  S t reng tn  was i d e n t i f i e d  t o  be a  b e t t e r  p r e d i c t o r  o f  





TABLE 1 

Zero-Order Cor re la t i ons  of Selected kpenden t  Var iables w i t h  
Various Independent Vari ables of D i  f f e ren t  Age Groups 

-,----------"---e-----"-----r---------------------------------"-------""------- 

A1 1 Ages Ages Ages 
9 - 12 13 - 15 16 - 17 2uLiecE -----------_-------------_------r----------------___ 

MHlJ w i t h  S30 0.58* 0.51* 0.75 0.96* 
S 120 0.80* . 0.49" 0.64 0.92" 
I30 0.56" 0.52" 0.80" 0.98" 
1120 0.76" 0.57" 0.60 0.75 

AngPro 0.67" 0.92" 0.11 0.42 
h g k v  -0.31 -0.78 0.31 0.36 

MHD - 
S30 - 
$120 - 
I30 - 
I120 - 
T o f M -  
LVel - 
AngPro - 
Anglkv - 

Ikasured h o r i z o n t a l  b a l l  displacement 
I s o k i n e t i c  l e g  s t reng th  a t  30 degrees per second 
I s o k i n e t i c  l e g  s t reng th  a t  120 degrees per  second 
I s o k i n e t i c  l e g  impulse a t  30 degrees pe r  second 
I s o k i n e t i c  l e g  impulse a t  120 degrees pe r  second 
Transfer  of l i n e a r  momntum 
Linear b a l l  v e l o c i t y  
6 a l l  angle of p r o j e c t i o n  
La te ra l  angle of d e v i a t i o n  

i lor izor l ta l  b a l l  clisplace~nent f o r  both  the 13-to-15 and 16-to-17 years o l d  
than rnotor coordinat ion.  This r e s u l t  appear t o  be cor ls istent  w i t h  those 
reported i n  the l i t e r a t u r e  (Boyer, 1963; Hess, 1965). On the o ther  hand, 
motor coorai n a t i  on va r i  ables ( b a l l  p r o j e c t i o n  and dev ia t i on  angles) were 
iretermined t o  be b e t t e r  prea i  c t o m  than s t rength  var iab les  fo r  the 9-to-12 
years old.  There i s  i n s u f f i c i e n t  evidence t o  determine whether t h i s  may be 
a t t r i b ~ t e u  t o  the use o f  a  mini-soccer b a l l  by the 9-to-12 years old;  since 
a smal ler  b a l l  may r e s u l t  i n  a  greater  in f luence on accuracy. Motor 
coordination, i n  t h i s  i nves t i ga t i on ,  was a lso  defined q u a l i t a t i v e l y  by the 
 ine en la tic pa t te rn  o f  the  k i c k i n g  t h i g h  ana leg.  A1 1  subjects were determined 
t o  e x h i ~ i  t a mature k i c k i n g  pat tern .  The dece lera t ion  o f  the k i c k i n g  t h i g h  
corresponding wi t h  acce lera t ion  o f  the  k i  ck i  ng l e g  p r i o r  t o  b a l l - f o o t  impact, 
was consistent  w i t h  those pat terns  reported i n  the 1  i t e r a t u r e  (Alexander, 
1975; Plagenhoef, 1971; Putnam, 1983; Youm e t  a l . ,  1973). 
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FIGURE 4. Angular Kicking Accrleration Patcam of th. 
Thigh and Lag for Subjects* 9 - 12 Yur3 of Age 



There are  several  i m p l i c a t i o n s  regard ing  t he  coaching and i r ~ s t r u c t i o n  o f  
s p e c i f i c  s k i l l s  t o  c h i l d r e n  based on t he  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n .  
Since perfomlance of s k i  11s are in f luenced t o  vary ing  degrees by s t reng th  and 
c o o r d i n a t i o t ~  a t  d i f f e ren t  age 1  eve1 s  , i t  becomes impor tan t  t h a t  appropr ia te  
coaching s t r a t e g i e s  and teachjng cues are used f o r  d i f f e r e n t  age l e v e l s .  
Performance i n  k i c k i n g  a  b a l l  f o r  maximal h o r i z o n t a l  displacement rnay be 
f a c i l i t a t e d  by s t reng tn  t r a i n i n g  programs f o r  c h i l d r e n  13-to-17 years o f  age 
whereas greater  emphasis may be s t ressed on p rope r l y  contac t ing  the  b a l l  when 
i n s t r u c t i n g  k i  ck i  ng s k i  11s t o  c h i  l d ren  9-to-12 years o f  age. 

CONCLUS I ONS 

blotor coord ina t ion  va r i ab les  ( b a l l  angle of p r o j e c t i o n  and l a t e r a l  dev ia t i on )  
were i d e n t i f i e a  t o  have a  g rea te r  assoc ia t i on  w i t h  h o r i z o n t a l  b a l l  
d i s p l  acement than s t reng th  v a r i  ables f o r  t h e  9-to-12 yea r -o ld  soccer p layers .  
I s o k i n e t i c  s t reng th  va r i ab les  ( s t r e n g t h  and impulse a t  30 degrees pe r  second) 
were i d e n t i f i e a  t o  have a  g rea te r  assoc ia t ion  w i t h  h o r i z o n t a l  b a l l  
displacement than motor coo ra ina t i on  var iab les  f o r  t he  13-to-15 and 16-to-17 
year -o ld  soccer p layers .  
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