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ABSTRACT

A STUDY TO DETERMINE THE APPLICABILITY OF
AN ELECTRONIC APPARATUS TO TEACHING

IN PHYSICAL EDUCATION

b y  M ordechai S i l b e r s t e i n

T h is  s tu d y  was d e s ig n e d  to  d e te rm in e  t h e  

a p p l i c a b i l i t y  o f  t h e  Eamcovop, an e l e c t r o n i c  a p p a r a t u s  

d e s ig n e d  an d  c o n s t r u c t e d  by th e  a u th o r  f o r  th e  m easurem ent 

and  c o m p u ta t io n  o f  t h e  v e l o c i t y  o f  a  p r o j e c t i l e ,  to  th e  

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

a t h l e t i c s .  A m o d i f i e d  Dekan P e r fo rm a n c e  A n a ly z e r  was u s e d  

c s  a c o n t r o l  d e v ic e  i n  th e  s tu d y .

The p u r p o s e s  o f  th e  i n v e s t i g a t i o n  w ere :  (1) to

e s t a b l i s h  th e  r e l i a b i l i t y  c o e f f i c i e n t s  o f  th e  Eamcovop, (2)  

to  d e te r m in e  th e  a p p l i c a b i l i t y  o f  t h e  Eamcovop to  t e a c h i n g ,  

an d  (3) t o  employ t h e  Eamcovop to  d e te rm in e  i f  t h e r e  i s  a  

s i g n i f i c a n t  d i f f e r e n c e  in  a  b a s e b a l l  p i t c h e r ' s  v e l o c i t y  f ro m  

t h e  s t r e t c h  and w in d -u p  p o s i t i o n s .

The s u b j e c t s  f o r  t h e  i n v e s t i g a t i o n  w ere  t e n  male 

b a s e b a l l  p i t c h e r s  f ro m  th e  M idd le  T e n n e sse e  S t a t e  U n i v e r s i t y  

v a r s i t y  b a s e b a l l  te a m  in  1 9 7 9 -8 0 .  The s u b j e c t s  ra n g e d  i n  

ag e  from  s e v e n te e n  y e a r s  to  t w e n t y - t h r e e  y e a r s .
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The r e l i a b i l i t y  c o e f f i c i e n t s  w e re  e s t a b l i s h e d  w i t h  

th e  Eamcovop s e t  i n  a  p e rm an en t  p o s i t i o n  w i th  a  b a s e b a l l  

s u sp e n d e d  from  th e  c e i l i n g  a t  a  h e i g h t  t h a t  w o u ld  c a u se  i t  

to  b r e a k  th e  beams o f  l a s e r s  when r e l e a s e d  and a l lo w e d  to  

sw ing  n a t u r a l l y .  The b a l l  was r e l e a s e d  by f o u r  s u b j e c t s  a t  

th e  same h e i g h t  and d i s t a n c e  from  th e  Eamcovop f o r  e a c h  o f  

th e  s e v e n ty  t r i a l s .  S i m i l a r  t r i a l s  w e re  c o n d u c te d  u s in g  th e  

Dekan P e r fo rm a n c e  A n a ly z e r .  Means and  s t a n d a r d  d e v i a t i o n s  

w ere  com puted  f o r  t h e  two m ach ines  u s i n g  th e  d a t a  c o l l e c t e d ,  

and P e a r s o n  p r o d u c t  moment c o r r e l a t i o n s  w ere  com puted  to  

e s t a b l i s h  th e  r e l i a b i l i t y  o f  th e  Eamcovop a t  v e l o c i t i e s  

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

h u n d re d  m i le s  p e r  h o u r .

Each p i t c h i n g  s u b j e c t  had  f i f t e e n  th ro w s  r e c o r d e d  

f o r  s p e e d  and  g ro s s  a c c u r a c y  from  th e  w in d -u p  a n d  s t r e t c h  

p o s i t i o n s  on th e  Eamcovop and  on th e  Dekan P e r fo rm a n c e  

A n a ly z e r .  The t h i r t y  p i t c h e s  w ere th ro w n  a t  m axim al s p e e d s  

on e a c h  m achine  f o r  a  t o t a l  o f  s i x t y  p i t c h e s  p e r  s u b j e c t .  

F iv e  o f  th e  s u b j e c t s  th re w  from  th e  w in d -u p  p o s i t i o n  f i r s t ,  

and f i v e  th re w  from t h e  s t r e t c h  p o s i t i o n  f i r s t .  G ross 

a c c u r a c y  was d e te rm in e d  by h a v in g  e a c h  p i t c h  c a l l e d  a b a l l  

o r  a  s t r i k e  by a  s t a f f  member o f  th e  A t h l e t i c  D e p a r tm e n t  a t  

M idd le  T e n n e sse e  S t a t e  U n i v e r s i t y .

The p i t c h i n g  d a t a  w ere  f i r s t  a n a ly z e d  b y  com p u tin g  

th e  mean v e l o c i t i e s  f o r  ea c h  s u b j e c t  f ro m  b o th  p i t c h i n g  

p o s i t i o n s ,  and  by t o t a l i n g  th e  number o f  s t r i k e s  th row n from
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e a c h  p o s i t i o n .  The mean v e l o c i t i e s  and t o t a l  s t r i k e s  w ere  

th e n  s u b j e c t e d  to  t  t e s t s  f o r  p a i r e d  d a t a  to  d e te rm in e  

w h e th e r  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e tw een  t h e  two 

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

w ere  f u r t h e r  a n a ly z e d  b y  P e a r so n  p r o d u c t  moment c o r r e l a t i o n s  

to  f i n d  i f  any r e l a t i o n s h i p s  e x i s t e d  b e tw een  th e  two 

p i t c h i n g  p o s i t i o n s  f o r  v e l o c i t y  o r  g r o s s  a c c u r a c y .  F i n a l l y ,  

S p e a rm a n 's  c o e f f i c i e n t s  o f  r a n k  c o r r e l a t i o n  w ere u t i l i z e d  to  

d e te rm in e  i f  t h e r e  w ere  r e l a t i o n s h i p s  b e tw e e n  v e l o c i t y  and  

g r o s s  a c c u r a c y  from  th e  w ind -up  and  s t r e t c h  p i t c h i n g  

p o s i t i o n s .

The t  t e s t s  f o r  p a i r e d  d a t a  r e s u l t e d  i n  no 

s i g n i f i c a n t  d i f f e r e n c e s  i n  v e l o c i t y  b e tw e e n  th e  two p i t c h i n g  

p o s i t i o n s  on e i t h e r  m ach in e ,  an d  i n  no s i g n i f i c a n t  

d i f f e r e n c e s  i n  g ro s s  a c c u r a c y  b e tw een  th e  two p i t c h i n g  

p o s i t i o n s  on e i t h e r  m a c h in e .  The t  t e s t s  f o r  p a i r e d  d a ta  

d id  r e s u l t  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  m easu red  v e l o c i t y  

be tw een  th e  two m ach in es  f o r  t h e  w ind -up  p o s i t i o n ,  and  i n  

s i g n i f i c a n t  d i f f e r e n c e s  i n  m easu red  v e l o c i t y  b e tw een  th e  two 

m ach in es  f o r  t h e  s t r e t c h  p o s i t i o n .  No s i g n i f i c a n t  

d i f f e r e n c e s  i n  g r o s s  a c c u r a c y  b e tw een  th e  two m a ch in es  w ere  

found  f o r  e i t h e r  p i t c h i n g  p o s i t i o n .

The P e a r s o n  p r o d u c t  moment c o r r e l a t i o n s  r e s u l t e d  i n  

no s i g n i f i c a n t  c o r r e l a t i o n s  f o r  v e l o c i t y  b e tw een  t h e  two 

p i t c h i n g  p o s i t i o n s  on t h e  two m a c h in e s .  The i n f e r e n c e  drawn 

was t h a t  v e l o c i t i e s  a c h ie v e d  f ro m  one p i t c h i n g  p o s i t i o n  w ere
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n o t  n e c e s s a r i l y  r e l a t e d  to  v e l o c i t i e s  a c h ie v e d  from  th e  

o t h e r  p i t c h i n g  p o s i t i o n .

The P e a r so n  p r o d u c t  moment c o r r e l a t i o n s  r e s u l t e d  i n  

no s i g n i f i c a n t  c o r r e l a t i o n s  f o r  g r o s s  a c c u r a c y  b e tw e e n  th e  

two p i t c h i n g  p o s i t i o n s  on th e  Eamcovop. A s i g n i f i c a n t  

p o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t  was o b t a i n e d  f o r  a c c u r a c y  

b e tw een  th e  two p i t c h i n g  p o s i t i o n s  on th e  Dekan P e r fo rm a n c e  

A n a ly z e r ;  how ever,  t h i s  was p r o b a b ly  due to  v a r i a t i o n s  i n  

human p e r fo rm a n c e  f a c t o r s  beyond  th e  c o n t r o l  o f  t h e  s tu d y .  

The i n f e r e n c e  drawn was t h a t  th o s e  p i t c h e r s  who w ere  

a c c u r a t e  f rom  th e  w in d -u p  may o r  may n o t  h ave  b e e n  as  

a c c u r a t e  from  th e  s t r e t c h .

The Spearman c o e f f i c i e n t s  o f  r a n k  c o r r e l a t i o n  

r e s u l t e d  i n  no s i g n i f i c a n t  c o r r e l a t i o n s  b e tw een  s p e e d  and 

g r o s s  a c c u ra c y  from t h e  w ind -up  o r  s t r e t c h  p o s i t i o n s  on 

e i t h e r  m ach in e .  The i n f e r e n c e  drawn was t h a t ,  a s  a 

s u b j e c t ' s  s p e e d  i n c r e a s e d ,  t h e  a c c u r a c y  o f  t h e  p i t c h e s  may 

n o t  n e c e s s a r i l y  have g o t t e n  b e t t e r  o r  w o rse  from  e i t h e r  

p i t c h i n g  p o s i t i o n .

The f o l lo w in g  c o n c lu s io n s  w ere  drawn: (1) th e

Eamcovop i s  a t  l e a s t  a s  r e l i a b l e  a s  th e  Dekan P e r fo rm a n c e  

A n a ly z e r  i n  m e a s u r in g  th e  v e l o c i t i e s  o f  p i t c h e d  b a s e b a l l s ,  

and  i s  t e c h n i c a l l y  s u p e r i o r  to  th e  Dekan P e r fo rm a n c e  

A n a ly z e r  i n  o t h e r  a r e a s ;  (2) t h e  s t r e t c h  p i t c h i n g  p o s i t i o n  

i s  a s  f a s t  a s  th e  w in d -u p  p i t c h i n g  p o s i t i o n  w i t h  a  r u n n e r  on 

t h i r d  b a s e ;  a n d  (3) t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e
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b e tw e e n  th e  Eamcovop an d  th e  Dekan P e rfo rm an ce  A n a ly z e r  a s  a 

t e a c h i n g  t o o l ;  th e  t e c h n i c a l  s u p e r i o r i t y  o f  t h e  Eamcovop 

makes i t  more s u i t a b l e  f o r  t e a c h i n g  p u rp o se s  t h a n  th e  Dekan 

P e rfo rm an ce  A n a ly z e r .

C h a r a c t e r i s t i c s  o f  th e  Eamcovop w h ich  make i t  u s e f u l  

i n  t h e  t e a c h i n g  o f  p h y s i c a l  e d u c a t i o n  and a t h l e t i c s  w ere  

d i s c u s s e d .  The a d v a n ta g e s  in c lu d e  g r e a t e r  t im in g  a c c u r a c y  

due t o  th e  u s e  o f  th e  l a s e r  beam i n s t e a d  o f  e l e c t r o 

m e c h a n ic a l  d e v i c e s ,  th e  u s e  o f  r e l a t i v e l y  in e x p e n s iv e  

m a t e r i a l s  in  c o n s t r u c t i o n  o f  th e  a p p a r a t u s , u n h in d e r e d  

m o b i l i t y  o f  t h e  s u b j e c t ,  and  f l e x i b i l i t y  o f  a p p l i c a t i o n  to  a 

w ide  v a r i e t y  o f  b o th  r e s e a r c h  and  t e a c h in g  s i t u a t i o n s  by 

means o f  th e  a b i l i t y  o f  t h e  Eamcovop to  m e a su re  v e l o c i t y  

th ro u g h o u t  t h e  w hole o r  any  p o r t i o n  o f  a d i s t a n c e  and to  

m e a su re  v e l o c i t y  in  any o f  fo u r  d i r e c t i o n s .
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C h a p te r  1

INTRODUCTION

There  h a s  been a lm o s t  unanim ous a g re e m e n t  c o n c e r n in g  

th e  im p o r ta n c e  o f  v e l o c i t y  in  p h y s i c a l  e d u c a t i o n  an d  

a t h l e t i c s .  Y e t ,  l i t t l e  s c i e n t i f i c  e v id e n c e  h as  b e e n  found 

to  s u b s t a n t i a t e  th e  r e l a t i v e  v a l u e  o f  t h i s  f a c t o r . ^  The 

p r im a r y  r e a s o n  f o r  t h i s  l a c k  o f  e v id e n c e  seems to  b e  th e  

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

v a r i e t y  o f  s i t u a t i o n s  w as  n o t  a v a i l a b l e .

The l i m i t e d  employment o f  k i c k i n g ,  h i t t i n g ,  and 

th ro w in g  as t h e  p h y s i c a l  p e r fo rm a n c e  c r i t e r i o n  i n  v a r i o u s  

r e s e a r c h  d e s ig n s  has b e e n  due t o  t h e  i n a b i l i t y  to  m easu re  

th e  v e l o c i t y  o f  th e  k i c k e d ,  s t r u c k ,  o r  th ro w n  o b j e c t

a c c u r a t e l y ,  a n d  w i th o u t  i n h i b i t i n g  th e  p e r fo rm a n c e  o f  th e
2

s u b j e c t .  The d e v e lo p m e n t o f  an  a c c u r a t e ,  v e r s a t i l e ,  and 

e a s i l y  em ployed d e v ice  f o r  the  m easu rem en t o f  p r o j e c t i l e

^Don R. S e b o l t ,  "A S t ro b o s c o p ic  S tu d y  o f  t h e  
R e l a t i o n s h i p  o f  B a l l  V e l o c i t y  a n d  T enn is  P e r f o r m a n c e ,"  
R e s e a rc h  Q u a r t e r l y , 4 1 :1 8 3 ,  May, 1970.

2
R ic h a r d  C. N e ls o n ,  C onrad  L a rs o n ,  C h a r le s  C raw fo rd , 

and D onald B r o s e ,  "D evelopm ent o f  a  B a l l  V e l o c i t y  M easu r in g  
D e v ic e , "  R e s e a rc h  Q u a r t e r l y , 3 7 :1 5 0 ,  M arch, 1966.
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v e l o c i t y ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  w ould have

i m p o r ta n t  i m p l i c a t i o n s  f o r  p h y s i c a l  e d u c a t i o n .  The w ide

d i v e r s i t y  o f  c i r c u m s ta n c e s  w h ere  such  a  d e v ic e  c o u ld  be

em ployed w ou ld  add a  c o m p le te ly  new d im e n s io n  to  p h y s i c a l

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

t e c h n i q u e s , t r a i n i n g  p ro g ra m s , e r g o g e n ic  a i d s , and equ ipm en t

c o u ld  be done more e a s i l y  and a c c u r a t e l y ,  and  p e r h a p s  more

f r e q u e n t l y .  For ex am p le ,  i n  1958 e f f o r t s  w ere made to

d e te rm in e  t h e  v e l o c i t y  o f  a f a s t  b a l l  o f  a  m inor l e a g u e

p i t c h e r  who had  a  r e p u t a t i o n  f o r  b e in g  f a s t ,  b u t  e x t r e m e ly

w i l d .  Due to  th e  t i m i n g  d e v ic e  em ployed, th e  t e s t  p ro v e d

i n c o n c l u s i v e  a s  f o r t y  m in u te s  w e re  r e q u i r e d  b e f o r e  t h e
3

s u b j e c t  was a b le  to  h a v e  a p i t c h  t im ed .

C ontem porary  l i t e r a t u r e  s u g g e s t s  t h a t  b a s e b a l l  

c o a c h e s  a r e  c o n s t a n t l y  s e a r c h i n g  f o r  s c i e n t i f i c  m ethods  to 

im prove p l a y e r  p e r f o r m a n c e ,^  y e t  i t  was i n t e r e s t i n g  t o  n o te  

t h a t  a p a m p h le t  e n t i t l e d  What R e s e a rc h  T e l l s  th e  Coach About 

B a s e b a l l  c o n t a in e d  t h i r t y - e i g h t  p a g e s .^  I n  r e a l i t y ,  t h e

^Ron F i m r i t e ,  "The B r i n g e r  o f  t h e  Big H e a t , "
S p o r t s  I l l u s t r a t e d , 4 2 :3 6 ,  Ju n e  16, 1975; Mark L. J o h n so n ,  
*'Two Outs and  a Man on  S e c o n d ,"  A t h l e t i c  J o u r n a l , 5 3 :4 6 ,  
J a n u a ry ,  1973; Don W eisk o p f ,  "C hanges i n  B a s e b a l l , "  A t h l e t i c  
J o u r n a l ,  5 1 :8 -2 0 ,  M arch , 1971.

^ W a l te r  A l s to n  and Don W eisk o p f ,  The Com plete  
B a s e b a l l  Handbook (B o s to n :  A l l y n  and B acon, I n c . ,  1 ^ 7 2 ) ,
p .  332.

^Guy G. R e i f f ,  What R e s e a rc h  T e l l s  th e  Coach About 
B a s e b a l l  (W ash in g to n , D .C .:  A m erican  A s s o c i a t i o n  o £  H e a l th ,
P h y s i c a l  E d u c a t io n ,  a n d  R e c r e a t i o n ,  1971) .
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t e a c h i n g  o f  b a s e b a l l  s k i l l s  has  b e e n  b ased  p r i m a r i l y  e i t h e r  

u p o n  the  o p i n i o n  o r  th e  e x p e r i e n c e  o f  p r o f e s s i o n a l  c o a c h e s  

a n d  p l a y e r s . ^

E f f e c t i v e  p i t c h i n g  has  b e e n  r e g a rd e d  a s  b e in g  

r e s p o n s i b l e  f o r  55 to  90 p e r c e n t  o f  a  te a m 's  ch an ces  o f  

w in n in g  a s i n g l e  game.^ A ls to n  lo o k e d  f o r  t h e s e  th r e e  

c h a r a c t e r i s t i c s  o f  s u c c e s s f u l  p i t c h i n g :  (1) u s e  o f  a g o o d ,
g

l i v e  b a l l ,  (2 )  th ro w in g  h a r d ,  and (3 )  c o n t r o l .  Dugan a l s o

l i s t e d  the  a b i l i t y  to  th ro w  h a rd  a s  a  b a s ic  r e q u i r e m e n t  o f  a
9

s u c c e s s f u l  p i t c h e r .  C o n s e q u e n t ly ,  coaches  h a v e  always 

s e a r c h e d  f o r  new  m ethods t o  im prove th e  v e l o c i t y  o f  a 

p i t c h e d  b a l l .  However, t h e  la c k  o f  a  v a l i d  an d  r e l i a b l e  

m e a s u r in g  d e v i c e  has ham pered  th e  g a t h e r i n g  o f  r e s e a r c h  d a t a  

on p i t c h i n g .

D onald  K. Edwards and F r a n k l i n  A. L in d e b u rg ,  "A 
Com parison  o f  t h e  J a b - S te p  v s .  th e  C ro ss-O v er  S tep  in  
R u n n in g  a S h o r t  D i s t a n c e ,  R e s e a rc h  Q u a r t e r l y ,  4 0 :2 8 4 ,  May, 
1 9 6 9 .

^D onald  L a n d o lp h i ,  "E m p h as iz in g  th e  B a s i c s , "  
A t h l e t i c  J o u r n a l , 5 3 :5 0 ,  M arch, 1973; Doug H o lm q u is t ,  
" C o n t r o l  and S t r a t e g y  i n  P i t c h i n g , "  A t h l e t i c  J o u r n a l , 4 8 : 1 1 ,  
F e b r u a ry ,  1968; D onald K. Edw ards, "The M echan ics  o f  
P i t c h i n g , "  A t h l e t i c  J o u r n a l , 4 2 :4 0 ,  F e b ru a ry ,  1963; C onnie 
M ack, Connie M ack ’ s B a se b a T l Books (New York: A l f r e d  A.
K n o p f , Inc. , 1 9 5 0 ) ,  p . 82 ;  A r th u r  Mann, How to  P la y  W inn ing  
B a s e b a l l  (New Y ork : G r o s s e t  and D un lap , 1 9 5 3 ) ,  p . 23.

O

A ls to n  and  W e isk o p f ,  p . 118 .
9

Ken D u g an , How to  O rg a n iz e  and  Coach W inning 
B a s e b a l l  (West Nyack, N .Y . : P a r k e r  P u b l i s h i n g  C o . ,  1971) ,
p .  134 .
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S u c c e s s f u l  p i t c h e r s  th row  i n  a  manner t h a t  i s

e a s i e s t  a n d  m ost e f f e c t i v e  f o r  t h e m . ^  Each p i t c h e r  has  h i s

own fo rm  and  d e l i v e r y . ^  A l s to n  s t a t e s  t h a t  a  " w e l l

c o o r d i n a t e d  and r h y th m ic  d e l i v e r y  w i l l  p ro v id e  e x t r a  s p e e d
12and p o w e r ,  and h e l p  a c h ie v e  b e t t e r  c o n t r o l . "  P i t c h e r s

assume e i t h e r  th e  r e g u l a r  p i t c h i n g  p o s i t i o n  o r  t h e  s t r e t c h

p o s i t i o n  on  th e  mound; o v e r  a  p e r i o d  o f  tim e t h e  b a s ic

movements o f  th e  r e g u l a r  p o s i t i o n  h av e  been  m o d i f i e d .  The

pumping a c t i o n  an d  backw ard  swing h av e  been  e l i m i n a t e d

a l t o g e t h e r  o r  r e d u c e d  by many m ajor l e a g u e  p i t c h e r s .  Tom
13Seaver  h a s  c a l l e d  t h e  f u l l  pumping a c t i o n  p a s s e . The

p u rp o se  o f  th e s e  a c t i o n s  i s  to  lo o s e n  a n d  r e l a x  t h e  arm a n d

s h o u ld e r  m u sc le s  a n d  to  d e v e lo p  b e t t e r  rhythm  an d  
14d e c e p t i o n .  However, A l s to n  c la im s  t h a t  a p i t c h e r  who d o e s

n o t  g e t  o v e r  th e  to p  and o u t  i n  f r o n t  t o  r e l e a s e  th e  b a l l  a t

the  r i g h t  moment may, by s i m p l i f y i n g  h i s  m o tio n ,  g e t  more
15power b e h i n d  th e  p i t c h .

" ^ A ls to n  a n d  W eisk o p f ,  p . 118.

■ ^ A ls to n  a n d  W eisk o p f,  pp. 118 , 134.

^ A l s t o n  a n d  W eisk o p f,  p .  118.
13A ls to n  an d  W eisk o p f ,  p .  161.

■ ^E dw ards , p .  40; D ick  Groch, " A n a ly z in g  th e  
P i t c h e r , "  A t h l e t i c  J o u r n a l , 5 0 :1 1 3 ,  M arch , 1970; Mack, p .  
86; Mann, p i  331 Don W eisk o p f ,  "D ece iv e  'Em," A t h l e t i c  
J o u r n a l , 4 8 :5 5 ,  J a n u a r y ,  1968 .

■ ^ A ls to n  a n d  W eisk o p f ,  p . 122.
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In  t h i s  s tu d y ,  t h e  v e l o c i t y  o f  a  p i t c h e d  b a l l  was

s t u d i e d  u s in g  an e l e c t r o n i c  a p p a r a tu s  d e v e lo p e d  by th e

a u t h o r  and d e s ig n e d  f o r  m e a su r in g  and  com p u tin g  t h e  v e l o c i t y  
16o f  p r o j e c t i l e s .  The Eamcovop was p r e d i c t e d  to  be  e a s i e r  

to  c o n s t r u c t  and  to  o p e r a t e ,  more p r e c i s e ,  more a c c u r a t e ,  

more m o b i le ,  and  l e s s  e x p e n s iv e  th a n  o t h e r  m a ch in es  o f  th e  

same ty p e .  V e l o c i t y  c a n  b e  m easu red  i n  f o u r  d i r e c t i o n s :  i n

a p o s i t i v e  o r  a  n e g a t i v e  d i r e c t i o n ,  h o r i z o n t a l l y ,  o r  

v e r t i c a l l y .  The r e s u l t a n t  tim e i s  i n s t a n t l y  shown on th e  

c o u n t e r .

F u r th e r ,  t h i s  i n v e s t i g a t o r  b e l i e v e d  t h a t  t h i s  

p r o j e c t  n o t  o n ly  w ould p r o v e  th e  v a l u e  o f  t h i s  a p p a r a tu s  f o r  

r e s e a r c h  b u t  w ou ld  a l s o  d e m o n s t r a te  t h e  a p p l i c a b i l i t y  o f  

t h i s  a p p a r a tu s  to  t e a c h i n g  i n  p h y s i c a l  e d u c a t i o n .  P e rh ap s  

th e  s tu d y  w i l l  s t i m u l a t e  i n t e r e s t  i n  v e l o c i t y  m e a su r in g  

i n s t r u m e n t s  so t h a t  an i n s t r u m e n t  more s u i t a b l e  to  th e  

p e c u l i a r  c o n d i t i o n s  o f  t h e  p h y s i c a l  e d u c a t o r  w i l l  be 

d e v e lo p e d .

16M ordechai S i l b e r s t e i n ,  " E l e c t r o n i c  A p p a ra tu s  f o r  
M easurem ent and C o m p u ta t io n  o f  th e  V e l o c i t y  o f  a  P r o j e c t i l e "  
( u n p u b l i s h e d  in d e p e n d e n t  s tu d y ,  A p p a la c h ia n  S t a t e  
U n i v e r s i t y ,  Boone, N o r th  C a r o l i n a ,  1 9 7 5 ) .
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STATEMENT OF THE PROBLEM

This s t u d y  was d e s ig n e d  to  d e te rm in e  th e  

a p p l i c a b i l i t y  o f  an  e l e c t r o n i c  a p p a r a t u s  f o r  th e  m easurem ent 

and c o m p u ta t io n  o f  th e  v e l o c i t y  o f  a  p r o j e c t i l e  i n  th e  

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

a t h l e t i c s .

PURPOSES OF THE STUDY

The p u r p o s e s  o f  t h e  s tu d y  w e re :  (1) to  d e te rm in e

th e  r e l i a b i l i t y  c o e f f i c i e n t s  o f  t h e  Eamcovop, (2) to  

d e te r m in e  th e  a p p l i c a b i l i t y  o f  th e  Eamcovop to  t e a c h i n g ,  and

(3) t o  employ t h e  Eamcovop t o  d e te rm in e  i f  t h e r e  i s  a 

s i g n i f i c a n t  d i f f e r e n c e  i n  a  b a s e b a l l  p i t c h e r ' s  v e l o c i t y  from  

th e  w ind -up  and  s t r e t c h  p o s i t i o n s .

The r e s u l t  o f  t h e  r e s e a r c h  w i l l  e n a b le  e d u c a t o r s  to  

d e v e lo p  program s and e x e r c i s e s  t h a t  can  a i d  i n  t e a c h i n g .

T h is  s tu d y  w i l l  d e m o n s t r a te  t h e  a p p l i c a b i l i t y  o f  th e  

Eamcovop to  p h y s i c a l  e d u c a t i o n  and a t h l e t i c s .  F u r t h e r ,  i t  

w i l l  be  shown t h a t  th e  Eamcovop i s  p r e f e r a b l e  to  t h e  Dekan 

P e rfo rm a n c e  A n a ly z e r  i n  t h i s  a r e a .

The d a t a  from  th e  i n v e s t i g a t i o n  w i l l  be a n a ly z e d  

u s in g  t  t e s t s  f o r  p a i r e d  d a t a ,  P e a r s o n  p r o d u c t  moment 

c o r r e l a t i o n  c o e f f i c i e n t s ,  and  S p e a rm a n 's  c o e f f i c i e n t s  o f  

r a n k  c o r r e l a t i o n .

Once t h e  t e s t  r e s u l t s  a r e  c o m p ile d ,  th e  i n v e s t i g a t o r  

may b e  a b le  to  im prove  th e  p i t c h e r ' s  p e r fo rm a n c e  and
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i n d i v i d u a l  t e c h n iq u e s  by s u g g e s t i n g  c e r t a i n  a d ju s tm e n t s  i n  

p i t c h i n g  t h e  b a l l .  He w i l l  a l s o  be a b l e  to  s u g g e s t  s p e c i f i c  

t r a i n i n g  a n d  s t r e n g t h e n i n g  p ro g ram s f o r  th e  d i f f e r e n t  

p i t c h i n g  m o t io n s .

LIMITATIONS OF THE STUDY

T h is  s tu d y  was l i m i t e d  as  f o l l o w s :

1 .  T h is  s tu d y  was l i m i t e d  to  th e  t e n  p i t c h e r s  o n  

th e  MTSU b a s e b a l l  team .

2 .  T h is  s t u d y  was l i m i t e d  to  th e  v e l o c i t y  o f  t h e  

p i t c h e d  b a l l  i n  a t e s t i n g  s i t u a t i o n  r a t h e r  t h a n  an  a c t u a l  

game s i t u a t i o n .

3 .  T his  s t u d y  was l i m i t e d  to  a  c o m p a r iso n  b e tw een

a m o d if ie d  Dekan P e r fo rm a n c e  A n a ly z e r  and  th e  Eamcovop i n

o r d e r  to  d e te r m in e  w h e th e r  o r  n o t  th e  Eamcovop i s  a more 

r e l i a b l e  a p p a r a t u s  f o r  t e s t i n g  th e  v e l o c i t y  o f  p r o j e c t i l e s .

4 .  T his  s t u d y  was l i m i t e d  to  t h e  s u b j e c t s '  th ro w in g

v e l o c i t i e s  from  b o t h  th e  f u l l  w ind -up  and s t r e t c h  p i t c h i n g

p o s i t i o n s .

5 .  T h is  s t u d y  was l i m i t e d  by th e  l a c k  o f  

f a m i l i a r i t y  w i th  t h e  Eamcovop, w hich  may have c a u s e d  t h e  

s u b j e c t s  t o  throw  h a r d e r  t h a n  n o rm a l,  th u s  i n f l u e n c i n g  t h e  

r e s u l t s .

6 .  T h is  s tu d y  was l i m i t e d  to  m easu rem en t o f  t h e  

v e l o c i t y  o f  a  f a s t  b a l l  o n ly .
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7. T h is  s tu d y  was n o t  d e s ig n e d  to  m easu re  a c c u r a c y  

o t h e r  th a n  i n  a  g r o s s  s e n s e .

DEFINITIONS OF TERMS

F u l l  w ind-up  p o s i t i o n - - t h a t  p i t c h i n g  p o s i t i o n  i n  

w h ic h  th e  p i t c h e r  f a c e s  d i r e c t l y  to w ard  home p l a t e  w i t h  th e  

s h o u ld e r s  p a r a l l e l  an d  th e  f e e t  p e r p e n d i c u l a r  to  t h e  

p i t c h i n g  p l a t e .  From t h i s  p o s i t i o n  he  may i n i t i a t e  h i s  

d e l i v e r y  o f  t h e  b a l l  t o  th e  b a t t e r  by t a k i n g  one s t e p
17b ackw ard  and  one s t e p  fo rw a rd  w i t h  th e  n o n - p i v o t  f o o t .

S t r e t c h  p o s i t i o n - - t h a t  p i t c h i n g  p o s i t i o n  i n  w hich  

a  l e f t - h a n d e d  p i t c h e r  f a c e s  f i r s t  b a s e  an d  a  r i g h t - h a n d e d  

p i t c h e r  f a c e s  t h i r d  b a s e ,  w i t h  th e  s h o u ld e r s  p e r p e n d i c u l a r  

a n d  f e e t  p a r a l l e l  to  t h e  p i t c h i n g  p l a t e .  From t h i s  p o s i t i o n  

t h e  p i t c h e r  may make any  p r e l i m i n a r y  m o t io n ,  b u t  he  m ust

come to  a o n e - s e c o n d ,  c o m p le te  s to p  b e f o r e  d e l i v e r i n g  th e
l f tb a l l  to  th e  b a t t e r .

P i t c h i n g  p l a t e . The p i t c h e r ' s  p l a t e  s h a l l  b e  a 

r e c t a n g u l a r  s l a b  o f  w h i te n e d  r u b b e r ,  t w e n t y - f o u r  i n c h e s  by 

s i x  i n c h e s .  I t  s h a l l  be s e t  i n  th e  g ro u n d  so t h a t  t h e  

d i s t a n c e  b e tw e e n  th e  f r o n t  edge  o f  t h e  p i t c h e r ' s  p l a t e  and

N a t i o n a l  B a s e b a l l  C o n g ress  o f  A m erica ,  1972 
O f f i c i a l  B a s e b a l l  R u le s  ( S t .  L o u is :  S p o r t i n g  News, 1 9 7 2 ) ,
p~! I T .

18 N a t i o n a l  B a s e b a l l  C o n g ress  o f  A m erica .
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r e a r  p o i n t  o f  home p l a t e  s h a l l  b e  s i x t y  f e e t  and s i x  

i n c h e s . ^

F a s t  b a l l . T h is  i s  a  b a l l  th row n i n  such  a  way as

to  i n c o r p o r a t e  speed  an d  s p in  t o  make t h e  b a l l  t r a v e l  i n  a 
20s t r a i g h t  l i n e .

Eamcovop. T h is  i s  an e l e c t r o n i c  a p p a r a t u s  f o r

m easurem ent an d  c o m p u ta t io n  o f  t h e  v e l o c i t y  o f  a  p r o j e c t i l e .

The b a s i c  equ ip m en t i n c l u d e s  f o u r  r i g h t  t r i a n g u l a r  shaped

s t r u c t u r e s  w i t h  a f i t t e d  m i r r o r  on  th e  v e r t i c a l  s i d e  o f  e ach

t r i a n g l e ,  two l a s e r s ,  two p h o t o t r a n s i s t o r s , an a m p l i f i e r ,
21and a  t im in g  d e v ic e .

V e l o c i t y  o f  t h e  p r o j e c t i l e . In  t h i s  s tu d y  th e  

v e l o c i t y  was m easu red  th ro u g h  a  tw e lv e  i n c h  zone i n  f r o n t  o f  

th e  p l a t e .

Dekan P e r fo rm a n c e  A n a l y z e r . For t h e  p u rp o s e s  o f  

t h i s  s tu d y ,  t h e  Dekan P e r fo rm a n c e  A n a ly z e r  was m o d i f i e d  so 

t h a t  a  r e l a y  was c o n s t r u c t e d  i n  o r d e r  f o r  t h e  t im in g  to  

b e g in  when c o n t a c t s  w e re  open a n d  to  s to p  when th e  c o n t a c t s  

w ere  c lo s e d .

19N a t i o n a l  B a s e b a l l  C o n g re s s  o f  A m erica .
20 D e l l  B e th e l ,  The C om ple te  Book o f  B a s e b a l l  

I n s t r u c t i o n  (C h icag o :  C o n tem p o ra ry  B ooks, I n c . ,  1 9 7 8 ) ,
p .  33.

“̂ S i l b e r s t e i n ,  p .  5.
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HYPOTHESES

The h y p o th e s e s  a s  r e l a t e d  t o  t h i s  s tu d y  a r e :

1 . The Eamcovop i s  t e c h n i c a l l y  s u p e r i o r  to  t h e  

Dekan P e r fo rm a n c e  A n a l y z e r .

2 . No s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  i n  a b a s e b a l l  

p i t c h e r ' s  v e l o c i t y  w i th  a  r u n n e r  on th e  t h i r d  b a s e  when 

th ro w in g  a f a s t  b a l l  f rom  t h e  f u l l  w ind -up  and s t r e t c h  

p o s i t i o n s .

3. T h e re  w i l l  be  no  s i g n i f i c a n t  d i f f e r e n c e  b e tw een  

th e  Eamcovop an d  th e  Dekan P e r fo rm a n c e  A n a ly z e r  as  a 

t e a c h i n g  t o o l ;  how ever, t h e  Eamcovop w i l l  b e  b e t t e r  f o r  

t e a c h i n g  p u r p o s e s  th a n  t h e  Dekan P e r fo rm a n c e  A n a ly z e r .



Chapter 2

REVIEW OF LITERATURE

L i t t l e  e v id e n c e  h a s  b een  fo u n d  to  s u b s t a n t i a t e  t h e  

v a lu e  o f  v e l o c i t y  i n  a t h l e t i c s  and p h y s i c a l  e d u c a t i o n .  

However, t h e r e  a r e  many d e v ic e s  t h a t  h ave  b een  u s e d  to  

m easu re  v e l o c i t y .  T h is  c h a p t e r  w i l l  p r e s e n t  a  r e v ie w  o f  

th o s e  d e v ic e s  u n d e r  f i v e  s u b - h e a d in g s ,  w hich  a r e :  (1)

r e v ie w  o f  th e  l i t e r a t u r e  r e l a t e d  to  p r o j e c t i l e  v e l o c i t y  

m e a s u r in g  d e v ic e s ,  (2) i n v e s t i g a t i o n s  c o n c e r n in g  f a c t o r s  

t h a t  a f f e c t  th e  s p e e d  and a c c u r a c y  o f  a  th row n b a s e b a l l ,

(3) s t u d i e s  r e l a t e d  to  th e  m ech an ics  o f  th ro w in g  a  b a s e b a l l ,

(4) a s tu d y  i n v e s t i g a t i n g  t h e  d i f f e r e n c e s  i n  t h e  v e l o c i t y  o f  

a  p i t c h e d  b a s e b a l l  from  th e  w ind-up  a n d  s t r e t c h  p i t c h i n g  

p o s i t i o n s ,  and (5 )  a  b r i e f  summary o f  th e  l i t e r a t u r e  

r e v ie w e d .

DEVICES FOR MEASURING VELOCITY 
OF A PROJECTILE

T h is  p o r t i o n  o f  th e  c h a p t e r  c o n t a i n s  l i t e r a t u r e  

r e l a t e d  to  d e v ic e s  t h a t  m e a su re  p r o j e c t i l e  v e l o c i t y ,  and  

i s  d i v i d e d  in t o  f i v e  p a r t s :  (1) s to p w a tc h e s  and  d i s t a n c e ,

11
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(2) l i g h t  f i e l d s  and p h o t o c e l l s ,  (3) sound  w aves , (4) f i l m ,  

and (5 )  m i s c e l l a n e o u s  d e v i c e s .

D e v ic e s  f o r  M easu r in g  V e l o c i t y  
w i t h  S to p w a tc h e s  and  D i s t a n c e

A p o p u l a r ,  s im p le  means to  d e te r m in e  t h e  v e l o c i t y  o f  

a p r o j e c t i l e  o r  a  r u n n e r  h a s  been  to  t a k e  a known d i s t a n c e  

and  m easu re  th e  l e n g t h  o f  t im e  i t  t a k e s  t h e  p r o j e c t i l e  o r  

r u n n e r  to  t r a v e r s e  t h a t  d i s t a n c e  a s  t im e d  w i t h  a  s to p w a tc h .  

H e w i t t ,  Dyer, an d  Dyer em ployed  t h i s  m ethod  w i t h  a  t e n n i s  

b a l l  v o l l e y  t e s t . '* '  H e w i t t ,  i n  a n o th e r  t e n n i s  s tu d y ,  

m e asu red  th e  d i s t a n c e  t h e  b a l l s  r e b o u n d e d  to  e s t i m a t e  t h e i r  

v e l o c i t y . ^

Jo h n so n ,  i n  a  s t u d y  to  d e te rm in e  v e l o c i t y  and 

a c c u r a c y  o f  th e  t e n n i s  s e r v e ,  marked th e  c o u r t  so t h a t  t h e  

d i s t a n c e  th e  b a l l  t r a v e l e d  c o u ld  be d e te r m in e d .  The t im e  

t a k e n  from  th e  moment o f  im p a c t  u n t i l  t h e  b a l l  la n d e d  was 

m e asu red  i n  1 /1 6  o f  a s e c o n d .  A new ly  a d j u s t e d  1 /100  o f  a 

se c o n d  s to p w a tc h  was em ployed , w i th  t h e  same i n v e s t i g a t o r  

t im in g  ea c h  t r i a l .  The d i s t a n c e  and t im e  f o r  e a c h  t r i a l

J a c k  E. H e w i t t ,  " R e v i s io n  o f  t h e  Dyer B ack-B oard  
T e n n is  T e s t , "  R e s e a rc h  Q u a r t e r l y , 3 6 :1 5 6 -1 5 7 ,  May, 1965; 
JoAnna T. Dyer"! "Tfte B a c k b o a rd  T e s t  o f  T e n n is  A b i l i t y , "  
R e s e a rc h  Q u a r t e r l y  S u p p le m e n t , 6 :6 3 -7 4 ,  1935; JoAnna T.
Dyer, " R e v i s io n  o f  B a c k b o a rd  T e s t  o f  T e n n is  A b i l i t y , "  
R e s e a rc h  Q u a r t e r l y , 9 : 2 5 - 3 1 ,  May, 1938 .

2
Ja c k  E. H e w i t t ,  " H e w i t t ' s  T e n n is  A ch ievem ent T e s t , "  

R e s e a rc h  Q u a r t e r l y , 3 7 :2 3 1 -2 4 0 ,  May, 1966.
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w ere  r e c o r d e d ,  and t h e  h o r i z o n t a l  v e l o c i t y  was o b t a i n e d  i n
3

f e e t  p e r  s e c o n d .

Row land and Urban em ployed  s i m i l a r  m ethods to  

a s c e r t a i n  t h e  v e l o c i t y  o f  a  th row n b a l l .  By t a k i n g  a p r e 

d e te r m in e d  d i s t a n c e  and  th e n  m e a s u r in g  th e  t im e  from  th e

moment th e  b a l l  was r e l e a s e d  u n t i l  i t  h i t  t h e  g ro u n d ,  w i t h  a
4

s to p w a tc h ,  t h e y  w ere  a b l e  to  d e te rm in e  b a l l  v e l o c i t y .

S c h r a d e r  d e v i s e d  two m ethods to  s u b j e c t i v e l y  

d e te rm in e  t h e  v e l o c i t y  o f  t h e  t e n n i s  s e r v e .  The f i r s t  

m ethod  i n v o l v e d  s u b j e c t i v e  e v a l u a t i o n s  o f  t h e  v e l o c i t y  u s in g  

n u m e r ic a l  r a t i n g  s c a l e s .  The second  method in v o lv e d  th e  

m easu rem en t o f  b a l l  f l i g h t  t im e  and t h e  d i s t a n c e  c o v e re d . '*

3
J o a n  Jo h n so n ,  " T e n n is  S e rv e  o f  A dvanced Women 

P l a y e r s , "  R e s e a rc h  Q u a r t e r l y , 2 8 :1 2 3 -1 2 6 ,  May, 1957.

^ D av id  J .  R ow lands, "The E f f e c t  o f  W eig h t T r a i n i n g  
E x e r c i s e s  Upon th e  Throw ing Power and S t r e n g t h  o f  C o l le g e  
B a s e b a l l  P l a y e r s , "  p a p e r  p r e s e n t e d  a t  th e  N a t i o n a l  AAHPER 
C o n v e n t io n ,  May 4, 1963, c i t e d  by R ic h a r d  C. N e ls o n ,  Conrad 
L a rs o n ,  C h a r l e s  C raw fo rd ,  a n d  D onald  B ro se ,  "D evelopm ent o f  
a  B a l l  V e l o c i t y  M e a su r in g  D e v ic e , "  R e s e a rc h  Q u a r t e r l y , 37: 
151 , March, 1966; S a r a  B. U rban , "The E f f e c t  o f  S p e c i f i c  
F eed b ack  E m p h a s iz in g  V e l o c i t y  and  A ngle  o f  P r o j e c t i o n  o f  th e  
S o f t b a l l  Thrown f o r  D i s ta n c e  o f  T h i r d  Grade Boys and  G i r l s "  
( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  U n i v e r s i t y  o f  C a l i f o r n i a ,
S a n ta  B a r b a r a ,  1 9 7 1 ) ,  c i t e d  i n  C om ple ted  R e s e a rc h  i n  H e a l t h , 
P h y s i c a l  E d u c a t io n ,  an d  R e c r e a t i o n , 1 4 :8 1 ,  1972.

^S uzanne  K. S c h r a d e r ,  " S u b j e c t i v e  A sse s sm e n t  o f  
V e l o c i t y  a n d  Angle o f  P r o j e c t i o n  o f  t h e  T e n n is  S e rv e "  
( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  S o u th e rn  I l l i n o i s  U n i v e r s i t y ,  
C a rb o n d a le ,  1 9 7 2 ) ,  c i t e d  i n  C om ple ted  R e s e a rc h  i n  H e a l t h , 
P h y s i c a l  E d u c a t io n ,  an d  R e c r e a t i o n , 1 5 :1 2 7 ,  1973.
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D e v ic e s  f o r  M ea su r in g  V e l o c i t y  w i t h  
L i g h t  F i e l d s  and  P h o t o c e l l s

T h is  d e s ig n  em ployed th e  p la c e m e n t  o f  two 

l i g h t - s e n s i t i v e  f i e l d s  a  s p e c i f i e d  d i s t a n c e  a p a r t .  When a 

p r o j e c t i l e  p a s s e d  th ro u g h  th e  f i r s t  f i e l d  i t  w ould b lo c k  o u t  

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

m echanism  w h ic h  s t a r t e d  a  t im in g  d e v ic e .  As th e  p r o j e c t i l e  

p a s s e d  th ro u g h  th e  se c o n d  f i e l d  i t  w ould  a g a in  b l o c k  o u t  

p o r t i o n s  o f  t h e  l i g h t  w h ich  w ould  s to p  t h e  t im e r .

H o r i z o n t a l  v e l o c i t y  was th e n  com puted  from  th e  e q u a t i o n :

V = ijjr o r  v e l o c i t y  e q u a l s  d i s t a n c e  d i v i d e d  by t im e .

A ten  an d  G a b e r t  em ployed a  d e v ic e  known a s  a  

v e l o c i m e t e r  t o  m easu re  t h e  sp e e d  o f  a  p r o j e c t i l e .  The b a s i c  

e l e c t r o n i c  eq u ip m en t c o n s i s t e d  o f  two p h o t o m u l t i p l i e r s ,  

l i g h t  t r a p s  t o  p r o v id e  a  d a rk  f i e l d ,  a  pow er s u p p ly ,  a 

d i g i t a l  c o u n t e r ,  and an  o s c i l l o s c o p e .  The e l a p s e d  t im e  o f  

th e  f l i g h t  o f  th e  b a l l  t h ro u g h  a  d i s t a n c e  o f  one m e te r  was 

m e asu red  by a  d i g i t a l  c o u n t e r  to  t h e  n e a r e s t  1 /1 0 ,0 0 0  o f  a 

s e c o n d .  The o s c i l l o s c o p e  a m p l i f i e d  th e  s i g n a l  o r i g i n a t i n g  

f rom  t h e  p h o t o m u l t i p l i e r s .  Two d e t e c t o r  h o rn s  w ere  d e s ig n e d  

to  d e t e c t  an  o b j e c t  i n  f l i g h t  and  s p e e d  one m e te r  a p a r t  as  

m easu red  from  th e  c e n t e r  o f  e ach  h o r n .  The p h o t o - t u b e  u n i t s  

w ere  c o m p r is e d  o f  931-A p h o t o m u l t i p l i e r s ,  and  v i r t u a l l y  no 

l i g h t  s t r u c k  t h e  c a th o d e s  u n t i l  a  p r o j e c t i l e  p a s s e d  b y .  The 

c a th o d e s  t h e n  sam pled  t h e  p r e s e n c e  o f  t h e  p r o j e c t i l e  by t h e  

r e f l e c t e d  l i g h t .  A b a c k d ro p  and  d a rk  f i e l d  were n e c e s s a r y



15

f o r  t h e  f u n c t i o n i n g  o f  th e  v e l o c i m e t e r  w h ich  o p e r a t e d  i n  t h e  

d a rk  f i e l d  and  sam p led  th e  i n c i d e n t  l i g h t  from  th e  

p r o j e c t i l e .  The b a c k d ro p  s e r v e d  to  a b s o rb  any s t r a y  l i g h t  

s o u rc e  w hich  m ig h t  r a i s e  t h e  t h r e s h o l d  o f  t h e  s e n s i t i v i t y  o f  

t h e  p h o t o m u l t i p l i e r s .  The t im e  o f  th e  f l i g h t  o f  t h e  b a l l  

t h ro u g h  a d i s t a n c e  o f  one m e te r  a f t e r  r e l e a s e  was d e t e c t e d  

by th e  v e l o c i m e t e r  and  e l e c t r o n i c a l l y  i n d i c a t e d  on th e  

d i g i t a l  c o u n t e r .  The tim e was l a t e r  c o n v e r t e d  to  v e l o c i t y
z:

i n  f e e t  p e r  s e c o n d .

N e lso n ,  L a r s o n ,  C raw fo rd ,  and  B ro se  im proved  on 

s i m i l a r  e a r l i e r  d e v i c e s  by w id e n in g  t h e  f i e l d .  T h is  was 

done to  p e r m i t  t h e  s u b j e c t  t o  b e  a b le  to  th ro w  i n  a  n o rm a l 

p a t t e r n  r a t h e r  th a n  h a v in g  to  c o n c e n t r a t e  on a c c u ra c y  as  

w e l l  a s  v e l o c i t y .  The a p p a r a t u s  was c o n s t r u c t e d  as  an 

e x p e r im e n ta l  m odel, an d  a f t e r  em ploy ing  i t  u n d e r  t e s t  

c o n d i t i o n s  i t s  s h o r tc o m in g s  an d  l i m i t a t i o n s  w ere  

i d e n t i f i e d . ^

Rosemary A te n ,  "The E f f e c t s  o f  R e p e a te d  T r i a l s  w i t h  
S c o re  I n f o r m a t io n  P ro v id e d  o r  W ith h e ld ,  on Throwing V e l o c i t y  
o f  H igh an d  Low P e r fo r m e r s "  ( u n p u b l i s h e d  D o c to r a l  d i s s e r t a 
t i o n ,  U n i v e r s i t y  o f  W is c o n s in ,  M adison, 1 9 7 1 ) ,  p p .  2 8 -3 2 ;  
T r e n t  E. G a b e r t ,  "An I n v e s t i g a t i o n  o f  S e l e c t e d  F a c t o r s  
R e l a t e d  to  C o n s i s t e n t l y  R e p ro d u c in g  a  S p e c i f i e d  V e l o c i t y  and  
to  P e r c e p t i o n  o f  Change in  V e l o c i t y  o f  a  S e l f - P r o j e c t e d  
O b je c t  i n  T h re e -D im e n s io n a l  S p ace"  ( u n p u b l i s h e d  D o c to r a l  
d i s s e r t a t i o n ,  U n i v e r s i t y  o f  W isc o n s in ,  M adison , 1 9 7 1 ) .

^ R ic h a rd  C. N e lso n ,  C onrad  L a r s o n ,  C h a r le s  C raw fo rd ,  
and  D onald  B ro s e ,  "D eve lopm en t o f  a B a l l  V e l o c i t y  M e a su r in g  
D e v ic e , "  R e s e a rc h  Q u a r t e r l y , 3 7 :1 5 1 -1 5 4 ,  M arch, 1966.
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The a p p a r a t u s  c o n s i s t e d  o f  a t i m e r ,  c a p a b le  o f  

m e a s u r in g  a  t im e  i n t e r v a l  to  t h e  n e a r e s t  1 /1 0 ,0 0 0  o f  a 

s e c o n d ,  c o n n e c te d  to  two i d e n t i c a l  l i g h t  f i e l d s  a n d  p h o to 

c e l l  c i r c u i t s .  Each l i g h t  f i e l d  c o n s i s t e d  o f  t h r e e  1 5 0 -W att  

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

i n  t u r n  c o n c e n t r a t e d  th e  l i g h t  on t h r e e  p h o t o e l e c t r i c  c e l l s .

A tw e n ty - tw o  v o l t  b a t t e r y  p r o v id e d  th e  c u r r e n t  t o  th e  p h o t o 

c e l l  c i r c u i t s .  A m ain  s e n s i t i v i t y  c o n t r o l  a d j u s t e d  each  s e t  

o f  t h r e e  c e l l s ,  and  e a c h  p h o t o c e l l  c o u ld  b e  a d j u s t e d  

i n d i v i d u a l l y .

The wooden f ra m e s  w ere  c o n s t r u c t e d  i n  s u c h  a m anner 

a s  to  a l lo w  th e  h e i g h t  o f  th e  l e n s e s  an d  l i g h t s  t o  be 

a d j u s t e d  i n  r e l a t i o n s h i p  to  t h e  f l o o r  w h i l e  k e e p in g  th e  

d i s t a n c e  b e tw een  them c o n s t a n t .  The s u b j e c t s  t e s t e d  r e p o r t e d  

no d i f f i c u l t y  i n  th ro w in g  th ro u g h  th e  f i e l d  t h a t  was tw e n ty -  

one in c h e s  h i g h .

When th e  b a l l  p a s s e d  b e tw een  a  b a n k  o f  t h r e e  p h o t o 

e l e c t r i c  c e l l s  and  t h e i r  l i g h t  s o u r c e ,  i t  b lo c k e d  o u t  a 

p o r t i o n  o f  t h e  l i g h t  e n t e r i n g  one o f  t h e  c e l l s . A m inor 

change  i n  v o l t a g e  w i t h i n  t h e  p h o t o c e l l  c i r c u i t  was cau sed  by 

th e  l i g h t  i n t e n s i t y  c h a n g e .  T h is  d i f f e r e n c e  i n  v o l t a g e  was 

m a g n i f i e d  and t r a n s m i t t e d  to  t h e  t im e r .  Thus, t h e  change i n  

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

t r i g g e r e d  t h e  t i m e r .  The seco n d  l i g h t  f i e l d  was p la c e d  

e x a c t l y  f o u r  f e e t  f ro m  th e  f i r s t  o n e . The t im e r  was s to p p e d  

by t h e  change  i n  v o l t a g e  c a u s e d  by th e  b a l l  when i t  e n t e r e d
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t h e  second  f i e l d .  The v e l o c i t y  was c a l c u l a t e d  b y  d i v i d i n g  

th e  d i s t a n c e  ( fo u r  f e e t )  by t h e  tim e r e c o r d e d .

The a p p a r a tu s  was c a l i b r a t e d  by a d j u s t i n g  th e  i n p u t  

v o l t a g e  o f  t h e  sy s te m . The t r i g g e r  m echanism  was e i t h e r  i n  

t h e  on o r  o f f  p o s i t i o n  d ep e n d in g  upon w h e th e r  t h e  in p u t  

v o l t a g e  was e i t h e r  a b o v e  o r  b e lo w  a c e r t a i n  l e v e l .  The 

v o l t a g e  was f i x e d  a t  a  p o in t  so  t h a t  any  d e c r e a s e  i n  th e  

i n t e n s i t y  o f  th e  l i g h t  would c a u s e  th e  t r i g g e r  t o  s w i tc h  on 

o r  o f f .  The c a l i b r a t i o n  p ro c e d u re  was e a s i l y  done so t h a t  

i t  c o u ld  be  r e p e a t e d  o f t e n  to  e n s u re  u n i f o r m  r e s u l t s .

An e r r o r  in  t h e  c a l c u l a t e d  v e l o c i t y  w ould  o c c u r  i f  

t h e  b a l l  d i d  n o t  f o l l o w  a p e r p e n d i c u l a r  p a t h  to  b o t h  l i g h t  

f i e l d s .  A d i s t a n c e  o f  more t h a n  fo u r  f e e t  would b e  c o v e re d  

i f  t h e  b a l l  d i d  n o t  f o l l o w  a p e r p e n d i c u l a r  p a th ,  th u s
O

c a u s i n g  an u n d e r e s t i m a t i o n  o f  t h e  a c t u a l  v e l o c i t y .

B ro se  and H anson  em ployed th e  d e v i c e  d e v e lo p e d  by 

N e ls o n  e t  a l . to  c o n d u c t  a s tu d y  c o n c e r n in g  o v e r l o a d  

t r a i n i n g  an d  i t s  e f f e c t s  on th ro w in g  a c c u r a c y .  To d e te rm in e  

t h e  r e l i a b i l i t y  o f  t h e  t im in g  d e v ic e ,  a  pendulum  sw ing was 

em ployed . A m e ta l  r o d  w i th  a  b a l l  a t t a c h e d  to  i t  was swung 

th r o u g h  th e  two banks o f  p h o t o c e l l s .  The a p p a r a tu s  

p e r fo rm e d  c o n s i s t e n t l y  w i th  enough  s e n s i t i v i t y  to  

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

Q
N e ls o n ,  L a r s o n ,  C raw fo rd , and B ro s e ,  p p .  151-154 .



18

The s e n s i t i v i t y  o f  t h e  p h o t o c e l l s  and  t h e  t r u e

d i s t a n c e  t r a v e l e d  by th e  b a l l  w ere  two p o s s i b l e  s o u rc e s  o f

e r r o r .  The moment t h e  d e v ic e  t r i g g e r e d  may h a v e  d i f f e r e d

due t o  t h e  s e n s i t i v i t y  o f  t h e  p h o t o c e l l s  to  t h e  a l t e r n a t i n g

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

p e r p e n d i c u l a r  to  t h e  two p h o t o c e l l  b an k s  t r a v e l e d  a g r e a t e r

d i s t a n c e  t h a n  th e  minimum p o s s i b l e  d i s t a n c e  em ployed  to

d e te rm in e  t h e  v e l o c i t y .  The h e i g h t  o f  th e  d e v i c e  was

a d j u s t e d  f o r  e a c h  s u b j e c t  i n  an  a t t e m p t  to  m in im iz e  t h i s
9

p o s s i b l e  s o u r c e  o f  e r r o r .

Toyoshim a and  M iy a s h i t a  em ployed a  cadmium s u l f i d e  

p h o t o c e l l  t o  d e te rm in e  b a l l  v e l o c i t y .  F iv e  p h o t o c e l l s  w i r e d  

w i t h  d io d e s  w ere  p l a c e d  i n  i n d i v i d u a l  bamboo tu b e s  i n  o r d e r  

to  c o n c e n t r a t e  th e  l i g h t  i n  a  m e ta l  f ram e . F iv e  t u b e s ,  w i th  

t h e i r  e l e c t r i c  c i r c u i t s ,  w e re  s e t  v e r t i c a l l y  e v e r y  f i f t y  

m i l l i m e t e r s .  The d i s t a n c e  f ro m  th e  f i r s t  f ram e  to  t h e  

s e c o n d  was o n e - h a l f  m e te r  f o r  t h e  young boys an d  one m e te r  

f o r  t h e  a d u l t s .  The f ram es  o f  th e  p h o t o c e l l s  w ere  p l a c e d  on 

a d e sk  w i th  t h e  h e i g h t  o f  t h e  fram e a d j u s t e d  a c c o r d in g  to  

th e  h e i g h t  o f  each  s u b j e c t .

The th row n  b a l l  p a s s e d  i n  f r o n t  o f  t h e  f i r s t  f ram e 

b lo c k i n g  o u t  a  p o r t i o n  o f  t h e  l i g h t  e n t e r i n g  one o f  t h e  

c e l l s .  T h is  d i f f e r e n c e  i n  l i g h t  i n t e n s i t y  c a u s e d  a change

9
D onald  E. B rose  and  D ale  Hanson, " E f f e c t s  o f  

O v e r lo a d  T r a i n i n g  on V e l o c i t y  and  A ccu racy  o f  T h ro w in g ,"  
R e s e a rc h  Q u a r t e r l y , 3 8 :5 2 9 -5 3 0 ,  December, 1967 .
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i n  th e  v o l t a g e  w i t h i n  t h e  p h o t o c e l l  c i r c u i t .  The v o l t a g e  

was t h e n  a m p l i f i e d  and t r a n s m i t t e d  t o  th e  r e c o r d e r .  The 

same p r o c e s s  o c c u r r e d  i n  t h e  seco n d  fram e. The f a c t  t h a t  

Toyoshim a and M y a s h i t a 's  d e v ic e  h a d  no s p o t l i g h t  made i t  

e a s i e r  t o  t r a n s p o r t ,  th u s  m aking i t  more p r a c t i c a l  t h a n
M l  i 1 0N elson  s .

K err  d e v e lo p e d  an  e x p e r im e n ta l  d e v ic e  to  m easu re  

lim b v e l o c i t y  t h a t  c o n s i s t e d  o f  s i x  p h o to c o n d u c t iv e  c e l l s  

m ounted i n  an a r c  a t  f i f t e e n  d e g re e  i n t e r v a l s .  The l i g h t  

s o u rc e ,  c o n s i s t i n g  o f  s i x  l i g h t  b u l b s ,  was m ounted  on  th e  

b a s e .  H o les  w ere  d r i l l e d  d i r e c t l y  above t h e  l i g h t s  i n  th e  

b a s e  an d  a sm a ll  b lo c k  o f  wood w i t h  a  12 mm p la n o - c o n v e x  

l e n s  was a t t a c h e d  to  each  h o l e .  T h is  p ro d u c e d  a l i g h t  beam 

a p p r o x im a te ly  o n e - q u a r t e r  i n c h  i n  d ia m e te r  o n t o  each  p h o to -  

c o n d u c t iv e  c e l l .  The p h o to c o n d u c t iv e  c e l l s  w e re  c o n n e c te d  

t o  a s u b m in ia tu r e  g a lv a n o m e te r  m oun ted  in  a  v i s o c o r d e r  

o s c i l l o g r a p h .  A b a s e l i n e  was fo rm ed  on th e  l i g h t - s e n s i t i v e  

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

a c t i v e  p h o to c o n d u c t iv e  c e l l s .  An im m ed ia te  b r e a k  i n  t h e  

t r a c i n g  was c a u s e d  by an i n t e r r u p t i o n  o f  t h e  l i g h t  s o u r c e  on 

any  o f  t h e  p h o to c o n d u c t iv e  c e l l s .  When th e  l i g h t  beam 

r e c o n t a c t e d  th e  p h o t o c e l l ,  t h e  t r a c i n g  r e t u r n e d  to  t h e  b a s e 

l i n e .  A f l u o r e s c e n t  l i g h t  was em ployed  to  e x p o s e  th e

Shin t a r o  Toyoshim a and M itsum asa  M iy a s h i t a ,  
" F o r c e - V e lo c i ty  R e l a t i o n  i n  T h ro w in g ,"  R e s e a r c h  Q u a r t e r l y ,  
4 4 :8 7 - 9 0 ,  March, 1973.
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t r a c i n g  t o  a l lo w  im m ed ia te  an d  r a p i d  v e l o c i t y  c a l c u l a t i o n s

by m e a s u r in g  th e  d i s t a n c e  b e tw een  t h e  f i r s t  a n d  l a s t  b r e a k s  
11i n  th e  t r a c i n g .

D evices f o r  M easu r in g  V e l o c i t y  
w i th  Soundwaves

M alin a  an d  R a r ic k  a n d  S tra u b  em ployed a c o m b in a t io n

o f  soundw aves and p h o t o e l e c t r i c  c e l l s  to  s t a r t  and  s to p

t h e i r  r e s p e c t i v e  t im in g  d e v i c e s .  B o th  d e v ic e s  c o n s i s t e d  o f

th e  same b a s i c  com ponen ts ,  w h ich  i n c l u d e d  an a d j u s t a b l e  s e t

o f  p h o t o e l e c t r i c  c e l l s  w i t h  a  l i g h t  s o u r c e ,  a can v as  t a r g e t

w i th  two l a n e s ,  a  v i b r a t i o n  d e t e c t i o n  system , a  .01 se c o n d
12e l e c t r i c  t im e r ,  an d  a  c o n t r o l  sy s tem .

I n  M alina  a n d  R a r i c k ' s  s tu d y ,  v o l l e y b a l l  s t a n d a r d s  

w ere em ployed  to  su sp e n d  t h e  p h o t o c e l l s  and l i g h t  s o u rc e  

t h i r t y  f e e t  from t h e  t a r g e t .  A s i n g l e  150-W att s p o t l i g h t  

e n c lo s e d  i n  a c y l i n d r i c a l  s t r u c t u r e  t o  red u ce  e x t r a n e o u s  

l i g h t  an d  p ro v id e  a  na rrow  beam to  t h e  c e l l s  w as em ployed

B arry  A. K e r r ,  "W eig h t and V e lo c i ty  F a c t o r s  i n  
K i n e s t h e t i c  L e a rn in g  and T r a n s f e r  o f  T r a i n i n g "  ( u n p u b l i s h e d  
D o c to ra l  d i s s e r t a t i o n ,  U n i v e r s i t y  o f  W is c o n s in ,  M adison, 
1969), p p .  42-44 .

12 R o b ert  M. M alina  a n d  G. Law rence R a r i c k ,  "A D ev ice  
f o r  A s s e s s i n g  th e  R o le  o f  I n f o r m a t i o n  F eedback  i n  Speed and 
A ccuracy  o f  Throw ing P e r fo rm a n c e ,"  R e s e a rc h  Q u a r t e r l y , 39: 
221-222, March, 1 968 ; W il l ia m  F. S t r a u b , "The E f f e c t  o f  
O v e r lo ad  T r a in in g  P r o c e d u re s  Upon t h e  V e lo c i ty  and  A ccu racy  
o f  the  O verarm  Throw" ( u n p u b l i s h e d  D o c to r a l  d i s s e r t a t i o n ,  
U n i v e r s i t y  o f  W isc o n s in ,  M ad ison , 1 9 6 6 ) ,  pp. 6 3 -6 5 .
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a s  t h e  l i g h t  s o u rc e .  The s i x  c e l l s  w ere  p l a c e d  one in c h  

a p a r t  in  a v e r t i c a l  colum n tw e lv e  in c h e s  i n  l e n g t h .  The 

s e n s i t i v i t y  o f  th e  c e l l s  was su c h  t h a t  t h e  e l e c t r o 

m a g n e t ic  r e l a y s  were a c t i v a t e d  when a p r o j e c t i l e  p a s s e d  o v e r  

one o f  th e  c e l l s  o r  p a r t s  o f  a d j a c e n t  c e l l s .  The h e i g h t  

a d ju s tm e n t  was made by s im p ly  l o o s e n in g  an a t t a c h e d  wing 

h u t .  In  o r d e r  to  p r e v e n t  th e  s u b j e c t ' s  arm from 

i n t e r r u p t i n g  t h e  l i g h t  beam to  t h e  p h o t o c e l l s  p r i o r  to  

r e l e a s e ,  a r e s t r a i n i n g  l i n e  was p l a c e d  t h i r t y  f e e t ,  t e n  

i n c h e s  from  t h e  t a r g e t .

The t a r g e t  was made o f  a  n in e  f o o t  by n i n e  f o o t  

p i e c e  o f  c a n v a s  w i th  a  n e tw o rk  o f  o n e - h a l f  in c h  # 1 8 /2 0  

p r e s s e d  m e ta l  s c r e e n i n g  and s u p p o r t i n g  h eav y  d u ty  m e ta l  

w i r i n g  f i r m l y  s e c u re d  to  and c o v e r i n g  th e  e n t i r e  r a c k .  

C o m p le tin g  t h e  v i b r a t i o n  d e t e c t i o n  sy s te m  was a h e a d  phone 

a t t a c h e d  to  t h e  m e ta l  s c r e e n i n g .

S in c e  th e  d i s t a n c e  th e  p r o j e c t i l e  t r a v e l e d  was a 

c o n s t a n t  t h i r t y  f e e t ,  t h e  s p e e d  o f  th e  th ro w  was a  r e f l e c 

t i o n  o f  th e  e l a p s e d  t im e  from t h e  b r e a k  i n  th e  l i g h t  beam to  

c o n t a c t  w i th  t h e  t a r g e t .  The t i m e r  was s t a r t e d  when th e  

r e l a y  was a c t i v a t e d  by  th e  i n t e r r u p t i o n  o f  th e  l i g h t  s o u rc e  

by th e  shadow o f  th e  b a l l .  When th e  b a l l  c o n t a c t e d  th e
p

t a r g e t ,  t h e  m e ta l  s c r e e n i n g  s t a r t e d  v i b r a t i n g ,  a c t i v a t i n g  

th e  p a n e l .  The r e l a y  was d e - e n e r g i z e d ,  th u s  s to p p i n g  th e
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t im e r ,  w h ich  gave t h e  b a l l  f l i g h t  tim e i n  h u n d r e d th s  o f  a 

s e c o n d . ^

S la te r-H am m el and  A ndres  c o n d u c te d  a s tu d y  w hich  

i n v o lv e d  t h e  m easu rem en t o f  t h e  v e l o c i t y  o f  a p i t c h e d  b a l l  

i n  o r d e r  to  b e t t e r  u n d e r s t a n d  t h e  demands o f  th e  b a t t i n g  

s i t u a t i o n .  To m easu re  t h e  v e l o c i t y  a s p e c i a l  e l e c t r o n i c  

d e v ic e  was d e v e lo p e d .  A s t a n d a r d  e l e c t r i c  c lo c k  w as s t a r t e d  

by th e  o p e n in g  o f  a s w i tc h  and s to p p e d  b y  a  soundw ave. A 

r e g u l a t i o n  b a s e b a l l  was p a r t i a l l y  c o a te d  w i t h  D u P o n t 's  

c o n d u c t in g  s i l v e r  #4817, and f i t t e d  on t h e  l a s t  p h a l a n x  o f  

t h e  in d e x  and  a d j a c e n t  f i n g e r s  w ere  s m a l l  co pper  e l e c t r o d e s .  

T h is  d e s ig n  e n a b le d  th e  g r i p  and  r e l e a s e  o f  th e  b a l l  t o  a c t  

a s  t h e  s w i t c h .  The e l e c t r i c a l  c i r c u i t  was c lo s e d  when a 

s u b j e c t  h e l d  a b a l l  w i t h  th e  e l e c t r o d e s  a c r o s s  t h e  c o a t e d  

a r e a  o f  t h e  b a l l ,  w i t h  t h e  r e l e a s e  o f  t h e  p i t c h e d  b a l l  

s e r v i n g  to  open  th e  s w i tc h  and s t a r t  th e  t im in g  d e v i c e .  A 

s p e a k e r  u n i t  was p l a c e d  w i t h i n  two f e e t  o f  home p l a t e  so 

t h a t  th e  soundw aves c r e a t e d  i n  c a t c h i n g  t h e  b a l l  o v e r  th e  

p l a t e  c a u s e d  th e  t im e r  to  s t o p .  S in ce  n o rm a l  o u td o o r  sounds 

i n t e r f e r e d  w i t h  th e  o p e r a t i o n  o f  th e  t i m e r ,  i t  was n e c e s s a r y  

to  c o n d u c t  t h e  s tu d y  i n  a  gym nasium . ^

■^M alina and  R a r i c k ,  p p .  2 21 -222 .
14A. T. S la te r-H am m el an d  E. H. A n d re s ,  " V e l o c i t y  

M easurem ent o f  F a s t  B a l l s  and  Curve B a l l s , "  R e s e a rc h  
Q u a r t e r l y , 2 3 :9 5 ,  M arch, 1952.
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P ru d e n  em ployed two s e t s  o f  m ic ro p h o n e s  to  m easu re

th e  s p e e d  o f  an  a r ro w . The m ic ro p h o n e s  w ere  p o s i t i o n e d  such

t h a t  one w ould  r e c e i v e  t h e  snap o f  t h e  bow s t r i n g ,  s t a r t i n g

th e  c l o c k ,  and  th e  o t h e r  t h e  im p a c t  o f  th e  a r ro w  to  s t o p  th e

c lo c k .  The a v e ra g e  v e l o c i t y  c o u ld  be  c a l c u l a t e d  w i t h  an

u n c e r t a i n t y  o f  one o r  two p e r c e n t ,  w i t h  a s m a l l  c o r r e c t i o n
15f o r  t h e  s p e e d  o f  sound .

D ev ices  f o r  M easu r in g  V e l o c i t y  
w i th  F i lm

S e l i n  em ployed two h ig h  s p e e d  cam eras  to  p h o to g ra p h  

b a s e b a l l  p i t c h e r s ;  one o p e r a t e d  a t  s i x t y - f o u r  fram es p e r  

second  and  th e  o t h e r  a t  128 f ram es  p e r  s e c o n d .  The 

t r a j e c t o r y  o f  e a c h  p i t c h  was r e c o r d e d  i n  t h e  v e r t i c a l  p l a n e  

by th e  g ro u n d  l e v e l  cam era  and i n  t h e  h o r i z o n t a l  p l a n e  by  

th e  cam era  d i r e c t l y  above th e  l i n e  o f  f l i g h t  o f  th e  b a l l .

V e l o c i t y  and  r a t e  o f  r o t a t i o n  o f  t h e  b a l l  w ere  t a k e n  

from  th e  f i lm s  t h a t  r e c o r d e d  th e  c o m p le te  t r a j e c t o r y  o f  th e  

p i t c h .  Two s y n c h ro n iz e d  c h r o n o s c o p e s , one p l a c e d  a d j a c e n t  

to  th e  p i t c h e r  and  th e  o t h e r  a d j a c e n t  to  t h e  p l a t e ,  w e re  

em ployed to  d e te rm in e  t h e  t im e  r e q u i r e d  f o r  t h e  p i t c h  to  

c o m p le te  i t s  t r a j e c t o r y .  The l e n g t h  o f  th e  t r a j e c t o r y  was 

d e te rm in e d  by  m e a s u r in g  from  th e  p o i n t  o f  r e l e a s e  to  a  p o i n t  

on th e  t r a j e c t o r y  t h a t  was d i r e c t l y  above a  l i n e  drawn

15 D onald  J .  P ru d e n ,  " V e l o c i t y  M easurem ents  O u td o o rs  
w i th  a Tape R e c o r d e r , "  P h y s ic s  T e a c h e r , 1 0 :4 9 ,  J a n u a ry ,
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t h ro u g h  t h e  c e n t e r  o f  th e  p l a t e  and p a r a l l e l  t o  t h e

p i t c h e r ' s  r u b b e r .  By d i v i d i n g  th e  l e n g t h  o f  t h e  t r a j e c t o r y
16b y  th e  o b s e rv e d  t im e ,  th e  mean v e l o c i t y  was d e te r m in e d .

M ils o n  e x p l a i n e d  an e a s y  means to  m easu re  

v e l o c i t y  by  em ploy ing  a c o n t r o l l e d - s h u t t e r , r a p i d -  

d e v e lo p in g  cam era , a n d  a s t r o b e  l i g h t .  The s h u t t e r  o f  t h e  

cam era  was opened  an d  an o b j e c t  was moved a c r o s s  t h e  v i s u a l  

f i e l d  o f  t h e  camera w h i le  t h e  s t r o b e  l i g h t  f l a s h e d .  One 

e x p o s u re  a p p e a r e d  f o r  each  f l a s h  o f  t h e  l i g h t ,  and  th e  

s h u t t e r  was c lo s e d  when th e  o b j e c t  had  p a s s e d  t h e  v i s u a l  

f i e l d .  M easurem ent o f  th e  d i s p la c e m e n t  b e tw een  th e  

r e s u l t i n g  s e r i e s  o f  im ages a lo n g  w i th  t h e  sp eed  o f  th e  

f l a s h i n g  s t r o b e  l i g h t s  w ould p r o v id e  t h e  d a t a  n e e d e d  to  

c a l c u l a t e  v e l o c i t y . ^

S e b o l t  em ployed s t r o b e  l i g h t s  an d  m u l t ip l e - im a g e  

p h o to g ra p h y  to  d e te rm in e  t h e  v e l o c i t y  o f  t e n n i s  b a l l s .  The 

eq u ip m en t c o n s i s t e d  o f  two s t r o b o t a c t s  s y n c h r o n iz e d  to  f l a s h  

2 0 ,0 0 0  t im e s  p e r  m in u te  f o r  t h e  maximum b a l l  v e l o c i t y  t e s t s  

a n d  15 ,000  t im e s  p e r  m in u te  f o r  th e  c o n t r o l l e d  v e l o c i t y  

t e s t s .  The s h u t t e r  sp e e d  was s e t  a t  a  1 - s e c o n d  e x p o s u re ,

16 C a r l  S e l i n ,  "An A n a l y s i s  o f  t h e  A erodynam ics  o f  
P i t c h e d  B a s e b a l l s , "  R e s e a rc h  Q u a r t e r l y ,  3 0 :2 3 3 ,  O c to b e r ,  1959>   --------------

■^James L. M ils o n ,  "The D e s t e l l a d o r  F l a s h e r  f o r  
M o tio n  S t u d i e s , "  S c ie n c e  T e a c h e r ,  4 9 :4 7 ,  November, 1972.
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and  a  s h u t t e r  r e l e a s e  c a b l e  t r i g g e r e d  i t  m a n u a l ly .  The l e n s  

a p e r t u r e  was s e t  a t  f / 1 . 8 .

The t e c h n iq u e  em ployed t o  r e c o r d  t h e  m u l t i p l e - i m a g e  

p h o to g ra p h s  was k e p t  c o n s t a n t  f o r  a l l  t e s t s .  The c a m e r a 's  

s h u t t e r  was t r i g g e r e d  a s  th e  b a l l  was a b o u t  to  make c o n t a c t  

w i t h  th e  r a c k e t  e x p o s in g  an im age o f  th e  b a l l  e v e r y  t im e  t h e  

s t r o b o t a c t  f l a s h e d .  Each e x p o s u re  was r e c o r d e d  a s  t h e  b a l l  

p a s s e d  th ro u g h  th e  c a m e r a 's  l i n e  o f  s i g h t .  Thus, a  p h o to 

g ra p h  o f  m u l t i p l e  h ig h - s p e e d  e x p o s u re s  o f  a  moving t e n n i s  

b a l l  was p r o v id e d  f o r  t h e  r e s e a r c h e r .  V e l o c i t y  was 

c a l c u l a t e d  by em ploy ing  th e  f o l l o w i n g  fo rm u la :

V = 0 0  ( s )  ( f )

i n  w h ich :

v  = v e l o c i t y

k = p r o p o r t i o n a l  c o n s t a n t  ( p h y s i c a l  d ia m e te r  o f  
t h e  t e n n i s  b a l l )

s = d i s p la c e m e n t  o f  th e  t e n n i s  b a l l  i n  th e  
p h o to g ra p h

f  = f r e q u e n c y  o f  s t r o b e  f l a s h
18d = p h o to g r a p h ic  d ia m e te r  o f  t e n n i s  b a l l .

N e lso n ,  in  o r d e r  to  d e te r m in e  t h e  v e l o c i t y  o f  a 

s p ik e d  v o l l e y b a l l ,  em ployed  s t a n d a r d  c in e m a to g r a p h ic  

p r o c e d u r e s .  Mounted on  th e  r e f e r e e ' s  s t a n d ,  a p p r o x im a te ly

1 8Don R. S e b o l t ,  "A S t r o b o s c o p ic  S tu d y  o f  t h e  
R e l a t i o n s h i p  o f  B a l l  V e l o c i t y  an d  T enn is  P e r f o r m a n c e ,"  
R e s e a rc h  Q u a r t e r l y , 4 1 :1 8 3 -1 8 4 ,  May, 1970.



26

t h i r t y  f e e t  from  th e  s p i k e r ' s  p o s i t i o n ,  was a B o lex  16mm

cam era  s e t  to  o p e r a t e  a t  s i x t y - f o u r  f ra m e s  p e r  s e c o n d .  By

f i l m i n g  a b a l l  d ro p p ed  from  a known h e i g h t ,  th e  assum ed t im e

p e r  f ram e , .0156 s e c o n d s  p e r  fram e a t  s i x t y - f o u r  f ra m e s  p e r

s e c o n d ,  was found  to  be  c o r r e c t .  D uring  e a c h  o f  t h e  t r i a l s

a y a r d s t i c k  was p h o to g ra p h e d  i n  t h e  p l a n e  o f  th e  p a t h  o f  t h e

s p ik e d  b a l l .  The d e s c e n t  o f  th e  s e t - u p ,  t h e  s p ik e ,  and th e

p a t h  o f  th e  b a l l  f o r  a p p r o x im a te ly  f i v e  f e e t  were f i lm e d .

The d i s t a n c e  th e  b a l l  w en t i n  a  g iv e n  num ber o f  f ra m e s  was

d e te rm in e d  from  th e  f i l m  and  t h e n  a d j u s t e d  to  th e  a c t u a l

d i s t a n c e .  The number o f  f ram es  p r o v id e d  t h e  e l a p s e d  tim e ,

and t h e  v e l o c i t y  o f  t h e  b a l l  was c a l c u l a t e d  by d i v i d i n g  th e
19d i s t a n c e  t r a v e l e d  by th e  t im e .

Browne em ployed m o tio n  p i c t u r e  f i l m i n g ,  t r a c i n g ,  and  

m easurem ent t e c h n iq u e s  to  d e te rm in e  b a l l  v e l o c i t y .  

S im u l ta n e o u s  f r o n t - a n d - s i d e  v iew  m o tio n  p i c t u r e s  w e re  ta k e n  

o f  e a c h  s u b j e c t .  Two cam eras  p l a c e d  e i g h t y  f e e t  f ro m  th e  

s u b j e c t  w ere  em ployed w i t h  a  cam era  sp e e d  o f  s i x t y - f o u r  

f ra m e s  p e r  s e c o n d .  A t im in g  d e v ic e  was p l a c e d  a t  a  f o r t y -  

f i v e  d e g re e  a n g le  to  t h e  cam eras  a n d  r a n  c o n s t a n t l y  

th ro u g h o u t  t h e  f i l m i n g .  The t im e  was d e te rm in e d  by 

m e a s u r in g  t h e  a n g le s  o f  movement o f  th e  c l o c k  hands  and  

c o n v e r t i n g  th e  a n g le s  to  s e c o n d s .  The a n g l e s  o f  movement o f

19 R ic h a r d  C. N e ls o n ,  "F o l lo w -u p  I n v e s t i g a t i o n  o f  th e  
V e l o c i t y  o f  t h e  V o l l e y b a l l  S t r i k e , "  R e s e a r c h  Q u a r t e r l y ,  
3 5 :8 3 ,  March, 1964.
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t h e  c l o c k  hands  and v e l o c i t y  s c o r e s  f o r  a l l  o f  th e  th ro w in g

t r i a l s  w ere  o b t a i n e d  by m easu rem en t from  th e  t r a c i n g s  o f
20m i c r o f i l m  p r o j e c t i o n s  o f  th e  m o tio n  p i c t u r e  f i l m .

M is c e l la n e o u s  D e v ic e s  f o r  
M ea su r in g  V e l o c i t y

M i l l e r  and  Shay m e asu red  t h e  s p e e d  o f  a th row n s o f t 

b a l l  w i t h  th e  H a le  Tim er (d e v e lo p e d  by C r e ig h to n  J .  H a le ) .

A r e g u l a t i o n  s o f t b a l l  was c o a t e d  w i t h  alum inum  f o i l .  Two 

e l e c t r o d e s  w ere  a t t a c h e d  to  th e  seco n d  j o i n t  o f  t h e  in d e x  

and m id d le  f i n g e r s  o f  t h e  r i g h t  h a n d  o f  t h e  s u b j e c t s  by 

a d h e s iv e  t a p e .  A w ir e  was t a p e d  t o  th e  l a t e r a l  s i d e  o f  th e  

fo re a rm ,  th e  l a t e r a l  s i d e  o f  th e  u p p e r  arm , and down to  t h e  

p i t c h e r ' s  back  to  c o n n e c t  t h e  e l e c t r o d e s  to  th e  t i m e r .  

A c c o rd in g  to  e a c h  s u b j e c t ,  t h i s  a r ra n g e m e n t  d id  n o t  hamper 

h i s  th ro w in g  m o t io n .  The c a t c h e r  s to o d  d i r e c t l y  on home 

p l a t e  f o r t y - s i x  f e e t  away from  a  r e g u l a t i o n  p i t c h e r ' s  p l a t e .  

I n s i d e  t h e  c a t c h e r ' s  m i t t  b e tw een  th e  hand  and  t h e  p a d d in g  

w here t h e  b a l l  w ou ld  h i t  was a d o u b l e - s c r e e n  p ad , two in c h e s  

by two i n c h e s .

The c i r c u i t  was o p en ed  a s  th e  s o f t b a l l  was h e l d  in  

t h e  p i t c h e r ' s  h an d  w i th  t h e  two e l e c t r o d e s  to u c h in g  th e  

a lu m in u m -c o a te d  b a l l .  When th e  b a l l  was r e l e a s e d ,  t h e  

c i r c u i t  c lo s e d  an d  th e  c l o c k  s t a r t e d .  The c l o c k  s to p p e d

20Mary E. Browne, " R e l a t i o n s h i p  o f  S e l e c t e d  M easures  
o f  A c t in g  Body L e v e rs  to  B a l l -T h ro w in g  V e l o c i t i e s , "  R e se a rc h  
Q u a r t e r l y , 3 1 :3 9 4 -3 9 5 ,  O c to b e r ,  1960.
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when th e  two p a r t s  o f  t h e  d o u b l e - s c r e e n  p ad  c o n t a c t e d  ea c h
21o t h e r  a f t e r  t h e  b a l l  h i t  t h e  m i t t .

Van H uss, N e ls o n ,  and Hagerman c o n d u c te d  a  s tu d y  to

d e te rm in e  i f  em ploy ing  an o v e rw e ig h t  b a l l  to  warmup w i t h  h ad

an e f f e c t  on th ro w in g  v e l o c i t y  and  a c c u r a c y .  The th row s

w ere  m easu red  d u r in g  th e  s tu d y  em p lo y in g  a  c h ro n o sc o p e

c a l i b r a t e d  t o  1 /1000  o f  a  s e c o n d .  The d e v ic e  was a c t i v a t e d

by a  f i n g e r  r e l e a s e  an d  s to p p e d  by a m ic ro s w i tc h  when th e

b a l l  c o n t a c t e d  th e  t a r g e t .  The p i t c h i n g  d i s t a n c e  was

r e d u c e d  to  t h i r t y  f e e t ,  t h r e e  in c h e s  f o r  th e  t e s t  so t h a t

fe w e r  th row s w ould b e  l o s t  due t o  an i n a b i l i t y  to  h i t  t h e  
22t a r g e t .

L i t w h i l e r  an d  Hamm em ployed a Dekan P e rfo rm a n c e  

A n a ly z e r ,  c a l i b r a t e d  to  1 /1 0 0  o f  a  s e c o n d ,  to  d e te rm in e  th e  

v e l o c i t y  o f  a  p i t c h e d  b a l l  th row n  from  a  d i s t a n c e  o f  s i x t y  

f e e t ,  s i x  i n c h e s .  The th ro w in g  hand  h a d  two f i n g e r  c o n t a c t s  

t a p e d  to  i t ,  one on t h e  in d e x  f i n g e r  an d  t h e  o t h e r  on th e  

m id d le  f i n g e r .  These  c o n t a c t s  w ere  c o u p le d  t o g e t h e r  above 

th e  f i n g e r  an d  c o n n e c te d  to  t h e  t i m e r .  A t th e  moment o f  

r e l e a s e  th e  t im e r  was a c t i v a t e d  due to  t h e  b r e a k  i n  th e  

e l e c t r i c a l  c i r c u i t .  U l t r a s e n s i t i v e  m ic ro s w i tc h e s  m ounted  on

21 R o b e r t  G. M i l l e r  and  C la y to n  T. Shay, " R e l a t i o n 
s h ip  o f  R e a c t io n  Time to  t h e  Speed o f  a  S o f t b a l l , "  R e s e a rc h  
Q u a r t e r l y , 3 5 :4 3 3 -4 3 5 ,  O c to b e r ,  1964.

22W. D. Van H uss ,  L. A l b r e c h t ,  an d  R. N e ls o n ,
" E f f e c t  o f  O v e r lo a d  Warmup on t h e  V e l o c i t y  and A c cu racy  o f  
T h ro w in g ,"  R e s e a rc h  Q u a r t e r l y , 3 3 :4 7 2 -4 7 4 ,  O c to b e r ,  1962.
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t h e  b a c k s  o f  t h e  t a r g e t  s to p p e d  t h e  t im e r  when th e  b a s e b a l l
23c o n t a c t e d  th e  t a r g e t .

H ubbard em ployed two p lu g s  to  t r i g g e r  a t im in g  

d e v i c e .  The p lu g s  w ere  a t t a c h e d  by  a s t r i n g  to  a  b a s e b a l l  

so t h a t  a  s p e c i f i e d  d i s t a n c e  was t r a v e l e d  b y  th e  b a l l  d u r in g  

th e  t im e  i n t e r v a l  b e tw een  th e  rem o v a l  o f  t h e  f i r s t  and  

se c o n d  p l u g s .  The e f f e c t i v e n e s s  o f  t h i s  m ethod  was r e d u c e d

by t h e  s t r i n g  on th e  b a l l  and t h e  r e s t r i c t i o n  o f  th e
2  A-t h ro w in g  movement o f  t h e  s u b j e c t s .

The a u t h o r  ( S i l b e r s t e i n )  o r i g i n a l l y  d e v e lo p e d  an 

e l e c t r o n i c  a p p a r a tu s  f o r  m easurem ent and c o m p u ta t io n  o f  th e  

v e l o c i t y  o f  p r o j e c t i l e s .  The fu n d a m e n ta l  d e s ig n  i s  s i m i l a r  

to  t h a t  em ployed by o t h e r  r e s e a r c h e r s  i n  t h a t  th e  p r o j e c t i l e  

i s  t im e d  f o r  a  s p e c i f i e d  d i s t a n c e  and  th e n  t h e  v e l o c i t y  i s  

com puted  from  t h a t  i n f o r m a t i o n .  The main d i f f e r e n c e s  a r e  

t h e  u s e  o f  l a s e r  beams i n s t e a d  o f  l i g h t s  a n d  th e  u s e  o f  

m i r r o r s  to  r e f l e c t  beams i n  th e  c r e a t i o n  o f  a  s e n s i t i v e  

f i e l d . 25

23 Danny L i t w h i l e r  and L a r r y  Hamm, " O v e r lo a d :  E f f e c t
on Throw ing V e l o c i t y  and  A c c u ra c y ,"  A t h l e t i c  J o u r n a l , 5 3 :6 4 -  
65, J a n u a r y ,  1973.

2^
A l f r e d  W. H ubbard , u n p u b l i s h e d  p a p e r  p r e s e n t e d  a t  

t h e  R e s e a rc h  C o u n c i l  Equipm ent S e c t i o n  M e e t in g ,  N a t i o n a l  
AAHPER C o n v e n t io n ,  A p r i l ,  1960, c i t e d  by R ic h a r d  C. N e ls o n ,  
Conrad  L a rs o n ,  C h a r le s  C raw ford , and  D onald B ro se ,  " D e v e lo p 
m ent o f  a  B a l l  V e l o c i t y  M easu r in g  D e v ic e ,"  R e s e a rc h  
Q u a r t e r l y , 3 7 :1 5 0 ,  M arch, 1966.

25M ordecha i S i l b e r s t e i n ,  p e r s o n a l  s t a t e m e n t s ,  
S e p te m b e r ,  1979.
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The b a s i c  equ ip m en t in c lu d e s  f o u r  r i g h t  t r i a n g u l a r  

sh ap ed  s t r u c t u r e s  w i t h  a f i t t e d  m i r r o r  on th e  v e r t i c a l  s i d e  

o f  ea c h  t r i a n g l e ,  two l a s e r s ,  two p h o t o t r a n s i s t o r s , an 

a m p l i f i e r ,  and a  t im in g  d e v i c e .  (See A ppend ix  C .)

A t th e  b o t to m  o f  two o f  th e  m i r r o r s  a r e  s m a l l  h o l e s  

th ro u g h  w h ich  th e  two l a s e r  beams a r e  e m i t t e d .  The m i r r o r s  

and  l a s e r s  a r e  p o s i t i o n e d  i n  a  manner t h a t  a l lo w s  th e  beams 

to  be r e f l e c t e d  b a c k  and f o r t h  up t h e  m i r r o r s  u n t i l  th e y  

c o n t a c t  t h e  p h o t o t r a n s i s t o r s .  As th e  p r o j e c t i l e  b r e a k s  t h e  

beam i n  t h e  f i r s t  f i e l d ,  t h e  t im e r  i s  s t a r t e d .  When th e  

p r o j e c t i l e  b r e a k s  t h e  beam o f  th e  se c o n d  f i e l d ,  t h e  t im e r  i s
2  f is to p p e d  a n d  th e  v e l o c i t y  can  th e n  be com puted .

K e l l e r ,  t o  d e te rm in e  t h e  d i f f e r e n c e  i n  v e l o c i t y  

p o t e n t i a l  from  th e  w ind -up  an d  s t r e t c h  p o s i t i o n s ,  em ployed 

a n  e l e c t r i c a l  c i r c u i t  composed p a r t l y  o f  two m e ta l  f o i l  

s t r i p s ,  a  r e s i s t o r ,  a  c a p a c i t o r ,  and a  v o l t  m e te r .  The two 

m e ta l  s t r i p s  w ere p l a c e d  i n  p a r a l l e l  s i x  in c h e s  a p a r t  to  

c o m p le te  t h e  c i r c u i t .  I t  was n e c e s s a r y  f o r  th e  s u b j e c t s  to  

th ro w  t h e  b a s e b a l l  i n  such a  manner t h a t  th e  b a l l  b ro k e  b o t h  

m e ta l  s t r i p s .  When th e  b a l l  s e v e re d  t h e  f i r s t  s t r i p ,  t h e  

c i r c u i t  was b ro k e n  w hich  c a u s e d  e n e rg y  t o  decay  from  th e  

c a p a c i t o r .  As th e  b a l l  b ro k e  th e  s e c o n d  s t r i p ,  t h e  

r e s i s t a n c e  was s to p p e d  and t h e  le a k a g e  came to  a  h a l t .

M ordecha i S i l b e r s t e i n ,  " E l e c t r o n i c  A p p a ra tu s  f o r  
M easurem ent and C o m p u ta t io n  o f  th e  V e l o c i t y  o f  a  P r o j e c t i l e "  
( u n p u b l i s h e d  in d e p e n d e n t  s t u d y ,  A p p a la c h ia n  S t a t e  
U n i v e r s i t y ,  Boone, N o r th  C a r o l i n a ,  1 9 7 5 ) ,  pp . 1 - 5 .
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P r e -  and p o s t - v o l t a g e  r e a d i n g s  w ere  made, and  t h e  v e l o c i t y
27

o f  t h e  b a l l  was com puted  from  t h i s  i n f o r m a t i o n .

FACTORS AFFECTING VELOCITY AND ACCURACY

A s tu d y  by G r o t ty ,  I n s a l a c o ,  an d  Root was c o n d u c te d  

to  d e te r m in e  th e  e f f e c t  o f  l e g  s t r e n g t h  on th e  th ro w in g  

v e l o c i t y  o f  a  b a s e b a l l .  N in e te e n  s u b j e c t s  w ere  d iv id e d  i n t o  

t h r e e  g roups w i th  one group  g iv e n  a w e ig h t  t r a i n i n g  p ro g ram , 

one a  s p r i n t  t r a i n i n g  p rog ram , and t h e  t h i r d ,  a  c o n t r o l  

g r o u p , no s p e c i a l  t r a i n i n g  p ro g ram  o t h e r  t h a n  a  d a i l y  

th ro w in g  re g im e n .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  s p r i n t  

g ro u p  had t h e  g r e a t e s t  im provem ent i n  l e g  s t r e n g t h  w h i l e  t h e  

c o n t r o l  g roup  im proved  th e  m ost w i t h  r e g a r d  to  th ro w in g
i . . 2 8v e l o c i t y .

T he re  have b e e n  s e v e r a l  i n q u i r i e s  i n t o  th e  e f f e c t  

o f  t h e  p i t c h e r ' s  p o s i t i o n  on th e  p i t c h i n g  p l a t e ,  p o i n t  o f  

a im , and s t r i d e  on b o t h  a c c u r a c y  and v e l o c i t y  o f  a  p i t c h e d  

b a l l .  McKee c o n d u c te d  an i n v e s t i g a t i o n  to  d e te r m in e  i f

^ G e o r g e  P. K e l l e r ,  "A C om parison  o f  t h e  V e l o c i t y  
o f  F a s t b a l l s  Thrown fro m  th e  Windup an d  S t r e t c h  P o s i t i o n s "  
( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  S o u t h e a s t  M is s o u r i  S t a t e  
C o l l e g e ,  1 9 7 2 ) ,  pp . 1 8 -1 9 .

28 G e r a ld  A. G r o t ty ,  A ngelo  C. I n s a l a c o ,  and  W eston
B. R o o t ,  "A S tu d y  to  D e te rm in e  t h e  E f f e c t  o f  Leg S t r e n g t h  
on t h e  Speed o f  T hrow ing i n  B a s e b a l l "  ( u n p u b l i s h e d  M a s t e r ' s  
t h e s i s ,  S p r i n g f i e l d  C o l l e g e ,  1 9 5 5 ) ,  c i t e d  by G eorge P. 
K e l l e r ,  "A C om parison  o f  t h e  V e l o c i t y  o f  F a s t b a l l s  Thrown 
fro m  th e  Windup and S t r e t c h  P o s i t i o n s "  ( u n p u b l i s h e d  M a s t e r ' s  
t h e s i s ,  S o u th e a s t  M is s o u r i  S t a t e  C o l l e g e ,  1 9 7 2 ) ,  p .  8 .
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s p e e d  and  a c c u ra c y  o f  a th ro w n  b a s e b a l l  w ere  i n f l u e n c e d  by

v a r i a t i o n s  i n  th e  d i r e c t i o n  o f  a  p i t c h e r ' s  s t r i d e .  F our

d i f f e r e n t  s t r i d e  v a r i a t i o n s  w ere  t e s t e d  em ploy ing  e i g h t

members o f  t h e  S p r i n g f i e l d  C o l le g e  B a s e b a l l  Team as

s u b j e c t s .  The r e s u l t s  i n d i c a t e d  t h a t  none o f  th e  f o u r

s t r i d e  v a r i a t i o n s  y i e l d e d  b e t t e r  r e s u l t s  f o r  p i t c h i n g
29a c c u r a c y  and  v e l o c i t y .

E dw ards ' s t u d y  was c o n c e rn e d  w i t h  t h e  e f f e c t s  o f  

p o s i t i o n  on  th e  p i t c h i n g  p l a t e  and s t r i d e .  T h is  i n v e s t i g a 

t i o n  d i f f e r e d  from  M cKee's i n  t h a t  o v e r s t r i d i n g  and u n d e r -  

s t r i d i n g ,  a s  o p posed  to  s t r i d i n g  d i r e c t i o n ,  a lo n g  w i t h  

n o n - p i v o t  f o o t  p la c e m e n t  on t h e  p i t c h i n g  p l a t e ,  w ere  

i n v e s t i g a t e d .  F o r ty - s e v e n  v a r s i t y  an d  fresh m an  p i t c h e r s  

f rom  f i v e  M id w este rn  u n i v e r s i t i e s  w ere  u t i l i z e d  as  s u b j e c t s .  

The i n v e s t i g a t o r  c o n c lu d e d  t h a t  c h a n g in g  th e  s t r i d e  l e n g t h

o r  f o o t  p o s i t i o n  on t h e  p i t c h i n g  p l a t e  w ould n o t  n e c e s s a r i l y
30c o r r e c t  any  p i t c h i n g  c o n t r o l  p ro b le m s .

The i n f l u e n c e  o f  p i v o t  f o o t  p la c e m e n t  on th e  

p i t c h i n g  p l a t e  and i t s  r e l a t i o n s h i p  t o  th e  v e l o c i t y  o f  a

29A l b e r t  E. McKee, " V a r i a t i o n s  i n  t h e  D i r e c t i o n  o f  
t h e  P i t c h i n g  S t r i d e  and  T h e i r  E f f e c t  on  Speed and C o n t r o l  
o f  th e  P i t c h e d  B a l l "  ( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  
S p r i n g f i e l d  C o l le g e ,  1 9 6 3 ) ,  c i t e d  by K e l l e r ,  p .  8.

in D onald K. E dw ards , "The E f f e c t s  o f  S t r i d e  and  
P o s i t i o n  on th e  P i t c h i n g  R ubber on C o n t r o l  i n  B a s e b a l l  
P i t c h i n g , "  R e se a rc h  Q u a r t e r l y , 3 4 :9 - 1 2 ,  M arch, 1963.
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th row n  b a s e b a l l  was s t u d i e d  by R o b b in s .  Seven members o f

t h e  S p r i n g f i e l d  C o l le g e  p i t c h i n g  s t a f f  w ere  em ployed as

s u b j e c t s .  The p i v o t  p la c e m e n ts ,  t e s t e d  f rom  b o th  t h e

s t r e t c h  and  w ind -up  p o s i t i o n s ,  w ere  w i th  t h e  f o o t  on th e

f r o n t  edge  o f  th e  p i t c h i n g  p l a t e  and th e  f o o t  i n  f r o n t  o f

a n d  p a r a l l e l  to  t h e  p i t c h i n g  p l a t e .  None o f  th e  p i v o t  f o o t

p la c e m e n ts  w ere s i g n i f i c a n t l y  d i f f e r e n t  i n  te rm s  o f  b a l l

v e l o c i t y ,  and th e  d i f f e r e n c e  i n  v e l o c i t y  b e tw een  t h e  w ind -up
31a n d  s t r e t c h  p o s i t i o n s  was a l s o  n e g l i g i b l e .

B ro se  and Hanson c o n d u c te d  a s tu d y  to  i n v e s t i g a t e

t h e  e f f e c t s  o f  o v e r lo a d  t r a i n i n g  on v e l o c i t y  and a c c u r a c y  o f

th ro w in g .  S u b je c t s  w ere  tw e n ty -o n e  U n i v e r s i t y  o f  M ary land

b a s e b a l l  p l a y e r s  who w ere  ran d o m ly  p l a c e d  i n t o  t h r e e  e q u a l

g r o u p s .  Two o f  t h e  g ro u p s  em ployed s p e c i f i c  o v e r lo a d

t r a i n i n g ,  one th re w  w e ig h te d  b a s e b a l l s ,  an d  th e  o t h e r

em ployed a  p u l l e y  d e v ic e  t h a t  r e s i s t e d  t h e  m ech an ic s  o f

th ro w in g .  The t h i r d  was a c o n t r o l  g ro u p .  No s i g n i f i c a n t

d i f f e r e n c e  was fo u n d  b e tw een  th e  t r a i n i n g  g ro u p s  and  th e
32c o n t r o l  g ro u p  i n  th ro w in g  v e l o c i t y  o r  a c c u r a c y .

31 Bruce B. R o b b in s ,  "A C om parison  o f  M ethods o f  
P i v o t  F o o t P o s i t i o n  and th e  R e l a t i o n s h i p  t o  th e  S peed  o f  a  
P i t c h e d  B a l l ” ( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  S p r i n g f i e l d  
C o l l e g e ,  1 9 6 6 ) ,  c i t e d  by K e l l e r ,  p .  9.

32 D onald E. B rose  and  D ale  Hanson, " E f f e c t s  o f  
O v e r lo a d  T r a i n i n g  on V e l o c i t y  and  A ccu racy  o f  T h ro w in g ,"  
R e s e a rc h  Q u a r t e r l y , 3 8 :5 2 9 -5 3 0 ,  December, 1967.
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Van H uss ,  A l b r e c h t ,  and  N elson  i n v e s t i g a t e d  th e

r e l a t i o n s h i p  o f  o v e r l o a d  warm-up to  th e  s p e e d  and  a c c u r a c y

o f  th ro w in g .  F i f t y  members o f  t h e  M ich ig an  S t a t e

U n i v e r s i t y  f re sh m an  b a s e b a l l  team  s e r v e d  as  s u b j e c t s .  Each

s u b j e c t  th re w  t e n  m axim al th row s  w i th  a  r e g u l a t i o n  b a s e b a l l .

F o l lo w in g  a t e n  m in u te  r e s t  p e r i o d ,  e a c h  s u b j e c t  to o k  th e

o v e r l o a d  warm-up w hich  c o n s i s t e d  o f  f i f t e e n  th ro w s  w i th

g r a d u a l l y  i n c r e a s e d  v e l o c i t y ,  f o l lo w e d  by te n  m axim al th ro w s

w i th  an  e le v e n -o u n c e  b a s e b a l l .  The s p e e d  and a c c u r a c y  o f

t e n  a d d i t i o n a l  throw s w i t h  a r e g u l a t i o n  b a s e b a l l  w ere

m e a su re d  im m e d ia te ly  f o l l o w i n g  t h e  o v e r l o a d  w arm -up. The

a u t h o r s  c o n c lu d e d  t h a t  t h e  o v e r lo a d  warm-up s i g n i f i c a n t l y

im p ro v ed  th e  v e l o c i t y  o f  th ro w in g ,  b u t  t h a t  th e  a c c u r a c y
33r e s p o n s e  was n e g a t i v e l y  a l t e r e d .

L i t w h i l e r  and Hamm a l s o  s t u d i e d  t h e  e f f e c t s  o f

o v e r l o a d  t r a i n i n g  on th ro w in g  a c c u r a c y  an d  v e l o c i t y .  F iv e

p i t c h e r s  on t h e  M ich ig an  S t a t e  U n i v e r s i t y  B a s e b a l l  Team

p a r t i c i p a t e d  i n  a  tw e lv e  week t r a i n i n g  p ro g ram , u t i l i z i n g

w e ig h te d  b a s e b a l l s .  The r e s u l t s  i n d i c a t e d  a  s i g n i f i c a n t

i n c r e a s e  i n  th ro w in g  v e l o c i t y ,  from  a mean v e l o c i t y  o f  1 1 2 .3

f e e t  p e r  s e c o n d  to  1 2 8 .7  f e e t  p e r  s e c o n d ,  and an i n c r e a s e  i n
0 /

th ro w in g  a c c u r a c y ,  b u t  n o t  a s i g n i f i c a n t  o n e .

13Van H uss, A s b r e c h t ,  an d  N e lso n ,  p p . 4 7 2 -4 7 4 .
34L i t w h i l e r  an d  Hamm, p p .  64 -6 5 .
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MECHANICS OF THROWING

Lyon c o n d u c te d  an i n v e s t i g a t i o n  em p lo y in g

c in e m a to g r a p h ic  a n a l y s i s  to  d e te rm in e  i f  th e  v e l o c i t y

a t t a i n e d  by  a  p i t c h e r  i s  r e l a t e d  to  a  d e f i n i t e  p a t t e r n  o f

j o i n t  movement. S even  U n i v e r s i t y  o f  W isc o n s in  p i t c h e r s ,

e i g h t  b a s e b a l l  p l a y e r s ,  and a  m ajo r  l e a g u e  p i t c h e r  w ere

u t i l i z e d  a s  s u b j e c t s  f o r  th e  s tu d y .  The r e s u l t s  i n d i c a t e d

t h a t  th o s e  s u b j e c t s  h a v in g  t h e  g r e a t e s t  fo rw a rd  f l e x i o n  a t

th e  h ip  j o i n t  a t  t h e  tim e  o f  r e l e a s e  h a d  th e  h i g h e s t  r e c o r d e d

v e l o c i t y ;  i n c r e a s i n g  th e  d e g re e  o f  s h o u ld e r  f l e x i o n  a t  t h e

t im e  o f  r e l e a s e  h e l p s  to  i n c r e a s e  th ro w in g  v e l o c i t y ;  an

a n g l e  o f  s p i n a l  r o t a t i o n  o f  be tw een  105 d e g re e s  and  115

d e g r e e s  f rom  th e  l i n e  drawn d i r e c t l y  f ro m  th e  s u b j e c t  t o  th e

t a r g e t  i s  t h e  m ost a d v a n ta g e o u s ;  and t h e r e  i s  l i t t l e

r e l a t i o n s h i p  to  th e  d e g re e  o f  movement i n  th e  j o i n t s  an d  b a l l

v e l o c i t y  a s  lo n g  a s  t h e  j o i n t  a c t i o n s  a r e  n o t  w o rk in g
35a g a i n s t  t h e  fo rw a rd  m o tio n  o f  th e  b o dy .

Mapes em ployed e le c t ro m y o g ra p h y  to  d e te r m in e  t h e  

f u n c t i o n s  t h a t  s e l e c t e d  m u sc le s  o f  t h e  arm  and s h o u ld e r  

g i r d l e  p e r fo r m  d u r in g  th e  b a s e b a l l  th ro w .  The m u sc le s  w ere  

i n v e s t i g a t e d  i n  te rm s  o f  th e  f o l l o w in g  f u n c t i o n s :  (1)

b a l l i s t i c  movement, (2 )  f o l l o w - t h r o u g h ,  and (3) ch eck

35W il l ia m  R. Lyon, "A C in e m a to g r a p h ic a l  A n a ly s i s  o f  
t h e  O verhand B a s e b a l l  Throw" ( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  
U n i v e r s i t y  o f  W isc o n s in ,  1 9 6 1 ) ,  c i t e d  i n  C om ple ted  R e s e a rc h  
i n  H e a l th ,  P h y s i c a l  E d u c a t io n ,  and R e c r e a t i o n , 3 :4 5 .
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a c t i o n .  T h re e  fo rm e r  c o l l e g e  b a s e b a l l  p l a y e r s  w ere  em ployed 

a s  s u b j e c t s .  The c o n c l u s io n s  drawn by  th e  a u t h o r  b a s e d  on 

t h e  r e s u l t s  w ere : (1 )  b a l l i s t i c  movement was n o t  o b s e rv e d

d u r in g  any p a r t  o f  t h e  th ro w in g  movement due t o  th e  

a g o n i s t i c  f u n c t i o n  o f  a t  l e a s t  on e , b u t  n o t  a lw a y s  th e  same 

o n e ,  o f  t h e  t e n  m u s c le s  s t u d i e d ;  (2) i n  te rm s  o f  th e  f o l l o w -  

th ro u g h ,  a n  a n t a g o n i s t i c  f u n c t i o n  was p e r fo rm e d  by th e  lo n g  

h e a d  o f  t h e  b ic e p s  b r a c h i i ,  and  th e  m id d le  and p o s t e r i o r  

h e a d s  o f  t h e  d e l t o i d ,  and an  a g o n i s t i c  f u n c t i o n  was 

p e r fo rm e d  b y  th e  u p p e r  p a r t  o f  th e  t r a p e z i u s ,  t h e  lo w er  p a r t  

o f  th e  s e r r a t u s  a n t e r i o r ,  t h e  t e r e s  m a jo r ,  t h e  m id d le  h e a d  

o f  t h e  t r i c e p s  b r a c h i i ,  th e  a n t e r i o r  h e a d  o f  t h e  d e l t o i d ,  

an d  th e  l a t i s s i m u s  d o r s i ;  and (3) c h eck  a c t i o n  a n t a g o n i s t i c  

f u n c t i o n  i s  p e r fo rm e d  by th e  m id d le  a n d  p o s t e r i o r  h e ad s  o f  

t h e  d e l t o i d ,  th e  t e r e s  m a jo r ,  l a t i s s i m u s  d o r s i ,  and th e  lo n g  

h e a d  o f  t h e  b ic e p s  b r a c h i i . ^

S a n d s te a d  u t i l i z e d  c in e m a to g r a p h ic  a n a l y s i s  to  s tu d y  

e i g h t e e n  p l a y e r s  on t h e  E a s t e r n  I l l i n o i s  U n i v e r s i t y  b a s e b a l l  

team  to  d e te rm in e  i f  a  r e l a t i o n s h i p  e x i s t e d  b e tw een  o u tw a rd  

r o t a t i o n  o f  th e  hum erus and b a s e b a l l  th ro w in g  v e l o c i t y .  The

^6D onald  F. M apes, " E le c t r o m y o g ra p h ic  S tu d y  o f  
F u n c t io n s  o f  S e l e c t e d  M uscles  i n :  Check A c t io n ,  B a l l i s t i c
Movement a n d  F o llow -T hrough  D u r in g  t h e  B a s e b a l l  Throw ,"  
D i s s e r t a t i o n  A b s t r a c t s , 2 5 :9 9 0 ,  A u g u s t ,  1964.
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a u t h o r ,  on th e  b a s i s  o f  t h e  r e s u l t s ,  c o n c lu d e d  t h a t  t h e r e
37was a p o s i t i v e  r e l a t i o n s h i p  b e tw een  th e  two.

SPEED FROM THE STRETCH AND 
WIND-UP POSITIONS

K e l l e r  c o n d u c te d  a  s tu d y  u t i l i z i n g  t e n  v a r s i t y  

p i t c h e r s  a t  S o u t h e a s t  M is s o u r i  S t a t e  C o l l e g e .  Each s u b j e c t  

p e r fo rm e d  a  t o t a l  o f  t e n  t r i a l s ,  f i v e  from  th e  w ind -up  and 

f i v e  f rom  th e  s t r e t c h .  The p i t c h e r s  th re w  i n s i d e  from  a 

p o r t a b l e  mound a l t e r n a t i n g  p i t c h i n g  p o s i t i o n s .  I t  was 

n e c e s s a r y  f o r  them  to  th ro w  th e  b a l l  i n  su ch  a manner t h a t  

i t  b ro k e  two m e ta l  s t r i p s  o f  f o i l  n i n e  and o n e - h a l f  f e e t  

from  th e  p i t c h i n g  p l a t e .  The a u t h o r  found  no s i g n i f i c a n t  

d i f f e r e n c e  i n  th e  v e l o c i t y  o f  t h e  th row n  b a s e b a l l  f rom  th e  

two p i t c h i n g  p o s i t i o n s .  The a u t h o r  b e l i e v e d  t h a t  t h e  two 

p i t c h e r s  who th re w  much f a s t e r  from  th e  s t r e t c h  p o s i t i o n  

p u sh ed  o f f  th e  p i t c h i n g  p l a t e  much h a r d e r  from  th e  s t r e t c h  

th a n  t h e y  d id  f rom  th e  w in d -u p ,  w h i l e  th e  two p i t c h e r s  who 

th re w  much f a s t e r  from  th e  w in d -u p  w ere  c l a s s i f i e d  a s  arm 

th ro w e rs  by th e  a u t h o r .  He a l s o  n o t e d  t h a t  th e  l a t t e r  two 

had  v e r y  smooth w in d -u p s  w h ich  he f e l t  e n a b le d  them to  t a k e

H o l l i s t e r  L. S a n d s te a d ,  "The R e l a t i o n s h i p  o f  
Outward R o t a t i o n  o f  th e  Humerus t o  B a s e b a l l  Throw ing" 
( u n p u b l i s h e d  M a s t e r ' s t h e s i s ,  E a s t e r n  I l l i n o i s  U n i v e r s i t y ,  
19 6 8 ) ,  c i t e d  i n  C om ple ted  R e s e a rc h  i n  H e a l th ,  P h y s i c a l  
E d u c a t io n ,  and R e c r e a t i o n ,  1 0 :1 3 4 .
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a d v a n ta g e  o f  t h e  sum m ation o f  f o r c e  a c h ie v e d  f rom  th e
38g r e a t e r  r a n g e  o f  m o t io n .

SUMMARY

The l i t e r a t u r e  r e v e a l e d  a  w ide d i v e r s i t y  o f  

d i f f e r e n t  i d e a s ,  i n c l u d i n g  m o tio n  p i c t u r e  f i l m i n g ,  s t o p 

w a tc h e s ,  and  e l e c t r i c a l  d e v i c e s ,  f o r  t h e  m easu rem en t o f  

p r o j e c t i l e  v e l o c i t y .  M ost a p p ro a c h e s  in v o lv e d  some m ethod  

o f  s t a r t i n g  and  s to p p in g  a  c l o c k ,  and m ost d e te rm in e d  

v e l o c i t y  by t h e  t im e  t a k e n  to  c o v e r  a  c e r t a i n  d i s t a n c e .  

None o f  t h e  d e v i c e s  m easu red  th e  v e l o c i t y  e i t h e r  d i r e c t l y  

o r  q u i c k l y .  T h e re  was l i t t l e  d i s a g r e e m e n t  on t h e  p r o p e r  

t e c h n iq u e  f o r  th ro w in g  a b a s e b a l l ,  b u t  th e  l i t e r a t u r e  

r e v e a l e d  l i t t l e  a g re e m e n t  on e x a c t l y  w ha t e n a b le d  one 

p i t c h e r  to  th ro w  f a s t e r  th a n  a n o t h e r .

38K e l l e r , p p . 1 8 -1 9 .



Chapter 3

METHODS AND PROCEDURES

An e x p e r im e n ta l  s t u d y  was d e s ig n e d  to  m easu re  t h e  

v e l o c i t y  o f  a  p i t c h e d  b a l l .  R e la t e d  to  t h i s  i s  th e  

n e c e s s i t y  o f  c h a n g in g  s t y l e s  i f  i t  c a n  be d e te rm in e d  t h a t  a 

p a r t i c u l a r  s t y l e  i s  more s u i t e d  to  t h e  s u b j e c t  and  w i l l  

e n a b le  t h e  s t u d e n t  to  d e v e lo p  g r e a t e r  v e l o c i t y .

THE SUBJECTS

The s u b j e c t s  fo r  t h e  s tu d y  w e re  te n  m a le  b a s e b a l l  

p i t c h e r s  f rom  th e  M iddle  T e n n e sse e  S t a t e  U n i v e r s i t y  v a r s i t y  

b a s e b a l l  team  i n  1979-80 . The s u b j e c t s  ra n g e d  i n  age from  

s e v e n te e n  y e a r s  t o  t w e n t y - t h r e e  y e a r s .

TESTING APPARATUS

The d e v ic e  u se d  f o r  m e a s u r in g  th e  v e l o c i t y  o f  a  

p i t c h e d  b a l l  was a n  e l e c t r o n i c  a p p a r a t u s  d e v e lo p e d  by t h e  

a u t h o r  due to  a  n e e d  in  p h y s i c a l  e d u c a t i o n  and a t h l e t i c s  to  

t im e  th e  s p e e d  o r  v e l o c i t y  o f  d i f f e r e n t  o b j e c t s .  The 

a p p a r a t u s  i s  c a p a b le  o f  m e a s u r in g  t h e  v e l o c i t y  o f  

p r o j e c t i l e s .

39
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The m e a su r in g  d e v ic e  u se d  c o n s i s t s  o f  f o u r  

t r i a n g u l a r  s h a p e s . These  a r e  made w i t h  f i t t e d  m i r r o r s  on 

e a c h  s t r u c t u r e .  The s t r u c t u r e s  a r e  r i g h t  t r i a n g l e s  w i t h  

m i r r o r s  m ounted  on t h e  v e r t i c a l  o u t s i d e .  The v e r t i c a l  

wooden b o a rd  i s  10 cm x 200 cm, and  th e  m ounted m i r r o r  i s  

10 cm x 215 cm. P la c e d  on  t h e  h o r i z o n t a l  b o a r d  o f  t h e  

s t r u c t u r e  i s  a p l a t f o r m  w h ich  i s  10 cm x 35 cm. F o r  th e  

s u p p o r t  o f  t h e  l a s e r s ,  th e  h e i g h t  o f  th e  p l a t f o r m  c a n  be 

a d j u s t e d  w i t h  r e g u l a t o r s  so  t h a t  t h i s  m easurem ent i s  

f l e x i b l e  a c c o r d in g  to  d i f f e r e n t  n e e d s .  The s t r u c t u r e s  a r e  

s t a b i l i z e d  by  th e  u se  o f  a b a s e  w h ic h  c r o s s e s  t h e  h o r i z o n t a l  

b o a r d  and m e a su re s  10 cm x 100 cm. F u r t h e r  s t a b i l i z a t i o n  i s  

g a in e d  by s e c u r i n g  c a b l e s  a t  t h e  to p  o f  th e  s t r u c t u r e s  and 

e x te n d in g  them  to  t h e  ends  o f  t h e  b a s e  b o a r d .  The c a b l e s  

h ave  a  p l a c e  f o r  a d ju s tm e n t  to  i n s u r e  s t a b i l i z a t i o n .  The 

i n c l i n e d  b o a rd  w hich i s  a t t a c h e d  to  t h e  to p  o f  th e  v e r t i c a l  

b o a rd  and t h e  o p p o s i t e  end  o f  th e  h o r i z o n t a l  b o a r d  g i v e s  

s t a b i l i z a t i o n  to  th e  r i g h t  a n g le  i t s e l f .  The h o r i z o n t a l  

b o a rd  o f  th e  s t r u c t u r e  i s  10 cm x 120 cm and h a s  two 

r e g u l a t o r s  a t  i t s  ends  to  a d j u s t  i n  c a s e  t h e  a n g le  n e e d s  to  

be chan g ed  b e c a u s e  o f  e n v i r o n m e n ta l  i r r e g u l a r i t i e s . A t th e  

ends o f  th e  b a s e  b o a rd  a r e  r e g u l a t o r s  w h ich  a r e  u s e d  to  

s t a b i l i z e  t h e  d e v ic e  and  to  work a lo n g  w i t h  t h e  o t h e r  

r e g u l a t o r s  i n  a d j u s t i n g  t h e  a n g le  o f  t h e  s t r u c t u r e .  A l l  o f  

t h i s  eq u ip m e n t i s  d u p l i c a t e d  f o u r  t im e s  to  p ro d u c e  f o u r  

s t r u c t u r e s .  The l a s e r  p l a t f o r m  and a  p h o t o t r a n s i s t o r
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r e g u l a t o r  a r e  d u p l i c a t e d  o n ly  tw i c e ,  and a r e  u s e d  on o n ly  

h a l f  o f  t h e  s t r u c t u r e s .  On two o f  t h e  s t r u c t u r e s  t h e r e  i s  a  

s m a l l  h o l e  10 cm from  t h e  f l o o r  i n  t h e  v e r t i c a l  b o a r d  and 

m i r r o r .  A ls o ,  p l a c e d  on t h e  v e r t i c a l  b o a rd s  o f  two d e v ic e s  

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

o f  th e  t r i a n g l e .  T h is  p h o t o t r a n s i s t o r  r e g u l a t o r  h o u se s  a 

p h o t o t r a n s i s t o r .  The r e g u l a t o r  c a n  be moved to  any  p o s i t i o n  

on th e  v e r t i c a l  b o a r d ,  an d  th e  p h o t o t r a n s i s t o r  on th e  

r e g u l a t o r  can be  moved f ro m  l e f t  t o  r i g h t .  T h is  i n s u r e s  

t h a t  t h e  l a s e r  beam w i l l  b e  a b le  t o  s t r i k e  th e  p h o to 

t r a n s i s t o r .  The Eamcovop u t i l i z e s  two l a s e r s  (Model 3 6 0 ) .  

The l a s e r s  e m i t  a  r e d  l i g h t  w hich  i s  n e e d e d  f o r  t h i s  sy s te m . 

The t h r e e - t e r m i n a l  p h o t o t r a n s i s t o r  h a s  e x c e p t i o n a l l y  s t a b l e  

c h a r a c t e r i s t i c s  and  h i g h  i l l u m i n a t i o n  s e n s i t i v i t y .  The 

e l e c t r i c a l l y  c o n n e c te d  b a s e  l e a d  i n c r e a s e s  i t s  a p p l i c a b i l i t y  

when th e  r e d  l i g h t  i s  u s e d .  One a m p l i f i e r  i s  n e e d e d  f o r  

t h e  sy s te m , w h ich  m ust b e  made e s p e c i a l l y  f o r  t h e  p u rp o se  o f  

t h e  d e v i c e .  The a m p l i f i e r  r e d u c e s  120 v o l t s  to  15 v o l t s .

I t  d e t e c t s  th e  p u l s e  c a u s e d  i n  t h e  p h o t o t r a n s i s t o r  by th e  

bombardment o f  th e  l a s e r  beam and  sen d s  t h i s  i n f o r m a t i o n  to  

a  c o u n t e r .  The a m p l i f i e r  m ust h a v e  maximum s e n s i t i v i t y  to  

a c c o m p l is h  t h i s  ( t h e  p a r t s  o f  t h e  a m p l i f i e r  a r e  n o t  

a v a i l a b l e  and  m ust be made by t h e  e x p e r im e n to r  o r  t h e  

i n v e s t i g a t o r ) . The a m p l i f i e r  i s  u s e d  to  a m p l i fy  t h e  

e l e c t r i c  v o l t a g e  t h a t  i s  u s e d  i n  t h e  c o u n t e r .  T h is  c o u n t e r ,  

o r  e l e c t r o n i c  t i m e r ,  w i l l  b e  u se d  t o  r e a d  t h e  v e l o c i t y  o f
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th e  p r o j e c t i l e  b e in g  m easu red  down to  th e  n e a r e s t  

m i l l i s e c o n d .  I n  o r d e r  t o  t r a n s m i t  th e  im p u ls e  from  t h e  

p h o t o t r a n s i s t o r  to  t h e  a m p l i f i e r ,  f o u r  c a b l e s  a r e  n e e d e d  f o r  

e l e c t r o n i c  c o n d u c t io n .  Two a r e  t e n  m e te rs  lo n g ,  an d  two a r e  

f i v e  m e te r s  l o n g .  The s h o r t e r  c a b l e s  a r e  a t t a c h e d  t o  th e  

c l o s e s t  p h o t o t r a n s i s t o r ,  and th e  lo n g e r  c a b l e s  a r e  u s e d  f o r  

th e  o t h e r  p h o t o t r a n s i s t o r .

The p h o t o t r a n s i s t o r  i s  composed o f  an  open 

t r a n s i s t o r  su sp e n d e d  by a  c y l i n d r i c a l  l e n s .  As l i g h t  f a l l s  

upon t h e  l e n s ,  i t  i s  f o c u s e d  on t h e  a c t i v e  e le m e n t  a n d  a 

sm a l l  v o l t a g e  p u l s e  i s  p ro d u c e d .  W ith in  t h i s  p h o to 

t r a n s i s t o r  th e  l i g h t  i s  a m p l i f i e d  a h u n d re d  t im e s  a n d  e n t e r s  

th e  a m p l i f i e r  w i t h  a one m i l l i v o l t  p u l s e .  The a m p l i f i e r  i s  

composed o f  an o p e r a t i o n a l  i n t e g r a t e d  c i r c u i t  c h ip  w h ic h  h as  

an a m p l i f i c a t i o n  o f  1 0 ,0 0 0  t im e s .  T h is  f u r t h e r  a m p l i f i e s  

th e  p u l s e  to  a  l e v e l  o f  t e n  to  f i f t e e n  v o l t s .  S in c e  l i g h t  

i s  c o n s t a n t l y  on th e  p h o t o t r a n s i s t o r ,  a s  a p r o j e c t i l e  c u t s  

th e  beam o f  l i g h t  a  n e g a t i v e  p u l s e  i s  p ro d u c e d .  As t h e  

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

p ro d u c e d .  T h is  p u l s e  i s  p o s i t i v e .  The c o u n t e r ,  w h ich  

u t i l i z e s  th e  f i r s t  p u l s e  to  s t a r t  th e  t im in g ,  m ust b e  s e t  

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

s t a r t s  t h e  t im in g ,  and t h e  e l a p s e d  tim e a c c u m u la te s  u n t i l  

th e  p r o j e c t i l e  i n t e r c e p t s  th e  se c o n d  beam. A second  

n e g a t i v e  p u l s e  t h e n  t u r n s  o f f  t h e  t im e r .  L o c a te d  on t h e  

a m p l i f i e r  i s  a  s e n s i t i v i t y  c o n t r o l  w hich i s  u s e d  to  a d j u s t
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t h e  h e i g h t  o f  t h e  p u l s e .  When th e  p a t h  l e n g t h  i s  composed 

o f  many r e f l e c t i o n s ,  th e  s e n s i t i v i t y  m ust be  i n c r e a s e d  i n  

o r d e r  t o  make th e  t im in g  m easu rem en t.  C o n v e r s e ly ,  when 

few er  r e f l e c t i o n s  a r e  u s e d ,  th e  s e n s i t i v i t y  may be t u r n e d  

down. The a m p l i f i e r  a l s o  c o n t a i n s  a  f i l t e r  w h ich  r e d u c e s  

t h e  am ount o f  e x t r a n e o u s  l i g h t  p i c k - u p .

The p h o t o t r a n s i s t o r  c i r c u i t  i s  composed o f  a  GE-17 

t r a n s i s t o r ,  th e  p h o to  t r a n s i s t o r ,  a  120 £2 , a  1 MJ2 an d  3 .9  

r e s i s t o r ,  and  1 uF c a p a c i t o r .  B a s i c a l l y ,  a l l  t h e s e  

com ponents  a r e  u s e d  to  a m p l i fy  th e  v e r y  weak incom ing  l i g h t  

s i g n a l .  When l i g h t  e n t e r s ,  t h e  p h o t o t r a n s i s t o r  c u r r e n t  

f lo w s  th ro u g h  th e  120 Si r e s i s t o r ,  a n d  a v o l t a g e  d e v e lo p s .

I t  i s  t h i s  v o l t a g e  w hich  i s  to  be a m p l i f i e d  f u r t h e r  i n  th e  

i n t e g r a t e d  c i r c u i t  a m p l i f i e r .  The i n t e g r a t e d  c i r c u i t  

a m p l i f i e r  i s  composed o f  a  741 i n t e g r a t e d  c i r c u i t  c h i p ,  two 

1 K £2 and  one 10 K Jl p o t e n t i o m e t e r ,  two 10 M n r e s i s t o r s ,  

an d  two 1 uF c a p a c i t o r s .  These  com ponents p ro d u c e  an 

a m p l i f i c a t i o n  t h a t  i s  1 0 ,0 0 0  t im es  g r e a t e r  t h a n  th e  o r i g i n a l  

im p u ls e .  The 10 K o  p o t e n t i o m e t e r  i s  th e  s e n s i t i v i t y  

c o n t r o l .  The c a p a c i t o r  o f  .005 uF and  10 Mft r e s i s t o r  

r e j e c t  m o st v o l t a g e s  be low  t h r e e  h e r t z .  T h is  f i l t e r  

e l i m i n a t e s  s p u r io u s  p u l s e s  c a u se d  by  p e r s o n s  r u n n in g  on  th e  

f l o o r .  B o th  o f  t h e  p h o t o t r a n s i s t o r s  f o r  t im in g  th e  

p r o j e c t i l e  m o tio n  a r e  c o n n e c te d  i n  p a r a l l e l  an d  u se  t h e  same 

a m p l i f i e r  c i r c u i t .  In  o r d e r  to  u t i l i z e  t h i s  sy s te m , o n e  

m u st u s e  a  p u l s e  a c t i v a t e d  t im e r  w h ic h  r e c e i v e s  a minimum o f
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one v o l t  n e g a t i v e  p u l s e s .  A lso ,  i t  m ust b e  a b le  to  r e a d  

tim e t o  th e  n e a r e s t  m i l l i s e c o n d .  The p h o t o t r a n s i s t o r  and 

th e  a m p l i f i c a t i o n  sy s te m  a r e  a c c u r a t e  to  1 m i l l i s e c o n d .  The 

a m p l i f i e r  c o n s t r u c t e d  i s  t h e  o n ly  one w h ich  w i l l  make th e  

system  w ork and a t  t h i s  t im e  can  n o t  be p u rc h a s e d .  (See  

A ppendix  D.)

VALIDATING THE APPARATUS

I n  o r d e r  to  d e te rm in e  w h ich  v e r i f i c a t i o n  s e t t i n g  

was to  b e  em ployed and w here  th e  o p e r a t o r  w ould  be s t a n d i n g  

d u r in g  t h e  t e s t i n g ,  th e  f o l lo w in g  p r o c e d u r e s  were u t i l i z e d .  

The Eamcovop was t e s t e d  a t  th e  Murphy C e n te r  Gymnasium a t  

M iddle  T e n n e sse e  S t a t e  U n i v e r s i t y .  One s u b j e c t  th re w  a 

b a s e b a l l  from a p o r t a b l e  p i t c h e r ' s  mound to  a  c a t c h e r  s i x t y  

f e e t ,  s i x  in c h e s  away. T h i r t y  p i t c h e s  w ere  throw n a t  

maximal sp e e d s  f o r  ea c h  s e t t i n g  w i t h  th e  i n v e s t i g a t o r  

s t a n d i n g  b e h in d  t h e  c o u n te r  and t h e  th ro w e r ,  and t h i r t y  f o r  

each  s e t t i n g  w i th  th e  i n v e s t i g a t o r  s t a n d i n g  b e h in d  t h e  

c o u n te r  and  th e  c a t c h e r .  The h i g h e s t  p e r c e n ta g e  o f  r e c o r d e d  

s t r i k e s  d e te r m in e d  w hich  s e t t i n g  an d ,  a lo n g  w i th  t h e  

p h y s i c a l  r e q u i r e m e n t s  o f  t h e  a p p a r a t u s ,  d e te rm in e d  w h ic h  

s ta n d in g  p o s i t i o n s  w ere t o  be em ployed d u r in g  th e  t e s t i n g  

f o r  t h i s  i n v e s t i g a t i o n .  The Eamcovop was s i t u a t e d  b e tw een  

th e  p i t c h e r  and t h e  c a t c h e r .

When a l l  t h e  p r o p e r  eq u ip m en t was a s se m b le d  f o r  

t e s t i n g  t h e  Eamcovop and  a l l  th e  n e c e s s a r y  p r e c a u t i o n s  w ere
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t a k e n ,  th e  m easu rem en t c o u ld  b e g in .  A lth o u g h  th e  a p p a r a tu s  

was c a p a b le  o f  m e a su r in g  e i t h e r  v e r t i c a l  o r  h o r i z o n t a l  

s p e e d s ,  o n ly  h o r i z o n t a l  sp e e d s  w ere  m easu red  i n  t h e  s tu d y .  

The p r o j e c t i l e  b ro k e  t h e  f i r s t  l a s e r  beam b e tw een  th e  f i r s t  

two t r i a n g l e s  to  s t a r t  t h e  m easurem ent and th e n  b ro k e  th e  

se c o n d  beam b e tw een  th e  l a s t  two t r i a n g l e s  to  s to p  th e  

m easu rem en t.  The m easu rem en ts  w ere  t im e d  and d i s p l a y e d  on 

t h e  c o u n te r  o r  t im e r  and  w ere  r e c o r d e d  from  t h e r e .  A l l  d a t a  

w e re  c o l l e c t e d  d u r in g  t h e  p e r i o d  o f  J a n u a ry  15, 1980, to  

F e b ru a ry  15 , 1980.

RELIABILITY TESTS

The Eamcovop h a s  a v e r i f i c a t i o n  s e t t i n g  t h a t  can  be 

a d j u s t e d  t o  .1  o f  a s e c o n d ,  .01  o f  a  s e c o n d ,  .001 o f  a 

s e c o n d ,  o r  .0 0 0 1  o f  a  s e c o n d .  R e l i a b i l i t y  t r i a l s  f o r  th e  

Eamcovop w e re  c o n d u c te d  a t  th e  .01 and .0001 s e t t i n g s  b a s e d  

on th e  v a l i d a t i o n  f i n d i n g s .  T r i a l s  f o r  th e  Dekan 

P e r fo rm a n c e  A n a ly z e r  w ere  c o n d u c te d  a t  th e  .01 s e t t i n g ,  th e  

o n l y  s e t t i n g  a v a i l a b l e  on t h a t  d e v ic e .

R e l i a b i l i t y  d a t a  f o r  th e  Eamcovop w ere  c o l l e c t e d  

u s i n g  a b a s e b a l l  su sp e n d e d  from  th e  c e i l i n g  a t  a  h e i g h t  t h a t  

c a u s e d  i t  t o  b r e a k  th e  to p  beam o f  e a c h  l a s e r  when r e l e a s e d  

and  a l lo w e d  t o  swing n a t u r a l l y .  The b a l l  was r e l e a s e d  

t h i r t y - f i v e  t im e s  by e a c h  s u b j e c t  a t  t h e  same h e i g h t  and 

d i s t a n c e  f ro m  th e  Eamcovop f o r  e ach  o f  two t e s t s .  T h is  was 

a c c o m p lish e d  b y  h a v in g  th e  s u b j e c t  s i t  backw ards  i n  a
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f o l d i n g  m e ta l  c h a i r  f a c in g  t h e  Eamcovop. The c h a i r  was 

p la c e d  a t  a  d i s t a n c e  t h a t  c a u s e d  t h e  s t r i n g  a t t a c h i n g  th e  

b a l l  to  th e  c e i l i n g  to  be p u l l e d  t i g h t  when th e  b a l l  was 

p la c e d  on th e  to p  o f  th e  b a c k  o f  t h e  c h a i r ,  and th e  o n ly  

movement made by t h i s  hand was an o p e n in g  o f  th e  f i n g e r s  to  

l e t  t h e  b a l l  go . When th e  b a l l  swung b a c k ,  i t  was c a u g h t  i n  

th e  o p p o s i t e  hand  and  p l a c e d  b ack  i n t o  th e  o t h e r  h a n d .

F or th e  Eamcovop a t  a  s e t t i n g  o f  .0001 o f  a  seco n d ,  

f o u r  s u b j e c t s  r e l e a s e d  th e  b a l l  t h i r t y - f i v e  t im es  d u r in g  

each  o f  two t e s t s  g iv in g  a t o t a l  o f  280 t r i a l s .  S i m i l a r  

p r o c e d u re s  w ere  u s e d  to  o b t a i n  280 t r i a l s  f o r  th e  Dekan 

P e rfo rm a n c e  A n a ly z e r  a t  a s e t t i n g  o f  .01 o f  a s e c o n d .  F or  

th e  Eamcovop a t  a  s e t t i n g  o f  .01 o f  a  s e c o n d ,  one s u b j e c t  

r e l e a s e d  th e  b a l l  t h i r t y - f i v e  t im es  d u r in g  e a c h  o f  two t e s t s  

g iv in g  a t o t a l  o f  s e v e n ty  t r i a l s .

THE EXPERIMENTAL STUDY

T h is  s tu d y  was c o n d u c te d  d u r in g  t h e  p e r i o d  o f  

J a n u a ry  15, 1980, to  F e b ru a ry  15, 1980, i n  a u x i l i a r y  

gymnasium number one o f  t h e  C h a r le s  M. Murphy A t h l e t i c  

C e n te r .  The p u r p o s e s  o f  t h e  i n v e s t i g a t i o n  w ere  to  

d e te rm in e :  (1)  t h e  t e c h n i c a l  m e r i t s  o f  th e  Eamcovop, (2)

t h a t  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  be tw een  a b a l l ' s  

v e l o c i t y  when p i t c h e d  from s t r e t c h  o r  w ind -up  p o s i t i o n s ,  and 

(3) th e  a p p l i c a b i l i t y  o f  t h e  Eamcovop to  t e a c h i n g .
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TESTING PROCEDURE

The s u b j e c t ' s  p i t c h e s  w ere t im ed  by  t h e  Eamcovop.

The i n v e s t i g a t o r  s to o d  b e h in d  th e  c o u n te r  l o c a t e d  b e h in d  th e  

c a t c h e r .  The t y p e  o f  b a s e b a l l  u s e d  was a w h i t e ,  W orth 

9 1 2 (T ) ,  a lum  ta n n e d ,  l i v e l y  c e n t e r ,  wool wound, o f f i c i a l  

l e a g u e  t e a m l in e  b a l l .  A f t e r  each  p i t c h  t h e  b a l l ' s  t im e  and 

w h e th e r  i t  was a  b a l l  o r  s t r i k e  w e re  r e c o r d e d .

The s u b j e c t s  wore b a s e b a l l  u n i fo r m s .  A new b a s e b a l l  

was em ployed  a t  t h e  s t a r t  o f  each  t e s t i n g  s e s s i o n  f o r  each  

s u b j e c t .  The s u b j e c t s  w e re  n o t  a b l e  to  se e  how f a s t  t h e  

b a l l  was b e in g  th row n  u n t i l  th e  f i r s t  f i f t e e n  p i t c h e s  w ere 

c o m p le te d .  T h is  was done i n  an a t t e m p t  to  make th e  t e s t i n g  

s i t u a t i o n  as  much as  p o s s i b l e  l i k e  a n  a c t u a l  game.

Each s u b j e c t  was t o l d  t h a t  h e  would th ro w  f i f t e e n  

p i t c h e s  from  th e  w ind-up  a n d  f i f t e e n  p i t c h e s  from  th e  

s t r e t c h  p o s i t i o n s .  He was in fo rm ed  t h a t  a c c u r a c y  was 

i m p o r t a n t  and t h a t  he s h o u ld  a t t e m p t  to  p i t c h  as  h a r d  a s  he 

n o r m a l ly  w ould i n  a  game s i t u a t i o n .  I t  was f u r t h e r  

e x p l a i n e d  t h a t  h e  would c h e c k  th e  r u n n e r  on t h i r d  b a s e  

b e f o r e  e a c h  p i t c h  i n  h i s  u s u a l  m an n e r .  Each p i t c h  w ou ld  be 

c a l l e d  b y  th e  u m p ire ,  b u t  t h e  s u b j e c t  would th ro w  a s  though  

t h e  c o u n t  were no b a l l s  a n d  no s t r i k e s  f o r  a l l  t h i r t y  

p i t c h e s .  The u m p ire  was e i t h e r  Coach S t a n f o r d  o r  A s s i s t a n t  

Coach Carmen F u sc o ,  n e i t h e r  o f  whom i s  a c e r t i f i e d  b a s e b a l l  

u m p ire .  Each s u b j e c t  was in fo rm e d  t h a t  he w o u ld  be g iv e n
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th e  o p p o r t u n i t y  to  lo o k  a t  h i s  r e s u l t s  a f t e r  th e  t e s t i n g  was 

c o m p le te d ,  i f  he  so d e s i r e d .

The i n v e s t i g a t o r  was s t a n d i n g  b e h in d  th e  c o u n t e r ,  o r  

t im e r ,  w i th  an  a s s i s t a n t  n e x t  t o  him to  r e c o r d  e a c h  p i t c h .  

A f t e r  e ach  p i t c h  th e  Eamcovop c o u n t e r ,  o r  t im e r ,  showed th e  

t im e m e a su re d .  The a s s i s t a n t  t h e n  r e c o r d e d  th e  t im e  a lo n g  

w i th  t h e  a c c u r a c y  r a t i n g .

Each p i t c h e r  was g iv e n  a s  much t im e  as he  needed  t o  

warm u p .  As he  was w arm ing up h e  was in fo rm e d  w h e th e r  he 

w ould  th row  from  th e  w in d -u p  o r  s t r e t c h  p o s i t i o n .  I t  was 

f e l t  by  th e  i n v e s t i g a t o r  t h a t  t h i s  c o u ld  b e  done a r b i t r a r i l y  

s i n c e  t h e r e  w ould  be no  chance  t h a t  e n v i ro n m e n ta l  f a c t o r s  

w ould  i n f l u e n c e  th e  r e s u l t s .  F iv e  o f t h e  s u b j e c t s  th rew  

from  t h e  w ind -up  f i r s t  and  f i v e  from  th e  s t r e t c h .  When t h e  

s u b j e c t  i n d i c a t e d  t h a t  h e  was r e a d y ,  t h e  t e s t  b e g a n .  A f t e r  

f i f t e e n  p i t c h e s  w ere  r e c o r d e d ,  t h e  s u b j e c t  was a l lo w e d  to  

have  a  f i v e  m in u te  p e r i o d  to  l o o k  a t  t h e  d a t a  s h e e t .  When 

th e  s u b j e c t  i n d i c a t e d  he  was r e a d y  f o r  t h e  second  h a l f ,  t h a t  

p a r t  o f  th e  t e s t i n g  was c o n d u c te d .  Each s u b j e c t  h a d  th e  

same c o n d i t i o n s  f o r  b o t h  p a r t s  o f  th e  t e s t  s in c e  he  

c o m p le te d  one im m e d ia te ly  f o l l o w i n g  th e  o t h e r .

STATISTICAL ANALYSIS

R e l i a b i l i t y  o f  t h e  a p p a r a t u s  was a n a ly z e d  u s in g  

s t a n d a r d  d e v i a t i o n s  and  P e a r s o n  p r o d u c t  moment c o r r e l a t i o n s .  

E ig h t  s t a n d a r d  d e v i a t i o n s  w ere  com puted f o r  th e  Eamcovop a t
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a  s e t t i n g  o f  .0001 o f  a s e c o n d  and two s t a n d a r d  d e v i a t i o n s  

w ere  com puted  f o r  t h e  Eamcovop a t  a  s e t t i n g  o f  .01 o f  a 

s e c o n d .  S i m i l a r l y ,  e i g h t  s t a n d a r d  d e v i a t i o n s  were com puted 

f o r  th e  Dekan P e rfo rm an ce  A n a ly z e r  a t  a  s e t t i n g  o f  .01  o f  a  

s e c o n d .  A P e a r so n  p r o d u c t  moment c o r r e l a t i o n  was th e n  

com puted u s i n g  th e  raw  d a t a  g a t h e r e d  f o r  t h e  Eamcovop a t  t h e  

s e t t i n g  o f  .0001 o f  a  se c o n d  and f o r  th e  Dekan P e rfo rm an ce  

A n a ly z e r  a t  th e  s e t t i n g  o f  .01 o f  a  seco n d .  The p u r p o s e  o f  

t h i s  c o r r e l a t i o n  w as to  e s t a b l i s h  t h e  r e l i a b i l i t y  

c o e f f i c i e n t  o f  th e  Eamcovop a t  v e l o c i t i e s  u n d e r  t e n  m i le s  

p e r  h o u r .

To e s t a b l i s h  th e  r e l i a b i l i t y  o f  t h e  Eamcovop a t  

v e l o c i t i e s  n o rm a l ly  a t t a i n e d  in  p i t c h i n g ,  two more P e a r so n  

p r o d u c t  moment c o r r e l a t i o n s  w ere com puted  u s i n g  d a t a  

c o l l e c t e d  d u r in g  t h e  a c t u a l  t e s t i n g .  One c o r r e l a t i o n  was 

com puted u s i n g  mean v e l o c i t i e s  a t t a i n e d  f ro m  th e  w in d -u p  

p o s i t i o n  o n  th e  Eamcovop an d  on t h e  Dekan P e r fo rm a n c e  

A n a ly z e r ,  and  one c o r r e l a t i o n  was com puted u s in g  mean 

v e l o c i t i e s  a t t a i n e d  from  t h e  s t r e t c h  p o s i t i o n  on t h e  

Eamcovop a n d  on t h e  Dekan P e r fo rm a n c e  A n a ly z e r .

The p i t c h i n g  d a ta  w e re  a n a ly z e d  by co m p u tin g  th e  

mean v e l o c i t i e s  f o r  each  s u b j e c t  f ro m  b o th  p i t c h i n g  

p o s i t i o n s  a n d  t o t a l i n g  th e  number o f  s t r i k e s  throw n from  th e  

two p o s i t i o n s  t e s t e d .  T h is  was done f o r  e a c h  o f  t h e  two 

m a c h in e s , t h e  Eamcovop and t h e  Dekan P erfo rm an ce  A n a l y z e r . 

The d a ta  w e re  th e n  s u b j e c t e d  to  t  t e s t s  f o r  p a i r e d  d a t a  to
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d e te rm in e  w h e th e r  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e tw een  

t h e  two p i t c h i n g  v a r i a b l e s  f o r  v e l o c i t y  o r  a c c u r a c y ,  and 

w h e th e r  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  be tw een  th e  two 

m ach in es  f o r  v e l o c i t y  o r  a c c u r a c y .

The d a t a  w ere  f u r t h e r  a n a ly z e d  by P e a r s o n  p r o d u c t  

moment c o r r e l a t i o n s  t o  f i n d  o u t  i f  any  r e l a t i o n s h i p s  e x i s t e d  

b e tw e e n  t h e  v e l o c i t i e s  o f  t h e  b a l l s  p i t c h e d  from  t h e  s t r e t c h  

an d  w ind-up  p o s i t i o n s  on th e  two m a c h in e s .  P e a r s o n  p r o d u c t  

moment c o r r e l a t i o n  c o e f f i c i e n t s  w ere  a l s o  com puted to  f i n d  

o u t  i f  any  r e l a t i o n s h i p s  e x i s t e d  b e tw een  t h e  a c c u r a c i e s  o f  

b a l l s  p i t c h e d  from  th e  s t r e t c h  and  w in d -u p  p o s i t i o n s  on t h e  

two m a c h in e s .  F i n a l l y ,  S p e a rm a n 's  c o e f f i c i e n t  o f  r a n k  

c o r r e l a t i o n  was u t i l i z e d  to  d e te rm in e  i f  t h e r e  w ere  any 

r e l a t i o n s h i p s  be tw een  sp e e d  and a c c u r a c y  from  t h e  w ind -up  

and  s t r e t c h  p i t c h i n g  p o s i t i o n s  on e i t h e r  m a c h in e .



C h a p te r  4 

ANALYSIS AND TREATMENT OF DATA

A p r e s e n t a t i o n  and d i s c u s s i o n  o f  th e  r e s u l t s  a r e  

i n c l u d e d  i n  t h i s  c h a p t e r .  The f i r s t  p a r t  o f  t h e  c h a p te r  

c o n t a i n s  an  a n a l y s i s  o f  th e  d a t a ,  w h i le  th e  l a s t  p o r t i o n  

p r e s e n t s  a  d i s c u s s i o n  o f  t h e  r e s u l t s  o f  th e  s t u d y .  The 

d i s c u s s i o n  i s  d iv id e d  i n t o  two s e c t i o n s ,  one on  th e  Eamcovop 

and  th e  Dekan P e rfo rm an ce  A n a ly z e r  and  th e  o t h e r  on th e  

r e s u l t s  o f  t h e  sp e e d  and  g r o s s  a c c u r a c y  t e s t i n g .  I t  s h o u ld  

b e  n o te d  t h a t  th e  d a t a  on g r o s s  a c c u r a c y  a r e  p r e s e n t e d  

s o l e l y  as  an  a d j u n c t  to  th e  d a t a  on v e l o c i t y  an d  were n o t  a 

m a jo r  p a r t  o f  th e  s tu d y .

RESULTS

A n a ly s i s  o f  t h e  R e l i a b i l i t y  
T e s t s

Means and s t a n d a r d  d e v i a t i o n s  w ere  com puted  f o r  t h e  

Eamcovop s e t  a t  .0001 o f  a  se c o n d  and .01 o f  a  seco n d ,  an d  

f o r  th e  Dekan P e r fo rm a n c e  A n a ly z e r  s e t  a t  .01 o f  a  s e c o n d .  

The d a ta  a r e  sum m arized  i n  T a b le  1 . (See  A p pend ix  G f o r  

d e t a i l e d  i n f o r m a t i o n . )
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Table 1
R e l i a b i l i t y  T e s ts  

S ta n d a rd  D e v ia t i o n  Summary

M achine
No. o f  
T r i a l s

S e t t i n g
( s e c o n d s )

Mean
V e l o c i t y

(mph)
S ta n d a r d
D e v ia t io n

Eamcovop 70 .01 6 .04 .07

Dekan 280 .01 4 .46 .1 2 *

Eamcovop 280 .0001 5 .9 4 .1 6 *  •

^C ondensed  from  8 s t a n d a r d  d e v i a t i o n s  com puted f o r  4 
s u b j e c t s  on  2 t e s t s ,  35 t r i a l s  p e r  t e s t .

At t h e  .0001 o f  a  s e c o n d  s e t t i n g ,  th e  mean v e l o c i t y  

o f  t h e  pendulum  b a l l  on  th e  Eamcovop was 5 .9 4  mph w i th  a 

s t a n d a r d  d e v i a t i o n  o f  .16 i n  280 t r i a l s .  At th e  .01 o f  a  

s e c o n d  s e t t i n g ,  th e  mean v e l o c i t y  o f  t h e  pendulum  b a l l  on 

th e  Eamcovop was 6 .0 4  mph w i th  a  s t a n d a r d  d e v i a t i o n  o f  .07  

i n  70 t r i a l s .  The mean v e l o c i t y  on th e  Dekan P e r fo rm a n c e  

A n a ly z e r  was 4 .4 6  mph w i th  a s t a n d a r d  d e v i a t i o n  o f  .12 i n  

280 t r i a l s .  The s t a n d a r d  d e v i a t i o n s  i n d i c a t e  t h a t  th e  

Eamcovop i s  a t  l e a s t  a s  c o n s i s t e n t  and r e l i a b l e  i n  t im in g  as  

th e  Dekan P e r fo rm a n c e  A n a ly z e r  a t  v e l o c i t i e s  u n d e r  10 mph.

The raw  d a ta  from  th e  r e l i a b i l i t y  t r i a l s  w ere u s e d  

to  compute a  P e a r so n  p r o d u c t  moment c o r r e l a t i o n .  The 

p u rp o s e  o f  t h e  c o r r e l a t i o n  was to  f i n d  o u t  i f  t h e r e  was a  

r e l a t i o n s h i p  be tw een  t h e  v e l o c i t i e s  a t t a i n e d  w i t h  th e
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pendulum b a l l  on t h e  two m a c h in e s .  T a b le  2 p r e s e n t s  a 

summary o f  th e  d a t a .

T a b le  2

R e l i a b i l i t y  T e s t s  
P e a r so n  P ro d u c t  Moment C o r r e l a t i o n  

(Pendulum  B a l l )

Machine T r i a l s
Mean V e lo c i ty  

(mph) C o r r e l a t i o n

Dekan 280 4 .4 6
r  = .49*

Eamcovop 280 5 .9 4

^ S i g n i f i c a n t  a t  .0 0 1 .

A s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  o f  .49 was 

o b ta in e d ,  i n d i c a t i n g  th e  two m ach in es  w ere  c o n s i s t e n t l y  

m e a su r in g  th e  same f a c t o r .

To e s t a b l i s h  th e  r e l i a b i l i t y  c o e f f i c i e n t  o f  th e  

Eamcovop a t  v e l o c i t i e s  a t t a i n e d  i n  a c t u a l  p i t c h e s ,  two 

a d d i t i o n a l  P e a r s o n  p r o d u c t  moment c o r r e l a t i o n s  w ere  com puted 

u s in g  th e  d a t a  c o l l e c t e d  f o r  t h e  p i t c h e d  b a l l s .  The d a t a  

a r e  p r e s e n t e d  i n  T a b le  3.
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Table 3
R e l i a b i l i t y  T e s t s  

P e a r s o n  P r o d u c t  Moment C o r r e l a t i o n s  
(Mean V e l o c i t i e s )

W ind-up

S u b je c t Dekan Eamcovop C o r r e l a t i o n

1 6 6 .8 9 6 7 .6 2
2 7 2 .9 0 7 3 .82
3 74 .45 7 5 .4 7
4 8 6 .2 7 8 7 .3 1
5 70 .95 7 1 .8 0 r  = .9999
6 8 0 .0 7 8 1 .0 8
7 7 3 .0 6 7 4 .1 2
8 7 3 .3 5 7 4 .3 6
9 7 4 .0 7 7 5 .0 4

10 6 9 .5 9 7 0 .6 3

S t r e t c h

S u b je c t Dekan Eamcovop C o r r e l a t i o n

1 7 6 .3 3 7 7 .4 1
2 7 5 .0 9 7 6 .0 7
3 7 5 .4 8 76 .6 6
4 7 9 .0 7 80 .8 2
5 7 2 .7 3 73 .8 8 r  = .9989
6 7 8 .7 3 79 .6 9
7 7 1 .0 1 7 2 .0 1
8 6 9 .3 7 7 0 .4 3
9 7 0 .4 9 7 1 .4 6

10 6 4 .6 6 6 5 .7 1



55

A s i g n i f i c a n t  c o r r e l a t i o n  o f  .9999 was com puted f o r  

t h e  mean v e l o c i t i e s  o b t a i n e d  f ro m  th e  w in d -u p  p o s i t i o n  on 

th e  two m a c h in e s ,  and  a  s i g n i f i c a n t  c o r r e l a t i o n  o f  .9989 was 

com puted  f o r  t h e  mean v e l o c i t i e s  o b t a i n e d  from  t h e  s t r e t c h  

p o s i t i o n  on t h e  two m a c h in e s .  These c o r r e l a t i o n s  i n d i c a t e  

t h a t  th e  two m ach ines  w ere  m e a s u r in g  t h e  same f a c t o r  a t  

v e l o c i t i e s  b e tw een  f i f t y - s e v e n  and n i n e t y - t h r e e  mph f o r  b o th  

p i t c h i n g  p o s i t i o n s .

A n a ly s i s  o f  Speed and  G ross 
A ccu racy  D a ta  f o r  Dekan

A t  t e s t  f o r  p a i r e d  d a t a  was p e r fo rm e d  on th e  d a t a  

f o r  th e  v e l o c i t y  o f  a  throw n b a s e b a l l  f ro m  th e  w in d -u p  and 

s t r e t c h  p o s i t i o n s .  A t  v a lu e  o f  .58 was com puted , and f o r  

n i n e  d e g re e s  o f  f reed o m  a t  v a l u e  o f  ± 2 .2 6 2  was n e e d e d  to  

h av e  a d i f f e r e n c e  b e tw een  th e  means a t  t h e  .05 l e v e l  o f  

s i g n i f i c a n c e .  The i n f e r e n c e  drawn was t h a t  t h e r e  .was no 

s i g n i f i c a n t  d i f f e r e n c e  i n  th e  v e l o c i t y  o f  a  b a s e b a l l  th row n 

from  th e  w in d -u p  and s t r e t c h  p o s i t i o n s  .

A s i m i l a r  t  t e s t  was em ployed on th e  d a t a  c o l l e c t e d  

c o n c e r n in g  t h e  g ro s s  a c c u r a c y  o f  th e  two p i t c h i n g  p o s i t i o n s  

i n v e s t i g a t e d .  A t  v a l u e  o f  - . 8 0  was com puted , and  f o r  n in e  

d e g r e e s  o f  freed o m  a t  v a lu e  o f  ±2.262 was n e e d e d  to  h av e  a 

d i f f e r e n c e  b e tw een  t h e  means a t  th e  .05  l e v e l  o f  

s i g n i f i c a n c e .  The i n f e r e n c e  drawn was t h a t  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  i n  th e  g r o s s  a c c u r a c y  o f  a  b a s e b a l l  

th ro w n  from t h e  w in d -u p  and s t r e t c h  p o s i t i o n s .  T a b le  4
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p r e s e n t s  a  summary o f  th e  two t  t e s t s .  The raw  d a ta  a r e  

p r e s e n t e d  i n  A ppend ix  E.

T a b le  4

t  T e s t  f o r  P a i r e d  D a ta  Summary

Dekan V e l o c i t y
Mean

V a r i a b l e N (mph) d f t  Value

Wind-up 10 7 4 .1 6 9
.58*

S t r e t c h 10 7 3 .2 9 9

*Level
±2.262

r e q u i r e d f o r  s i g n i f i c a n c e  a t .05 w i t h 9 d f  was

Dekan A ccu racy
V a r i a b l e N Mean** d f t  Value

Wind-up 10

o00 9
- .8 0 *

S t r e t c h 10 8 .6 9

*Level r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .05 w i t h  9 d f  was 
± 2 .262 .

**Mean i s  f o r  s t r i k e s .

A n a ly s i s  o f  Speed an d  G ross 
A ccu racy  Data f o r  Eamcovop

A t  t e s t  f o r  p a i r e d  d a t a  was p e r fo rm e d  on th e  d a t a  

f o r  the  v e l o c i t y  o f  a  th row n  b a s e b a l l  from  t h e  w ind -up  and 

s t r e t c h  p o s i t i o n s .  A t  v a l u e  o f  .47  was com puted , and  f o r  

n i n e  d e g r e e s  o f  f reed o m  a t  v a lu e  o f  ±2 .262  was needed  to  

h a v e  a d i f f e r e n c e  be tw een  t h e  means a t  th e  .05  l e v e l  o f
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s i g n i f i c a n c e .  The i n f e r e n c e  drawn was t h a t  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  v e l o c i t y  o f  a  b a s e b a l l  throw n 

from  t h e  w ind-up  and  s t r e t c h  p o s i t i o n s .

A s i m i l a r  t  t e s t  was em ployed on th e  d a t a  c o l l e c t e d  

c o n c e r n in g  th e  g r o s s  a c c u r a c y  o f  th e  two p i t c h i n g  p o s i t i o n s  

i n v e s t i g a t e d .  A t  v a lu e  o f  .92  was com puted , and f o r  n in e

d e g re e s  o f  freedom  a t  v a lu e  o f  ±2 .262  was n e e d e d  to  have  a

d i f f e r e n c e  be tw een  th e  means a t  th e  .05 l e v e l  o f

s i g n i f i c a n c e .  The i n f e r e n c e  drawn was t h a t  t h e r e  was no

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  a c c u r a c y  o f  a  b a s e b a l l  th row n 

from th e  w ind-up  and  s t r e t c h  p o s i t i o n s .  T a b le  5 p r e s e n t s  a 

summary o f  th e  two t  t e s t s .  The raw d a t a  a r e  p r e s e n t e d  i n  

A ppendix  E.

A n a ly s i s  o f  Speed an d  G ross 
A ccu racy  D ata f o r  the '
W ind-up

A t  t e s t  f o r  p a i r e d  d a t a  was p e r fo rm e d  on th e  d a t a  

f o r  th e  v e l o c i t y  o f  a  b a s e b a l l  th row n from  th e  w ind -up  

p o s i t i o n  on  th e  two m a c h in e s .  A t  v a l u e  o f  - 2 9 .2 7  was 

com puted, and f o r  n i n e  d e g r e e s  o f  f reed o m  a t  v a lu e  o f  

±2.262 was n eed ed  t o  have a  d i f f e r e n c e  be tw een  th e  means a t  

th e  .05 l e v e l  o f  s i g n i f i c a n c e .  The i n f e r e n c e  drawn was t h a t  

t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  v e l o c i t y  o f  a 

b a s e b a l l  throw n from  th e  w in d -u p  p o s i t i o n  on th e  two 

m a c h in e s .
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Table 5
t  T e s t  f o r  P a i r e d  D ata  Summary

Eamcovop V e l o c i t y

V a r i a b l e
Mean

N (mph) d f t  V alue

Wind-up

S t r e t c h

10 7 5 .1 4  9 

10 74 .4 1  9
.4 7 *

*L eve l r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .05 w i t h  9 d f  
± 2 .2 6 2 .

was

Eamcovop A ccuracy
V a r i a b l e N Mean** d f t  V alue

Wind-up

S t r e t c h

10 7 .9  9 

10 6 .7  9
.9 2 *

* L e v e l  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .05 w i t h  9 d f 
± 2 .262 .

**Mean i s  f o r  s t r i k e s .

was

A s i m i l a r  t  t e s t  was em ployed on th e  d a t a  c o l l e c t e d

c o n c e r n in g t h e  g r o s s  a c c u r a c y  a c h ie v e d  from t h e  w ind-up

p o s i t i o n  on th e  two m a c h in e s .  A t  v a l u e  o f  .1 0  was

com puted, an d  f o r  n i n e  d e g re e s  o f  f re e d o m  a t  v a lu e o f

± 2 .262  was n e e d e d  to  h av e  a  d i f f e r e n c e  be tw een  th e  means a t

t h e  .05 l e v e l  o f  s i g n i f i c a n c e .  The i n f e r e n c e  drawn was t h a t  

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  a c c u r a c y  o f  a  

b a s e b a l l  th ro w n  from  t h e  w in d -u p  p o s i t i o n  on t h e  two 

m a c h in e s .  T a b le  6 p r e s e n t s  a  summary o f  th e  two t  t e s t s .

The raw d a t a  a r e  p r e s e n t e d  i n  A ppendix  E.
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Table 6
t  T e s t f o r  P a i r e d  D a ta  Summary

W ind-up V e l o c i t y

V a r i a b l e N
Mean
(mph) d f t  V alue

Dekan

Eamcovop

10

10

74 .1 6  9 

7 5 .1 4  9
-2 9 .2 7 *

* L e v e l
±2 .262

r e q u i r e d  f o r s i g n i f i c a n c e  a t  .05 w i t h  9 d f  was

W ind-up A ccu racy
V a r i a b l e N Mean** d f t  V alue

Dekan 10 8 .0 9
.10*

Eamcovop 10 7 .9 9

* L e v e l  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .05 w i t h  9 d f  was 
± 2 .2 6 2 .

**Mean i s  f o r  s t r i k e s .

A n a ly s i s  o f  Speed and G ross  
A ccu racy  D ata  f o r  theT 
S t r e t c h

A t  t e s t  f o r  p a i r e d  d a ta  was p e r fo rm e d  on th e  d a t a  

f o r  t h e  v e l o c i t y  o f  a b a s e b a l l  th row n  from  t h e  s t r e t c h  

p o s i t i o n  on th e  two m a c h in e s .  A t  v a l u e  o f  - 1 5 .1 0  was 

com puted , and f o r  n in e  d e g r e e s  o f  f reed o m  a t  v a l u e  o f  

±2.262 was n e e d e d  to  have  a  d i f f e r e n c e  be tw een  th e  means a t  

th e  .05  l e v e l  o f  s i g n i f i c a n c e .  The i n f e r e n c e  draw n was 

t h a t  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  v e l o c i t y  o f  a
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b a s e b a l l  throw n fro m  th e  s t r e t c h  p o s i t i o n  on  th e  two 

m a c h in e s .

A s i m i l a r  t  t e s t  was em ployed on th e  d a ta  c o l l e c t e d  

c o n c e r n in g  th e  g r o s s  a c c u r a c y  a c h ie v e d  from  t h e  s t r e t c h  

p o s i t i o n  on th e  two m a c h in e s .  A t  v a l u e  o f  1 .2 5  was 

com puted, and  f o r  n in e  d e g r e e s  o f  f reed o m  a  t  v a lu e  o f  

±2 .262  was n eed ed  to  have  a  d i f f e r e n c e  b e tw e e n  th e  means a t  

t h e  .05 l e v e l  o f  s i g n i f i c a n c e .  The i n f e r e n c e  drawn was t h a t  

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  a c c u r a c y  o f  a 

b a s e b a l l  throw n f ro m  th e  s t r e t c h  p o s i t i o n  on th e  two 

m a c h in e s .  T ab le  7 p r e s e n t s  a  summary o f  th e  two t  t e s t s .

The raw d a t a  a r e  p r e s e n t e d  i n  A p pend ix  E .

A n a ly s i s  o f  th e  P e a r s o n  P r o d u c t  
Moment C o r r e l a t i o n s

The d a ta  w ere  f u r t h e r  a n a ly z e d  u t i l i z i n g  a P e a r s o n

p r o d u c t  moment c o r r e l a t i o n  to  d e te r m in e  i f  t h e r e  was a

r e l a t i o n s h i p  b e tw een  th e  v e l o c i t i e s  a c h ie v e d  from  th e  w in d 

up and s t r e t c h  p o s i t i o n s .  A n o n - s i g n i f i c a n t  c o r r e l a t i o n  

c o e f f i c i e n t  o f  .56  was o b t a i n e d  f o r  t h e  Dekan P e rfo rm a n c e  

A n a ly z e r ,  and  a n o n - s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  o f  

.58  was o b t a i n e d  f o r  th e  Eamcovop, i n d i c a t i n g  t h a t  

v e l o c i t i e s  a c h ie v e d  from  one p i t c h i n g  p o s i t i o n  were n o t  

n e c e s s a r i l y  r e l a t e d  to  v e l o c i t i e s  a c h ie v e d  f ro m  th e  o t h e r  

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

t h e  f a s t e s t  p i t c h e r s  i s  g iv e n  in  C h a p te r  5.



61

Table 7
t  T e s t  f o r  P a i r e d  D ata Summary

S t r e t c h  V e l o c i t y
Mean

V a r i a b l e N (mph) d f t  Value

Dekan 10 7 3 .2 9 9
-1 5 .1 0 *

Eamcovop 10 7 4 .4 1 9

* L e v e l r e q u i r e d f o r  s i g n i f i c a n c e a t  .05 w i t h  9 d f  was
± 2 .2 6 2

S t r e t c h  A ccu racy

V a r ia b le N Mean** df t  Value

Dekan 10 00 9
1 .25*

Eamcovop 10 6 .7 9

* L e v e l  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .05 w i t h  9 d f  was 
± 2 .2 6 2 .

**Mean i s  f o r  s t r i k e s .

A P e a rso n  p r o d u c t  moment c o r r e l a t i o n  was p e r fo rm e d  

on th e  d a t a  c o l l e c t e d  on g r o s s  a c c u r a c y  f rom  th e  two 

p i t c h i n g  p o s i t i o n s .  A s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  

o f  .82 was com puted f o r  t h e  Dekan P e r fo rm a n c e  A n a ly z e r ,  and 

a n o n - s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  o f  - . 0 3  was 

com puted f o r  th e  Eamcovop. The d i s c r e p a n c y  be tw een  t h e  two 

v a lu e s  i s  p r o b a b ly  due to  u n c o n t r o l l a b l e  human f a c t o r s  

in v o lv e d  i n  th ro w in g  th e  b a l l s .  I t  seems r e a s o n a b l e  t o  

assume t h a t  no r e a l  r e l a t i o n s h i p  e x i s t e d  b e tw e e n  th e
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a c c u r a c y  o f  th e  two p i t c h i n g  p o s i t i o n s  i n v e s t i g a t e d .  Thus, 

th o s e  s u b j e c t s  who w ere  a c c u r a t e  from  t h e  w ind -up  p o s i t i o n  

may o r  may n o t  h av e  b een  a s  a c c u r a t e  from  th e  s t r e t c h  

p o s i t i o n .  T a b le s  8 and  9 a r e  summary t a b l e s  f o r  t h e  P e a r so n  

p r o d u c t  moment c o r r e l a t i o n s .

T ab le  8

P e a r s o n  P r o d u c t  Moment C o r r e l a t i o n s  
Summary

Wind-up and  S t r e t c h - -Dekan
V a r i a b l e N d f r t  V alue

V e lo c i ty 10 8 .56 1 .9 3 4 *

A ccuracy 10 8 .82 4 .0 7 8 *

* L e v e l  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .01  w i th  8 d f  
( o n e - t a i l e d  t e s t )  was ± 2 .8 9 6 .

T ab le  9

P e a r s o n  P r o d u c t  Moment C o r r e l a t i o n s  
Summary

W ind-up a n d  S t r e t c h - -Eamcovop
V a r i a b l e N d f r t  V alue

V e l o c i t y 10 8 .58 1 .9 9 4 *

A ccu racy 10 8 - . 0 3 - .0 8 7 *

* L e v e l  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .01 w i t h  8 d f  
( o n e - t a i l e d  t e s t )  was ± 2 .8 9 6 .
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A n a ly s i s  o f  t h e  Spearman 
C o e f f i c i e n t s  o f  Rank 
C o r r e l a t i o n

F i n a l l y ,  t h e  d a t a  w ere  a n a ly z e d  u t i l i z i n g  S p e a rm a n 's  

c o e f f i c i e n t  o f  r a n k  c o r r e l a t i o n  to  d e te rm in e  i f  a  r e l a t i o n 

s h ip  e x i s t e d  b e tw een  sp e e d  and  g r o s s  a c c u r a c y .  From th e  

w in d -u p  a c o r r e l a t i o n  c o e f f i c i e n t  o f  .25 was com puted f o r  

th e  Dekan, and  from  th e  w ind -up  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  

.12  was com puted f o r  t h e  Eamcovop. From t h e  s t r e t c h  a  

c o r r e l a t i o n  c o e f f i c i e n t  o f  .32 was com puted f o r  th e  Dekan, 

and from  th e  s t r e t c h  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  .24  was 

com puted f o r  t h e  Eamcovop. None o f  th e  f o u r  c o r r e l a t i o n  

c o e f f i c i e n t s  m et t h e  t e s t  f o r  s i g n i f i c a n c e  a t  th e  .01  l e v e l ;  

t h u s ,  no r e l a t i o n s h i p  was d e m o n s t r a te d  b e tw een  th e  s p e e d  and 

g r o s s  a c c u r a c y  o f  t h e  w ind -up  o r  be tw een  t h e  sp eed  a n d  g ro s s  

a c c u r a c y  o f  th e  s t r e t c h .  T h is  i n d i c a t e d  t h a t ,  a s  a 

s u b j e c t ' s  s p e e d  i n c r e a s e d ,  t h e  g r o s s  a c c u r a c y  o f  t h e  p i t c h e s  

may n o t  have  become n e c e s s a r i l y  b e t t e r  o r  w o rse  from  e i t h e r  

p i t c h i n g  p o s i t i o n .  T a b le s  10 and  11 a r e  summary t a b l e s  f o r  

t h e  Spearman c o e f f i c i e n t s  o f  r a n k  c o r r e l a t i o n .

DISCUSSION

The Eamcovop an d  Dekan 
P e r fo rm a n c e  A n a ly z e r

The Dekan P e r fo rm a n c e  A n a ly z e r  was u t i l i z e d  i n  t h i s  

s tu d y  a s  a  c o n t r o l  a g a i n s t  w h ich  t h e  Eamcovop c o u ld  b e  

e v a l u a t e d .  D i f f e r e n c e s  i n  th e  d e s ig n  o f  t h e  two m a c h in e s ,
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Table 10
Spearman C o e f f i c i e n t s  o f  Rank 

C o r r e l a t i o n  Summary

Speed and  A cc u ra c y - -Dekan
V a r i a b l e N d f r t  V alue

Wind-up 10 8 .25 .7 3 8 *

S t r e t c h 10 8 .32 .966*

* L e v e l  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .01  w i t h  8 d f  
( o n e - t a i l e d  t e s t )  was ± 2 .8 9 6 .

T a b le  11

Spearman C o e f f i c i e n t s  o f  Rank 
C o r r e l a t i o n  Summary

Speed and A c c u ra c y - -Eamcovop

V a r i a b l e N d f r t  V a lu e

Wind-up 10 8 .12 .3 5 1 *

S t r e t c h 10 8 .24 .7 01*

* L e v e l  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  .01  w i t h  8 d f  
( o n e - t a i l e d  t e s t )  was ± 2 .8 9 6 .

a s  w e l l  a s  o t h e r  f a c t o r s ,  m ust be  t a k e n  i n t o  c o n s i d e r a t i o n  

when d i s c u s s i n g  th e  r e s u l t s  o f  th e  t e s t s  and t h e  u s e f u l n e s s  

o f  th e  Eamcovop i n  t e a c h i n g  s i t u a t i o n s .  (P h o to g ra p h s  an d  a 

d ia g ra m  o f  th e  Eamcovop a r e  p r e s e n t e d  i n  th e  a p p e n d i x e s .)

The b a s i c  d i f f e r e n c e  b e tw een  th e  two m ach in es  i s  

t h a t  t h e  Dekan P e r fo rm a n c e  A n a ly z e r  u s e s  e l e c t r o - m e c h a n i c a l  

s w i tc h e s  to  c lo c k  th e  s t a r t  and  s to p  o f  th e  b a l l ,  w h i le  t h e
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Eamcovop u s e s  p u l s e s  i n  th e  l a s e r  beam f i e l d s  t o  c lo c k  t h e  

s t a r t  and s t o p .  The n e c e s s a r i l y  s lo w e r  r e a c t i o n  t im es  o f  

t h e  e l e c t r o - m e c h a n i c a l  s w i tc h e s  com pared to  l a s e r  beam 

p u l s e s  r e s u l t  i n  o v e r a l l  lo w e r  r e c o r d e d  v e l o c i t i e s  o f  one 

t o  two m i l e s  p e r  h o u r  in  th e  Dekan. I n  o t h e r  w o rd s ,  t h e  

e x t r a  t im e  n eed ed  f o r  th e  e l e c t r o - m e c h a n i c a l  s w i tc h e s  o f  th e  

Dekan P erfo rm an ce  A n a ly z e r  t o  o p e r a t e  r e s u l t s  i n  

c o n s i s t e n t l y  low er v e l o c i t i e s  th a n  th e  Eamcovop. 

T h e o r e t i c a l l y ,  th e  Eamcovop s h o u ld  p r o v id e  g r e a t e r  t im in g  

p r e c i s i o n  th a n  th e  Dekan P e f fo rm a n c e  A n a ly z e r  b e c a u s e  t h e  

t im e  l a g  i n h e r e n t  i n  th e  t r i g g e r i n g  o f  e l e c t r o - m e c h a n i c a l  

d e v ic e s  i s  e l i m i n a t e d .

A n o th e r  m a jo r  d i f f e r e n c e  w hich  s h o u ld  b e  c o n s id e r e d  

i s  t h a t  t h e  Dekan P e r fo rm a n c e  A n a ly z e r  r e q u i r e s  t h a t  t h e  

s u b j e c t  be w i r e d  to  th e  m a c h in e ,  w h e re a s  th e  Eamcovop 

r e q u i r e s  no w i r in g .  The w i r i n g  n o t  o n ly  r e q u i r e s  e x t r a  t im e  

on th e  p a r t  o f  th e  t e s t e r  an d  s u b j e c t  b u t  a l s o  may h i n d e r  o r  

o t h e r w i s e  a l t e r  th e  m o b i l i t y  o f  th e  s u b j e c t  i n  su c h  a way as  

to  a f f e c t  p e r fo rm a n c e .

A v e r y  im p o r t a n t  d i f f e r e n c e  b e tw e e n  t h e  two m ach in es  

i s  t h a t  t h e  Dekan P e r fo rm a n c e  A n a ly z e r  m easu res  o n ly  a v e r a g e  

v e l o c i t y  th ro u g h  t h e  e n t i r e  d i s t a n c e  t h e  b a l l  t r a v e l s .  The 

Eamcovop, on  th e  o t h e r  hand , c a n  be a d j u s t e d  t o  m easure  

v e l o c i t y  th ro u g h  any  p o r t i o n  o f  th e  d i s t a n c e .  I n  th e  

p r e s e n t  s t u d y ,  f o r  exam ple , t h e  Eamcovop m easu red  th e  

v e l o c i t y  o f  th e  b a l l  a s  i t  t r a v e l l e d  t h e  l a s t  o n e  f o o t  o f
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th e  t o t a l  d i s t a n c e ,  i . e . ,  v e l o c i t y  n e a r  th e  p o i n t  a t  which 

t h e  b a l l  w ould r e a c h  th e  b a t t e r .  S in c e  th e  v e l o c i t y  o f  a 

throw n b a l l  d e c r e a s e s  w i th  d i s t a n c e  from  t h e  p i t c h e r ,  the  

v e l o c i t y  i n  th e  l a s t  one f o o t  o f  t h e  d i s t a n c e  s h o u ld  be 

somewhat l e s s  t h a n  th e  a v e r a g e  v e l o c i t y  o v e r  t h e  e n t i r e  

d i s t a n c e .  I t  s h o u ld  be n o t e d  t h a t  t h i s  d i f f e r e n c e  i n  the  

m easu rem en t o f  v e l o c i t i e s  i s  i n  t h e  o p p o s i t e  d i r e c t i o n  to 

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

m e c h a n ic a l  tim e l a g .  T h e o r e t i c a l l y ,  v e l o c i t y  d u r in g  th e  

l a s t  one f o o t  o f  t h e  d i s t a n c e  s h o u ld  be o f  m ore v a l u e  in  

d e t e r m in in g  th e  e f f e c t i v e n e s s  o f  t h e  p i t c h  t h a n  a v e r a g e  

v e l o c i t y  th ro u g h  t h e  e n t i r e  d i s t a n c e .

O th e r  d i f f e r e n c e s  b e tw e e n  t h e  two m ach in es  in c lu d e  

c a l i b r a t i o n  r e q u i r e m e n t s  a n d  th e  m easurem ent o f  p r o j e c t i l e s  

o t h e r  t h a n  the  b a s e b a l l .  A l th o u g h  t h e  Eamcovop r e q u i r e s  

more t im e  f o r  i n i t i a l  s e t - u p  th a n  t h e  Dekan P e r fo rm a n c e  

A n a ly z e r  due to  c a l i b r a t i o n  r e q u i r e m e n t s ,  o n c e  c a l i b r a t e d  

t h e  Eamcovop can m easu re  an  u n l i m i t e d  number o f  th ro w s  w i th 

o u t  th e  r e q u i r e m e n t  o f  th e  Dekan P e r fo rm a n c e  A n a ly z e r  fo r  

w i r in g  o f  each  s u b j e c t  to  t h e  m a c h in e .  T hus , f o r  o t h e r  than  

low volum e t e s t i n g  s i t u a t i o n s ,  th e  Eamcovop may r e q u i r e  l e s s  

o p e r a t i n g  tim e t h a n  th e  Dekan P e rfo rm an ce  A n a ly z e r .  

F u r th e rm o re ,  th e  Eamcovop i s  s u i t a b l e  f o r  m e a s u r in g  

p r o j e c t i l e s  o t h e r  th a n  th e  b a s e b a l l - - e . g . , s h u t t l e c o c k s ,  

g o l f  b a l l s ,  a r ro w s ,  s o f t b a l l s ,  t e n n i s  b a l l s ,  b a s k e t b a l l s ,  

s o c c e r  b a l l s ,  v o l l e y  b a l l s - - w i t h o u t  m o d i f i c a t i o n  o f  t h e
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m a c h in e .  The Dekan P e r fo rm a n c e  A n a ly z e r  w ould  r e q u i r e  

i n d i v i d u a l  m o d i f i c a t i o n s  f o r  e a c h  su ch  m easu rem en t.

In  t h e  a c t u a l  t e s t i n g  s i t u a t i o n  em ployed i n  t h i s  

s t u d y ,  th e  p h y s i c a l  r e q u i r e m e n t s  o f  t h e  two m ach in es  

d i c t a t e d  some d i f f e r e n c e s  i n  t h e  p o s i t i o n i n g  o f  th e  

i n v e s t i g a t o r  d u r in g  o b s e r v a t i o n  o f  th e  th ro w s .  F o r  ex am ple ,  

th e  Dekan t e s t s  r e q u i r e d  th e  i n v e s t i g a t o r  to  be s t a t i o n e d  i n  

l i n e  w i t h  t h e  s u b j e c t  b e c a u s e  o f  th e  w i r e s  a t t a c h e d  to  th e  

s u b j e c t .  F o r  t h e  Eamcovop t e s t s ,  t h e  i n v e s t i g a t o r  was 

p o s i t i o n e d  n e a r  th e  l a s t  one f o o t  o f  t h e  d i s t a n c e  b e c a u s e  o f  

th e  w i r e s  a t t a c h e d  to  t h e  a p p a r a t u s .  W hether  o r  n o t  th e  

p o s i t i o n  o f  t h e  i n v e s t i g a t o r  i n f l u e n c e d  t h e  s u b j e c t s '  th row s 

can  n o t  be d e te r m in e d .

A m in o r  i n c i d e n t  d u r in g  th e  t e s t s  u s in g  t h e  Eamcovop 

s h o u ld  be m e n t io n e d .  A l th o u g h  th e  m i r r o r s  on th e  a p p a r a t u s  

w ere p r o t e c t e d  by f e n c i n g ,  one th row n b a l l  g r a z e d  a m i r r o r  

and s h a t t e r e d  i t .  A t e n  m in u te  p a u se  was r e q u i r e d  w h i l e  t h e  

m i r r o r  was r e p l a c e d .

The t e s t i n g  s i t u a t i o n  was d e s ig n e d  t o  s i m u l a t e  r e a l  

p l a y  t o  th e  f u l l e s t  e x t e n t  p o s s i b l e .  The s u b j e c t s  w ore 

b a s e b a l l  u n i f o r m s ,  a  p i t c h e r ' s  mound was p r o v id e d ,  an d  th e  

s u b j e c t s  w ere  i n s t r u c t e d  to  p i t c h  a s  i f  t h e y  w ere  i n  an  

a c t u a l  game. I t  m ust b e  n o te d ,  how ever, t h a t  t e s t i n g  i n  a 

gymnasium can  o n ly  a p p ro x im a te  a  r e a l  l i f e  s i t u a t i o n ,  and 

t h i s  l i m i t a t i o n  must b e  ta k e n  i n t o  c o n s i d e r a t i o n  d u r in g  any 

r e v ie w  o f  t h e  r e s u l t s .
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F i n a l l y ,  th e  c o n t r i b u t i o n s  o f  Coach S t a n f o r d  and  th e  

M idd le  T e n n e sse e  S t a t e  U n i v e r s i t y  b a s e b a l l  p l a y e r s  s h o u ld  be 

t a k e n  i n t o  a c c o u n t .  T h e i r  c o o p e r a t i o n  and  w i l l i n g n e s s  to  

co n fo rm  to  th e  r e q u i r e m e n t s  o f  t h e  s tu d y  p r o v id e d  th e  b a c k 

bone f o r  th e  d a t a  c o l l e c t e d .

The Dekan P e r fo rm a n c e  A n a ly z e r  h a s  b een  an e f f e c t i v e  

t e a c h i n g  t o o l  f o r  many y e a r s .  As d e m o n s t r a te d  i n  t h e  

p r e s e n t  s tu d y ,  t h e  Eamcovop p e r fo rm s  th e  same f u n c t i o n s  a s  

th e  Dekan P e r fo rm a n c e  A n a ly z e r  w i t h  a t  l e a s t  a s  much 

r e l i a b i l i t y .  The Eamcovop, t h e r e f o r e ,  can  be  r e g a r d e d  as  an  

e f f e c t i v e  t e a c h i n g  t o o l .  In  a d d i t i o n ,  t h e  Eamcovop may 

p r o v id e  s u b s t a n t i a l  a d v a n ta g e s  o v e r  t h e  Dekan P e r fo rm a n c e  

A n a ly z e r  in  c e r t a i n  a p p l i c a t i o n s  w i t h i n  t h e  f i e l d  o f  

e d u c a t i o n .  The c h a r a c t e r i s t i c s  o f  more a c c u r a t e  t im in g ,  th e  

a b i l i t y  to  m easu re  v e l o c i t i e s  th ro u g h o u t  p o r t i o n s  o f  th e  

d i s t a n c e ,  u n h in d e r e d  m o b i l i t y  o f  t h e  s u b j e c t ,  and 

a p p l i c a b i l i t y  t o  a  v a r i e t y  o f  p r o j e c t i l e s  u s e d  i n  games 

w i t h o u t  m o d i f i c a t i o n  o f  t h e  a p p a r a t u s  a l l  im p ly  g r e a t e r  

u s e f u l n e s s  o f  t h e  Eamcovop th a n  th e  Dekan P e r fo rm a n c e  

A n a ly z e r  i n  t e a c h i n g  s i t u a t i o n s  a im ed  a t  p e r fo rm a n c e  t e s t i n g  

and im provem ent o f  p e r f o r m a n c e .

Speed an d  A ccu racy  R e s u l t s

There  i s  l i t t l e  a rg u m en t a b o u t  t h e  m e c h a n ic s  o f  

th ro w in g  a b a s e b a l l .  However, p i t c h i n g  i s  much more 

s p e c i a l i z e d  b e c a u s e  maximum v e l o c i t y  i s  n o t  a lw ays  r e q u i r e d
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n o r ,  o b v i o u s l y ,  i s  minimum d i s t a n c e .  S in c e  th e  i n c r e a s e d  

p o p u l a r i t y  o f  th e  no-pump w in d -u p ,  few p e o p le  have a rg u e d  

t h a t  t h e  p r e l i m i n a r y  movements o f  th e  f u l l  w ind -up  ad d  to  

th e  v e l o c i t y  o f  th e  b a l l . ^  The l i t e r a t u r e  r e v e a l s  many 

r e a s o n s  f o r  e m p lo y in g  th e  f u l l  w in d - u p . They ra n g e  f ro m  

l o o s e n i n g  th e  m u sc le s  an d  c l o t h i n g  to  d e c e p t i o n .  However,

t h e s e  same a d v a n ta g e s  a r e  a l s o  a c h ie v e d  by t h e  s t r e t c h
3

p o s i t i o n .  B ass  s t a t e d  t h a t  th e  f u l l  w in d -u p ,  no-pump 

w in d -u p ,  and s t r e t c h  a l l  r e q u i r e  t h e  same c o n s i d e r a t i o n s . ^  

From th e  p o i n t  t h e  p i t c h e r  h as  p i v o t e d  d u r in g  th e  w in d -u p  

u n t i l  he  h as  c o m p le te d  h i s  f o l lo w - th r o u g h ,  t h e  movements a r e  

e x a c t l y  t h e  same a s  p i t c h i n g  from  th e  s t r e t c h .  The r e s u l t s  

o f  t h e  i n v e s t i g a t i o n  i n d i c a t e  t h a t  i t  i s  f ro m  t h i s  p o i n t  

t h a t  t h e  v e l o c i t y  o f  t h e  p i t c h  i s  d e te rm in e d  and t h a t  

n o t h i n g  i s  g a in e d  i n  te rm s  o f  v e l o c i t y  from  t h e  p r e l i m i n a r y  

movements o f  t h e  f u l l  w in d -u p .

J e n k in s  s t a t e d  t h a t  t h e  o n ly  d i f f e r e n c e  b e tw een  h i s  

f u l l  w in d -u p  an d  s t r e t c h  th ro w in g  m o tio n s  was t h a t  he d i d

^Guy G. R e i f f ,  What R e s e a rc h  T e l l s  t h e  Coach A bout 
B a s e b a l l  (W ash in g to n , D . C . : A m erican  A s s o c i a t i o n  o f  H e a l th ,
P h y s i c a l  E d u c a t io n ,  and R e c r e a t i o n ,  1 9 7 1 ) ,  p .  11.

2
Dick G roch, " A n a ly z in g  th e  P i t c h e r , "  A t h l e t i c  

J o u r n a l , 5 0 :1 1 3 ,  M arch, 1970; C onnie  Mack, C onn ie  M ack 's  
B a s e b a l l  Books (New Y ork: A l f r e d  A. Knopf, I n c . ,  1 9 5 0 ) ,  p .
&6; D onald  K. Edw ards, "The M echan ics  o f  P i t c h i n g , "  A t h l e t i c  
J o u r n a l , 4 2 :4 0 ,  76, F e b r u a r y ,  1963.

^G roch, p .  113; Edw ards, p .  76.
4

B. H. B a ss ,  " G e t t i n g  to  t h e  B a s ic s  o f  P i t c h i n g , "  
A t h l e t i c  J o u r n a l , 4 9 :7 0 ,  F e b ru a ry ,  1969.
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n o t  b r i n g  h i s  h an d s  o v e r  h i s  h e a d  i n  o r d e r  to  sa v e  t im e  w i t h

th e  s t r e t c h . " *  T h ro u g h o u t t h e  l i t e r a t u r e  t h e r e  h a s  b een  a

c a l l i n g  f o r  u n i f o r m i t y  i n  e a c h  p i t c h .  T h is  i s  a  m ust f o r

c o n t r o l  and d e c e p t i o n .  A l s to n  e x p l a i n e d  t h a t  t h e  same

p i t c h i n g  p r o c e d u r e s  s h o u ld  be  em ployed f rom  th e  s t r e t c h  as

from  t h e  w in d -u p .  T hus, i f  e a c h  p i t c h  i s  th row n w i th

e x a c t l y  t h e  same m o t io n ,  from  t h e  same h e i g h t ,  and  r e l e a s e d

a t  t h e  same a n g l e ,  t h e r e  i s  no r e a s o n  to  assume t h a t  th e y

w ould  b e  throw n a t  d i f f e r e n t  s p e e d s  o r  w i t h  v a r y in g

a c c u r a c y .  C o n s e q u e n t ly ,  t h e  f a c t  t h a t  t h e  r e s u l t s  o f  t h i s

s tu d y  a g r e e  i n  l a r g e  p a r t  w i t h  t h e  s t u d i e s  by K e l l e r  and 
7

R obbins  s h o u ld  n o t  be  s u r p r i s i n g .

F u r t h e r  t e s t i n g  may p r o v id e  i n s i g h t  i n t o  th e  

r e l a t i v e  a d v a n ta g e s  and  d i s a d v a n ta g e s  o f  p i t c h i n g  from  th e  

w ind -up  and  s t r e t c h  p o s i t i o n s .  L i m i t a t i o n s  on th e  p r e s e n t

^ F e rg u so n  J e n k i n s , I n s i d e  P i t c h i n g  ( C h ic a g o : Henry
R egnery  C o .,  1 9 7 2 ) ,  p .  12.

^ W a lte r  A l s to n  and Don W eisk o p f ,  The Com plete 
B a s e b a l l  Handbook (B o s to n :  A l ly n  and Bacon, I n c . ,  T9"72),
p .  135.

^George P. K e l l e r ,  "A C om parison  o f  th e  V e l o c i t y  o f  
F a s t b a l l s  Thrown from  th e  Windup and S t r e t c h  P o s i t i o n s "  
( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  S o u th e a s t  M is s o u r i  S t a t e  
C o l l e g e ,  197 2 );  B ruce  B. R o b b in s ,  "A Com parison  o f  Methods 
o f  P i v o t  F o o t P o s i t i o n  and  th e  R e l a t i o n s h i p  to  t h e  Speed o f  
a  P i t c h e d  B a l l "  ( u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  S p r i n g f i e l d  
C o l l e g e ,  1 9 6 6 ) ,  c i t e d  by G eorge P . K e l l e r ,  "A C om parison  o f  
th e  V e l o c i t y  o f  F a s t b a l l s  Thrown from  th e  Windup and  S t r e t c h  
P o s i t i o n s , "  u n p u b l i s h e d  M a s t e r ' s  t h e s i s ,  S o u t h e a s t  M is s o u r i  
S t a t e  C o l l e g e ,  1972, p .  9.



71

s tu d y  may a c c o u n t  f o r  t h e  l a c k  o f  s i g n i f i c a n c e  a t  t h e  .01 

l e v e l  o f  c o n f id e n c e  f o r  m o s t  o f  t h e  c o r r e l a t i o n  

c o e f f i c i e n t s .  The one s i g n i f i c a n t  c o r r e l a t i o n ,  i . e . ,  t h a t  

b e tw e e n  g ro s s  a c c u r a c y  o f  th e  two p o s i t i o n s  on t h e  Dekan 

P e r fo rm a n c e  A n a ly z e r ,  i s  p r o b a b ly  due t o  human f a c t o r s  

beyond  th e  c o n t r o l  o f  t h i s  s tu d y .  These r e s u l t s  a r e  

i n t e r e s t i n g  i n  l i g h t  o f  w h a t  A l s to n  w r o te ,  t h a t  a c c u r a c y  

w h i l e  th ro w in g  from  th e  s t r e t c h  may be due to  a  l a c k  o f  

p r a c t i c e ,  w h i le  s i m p l i f y i n g  th e  movements o f  th e  t o t a l
Q

m o tio n  h e lp s  to  im prove c o n t r o l .  The s t r e t c h  p o s i t i o n  h a s  

th e  l e a s t  am ount o f  movement o f  a l l  th e  p i t c h i n g  m o t io n s ,  

th u s  i t  has t h e  p o t e n t i a l  f o r  b e i n g  th e  m o st a c c u r a t e .  

C o n se q u e n t ly ,  t h o s e  s u b j e c t s  who w ere  more a c c u r a t e  from  th e  

w in d -u p  p o s i t i o n  may h a v e  been  so  due to  a  l a c k  o f  p r a c t i c e  

w i th  t h e  s t r e t c h  p o s i t i o n ,  w h i le  th o s e  s u b j e c t s  who w ere 

more a c c u r a t e  f ro m  th e  s t r e t c h  p o s i t i o n  may have b e n e f i t e d  

from t h e  d e c r e a s e  in  body  movement.

No r e l a t i o n s h i p  e x i s t e d  b e tw e e n  s p e e d  and g r o s s  

a c c u r a c y  from e i t h e r  p o s i t i o n .  S in c e  some o f  th e  s u b j e c t s  

may h a v e  been th ro w in g  c l o s e r  to  t h e i r  m axim al s p e e d  th a n  

o t h e r s ,  t h i s  may have i n f l u e n c e d  t h e  a c c u r a c y  r e s u l t s .

Though i t  seemed to  th e  a u t h o r  an d  Coach S t a n f o r d  t h a t  th e  

s u b j e c t s  were a t t e m p t i n g  to  d u p l i c a t e  a  game s i t u a t i o n  as  

c l o s e l y  as  p o s s i b l e  and a n  o f f e r  h a d  b een  made to  t h e

^ A ls to n  and  W eisk o p f ,  p .  135 .
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s u b j e c t s  to  s t a y  a f t e r  t h e  t e s t i n g  was c o m p le te d  to  o b t a i n  

t h e i r  m aximal v e l o c i t y ,  one  can  n o t  be  p o s i t i v e  t h a t  th e  

t e s t i n g  s i t u a t i o n  d id  n o t  a f f e c t  th e  r e s u l t s .

A s i m i l a r  s tu d y  u t i l i z i n g  s u b j e c t s  who h av e  

p a r t i c i p a t e d  i n  an  i n t e n s e  p r a c t i c e  p e r i o d  w i t h  t h e  s t r e t c h  

p o s i t i o n  may y i e l d  d i f f e r e n t  r e s u l t s .  Though a l l  o f  th e  

s u b j e c t s  were e x p e r i e n c e d  p i t c h e r s ,  i n  o r g a n i z e d  b a s e b a l l  

r e l a t i v e l y  l i t t l e  p r a c t i c e  t im e  i s  a c t u a l l y  s p e n t  th ro w in g  

from  th e  s t r e t c h  p o s i t i o n .  I f  A l s to n  i s  c o r r e c t  an d  a l a c k  

o f  t im e s p e n t  on t h e  s t r e t c h  p o s i t i o n  d o es  i n f l u e n c e  

c o n t r o l ,  th e n  t h e  r e s u l t s  may be  s i g n i f i c a n t l y  i n  f a v o r  o f  

t h e  s t r e t c h  p o s i t i o n .

Many p i t c h e r s  em ploy  th e  f u l l  w in d -u p  when i t  may

b e  a d v a n ta g e o u s  t o  u t i l i z e  th e  s t r e t c h ,  b u t  n o t  a b s o l u t e l y

e s s e n t i a l .  J e n k in s  w i l l  employ t h e  f u l l  w ind -up  w i t h  a

r u n n e r  on  t h i r d  u n l e s s  t h a t  r u n n e r  h ap p en s  to  be a  h i g h l y
9

p r o f i c i e n t  b a se  s t e a l e r .  Most p i t c h e r s  u s e  th e  w ind -up  

w i t h  th e  b a s e s  l o a d e d  u n l e s s  th e  c o u n t  i s  t h r e e  b a l l s  and 

two s t r i k e s  w i th  two o u t s .  However, em p lo y in g  th e  w ind -up  

i n  t h e s e  s i t u a t i o n s  g iv e s  t h e  r u n n e r s  t h e  o p p o r t u n i t y  to  

t a k e  u n u s u a l l y  l a r g e  l e a d s ,  m aking d o u b le  p l a y s  e x t r e m e ly  

h a r d  to  e x e c u te  a n d  a l l o w in g  r u n n e r s  to  ad v an ce  f a r t h e r  th a n  

th e y  w ou ld  have h a d  th e  p i t c h e r  b een  em p lo y in g  a s t r e t c h  

m o tio n .  P i t c h e r s  employ t h e  w ind -up  i n  t h e s e  s i t u a t i o n s

^ J e n k i n s , p . 12.
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b e c a u s e  th e y  f e e l  more c o m f o r t a b l e  w i th  i t ,  g iv in g  them th e  

n o t i o n  t h a t  t h e y  a r e  more a c c u r a t e  and f a s t e r .  However, i f  

more p r a c t i c e  t im e  w ere  s p e n t  th ro w in g  f ro m  th e  s t r e t c h ,  

th e n  i t  w ould  p r o b a b ly  b e g in  to  f e e l  j u s t  a s  c o m f o r ta b le  a s  

th e  w in d -u p .  A l s to n  s t a t e d  t h a t  th e  c h i e f  a d v a n ta g e  o f  t h e  

no-pump w in d -u p  i s  t h a t  i t  t a k e s  u n n e c e s s a r y  movement o u t  o f  

t h e  e a r l y  s t a g e s  o f  t h e  d e l i v e r y  and a l lo w s  f o r  g r e a t e r  

c o n t r o l . ^  I f  t h i s  i s  t r u e ,  t h e n  th ro w in g  from  t h e  s t r e t c h  

s h o u ld  be  ev en  more a c c u r a t e ,  o r  a t  l e a s t  a s  a c c u r a t e  a s  t h e  

no-pump w in d -u p .

The i n d i c a t i o n s  a r e  t h a t  i t  may b e  b e s t  to  do away 

w i th  t h e  w in d -u p  a l t o g e t h e r ,  a t  l e a s t  f o r  t h o s e  p i t c h e r s  who 

a r e  now em ploy ing  th e  no-pump w ind-up  d e l i v e r y ,  and  have 

p i t c h e r s  th row  o n ly  from  th e  s t r e t c h .  S in c e  sp eed  i s  n o t  

a f f e c t e d  by t h e  p r e l i m i n a r y  a c t i o n s  o f  t h e  w in d -u p ,  and  many 

a u t h o r i t i e s  a g r e e  t h a t  b e t t e r  c o n t r o l  and b a l l  movement i s  

p o s s i b l e  w i th  l e s s  movement from  th e  s t a r t  o f  th e  d e l i v e r y  

to  t h e  t im e  t h e  b a l l  i s  r e l e a s e d ,  th e  s t r e t c h - o n l y  theme 

makes s e n s e .  W ith  th e  i n c r e a s e d  p r a c t i c e  t im e ,  i t  i s  

p o s s i b l e  to  c o n c lu d e  t h a t  th e  p i t c h e r ' s  p e r fo rm a n c e  a t  w o r s t  

w ould  b e  th e  same as  when he th re w  from t h e  w in d -u p ,  and 

q u i t e  p o s s i b l y  even  b e t t e r ,  s i n c e  th e  p i t c h e r  w ould n o t  h av e  

to  b o t h e r  w i t h  m a s t e r i n g  and  p r a c t i c i n g  two ty p e s  o f  

d e l i v e r i e s .  T h i s ,  h o w ev er ,  w ou ld  be such  a  r a d i c a l  change

■ ^A ls to n  and W e isk o p f ,  p .  122.
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i t  p r o b a b ly  w o u ld  be e x t r e m e ly  d i f f i c u l t  t o  c o n v in c e  the  

c o n s e r v a t i v e  b a s e b a l l  p e o p le  to  g i v e  i t  a  t r y .



Chapter 5

SUMMARY, CONCLUSIONS, EDUCATIONAL APPLICATIONS,
AND RECOMMENDATIONS FOR FURTHER STUDY

I n c lu d e d  i n  t h i s  c h a p t e r  i s  a summary o f  th e  

i n v e s t i g a t i o n .  The c o n c l u s io n s  a r e  p r e s e n t e d  a l o n g  w i th  a  

b r i e f  d i s c u s s i o n  o f  t h e  u se  o f  t h e  Eamcovop i n  r e s e a r c h  an d  

e d u c a t i o n a l  s i t u a t i o n s .  F i n a l l y ,  reco m m en d a tio n s  f o r  

f u r t h e r  s tu d y  a r e  made.

SUMMARY

The p u rp o s e s  o f  th e  i n v e s t i g a t i o n  were t o  e s t a b l i s h  

th e  r e l i a b i l i t y  c o e f f i c i e n t s  o f  t h e  Eamcovop, an  e l e c t r o n i c  

a p p a r a tu s  f o r  m easu rem en t and c o m p u ta t io n  o f  t h e  v e l o c i t y  o f  

a p r o j e c t i l e ,  t o  d e te r m in e  th e  a p p l i c a b i l i t y  o f  t h e  Eamcovop 

to  t e a c h i n g ,  and  to  em ploy th e  Eamcovop t o  d e te r m in e  i f  

t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  a  b a s e b a l l  p i t c h e r ' s  

v e l o c i t y  from  two p i t c h i n g  p o s i t i o n s .  The Eamcovop was t h e n  

em ployed to  h e l p  d e te r m in e  i f  t h e r e  was a  s i g n i f i c a n t  

d i f f e r e n c e  i n  v e l o c i t y  and  g r o s s  a c c u r a c y  o f  a b a s e b a l l  

th row n from  t h e  w in d -u p  and s t r e t c h  p o s i t i o n s  w i t h  a  r u n n e r  

on t h i r d  b a s e .  I t  s h o u ld  be n o t e d  t h a t  t h e  d a t a  on g r o s s  

a c c u r a c y  were p r e s e n t e d  s o l e l y  a s  an a d j u n c t  to  t h e  d a t a  on  

v e l o c i t y  and w ere  n o t  a  m a jo r  p a r t  o f  t h e  s tu d y .
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The s u b j e c t s  f o r  t h e  i n v e s t i g a t i o n  w ere  t e n  m ale 

b a s e b a l l  p i t c h e r s  from  th e  M iddle  T e n n e sse e  S t a t e  U n i v e r s i t y  

v a r s i t y  b a s e b a l l  team  i n  1 979-80 . The s u b j e c t s  r a n g e d  i n  

a g e  from s e v e n te e n  y e a r s  t o  t w e n t y - th r e e  y e a r s .

The r e l i a b i l i t y  c o e f f i c i e n t s  w ere  e s t a b l i s h e d  w i th  

t h e  Eamcovop s t a t i o n e d  i n  a  p e rm an en t  p o s i t i o n  w i th  a  b a s e 

b a l l  su sp e n d e d  from  th e  c e i l i n g  a t  a  h e i g h t  t h a t  w ould  cau se  

i t  to  b r e a k  th e  to p  beam o f  each  l a s e r  when r e l e a s e d  and 

a l lo w e d  to  sw ing n a t u r a l l y .  The b a l l  was r e l e a s e d  a t  th e  

same h e i g h t  and d i s t a n c e  from  th e  Eamcovop by  f o u r  s u b j e c t s  

d u r in g  two t e s t s  o f  t h i r t y - f i v e  t r i a l s  e a c h .  T h is  was 

a c c o m p l i s h e d  by h a v in g  th e  s u b j e c t  s i t  b ack w ard s  i n  a  

f o l d i n g  m e t a l  c h a i r  f a c i n g  th e  Eamcovop. The c h a i r  was 

p l a c e d  a t  a  d i s t a n c e  t h a t  w ould  c a u s e  th e  s t r i n g  a t t a c h i n g  

th e  b a l l  t o  th e  c e i l i n g  to  be  p u l l e d  t i g h t  when th e  b a l l  was 

p l a c e d  on t h e  top  o f  th e  b a c k  o f  t h e  c h a i r .  The o n ly  move

m en t made by th e  h a n d  was an  o p e n in g  o f  th e  f i n g e r s  to  l e t  

t h e  b a l l  g o .  When th e  b a l l  swung b a c k ,  i t  was c a u g h t  i n  th e  

o p p o s i t e  h a n d  and p l a c e d  b a c k  in t o  t h e  o t h e r  h a n d .  A f t e r  

t h e  r e l i a b i l i t y  d a t a  w ere c o l l e c t e d ,  t e s t s  o f  a c t u a l  p i t c h e s  

w e re  c o n d u c te d .

E ach  p i t c h i n g  s u b j e c t  had f i f t e e n  th ro w s  r e c o r d e d  

f o r  sp eed  a n d  g r o s s  a c c u r a c y  from t h e  w in d -u p  and  s t r e t c h  

p i t c h i n g  p o s i t i o n s .  The t h i r t y  p i t c h e s  w ere  th row n  a t  

m axim al s p e e d s  f o r  e a c h  s e t t i n g  w i t h  th e  i n v e s t i g a t o r  

s t a n d i n g  b e h in d  th e  c o u n te r  and th e  th ro w e r  f o r  th e  Dekan
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P e rfo rm a n c e  A n a ly z e r ,  an d  s t a n d i n g  b e h in d  th e  c o u n t e r  and  

t h e  c a t c h e r  f o r  th e  Eamcovop. F iv e  o f  t h e  s u b j e c t s  th re w  

f ro m  th e  w in d -u p  p o s i t i o n  f i r s t ,  and  f i v e  th re w  from  th e  

s t r e t c h  p o s i t i o n  f i r s t .  The r u n n e r  on t h i r d  b a s e  s to o d  i n  a 

s t a t i o n a r y  p o s i t i o n  s i x  f e e t  f rom  t h i r d  b a s e .  G ross  

a c c u ra c y  was d e te rm in e d  by h a v in g  e a c h  p i t c h  c a l l e d  a b a l l  

o r  s t r i k e  by  s t a f f  members a t  M id d le  T e n n e sse e  S t a t e  

U n i v e r s i t y  who had a b a s e b a l l  b a c k g ro u n d .

Each p i t c h e r  was a l lo w e d  to  warm up u n t i l  he s t a t e d  

h e  was r e a d y  to  b e g in  t h e  t e s t i n g .  As t h e  s u b j e c t  was 

warm ing up , h e  was in fo rm e d  w h e th e r  he w ould  th ro w  from  th e  

w in d -u p  o r  s t r e t c h  p o s i t i o n  f i r s t .  A f t e r  th e  s u b j e c t  th re w  

t h e  f i r s t  f i f t e e n  p i t c h e s  t h a t  w ere  r e c o r d e d ,  he was a l lo w e d  

t o  r e s t .  When th e  s u b j e c t  s t a t e d  he was r e a d y ,  t h e  n e x t  

f i f t e e n  p i t c h e s  were th ro w n  from  th e  r e m a in in g  p o s i t i o n .

A f t e r  each  p i t c h ,  th e  r e c o r d e r  p l a c e d  t h e  sp e e d  o f  

t h e  p i t c h ,  a l o n g  w i th  w h e th e r  i t  was a  b a l l  o r  s t r i k e ,  i n  

t h e  a p p r o p r i a t e  columns on  th e  d a t a  s h e e t .  The s u b j e c t s  

w ere  t o l d  t o  d i s r e g a r d  t h e  t o t a l  number o f  b a l l s  and  s t r i k e s  

an d  throw  e a c h  p i t c h  a s  though  t h e r e  w ere  no b a l l s  o r  

s t r i k e s  on t h e  b a t t e r .  A f t e r  t h e  f i r s t  f i f t e e n  p i t c h e s  

w ere  th row n, t h e  s u b j e c t  was a l lo w e d  to  lo o k  a t  t h e  d a t a  

s h e e t .

The d a t a  f o r  r e l i a b i l i t y  w ere  a n a ly z e d  by  s t a n d a r d  

d e v i a t i o n s  a n d  a  P e a r s o n  p r o d u c t  moment c o r r e l a t i o n .  The 

l a t t e r  was u s e d  to  e s t a b l i s h  t h e  r e l i a b i l i t y  o f  t h e  Eamcovop
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a t  v e l o c i t i e s  u n d e r  t e n  m i l e s  p e r  h o u r  u s in g  a  pendulum  

b a l l .  P e a r so n  p r o d u c t  moment c o r r e l a t i o n s  w ere  com puted 

u s in g  p i t c h i n g  d a t a  to  e s t a b l i s h  t h e  r e l i a b i l i t y  o f  th e  

Eamcovop a t  a c t u a l  p i t c h i n g  v e l o c i t i e s .

The p i t c h i n g  d a t a  w ere  f i r s t  a n a ly z e d  by com p u tin g  

th e  mean v e l o c i t i e s  f o r  ea c h  s u b j e c t  from  b o th  p i t c h i n g  

p o s i t i o n s  and t h e n  by  t o t a l i n g  th e  number o f  s t r i k e s  th row n  

by ea c h  s u b j e c t  f o r  ea c h  o f  t h e  f o u r  t e s t s .  A f t e r  t h i s  was 

c o m p le te d ,  th e  means and  t o t a l s  w ere  s u b j e c t e d  to  t  t e s t s  

f o r  p a i r e d  d a ta  t o  d e te rm in e  w h e th e r  s i g n i f i c a n t  d i f f e r e n c e s  

e x i s t e d  be tw een  t h e  two p i t c h i n g  v a r i a b l e s  f o r  v e l o c i t y  o r  

g r o s s  a c c u r a c y ,  and  w h e th e r  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  

b e tw een  th e  two m ach in es  f o r  t h e  w in d -u p  o r  s t r e t c h  

p o s i t i o n s .  The d a t a  w ere f u r t h e r  a n a ly z e d  by a P e a r so n  

p r o d u c t  moment c o r r e l a t i o n  to  f i n d  i f  any  r e l a t i o n s h i p  

e x i s t e d  b e tw een  t h e  v e l o c i t i e s  r e c o r d e d  by th e  s u b j e c t s  from  

th e  two p i t c h i n g  p o s i t i o n s  i n v e s t i g a t e d .  A n o th e r  

c o r r e l a t i o n  c o e f f i c i e n t  was com puted em p lo y in g  t h e  same 

m ethod u t i l i z i n g  th e  g r o s s  a c c u r a c y  d a t a  c o l l e c t e d .

F i n a l l y ,  S p e a rm a n 's  c o e f f i c i e n t  o f  r a n k  c o r r e l a t i o n  was 

u t i l i z e d  to  d e te r m in e  i f  t h e r e  was a  r e l a t i o n s h i p  b e tw een  

s p e e d  and  g r o s s  a c c u r a c y  f rom  th e  w in d -u p  and s t r e t c h  

p i t c h i n g  p o s i t i o n s .

A n o n - s i g n i f i c a n t  t  o f  .47  was com puted f o r  th e  

v e l o c i t y  o f  a th row n  b a s e b a l l  f rom  t h e  w ind-up  and  s t r e t c h  

p o s i t i o n s  f o r  th e  Eamcovop, and a n o n - s i g n i f i c a n t  t  o f  .58
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was com puted  f o r  t h e  v e l o c i t y  o f  a  th row n b a s e b a l l  from  th e  

w ind -up  and s t r e t c h  p o s i t i o n s  f o r  t h e  Dekan P e r fo rm a n c e  

A n a ly z e r .  A n o n - s i g n i f i c a n t  t  o f  .92 was com puted f o r  t h e  

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

Eamcovop, and a  n o n - s i g n i f i c a n t  t  o f  - . 8 0  was com puted  f o r  

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

t h e  Dekan P e r fo rm a n c e  A n a l y z e r .

A s i g n i f i c a n t  t  o f  - 2 9 .2 7  was com puted f o r  t h e  

v e l o c i t y  o f  a  b a s e b a l l  th row n from  th e  w in d -u p  p o s i t i o n  on 

th e  two m a c h in e s ,  and  a  s i g n i f i c a n t  t  o f  - 1 5 .1 0  was com puted  

f o r  t h e  v e l o c i t y  o f  a  b a s e b a l l  th row n from  t h e  s t r e t c h  

p o s i t i o n  on th e  two m a c h in e s .  A n o n - s i g n i f i c a n t  t  o f  .10 

was com puted f o r  g r o s s  a c c u ra c y  a c h ie v e d  from  th e  w in d -u p  

p o s i t i o n  on th e  two m a c h in e s ,  and a  n o n - s i g n i f i c a n t  t  o f  

1 .25  was com puted f o r  g r o s s  a c c u r a c y  a c h ie v e d  from  t h e  

s t r e t c h  p o s i t i o n  on th e  two m a c h in e s .

A n o n - s i g n i  i c a n t  P e a r so n  p r o d u c t  moment c o r r e l a t i o n  

c o e f f i c i e n t  o f  .58  was o b t a i n e d  by  th e  Eamcovop f o r  t h e  

r e l a t i o n s h i p  b e tw e e n  th e  v e l o c i t y  a c h ie v e d  from  t h e  w in d -u p  

and s t r e t c h  p o s i t i o n s .  The i n f e r e n c e  was t h a t  v e l o c i t i e s  

a c h ie v e d  from one p i t c h i n g  p o s i t i o n  w ere  n o t  n e c e s s a r i l y  

r e l a t e d  to  v e l o c i t i e s  a c h ie v e d  from  th e  o t h e r  p i t c h i n g  

p o s i t i o n .  A q u a l i f i c a t i o n  o f  t h i s  i n f e r e n c e  f o r  th e  

f a s t e s t  p i t c h e r s  i s  g iv e n  l a t e r  i n  t h i s  c h a p t e r .  A n o n 

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

o f  .56 was o b t a i n e d  by th e  Dekan P e r fo rm a n c e  A n a ly z e r  f o r
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t h e  r e l a t i o n s h i p  b e tw een  th e  v e l o c i t i e s  a c h ie v e d  from  t h e  

w in d -u p  an d  s t r e t c h  p o s i t i o n s .  The i n f e r e n c e  was t h a t  

v e l o c i t i e s  a c h ie v e d  from  one p i t c h i n g  p o s i t i o n  w ere  n o t  

n e c e s s a r i l y  r e l a t e d  t o  v e l o c i t i e s  a c h ie v e d  from  th e  o t h e r  

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

t h e  f a s t e s t  p i t c h e r s  i s  g iv e n  l a t e r  i n  t h i s  c h a p t e r .

A n o n - s i g n i f i c a n t  P e a r s o n  p r o d u c t  moment c o r r e l a t i o n  

c o e f f i c i e n t  o f  - . 0 3  was com puted  f o r  t h e  r e l a t i o n s h i p  

b e tw e e n  th e  g r o s s  a c c u r a c y  d a t a  from t h e  two p i t c h i n g  

p o s i t i o n s  on  th e  Eamcovop, w h i l e  a s i g n i f i c a n t  P e a rso n  

p r o d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t  o f  .82 was com puted  

f o r  t h e  r e l a t i o n s h i p  be tw een  t h e  g r o s s  a c c u r a c y  d a ta  f ro m  

t h e  two p i t c h i n g  p o s i t i o n s  on t h e  Dekan P erfo rm an ce  

A n a ly z e r .  Because o f  th e  l i k e l i h o o d  o f  n a t u r a l  human 

v a r i a t i o n  a s  an u n c o n t r o l l e d  v a r i a b l e  i n  th e  s tu d y ,  t h e  

i n f e r e n c e  drawn was t h a t  i n  r e a l i t y  t h o s e  s u b j e c t s  who w ere  

a c c u r a t e  f rom  th e  w in d -u p  may o r  may n o t  have b e e n  as 

a c c u r a t e  f rom  th e  s t r e t c h .

From th e  w in d -u p ,  a n o n - s i g n i f i c a n t  S p e a rm a n 's  r a n k  

c o r r e l a t i o n  c o e f f i c i e n t  o f  .12  was com puted , a n d ,  from t h e  

s t r e t c h ,  a  n o n - s i g n i f i c a n t  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  o f  

.24  was com puted  f o r  t h e  r e l a t i o n s h i p  b e tw een  s p e e d  and  

g r o s s  a c c u r a c y  f o r  t h e  Eamcovop. From t h e  w in d -u p ,  a  n o n 

s i g n i f i c a n t  r a n k  c o r r e l a t i o n  c o e f f i c i e n t  o f  .25 was 

com puted , a n d ,  from  t h e  s t r e t c h ,  a n o n - s i g n i f i c a n t  r a n k  

c o r r e l a t i o n  c o e f f i c i e n t  o f  .32  was o b t a i n e d  f o r  th e
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r e l a t i o n s h i p  be tw een  sp e e d  and g r o s s  a c c u r a c y  f o r  th e  Dekan 

P e rfo rm a n c e  A n a ly z e r .  The i n f e r e n c e s  drawn w ere  t h a t  no 

r e l a t i o n s h i p  e x i s t e d  b e tw een  th e  s p e e d  and  g r o s s  a c c u r a c y  o f  

t h e  w in d -u p ,  and  t h a t  no r e l a t i o n s h i p  e x i s t e d  b e tw e e n  th e  

s p e e d  and  g r o s s  a c c u ra c y  o f  th e  s t r e t c h .  Thus, a s  a 

s u b j e c t ' s  s p e e d  i n c r e a s e d ,  h i s  g r o s s  a c c u r a c y  may n o t  have 

become n e c e s s a r i l y  b e t t e r  o r  w orse  from  e i t h e r  p i t c h i n g  

p o s i t i o n .

CONCLUSIONS

W ith in  t h e  scope  o f  th e  s tu d y ,  t h e  f o l l o w in g  

c o n c lu s io n s  a r e  w a r r a n te d :

1. The Eamcovop i s  a t  l e a s t  a s  r e l i a b l e  a s  th e  

Dekan P e r fo rm a n c e  A n a ly z e r  i n  m e a s u r in g  t h e  v e l o c i t i e s  o f  

p i t c h e d  b a s e b a l l s ,  and t h e o r e t i c a l l y  s u p e r i o r  to  t h e  Dekan 

P e r fo rm a n c e  A n a ly z e r  i n  o t h e r  a r e a s .

2. The s t r e t c h  p i t c h i n g  p o s i t i o n  i s  a s  f a s t  a s  th e  

w ind -up  p i t c h i n g  p o s i t i o n  w i t h  a r u n n e r  on t h i r d  b a s e .

3 . T h e re  i s  a s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  th e  

Eamcovop an d  t h e  Dekan P e r fo rm a n c e  A n a ly z e r  a s  a  t e a c h i n g  

t o o l ;  t h e  t e c h n i c a l  s u p e r i o r i t y  o f  t h e  Eamcovop makes i t  

more s u i t a b l e  f o r  t e a c h i n g  p u r p o s e s  th a n  t h e  Dekan 

P e rfo rm an ce  A n a ly z e r .
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EDUCATIONAL AND RESEARCH APPLICATIONS

A number o f  m ach in es  have  b e e n  d e v e lo p e d  t o  m easu re  

v e l o c i t y  i n  d i f f e r e n t  w ays, b u t  th e  Eamcovop i s  u n iq u e  f o r  

s e v e r a l  r e a s o n s .  F i r s t  o f  a l l ,  i t  makes u se  o f  r e c e n t  

t e c h n o l o g i c a l  a d v a n c e m e n t s - ~ s p e c i f i c a l l y , th e  l a s e r  b e a m - - to  

p r o v id e  a  m easu re  o f  t im in g  a c c u r a c y  p r e v i o u s l y  u n a t t a i n a b l e  

by e l e c t r o - m e c h a n i c a l  d e v i c e s .  Such a c c u ra c y  en h a n c e s  i t s  

u se  as  a  r e s e a r c h  i n s t r u m e n t .  S econd , th e  Eamcovop u s e s  

m a t e r i a l s  w hich  a r e  r e l a t i v e l y  i n e x p e n s iv e ,  b r i n g i n g  i t  

w i t h i n  t h e  b u d g e t  r a n g e  o f  many e d u c a t i o n a l  i n s t i t u t i o n s  an d  

p h y s i c a l  e d u c a t io n  d e p a r tm e n t s .  T h i r d ,  th e  Eamcovop 

p r o v id e s  f o r  u n h in d e r e d  m o b i l i t y  o f  t h e  s u b j e c t ,  a  f e a t u r e  

h i t h e r t o  a v a i l a b l e  o n ly  a t  a p p r e c i a b l e  ex p e n se  i n  t im e  and 

m a t e r i a l s - - e . g . ,  a s  i n  th e  c a s e  o f  f i l m i n g  t e c h n i q u e s .  

F o u r th ,  t h e  Eamcovop o f f e r s  f l e x i b i l i t y  i n  i t s  a p p l i c a t i o n  

to  a  w ide  v a r i e t y  o f  b o th  r e s e a r c h  and  t e a c h i n g  s i t u a t i o n s  

by means o f  i t s  a b i l i t y  to  m easu re  v e l o c i t y  t h ro u g h o u t  t h e  

w hole o r  any  p o r t i o n  o f  a  d i s t a n c e ,  and  i t s  a b i l i t y  to  

m easure  v e l o c i t y  i n  any  o f  f o u r  d i r e c t i o n s .

I n  th e  p r e s e n t  s tu d y ,  a m o d i f i e d  Dekan P e r fo rm a n c e  

A n a ly z e r  was u se d  a s  a  c o n t r o l  d e v ic e  a g a i n s t  w h ich  th e  

Eamcovop c o u ld  be com pared . The Dekan P e r fo rm a n c e  A n a ly z e r  

was c h o sen  b e c a u s e  o f  i t s  w id e  a c c e p ta n c e  and  lo n g  h i s t o r y  

o f  u se  i n  p h y s i c a l  e d u c a t i o n .  The t e c h n i c a l  s u p e r i o r i t y  o f  

th e  Eamcovop com pared to  th e  Dekan P e r fo rm a n c e  A n a ly z e r  i s
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a p p a r e n t  b o th  o n  t h e o r e t i c a l  g ro u n d s  and on t h e  b a s i s  o f  

a c t u a l  a p p l i c a t i o n  i n  a  t e s t i n g  s i t u a t i o n  s u c h  as t h a t  used  

i n  t h e  p r e s e n t  s tu d y .  T h e re  a r e  a  number o f  ways i n  w hich  

th e  Eamcovop c a n  be a p p l i e d  to  r e s e a r c h  and  t e a c h in g  

s i t u a t i o n s  i n  t h e  a r e a  o f  a t h l e t i c s  and p h y s i c a l  e d u c a t i o n .

One u s e  i s  i n  t h e  c la s s ro o m  where t h e  Eamcovop can 

be u t i l i z e d  to  d e m o n s t r a te  v a r i o u s  t h e o r i e s  o f  v e l o c i t y  and 

t h e i r  a p p l i c a t i o n  to  s p o r t s .  For exam ple , a  pendulum  b a l l  

can  b e  r e l e a s e d  b y  b o th  i n s t r u c t o r  an d  s t u d e n t s  to  g a i n  

p r a c t i c a l  e x p e r i e n c e  o f  t h e  e f f e c t s  o f  a n g le  and  s p i n  on  

v e l o c i t y .  S in c e  th e  Eamcovop, once  c a l i b r a t e d ,  can 

accommodate an  u n l i m i t e d  number o f  t r i a l s  w i t h o u t  i n d i v i d u a l  

s u b j e c t  h o o k -u p s ,  a l a r g e  number o f  s tu d e n t s  can  g a in  

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

Coaches can  u se  t h e  Eamcovop in  a w id e  v a r i e t y  o f  

a p p l i c a t i o n s .  F o r  ex am p le ,  Coach S ta n f o r d  i n  the  p r e s e n t  

s tu d y  ra n k e d  h i s  p l a y e r s  b e f o r e  t e s t i n g ,  t h e n  com pared h i s  

r a n k i n g  to  th e  r e s u l t s  o f  th e  t e s t s  to  d e te r m in e  a r e a s  o f  

a g re e m e n t  and d i s a g r e e m e n t .  Such a  t e c h n iq u e  may be u s e f u l  

n o t  o n l y  f o r  e v a l u a t i n g  t h e  s t r e n g t h s  and w e a k n e sse s  o f  

i n d i v i d u a l  team  members b u t  a l s o  f o r  s h a r p e n in g  the  

p e r c e p t i o n s  o f  t h e  coach  an d  p r o v i d i n g  o b j e c t i v e  f e e d b a c k  

c o n c e r n in g  s u b j e c t i v e  ju d g m e n ts .  (S ee  A p pend ix  F f o r  

r a n k i n g s .)

One p i t c h e r ,  r a n k e d  t e n t h  b y  th e  c o a c h  p r i o r  t o  

t e s t i n g ,  a c t u a l l y  a c h ie v e d  th e  g r e a t e s t  v e l o c i t i e s  i n
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p e rfo rm a n c e  f ro m  b o th  p o s i t i o n s  on  b o th  m a c h in e s .  A n o th e r  

p i t c h e r ,  r a n k e d  s e v e n th  by  th e  c o a c h ,  c o n s i s t e n t l y  ra n k e d  

seco n d  i n  th e  t e s t i n g  s i t u a t i o n .

D i f f e r e n c e s  i n  v e l o c i t y  be tw een  t h e  two p o s i t i o n s  

f o r  i n d i v i d u a l  p i t c h e r s  a l s o  became a p p a r e n t .  F o r  exam ple ,  

th e  p i t c h e r  r a n k e d  f a s t e s t  by t h e  coach a c t u a l l y  r a n k e d  

n i n t h  i n  th e  s t r e t c h  p o s i t i o n  an d  f i f t h  i n  th e  w in d -u p  

p o s i t i o n .  The p l a y e r  r a n k e d  s i x t h  by t h e  coach  a c t u a l l y  

ra n k e d  t h i r d  i n  th e  s t r e t c h  p o s i t i o n  and  t e n t h  i n  t h e  w in d 

up p o s i t i o n .  D i f f e r e n c e s  such  a s  th e s e  c a n  be t h e  b a s i s  f o r  

i n d i v i d u a l i z e d  t r a i n i n g  and  p r a c t i c e  p ro g ra m s .

A l th o u g h ,  o v e r a l l ,  t h e r e  was no c o r r e l a t i o n  be tw een  

v e l o c i t i e s  f rom  th e  two p i t c h i n g  p o s i t i o n s ,  i t  s h o u ld  be 

n o te d  t h a t  th e  two f a s t e s t  p i t c h e r s  from t h e  w in d -u p  

p o s i t i o n  were a l s o  th e  f a s t e s t  f ro m  th e  s t r e t c h  p o s i t i o n ,  

and t h a t  th e  t h i r d  f a s t e s t  p i t c h e r  from t h e  w in d -u p  was 

f o u r t h  f a s t e s t  f rom  t h e  s t r e t c h .  This  may i n d i c a t e  t h a t  

th o se  p i t c h e r s  who th ro w  f a s t e s t  from  t h e  w ind-up  a l s o  th ro w  

f a s t e s t  from t h e  s t r e t c h .

A no ther  a p p l i c a t i o n  i s  i n  th e  a r e a  o f  t r a i n i n g  i n  

a t h l e t i c s  and s p o r t s .  P l a y e r s  c a n  be t e s t e d  p r i o r  to  a 

t r a i n i n g  p ro g ra m , th e n  t e s t e d  a g a i n  to  d e te rm in e  w h e th e r  o r  

n o t  t h e  t r a i n i n g  p ro d u c e d  th e  d e s i r e d  e f f e c t .  I n  t h i s  way, 

o b j e c t i v e  e v id e n c e  can b e  o b t a i n e d  on w h ic h  co m p reh en siv e  

t r a i n i n g  p ro g ram s  may b e  b a s e d .
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In  a  s p o r t  su ch  a s  k a r a t e ,  t h e  Eamcovop can  be  u s e d  

to  m easure  t h e  v e l o c i t y  o f  i n d i v i d u a l  lim b m ovem ents . 

P r o f i l e s  c a n  be  drawn o f  v e l o c i t i e s  a t t a i n e d  i n  d i f f e r e n t  

movements i n  o r d e r  to  gauge  th e  p r o f i c i e n c y  o f  p l a y e r s  and 

to  i d e n t i f y  a r e a s  n e e d in g  im provem en t.  In  th e  a r e a  o f  

p h y s i c a l  f i t n e s s ,  th e  Eamcovop l e n d s  i t s e l f  to  r e s e a r c h  

i n v o l v i n g  s t u d i e s  o f  k i n e s i o l o g y  and  e r g o g e n ic  a i d s  a s  w e l l  

a s  s p o r t s  t e c h n i q u e s .

A n o th e r  u se  o f  t h e  Eamcovop i s  i n  th e  t e s t i n g  o f  

eq u ip m e n t .  Not o n ly  can  d i f f e r e n t  r a c q u e t s ,  b a l l s ,  and 

o t h e r  g e a r  be  com pared f o r  r e l a t i v e  a d v a n ta g e s  and  

d i s a d v a n ta g e s  to  i n d i v i d u a l  p l a y e r s  b u t  a l s o  t h e  same 

e q u ip m en t c a n  be  t e s t e d  u n d e r  d i f f e r e n t  c o n d i t i o n s .  For 

exam ple , t h e  e f f e c t s  o f  d i f f e r e n t  t e m p e r a t u r e s ,  h u m i d i t i e s ,  

and  s t o r a g e  c o n d i t i o n s  on t h e  v e l o c i t i e s  o f  p r o j e c t i l e s  can  

be  m easu red .

The s p e c i f i c  a r e a s  o f  r e s e a r c h  and e d u c a t i o n  i n  

w h ich  th e  Eamcovop can  be  o f  u s e  a r e  to o  num erous to  l i s t  

c o m p re h e n s iv e ly .  I t  i s  a p p a r e n t ,  h ow ever ,  t h a t  t h e  Eamcovop 

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

s t u d e n t s  an d  t e a c h e r s  i n  t h o s e  a r e a s  i n  w h ich  an 

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

RECOMMENDATIONS FOR FURTHER STUDY

As a r e s u l t  o f  th e  s tu d y  com p arin g  th e  s t r e t c h  to  

th e  w ind -up  p i t c h i n g  p o s i t i o n s  and  th e  a u t h o r ' s  e x p e r i e n c e s
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w i t h  t h e  Eamcovop and  t h e  Dekan P e r fo rm a n c e  A n a ly z e r ,  th e  

f o l lo w in g  s u g g e s t i o n s  f o r  f u r t h e r  s tu d y  a r e  i n d i c a t e d :

1 . A s tu d y  d u p l i c a t i n g  t h i s  i n v e s t i g a t i o n ,  b u t  w i t h  

th e  s u b j e c t s  t r a i n i n g  e x t e n s i v e l y  w i th  t h e  s t r e t c h  p o s i t i o n  

p r i o r  to  t h e  t e s t i n g  i n  o r d e r  t h a t  th e y  may become more 

f a m i l i a r  w i t h  i t .

2 .  A s tu d y  com paring  t h e  speed  an d  a c c u r a c y  o f  

d i f f e r e n t  p i t c h e s  f rom  th e  two d e l i v e r y  p o s i t i o n s .

3. A s i m i l a r  s tu d y  em ploy ing  a  l a r g e  num ber o f  

s u b j e c t s  d i v i d e d  i n t o  g ro u p s  a c c o r d in g  t o  th e  num ber o f  

y e a r s  th e y  h a v e  b een  p i t c h i n g  i n  o r d e r  t o  d e te rm in e  i f  

e x p e r i e n c e  i n f l u e n c e s  t h e  r e s u l t s .
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CONSENT FOR EXPERIMENTAL STUDY

T i t l e  o f  P r o j e c t :  

P r o j e c t  D i r e c t o r :

T h is  i s  t o  c e r t i f y  t h a t  I , __________    ,
h e r e b y  a g r e e  to  p a r t i c i p a t e  i n  an e x p e r im e n ta l  s tu d y  u n d e r
th e  s u p e r v i s i o n  o f  _________________________________ . I  am ______
y e a r s  o f  ag e .

The s tu d y  w i l l  i n c l u d e :

1 . M easurem ent o f  th e  v e l o c i t y  o f  a  p i t c h i n g  b a l l  
from  th e  w ind -up  p o s i t i o n  (30 t r i a l s ) .

2 . M easurem ent o f  th e  v e l o c i t y  o f  a  p i t c h i n g  b a l l  
from t h e  s t r e t c h  p o s i t i o n  (30 t r i a l s ) .

A d e t a i l e d  e x p l a n a t i o n  o f  t h i s  s tu d y  h a s  b een  g iv e n  t o  
me and I  u n d e r s t a n d  th e  p r o c e d u r e s  to  be  f o l lo w e d .  I  have 
b e e n  in fo rm e d  o f  a l l  i n c o n v e n ie n c e s  and  r i s k s  r e a s o n a b ly  to  
b e  e x p e c te d  from  th e  p r o c e d u r e s ,  and  p o s s i b l e  b e n e f i c i a l  
e f f e c t s  t h e r e o f .  A l l  o f  my i n q u i r i e s  have  b een  a n sw ered ,  
an d  I  ch o o se  f r e e l y  and  v o l u n t a r i l y  to  p a r t i c i p a t e .

V o l u n t e e r ' s S i g n a t u r e  Date

I  h av e  d e f i n e d  and f u l l y  e x p l a i n e d  t h e  s t u d i e s  in v o lv e d  
to  th e  above  v o l u n t e e r .

I n v e s t i g a t o r ' s  S i g n a t u r e D ate
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DATA SHEET

NAME:_______

AGE: Y ears Months

SUBJECT NUMBER:

FIRST PITCHING POSITION:_ 

SECOND PITCHING POSITION:

PITCH #

1 .

2 .

3.

4 .

5.

6 .

7.

8 .

9.

1 0 .

11 .

1 2 .

13.

14.

15.

DISTANCE TIME SPEED ACCURACY

TIME 1 /1 0  s e c .  1 /1 0 0  s e c .  1 /1 ,0 0 0  s e c .  1 /1 0 ,0 0 0  s e c .
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Eamcovop--S ide  View



E a m covop--F ron t  View
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#1 Speed (MPH) A ccu racy Speed (MPH) A ccu racy

1 73 .66 S 79 .3 3 S
2 63 .4 6 S 75 .00 S
3 71 .2 B 73 .66 S
4 69 .9 6 B 76.39 S
5 62 .5 0 S 76 .39 S
6 69 .9 6 S 7 1 .2 B
7 63 .4 6 B 79 .3 3 S
8 5 7 .2 9 S 76.39 S
9 65 .4 8 B 73 .6 6 S

10 58 .09 S 75 .00 S
11 75 .00 B 79 .33 S
12 72 .37 S 77 .8 3 S
13 71 .12 B 8 2 .5 0 S
14 65 .4 8 S 71 .12 B
15 64 .45 B 77 .8 3 S

Mean 66 .89 8 = S 76 .3 3 13 = S
7 = B 2 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#1 Speed (MPH) A ccu racy Speed (MPH) A ccu racy

1 65 .1 8 B 78 .9 1 B
2 64 .2 0 B 72 .38 B
3 72 .77 S 8 3 .5 6 B
4 73 .55 B 7 8 .7 3 S
5 76 .27 S 8 0 .4 0 S
6 60 .55 B 76 .1 0 S
7 65 .25 B 74 .6 0 B
8 5 8 .2 3 S 77 .48 S
9 64 .26 B 80 .2 1 S

10 70 .00 B 7 2 .2 3 B
11 63 .37 S 77 .48 S
12 70.73 B 77 .8 3 S
13 72 .61 S 74 .35 S
14 6 4 .0 8 B 7 6 .4 4 S
15 73.31 S 8 0 .4 0 B

Mean 67 .62 6 = S 77 .41 9 = S
9 = B 6 = B
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#2 Speed (MPH) Accuracy Speed (MPH) A ccu racy

1 69 .96 B 71.12 S
2 71 .12 S 77.83 S
3 61 .57 B 68.75 B
4 73.66 S 71.12 S
5 69 .96 B 79.33 B
6 77.83 S 76.39 S
7 69 .96 B 79.33 S
8 77 .83 S 76.39 S
9 77 .83 S 76.39 S

10 75 .00 S 72.37 S
11 62 .50 B 77.83 S
12 77 .83 S 69.96 B
13 71.12 S 80.88 S
14 76 .39 S 75.00 S
15 80 .88 S 73.66 S

Mean 72 .90 10 = S 75.09 12 = S
5 = B 3 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#2 Speed (MPH) A ccuracy Speed (MPH) A ccu racy

1 81 .75 S 74.27 B
2 77.48 S 76.61 B
3 72 .2 3 B 81.85 B
4 78.82 S 70.86 B
5 62 .55 S 78.82 S
6 63 .6 6 S 73.39 S
7 75 .59 B 77.30 S
8 78 .82 B 77.58 S
9 78 .91 S 80.31 B

10 70.95 S 77.22 B
11 78.82 S 80.59 B
12 70 .88 S 71.25 S
13 74 .68 S 69.72 S
14 71 .17 B 78.91 S
15 70 .95 S 72.30 S

Mean 73 .82 11 = S 76.07 8 = S
4 = B 7 = B
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#3 S p e e d  (MPH) A ccuracy S peed (MPH) A ccuracy

1 6 8 . 7 5 B 7 3 .6 6 S
2 7 5 .0 0 S 7 1 .1 2 B
3 7 1 .1 2 S 7 3 .6 6 S
4 7 9 .3 3 S 7 5 .0 0 S
5 7 7 . 8 3 S 7 1 .1 2 S
6 7 7 .8 3 S 6 6 . 5 3 B
7 7 6 .3 9 S 7 6 .3 9 S
8 7 9 .3 3 S 7 5 .0 0 S
9 6 5 . 4 8 B 7 3 .6 6 S

10 6 6 . 5 3 B 7 7 .8 3 S
11 7 9 . 3 3 S 7 9 .3 3 S
12 6 9 . 9 6 S 8 0 . 8 8 S
13 7 7 . 8 3 S 7 9 .3 3 S
14 7 1 .1 2 S 7 9 .3 3 S
15 8 0 . 8 8 S 7 9 .3 3 S

Mean 7 4 . 4 5  12 = S 7 5 .4 8 13 = S
3 = B 2 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#3 S p ee d  (MPH) A ccu racy S p eed (MPH) A ccuracy

1 8 1 .8 5 S 8 0 .2 1 B
2 7 2 .1 5 B 8 0 .3 1 B
3 7 8 .8 2 B 81.  75 S
4 7 0 .9 5 S 8 0 .5 0 B
5 8 0 . 4 0 S 7 8 .8 2 S
6 6 7 . 5 7 s 8 0 . 8 8 B
7 6 6 . 5 2 s 7 4 .6 8 B
8 8 0 . 4 0 s 7 6 .6 1 B
9 7 7 .3 9 s 7 7 .3 9 B

10 7 8 . 8 2 s 6 7 .5 7 B
11 7 8 . 7 3 B 7 2 .1 5 B
12 8 0 . 4 0 B 7 7 .4 8 B
13 7 2 .1 5 S 7 4 .6 8 B
14 7 6 . 1 0 S 7 2 .1 5 B
15 6 9 . 7 9 S 7 4 .7 6 B

Mean 7 5 . 4 7  11 = s 76. 66 2 = S
4 = B 13 = S
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#4 Speed (MPH) A ccuracy Speed (MPH) A c c u ra cy

1 84.12 S 7 5 .0 0 S
2 87.77 S 6 9 .9 6 B
3 87.77 S 72. 37 B
4 89.67 S 8 2 .5 0 S
5 89.67 S 82 .5 0 B
6 80.88 B 79 .3 3 B
7 82.50 B 7 9 .3 3 B
8 82.50 B 79 .3 3 B
9 84.18 B 8 5 .9 4 S

10 84.18 S 77 .8 3 S
11 89.67 S 76 .3 9 S
12 87.77 B 8 5 .9 4 S
13 87.77 S 8 0 .8 8 S
14 85 .94 S 8 5 .9 4 S
15 89.67 S 84 .1 9 S

Mean 86.27 10 = S 7 9 .0 7 9 = S
5 = B 6 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#4 Speed (MPH) A ccuracy Speed (MPH) A c cu rac y

1 90.67 S 8 5 .2 2 B
2 86.97 B 8 6 .9 7 B
3 88.78 B 8 1 .8 5 B
4 88.89 B 8 6 .8 6 S
5 90.55 S 77 .39 B
6 85.23 B 78 .8 2 B
7 85.33 B 8 6 .7 5 B
8 83.56 S 8 0 .3 1 B
9 83.66 B 8 0 .4 0 B

10 81.85 B 8 0 .2 1 B
11 90.79 B 8 3 .5 6 S
12 90.55 S 8 3 .6 6 B
13 88.78 B 7 3 .3 1 B
14 88.89 B 7 0 .9 5 B
15 85.12 S 7 6 .0 1 B

Mean 87.31 5 = S 8 0 .8 2 2 = S
10 = B 13 = B
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#5 Speed (MPH) A ccu racy Speed (MPH) A c cu rac y

1 68 .75 S 75 .00 S
2 71 .12 S 72 .37 B
3 6 6 .5 3 B 69 .96 S
4 6 5 .4 8 S 77 .83 B
5 71 .12 B 76.39 S
6 76 .39 S 77 .83 B
7 69 .9 6 B 73 .66 B
8 7 2 .3 7 S 79 .3 3 B
9 77 .83 S 68 .75 S

10 72 .37 B 73 .66 S
11 73 .66 B 71.12 B
12 71 .12 B 68.75 S
13 6 9 .9 6 S 6 7 .6 2 S
14 71 .12 S 67 .6 2 S
15 6 6 .5 3 S 71 .12 S

Mean 70 .95 9 = S 7 2 .7 3 9 = S
6 = B 6 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#5 Speed (MPH) A ccu racy Speed (MPH) A ccu racy

1 6 7 .6 4 S 72 .3 0 S
2 72 .15 S 68 .8 6 B
3 70 .8 8 S 69 .5 7 B
4 72 .2 3 B 6 9 .7 9 B
5 74 .6 8 S 72 .2 3 S
6 73 .39 S 74 .6 8 S
7 78 .82 S 6 9 .7 2 S
8 73 .55 B 8 0 .4 0 B
9 70 .95 B 7 4 .8 4 B

10 77 .30 S 78 .8 2 S
11 7 2 .2 3 S 7 6 .4 4 S
12 66 .5 2 B 79 .5 6 B
13 6 7 .5 7 S 70 .8 8 S
14 72 .0 7 S 73 .6 3 B
15 6 9 .7 2 S 76 .52 S

Mean 71 .80 11 = S 73 .8 8 8 = S
4 = B 7 = B
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#6 Speed (MPH) A ccu racy S peed (MPH) A ccuracy

1 80 .88 S 7 9 .3 3 S
2 77 .83 B 7 7 .8 3 S
3 73 .66 B 7 6 .3 9 S
4 76 .39 B 8 4 .1 8 S
5 80 .88 B 7 7 .8 3 S
6 82 .50 B 7 3 .6 6 B
7 8 5 .9 4 B 7 5 .0 0 B
8 89 .6 7 B 7 1 .1 2 B
9 87 .7 7 S 8 0 .8 8 B

10 89.67 S 8 4 .1 8 B
11 91 .67 S 8 4 .1 8 S
12 77 .83 S 8 0 .8 8 B
13 67 .62 S 7 3 .6 6 B
14 68 .75 B 7 9 .3 3 B
15 69 .96 B 8 2 .5 0 B

Mean 80 .07 6 = S 7 8 .7 3 6 = S
9 = B 9 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#6 Speed (MPH) A ccu racy S p ee d (MPH) A ccuracy

1 70.95 S 8 3 .5 6 S
2 69 .86 S 7 9 .3 7 S
3 68 .59 S 7 4 .6 8 B
4 78.91 S 8 1 .9 5 S
5 9 2 .6 4 S 8 5 .0 1 S
6 90 .6 7 B 8 5 .1 2 S
7 88 .78 B 8 1 .8 5 S
8 90 .55 B 7 2 .3 8 B
9 86 .9 7 S 7 6 .1 8 B

10 83 .56 S 7 4 .6 8 B
11 81.85 S 7 8 .8 2 S
12 77 .57 B 8 5 .0 1 S
13 74 .68 B 7 7 .4 8 S
14 78 .73 S 7 8 .9 1 B
15 81.85 S 8 0 .3 1 B

Mean 8 1 .0 8 10 = S 7 9 .6 9 9 = S
5 = B 6 = B
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#7 Speed (MPH) A ccu racy Speed (MPH) A c cu ra cy

1 79 .33 B 71 .12 B
2 7 7 .8 3 B 68 .7 5 B
3 75 .00 S 67 .6 2 B
4 73 .6 6 S 68 .7 5 B
5 72 .37 B 71.12 B
6 73 .66 S 6 9 .9 1 S
7 72 .3 7 B 71.12 S
8 68 .7 5 B 73 .66 B
9 71.12 S 71 .12 B

10 72 .37 S 6 9 .9 1 B
11 71.12 S 71.12 B
12 73.66 S 71 .12 S
13 71 .12 B 72.37 S
14 71 .12 S 73.66 B
15 72 .37 B 73.66 S

Mean 73 .06 8 = S 71 .01 5 = S
7 = B 10 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#7 Speed (MPH) A c cu rac y Speed (MPH) A cc u rac y

1 7 3 .4 7 B 74.68 B
2 72 .38 B 74.60 B
3 72 .46 B 73.55 B
4 74 .27 B 72.38 S
5 7 2 .5 3 S 72 .46 S
6 73 .16 B 70.95 S
7 72 .8 4 B 72.61 B
8 6 9 .0 8 B 74.35 B
9 73 .55 S 73 .00 S

10 74 .52 S 70.00 S
11 7 3 .3 9 B 72.15 S
12 74 .76 B 69 .7 2 B
13 7 6 .1 8 S 68 .66 B
14 78 .82 B 69.79 B
15 80 .3 1 S 71 .17 S

Mean 74 .12 5 = S 72 .01 7 = S
10 = B 8 = B
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l  Wind-up S t r e t c h

#8 Speed (MPH) A ccu racy  Speed (MPH) A c c u ra cy

1 75 .00 S 68 .75 S
2 76 .39 S 67.62 S
3 73 .66 S 66 .53 B
4 72.37 B 65 .48 B
5 73.66 B 68.75 S
6 76.39 S 71.12 S
7 71 .12 B 71.12 B
8 73.66 S 72.37 S
9 73 .66 S 67 .62 S

10 72 .37 S 65 .48 B
11 73.66 S 71.12 S
12 71 .12 B 72.37 S
13 73 .66 S 71.12 S
14 72 .37 B 69 .96 S
15 71 .12 S 71.12 S

Mean 73 .35  10 = S 69 .37  11 * S
____________________________________ 5 =_B_______________________4 = B

Eamcovop
S u b j e c t - T r i a l  Wind-up S t r e t c h

#8 Speed (MPH) A cc u ra cy  Speed (MPH) A c cu racy

1 72.15 S 72 .23 B
2 73.39 B 70.88 B
3 74 .68 B 72.30 B
4 72 .23 B 73 .31 S
5 74 .60 S 72.15 B
6 73 .24 S 66 .5 8 S
7 74 .52 S 68 .6 6 S
8 74 .76 B 73 .3 1 B
9 72.07 B 72.07 S

10 77 .39 S 72 .30 S
11 74.35 S 69 .8 6 B
12 73.63 B 6 6 .5 8 B
13 7 4 .8 4 S 67 .5 7 S
14 77 .57 S 68 .6 6 S
15 76 .01 S 6 9 .9 3 S

Mean 74 .36 9 = S 70 .43 8 =
6 = B 7 =
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l Wind-up S t r e t c h

#9 Speed (MPH) A cc u rac y Speed (MPH) A ccuracy

1 77.83 S 72 .37 B
2 76.39 B 71.12 B
3 73.66 B 6 9 .9 6 B
4 72.37 B 71 .12 B
5 72.37 B 68 .7 5 B
6 73.66 B 6 9 .9 6 B
7 73.66 B 71.12 B
8 72.37 B 67 .6 2 B
9 77.83 S 68 .7 5 B

10 76.39 B 71 .1 2 B
11 73.66 B 71 .12 B
12 75.00 B 69 .9 6 B
13 71.12 B 69 .9 6 B
14 73.66 B 72 .37 B
15 71.12 B 71.12 B

Mean 74.07 2 = S 70 .49 0 = S
13 = B 15 = B

Eamcovop
S u b j e c t - T r i a l Wind-up S t r e t c h

#9 Speed (MPH) A cc u ra cy Speed (MPH) A ccuracy

1 72.46 B 72 .2 3 B
2 74.11 B 73.39 B
3 72.61 B 70.95 B
4 75.93 B 70 .88 B
5 74.93 S 72 .2 3 S
6 77.66 B 72 .3 8 B
7 78.91 B 6 9 .9 3 B
8 72.38 S 68 .5 9 S
9 74.52 S 72 .07 B

10 74.76 S 70 .7 3 B
11 73.16 B 6 9 .8 6 B
12 73.47 S 72 .30 S
13 74.43 S 70 .5 8 B
14 77.48 B 7 2 .3 8 B
15 78.82 S 73.31 S

Mean 75.04 7 = S 71 .46 4 = S
8 = B 11 = B
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RAW DATA OF SUBJECTS

Dekan
S u b j e c t - T r i a l

#10 Speed
Wind-up 
(MPH) A c c u ra c y Speed

S t r e t c h  
(MPH) Accur;

1 65.48 B 6 6 .5 3 S
2 66 .53 B 6 1 .5 7 B
3 71.12 B 6 5 .4 8 S
4 67.62 S 6 3 .4 6 S
5 71.12 B 6 1 .5 7 B
6 69.96 B 6 1 .5 7 B
7 68.75 B 64 .4 5 S
8 71.12 S 6 5 .4 8 B
9 69.96 B 71 .12 S

10 71.12 B 6 3 .4 6 S
11 67 .62 B 6 4 .4 5 S
12 73.66 S 6 2 .5 0 B
13 67.62 S 6 0 .6 6 B
14 71.12 B 6 7 .6 2 B
15 71.12 S 6 9 .9 6 S

Mean 69.59 5 = S 6 4 .6 6  8 = S
__________________________________ 10 =_B_______________________7 = B

Eamcovop
S u b j e c t - T r i a l  Wind-up S t r e t c h

#10 Speed (MPH) A c c u ra c y  Speed  (MPH) A ccuracy

1 72.46 B 71 .92 S
2 72.07 B 6 8 .7 3 S
3 68.66 B 6 1 .7 0 S
4 74.68 B 6 3 .5 4 B
5 68.73 S 6 5 .0 6 B
6 72.00 B 6 4 .4 4 S
7 70.88 B 72 .1 5 S
8 72.15 B 6 6 .5 8 B
9 69.93 S 6 5 .5 0 B

10 70.65 B 6 2 .6 1 B
11 72.23 S 6 2 .5 5 S
12 68.59 B 6 4 .5 1 S
13 72.53 B 6 6 .5 2 S
14 67 .44 B 6 2 .7 8 S
15 66.45 S 6 7 .1 1 S

Mean 70.63 4 = S 6 5 .7 1 10 =
11 = B 5 =
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COACH'S RANKING AND ACTUAL MEAN VELOCITIES

C o a c h 1s Ranking  
o f  S u b j e c t s  
P r i o r  to  T e s t i n g *

A c t u a l  P e r fo rm an ce  V e l o c i t i e s
Dekan Eamcovop

Wind-up S t r e t c h Wind-up S t r e t c h

1 73 .35 69.37 73 .76 7 0 .4 3
2 7 4 .0 7 70.49 75 .04 7 1 .4 6
3 73 .06 71.01 74.12 7 2 .0 1
4 70 .95 72.73 71 .80 7 3 .8 8
5 72 .90 75.09 73 .82 7 6 .0 7
6 66 .8 9 76.32 67 .62 7 7 .4 1
7 80 .0 7 78.73 81 .08 7 9 .6 9
8 69 .59 64.66 70 .63 6 5 .7 1
9 74 .4 4 75.48 75 .47 7 6 .6 6

10 8 6 .2 7 79.07 87 .31 8 0 .8 2

MEAN VELOCITY RANKINGS

C o a c h ' s Ranking A c t u a l  P e r fo rm a n c e  Rank
o f  S u b j e c t s Dekan Eamcovop
P r i o r  to T e s t i n g * Wind-up S t r e t c h Wind-up S t r e t c h

1 5 9 5 9
2 4 8 4 8
3 6 7 6 7
4 8 6 8 6
5 7 5 7 5
6 10 3 10 3
7 2 2 2 2
8 9 10 9 10
9 3 4 3 4

10 1 1 1 1

*The f a s t e s t  i s  r a n k e d  1; t h e  s l o w e s t  i s  r a n k e d  10.



APPENDIX G 

RELIABILITY TESTS-STANDARD DEVIATIONS

110



Ill

RELIABILITY TESTS-STANDARD DEVIATIONS 
(35 T r i a l s  P e r  T e s t )

Machine S e t t i n g S u b j e c t

Mean
V e l o c i t y
(mph)

S t a n d a r d
D e v i a t i o n

Eamcovop .01 1 6 .0632
6 .0109

.0739

.0497

Dekan P.A. .01 1 4 .3549
4 .3 4 3 4

.0520

.0467

2 4 .3697
4 .4020

.0411

.0475

3 4 .5637
4 .4709

.0915

.0856

4 4 .6440
4 .5400

.0659

.0812

Eamcovop .0001 1 5 .7730
5 .7501

.1415

.1582

2 5 .8540
5 .9910

.1089

.1233

3 5 .9890
6 .0447

.0911

.0775

4 6 .0680
6 .0 1 5 4

.0676

.0731
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