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SUMMARY 

One of t h e i n d u s t r i a l s e n g i n e e r ' s j o b s i n i n d u s t r y i s f i n d i n g 

t h e b e s t method t o p e r f o r m a p a r t i c u l a r j o b . I t i s o f t e n d i f f i c u l t t o 

f i n d t h i s method , b u t a n e v e n more d i f f i c u l t p r o b l e m i s t h a t of o b t a i n ­

i n g p e r s o n n e l a d a p t e d t o u s e t h e s e m e t h o d s . The p u r p o s e of t h i s t h e s i s 

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

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

f o l l o w i n g p r o p e r t i e s was r e q u i r e d : 

( 1 ) A s u f f i c i e n t number of i n d i v i d u a l s engaged i n t h e same 
a c t i v i t y . 

(2 ) S e v e r a l q u a l i f i e d j u d g e s who c o u l d e v a l u a t e a l l of t h e 
i n d i v i d u a l s i n v o l v e d . 

(3) I d e n t i f i c a t i o n of m e a s u r a b l e p h y s i c a l s k i l l s w h i c h l e a d 
t o s u c c e s s i n t h e a c t i v i t y s t u d i e d . 

( 4 ) I d e n t i f i c a t i o n of s u i t a b l e e v a l u a t i n g f a c t o r s f o r m e a s u r i n g 
s u c c e s s . 

The work s y s t e m w h i c h mos t c o n v e n i e n t l y f u l f i l l e d t h e s e r e q u i r e ­

men t s was composed of t h e 1954 G e o r g i a Tech v a r s i t y and j u n i o r v a r s i t y 

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

who s e r v e d a s t h e j u d g e s . 

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

f rom t h e a v e r a g e of t h e j u d g e s ' p a i r e d c o m p a r i s o n and f a c t o r r a n k s . The 

j u d g e s ' r a n k s we re c o r r e l a t e d a g a i n s t e a c h o t h e r t o t e s t t h e i r r e l i a b i l i t y . 

The a r i t h m e t i c a l a v e r a g e of t h e r a n k o r d e r c o r r e l a t i o n s o f t h e j u d g e s ' 

r a n k s , u s i n g t h e p a i r e d c o m p a r i s o n me thod , was 0 . 8 9 5 , w i t h a r a n g e from 

0 . 8 5 1 t o 0 . 9 4 0 . The a r i t h m e t i c a l a v e r a g e of t h e r a n k o r d e r c o r r e l a t i o n s 
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of t h e j u d g e s 1 r a n k s , u s i n g t h e f a c t o r me thod , was 0 . 8 5 0 , w i t h a r a n g e 

from 0 . 8 0 6 t o 0 . 9 3 1 . 

The p h y s i c a l s k i l l s of t h e s u b j e c t s were m e a s u r e d by t e s t s of 

t h e m e a s u r a b l e f a c t o r s t h a t l e a d t o s u c c e s s , and were r a n k e d t o form 

t h e i n d e p e n d e n t v a r i a b l e r a n k s . Rank o r d e r c o r r e l a t i o n c o e f f i c i e n t s 

w e r e o b t a i n e d be tween e a c h i n d e p e n d e n t v a r i a b l e r a n k i n g w i t h b o t h of 

t h e d e p e n d e n t v a r i a b l e r a n k i n g s . I f t h e r a n k o r d 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 l e s s t h a n 0 . 1 , t h e i n d e p e n d e n t v a r i a b l e was e l i m i n a t e d from 

f u r t h e r s t u d y . Two of t h e i n d e p e n d e n t v a r i a b l e s e l i m i n a t e d had c o r r e ­

l a t i o n c o e f f i c i e n t s of 0 . 0 8 , and a t h i r d had a v a l u e of 0 . 0 2 . M u l t i p l e 

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

of t h e d e p e n d e n t v a r i a b l e s we re o b t a i n e d . 

The p r e c i s i o n of t h e m u l t i p l e c o r r e l a t i o n f o r m u l a s was o b t a i n e d 

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

f o r e a c h s u b j e c t , g i v i n g a c a l c u l a t e d r a n k . F i n a l l y , t h e mean d e v i a t i o n 

of t h e s e c a l c u l a t e d r a n k s from t h e a v e r a g e of t h e j u d g e s 1 r a n k s was 

o b t a i n e d . Th© a v e r a g e of t h e mean d e v i a t i o n s f o r t h e p a i r e d c o m p a r i s o n 

r a n k i n g f o r m u l a s was 3 . 1 5 , w i t h a r a n g e o f 2 . 5 0 t o 4 . 3 0 , The a v e r a g e 

of t h e mean d e v i a t i o n s f o r t h e f a c t o r r a n k i n g f o r m u l a s was 3 . 4 3 , w i t h 

a r a n g e of 2*60 t o 4 . 4 0 . 

T h i s s t u d y u s e d s u b j e c t s f rom a s e l e c t p o p u l a t i o n and p r e d i c t e d 

worked a b i l i t y of e x p e r i e n c e d w o r k e r s , wh ich i s t h e p r o c e d u r e u s e d i n 

i n d u s t r y . The f o l l o w i n g f o r m u l a s , b a s e d on t h e p a i r e d c o m p a r i s o n r a n k s , 

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

t h i s work s y s t e m . I t mus t be remembered t h a t t h e r a n k s p r e d i c t e d by 

t h e p r o p o s e d f o r m u l a s a r e r e l a t i v e r a n k s , t h e b a s e b e i n g t h e 1954 
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G e o r g i a Tech v a r s i t y and j u n i o r v a r s i t y f o o t b a l l t e a m s . 

Group I (Backs ) 

Rank " 4 0 . 6 - 1.42 

Group I I I (Linemen) 

Rank = 6 .2 - 1.02 

V e r t i c a l Jump i n i n c h e s 

V e r t i c a l Jump 
i n i n c h e s + 1.42 R e a c t i o n Time 

i n h u n d r e d t h s 
of a second 

The mean e r r o r u s i n g t h e Group I f o r m u l a was 2 . 3 ; u s i n g t h e Group I I I 

f o r m u l a i t was 3 . 5 . The above e x p e r i m e n t a t i o n was a v e r i f i c a t i o n of a 

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

s y s t e m . 

I n i n d u s t r y , p a r t i c u l a r l y i n c o n s t r u c t i o n and m e t a l w o r k i n g , 

t h e r e a r e many work s y s t e m s which r e q u i r e a h i g h d e g r e e of p h y s i c a l 

a b i l i t y from t h e w o r k e r t h a t c a n be e v a l u a t e d u s i n g t h e above p r o c e d u r e . 

F o r e x a m p l e , t h e o p e r a t i o n of a l a r g e number of d r i l l p r e s s e s i n a 

f a c t o r y may b e t a k e n a s a work s y s t e m w h i c h can b e e v a l u a t e d t h r o u g h 

t h e p r o p o s e d p r o c e d u r e . 

The i n d u s t r i a l s u p e r v i s o r s would s t u d y t h i s work s y s t e m and 

s e l e c t t h e i m p o r t a n t p h y s i c a l s k i l l s n e c e s s a r y f o r s u c c e s s i n t h i s 

p a r t i c u l a r j o b . From a r e v i e w of t h e l i t e r a t u r e and a p r i o r knowledge 

o f t h e work s y s t e m , t h e s u p e r v i s o r s c a n d e v i s e t e s t s t h a t w i l l m e a s u r e 

t h e p h y s i c a l s k i l l s w h i c h become t h e i n d e p e n d e n t v a r i a b l e s . The s u p e r ­

v i s o r s t h e n r a n k t h e w o r k e r s u s i n g e i t h e r t h e p a i r e d c o m p a r i s o n o r t h e 

f a c t o r me thod , d e p e n d i n g upon t h e number of w o r k e r s t o b e e v a l u a t e d . 

T h i s r a n k becomes t h e d e p e n d e n t v a r i a b l e . Wi th t h e d e p e n d e n t v a r i a b l e 

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

c a n be o b t a i n e d . T h i s t e c h n i q u e w i l l e n a b l e t h e s u p e r v i s o r s t o d e t e r m i n e 
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t h e i m p o r t a n t s k i l l s i n t h e work s y s t e m . By s u b s t i t u t i n g t h e w o r k e r ' s 

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

From a knowledge of t h e w o r k e r s , a minimum r a n k c a n b e s e l e c t e d t h a t 

s e p a r a t e s t h e i n e f f i c i e n t from t h e a v e r a g e and e f f i c i e n t w o r k e r s . By 

t h i s t e s t i n g p r o c e d u r e , a much improved method of s e l e c t i n g p e r s o n n e l 

f o r a j o b i s o b t a i n e d . T h i s f o r m u l a c a n a l s o be u s e d a s t h e b a s i s f o r 

a j ob e v a l u a t i o n p rog ram f o r t h e d r i l l p r e s s work s y s t e m . 

By t h e f o r e g o i n g p r o c e d u r e , t h e i m p o r t a n t f a c t o r s i n a l m o s t any 

work s y s t e m c a n be e v a l u a t e d . The d e p e n d e n t v a r i a b l e can be a p a i r e d 

c o m p a r i s o n o r f a c t o r r a n k i n g of t h e e m p l o y e e s , and t h e i n d e p e n d e n t 

v a r i a b l e s c a n b e t h e i m p o r t a n t p h y s i c a l o r m e n t a l s k i l l s and a b i l i t i e s 

r e q u i r e d f o r t h e j o b a s d e c i d e d by t h e j u d g e s . Wi th t h i s i n f o r m a t i o n 

and by a p p l y i n g t h e above p r o c e d u r e , a s i m p l i f i e d f o r m u l a can b e e s t a b ­

l i s h e d t o e v a l u a t e p r e s e n t and f u t u r e employees i n a l m o s t a n y w o r k 

s y s t e m . The r e s u l t i n g f o r m u l a can b e u s e d a s t h e b a s i s of a j o b e v a l u a ­

t i o n p r o g r a m . 
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CHAPTER I 

THE PROBLEM 

S t a t e m e n t of t h e Prob lem*—The p u r p o s e of t h i s t h e s i s i s t o d e v e l o p a 

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

work s y s t e m . T h i s s t u d y i s c l o s e l y r e l a t e d t o t h e e v a l u a t i o n of w o r k e r 

a b i l i t i e s r e q u i r e d by v a r i o u s j o b s f o r t h e p u r p o s e of j o b p l a c e m e n t , t h e 

d e t e r m i n a t i o n of j o b q u a l i f i c a t i o n s , and t h e d e s i g n of work s i t u a t i o n s 

t h a t w i l l b e s t u t i l i z e t h e a v a i l a b l e w o r k e r p o t e n t i a l . 

F o r t h e p u r p o s e of t h i s t h e s i s , a work sys t em was r e q u i r e d h a v i n g 

t h e f o l l o w i n g p r o p e r t i e s : 

(1 ) A s u f f i c i e n t number of i n d i v i d u a l s engaged i n t h e same 
a c t i v i t y . 

( 2 ) S e v e r a l q u a l i f i e d j u d g e s who c o u l d e v a l u a t e a l l of t h e 
i n d i v i d u a l s i n v o l v e d . 

(3) I d e n t i f i c a t i o n of m e a s u r a b l e p h y s i c a l s k i l l s w h i c h l e a d t o 
s u c c e s s i n t h e a c t i v i t y s t u d i e d . 

( 4 ) I d e n t i f i c a t i o n of s u i t a b l e e v a l u a t i n g f a c t o r s f o r m e a s u r i n g 
s u c c e s s . 

I m p o r t a n c e of t h e P r o b l e m . — T h e i n d u s t r i a l e n g i n e e r i s c o n f r o n t e d w i t h 

t h e p r o b l e m of s c h e d u l i n g raw m a t e r i a l t o t h e p r o d u c t i o n a r e a , f a b r i ­

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

p o i n t of d i s t r i b u t i o n . Dur ing t h e p r o c e s s of f a b r i c a t i o n , i t i s n e c e s ­

s a r y t o p l a n t h e b e s t , e a s i e s t , and c h e a p e s t methods of f o r m i n g t h e raw 

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

b u t a n even more d i f f i c u l t p r o b l e m i s t h a t of o b t a i n i n g t h e p e r s o n n e l 
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a d a p t e d t o u s e t h e s e m e t h o d s . At t h e p r e s e n t t i m e t h e b e s t p r o c e d u r e 

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

c e s s on t h e j o b and t h e n t o f i n d a w o r k e r h a v i n g t h o s e q u a l i t i e s . 

V a r i o u s t e s t s of a p s y c h o l o g i c a l and e n g i n e e r i n g n a t u r e have b e e n 

d e v i s e d t o s e l e c t t h e d e s i r e d p e r s o n n e l and have met w i t h v a r y i n g 

d e g r e e s of s u c c e s s . Some of t h e t e s t s , d e s i g n e d f o r a p a r t i c u l a r s i t u a ­

t i o n by q u a l i f i e d p e o p l e , have p r o v e d s u c c e s s f u l . 

C e r t a i n j o b s r e q u i r e a w o r k e r t o be n o t o n l y m e n t a l l y c a p a b l e b u t 

a l s o p h y s i c a l l y w e l l c o o r d i n a t e d . Very l i t t l e work h a s b e e n done on t h e 

e v a l u a t i o n of t h e p h y s i c a l q u a l i t i e s needed on a p a r t i c u l a r j o b , Maass 

( l ) showed t h a t pounds r e s i s t a n c e and l e n g t h of t i m e of a work c y c l e , 

b e t w e e n t h e r a n g e s of 4 , 1 3 pounds and 2 3 . 1 3 p o u n d s , w e r e l i n e a r l y 

r e l a t e d . S o l b e r g (2 ) found s i m i l a r r e s u l t s w i t h t h e same t y p e of e x p e r i ­

m e n t . Both of t h e s e e x p e r i m e n t s showed t h a t a s t h e j o b r e q u i r e d t h e 

w o r k e r t o move h e a v i e r o b j e c t s , he r e q u i r e d more t i m e t o do t h e j o b . 

The re h a s b e e n no s i m i l a r work pe r fo rmed t o f i n d t h e p h y s i c a l p r e r e q u i ­

s i t e s needed f o r t h e j o b . The p h y s i c a l p r e r e q u i s i t e s a r e u s u a l l y j u d g e d 

by t h e employ ing a g e n t by means of i n t u i t i v e r e a s o n i n g o r r u l e of thumb. 

Fo r t h e p u r p o s e s of t h i s t h e s i s , t h e G e o r g i a Tech f o o t b a l l p l a y e r s 

w e r e s e l e c t e d a s p r o v i d i n g t h e r e q u i r e d work s y s t e m a t t r i b u t e s . The re 

was a s u f f i c i e n t number of i n d i v i d u a l s engaged i n t h e same a c t i v i t y , 

and t h e f o o t b a l l c o a c h e s w e r e q u a l i f i e d j u d g e s , c o m p a r a b l e t o i n d u s t r i a l 

s u p e r v i s o r s , who c o u l d e v a l u a t e a l l of t h e i n d i v i d u a l s . M e a s u r a b l e 

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

we re i d e n t i f i e d . The c o o p e r a t i o n of a l l i n d i v i d u a l s i n v o l v e d was o b t a i n e d , 

and t h e work s y s t e m w a s , t h e r e f o r e , c o n v e n i e n t t o a n a l y z e . 
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CHAPTER I I 

LITERATURE SURVEY 

I n t r o d u c t i o n 

A t h l e t i c s i n g e n e r a l , and f o o t b a l l i n p a r t i c u l a r , a r e b i g b u s i ­

n e s s ; y e t nowhere a r e t h e e f f i o i e n t and e c o n o m i c a l p r i n c i p l e s of b i g 

b u s i n e s s so l a c k i n g and needed m o r e . Each y e a r c o l l e g e f o o t b a l l c o a c h e s 

p i c k from 40 t o 50 h i g h s c h o o l f o o t b a l l p l a y e r s f o r t h e i r c o l l e g e t eams 

and award them s c h o l a r s h i p s . The c o a c h e s p i c k t h e boys on t h e b a s i s of 

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

boys a c t u a l l y p l a y . The v a r i a b l e s , such a s t h e a c c u r a c y of t h e s c o u t i n g 

r e p o r t s and a l u m n i l e t t e r s and t h e q u a l i t y of c o m p e t i t i o n a g a i n s t w h i c h 

t h e boys a r e p l a y i n g , a r e se ldom c o n s i d e r e d s i g n i f i c a n t . On t h e b a s i s 

of t h i s c u r s o r y e x a m i n a t i o n , t h e c o a c h e s g i v e a f o o t b a l l p l a y e r a 

s c h o l a r s h i p w o r t h a p p r o x i m a t e l y $ 1 , 5 0 0 p e r y e a r ; and s i n c e t h e r e a r e 

a b o u t 80 boys on s c h o l a r s h i p e a c h y e a r a t G e o r g i a Tech , c o u n t i n g t h e 

f r e s h m e n , j u n i o r v a r s i t y , and v a r s i t y t e a m s , t h i s t o t a l s $120 ,000 e a c h 

y e a r . A n o t h e r p r o b l e m e x i s t i n g i s t h a t once t h e c o a c h has t h e b o y s , 

how d o e s he c h o o s e t h e b e s t men f o r h i s f i r s t t eam? An u n b i a s e d c o a c h , 

b e c a u s e of h i s busy s c h e d u l e , c a n somet imes o v e r l o o k a n o u t s t a n d i n g 

p l a y e r . I t i s f o r t h e s e r e a s o n s t h a t c o l l e g e c o a c h e s need some t y p e of 

s c i e n t i f i c t e s t i n g p rog ram t o a s s i s t them i n t h e i r s e l e c t i o n of p r e s e n t 

and f u t u r e f o o t b a l l p l a y e r s . 

A l l i n d e x e s of a n e n g i n e e r i n g , p s y c h o l o g i c a l , and p h y s i o l o g i c a l 

n a t u r e we re a n a l y z e d f o r m a t e r i a l p e r t a i n i n g t o t h e t e s t i n g of f o o t b a l l 
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p l a y e r s . The b u l k of t h e l i t e r a t u r e s u r v e y e d was p r o c u r e d a t t h e Emory 

P h y s i c a l E d u c a t i o n L i b r a r y . 

O p i n i o n s a b o u t F o o t b a l l T e s t i n g 

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

i n a g r e e m e n t a s t o t h e need f o r and t h e l a c k of t e s t s t o e v a l u a t e f o o t ­

b a l l p l a y e r s . S c o t t and F r e n c h (3) s a y : 

F o r some unknown r e a s o n l i t t l e work h a s b e e n done i n c o n s t r u c t i n g 
s k i l l t e s t s f o r f o o t b a l l . I t would seem t h a t f o o t b a l l s k i l l t e s t s 
c o u l d b e u s e d t o a d v a n t a g e i n m o t i v a t i n g e f f o r t a s w e l l a s i n 
s e r v i n g a s a p a r t i a l b a s i s f o r s e l e c t i o n of p l a y e r s , p a r t i c u l a r l y 
w h e r e c o a c h e s have l i t t l e p r e v i o u s knowledge of p l a y e r s 1 a b i l i t y . 

C l a r k (4) comments , " L i t t l e work h a s b e e n done i n c o n s t r u c t i n g t e s t s 

of f o o t b a l l a b i l i t y . " 

P a s t F o o t b a l l E x p e r i m e n t s 

G e n e r a l Touch F o o t b a l l T e s t i n g . — I n s u r v e y i n g t h e l i t e r a t u r e f o r t e s t i n g 

of f o o t b a l l p l a y e r s , v e r y l i t t l e was f o u n d . I n 1937 , B o r l e s k e (5) p r o ­

p o s e d a t e s t t o measu re t o u c h f o o t b a l l a b i l i t y . He c o n s u l t e d 46 e x p e r t s 

r e g a r d i n g e l e m e n t s t o be i n c l u d e d i n a t o u c h f o o t b a l l t e s t and a r r i v e d 

a t t h e f o l l o w i n g f i v e i t e m s : 

(1) Forward p a s s f o r d i s t a n c e . 

(2) C a t c h i n g f o r w a r d p a s s e s . 

( 3 ) P u n t i n g f o r d i s t a n c e . 

(4 ) A c e n t e r s n a p s t h e b a l l t o t h e p l a y e r f i v e y a r d s b e h i n d him 
who t h e n r u n s 50 y a r d s c a r r y i n g t h e b a l l . The w a t c h i s 
s t a r t e d when t h e b a l l i s snapped and s t o p p e d when he r u n s 
t h e 50 y a r d s . 

(5 ) Zone p a s s d e f e n s e . 
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About t h i s s t u d y , S c o t t and F r e n c h (6) s a i d : 

The B o r l e s k e s t u d y i s t h e o n l y s t u d y of t o u c h f o o t b a l l found i n t h e 
p h y s i c a l e d u c a t i o n l i t e r a t u r e . The s t u d y was made i n 1935 or 1936 
a n d , a s i s t y p i c a l o f t h e e a r l i e r s t u d i e s , no r e p o r t was made of t h e 
r e l i a b i l i t i e s . I n v iew of t h e v a l i d i t y ( c o r r e l a t i o n ) i t i s p r o b a b l y 
s a f e t o assume t h a t t h e r e l i a b i l i t i e s a r e s u f f i c i e n t l y h i g h t o be 
a c c e p t a b l e . 

Of c o u r s e , t o u c h and t a c k l e f o o t b a l l a r e v a s t l y d i f f e r e n t , b u t I b e l i e v e 

t h a t some of t h e same q u a l i t i e s t h a t make a good t o u c h f o o t b a l l p l a y e r 

would make a good t a c k l e f o o t b a l l p l a y e r , and v i c e - v e r s a . My m a i n 

c r i t i c i s m i s a b o u t i t e m 4 of t h e t e s t . The s t o p w a t c h i s s t a r t e d when 

t h e c e n t e r snaps t h e b a l l and e n d s when t h e r u n n e r c o m p l e t e s 50 y a r d s . 

T h i s n e c e s s a r i l y i n t r o d u c e s t h e r e a c t i o n t i m e of t h e t i m e r w h i c h l i m i t s 

t h e s t u d y . I f t h e c e n t e r g i v e s a s low o r f a s t s n a p , or a h i g h or low 

p a s s , i t w i l l a f f e c t t h e r u n n e r ' s s c o r e . I t h i n k t h e r e a r e t o o many 

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

I n 1 9 2 9 , The Amer ican P h y s i c a l E d u c a t i o n A s s o c i a t i o n (7) made a 

s t u d y on f o o t b a l l p l a y i n g s k i l l s u s i n g p a s s i n g f o r a c c u r a c y and d i s t a n c e , 

p u n t i n g f o r d i s t a n c e , d r o p k i c k i n g and k i c k o f f s f o r d i s t a n c e , and 

r e c e i v i n g and c a t c h i n g p a s s e s and k i c k s . They gave no f i g u r e s of t h e 

d e g r e e of c o r r e l a t i o n or r e l i a b i l i t y . 

G e n e r a l T a c k l e F o o t b a l l T e s t i n g . — I n my o p i n i o n , t h e b e s t s t u d y made on 

s e l e c t i n g f o o t b a l l p l a y e r s by t e s t s was p e r f o r m e d by Brace (8) a t t h e 

U n i v e r s i t y of Texas w i t h t h e c o o p e r a t i o n of Dana X. B i b l e , t h e head 

f o o t b a l l c o a c h . B r a c e ' s t e s t was composed of e i g h t i t e m s , a l l of w h i c h 

w e r e s i m i l a r t o a c t u a l game s i t u a t i o n s . The t e s t s w e r e : 

( l ) Forward p a s s f o r a c c u r a c y a t a t a r g e t . 
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(2) F i f t y - y a r d d a s h c a r r y i n g a f o o t b a l l . 

(3 ) Forward p a s s i n g f o r d i s t a n c e . 

(4) From a t h r e e - p o i n t s t a n c e be tween goa l p o s t s , p u l l o u t 
c h a r g i n g a round t h e g o a l p o s t and f i v e y a r d s down t h e 
f i e l d . Timed w i t h s t o p w a t c h . 

(5) B l o c k i n g . Running and k n o c k i n g down t h r e e dummies f i v e 
y a r d s a p a r t . Timed w i t h s t o p w a t c h . 

(6 ) P u n t i n g f o r d i s t a n c e . 

( 7 ) Dodge and r u n ( z i g - z a g r u n ) . 

( 8 ) C h a r g i n g . Dynamometer on b a c k a t t a c h e d t o goa l p o s t 
and c h a r g i n g o u t t o t e s t i n i t i a l power . 

T h i s t e s t was a d m i n i s t e r e d t o o v e r 60 boys who went o u t f o r f o o t ­

b a l l d u r i n g s p r i n g p r a c t i o e . The r e s u l t s of t h e s e t e s t s w e r e c o r r e ­

l a t e d a g a i n s t t h e number of q u a r t e r s p l a y e d i n c o l l e g e games , number of 

f o o t b a l l l e t t e r s won i n h i g h s c h o o l , number o f games p l a y e d i n h i g h 

s c h o o l , t h e p l a y e r s * a v e r a g e r a t i n g of e a c h p l a y e r , and t h e c o a c h e s ' 

a v e r a g e r a t i n g of e ach p l a y e r . The re was a s u b s t a n t i a l r e l a t i o n s h i p 

be tween t h e t e s t s and t h e p l a y e r s and c o a c h e s ' r a t i n g of t h e p l a y e r s . 

A l l b u t two of t h e t e s t s , p a s s i n g f o r a c c u r a c y and c h a r g i n g a g a i n s t a 

dynamometer , c o r r e l a t e d h i g h l y a g a i n s t t h e s e r a t i n g s ; 5 0 - y a r d d a s h , w i t h 

t h e p l a y e r c a r r y i n g a f o o t b a l l was t h e mos t s i g n i f i c a n t . The p l a y e r s ' 

and t h e c o a c h e s ' r a t i n g s c o r r e l a t e d h i g h l y . No c o r r e l a t i o n was found 

b e t w e e n t h e t e s t s c o r e s and q u a r t e r s p l a y e d i n p l a y e r s ' c o l l e g e or h i g h 

s c h o o l c a r e e r s . Out of t h e 22 boys p i c k e d by t h e c o a c h e s a s t h e i r f i r s t 

and second s t r i n g f o o t b a l l t e a m , 18 of t h e s e were i n t h e f i r s t 24 

r a n k e d by t h e t e s t s . S i n c e t h e s e t e s t s w e r e g i v e n i n s p r i n g p r a c t i c e , 

s i x months b e f o r e t h e f i r s t and second t eams w e r e p i c k e d i n t h e f a l l , 

I t h i n k t h e s e t e s t s show r e a l p r o m i s e a s a means of a s s i s t a n c e t o f o o t b a l l 
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c o a c h e s i n c h o o s i n g t h e i r p l a y e r s , p a r t i c u l a r l y where t h e c o a c h e s know 

l i t t l e a b o u t a p l a y e r ' s a b i l i t y . 

One weaknes s of t h e above t e s t s i s t h a t some of t h e p l a y e r s a r e 

j u d g e d on a b i l i t i e s wh ich t h e y do n o t n e e d f o r s u c c e s s a s a f o o t b a l l 

p l a y e r , such a s a l i n e s m a n b e i n g t e s t e d on h i s a b i l i t y t o t h r o w o r k i c k 

a f o o t b a l l . Some of t h e t e s t s m e a s u r e t h e same a b i l i t y , s u c h a s b l o c k ­

ing dummies and t h e z i g - z a g r u n . A n o t h e r w e a k n e s s i s t h a t i n u s i n g t h e 

s t o p w a t c h , t h e r e i s a s t a r t i n g and s t o p p i n g r e a c t i o n t i m e wh ich v a r i e s 

be tween i n d i v i d u a l s and w i t h i n a s i n g l e i n d i v i d u a l . G l a s s o n (9) 

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

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

w e a k n e s s i s t h a t t h e s e t e s t s were n o t s t u d i e d f o r r e l i a b i l i t y b u t w e r e 

assumed t o b e r e l i a b l e . They s h o u l d have b e e n p r o v e d r e l i a b l e . To 

o b t a i n r e l i a b i l i t y i n t e s t s , i t i s n e c e s s a r y t o a d m i n i s t e r t h e t e s t s 

s e v e r a l t i m e s and s c o r e them by m e c h a n i c a l means a s much a s p o s s i b l e . 

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

s u c c e s s . The r e s t of t h e m a t e r i a l s u r v e y e d was a b o u t v a r i o u s a s p e c t s 

of f a c t o r s a f f e c t i n g f o o t b a l l o r g e n e r a l a t h l e t i c s u c c e s s , b u t I f e e l 

t h a t some of t h e s e f a c t o r s we re o v e r l o o k e d i n t h e above s t u d i e s and may 

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

F o o t b a l l and Age .—Does age a f f e c t f o o t b a l l s u c c e s s ? The a g e s of c o l l e g e 

f o o t b a l l p l a y e r s a r e g e n e r a l l y from 18 y e a r s u p w a r d s . McCloy (10) 

r e p o r t e d t h a t age and a t h l e t i c a b i l i t y h a v e no c o r r e l a t i o n a f t e r t h e 

age 1 7 . Cozens ( l l ) s a i d t h a t age had no b e a r i n g upon g e n e r a l a t h l e t i c 

a b i l i t y t e s t s . He was t e s t i n g s u b j e c t s b e t w e e n t h e a g e s of 16 and 2 5 . 
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The s i g n i f i c a n c e of t h e s e s t u d i e s makes i t c l e a r t h a t t h e age o f f o o t b a l l 

p l a y e r s from 18 upward would n o t a f f e c t f o o t b a l l s u c c e s s . 

F o o t b a l l and I n t e l l i g e n c e . - - A r e i n t e l l i g e n c e and s c h o l a s t i c a c h i e v e m e n t 

v a l u a b l e q u a l i t i e s f o r a f o o t b a l l p l a y e r t o have? F o u r a r t i c l e s 

r e p o r t e d t h a t t h e a t h l e t e ' s s c h o l a s t i c r a t i n g i s comparab l e t o t h a t of 

t h e n o n - a t h l e t e ( 1 2 , 1 3 , 1 4 , 1 5 ) . Hartmann ( 1 6 ) , i n 1 9 3 0 , made a s t u d y 

of 140 s c h o o l s and r anked them a c c o r d i n g t o t h e number of games won and 

compared t h e number of s u p e r i o r s t u d e n t s and P h i Be t a Kappa men i n e a c h 

s c h o o l w i t h i t s s u c c e s s . He found a s m a l l p o s i t i v e c o r r e l a t i o n of 0 . 1 0 

b e t w e e n t h e s m a r t f o o t b a l l p l a y e r s and t h e w i n n i n g t e a m s , b u t he r e m a r k e d 

t h a t c l a s s r o o m d i s t i n c t i o n and g r i d i r o n p r o w e s s a r e n o t r emo te f a c t o r s . 

I n 1 9 3 4 , J o n e s (17) compared 100 a t h l e t e s and 448 n o n - a t h l e t e s f o r two 

y e a r s and found t h a t t h e low p o s i t i v e c o r r e l a t i o n of 0 . 0 3 f a v o r e d t h e 

a t h l e t e s a s b e t t e r s t u d e n t s . A l t h o u g h no f i g u r e s a r e g i v e n , Hacken-

s m i t h (18) r e p o r t s t h a t f r e shmen p a r t i c i p a n t s i n i n t e r m u r a l a t h l e t i c s 

we re n o t s i g n i f i c a n t l y d i f f e r e n t s c h o l a s t i c a l l y from n o n - p a r t i c i p a n t s ; 

sophomore a t h l e t e s r a n k e d s l i g h t l y h i g h e r t h a n n o n - a t h l e t e s ; and j u n i o r 

and s e n i o r a t h l e t e s showed d e f i n i t e l y h i g h e r academic g r a d e s t h a n t h e 

n o n - a t h l e t e s . None of t h e s e s t u d i e s shows a n y t h i n g s i g n i f i c a n t a b o u t 

t h e r e l a t i o n s h i p of i n t e l l i g e n c e o r academic a c h i e v e m e n t w i t h f o o t b a l l 

s u c c e s s . 

From 1951 t h r o u g h 1954 , i t was my p r i v i l e g e t o p l a y on a f o o t b a l l 

t e a m a t G e o r g i a Tech wh ich won one n a t i o n a l c h a m p i o n s h i p , two c o n f e r e n c e 

c h a m p i o n s h i p s , and p l a y e d i n f o u r c o n s e c u t i v e Bowl games. D ur ing t h a t 

t i m e , t h e f o o t b a l l team had a h i g h e r s c h o l a s t i c a v e r a g e t h a n t h e a v e r a g e 
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f o r t h e s c h o o l . A l s o , t h e r e were s i x o r s e v e n members of t h e t e am on t h e 

D e a n ' s L i s t e a c h y e a r . (The D e a n ' s L i s t i s composed of a b o u t t h e u p p e r 

o n e - e i g h t h of t h e s t u d e n t b o d y . A s t u d e n t mus t have an o v e r a l l a v e r a g e 

of 3 . 0 , w i t h 4 . 0 b e i n g p e r f e c t , t o q u a l i f y f o r t h e D e a n ' s L i s t . ) I n 

1954 , t h e t o p s e n i o r s i n t h e I n d u s t r i a l E n g i n e e r i n g Depar tmen t and t h e 

I n d u s t r i a l Management Depar tmen t we re v a r s i t y f o o t b a l l p l a y e r s . On t h e 

b a s i s of t h i s , I b e l i e v e t h a t i n t e l l i g e n c e and s u c c e s s f u l f o o t b a l l p l a y ­

ing a r e r e l a t e d s i g n i f i c a n t l y . 

F o o t b a l l and P o w e r . — C l e v e t t (19) d e v i s e d two u n i q u e m a c h i n e s t o t e s t 

f o o t b a l l p l a y e r s ' p o w e r . The f i r s t was a form of s l e d t h a t was p u s h e d 

a c e r t a i n d i s t a n c e . The amount of f o r c e n e c e s s a r y t o p u s h t h e s l e d was 

known and a l s o t h e t i m e and d i s t a n c e . Horsepower was computed a s f o r c e 

t i m e s d i s t a n c e , d i v i d e d by 550 t i m e s t h e n e c e s s a r y t i m e . The second 

was a c h a r g i n g mach ine e q u i p p e d w i t h a dynamometer . From a t h r e e - p o i n t 

s t a n c e t h e f o o t b a l l p l a y e r would l u n g e a t t h e c h a r g i n g m a c h i n e , and h i s 

f o r c e would be r e c o r d e d . N o t h i n g o f i m p o r t a n c e was done w i t h t h e d a t a 

o b t a i n e d . 

F o o t b a l l and R e a c t i o n . — M i l e s and Graves (20) b e l i e v e d t h a t r e a c t i o n 

was t h e k e y f a c t o r i n f o o t b a l l s u c c e s s . The f o o t b a l l p l a y e r assumed a 

t h r e e - p o i n t s t a n c e , and a l e v e r was p l a c e d a g a i n s t h i s h e a d . At t h e 

s i g n a l , " H i k e , " t h e t i m e r was s t a r t e d and t h e p l a y e r , c h a r g i n g o u t , 

moved t h e l e v e r w h i c h s t o p p e d t h e t i m e r , g i v i n g t h e r e a c t i o n t i m e . 

F i f t y - f i v e p l a y e r s were t e s t e d i n t h i s manner , and o u t of t h e f i r s t 11 

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

t h a n t h e mean. Some r e l a t i o n s h i p was f o u n d be tween w e i g h t and r e a c t i o n 

t i m e , b u t h e i g h t was found t o have no c o r r e l a t i o n . 
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F o o t b a l l and S t r e n g t h , - - R o g e r s ( 2 l ) , who p r o b a b l y h a s done more e x p e r i ­

m e n t a t i o n w i t h s t r e n g t h measurement (he o r i g i n a t e d t h e P h y s i c a l C a p a c i t y 

T e s t and t h e P h y s i c a l F i t n e s s I n d e x ) t h a n any man l i v i n g , s a i d , " F o o t b a l l 

p l a y e r s have a h i g h e r s t r e n g t h i n d e x t h a n members of o t h e r s p o r t s and 

n o n - p a r t i c i p a n t s , " 

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

g e n e r a l a t h l e t i c s u c c e s s a v a i l a b l e i n t h e G e o r g i a Tech and Emory L i b r a ­

r i e s . One of t h e marked d i s c r e p a n c i e s i n t h e a f o r e m e n t i o n e d s t u d i e s was 

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

R e l a t e d E x p e r i m e n t s 

Motor A b i l i t y T e s t i n g , — M i l e s and Graves (22) assumed t h a t i n o r d e r t o 

measu re t h e f o o t b a l l p l a y e r s 1 a c t u a l r e a c t i o n t i m e , i t would be b e t t e r 

t o p a t t e r n t h e t e s t a f t e r a n a c t u a l game c o n d i t i o n . They b e l i e v e d t h a t 

s i m p l e r e a c t i o n t i m e , s u c h a s a b i l i t y t o l i f t a f i n g e r o f f of a s w i t c h 

t o an a u d i b l e o r v i s u a l r e s p o n s e , d i d n o t c o r r e l a t e w i t h t h e a b i l i t y t o 

move t h e e n t i r e b o d y . T h i s was s u b s t a n t i a t e d by Nakamura (23) when he 

showed t h a t , i n t r a c k , t h e r e a c t i o n t i m e of t h e i n d i v i d u a l l e a v i n g t h e 

s t a r t i n g b l o c k was more s i g n i f i c a n t t o p r e d i c t i n g a t h l e t i c s u c c e s s t h a n 

was t h e s i m p l e r e a c t i o n t i m e o b t a i n e d by l i f t i n g a f i n g e r . A c c o r d i n g 

t o S e a s h o r e ( 2 4 ) , no o v e r a l l o r " g e n e r a l " p o s i t i v e dependence o r i n t e r -

c o r r e l a t i o n of f i n e motor a b i l i t y and g r o s s moto r a b i l i t y h a s b e e n f o u n d . 

I n s u r v e y i n g t h e p s y c h o l o g i c a l l i t e r a t u r e , I found t h a t most s t u d i e s 

w e r e of f i n e moto r a b i l i t y r a t h e r t h a n a c o m b i n a t i o n o r g r o s s m o t o r 

a b i l i t y . F o r t h i s r e a s o n , I b e l i e v e t h e p r e s e n t e x i s t i n g p s y c h o l o g i c a l 

t e s t s a r e n o t v a l i d f o r t h i s s t u d y . No more m e n t i o n w i l l be made of 

p s y c h o l o g i c a l t e s t i n g . 
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G e n e r a l A t h l e t i c T e s t i n g . — A p o s i t i v e r e l a t i o n s h i p b e t w e e n a b i l i t y t o 

move, s p e e d , and a t h l e t i c s u c c e s s was found by K e l l e r ( 2 5 ) . He s t a t e s 

t h a t f o o t b a l l r e q u i r e d f a s t e r r e a c t i o n and s p e e d t h a n mos t s p o r t s . 

I n 1927 Brace (26) showed t h a t a t h l e t e s had h i g h e r s c o r e s on 

m o t o r a b i l i t y t e s t s t h a n n o n - a t h l e t e s . 

McCloy (27) p o i n t e d o u t many r e q u i r e m e n t s f o r g e n e r a l a t h l e t i c s 

t h a t I b e l i e v e a r e a p p l i c a b l e t o f o o t b a l l . A l l a t h l e t e s mus t p a s s a 

minimum p h y s i c a l h e a l t h e x a m i n a t i o n . H e i g h t and w e i g h t a r e n o t s i g n i f i ­

c a n t e x c e p t a t maximum and minimum p o i n t s ( 2 8 ) . H e a r t c o n d i t i o n , p u l s e 

r a t e , and b l o o d f low a r e i m p o r t a n t , b u t n o t h i n g i s s p e c i f i c a l l y known 

t h a t w i l l p r e d i c t a t h l e t i c s u c c e s s ( 2 9 ) . 

P o w e r . - - T h e S a r g e n t Jump, c o n s i s t i n g of a n a p p a r a t u s t h a t m e a s u r e s t h e 

d i s t a n c e a p e r s o n c a n move h i s h e a d v e r t i c a l l y by jumping upward from 

a s t a n d i n g p o s i t i o n , i s p r o b a b l y t h e b e s t r e c o g n i z e d t e s t f o r power . 

Van D a l e n (30) s t u d i e d t h e S a r g e n t Jump and found i t t o be a v a l i d and 

r e l i a b l e m e a s u r e a s w e l l a s a v a l u a b l e a i d i n d e m o n s t r a t i n g power . I n 

M c C l o y 1 s ( 3 l ) o p i n i o n , t h e S a r g e n t Jump i s t h e b e s t measu re of power 

a v a i l a b l e . A l s o , i t i s e a s y t o a d m i n i s t e r . I n s t u d y i n g t h e S a r g e n t 

Jump, he c o r r e l a t e d i t w i t h f o u r t r a c k e v e n t s , name ly : 1 0 0 - y a r d d a s h , 

r u n n i n g h i g h jump, s t a n d i n g b r o a d jump, and t h e s h o t p u t t . As a r e s u l t , 

t h e y we re found t o have a s t r o n g p o s i t i v e c o r r e l a t i o n . I b e l i e v e t h i s 

t e s t would be a p p l i c a b l e t o f o o t b a l l p l a y e r s . 

S t r e n g t h . - - P h y s i c a l s t r e n g t h s h o u l d be a f a c t o r i n p r e d i c t i n g f o o t b a l l 

s u c c e s s . Wieneke ( 3 2 ) , by dynamometer t e s t i n g of r i g h t and l e f t hand 

g r i p s t r e n g t h and b a c k and l e g s t r e n g t h , found t h a t 98 ou t of 100 
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a t h l e t e s s c o r e b e t t e r t h a n n o n - a t h l e t e s . H i s s t u d y of l u n g c a p a c i t y 

showed t h a t 63 o u t of 100 a t h l e t e s had more c a p a c i t y t h a n n o n - a t h l e t e s . 

L a r s o n (33) found t h a t dynamic s t r e n g t h t e s t s , s u c h a s c h i n s , 

d i p s , v e r t i c a l l e a p s , e t c . , were t h r e e t i m e s more s i g n i f i c a n t i n p i c k i n g 

a t h l e t e s t h a n t h e s t a t i c s t r e n g t h t e s t s u s i n g a fo rm of dynamometer . 

I t was d e m o n s t r a t e d i n 1934 by McCloy (34) t h a t arm and s h o u l d e r 

m u s c l e s w e r e more i m p o r t a n t i n p r e d i c t i n g a t h l e t i c a b i l i t y t h a n back 

and l e g m u s c l e s . He g e n e r a l i z e d t h i s i n s a y i n g t h a t t h e no rma l i n d i v i d u a l 

b u i l d s up h i s back and l e g m u s c l e s i n e v e r y d a y a c t i v i t y , so t h e d i f f e r e n c e 

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

R e l i a b i l i t y 

R e l i a b i l i t y i s s i m p l y how r e p r o d u c i b l e a r e t h e r e s u l t s o b t a i n e d 

by t h e u s e of a c e r t a i n t e s t . I n e x p e r i m e n t s w i t h i n a n i m a t e o b j e c t s , 

i t i s u s u a l l y p o s s i b l e t o p r o d u c e t h e same r e s u l t s e v e r y t i m e t h e 

e x p e r i m e n t i s r u n . However, t h i s i s n o t t h e c a s e when t e s t i n g p e o p l e . 

The r a n k o r d e r c o r r e l a t i o n b e t w e e n t h e r e s u l t s of t h e i n i t i a l t e s t and 

t h e r e s u l t s of a l a t e r i d e n t i c a l t e s t , u s i n g t h e same s u b j e c t s , i s 

c a l l e d t h e r e l i a b i l i t y of t h e t e s t . 

A c c o r d i n g t o G a r r e t t ( 3 5 ) , t o be a r e l i a b l e measu re of c a p a c i t y , 

a m e n t a l o r p h y s i c a l t e s t s h o u l d — g e n e r a l l y s p e a k i n g - - h a v e a minimum 

r e l i a b i l i t y c o e f f i c i e n t of a t l e a s t 0 . 8 0 . 

Brophy ( 3 6 ) , s t u d y i n g t h e b a s e b a l l t h r o w , and Locke ( 3 7 ) , s t u d y ­

i n g v o l l e y b a l l s k i l l , showed t h a t w i t h a n i n c r e a s e d number of t r i a l s 

t h e i n d i v i d u a l ' s r e l i a b i l i t y i n c r e a s e d . 

I f r e l i a b l e p h y s i c a l measurement t e s t s c o u l d be found w h i c h would 

p r e d i c t a s u c c e s s f u l f o o t b a l l p l a y e r , what would b e u s e d t o v e r i f y t h e 
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r e s u l t s ? I t was found t h a t r a t i n g s of t e am members by c o a c h e s were 

c o r r e l a t e d w i t h r a t i n g s s u b m i t t e d by 73 s t u d e n t s , g i v i n g a r a n k o r d e r 

c o r r e l a t i o n c o e f f i c i e n t of 0 . 8 0 . The i n t e r - c o r r e l a t i o n s of t h e c o a c h e s ' 

r a t i n g s a v e r a g e d 0 . 9 0 . McCloy (38) p o i n t e d o u t t h a t t h i s p r o c e d u r e 

( s u b j e c t i v e r a t i n g s ) i s q u i t e j u s t i f i a b l e , d e s p i t e t h e c r i t i c i s m s , and 

may b e u s e d when no o b j e c t i v e measurement i s a v a i l a b l e . B i x l e r (39) 

s t a t e s , " I f human c h a r a c t e r i s t i c s a r e t o be r a t e d , t h e r e s e a r c h w o r k e r , 

i n o r d e r t o assume f a i r r e l i a b i l i t y , mus t o b t a i n a t l e a s t t h r e e i n d e p e n ­

d e n t r a t i n g s on an o b j e c t i v e s c a l e by p e r s o n s t h o r o u g h l y a c q u a i n t e d 

w i t h t h e p e r s o n r a t e d . " Thus , a r a t i n g of f o o t b a l l t e am members b y 

t h r e e c o a c h e s would be j u s t i f i e d a s a means of e v a l u a t i n g t h e p h y s i c a l 

s k i l l s of t h e p l a y e r s . 
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CHAPTER I I I 

PROCEDURE 

I n t r o d u c t i o n 

The s u b j e c t s f o r t h i s s t u d y w e r e members of t h e 1954 G e o r g i a 

Tech v a r s i t y and j u n i o r v a r s i t y f o o t b a l l t e a m s . The j u d g e s we re t h e 

G e o r g i a Tech f o o t b a l l c o a c h e s who knew a l l t h e s u b j e c t s t o be e v a l u a t e d . 

The f o o t b a l l c o a c h e s have b e e n g i v e n code l e t t e r s , and t h e f o o t b a l l 

p l a y e r s code number s , t o a v o i d a n y r e f e r e n c e t o a p a r t i c u l a r i n d i v i d u a l . 

H e r e a f t e r , i n t h i s t h e s i s , t h e f o o t b a l l p l a y e r s w i l l be d e s i g n a t e d a s 

s u b j e c t s and t h e c o a c h e s a s j u d g e s . 

I n t h i s t h e s i s , t h e d e p e n d e n t v a r i a b l e i s t h e j u d g e s 1 e v a l u a t i o n 

of t h e s u b j e c t s . T h i s i s t h e measu re of t h e s u b j e c t s 1 s u c c e s s i n t h e 

work s y s t e m . The i n d e p e n d e n t v a r i a b l e s a r e t h e measu red p h y s i c a l 

s k i l l s of t h e s u b j e c t s . These v a r i a b l e s were s t u d i e d t o d e t e r m i n e what 

r e l a t i o n s h i p s e x i s t w h i c h would make i t p o s s i b l e t o p r e d i c t t h e s u c c e s s 

of an i n d i v i d u a l i n t h e work s y s t e m . 

Dependen t V a r i a b l e 

I n t r o d u c t i o n 

The j u d g e s b e l i e v e d t h a t t h e r e we re t o o many d i f f e r e n c e s i n t h e 

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

t e a m be d i v i d e d i n t o t h r e e g r o u p s : b a c k s , e n d s , and l i n e m e n . The 

j u d g e s b e l i e v e d t h a t t h e r e were more d i f f e r e n c e s b e t w e e n g r o u p s t h a n 
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t h e r e w e r e w i t h i n t h e s e p a r a t e g r o u p s and were j u s t i f i e d i n t h e i r g r o u p ­

i n g of s u b j e c t s . T h i s was d o n e , and h e r e a f t e r i n t h i s t h e s i s , t h e b a c k s , 

e n d s , and l i n e m e n w i l l be d e s i g n a t e d a s Group I , I I , and I I I , r e s p e c t i v e l y . 

The re we re t h r e e j u d g e s t o e v a l u a t e e a c h of t h e t h r e e g r o u p s . There 

were 1 8 , 1 2 , and 25 s u b j e c t s i n Groups I , I I , and I I I , r e s p e c t i v e l y . 

The s u b j e c t s i n e a c h group we re l i s t e d a l p h a b e t i c a l l y and a s s i g n e d a 

number . These s u b j e c t numbers w e r e r a n d o m i z e d , u s i n g a t a b l e of random 

n u m b e r s , and t h e s u b j e c t s 1 names we re l i s t e d on t h e r a t i n g s h e e t s i n t h e 

o r d e r of t h e s e random n u m b e r s . Samples of t h e r a t i n g s h e e t s u s e d i n 

o b t a i n i n g t h e p a i r e d c o m p a r i s o n and t h e f a c t o r r a t i n g a r e g i v e n i n 

T a b l e s 10 and 11 of t h e A p p e n d i x . 

P a i r e d Compar i son R a n k i n g 

Us ing t h i s me thod , e a c h s u b j e c t was p a i r e d w i t h e a c h o t h e r s u b ­

j e c t , and t h e j u d g e was r e q u i r e d t o d e c i d e w h i c h s u b j e c t o f t h e two was 

t h e b e s t . The j u d g e s w e r e t o l d t o make t h e i r d e c i s i o n s on t h e b a s i s of 

t h e i r o p i n i o n of t h e s u b j e c t ' s p h y s i c a l a b i l i t y . Such f a c t o r s a s d e t e r ­

m i n a t i o n and e x p e r i e n c e were n o t t o be c o n s i d e r e d . The b a s i s was chosen 

so t h a t a l l s u b j e c t s i n t h e s t u d y would be on an e q u a l b a s i s . The 

s u b j e c t who was p i c k e d a s " b e s t " most f r e q u e n t l y was g i v e n t h e r a n k of 

" o n e " and t h e s u b j e c t who was p i c k e d " b e s t " l e a s t f r e q u e n t l y was g i v e n 

t h e l o w e s t r a n k . The o t h e r s u b j e c t s f i t t e d i n t o t h e r a n k s from f i r s t 

t o l a s t a c c o r d i n g l y . The p a i r e d c o m p a r i s o n method of r a n k i n g i s c o n ­

s i d e r e d t h e b e s t by many a u t h o r i t i e s , b e c a u s e e a c h s u b j e c t i s compared 

w i t h e a c h o t h e r s u b j e c t and o n l y s imp le d e c i s i o n s a r e r e q u i r e d ( 4 0 ) , 

However , when t h e number of s u b j e c t s i s more t h a n 2 0 , t h i s method becomes 
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i n c r e a s i n g l y cumbersome and t i m e consuming b e c a u s e of t h e l a r g e number 

of j u d g m e n t s r e q u i r e d . 

The t h r e e j u d g e s ' r a n k s a s s i g n e d t o e a c h s u b j e c t i n t h i s s t u d y 

we re a v e r a g e d t o g i v e t h e s u b j e c t ' s s c o r e . S i n c e t h e r e w e r e no t i e s , a 

f i n a l r a n k was a s s i g n e d on t h e b a s i s of t h e s e a v e r a g e s c o r e s . 

F a c t o r Ranking 

I n t h i s me thod , t h e j u d g e s a n a l y z e d t h e work s y s t e m a s t o t h e 

f a c t o r s composing i t , and t h e s e f a c t o r s were r a t e d , i n t u r n , by t h e 

j u d g e s a c c o r d i n g t o t h e i r r e l a t i v e i m p o r t a n c e . By p r o p e r w e i g h i n g of 

t h e f a c t o r s c o r e s a s shown b e l o w , a t o t a l s c o r e f o r each i n d i v i d u a l c a n 

be o b t a i n e d wh ich can be c o n v e r t e d i n t o a s u b j e c t r a n k . 

k 
T o t a l S c o r e * W - S * 

i = l 1 1 

t h 
Where W i

 = r e l a t i v e w e i g h t a s s i g n e d t o t h e i f a c t o r 
t h 

S_j * s u b j e c t ' s s c o r e on t h e i f a c t o r 

k = t o t a l number of f a c t o r s s t u d i e d 

T h i s f a c t o r r a n k i n g i s c o n s i d e r e d t o be a s i m p l i f i e d a l t e r n a t e p l a n t o 

be u s e d when t h e g roup of w o r k e r s t o be r a n k e d i s l a r g e . The f a c t o r 

method c o u l d be t h e b a s i s of a j o b e v a l u a t i o n p r o g r a m . A n o t h e r a d v a n ­

t a g e of t h e f a c t o r r a n k i n g method i s t h a t i f t h e f a c t o r s a r e s p e c i f i ­

c a l l y d e f i n e d , s u b j e c t s f rom d i f f e r e n t p a r t s of t h e c o u n t r y c a n be 

e v a l u a t e d by t h i s me thod , and t h e i r t e s t r e s u l t s can be compared t o 

t h e i r s u c c e s s i n t h e work s y s t e m . T h i s would be i m p o s s i b l e u s i n g t h e 

p a i r e d c o m p a r i s o n method of e v a l u a t i o n , w h i c h r e q u i r e s a j u d g e t o know 

and t o be a b l e t o e v a l u a t e a l l t h e s u b j e c t s . 



17 

The s u b j e c t s we re r a t e d on t h e f a c t o r s o f m e n t a l i t y , s p e e d , a n d 

l a t e r a l r e a c t i o n on a s c a l e r a n g i n g from one ( p o o r ) t o f i v e ( e x c e l l e n t ) . 

The j u d g e s a l l a g r e e d on t h e t h r e e f a c t o r s u s e d and f e l t t h a t t h e y were 

t h e o n l y ones t h a t c o u l d be u s e d o b j e c t i v e l y f o r e v a l u a t i o n p u r p o s e s . 

They b e l i e v e d t h a t t h e f a c t o r s were e q u a l i n i m p o r t a n c e and shou ld have 

e q u a l w e i g h t . Thus , a l l of t h e W^'s i n t h e f o r e g o i n g e q u a t i o n were 

a s s i g n e d a v a l u e of o n e . The t h r e e s c o r e s g i v e n t h e s u b j e c t by t h e 

j u d g e s w e r e summed, and a t o t a l s c o r e was o b t a i n e d . T h i s t o t a l s c o r e 

was u s e d t o d e t e r m i n e t h e r a n k of t h e s u b j e c t . T h e r e were s e v e r a l s u b ­

j e c t s who had t h e same s c o r e . These were a s s i g n e d a n e q u a l r a n k o b t a i n e d 

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

r e m a i n i n g s u b j e c t s , and a v e r a g i n g t h e i r r e s p e c t i v e r a n k s . 

I n d e p e n d e n t V a r i a b l e s 

I n t r o d u c t i o n 

From t h e l i t e r a t u r e s u r v e y and i n q u i r i e s made of e x p e r t s of t h e 

work s y s t e m , t h e p h y s i c a l a t t r i b u t e s w h i c h w e r e s u g g e s t e d a s n e c e s s a r y 

f o r s u c c e s s i n t h i s p a r t i c u l a r work s y s t e m were s t r e n g t h , p o w e r , s p e e d , 

and r e a c t i o n , a l o n g w i t h i n t e l l i g e n c e . A c h i n n i n g t e s t and a d i p p i n g 

t e s t w e r e u s e d t o measu re s t r e n g t h , and t h e v e r t i c a l jump t e s t was u sed 

t o measu re power . These t e s t s have p r o v e d v a l i d and r e l i a b l e i n o t h e r 

e x p e r i m e n t s ( 4 1 , 4 2 , 4 3 ) . S i n c e t h e r e we re no s a t i s f a c t o r y t e s t s on 

r e c o r d f o r m e a s u r i n g t h e p a r t i c u l a r speed and r e a c t i o n s k i l l s , t h e 

e x p e r i m e n t e r d e v i s e d s p e c i a l t e s t s t o measu re t h e s e p h y s i c a l s k i l l s . 

I n a d d i t i o n t o t h e above t e s t s , t h e r a n k o b t a i n e d f rom t h e Amer ican 

C o u n c i l of E d u c a t i o n p l a c e m e n t t e s t g i v e n t o a l l f r e s h m e n was p r o c u r e d 
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from t h e a d m i n i s t r a t i o n r e c o r d s and was c o n s i d e r e d t h e measure of i n t e l ­

l i g e n c e . 

Thus , d a t a was o b t a i n e d from each s u b j e c t on t h e f o l l o w i n g t e s t s : 

(1) Ch inn ing T e s t 

(2) D i p p i n g T e s t 

(3 ) V e r t i c a l Jump T e s t 

(4) Speed T e s t 

(5 ) R e a c t i o n T e s t 

(6 ) ACE P l a c e m e n t T e s t 

Each s u b j e c t c o m p l e t e d t h e o h i n n i n g , d i p p i n g , and v e r t i c a l jump 

t e s t s t h e same d a y he s t a r t e d t hem. The o r d e r of c h i n n i n g f i r s t , d i p p i n g 

s e c o n d , and v e r t i c a l jump l a s t , was a p p l i e d t o a l l s u b j e c t s w i t h a t 

l e a s t f i v e m i n u t e s e l a p s i n g be tween t e s t s f o r p h y s i c a l r e c o v e r y . A l l 

t e s t s , w i t h t h e e x c e p t i o n o f t h e i n t e l l i g e n c e t e s t , we re g i v e n i n t h e 

G e o r g i a Tech gymnasium. The f o l l o w i n g i s an e x p l a n a t i o n of t h e methods 

and equ ipmen t u s e d i n t h e t e s t s m e n t i o n e d . 

C h i n n i n g T e s t 

Equ ipmen t .—A s t e e l b a r 1 l / 2 i n c h e s i n d i a m e t e r was u s e d f o r t h e c h i n ­

n i n g b a r . The c h i n n i n g b a r must b e h o r i z o n t a l and f i r m l y s u p p o r t e d , and 

i t s h o u l d be a t s u c h a h e i g h t t h a t t h e s u b j e c t mus t jump from t h e f l o o r 

b e n e a t h t h e b a r t o r e a c h i t . When he h a s g r a s p e d t h e b a r a t a r m ' s 

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

f e e t above t h e f l o o r was u s e d . 

M e t h o d . - - C h i n n i n g began w i t h t h e s u b j e c t g r a s p i n g t h e b a r w i t h h i s h a n d s , 

pa lms t o w a r d t h e body , body b e n e a t h t h e b a r s and e x t e n d e d a t a r m ' s l e n g t h . 
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The f i r s t p a r t of a c h i n i s l i f t i n g t h e body upward u n t i l t h e s u b j e c t ' s 

c h i n i s o v e r t h e b a r . The second p a r t of a c h i n i s l o w e r i n g t h e body t o 

i t s o r i g i n a l p o s i t i o n . I n t h e f i r s t p a r t , no s w i n g i n g or k i c k i n g a c t i o n 

was a l l o w e d , and any swing was e l i m i n a t e d by t h e e x p e r i m e n t e r i n t h e 

s econd p a r t of t h e c h i n . At t h e b e g i n n i n g of e a c h c h i n , t h e r e was p a u s e 

t o p r e v e n t whip a c t i o n o f t h e b a r . No p a u s e o v e r two s e c o n d s was a l l o w e d . 

A c c o m p l i s h i n g one c o m p l e t e c y c l e i s c a l l e d "one c h i n " and c o n s i s t s of p a r t s 

one and two and a s h o r t p a u s e . On t h e l a s t t r y , when t h e s u b j e c t was 

o 

t i r e d , i f he c o u l d r a i s e h i s body u n t i l t h e a n g l e a t h i s e lbow was 90 , 

i t was c o n s i d e r e d h a l f of a c h i n . T h i s was a l l o w e d o n l y on t h e l a s t c h i n . 

Two h a l f c h i n s d i d n o t make a who le c h i n . 

I n s t r u c t i o n . — T h e method of c h i n n i n g was e x p l a i n e d and d e m o n s t r a t e d , and 

any q u e s t i o n s t h a t t h e s u b j e c t s had were a n s w e r e d . The s u b j e c t s w e r e 

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

s t o p p e d t h e m . 

C l o t h i n g . — T h e s u b j e c t s 1 o n l y c l o t h i n g c o n s i s t e d of a t h l e t i c s h o r t s . 

D i p p i n g T e s t 

E q u i p m e n t . — S t a n d a r d p a r a l l e l b a r s w e r e u s e d w i t h 18 i n c h e s b e t w e e n 

c e n t e r s ; t h e y were p a r a l l e l t o t h e f l o o r and t o e a c h o t h e r . 

M e t h o d . - - T h e s u b j e c t ' s b e g i n n i n g p o s i t i o n c o n s i s t e d of h i s hands g r a s p ­

i n g e a c h b a r a t t h e end w i t h h i s a rms above and p e r p e n d i c u l a r t o t h e 

b a r s . Dips we re done i n two p a r t s : 

( l ) Lower ing t h e body a s f a r a s p o s s i b l e u n t i l t h e a n g l e 
a t t h e e lbow was 90° 
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(2) R a i s i n g t h e body t o t h e s t a r t i n g p o s i t i o n . 

The s u b j e c t was n o t a l l o w e d t o p a u s e more t h a n two s e c o n d s a t t h e b e g i n ­

n i n g of e i t h e r p h a s e one o r t w o . 

I n s t r u c t i o n . — T h e method of d i p p i n g was e x p l a i n e d and d e m o n s t r a t e d , and 

any q u e s t i o n s t h a t t h e s u b j e c t s had w e r e a n s w e r e d . The s u b j e c t s w e r e 

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

s t o p p e d t h e m . 

C l o t h i n g . — T h e s u b j e c t s ' o n l y c l o t h i n g c o n s i s t e d of a t h l e t i c s h o r t s . 

V e r t i c a l Jump T e s t 

E q u i p m e n t . — A b o a r d 2 f e e t x 6 f e e t was u s e d f o r t h e v e r t i c a l jump t e s t . 

The b o a r d was p l a c e d w i t h one of t h e s h o r t edges a t f i v e f e e t and t h e 

o t h e r a t e l e v e n f e e t w i t h b o t h e d g e s above and p a r a l l e l t o t h e f l o o r . 

The b o a r d was marked i n i n c h e s from f i v e f e e t t o e l e v e n f e e t , w i t h l i n e s 

p a r a l l e l t o t h e f l o o r w h i c h e x t e n d e d t h e w i d t h of t h e b o a r d . An i l l u s ­

t r a t i o n of t h e v e r t i c a l jump s e t u p a p p e a r s i n F i g u r e 1 . 

M e t h o d . — T h e s u b j e c t f a c e d t h e v e r t i c a l b o a r d and e x t e n d e d h i s arms a s 

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

f a c e d 90° f rom t h e b o a r d l e f t o r r i g h t ( d e p e n d i n g on w h e t h e r he was 

l e f t o r r i g h t h a n d e d ) . He t h e n made a v e r t i c a l l e a p i n a n y manner he 

p r e f e r r e d and t o u c h e d t h e b o a r d a t t h e t o p of h i s jump. However, t h e 

s u b j e c t was n o t a l l o w e d t o u s e a r u n n i n g s t a r t . I f t h e s u b j e c t ' s 

i n i t i a l mark o r h i s jump mark we re b e t w e e n i n c h m a r k s , t h e l i n e above 

was t a k e n a s t h e h e i g h t . The s u b j e c t was a l l o w e d t h r e e jumps u n l e s s h e 

was improv ing w i t h h i s t h i r d jump, i n w h i c h c a s e he was a l l o w e d t o jump 
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u n t i l he f a i l e d t o i n c r e a s e h i s jump. The b e s t l e a p was t a k e n a s t h e 

t e s t r e s u l t . 

I n s t r u c t i o n . — T h e method of t h e v e r t i c a l jump was e x p l a i n e d and demon­

s t r a t e d , and any q u e s t i o n s t h a t t h e s u b j e c t s had w e r e a n s w e r e d . 

C l o t h i n g . - - T h e s u b j e c t s w e r e c l o t h e d i n a t h l e t i c s h o r t s and wore t e n n i s 

s h o e s . 

Speed T e s t 

E q u i p m e n t » - - F o r t h e s p e e d t e s t , t h e e l e c t r i c a l s e t u p c o n s i s t e d of a 

c o n t r o l box a s shown i n F i g u r e 4 i n t h e a p p e n d i x , a c l o c k and two p h o t o 

e l e c t r i c c e l l s . A s c h e m a t i c d i a g r a m of t h e e l e c t r i c a l c o n n e c t i o n 

a p p e a r s i n F i g u r e 5 of t h e a p p e n d i x . The p h o t o e l e c t r i c c e l l s w e r e 

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

The b o t t o m of t h e p h o t o e l e c t r i c c e l l was two f e e t above t h e f l o o r . The 

m i r r o r s w e r e p o s i t i o n e d s i x y a r d s from t h e p h o t o e l e c t r i c c e l l s . A l l 

p o s i t i o n s of e q u i p m e n t we re s u r v e y e d and marked on t h e f l o o r . The s t a r t ­

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

c e l l . The s t a r t i n g p o s i t i o n , w h i c h was a y a r d beh ind t h e f i r s t p h o t o 

e l e c t r i c c e l l , c o v e r e d a n a r e a of f o u r s q u a r e f e e t . I t was c o v e r e d w i t h 

n o n - s k i d a d h e s i v e p a d s p r o o u r e d f rom t h e M i n n e s o t a M i n i n g and M a n u f a c t u r ­

ing Company. An i l l u s t r a t i o n of t h e speed t e s t s e t u p a p p e a r s i n F i g u r e 2 . 

Me thod .—The s t a r t i n g p h o t o e l e c t r i c c e l l was w i r e d so t h a t any i n t e r ­

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

c e l l was w i r e d so t h a t a n i n t e r r u p t i o n of t h e beam would s t o p t h e c l o c k . 

Any p a r t of a h u n d r e d t h of a second was c o n s i d e r e d a s a f u l l h u n d r e d t h , 
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FIGURE 2 SPEED TEST SETUP 

AP — A d h e s i v e n o n - s k i d p a d s 
C — C l o c k 
CB — C o n t r o l b o x 
M — M i r r o r s 
P «— P h o t o e l e c t r i c c e l l 
S — S t a r t i n g l i n e 
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a s i s c u s t o m a r y i n speed t e s t i n g . The c l o c k ' s r e s e t l e v e r was d e p r e s s e d 

t o r e s e t t h e hands t o t h e i r s t a r t i n g p o s i t i o n . The s e t u p was t h e n r e a d y 

t o r e c o r d a n o t h e r t e s t r e s u l t . 

I n s t r u c t i o n . — » T h e s u b j e c t was t o l d t o s t a r t f rom a t h r e e - p o i n t s t a n c e 

w i t h h i s f e e t on t h e p a d s and h i s e x t e n d e d f i n g e r s t o u c h i n g , b u t n o t 

o v e r t h e s t a r t i n g l i n e . Whenever t h e s u b j e c t was r e a d y , h e s t a r t e d h im­

s e l f and r a n t h r o u g h b o t h t h e l i g h t beams. The c l o c k would r e c o r d t h e 

t i m e t h a t p a s s e d from t h e moment t h e f i r s t l i g h t beam was b r o k e n u n t i l 

t h e second l i g h t beam was b r o k e n . The s u b j e c t c o m p l e t e d t h i s t e s t f o u r j 

t i m e s . He was a l l o w e d , b u t n o t r e q u i r e d , t o p a u s e f o r f i v e m i n u t e s 
i 

b e t w e e n r u n s . j 
i 

C l o t h i n g . — T h e s u b j e c t s we re c l o t h e d i n a t h l e t i c s h o r t s and t e n n i s s h o e s . 

R e a c t i o n T e s t 

E q u i p m e n t . — F o r t h e r e a c t i o n t e s t , t h e e l e c t r i c a l s e t u p c o n s i s t e d of a 

c o n t r o l b o x , a c l o o k , and a m i c r o s w i t c h . An i l l u s t r a t i o n of t h e r e a c t i o n 

t e s t s e t u p a p p e a r s i n F i g u r e 3 . 

Method . - -When t h e r e a c t i o n l e v e r on t h e c o n t r o l box was a c t u a t e d , i t 

c o m p l e t e d t h e c i r c u i t w h i c h s i m u l t a n e o u s l y r a n g a b e l l and s t a r t e d t h e 

c l o c k . When t h e s u b j e c t , who was h o l d i n g down t h e m i c r o s w i t c h , h e a r d 

t h e b e l l , he r e l e a s e d t h e m i c r o s w i t c h w h i c h b roke t h e c i r c u i t and s t o p p e d 

t h e c l o c k . The p o s i t i o n of t h e c l o c k ' s h a n d s was e s t i m a t e d a t t h e 

n e a r e s t . 0 0 2 5 s e c o n d . The r e a c t i o n r e s e t s w i t c h was p u s h e d f o r w a r d , 

t h e n b a c k t o i t s o r i g i n a l p o s i t i o n . Then t h e c l o c k r e s e t l e v e r was 

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

a c t u a t e d a t random i n t e r v a l s by t h e e x p e r i m e n t e r w i t h a maximum i n t e r v a l 

of f i v e s e c o n d s . 

I n s t r u c t i o n . —The s u b j e c t s were t o l d t o p o s i t i o n t h e m s e l v e s i n a t h r e e -

p o i n t s t a n c e i n much t h e same way a s i n t h e speed t e s t , e x c e p t t h a t t h e 

e x t e n d e d f i n g e r s h e l d down a m i c r o s w i t c h . When t h e s u b j e c t h e a r d t h e 

b e l l , he r a i s e d h i s hand f rom t h e m i c r o s w i t c h a s q u i c k l y a s p o s s i b l e . 

He was g i v e n two t r i a l s a s p r a c t i c e , and t h e n f o u r t e s t t r i a l s we re 

o b t a i n e d f rom e a c h s u b j e c t . S i n c e t h i s was n o t f a t i g u i n g , t h e f o u r t e s t 

t r i a l s we re t a k e n i n o r d e r d u r i n g a p e r i o d of one m i n u t e . 

C l o t h i n g . — N o r e q u i r e m e n t f o r s p e c i a l d r e s s was c o n s i d e r e d n e c e s s a r y 

f o r t h i s t e s t . 
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CHAPTER IV 

DISCUSSION OF RESULTS 

I n d e p e n d e n t V a r i a b l e D a t a . — I n T a b l e s 6 , 7 , and 8 of t h e Appendix i s a 

summary of t h e i n d e p e n d e n t v a r i a b l e t e s t r e s u l t s p e r f o r m e d by t h e s u b ­

j e c t s . 

I n t h e t a b l e s t h r o u g h o u t t h i s t h e s i s , s u b s c r i p t s w i l l be u s e d t o 

d e s i g n a t e t h e i n d e p e n d e n t v a r i a b l e s . Below i s a l i s t of t h e i n d e p e n d e n t 

v a r i a b l e s and t h e i r s u b s c r i p t s . 

I n d e p e n d e n t V a r i a b l e S u b s c r i p t 

C h i n n i n g c 

D i p p i n g d 

I n t e l l i g e n c e i 

V e r t i c a l Jump j 

R e a c t i o n r 

Speed s 

J u d g e s R a n k i n g s . — E a c h j u d g e ' s r a n k i n g s o b t a i n e d b y t h e p a i r e d compar i son 

method was compared w i t h e a c h o t h e r j u d g e ' s r a n k i n g s , and r a n k o r d e r 

c o r r e l a t i o n s were o b t a i n e d ( 4 4 ) . The same p r o c e d u r e was f o l l o w e d w i t h 

t h e f a e t o r r a n k i n g me thod . The a v e r a g e j u d g e s ' r a n k s u s i n g b o t h methods 

of r a n k i n g w e r e compared , and a r a n k o r d e r c o r r e l a t i o n b e t w e e n t h e two 

was o b t a i n e d . I t i s i n t e r e s t i n g t o n o t e from t h e l i t e r a t u r e s u r v e y t h a t 

t h e r a n k o r d e r c o r r e l a t i o n s o b t a i n e d from compar ing s t u d e n t s ' r a n k i n g s 
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w i t h c o a c h e s 1 r a n k i n g s , and c o a c h e s ' r a n k i n g s w i t h o t h e r c o a c h e s ' r a n k ­

i n g s , w e r e 0 . 8 0 and 0 . 9 0 r e s p e c t i v e l y ( 4 5 ) . The a v e r a g e r a n k o r d e r 

c o r r e l a t i o n s o b t a i n e d i n t h i s s t u d y u s i n g t h e f a c t o r r a n k i n g method w e r e 

0 . 8 4 f o r Group I and 0 . 8 6 f o r Group I I I . The a v e r a g e r a n k o r d e r c o r r e ­

l a t i o n s o b t a i n e d u s i n g t h e p a i r e d c o m p a r i s o n method w e r e 0 . 8 9 f o r Group 

I and 0 , 9 0 f o r Group I I I . T h i s compares f a v o r a b l y w i t h t h e r e s u l t s i n 

t h e l i t e r a t u r e s u r v e y . A summary of t h e r a n k o r d e r c o r r e l a t i o n s f o r t h e 

j u d g e s ' r a n k i n g s i s l i s t e d i n T a b l e 1 . 

T a b l e 1 . A Summary of t h e Rank Order C o r r e l a t i o n s be tween 
t h e J u d g e s ' Rank ings Us ing t h e P a i r e d Compar i son 
Method and be tween t h e J u d g e s ' R a n k i n g s Us ing 
t h e F a c t o r Ranking Method 

J u d g e s C o r r e l a t i o n s F a c t o r Rank ing P a i r e d Compar i son 
Rank ing 

Group I r a b 0 . 8 5 3 0 . 8 5 1 

r 
ac 

0 . 8 6 7 0 . 8 8 8 

r b c 0 . 8 0 7 0 . 9 4 0 

r 
a v e r a g e 

0 . 8 4 2 0 . 8 9 3 

Group I I I r d e 0 . 8 3 4 0 . 8 8 6 

r d f 0 . 8 0 6 0 . 8 8 2 

r e f 0 . 8 3 1 0 . 9 2 1 

r 
a v e r a g e 

0 . 8 5 7 0 . 8 9 6 

P a i r e d Compar i son Rank ings c o r r e l a t e d w i t h F a c t o r R a n k i n g s . 
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Group I = 0 . 8 7 3 

Group I I I r 
fp 

= 0 . 7 7 5 

A l l of t h e f o r e g o i n g c o r r e l a t i o n c o e f f i c i e n t s a r e s t a t i s t i c a l l y -

s i g n i f i c a n t a t t h e 0 . 0 0 1 l e v e l . The s u b s c r i p t s a , b , and c a r e t h e 

j u d g e s ' code l e t t e r s . The s u b s c r i p t s p and f r e f e r t o t h e p a i r e d com­

p a r i s o n and f a c t o r method of r a n k i n g . These s u b s c r i p t s have t h e same 

meaning t h r o u g h o u t t h i s t h e s i s . 

Rank Order C o r r e l a t i o n s of Dependent and I n d e p e n d e n t V a r i a b l e s . — S i n c e 

t h e p a i r e d compar i son r a n k i n g s a r e g e n e r a l l y c o n s i d e r e d more a c c u r a t e 

( 4 6 ) , and i n t h i 3 p a r t i c u l a r s t u d y had a h i g h e r r a n k o r d e r c o r r e l a t i o n 

be tween j u d g e s t h a n d i d t h e f a c t o r r a n k i n g s a s shown p r e v i o u s l y , t h e 

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

t e s t r e s u l t s . The s u b j e c t s w e r e r a n k e d w i t h i n t h e i r p a r t i c u l a r g roup 

a c c o r d i n g t o t h e i r t e s t r e s u l t s . A sample of t h e r a n k i n g of s u b j e c t s 

by t e s t r e s u l t s i s g i v e n i n T a b l e 12 of t h e Append ix . Rank o r d e r c o r r e ­

l a t i o n s we re o b t a i n e d be tween t h e s e t e s t r a n k i n g s and t h e j u d g e s ' 

p a i r e d compar i son r a n k i n g s ( 4 7 ) . A sample r a n k o r d e r c o r r e l a t i o n i s 

g i v e n i n Tab le 13 of t h e Append ix . These r a n k o r d e r c o r r e l a t i o n s a r e 

l i s t e d i n T a b l e 2 on t h e f o l l o w i n g p a g e . The n u l l h y p o t h e s i s t h a t t h e 

t e s t f a c t o r s and t h e p a i r e d c o m p a r i s o n r a n k i n g had no r e l a t i o n s h i p was 

t e s t e d a t a s i g n i f i c a n c e l e v e l of 95 and 99 p e r c e n t . The a c c e p t a n c e 

and r e j e c t i o n of t h i s h y p o t h e s i s i s a l s o l i s t e d i n T a b l e 2 . 

As shown i n Tab le 2 , none of t h e r a n k o r d e r c o r r e l a t i o n c o e f f i ­

c i e n t s of Group I I was s i g n i f i c a n t a t t h e s e l e c t e d s i g n i f i c a n c e l e v e l , 

and i t was t h u s d e c i d e d t o e l i m i n a t e Group I I from t h e s t u d y . The f a c t 
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T a b l e 2 . A Summary of t h e Rank O r d e r C o n d i t i o n s be tween 
t h e J u d g e s 1 P a i r e d Compar i son Rank ings and t h e 
T e s t R e s u l t Rank ings o f Groups I , I I , a n d I I I 

Group I 

I n d e p e n d e n t V a r i a b l e s C o r r e l a t i o n 
C o e f f i c i e n t s 

N u l l H y p o t h e s i s 

0 . 0 8 7 
0 . 5 1 0 
0 . 1 1 7 
0 . 7 9 9 

r 0.51*0 

s 0 . 0 8 3 

The l e v e l o f s i g n i f i c a n c e f o r 95$ when N 

A c c e p t e d a t 95% 
R e j e c t e d a t 95$ 
A c c e p t e d a t 95% 
R e j e c t e d a t 99% 

R e j e c t e d a t 95% 
A c c e p t e d a t 99% 

R e j e c t e d a t 95$ 

18 i s 0 . 3 9 9 a n d 0.561* f o r 99% 

Group I I 

I n d e p e n d e n t V a r i a b l e s C o r r e l a t i o n 
C o e f f i c i e n t s 

N u l l H y p o t h e s i s 

c 
d 
i 

r 
s 

0 . 1 2 6 
0 . 1 3 8 
0 .031 . 

- 0 . 0 0 2 
0.251* 

- 0 . 0 2 2 

A c c e p t e d a t 95$ 
A c c e p t e d a t 95$ 
A c c e p t e d a t 95$ 
A c c e p t e d a t 95$ 
A c c e p t e d a t 95% 
A c c e p t e d a t 95% 

The l e v e l o f s i g n i f i c a n c e f o r 95% when N » 12 i s 0 . 5 0 6 a n d 0 . 7 1 2 f o r 99% 

Group I I I 

I n d e p e n d e n t V a r i a b l e s C o r r e l a t i o n N u l l H y p o t h e s i s 
C o e f f i c i e n t s 

c 0 . 6 7 1 R e j e c t e d a t 99% 
d 0 . 6 1 0 R e j e c t e d a t 99% 
i - 0 . 0 2 8 A c c e p t e d a t 95% 
j 0.1*90 R e j e c t e d a t 99% 
r 0.61*2 R e j e c t e d a t 99% 
s 0 . 6 0 0 R e j e c t e d a t 99% 

The l e v e l o f s i g n i f i c a n c e f o r 95% when N • 25 i s 0 .3U3 and 0.1*85 f o r 99% 
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t h a t Group I I was t h e s m a l l e s t w i t h 12 s u b j e c t s , a s compared w i t h 18 and 

25 f o r Groups I and I I I r e s p e c t i v e l y , may have been a m a j o r f a c t o r i n 

t h e low c o r r e l a t i o n s . 

I n Groups I and I I I r a n k o r d e r c o r r e l a t i o n c o e f f i c i e n t s l e s s t h a n 

0 . 1 0 w e r e e l i m i n a t e d from f u r t h e r s t u d y . One of t h e v a r i a b l e s f o r Group 

I , i n t e l l i g e n c e , a l t h o u g h h a v i n g a low c o r r e l a t i o n , was c o n s i d e r e d 

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

f u r t h e r i n Group I i n c l u d e d i n t e l l i g e n c e , v e r t i c a l jump, d i p p i n g , and 

r e a c t i o n . The v a r i a b l e s w h i c h w e r e s t u d i e d f u r t h e r i n Group I I I i n c l u d e d 

v e r t i c a l jump, c h i n n i n g , d i p p i n g , s p e e d , and r e a c t i o n . 

M u l t i p l e C o r r e l a t i o n s . - - M u l t i p l e c o r r e l a t i o n f o r m u l a s were o b t a i n e d 

b e t w e e n t h e p a i r e d compar i son r a n k i n g s and t h e t e s t r e s u l t s , and b e t w e e n 

t h e f a c t o r r a n k i n g s and t h e t e s t r e s u l t s ( 4 8 ) . These f o r m u l a s were 

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

A sample c a l c u l a t i o n of a m u l t i p l e c o r r e l a t i o n f o r m u l a i s g i v e n i n 

T a b l e 14 of t h e A p p e n d i x . An i n i t i a l f o r m u l a was o b t a i n e d b a s e d on t h e 

method of l e a s t s q u a r e s and t h e a b b r e v i a t e d D o o l i t t l e t e c h n i q u e ( 4 9 ) . 

An example of t h e a b b r e v i a t e d D o o l i t t l e t e c h n i q u e and v a l u e s f o r o b t a i n ­

i n g t h e f o r m u l a a r e g i v e n i n T a b l e s 1 5 , 1 6 , and 17 of t h e A p p e n d i x . The 

c o e f f i c i e n t s (tf) of t h e v a r i a b l e s i n t h e m u l t i p l e c o r r e l a t i o n f o r m u l a 

we re t h e n m u l t i p l i e d by t h e s t a n d a r d d e v i a t i o n (CT~*) of t h e v a r i a b l e i n 

q u e s t i o n t o i n d i c a t e t h e r e l a t i v e c o n t r i b u t i o n of e a c h v a r i a b l e . T h i s 

c o m p u t a t i o n i s summarized i n T a b l e 3 . 

The t e s t v a l u e s (X) we re s u b s t i t u t e d i n t o t h e i n i t i a l and s i m p l i ­

f i e d f o r m u l a s and t h e r e s u l t s were s t u d i e d . The r e s u l t s a r e g i v e n i n 
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T a b l e 3 , A Summary o f t h e P r o d u c t s o f t h e V a r i a b l e Coef­
f i c i e n t s , from t h e M u l t i p l e C o r r e l a t i o n F o r m u l a s , 
M u l t i p l i e d b y t h e P a r t i c u l a r V a r i a b l e S t a n d a r d 
D e v i a t i o n s 

Group I 

P a i r e d Compar i son R a n k i n g w i t h F o u r V a r i a b l e F o r m u l a 

( 1 ) &.<r. i i «* - 0 . 2 0 

( 2 ) -• - 3 . 7 8 

( 3 ) V d - - 0 . S 3 

0 0 a- <r 
r r 

- 0 . 3 2 

C l e a r l y t h e p r o d u c t s of z^^y ^d^d * r ^ r d o n 0 * c o n * r i b u , f c e a s much 

t o t h e r a n k i n g f o r m u l a s a s These we re e l i m i n a t e d and a new s i m ­

p l i f i e d f o r m u l a was o b t a i n e d w i t h t h e i n d e p e n d e n t v a r i a b l e w j " . 

F a c t o r Rank ing w i t h F o u r V a r i a b l e Formula 

( 1 ) *±6-± - - 0 . 1 £ 

( 2 ) et <T - -1.1*9 

( 3 ) tfd<^ - - 1 . 0 6 

(10 <r « i . 6 U 
r r 

C l e a r l y t h e p r o d u c t a^tf^ d o e s n o t c o n t r i b u t e a s much t o t h e r a n k i n g 

f o r m u l a a s t h e o t h e r c o e f f i c i e n t s . I t was e l i m i n a t e d and a new s i m ­

p l i f i e d f o r m u l a was o b t a i n e d w i t h t h e i n d e p e n d e n t v a r i a b l e s " j " , M d M , 

and u ! * • 

T a b l e 3 c o n t i n u e d on Bage 3 3 
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T a b l e 3 . A Summary of t h e P r o d u c t s o f t h e V a r i a b l e Coef­
f i c i e n t s , from t h e M u l t i p l e C o r r e l a t i o n F o r m u l a s , 
M u l t i p l i e d b y t h e P a r t i c u l a r V a r i a b l e S t a n d a r d 
D e v i a t i o n s 

Group I I I 

P a i r e d Compar i son Bank ing w i t h F i v e V a r i a b l e Formula 

( 1 ) 3 i 
* - 3 . 2 2 

( 2 ) c c « 2 . 3 2 

( 3 ) V d « -2 .11* 

( W ar o~ 
s s 

« - 0 . 8 2 

( 5 ) a- d~ r r = 3 . 8 0 

C l e a r l y t h e p r o d u c t a^O^ and a^o^, c o n t r i b u t e t h e mos t t o t h e r a n k i n g 

f o r m u l a . The o t h e r v a r i a b l e s w e r e e l i m i n a t e d a n d a new s i m p l i f i e d 

f o r m u l a was o b t a i n e d w i t h t h e i n d e p e n d e n t v a r i a b l e n j w and " r " . 

F a c t o r Rank ing w i t h F i v e V a r i a b l e Formula 

( 1 ) a\<T « - 0 . 7 8 
J 3 

( 2 ) a- c<r - 0 . 1 2 

( 3 ) * d < £ « - 3 . 3 3 

(W * <T « - 0 . 3 8 
s s 

( 5 ) * r < r r - 3 . 56 

C l e a r l y t h e p r o d u c t s £,0", a n d 0: o~ a r e c o n t r i b u t i n g t h e mos t t o t h e 
J J r r 

r a n k i n g f o r m u l a . The o t h e r v a r i a b l e s were e l i m i n a t e d a n d a new s i m ­

p l i f i e d f o r m u l a was o b t a i n e d w i t h t h e i n d e p e n d e n t v a r i a b l e s H j w a n d 



T a b l e 1*. A Summary o f t h e I n i t i a l a n d S i m p l i f i e d 
F o r m u l a s f o r Groups I and I I I 

Group I 

I n i t i a l p a i r e d c o m p a r i s o n r a n k i n g f o r m u l a 

( 1 ) Rank = 3 9 . 2 - 0 . 0 9 X. - 1 .32 X. - 0 . 1 5 X, + 0 . 1 5 X„ 

' I j a r 

S i m p l i f i e d p a i r e d c o m p a r i s o n r a n k i n g f o r m u l a 

( 2 ) Rank « U0.6 - 1.1,2 X^ 

I n i t i a l f a c t o r r a n k i n g f o r m u l a 

( 3 ) Rank 9 . 2 - 0 . 2 0 X± - 0 . 5 2 X.. - 0 . 3 0 X d + 0 . 7 8 X f 

S i m p l i f i e d f a c t o r r a n k i n g f o r m u l a 

( l i ) Rank « 1 0 . 0 - 0 . 6 0 X. - 0 . 2 5 X , + 0 . 7 8 X 

Group I I I 

I n i t i a l p a i r e d c o m p a r i s o n r a n k i n g f o r m u l a 

( 5 ) Rank - 3 3 . 3 - 1 .30 X, + 0 . 7 6 X - 0 . 5 8 X, - 0 . 1 1 X + 1 .28 X 

j c a s r 

S i m p l i f i e d p a i r e d c o m p a r i s o n r a n k i n g f o r m u l a 

( 6 ) Rank - 6 . 2 - 1 .02 X. + 1.1*2 X 
I n i t i a l f a c t o r r a n k i n g f o r m u l a 

( 7 ) Rank = 1 1 . 7 - 0 . 3 2 X, + O.Ol* X. - 0 . 9 2 X , - 0 . 0 5 X + 1 .20 X 

j c Q s r 

S i m p l i f i e d f a c t o r r a n k i n g f o r m u l a 

( 8 ) Rank « - 0 . 3 - 0 . 7 2 X, + 1.1*1 X p 
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T a b l e s 18 - 21 of t h e Append ix . I t was found t h a t t h e r e was no g r e a t 

d i f f e r e n t be tween t h e s i m p l i f i e d f o r m u l a and t h e i n i t i a l f o r m u l a w h i l e 

t h e s i m p l i f i e d f o r m u l a was c l e r i c a l l y more e f f i c i e n t . These f o r m u l a s 

a r e summarized i n T a b l e 4 . 

Mean Dev ia t ions .—»The mean e r r o r i n t h e a v e r a g e of t h e t h r e e j u d g e s ' 

r a n k i n g s was o b t a i n e d f o r t h e p a i r e d c o m p a r i s o n and f a c t o r r a n k i n g 

methods i n Groups I and I I I ( 5 0 , 5 1 ) . A sample c a l c u l a t i o n i s g i v e n 

i n T a b l e 22 of t h e Append ix . The mean d e v i a t i o n be tween t h e j u d g e s ' 

r a n k i n g s and f o r m u l a r a n k i n g s was a l s o computed f o r t h e p a i r e d c o m p a r i ­

s o n and t h e f a c t o r r a n k i n g methods in Groups I and I I I . A sample 

c a l c u l a t i o n i s g i v e n i n Tab le 23 of t h e Append ix , and t h e r e s u l t s a r e 

summarized i n T a b l e 5 . 

T a b l e 5 . Summary of t h e Mean D e v i a t i o n b e t w e e n t h e 
Judges* and Formula Rank ings 

S u b j e c t s Number of I n d e p e n d e n t 
V a r i a b l e s i n F o r m u l a 

Ranking Method 
P a i r e d Compar ison F a c t o r 

Group I 4 2 . 5 2 . 8 

3 2 . 6 

1 2 . 3 

Group I I I 5 4 . 3 3 . 9 

2 3 . 5 4 . 4 

* I n t h i s c a s e , t h e f o r m u l a s i n d i c a t e d w e r e n o t computed . 
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The mean e r r o r of t h e a v e r a g e of t h e j u d g e s 1 r a n k i n g s c o n t r i b u t e s 

t o t h e mean d e v i a t i o n s g i v e n i n T a b l e 5 . To d e t e r m i n e wha t p a r t of t h e 

mean d e v i a t i o n was due t o t h e mean e r r o r o f t h e j u d g e s * r a n k s , t h e 

s t a t i s t i c a l law of a d d i t i v e n e s s of v a r i a n c e s was u s e d . The a p p r o p r i a t e 

mean e r r o r from T a b l e 6 was s q u a r e d and s u b t r a c t e d from t h e s q u a r e of 

t h e a p p r o p r i a t e mean d e v i a t i o n from T a b l e 5 , t h e n t h e s q u a r e r o o t was 

t a k e n of t h e r e m a i n d e r . I t was found t h a t t h e mean e r r o r was n e g l i g i b l e 

compared w i t h t h e mean d e v i a t i o n . Thus , t h e mean d e v i a t i o n s g i v e n i n 

T a b l e 5 can b e assumed t o b e due a l u o s t e n t i r e l y t o t h e e r r o r i n t h e 

r a n k i n g f o r m u l a . T h e r e f o r e , t h e s e mean d e v i a t i o n s c a n be i n t e r p r e t e d 

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

The f o r m u l a s , e i t h e r i n i t i a l o r s i m p l i f i e d , w h i c h had t h e s m a l l e s t 

mean d e v i a t i o n , were s e l e c t e d a s t h e f i n a l f o r m u l a s . I t was found t h a t 

f o r m u l a s t w o , f o u r , s i x , and s e v e n we re t h e f i n a l f o r m u l a s , t h r e e of 

w h i c h w e r e s i m p l i f i e d f o r m u l a s . 

Tab le 6 . A Summary of t h e Mean E r r o r of 
t h e Average of t h e J u d g e s ' R a n k i n g s 

S u b j e c t s Ranking Method 
P a i r e d Compar ison F a c t o r 

Group I 0 . 7 6 0 . 8 5 

Group I I I 0 . 7 8 1.02 
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CHAPTER VI 

CONCLUSION AND RECOMMENDATIONS 

I n t r o d u c t i o n . — I t was shown b y s t u d y of t h e work sys t em and t h e human 

f a o t o r s r e l a t e d t o i t t h a t i t was p o s s i b l e t o employ two m e t h o d s f o r 

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

and t h e f a c t o r r a n k i n g m e t h o d . The f i n a l f o r m u l a s d e r i v e d on t h e b a s i s 

of t h e s e m e t h o d s a r e c l e r i c a l l y e f f i c i e n t , r e q u i r i n g a minimum of 

m a t h e m a t i c a l s k i l l t o o b t a i n s t a t i s t i c a l l y s i g n i f i c a n t p r e d i c t i o n s of 

t h e w o r k e r p o t e n t i a l . 

L i m i t a t i o n s . — O n e o f t h e l i m i t i n g f a c t o r s of t h i s s t u d y was t h e l a o k of 

a c h e c k o f t h e r e l i a b i l i t y o f t e s t r e s u l t s o b t a i n e d . I t i s hoped t h a t 

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

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

c a l j ump , c h i n n i n g , and d i p p i n g t e s t s h a v e b e e n p r o v e d b y p r e v i o u s 

e x p e r i m e n t e r s ; howeve r , t h e r e a c t i o n and speed t e s t s u s e d i n t h i s s t u d y 

w e r e o r i g i n a l , and no r e l i a b i l i t y m e a s u r e s w e r e a v a i l a b l e . The r e s u l t s 

o f t h e ACE p l a c e m e n t t e s t , w h i c h was u s e d a s t h e m e a s u r e of i n t e l l i g e n c e , 

i s a b e t t e r i n d i c a t o r of f o r m a l e d u c a t i o n t h a n i t i s of t h e d e s i r e d 

f a c t o r o f n a t i v e i n t e l l i g e n c e . 

Ano the r l i m i t i n g f a c t o r of t h e s t u d y was t h a t i t was n o t p o s s i b l e , 

due t o c l a s s s c h e d u l e s and t i m e of a t h l e t i c p r a c t i c e , t o t e s t a l l o f 

t h e s u b j e c t s on t h e same d a y . T h e r e f o r e , t e m p e r a t u r e , h u m i d i t y , e t c . , 

c o u l d have p r o v i d e d d i f f e r e n t t e s t c o n d i t i o n s . 
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I n t h e p h y s i c a l t e s t s , t h e s u b j e c t s we re r e q u i r e d t o t a k e a minimum 

r e s t p e r i o d b e t w e e n t e s t s and t r i a l s of a g i v e n t e s t . However, t h e y 

we re a l l o w e d t o v a r y t h e amount of r e s t a s t h e y d e s i r e d w i t h i n minimum 

and maximum r e s t p e r i o d s . 

Recommendat ions f o r F u t u r e Study.—>Eaoh y e a r a t t h e b e g i n n i n g of f a l l 

and s p r i n g p r a c t i c e , t h e t e s t s c o n s i d e r e d i m p o r t a n t i n t h e s i m p l i f i e d 

f o r m u l a s , jump and r e a c t i o n , s h o u l d b e g i v e n t o t h e e n t i r e f o o t b a l l 

s q u a d . T h u s , t h e v a l i d a t i o n o f t h e p r e d i c t i o n f o r m u l a would o c c u r w i t h i n 

a few y e a r s . I t i s a l s o hoped t h a t o t h e r c o l l e g e s and l o c a l h i g h s c h o o l 

t e a m s w i l l b e t e s t e d and t h e r e s u l t s p o o l e d f o r v a l i d a t i o n p u r p o s e s . 

T h i s would p r e c l u d e t h e u s e o f t h e p a i r e d c o m p a r i s o n me thod a s a means 

of e v a l u a t i n g t h e s u b j e c t s , b e c a u s e i t would n o t b e p o s s i b l e f o r a g r o u p 

of j u d g e s t o know p e r s o n a l l y and t o b e a b l e t o compare s u c h a l a r g e 

number of s u b j e c t s . By s p e c i f i c a l l y d e f i n i n g and p r o p e r l y w e i g h i n g 

s e v e r a l f a c t o r s a s p r o p o s e d i n t h e f a c t o r r a n k i n g m e t h o d , i t would b e 

p o s s i b l e t o compare s u b j e c t s b y t h e i r f a c t o r r a t i n g s c o r e s and t h e i r 

t e s t s c o r e s w i t h a n y o t h e r s u b j e c t who had b e e n s i m i l a r l y r a t e d and 

t e s t e d e i t h e r d u r i n g t h e same y e a r o r p r e v i o u s l y . A l t h o u g h t h e speed 

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

a d m i n i s t e r i n g t h i s t e s t , I b e l i e v e t h a t more r e p l i c a t i o n s o b t a i n e d o v e r 

an e x t e n d e d p e r i o d o f t i m e would p r o d u c e r e s u l t s t h a t may b e of v a l u e i n 

p r e d i c t i n g s u c c e s s . An a c c u r a t e m e a s u r e of n a t i v e i n t e l l i g e n c e s h o u l d 

b e u sed a s t h e b a s i s f o r t h e i n t e l l i g e n c e f a c t o r , and I b e l i e v e , from 

my e x p e r i e n c e a s a f o o t b a l l p l a y e r , t h i s would p r o d u o e r e s u l t s t h a t may 

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

t e s t , I b e l i e v e t h a t an a g i l i t y t e s t would b e t t e r m e a s u r e t h e s u b j e c t ' s 
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l a t e r a l r e a c t i o n and m i g h t b e of v a l u e i n p r e d i c t i n g s u c c e s s . 

C o n c l u s i o n s . — T h e f o l l o w i n g f o r m u l a s a r e recommended a s a s i m p l i f i e d 

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

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

a r e r e l a t i v e r a n k s , t h e b a s e b e i n g t h e 1954 G e o r g i a Tech v a r s i t y and 

j u n i o r v a r s i t y f o o t b a l l t e a m . 

Group I ( B a c k s ) 

Rank = 4 0 . 6 - 1.42 X., 

Group I I I (Linemen) 

Rank = 6 . 2 - 1.02 X . + 1.42 X 
J r 

The mean e r r o r u s i n g t h e Group I f o r m u l a was 2 . 3 , and u s i n g t h e Group 

I I I f o r m u l a i t was 3 . 5 . The above r e s u l t s a r e a v e r i f i c a t i o n of a 

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

s y s t e m . 

I n i n d u s t r y , p a r t i c u l a r l y i n c o n s t r u c t i o n and m e t a l w o r k i n g , 

t h e r e a r e many work s y s t e m s w h i c h r e q u i r e a h i g h d e g r e e of p h y s i c a l 

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

F o r e x a m p l e , t h e o p e r a t i o n o f a l a r g e number of d r i l l p r e s s e s i n a 

f a c t o r y may b e t a k e n a s a work sys tem w h i c h c a n b e e v a l u a t e d t h r o u g h 

t h e p r o p o s e d p r o o e d u r e . 

The i n d u s t r i a l s u p e r v i s o r s would s t u d y t h i s work sys t em and 

s e l e c t t h e i m p o r t a n t p h y s i c a l s k i l l s n e o e s s a r y f o r s u c c e s s i n t h i s 

p a r t i c u l a r j o b . From a r e v i e w of t h e l i t e r a t u r e and a p r i o r knowledge 

of t h e work s y s t e m , t h e s u p e r v i s o r s can d e v i s e t e s t s t h a t w i l l m e a s u r e 



4 0 

t h e p h y s i c a l s k i l l s w h i c h become t h e i n d e p e n d e n t v a r i a b l e s * The s u p e r ­

v i s o r s c o u l d t h e n r a n k t h e w o r k e r s , u s i n g e i t h e r t h e p a i r e d c o m p a r i s o n 

o r t h e f a c t o r m e t h o d , d e p e n d i n g on t h e number of w o r k e r s t o b e e v a l u a t e d * 

T h i s r a n k becomes t h e d e p e n d e n t v a r i a b l e . W i t h t h e d e p e n d e n t v a r i a b l e 

and t h e i n d e p e n d e n t v a r i a b l e d e f i n e d , a m u l t i p l e c o r r e l a t i o n f o r m u l a 

c a n b e o b t a i n e d * T h i s t e c h n i q u e w i l l e n a b l e t h e s u p e r v i s o r s t o d e t e r ­

m i n e t h e i m p o r t a n t s k i l l s i n t h e work sys tem* By s u b s t i t u t i n g t h e 

w o r k e r ' s m e a s u r e d t e s t v a l u e i n t o t h i s f o r m u l a , c a l c u l a t e d r a n k s c a n 

b e o b t a i n e d * From a knowledge of t h e w o r k e r s , a minimum r a n k c a n b e 

s e l e c t e d t h a t s e p a r a t e s t h e i n e f f i c i e n t from t h e a v e r a g e and e f f i c i e n t 

w o r k e r s * By t h i s t e s t i n g p r o c e d u r e , a much improved method of s e l e c t i n g 

p e r s o n n e l f o r t h e j o b i s o b t a i n e d * T h i s f o r m u l a a l s o c a n b e u s e d a s t h e 

b a s i s f o r a j o b e v a l u a t i o n p rog ram f o r t h e d r i l l p r e s s work s y s t e m . 

By t h e above p r o c e d u r e , t h e I m p o r t a n t f a c t o r s i n a l m o s t a n y work 

s y s t e m c a n b e e v a l u a t e d . The d e p e n d e n t v a r i a b l e c a n b e a p a i r e d com­

p a r i s o n o r f a o t o r r a n k i n g o f t h e e m p l o y e e s , and t h e i n d e p e n d e n t v a r i a b l e s 

oan b e t h e i m p o r t a n t p h y s i c a l o r m e n t a l s k i l l s and a b i l i t i e s r e q u i r e d 

f o r t h e j o b a s d e c i d e d b y t h e j u d g e s . Wi th t h i s i n f o r m a t i o n and b y 

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

t o e v a l u a t e p r e s e n t and f u t u r e employees i n a l m o s t a n y work s y s t e m . 

The r e s u l t i n g f o r m u l a c a n b e u s e d a s t h e b a s i s of a j o b e v a l u a t i o n 

p r o g r a m . 
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APPENDIX 



T a b l e 7 . A Summary o f T e s t D a t a C o l l e c t e d from Group I 

S u b j e c t s 1 

Code v v v v v v R e a c t i o n T e s t T r i a l s Speed T e s t T r i a l s 
Number X c X d X i X j X r X s " I 5 3 W 1 2 5 I T 

1 1 7 . 0 i i 2 20 
2 9 . 5 12 5 22 

3 1 3 . 0 9 2 21* 

1* 9 . 5 1 3 9 27 

5 8 . 5 1 3 1 28 

6 7 . 5 8 2 19 
7 8 . 5 10 1 27 
8 7 . 5 5 2 19 

9 1 1 . 5 9 5 26 
10 7 . 5 5 7 2 3 
1 1 1 0 . 0 35 1 28 
12 1 1 . 5 3 2 2 1 

1 3 7 . 0 9 1 2 1 

11* 8 . 0 8 1 2 3 
15 1U.5 35 1 22 
16 1 2 . 5 1 3 2 26 

17 1*.5 9 2 21* 
18 i o . 5 36 1 21* 

21.U 160 2l*.2 2 1 . 0 1 9 . 2 
2 0 . 2 168 1 9 . 8 1 9 . 5 2 0 . 5 
18.1* 161* 1 8 . 0 1 8 . 0 1 8 . 0 
2 0 . 0 162 2 0 . 5 2 0 . 8 2 1 . 2 
19.1* 360 1 9 . 0 2 0 . 5 1 9 . 0 
2 3 . 8 160 2 3 . 8 21*. 8 2 3 . 0 
2 3 . 3 1 6 1 2 2 . 0 2l*.0 2U.2 
2 5 . 0 1 7 1 2 7 . 0 2l*.5 2 6 . 5 
20.1* 368 1 9 . 2 2 0 . 0 2 1 . 5 
2 0 . 5 162 2 1 . 0 2 2 . 2 1 8 . 5 
1 8 . 3 157 1 9 . 8 1 6 . 0 1 8 . 5 
2 3 . 8 163 2 2 . 5 2 7 . 2 1 9 . 5 
22.1* 176 2U.2 2 1 . 0 2U.2 
1 9 . 3 1 6 3 1 9 . 2 1 7 . 5 2 2 . 5 
20.1* 159 1 7 . 8 2 1 . 0 2 1 . 0 
19.1* 151* 2 0 . 0 1 9 . 0 1 9 . 8 
2 0 . 8 366 2 1 . 0 2 0 . 0 2 0 . 0 
1 6 . 9 161* 1 7 . 8 1 7 . 0 1 7 . 0 

2 1 . 0 158 158 158 166 

2 0 . 8 1 7 1 167 368 169 

1 9 . 5 360 167 159 169 

1 7 . 5 166 163 362 157 

1 9 . 0 362 160 162 156 

2l*.0 353 170 1 6 1 159 
2 3 . 0 159 161* 168 151* 
2 2 . 0 175 172 361* 171* 
2 1 . 0 176 360 1 7 1 168 

2 0 . 2 1 6 1 3 6 1 367 159 
1 9 . 0 356 151* 151* 366 

2 5 . 3 16k 166 362 1 6 1 

1 9 . 8 167 178 183 178 
1 8 . 0 356 152 170 171* 
2 2 . 0 167 1 6 1 153 155 
1 9 . 0 357 151* 151* 153 
1 9 . 2 160 359 368 178 
1 6 . 0 173 156 150 175 



T a b l e 8 . A Summary of T e s t Da ta C o l l e c t e d from Group I I 

S u b j e c t s 1 

Code X c 
x x x Y Y R e a c t i o n T e s t T r i a l s Speed T e s t T r i a l s 

Number 
X c A d A i j A r S3 1 2 3 h 1 2 3 h 

1 6 . 5 6 3 23 18.1* 176 1 7 . 5 1 9 . 0 1 9 . 5 1 7 . 5 1 7 1 180 177 175 

2 8 -5 6 2 23 21.1* 168 2 3 . 0 2 1 . 0 2 2 . 0 1 9 . 8 1 7 1 158 17U 169 

3 1 0 . 5 1 1 6 23 1 8 . 2 173 1 9 - 2 1 9 . 2 1 7 . 0 1 7 . 5 168 167 178 180 

h 1 2 . 5 1 1 8 29 2 1 . 0 158 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 1 6 1 163 152. 15U 

5 3 . 0 2 7 20 1 8 . 6 171* 1 8 . 0 1 9 . 8 1 9 . 5 1 7 . 0 180 182 166 170 

6 1 6 . 0 18 1 27 1 6 . 6 168 1 6 . 8 1 7 . 5 1 6 . 2 1 5 . 8 167 169 168 169 

7 1 1 . 0 1 1 2 2 1 2 0 . 0 167 1 8 . 5 2 1 . 0 2 0 . 2 2 0 . 0 166 161* 165 17U 

CO 9 . 5 8 1 22 2U.6 172 2 2 . 5 2 6 . 2 2 3 . 2 2 6 . 5 169 168 177 176 

9 1 1 . 5 8 2 22 2 1 . 0 178 21*. 2 2 1 . 0 2 0 . 8 1 8 . 0 179 182 176 177 

10 7 . 5 6 6 22 2 3 . 0 179 2 1 . 8 2l*.8 2U.8 2 0 . 5 182 182 179 173 

1 1 U .o 6 3 2 1 25 . l l 160 2 8 . 0 2 5 . 0 2 5 . 0 2 3 . 5 162 161* 158 159 

12 H*.5 17 3 21* 2 0 . 8 160 2 2 . 2 2 2 . 0 2 1 . 5 2 1 . 5 162 159 165 157 

http://25.ll


T a b l e 9 . A Summary of T e s t D a t a C o l l e c t e d from Group I I I 

S u b j e c t s 1 

Code 
Number x d x ± x X R e a c t i o n T e s t T r i a l s S p e e d T e s t T r i a l s 

1 3 U 1 2 3 k 

2lw0 2 2 . 3 2 3 . 0 2 3 . 0 162 1 6 1 163 
2 2 . 0 2 8 . 0 2 7 . 0 1 9 . 5 183 178 173 175 
21..5 2 6 . 8 2 U . 5 2 1 . 0 17U 174 1 8 1 178 
1U.8 m . 8 1 6 . 8 1 5 . 0 166 165 160 1 6 1 
2 3 . 8 2 1 . 3 2 1 . 5 2 0 . 5 178 170 17U 1 7 1 
2 0 . 0 2 1 . 0 1 8 . 0 1 7 . 0 179 185 163 160 
1 7 . 0 1 7 . 0 1 7 . 0 1 7 . 5 163 1 8 1 26k lflli 
2 3 . 2 3 5 . 3 1 6 . 8 1 5 . 3 172 183 178 168 
1 9 . 0 2 5 . 0 2 2 . 0 2 5 . 0 189 177 177 1 7 3 
1 7 . 8 1 7 . 5 2 1 . 5 2 2 . 5 175 152 156 162 
1 5 . 8 2 5 . 5 3l*.8 1 5 . 0 163 1 6 1 162 157 
1 6 . 8 1 9 . 5 1 7 . 8 1 8 . 3 155 155 152 152 
2 3 . 5 2 2 . 5 1 9 . 5 2 3 . 0 172 I 6 4 158 156 
1 6 . 0 1 9 . 2 2 1 , 8 1 7 . 0 176 1 7 1 167 167 
2 5 . 3 2 l i .3 2 5 . 8 2 6 . 5 168 185 1 8 1 165 
2 1 . 0 2 1 . 0 2 3 . 8 2 2 . 5 3J$3: 157 162 159 
1 8 . 0 2 0 . 0 2 1 . 8 2 0 . 5 159 157 158 158 
2 1 . 5 2 5 . 5 2 2 . 0 1 8 . 0 172 17U 165 167 
2 3 . 2 2 0 . 5 2 0 . 5 2 0 . 0 1 8 1 180 176 180 
2 3 . 0 1 9 . 5 2 0 . 0 1 7 . 5 172 169 166 168 
2 3 . 5 1 8 . 0 2 1 . 0 2 6 . 0 173 169 176 Ilk 
3 5 . 5 1 9 . 5 1 7 . 5 1 9 . 5 160 355 156 159 
2 i i .8 1 9 . 5 2 8 . 0 2 9 . 0 186 172 18U 182 
3 6 . 0 2 5 . 8 1 8 . 0 1 9 . 0 162 26k 156 355 
2 2 . 0 1 9 . 0 2 0 . 5 1 9 . 0 162 170 162 169 

1 9 . 5 6 8 2 1 2 3 . 0 
2 U.5 8 1 2 1 2 l i . l 
3 5 . 5 3 5 2 1 2i i .2 
k 1 0 . 0 9 1 20 35.U 
5 8 . 0 9 1 20 2 1 . 8 
6 8 . 5 7 6 2 1 1 9 . 0 
7 8 . 5 1 1 1 18 1 7 . 1 
8 2 . 5 2 2 20 1 7 . 6 
9 5 . o 7 3 2k 2 3 . 8 

10 1 0 . 5 9 3 26 1 9 . 8 
1 1 9 . 5 12 7 25 3 5 . 2 
12 1 5 . 0 I i i 5 2 3 1 8 . 1 
13 1 3 . 5 35 8 20 2 2 . 1 
2k 7 . 0 6 6 23 1 8 . 5 
15 7 . 5 7 3 20 25.U 
16 8 . 5 10 1 2 1 2 2 . 0 
17 9 . 5 17 1 27 2 0 . 0 
18 5 . 5 7 3 19 2 1 . 8 
12 9 . 0 6 k 22 2 1 . 0 
20 3 . 5 3 2 19 1 9 . 6 
2 1 5 . 0 2 1 20 2 2 . 5 
22 1 2 . 5 8 5 27 1 8 . 0 
2 3 3 . 5 6 8 20 2 6 . 9 
2k 9 . 5 10 6 2 3 1 8 . 0 
25 8 . 5 8 1 2 3 2 0 . 6 

168 
177 
176 
3 6 3 
173 
172 
173 
175 
179 
1 6 1 
160 
351* 
362 
170 
171* 
160 
158 
170 
179 
368 
173 
158 
1 8 1 
359 
166 



T a b l e 1 0 . A Sample P a i r e d Comparison R a t i n g S h e e t 

E
ye

lu
v 

S o o 
E

ye
lu

v 

Jo
ai

 

H
al

] 

Sh
e]

 

M
et

e 

1 2 3 4 5 6 

E y e l u v A - - - - - -

Joann B B - - - - -

H a l l C C C - - - -

S h e l u v D 1 

CM 3 - - -

Metoo E 1 2 E E - -

Umboy F F 2 F F F -

E t c . - - - - - -

N o t e : The names u s e d above a r e f i c t i c i o u s . 
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T a b l e 1 1 . A Sample F a c t o r R a t i n g S h e e t 

Name M e n t a l i t y Speed L a t e r a l 
R e a c t i o n 

E y e l u v 1 1 1 

J o a n n 3 2 4 

H a l l 2 4 3 

S h e l u v 5 3 2 

Met oo 5 1 5 

Umboy 5 1 5 

E t c E t c E t c E t c 

E x c e l l e n t =* 5 

Very Good 5 8 8 4 

Good =• 3 

P a i r — 2 

Poo r « 1 

N o t e : The names u s e d above a r e f i c t i c i o u s . 
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T a b l e 1 2 . A Sample of t h e Method o f R a n k i n g 
o f S u b j e c t s b y T e s t R e s u l t s 

X, Code Number Rank ing 

CO 1 2 
8 13 2 
8 23 2 
7 11 4 
6 6 6 
6 14 6 
6 24 6 
5 3 9 
5 12 9 
5 22 9 
4 19 11 
3 9 1 3 . 5 
3 10 1 3 . 5 
3 15 1 3 . 5 
3 18 1 3 . 5 
2 8 1 6 . 5 
2 20 1 6 . 6 
1 2 2 1 . 5 
1 4 2 1 . 5 
1 5 2 1 . 5 
1 7 2 1 . 5 
1 16 2 1 . 5 
1 17 2 1 . 5 
1 21 2 1 . 5 
1 25 2 1 . 5 
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T a b l e 1 3 . A Sample C a l c u l a t i o n S h e e t f o r t h e Compu ta t i on of t h e 
Rank Order C o r r e l a t i o n be tween t h e J u d g e s 1 P a i r e d 
Compar i son Ranks and t h e S u b j e c t s * Ranks by T e s t R e s u l t s 

P a i r e d Compar ison I n t e l l i g e n c e D i f f e r e n c e ( D i f f e r e n c e ) 
Rank ing Rank ing 

1 2 1 . 5 2 0 . 5 4 2 0 . 2 5 
2 2 1 . 5 1 9 . 5 3 8 0 , 2 5 
3 4 . 0 1.0 1.00 
4 9 . 0 5 . 0 2 5 . 0 0 
5 9 .0 4 . 0 1 6 . 0 0 
6 1 1 . 0 5 .0 2 5 . 0 0 
7 2 1 . 5 1 4 . 5 2 1 0 . 2 5 CO 6 . 0 2 . 0 4 . 0 0 
9 6 .0 3 . 0 9 .00 

10 6 . 0 4 . 0 1 6 . 0 0 
11 2 1 . 5 1 0 . 5 1 1 0 . 2 5 
12 2 1 . 5 9 . 5 9 0 . 2 5 
13 1 3 . 5 0 . 5 0 . 2 5 
14 1 3 . 5 0 . 5 0 . 2 5 
15 2 1 . 5 6 . 5 4 2 . 2 5 
16 2 . 0 1 4 . 0 1 9 6 . 0 0 
17 1 3 . 5 3 . 5 1 2 . 2 5 
18 9 .0 9 .0 8 1 . 0 0 
19 1 6 . 5 2 . 5 6 . 2 5 
20 1 3 . 5 6 . 5 4 2 . 2 5 
21 2 1 . 5 0 . 5 0 , 2 5 
22 2 . 0 2 0 . 0 4 0 0 . 0 0 
23 2 1 . 5 1 .5 2 . 2 5 
24 1 6 . 5 8 . 5 7 2 . 2 5 
25 2 . 0 2 3 . 0 5 2 9 . 0 0 

2 6 7 5 . 5 0 

r _ 1 - 6 Z L ( D i f f ) 2 . , 6 ( 2 6 7 5 . 5 0 ) 
p i N(N2 - 1) 15600 

r « - 0 . 0 2 8 9 4 
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T a b l e 1 4 . A Sample of t h e C a l c u l a t i o n Used i n O b t a i n i n g t h e M u l t i p l e 
C o r r e l a t i o n b e t w e e n t h e T e s t V a r i a b l e s and t h e J u d g e s 1 Ranks 

2 5525 I * p - 325 £ > p ) 

- 6*4 X ( X i ) 2 " 1 1 9 8 6 

5 T 2 X p X i ~ 14326 X * p x i ^ 7 1 6 3 

7 2 5 1 ( ^ ) 2 - ( I X , ) ^ 2 5 ^ - ( J i ^ 

r p i = 2 5 ( 7 1 6 3 ) - ( 3 2 5 ) ( 5 4 4 ) 
y 2 5 ( 5 5 2 5 ) - ( 3 2 5 ) z y 25 (11986) - 5 4 4 ) * 

1 7 9 , 0 7 5 -

y I S M * $ - i o * , 6 . ? 6 y 

r = 2275 _ 2275 
P 1 y * 2 , 5 0 6 y 3 t l 4 ( l 8 6 . ^ 8 ) ( 6 0 . 9 4 2 ) 

2 2 7 5 . 0 0 0 
r

P l " M , f l M . M 2 3 8 - 0 2 6 6 0 0 

_ 1 7 9 , 0 7 5 - 1 7 6 , 8 0 0 
r p i ~ / 1S§ ,126 - 1 0 5 , e S S / 2 ^ , 6 ^ 0 - 2 $ 5 , $ 3 6 
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T a b l e 1 5 . An Example of t h e A b b r e v i a t e d D o o l i t t l e Techn ique 

r 0 1 - 0 . 3 9 0 3 9 r Q 6 = 0 . 6 1 9 3 1 r . = 0 . 6 1 9 3 1 15 

L i n e 

1 

2 

3 

4 

5 

6 

7 

~1 

1 .00000 

1 .00000 

1 .00000 

- 0 . 2 5 9 2 9 

1 ,00000 

- 0 . 2 5 9 2 9 

- 0 . 2 5 9 2 9 

0 . 9 3 2 7 7 

1 .00000 

- 0 , 3 9 0 3 9 

0 . 6 1 9 3 1 

- 0 . 3 9 0 3 9 

- 0 . 3 9 0 3 9 

0 .51809 

0 , 5 5 4 3 1 

- 0 . 2 4 6 6 7 

L ine 3 : A copy of L i n e 1 , 

L i n e 4 : L i n e 3 d i v i d e d by l e f t m o s t t e r m i n L i n e 3 , 

L i n e 5 : C o m b i n a t i o n s of L i n e s 2 , 3 , and 4 a s f o l l o w s : 

L i n e 2 L i n e 3 L ine 4 
1 .00000 - ( - 0 . 2 5 9 2 9 ) ( - 0 . 2 5 9 2 9 ) * 0 . 9 3 2 7 7 
0 . 6 1 9 3 1 - ( - 0 . 2 5 9 2 9 ) ( - 0 . 3 9 0 3 9 ) * 0 . 5 1 8 0 9 

Back S o l u t i o n 

L i n e 6 : L ine 5 d i v i d e d by l e f t m o s t t e r m i n L ine 5 . 
0 . 1 5 1 8 0 9 , _ 
0 . 9 3 2 7 7 ° - 5 5 4 3 l B

5 

Line 7 : The s o l u t i o n of t h e e q u a t i o n whose c o e f f i c i e n t s a r e i n Line 1 . 

1 .00000B. - 0 . 2 5 9 2 9 B C = - 0 . 3 9 0 3 9 ; B, « - 0 . 2 4 6 6 7 
1 O 1 
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T a b l e 1 6 . A Summary of t h e M u l t i p l e C o r r e l a t i o n 
C o e f f i c i e n t s and Alphas f o r Group I 

M u l t i p l e C o r r e l a t i o n s Alpha V a l u e s Formula 

P i 

Pd 
pd 

*pr 
r . i j 

" id 
r i r 

> 

*dr 

*fi 

> J 
' fd 

*fr 

- 0 . 1 3 2 6 

- 0 . 7 9 4 2 

- 0 . 4 9 7 4 

0 . 5 3 9 8 

0 . 1 3 9 8 

- 0 . 1 3 7 9 

- 0 . 0 6 8 7 

0 . 5 1 2 2 

- 0 . 5 7 9 2 

- 0 . 6 6 9 2 

- 0 . 1 2 4 2 

- 0 . 6 1 4 8 

- 0 . 5 6 3 6 

0 . 6 3 3 8 

V 

r 

- 0 . 0 9 

- 1 . 3 2 

- 0 . 1 5 

0 . 1 5 

3 9 . 1 9 

EC = 

a\ l 
eC. 

*d 

a*. 

a \ 

= - 1 . 4 3 

4 3 . 1 9 

- 0 . 2 0 

- 0 . 5 2 

- 0 . 3 0 

0 . 7 8 

9 . 1 6 

- 0 . 6 0 

- 0 . 2 5 

0 . 7 8 

1 0 . 0 2 
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T a b l e 1 7 . A Summary of t h e M u l t i p l e C o r r e l a t i o n 
C o e f f i c i e n t s and Alphas f o r Group I I I 

M u l t i p l e C o r r e l a t i o n s Alpha V a l u e s Formula 

r . e - 0 . 4 9 8 3 4 

r = - 0 . 6 3 0 7 5 po 
r a - - 0 . 6 0 1 2 8 

pd 
r = 0 . 6 3 1 3 6 

p s 
r = 0 . 6 7 3 5 3 p r 
r , * 0 . 4 3 3 0 5 

Jo 
r . , c 0 . 3 9 5 9 1 

3 d 

r « - 0 . 5 4 6 3 3 

T j « - .0 .25929 

r „ « 0 . 7 2 9 2 0 cd 
r « - 0 . 7 0 5 3 0 c s 
r = - 0 . 4 0 0 2 2 c r 
r j = - 0 . 6 0 2 6 3 a s 
r , = - 0 . 2 8 0 2 1 d r 
r = 0 . 5 9 5 9 0 s r 
r f j = - 0 . 3 9 0 3 9 

r = - 0 . 5 3 6 2 7 f c 
r A J = - 0 . 6 1 2 2 6 r d 
r = 0 . 6 3 3 8 0 f s 
r = 0 . 6 1 9 3 1 f r 

a \ « - 1 . 3 2 
3 

X = 0 . 7 6 

a* 
x 

a \ 

c 

a:. = 

- 0 . 5 8 

- 0 . 1 1 

1 .28 

3 3 . 3 4 

- 1 . 0 2 

1.42 

6 . 1 5 

- 0 . 3 2 

0 . 0 4 

- 0 . 9 2 

- 0 . 0 5 

1 .20 

1 1 . 6 7 

- 0 . 7 2 

1 .41 

- 0 . 2 6 
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T a b l e 1 8 . A Compar i son of t h e J u d g e s 1 P a i r e d Compar ison 
and F a c t o r Ranks of Group I w i t h t h e P r e d i c t e d 
Ranks from F o r m u l a s One and T h r e e , R e s p e c t i v e l y 

J u d g e s 1 Average 
P a i r e d Compar ison 
Ranks 

Ranks f rom 
Formula One 

Ranks f rom 
Formula Three 

J u d g e s 1 Average 
F a c t o r Ranks 

1 6 . 1 3 4 . 1 7 2 . 0 
2 2 . 6 3 6 . 4 7 2 . 0 
3 5 . 6 5 7 . 8 5 2 . 0 
4 7 . 6 5 4 . 8 6 4 . 0 
5 5 .46 7 .73 5 . 0 
6 3 . 7 9 5 .02 6 . 5 
7 8 .98 8 . 9 3 6 . 5 
8 8 .65 9 . 1 8 8 . 5 
9 1 3 . 3 9 1 0 . 0 9 8 . 5 

10 3 . 1 0 8 .88 1 0 . 0 
11 1 0 . 5 3 5 .63 1 2 . 5 
12 1 0 . 9 3 1 0 . 2 9 1 2 . 5 
13 1 0 . 8 7 1 2 . 8 1 1 2 . 5 
14 1 6 . 3 0 1 5 . 2 0 1 2 . 5 
15 1 0 . 4 4 9 . 6 5 1 5 . 0 
16 1 4 . 4 1 1 6 . 8 8 1 6 . 0 
17 1 6 . 9 3 1 1 . 7 5 1 7 . 0 
18 1 4 . 1 7 1 5 . 0 4 1 8 . 0 
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T a b l e 1 9 . A Compar ison of t h e J u d g e s ' P a i r e d Compar ison 
and F a c t o r Ranks of Group I w i t h t h e P r e d i c t e d 
Ranks from F o r m u l a s Two and Four 

J u d g e s ' Average 
P a i r e d Compar ison Ranks f rom Ranks from J u d g e s ' Average 
Ranks Formula Two Formula Four F a c t o r Ranks 

1 6 . 0 1 3 . 7 4 2 . 0 
2 3 . 1 5 6 .30 2 . 0 to 6 . 0 1 8 .08 2 . 0 
4 8 . 8 7 4 . 8 0 4 . 0 
5 4 . 5 8 7 .72 5 . 0 
6 4 . 5 8 6 . 1 7 6 . 5 
7 8 . 8 7 8 .98 6 . 5 
8 8 . 8 7 8 . 9 7 8 . 5 
9 1 3 . 1 6 9 .49 8 . 5 

10 6 . 0 1 9 . 5 8 1 0 . 0 
11 1 0 . 3 0 5 .10 1 2 . 6 
12 1 1 . 7 3 1 0 . 9 6 1 2 . 5 
13 1 1 . 7 3 1 2 . 6 4 1 2 . 5 
14 16 .02 1 5 . 2 3 1 2 . 5 
15 1 0 . 3 0 9 . 2 7 1 5 . 0 
16 1 3 . 1 6 1 6 . 8 7 1 6 . 0 
17 1 6 . 0 2 1 1 . 9 6 1 7 . 0 
18 1 4 . 5 9 1 5 . 1 8 1 8 . 0 



55 

Tab le 2 0 . A Comparison o f t h e Judges* P a i r e d Compar i son 
and F a c t o r Ranks of Group I I I w i t h t h e P r e d i c t e d 
Ranks from F o r m u l a s F i v e and Seven 

Judges* A v e r a g e 
P a i r e d Compar i son Ranks from 
Ranks Formula F i v e 

Ranks from Judges* Average 
Formula Seven F a c t o r Ranks 

1 3 . 7 8 3 .25 2 . 0 
2 1 1 . 4 6 3 . 8 7 2 . 0 
3 2 . 9 2 7 .72 2 . 0 
4 8 .72 6 . 0 5 4 . 0 
5 1 2 . 9 1 1 1 . 2 0 5 . 0 
6 1 5 . 2 5 1 2 , 7 7 6 . 5 
7 1 2 . 8 4 1 3 . 7 1 6 . 5 
8 1 3 . 8 0 8 .00 8 .0 
9 1 0 . 3 7 9 , 1 4 9 . 5 

10 1 0 . 2 2 1 5 . 7 2 9 . 5 
11 1 3 . 3 3 1 4 . 4 9 1 2 . 0 
12 17 .22 1 7 . 0 3 1 2 . 0 
13 9 . 8 9 1 7 . 8 4 1 2 . 0 
14 1 7 . 9 2 1 0 . 1 3 1 5 . 0 
15 1 6 . 1 6 1 9 . 0 1 1 5 . 0 
16 1 8 . 6 7 2 0 . 9 1 1 5 . 0 
17 2 2 . 3 1 9 . 8 7 1 7 . 5 
18 2 0 . 0 6 1 5 . 9 0 1 7 . 5 
19 1 6 . 1 3 1 4 . 8 5 1 9 . 0 
20 1 2 . 6 1 1 8 . 0 9 2 0 . 5 
21 1 9 . 7 1 2 1 . 9 8 2 0 . 5 
22 2 0 . 7 0 14 .82 2 2 . 0 
23 1 7 . 0 3 1 7 . 3 6 2 3 . 0 
24 1 1 . 3 2 2 2 . 6 5 2 4 . 5 
25 2 1 . 0 0 2 3 . 1 2 2 4 . 5 
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T a b l e 2 1 . A Compar ison of t h e J u d g e s ' P a i r e d Compar ison 
and F a c t o r Ranks of Group I I I w i t h t h e P r e d i c t e d 
Ranks from F o r m u l a s S i x and E i g h t 

J u d g e s ' Average Ranks from Ranks from J u d g e s ' Average 
P a i r e d Compar i son Formula S i x Formula E i g h t F a c t o r Ranks 
Ranks 

1 7 . 0 1 3 . 1 7 2 . 0 CM 7 . 62 7 . 0 5 2 . 0 
3 2 . 2 3 8 .50 2 . 0 
4 4 . 1 7 8 .70 4 . 0 
5 8 .39 8 . 9 4 5 . 0 
6 1 3 . 5 3 9 . 2 7 6 . 5 
7 1 2 . 0 7 1 2 . 2 3 6 . 5 

00
 

1 1 . 7 1 1 0 . 8 9 8 .0 
9 8 . 2 5 8 .56 9 . 5 

10 8 .96 1 3 . 5 1 9 . 5 
11 1 1 . 9 4 1 5 . 6 4 1 2 . 0 
12 1 5 . 9 7 1 6 . 8 0 1 2 . 0 
13 7 . 7 5 1 8 . 6 0 1 2 . 0 
14 1 7 . 7 3 1 6 . 5 0 1 5 . 0 
15 1 8 . 9 5 1 7 . 0 5 1 5 . 0 
16 1 7 . 1 3 2 1 . 1 5 1 5 . 0 
17 21 .82 5 .68 1 7 . 5 
18 1 9 . 0 9 1 0 . 1 6 1 7 . 5 
19 1 4 . 6 0 1 1 . 4 1 1 9 . 0 
20 1 5 . 4 7 1 3 . 7 0 2 0 . 5 
21 1 7 . 7 0 1 7 . 0 7 2 0 . 5 
22 1 7 . 3 9 1 6 . 0 8 2 2 . 0 
23 1 6 . 7 1 1 6 . 0 2 2 3 . 0 
24 1 0 . 7 4 1 8 . 7 4 2 4 . 5 
25 2 3 . 9 5 2 3 . 2 7 2 4 . 5 
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T a b l e 2 2 . A Sample C a l c u l a t i o n f o r O b t a i n i n g t h e 
Mean E r r o r a s Def ined by t h e Mean Range 
of t h e J u d g e s ' Rankings 

J u d g e s 
Range 

1 1 1 0 
2 2 3 1 
3 3 2 1 
4 8 4 4 
5 5 7 2 
6 4 6 2 
7 7 9 2 00 10 5 5 
9 6 8 3 

10 16 13 6 
11 9 10 2 
12 4 14 10 
13 12 11 2 
14 12 16 4 
15 14 15 1 
16 16 12 4 
17 16 17 1 
18 18 18 0 

I R • 50 

K — — 2 . 7 8 

tr - 2 - - 2 , 7 8 

6 X " d 2 1 ,69 
1 .65 

7 ; 
= o 95 1.73 ° - 9 5 

F o r a no rma l d i s t r i b u t i o n 
Mean D e v i a t i o n * 0 . 7 9 7 9 6 

Mean D e v i a t i o n = ( 0 . 7 9 7 9 ) ( 0 . 9 5 ) 

= 0 . 7 6 
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T a b l e 2 3 . A Sample C a l c u l a t i o n of t h e Mean 
D e v i a t i o n O b t a i n e d by Comparing t h e 
J u d g e s 1 R a n k i n g s w i t h t h e Formula R a n k i n g s 

J u d g e s ' P a i r e d Ranks from A b s o l u t e 
Compar ison Rank Formula One D i f f e r e n c e 

1 6 .13 5 . 1 3 
2 2 . 6 3 . 6 3 
3 5 . 6 5 2 . 6 5 
4 7 .56 3 . 5 6 
5 5 .46 . 46 to 3 . 7 9 2 . 2 1 
7 8 . 9 8 1 .98 

00
 

8 . 6 5 . 6 5 
9 1 3 . 3 9 4 . 3 9 

10 3 . 1 0 6 . 9 0 
11 1 0 . 5 3 . 4 7 
12 1 0 . 9 3 1 .07 
13 1 0 . 8 7 2 . 1 3 
14 1 6 . 3 0 2 . 3 0 
15 1 0 . 4 4 4 . 5 6 
16 1 4 . 4 1 1 .59 
17 1 6 . 9 3 . 0 7 
18 1 4 . 1 7 3 . 8 3 

! > l ( D i f f ) = 4 4 . 5 8 

u n • . Z l ( D i f f ) . 4 4 . 5 8 _ „ A O Mean D e v i a t i o n ~ » — r — = 2 . 4 8 
a 18 



FIGURE li. THE CONTROL BOX 

C — T h e t w o p l u g s f o r t h e c l o c k 
F — F u s e b o x 
L — S a f e t y l i g h t 
0 — S w i t c h f o r o p e n i n g a n d c l o s i n g 
RL R e a c t i o n l e v e r 
RR — R e a c t i o n r e s e t s w i t c h 
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FIGURE 5 . SCHEMATIC DIAGRAM 
OF ELECTRICAL CONNECTION 
FOR SPEED TEST 

B l 
BK 
BR 
C I 
E l 
E I A 
E 2 
E2A 
F l 
GR 
L l 

PB1A -

PB1B -

RD 
RY1A1 -

RY1A2 -

RY2A1 -

RY2A2 -
SW1 
SW2 
W H 

B e l l # 1 
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NOMENCLATURE 

Symbols 

r C o r r e l a t i o n c o e f f i c i e n t 

^ ~ Summation 

rf C o e f f i c i e n t of t h e v a r i a b l e s i n t h e m u l t i p l e c o r r e l a t i o n f o r m u l a 

N Number of s u b j e c t s 

S t a n d a r d d e v i a t i o n 

X^ Ch inn ing t e s t v a l u e . The u n i t i s number of c h i n s . 

X^ D i p p i n g t e s t v a l u e . The u n i t i s number of d i p s . 

X^ I n t e l l i g e n c e t e s t v a l u e . The u n i t i s t h e ACE g r a d e r a n g i n g from 
one t o t e n . 

X V e r t i c a l Jump t e s t v a l u e . The u n i t i s t h e number of i n c h e s 
jumped . 

X^ Average r e a c t i o n t e s t v a l u e . The u n i t i s t i m e i n . 0 1 of a s e c o n d . 

X Average speed t e s t v a l u e . The u n i t i s t i m e i n . 0 1 of a s e c o n d . 
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