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C H A P T E R I . 

S K I L L . 

Everyone would p r o b a b l y agree t h a t d r i v i n g a car, 

p i l o t i n g an a i r c r a f t , swimming, p l a y i n g a game o f f o o t b a l l , or 

pia n o p l a y i n g r e q u i r e some degree o f s k i l l . These performances 

are mastered by seme people a f t e r v a r y i n g degrees o f e f f o r t and 

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

h e a l t h y , are unable t o a t t a i n the necessary l e v e l o f e f f i c i e n c y 

i n t h e s e s k i l l s and the reason f o r t h e i r f a i l u r e are s t i l l 

obscure and o f t e n expressed o n l y i n v e r y g e n e r a l terms w i t h o u t 

a reasonable degree o f p r e c i s i o n . 

L e t us have a c l o s e r l o o k a t these, a p p a r e n t l y 

d i f f e r e n t , s k i l l e d performances and make an attempt t o f i n d 

some common denominator i n a l l o f them. 

A d r i v e r o f a car i s r e q u i r e d t o keep o r v a r y i t s 

d i r e c t i o n and speed a c c o r d i n g t o the road s u r f a c e , i n c l i n a t i o n , 

bends, and a l s o o t h e r t r a f f i c , s i g n a l s , e t c . The d i r e c t i o n 

and speed o f a car seem t o be r e l a t e d : any co n s i d e r a b l e change 

i n d i r e c t i o n would r e q u i r e some decrease i n speed. The 

d i r e c t i o n and speed o f a car are i n d i r e c t l y e f f e c t e d by the 

pr e s s u r e o f d r i v e r ' s l i m b s on a s t e e r i n g wheel and a c c e l e r a t o r ; 

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

muscles. There i s another i m p o r t a n t f a c t o r v/hich has t o be 

c o n s i d e r e d when we analyse the d r i v i n g o f a ca r , namely t i m i n g . 

The concept o f t i m i n g seems t o be sorr.ehow ambiguous and i t i s 

o f t e n used t o express one phenomenon or a v a r i e t y o f phenomenao 

By t i m i n g i s meant e x p l i c i t l y the b e g i n n i n g o f any muscular 

a c i v i t y ; i m p l i c i t l y i t may mean the time o f the p r e p a r a t o r y 

s e t f o r a c t i o n o r the time i n t e r v a l between the b e g i n n i n g and 

the end o f one r e a c t i o n . I t may a l s o mean the performance t i m e , 

i f we are d e a l i n g w i t h the time i n t e r v a l f o r the s k i l l e d 

performance as a whole o r w i t h a d i s t i n c t p a r t of i t . The 



d i f f e r e n c e between the r e a c t i o n and performance seems t o be 

as f o l l o w s : a r e a c t i o n occurs when some muscular a c t i v i t y 

i s i n v o l v e d such as the maintenance o f d i r e c t i o n o r speed. 

Where t h e r e i s v a r i a t i o n i n t h i s a c t i v i t y l e a d i n g t o change 

o f d i r e c t i o n o r speed we may t a l k of performance. On the 

whole perfoimance c o n s i s t s o f a t l e a s t two or more successive 

r e a c t i o n s . The r e l a t i o n s h i p between the be g i n n i n g o f any 

a c t i v i t y , and the t i m i n g o f i t s v a r i o u s components, may be 

c l o s e , b u t i t may a l s o be v e r y l o o s e . A car d r i v e r may begin 

some a c t i o n a t the wrong moment, but t h e a c t i o n i t s e l f may 

l a s t t h e c o r r e c t l e n g t h o f time and the v i c e v e r s a ; t h e l a g -

time between t h e two successive r e a c t i o n s may be the c o r r e c t 

one, b u t may a l s o be too l o n g o r too s h o r t . A f t e r t h i s b r i e f 

a n a l y s i s o f car d r i v i n g performance i t seems t o be p o s s i b l e 

t o i s o l a t e t h r e e main f a c t o r s , i . e . m a i n t a i n i n g and making 

necessary v a r i a t i o n s i n d i r e c t i o n , speed and t i m i n g . 

I n t e r p l a y between these t h r e e could determine the degree o f 

e f f i c i e n c y i n c a r d r i v i n g performance. 

A p i l o t o f an a i r c r a f t has a s i m i l a r task o f 

k e e p i n g and v a r y i n g d i r e c t i o n and speed o f the a i r c r a f t , 

c h i e f l y a c c o r d i n g t o the i n d i c a t i o n o f i n s t r u m e n t s , he has 

a l s o t o time p e r f e c t l y a l l h i s a c t i o n s . I ' a i n t a i n i n g and 

v a r y i n g t h e d i r e c t i o n and speed o f t h e a i r c r a f t i s e f f e c t e d 

by t h e p i l o t e x e r t i n g p r e s s u r e on the a p p r o p r i a t e l e v e r s as 

a r e s u l t o f c o n t r a c t i o n o f h i s muscles. 

I f we compare these two performances, i . e . d r i v i n g 

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

e s s e n t i a l s i m i l a r i t y between them, because a car d r i v e r and 

a p i l o t are concerned w i t h t he k e e p i n g and changing o f 

d i r e c t i o n and speed o f t h e i r r e s p e c t i v e machines, and t h e y 

have t o time c o r r e c t l y t h e i r a c t i o n s which are i n d i r e c t l y 

e f f e c t e d by t h e pressure o f t h e i r l i m b s on the c o n t r o l s and 

d i r e c t l y by the c o n t r a c t i o n o f t h e i r muscles. There a r e , 

however, some d i f f e r e n c e s between these two performances, 

which seem t o be not o f p r i m a r y importance. The d i r e c t i o n 
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of a car has t o be m a i n t a i n e d and v a r i e d i n one h o r i z o n t a l 
p l a n e , w h i l e t he d i r e c t i o n o f an a i r c r a f t has t o be main t a i n e d 
and v a r i e d i n n o t o n l y t he h o r i z o n t a l b u t also the v e r t i c a l 
p l a n e ; t h e r e are a l s o some d i f f e r e n c e s i n the range o f speed 
o f b o t h machines. As f a r as t i m i n g i s concerned i t i s probably 
the case t h a t the p i l o t should be more exact then the d r i v e r , 
moreover, i n p i l o t i n g an a i r c r a f t t h e r e i s d e f i n i t e l y a w i d e r 
range o f s t i m u l a t i o n t o cope w i t h than i n d r i v i n g a c a r . 

I n swimming t h e r e i s a l s o maintenance and v a r i a t i o n 

o f t h e d i r e c t i o n and speed o f the body. T h i s i s e f f e c t e d by 

the c o o r d i n a t e d a c t i o n o f t h e hands and l e g s o f the swimmer 

due d i r e c t l y t o the c o n t r a c t i o n o f h i s muscles. 

I n p l a y i n g a game o f f o o t b a l l a p l a y e r has not o n l y 

t o m a i n t a i n or'change t he d i r e c t i o n and speed o f h i s body, but 

he has a l s o t o c o n t r o l t h e d i r e c t i o n and the speed o f the b a l l . 

B o t h these a c t i o n s are e f f e c t e d by the a p p r o p r i a t e degree o f 

c o n t r a c t i o n o f the muscles. The sequence of h i s a c t i o n s has 

t o be w e l l t i m e d . The range o f s t i m u l a t i o n i s v e r y wide and 

a l l h i s a c t i o n s have t o v a r y a c c o r d i n g l y . 

I n p l a y i n g a piano a p e r f o r m e r has t o m a i n t a i n and 

v a r y d i r e c t i o n and speed and the p r e s s u r e o f h i s hands on the 

keyboard„ There i s a l s o some a c t i o n o f h i s l e g i n v o l v e d . 

T i m i n g i n any good m u s i c a l performance has t o be almost p e r f e c t . 

I n a l l these s k i l l s , i . e . swimming, p l a y i n g a game o f 

f o o t b a l l and p i a n o p l a y i n g , where the performance i s d i r e c t l y 

e xecuted by t h e muscular a c t i v i t y , t h e r e i s a l s o a d e f i n i t e 

r e l a t i o n between the d i r e c t i o n and t h e speed: any a n g u l a r 

change i n the d i r e c t i o n , whether o f the body or o f the l i m b , 

would r e q u i r e a decrease a t the same time i n speed. 

I n a l l these, a p p a r e n t l y d i f f e r e n t , s k i l l e d p e r f o r m ­

ances, t he presence o f t h e t h r e e f a c t o r s c o u l d be c l e a r l y 

o b served, i . e . maintence and v a r i a t i o n i n d i r e c t i o n , speed 

and t i m i n g . I f anyone o f these would f o r some reasons be 

d e f i c i e n t , the whole performance i s bound t o be i m p e r f e c t . 

Each o f the t h r e e f a c t o r s p r e s e n t s v a r i o u s degrees o f d i f f i c u l t y 



t o d i f f e r e n t i n d i v i d u a l s i n the process o f l e a r n i n g seme s k i l l . 

Even when a h i g h degree o f p r o f i c i e n c y i s a l r e a d y a t t a i n e d by a 

s u b j e c t , p r e o c c u p a t i o n w i t h the e x e c u t i o n o f one p a r t i c u l a r i t e m , 

l e t us say d i r e c t i o n , would cause t h e performance as a whole t o 

l o s e i t s ' f l u i d i t y ' and h i g h degree o f p e r f e c t i o n . Although we 

have been d e a l i n g up t o now w i t h t h r e e d i s t i n c t elements and 

t h e i r v a r i a t i o n s , p r e s e n t i n any s k i l l e d performance, i t i s 

p o s s i b l e t o t r a c e them f u r t h e r back t o one camnon denominator, 

i . e . a muscle, by which a l l these are executed. Mthough f o r c e , 

t i m e , speed, sequence and the degree o f the c o n t r a c t i o n o f 

muscles v a r y i n each o f the j u s t d e s c r i b e d performances, t h e y 

are always p r e s e n t i n any one o f them. The c o n t r a c t i n g muscle 

may d e t e r m i n e performance i n d i r e c t l y as i n the d r i v i n g o f a car 

or p i l o t i n g an a i r c r a f t , o r d i r e c t l y as i n p l a y i n g games, swimming 

e t c . , b u t i t i s i m p o s s i b l e t o imagine any p h y s i c a l s k i l l w i t h o u t 

the presence and a c t i v i t y o f muscles. We can conclude t h a t a 

s t u d y o f any s k i l l s h o u l d be f o l l o w e d up and enlar g e d by the 

stu d y o f t h e a c t i v i t y o f the muscles i n v o l v e d . 

A f t e r these p r e l i m i n a r y o b s e r v a t i o n s we can pass now 

t o t h e f u r t h e r a n a l y s i s o f t h e t h r e e e s s e n t i a l components o f 

s k i l l and t h e i r dependence upon muscle c o n t r a c t i o n s . 

1 . D i r e c t i o n . 

I t seems probable t h a t t h e mainteiice o f d i r e c t i o n 

i s made p o s s i b l e p r i m a r i l y because o f the symmetry o f the human 

or a n i m a l body. When a hioman b e i n g or animal i s moving along 

a s t r a i g h t l i n e , no m a t t e r w i t h what speed, an a l t e r n a t i n g 

muscular a c t i v i t y o f equ a l e x t e n t i s t a k i n g p l a c e i n the 

s y m m e t r i c a l p a r t s o f t h e i r b o d i e s . The maintenance of d i r e c t i o n 

o f t h e moving l i m b seems t o be due t o the i n t e r a c t i o n between 

o p p o s i t e groups o f muscles, i . e . a g o n i s t s and a n t a g o n i s t s . Any 

change i n the d i r e c t i o n o f t h e moving body would i n v o l v e an 

i n c r e a s e o f muscular a c t i v i t y i n one s y m m e t r i c a l p a r t o f t h e body 

w i t h t h e simultaneous decrease o f t h i s a c t i v i t y i n a n o t h e r p a r t . 



The change o f d i r e c t i o n o f the moving l i m b seems t o be 

d etermined b y changes i n the i n t e r a c t i o n between a g o n i s t s 

and a n t a g o n i s t s . The degree o f t h e change i n d i r e c t i o n , 

whether o f moving body o r l i m b , seems t o be d i r e c t l y p r o p o r t i o n ­

a l t o t h e d i f f e r e n c e between the e x t e n t o f muscular a c t i v i t i e s 

i n the s y m m e t r i c a l p a r t s o f the body o r the d i f f e r e n c e s between 

th e a c t i v i t i e s o f a g o n i s t s and a n t a g o n i s t s . Although the 

maintenance and change o f d i r e c t i o n are c h i e f l y e f f e c t e d by the 

m u s c ular a c t i v i t y , t h e r e are a l s o some o t h e r c o n t r i b u t o r y 

f a c t o r s such as v i s i o n and sense o f e q u i l i b r i u m which p l a y an 

i m p o r t a n t r o l e i n the d i r e c t i o n a l a d j u s t m e n t s . A b l i n d person 

can be t a u g h t t o m a i n t a i n o r change the d i r e c t i o n o f h i s body 

o r l i m b s i n a more o r l e s s i m p e r f e c t and l i m i t e d way, but a 

person w i t h a f f e c t e d s e m i c i r c u l a r c a n a l s w i l l almost c e r t a i n l y 

f a l l t o do t h i s . 

Maintenance and change o f d i r e c t i o n are not such 

easy t a s k s as t h e y would a t f i r s t appear, and t h e y can be 

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

a d a p t a t i o n can be r e a d i l y observed and s t u d i e d i n the motor 

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

f r o m nervous i n j u r i e s o r diseases, people a f f e c t e d by a l c o h o l , 

and a l s o by o b s e r v i n g any s k i l l e d performance i n the process o f 

i t s l e a r n i n g . Some o f these d i f f i c u l t i e s are overcome as i s 

seen i n t h e m a t u r a t i o n o f growing c h i l d r e n , some o f them seem 

t o be permanent as i n the case o f d e f e c t i v e s and people w i t h 

nervous i n j u r i e s , some can be mastered o n l y t o c e r t a i n e x t e n t 

o r f o r a l i m i t e d number o f s k i l l s . 

Even by o b s e r v i n g a p e r f e c t l y normal s u b j e c t when he 

is drawing a s e r i e s o f s t r a i g h t l i n e s o r obtuse angles i n quick 

s u c c e s s i o n , t h i s d i f f i c u l t y o f k e e p i n g and changing the 

d i r e c t i o n o f the hand i s i m m e d i a t e l y obvious t o the o b s e r v e r . 

I f we compare the two f o l l o w i n g t a s k s , i . e . maintenance and 

change i n d i r e c t i o n w i t h r e g a r d t o the d i f f i c u l t y i n v o l v e d , i t 



seems t h a t any change i s much more d i f f i c u l t than the maintenance 

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

l i m b i s more d i f f i c u l t than the change and maintenance of the 

d i r e c t i o n o f t h e body as a whole. 

The l a s t mentioned d i f f i c u l t y w i t h r e gard t o the 

movements o f the l i m b i s p r o b a b l y connected w i t h t h e c u r i o u s 

phenomenon w h i c h can be d e f i n e d as 'the dominance o f f l e x o r s ' . 

L e t us e x p l a i n more f u l l y t he above mentioned concept. The 

p o s t u r e o f an i n f a n t o r s e n i l e person shows i n v a r i a b l y the 

marked tendency towards f k e x i o n , t h e most s t r i k i n g example o f 

i t i s 'the g r i p r e f l e x ' o f an i n f a n t o r the bent p o s t u r e o f an 

o l d man. I n these cases, the motor mechanism seems t o be as 

f o l l o w s : a g r e a t e r number o f f l e x o r s muscle f i b r e s are a c t i v e , 

whether a t r e s t or d u r i n g the movement o f the body o r l i m b , 

t h a n t h e number o f muscle f i b r e s b e l o n g i n g t o the e x t e n s o r s . 

T h i s apparent tendency t o engage, i n v o l u n t a r i l y , more muscle 

f i b r e s i n the f l e x o r s than i n the e x t e n s o r s , whether at r e s t 

or d u r i n g movement, c o u l d be c a l l e d 'the dominance o f f l e x o r s ' . 

I f the e x e c u t i o n o f the d i r e c t movements o r a n g u l a r 

changes o f the l i m b d i r e c t i o n are determined by the harmonious 

i n t e r a c t i o n between f l e x o r s and e x t e n s o r s , then any permanent 

r e s i d u a l f o r c e e x i s t i n g i n one group o f muscles o n l y i s bound t o 

i n t e r f e r e w i t h t h e c o r r e c t e x e c u t i o n o f these movements. This 

i s p a r t i c u l a r l y t r u e i f some p r e c i s e movement i s r e q u i r e d , when 

o n l y few muscle f i b r e s are engaged. 

The dominance o f f l e x o r s seem t o be p a r t l y overcome 

i n t h e course o f m a t u r a t i o n i n normal c h i l d r e n , but the e x t e n t 

o f t h i s achievment v a r i e s and, most p r o b a b l y , c o n t r i b u t e s 

d e c i s i v e l y t o the degree o f s k i l l a c q u i r e d i n l a t e r l i f e . T h is 

phenomenon seems t o be k e p t i n abeyance d u r i n g the l o n g p e r i o d 

o f o ur a c t i v e l i f e , b u t i t appears a g a i n i n s e n i l i t y , due 

p r o b a b l y t o some p h y s i o l o g i c a l changes, and r e s u l t s i n a marked 

d e t e r i o r a t i o n i n p h y s i c a l s k i l l among aged persons. Some 

m e n t a l d e f e c t i v e s never overcome t h i s dominance o f f l e x o r s and, 

as can be demonstrated e x p e r i m e n t a l l y , they are unable t o 



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

2. Speed, Force and the P r e s s u r e . 

L e t us now i n t u r n d e a l w i t h speed and problems 

r e l a t e d t o i t . The keeping and v a r y i n g o f speed i s e f f e c t e d 

by t h e c o n t r a c t i n g muscle, i n d i r e c t l y as i n d r i v i n g a car or 

p i l o t i n g an a i r c r a f t , o r d i r e c t l y as i n p l a y i n g games, swimming, 

e t c . The speed o f simple movements o f the body o r l i m b s can 

be measured w i t h r e f e r e n c e t o some f i x e d p o i n t s or p l a n e s . 

Speed seems t o be p r i m a r i l y d e t e m i n e d by the speed o f muscle 

c o n t r a c t i o n , which v a r i e s i n d i f f e r e n t i n d i v i d u a l s , b u t i t i s 

necessary a t t h i s stage t o i n t r o d u c e a n o t h e r i m p o r t a n t f a c t o r , 

i . e . f o r c e , which i s c l o s e l y r e l a t e d t o speed. The amount of 

f o r c e i s d e t e i r o i n e d by t h e number o f muscle f i b r e s i n v o l v e d and 

speed o f t h e i r c o n t r a c t i o n . I n the m a j o r i t y o f human or animal 

performances b o t h these f a c t o r s , i . e . number o f muscle f i b r e s 

and t h e r a t e o f t h e i r c o n t r a c t i o n s are engaged i n any i n c r e a s e 

i n t he speed. I t seems t h a t these two concepts, i . e . speed 

and f o r c e , as f a r as the human o r animal motor mechanism i s 

concerned, remain d i r e c t l y p r o p o r t i o n a l t o each o t h e r . 

Let us now go a s t e p f u r t h e r i n t h e a n a l y s i s o f 

muscle a c t i v i t y . When some movement o f t h e body o r l i m b i s 

e x e c u t e d , t h e r e i s always s h o r t e n i n g o f the a p p r o p r i a t e muscle 

f i b r e s a l t h o u g h t h e t e n s i o n i n them remains the same throughout 

t h e whole movement. Th i s type o f a c t i v i t y , where t^.ere i s 

some s h o r t e n i n g o f muscle f i b r e s w i t h c o n s t a n t t e n s i o n i n them 

i s known as i s o t o n i c c o n t r a c t i o n . There i s , however, another 

type o f muscular a c t i v i t y where t h e r e i s no s h o r t e n i n g o f muscle 

f i b r e s as, f o r example, when some l o a d i s a p p l i e d t o one end of 

th e muscle, or where the maintenance o f c o n s t a n t pressure o f the 

l i m b on some s u r f a c e i s r e q u i r e d as, f o r i n s t a n c e , the steady 

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

Such muscular a c t i v i t y i s c h a r a c t e r i z e d by a c o n s i d e r a b l e increase 

o f t e n s i o n w i t h i n t he muscle f i b r e s , a l t h o u g h t h e r e i s no 



s h o r t e n i n g i n t h e i r l e n g t h . T h i s type o f muscular a c t i v i t y 

i s known as i s o m e t r i c c o n t r a c t i o n . I n c o n n e c t i o n w i t h t h i s 

l a t t e r t y p e o f muscular a c t i v i t y we can i n t r o d u c e a new concept, 

i . e . p r e s s u r e . Pressure can be d e f i n e d as the a p p l i c a t i o n o f 

f o r c e t o some s u r f a c e . I t s amount i s d i r e c t l y determined by 

the number o f muscle f i b r e s engaged and t h e dimensions o f the 

s u r f a c e t o which the p r e s s u r e i s a p p l i e d . The type o f muscular 

a c t i v i t y i n v o l v e d i n the a p p l i c a t i o n o f pressure may be i s o m e t r i c 

c o n t r a c t i o n when t h e r e i s no movement, as f o r example, the 

p r e s s u r e of the l e g t o t h e c a r's a c c e l e r a t o r , or i t may be a 

c o m b i n a t i o n o f i s o m e t r i c and i s o t o n i c c o n t r a c t i o n s where movement 

takes p l a c e , as f o r i n s t a n c e i n the simple performance of 

d r a w i n g a s t r a i g h t l i n e . One the whole, pressure seems t o be 

c l o s e l y r e l a t e d t o f o r c e because i n b o t h o f them the dominant 

f a c t o r i s the same, i . e . the number o f muscle f i b r e s i n v o l v e d . 

They b o t h , however, may d i f f e r so f a r as t h e type o f muscular 

a c t i v i t y i s concerned: i n the former i t i s p r e d o m i n a n t l y o f 

the i s o m e t r i c t y p e , ?/hile i n the l a t t e r i t i s o f the i s o t o n i c 

t y p e . There are a l s o some f u r t h e r d i f f e r e n c e s between them: 

t h e degree o f f o r c e depends u l t i m a t e l y on the speed o f muscle 

c o n t r a c t i o n , w h i l e p r e s s u r e depends on the s i z e o f X^o. s u r f a c e 

t o w h i c h i t i s a p p l i e d . I t seems, t h a t i n any tjrpe of s k i l l e d 

performance t h e r e i s an i n t e r a c t i o n between speed and performance 

and t h e y b o t h are e f f e c t e d by the i s o t o n i c tjrpe o f muscle 

c o n t r a c t i o n . I n some p e r f o m a n c e s , however, pressure moy come 

i n t o t h e p i c t u r e as w e l l , and t h e r e may be an a l t e r n a t i v e d i s n l a y 

o f two d i s t i n c t types o f muscular a c t i v i t y , i . e . i s o t o n i c and 

i s o m e t r i c . 

A f t e r t h i s b r i e f d e s c r i p t i o n o f speed, f o r c e , Dressure 

and t h e i r p o s s i b l e r e l a t i o n s h i p and a l s o a f t e r an i n d i c a t i o n o f 

t h e i r p r i m a r y p h y s i o l o g i c a l d e t e r m i n a n t , i . e , muscle and i t s two 

types o f c o n t r a c t i o n ^ , we m'̂ y s a f e l y ssy t h a t the de«?ree o f 

p e r f e c t n e s s o f any s k i l l e d performance would be d e c i s i v e l y 

i n f l u e n c e d by the harmonious i n t e r a c t i o n o f these f a c t o r s . 



L e t us now go ?nother step f o r w a r d and c o n s i d e r 

th e v a r i o u s degrees o f d i f f i c u l t y which these s k i l l - c o m p o n e n t s 

o b v i o u s l y present t o d i f f e r e n t i n d i v i d u a l s i n the nrocess of 

m a s t e r i n g some simple s k i l l e d performance. A n a l y s i s o f 

v a r i o u s s k i l l e d performances seems t o i n d i c a t e t h a t the 

maintenance o f c o n s t a n t speed, f o r c e or pr e s s u r e , whatever 

t h e i r e x t e n t may be, i s a more easy t a s k t o an i n d i v i d u a l 

t han t h e performance o f the c o r r e c t v a r i a t i o n s i n them, 

however, t h e r e i s a d e f i n i t e r e l a t i o n s h i p between these two. 

I f we d e s i g n two experiments: the f i r s t one measuring the 

s u b j e c t s ' s e x e r t i o n o f f o r c e and pressure w h i l s t they remain 

c o n s t a n t , and the second one e x p l o r i n g t h e a b i l i t y o f the 

s u b j e c t t o v a r y them, we s h a l l f i n d t h a t t h e r e i s an i n v e r s e 

r e l a t i o n s h i p between t he amount o f f o r c e o r pressure used i n 

the f i r s t e xperiment and the a b i l i t y t o v a r y them i n the 

second, t h i s means b r i e f l y : t h a t the more the s u b j e c t uses 

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

t o v a r y them c o r r e c t l y s u b s e q u e n t l y . Some f u r t h e r e x p l a n a t i o n s 

are necessary a t t h i s stage. Young c h i l d r e n nnd a l s o a d u l t s 

when l e a r n i n g a si m p l e s k i l l u s u a l l y employ more f o r c e and 

pr e s s u r e t h a n necessary; t h i s excess o f f o r c e or pressure i s 

g r a d u a l l y reduced, due p r o b a b l y t o m a t u r a t i o n and p r a c t i c e i n 

c h i l d r e n , and due t o p r a c t i c e alone i n a d u l t s . The e x t e n t 

o f t h i s r e d u c t i o n o f f o r c e or p r e s s u r e , seems t o be predetermined 

by some i n n a t e f a c t o r s . Some o f these problems, p a r t i c u l a r l y 

p r e s s u r e , have been a l r e a d y exploi-ed e x p e r i m e n t a l l y a t the 

l o w e r end o f i n t e l l i g e n c e s c a l e , and r e s u l t s show t h a t the 

l e s s i n t e l l i g e n t s u b j e c t s e x e r t e d more pressure d u r i n g the 

simpl e drawing performance. T h i s r e l a t i o n s h i p r^robably breaks 

down i n some cases a t the upper end o f th e i n t e l l i g e n c e s c a l e . 

I n summing up, i t may be s a i d t h a t speed, f o r c e and 

p r e s s u r e are e f f e c t e d by the v a r i o u s types o f muscle c o n t r a c t i o n s , 

t h e y a re i n t e r r e l a t e d , and t h e y are e s s e n t i a l components o f s k i l l . 

T h e i r i n t e r a c t i o n would determine the degree o f 
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p e r f e c t i o n o f t h e s k i l l e d performance. Speed, f o r c e and 

pr e s s u r e seem t o be p r i m a r i l y determined by some i n n a t e f a c t o r s 

and because o f t h a t t h e y can be improved t o a c e r t a i n e x t e n t 

o n l y by p r a c t i c e . 

5. T i m i n g and problems r e l a t e d t o i t . 

L e t us now c o n s i d e r a v e r y complex and ambiguous 

concept expressed by t h e term t i m i n g . I t can be observed and 

s t u d i e d i n any a c t i o n i n v o l v i n g muscular a c t i v i t y . 

As s a i d b e f o r e , t i m i n g means e x p l i c i t l y , the 

i n i t i a t i o n o f any muscular a c t i v i t y . I t i s e s s e n t i a l l y a 

m e n t a l p r o c e s s , b u t i t s e x e c u t i o n depends e n t i r e l y on muscle. 

I t remains i n some r e l a t i o n t o t h e incoming s t i m u l i a l t h o u g h 

t h i s r e l a t i o n s h i p may v a r y c o n s i d e r a b l y . I n the m a j o r i t y o f 

th e l a b o r a t o r y experiments v.hen a d e f i n i t e s t i m u l u s i s given 

by t h e e x p e r i m e n t e r t o t h e s u b j e c t , he r e a c t s , b u t h i s t i m i n g 

i s c h i e f l y determined by the experimenter. On the o t h e r hand, 

when the s t i m u l u s i s not d e f i n i t e , as f o r example i n changing 

t h e d i r e c t i o n o f a car when o v e r t a k i n g , i n c r e a s i n g the speed 

o f an a i r c r a f t , p a s s i n g t he b a l l , e t c . , t h e r e i s always some 

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

o r t h e p l a y e r , r e s p e c t i v e l y . They may i n i t i a t e t h e i r a c t i o n s 

a f r a c t i o n o f a second sooner o r l a t e r , t h i s would p r o b a b l y 

n o t a f f e c t t h e performance much as a whole, b u t i t would 

c e r t a i n l y a f f e c t t h e p e r f e c t i o n o f i t . I t seems t h a t the time 

t o i n i t i a t e any muscular a c t i o n as a p a r t o f s k i l l e d performance 

i s d etermined by the judgment, a n t i c i p a t i o n and experience o f 

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

r e l a t e d , and, most p r o b a b l y , the two fo r m e r are the e f f e c t o f the 

l a t t e r . 

I n any motor process where t i m i n g i s i n v o l v e d t h e r e 

i s always some time l a p s e between the s t i m u l u s o r s t i m u l i , 

whether e x t e r o o r e n t e r o - c e p t i v e , and the subsequent muscular 

a c t i o n . I n t h a t i n t e r v a l o f t i m e , most p r o b a b l y , mental and 
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motor i n t e g r a t i o n i s t a k i n g p l a c e . This p r e p a r a t o r y time 

i n t e r v a l seems t o be dependent on the c o m p l e x i t y o f s t i m u l a t i o n , 

p r a c t i c e and the i n t e l l i g e n c e l e v e l o f the s u b j e c t . I f we 

e x h i b i t a s i n g l e s t i m u l u s t o which the muscular response 

r e q u i r e d i s v e r y s i m p l e , t h e n t h i s p r e p a r a t o r y time would be 

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

s t i m u l a t i o n o r v / i t h an incre a s e i n the number of responses 

r e q u i r e d t h e p r e p a r a t o r y time would a l s o i n c r e a s e . By 

p r a c t i c e t h i s time i n t e r v a l c o u l d be c o n s i d e r a b l y reduced, 

b u t t h e e x t e n t o f t M s improvement would u l t i m a t e l y be determined 

by t h e i n t e l l i g e n c e , which can be con s i d e r e d not o n l y as the 

c a p a c i t y t o l e a r n b u t a l s o as an a b i l i t y t o i n t e g r a t e . 

I f we use a d e f i n i t e s t i m u l u s a f f e c t i n g one sense o n l y 

vj-here t he r e q u i r e d motor response i s u n i f o r m and sim p l e , then we 

are d e a l i n g w i t h some p a r t i c u l a r i n s t a n c e o f t i m i n g , namely w i t h 

the Simple R e a c t i o n Time. S.R.T. i s p r o b a b l y determined by the 

p e r c e p t u a l processes and by the speed o f c o n t r a c t i o n o f some 

p a r t i c u l a r muscles. There i s no e x p e r i m e n t a l evidence t h a t i t 

i s a f f e c t e d by the age o f the s u b j e c t . As bot h d e t e r m i n a n t s 

o f t he S.R.T., i . e . p e r c e p t i o n and speed o f muscle c o n t r a c t i o n , 

are e s s e n t i a l l y i n n a t e f a c t o r s , t h i s can be o n l y a l i t t l e improved 

by p r a c t i c e . S.R.T. seems t o be o n l y p a r t l y r e l a t e d t o 

i n t e l l i g e n c e as i t i s measured by the c o n v e n t i o n a l v e r b a l t e s t s . 

The r e l a t i o n s h i p i s most obvious when we d e a l w i t h low and 

mid d l e grade i m b e c i l e s , above t h a t l e v e l t h i s r e l a t i o n s h i p 

becomes i n c o n s i s t e n t and some low grade feeble-minded show 

b e t t e r S.R.T. than s.c. normal i n d i v i d u a l s . There are good 

reasons t o b e l i e v e t h a t a t the upper end o f the i n t e l l i g e n c e 

s c a l e t h e r e are a l s o wide v a r i a t i o n s between S.R.T. and the 

i n t e l l i g e n c e i n c e r t a i n i n d i v i d u a l s . 

A r e a c t i o n occurs when some muscular a c t i v i t y i s 

i n v o l v e d such as the maintenance o f d i r e c t i o n , speed, f o r c e and 

p r e s s u r e . The time i n t e r v a l between the b e g i n n i n g and the end 
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o f any simple r e a c t i o n seems t o be determined by two f a c t o r s , 

i . e . by p r a c t i c e and by the i n n a t e p r o p e n s i t y o f the muscle. 

There can be v e r y l i t t l e doubt t h a t t h e time o f any muscular 

a c t i o n c o u l d be improved by p r a c t i c e , b u t the e x t e n t o f t h i s 

improvement i s predetermined by the speed w i t h which the muscle 

f i b r e s are c o n t r a c t e d . There seems t o be wide v a r i a t i o n s i n 

the ' r e a c t i v i t y ' o f d i f f e r e n t i n d i v i d u a l s , these d i f f e r e n c e s 

are d i f f i c u l t t o observe i n o r d i n a r y everyday l i f e , b u t they 

come i m m e d i a t e l y t o n o t i c e when the l e a r n i n g o f some s k i l l i s 

i n v o l v e d . I t seems t o be p o s s i b l e t o put f o r w a r d an assumption, 

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

' r e a c t i v i t y ' decreases w i t h age, p a r t i c u l a r l y when a l a r g e number 

o f muscle f i b r e s are i n v o l v e d i n some muscular a c t i o n . 

As the performance c o n s i s t s o f two, a t l e a s t , successive 

r e a c t i o n s , p e r f o m s n c e time would be the sum o f t h e i r times p l u s 

the t i m e i n t e r v a l i n v o l v e d i n the change o f d i r e c t i o n , speed, 

f o r c e o r p r e s s u r e . The performance time would depend s i m i l a r l y 

on t h e r e a c t i o n t i m e , on p r a c t i c e and on the i n n a t e p r o p e n s i t y 

o f t h e muscle, b u t t h e r e i s a l s o a n o t h e r e s s e n t i a l f a c t o r u h i c h 

comes i n t o t h e p i c t u r e . The t i m e i n t e r v a l between two subsequent 

r e a c t i o n s , i n which change o f d i r e c t i o n , speed, f o r c e and p r e s s u r e 

take p l a c e , i s o f utmost importance t o the time o f the p e r f o r m ­

ance as a whole. Any v a r i a t i o n i n speed, f o r c e and pre s s u r e 

would r e q u i r e an i n c r e a s e o r decrease i n the number of muscle 

f i b r e s employed, t h i s o p e r a t i o n seems t o be simple enough, but 

the s w i t c h t o the c o r r e c t volume i s much more d i f f i c u l t . A 

s u b j e c t u s u a l l y employs t o o many or too few muscle f i b r e s and 

t h e r e i s always some la p s e o f time b e f o r e the r e q u i r e d volume 

i s reached. The whole problem i s much more com p l i c a t e d when 

any a h g u l a r change i s r e q u i r e d because speed, f o r c e or pressure 

have t o be c o n s i d e r a b l y reduced a t the same t i m e . L e t us take 

a s i m p l e example. When a young c h i l d o r d e f e c t i v e s u b j e c t was 

asked t o draw an obtuse a n g l e , he drew one l i n e and then he came 

t o a v e r y l o n g stop b e f o r e he was able t o t u r n h i s p e n c i l , more 

o r l e s s i n c o r r e c t l y , i n the r e q u i r e d d i r e c t i o n . T his l o n g s t o p 

between two subsequent r e a c t i o n s i s bound t o i n c r e a s e the 
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performance t i m e . I t can be demonstrated e x p e r i m e n t a l l y t h a t 
t h e r e a re wide v a r i a t i o n s i n the drawing p e r f o m a n c e time among 
normal s u b j e c t s , which a r e , most p r o b a b l y , d e c i s i v e l y determined 
by t he d i f f e r e n c e i n t h e t i m e i n which change o f d i r e c t i o n i s 
e f f e c t e d . 

A f t e r these c o n s i d e r a t i o n s o f v a r i o u s s k i l l e d p e r f o r m ­

ances, t h e i r common d e t e r m i n a n t s , t h e i r r e l a t i o n s h i p s and the 

r o l e o f muscle, we may attempt t o d e f i n e s k i l l as an a b i l i t y t o 

keep and v a r y d i r e c t i o n , speed, f o r c e and pressur e , and t o ensure 

c o r r e c t t i m i n g o f these a c t i v i t i e s . I n t h i s broad frame we can 

f i t i n almost any s k i l l e d performance and study i t s components 

and t h e i r mutual r e l a t i o n s h i p s . The l e v e l o f s k i l l e d perform­

ance depends on the c o m p l e x i t y o f s t i m u l a t i o n i n v o l v e d and the 

number o f responses r e q u i r e d . 

The most simple s k i l l e d performance would be composed 

o f , a t l e a s t , two separate r e a c t i o n s where v a r i a t i o n i n d i r e c t i o n , 

speed, f o r c e o r p r e s s u r e are p r e s e n t . 

For t he f u r t h e r s t u d y o f s k i l l we have chosen a v e r y 

s i m p l e performance, t h e drawing o f v a r i o u s angles and diamonds 

by s u b j e c t s a t d i f f e r e n t l e v e l s o f i n t e l l i g e n c e . As has been 

a l r e a d y mentioned, a l l f a c t o r s i n any s k i l l are e s s e n t i a l l y 

i n n a t e and can o n l y be improved t o a c e r t a i n e x t e n t by p r a c t i c e . 

The d r a w i n g o f v a r i o u s angles i s a simple performance where v e r y 

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

out more d i s t i n c t l y . These drawings i n v o l v e a l l the e s s e n t i a l 

components o f s k i l l as i t has been d e f i n e d above, i t i s necessary 

w h i l e d r awing t o m a i n t a i n and v a r y t h e d i r e c t i o n o f the moving 

p e n c i l , i t s speed and p r e s s u r e . 

There i s a l s o another reason why we have chosen t he 

drawing Derformance as the o b j e c t o f our i n v e s t i g a t i o n , i . e . 

r e l a t i v e absence o f f a t i g u e , which can c o m p l i c a t e c o n s i d e r a b l y 

the s t u d y o f any r e p e t i t i v e , prolonged s k i l l e d performance. 



C H A P T E R I I . 

PRB^ARY OBSERVATION AND TESTS. 

S l i g h t l y more than f i f t y years ago B i n e t observed 

t h a t young c h i l d r e n and a l s o some menta l d e f e c t i v e s were unable 

t o draw a diamond. Since t h a t time t h e r e have been some more 

or l e s s inadequate e x p l a n a t i o n s o f t h i s phenomenon, based c h i e f l y 

on t h e p e r c e p t i o n , i . e . f a i l u r e s i n the p e r c e p t u a l f i e l d were 

h e l d as r e s p o n s i b l e f o r t h e f a i l u r e s i n drawing a diamond. 

There seems t o be, however, another p o s s i b l e approach 

t o t h i s p a r t i c u l a r problem. Observations o f drawings performed 

by mental d e f e c t i v e s and a l s o experiments d e s c r i b e d i n t h i s 

work appear t o i n d i c a t e t h a t the f a i l u r e t o draw a diamond can 

be e x p l a i n e d i n terms o f temporary o r permanent d e f i c i e n c y o f 

the human motor mechanism. This a r r e s t e d motor development 

i s m a n i f e s t e d n o t o n l y i n drawings but a l s o i n any type o f 

s k i l l e d performance, 

1. P r i m a r y o b s e r v a t i o n s and b a s i c assumptions. 

I t seems t o be necessary t o d e s c r i b e f u l l y the f i r s t 

o b s e r v a t i o n which gave an impulse t o the present r o r k . 

Some time ago one o f the m e n t a l l y d e f e c t i v e p 8 t i e n t s 

was t e s t e d on the Revised S t ? n f o r d - B i n e t I n t e l l i g e n c e Scale, 

Form L. When he was asked t o draw a diamond h i s f i r s t o t temnt 

was u n s u c c e s s f u l and he drew a t r i a n g l e i n s t e a d o f a di^^mond. 

There was n o t h i n g unusual about t h a t , as i t had hapnened many 

t i m e s b e f o r e w i t h o t h e r n a t i e n t s ; b u t h i s whole behaviour 

d u r i n g t h e drawing was somehow p e c u l i a r and i t a t t r a c t e d the 

a t t e n t i o n o f the w r i t e r o V/hen he came t o the second attempt 

t o draw e diatpond, and p a r t i c u l a r l y i7hen he approached t^^e 

t u r n i n g p o i n t o r an obtuse angle w i t h i n the diamond, h i s 

movements became v e r y slow, p r e s s u r e o f the p e n c i l on naper 

v i s i b l y i n c r e a s e d and f i n a l l y he came t o a complete s t a n d s t i l l . 



A f t e r some moments he moved h i s p e n c i l a g ain, n o t s l i g h t l y 

down and t o t h e r i g h t as an obtuse angle would r e q u i r e , but 

t o h i s r i g h t , drawing an acute a n g l e . Then he l i f t e d up h i s 

p e n c i l and made another s t r a i g h t l i n e f rom t he i n i t i a l p o i n t , 

thus d r a w i n g a t r i a n g l e a g a i n . When draw i n g , h i s face became 

covered w i t h beads o f p e r s p i r a t i o n and e s p e c i a l l y a t the 

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

w i t h a c u t e d i s c o m f o r t . The same t h i n g happened d u r i n g h i s 

t h i r d and f i n a l a t t e m p t . 

On the b a s i s o f these o b s e r v a t i o n s , the t h r e e f o l l o w i n g 

assumptions were f o r m u l a t e d : 

a) F a i l u r e t o draw a diamond i s determined by the f a i l u r e t o 

draw an obtuse a n g l e . 

b) F a i l u r e t o draw an obtuse angle i s due t o motor d i s a b i l i t y , 

i o e . t o make t h i s p a r t i c u l a r a n g u l a r change i n the d i r e c t i o n 

o f t h e moving hand. 

c) I n a b i l i t y t o draw a diamond i s somehow connected w i t h en 

i n c r e a s e i n the pre s s u r e o f the p e n c i l on the drawing 

paper, and a l s o w i t h t h e c o n s i d e r a b l e ^crease i n drawing • 

performance t i m e . 

The p r i m a r y assumptions seem t o i n d i c a t e the p o s s i b i l i t y 

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

a n g u l a r changes i n the hand d i r e c t i o n , pressure e x e r t e d by the 

hand, drawing performance time and the r e l a t i o n s h i p , i f any, 

between these. 

2. Study o f r e c o r d forms p r e v i o u s l y completed. 

Before d e s i g n i n g experiments i n o r d e r t o v e r i f y t h e 

f i r s t o f our t h r e e b a s i c assumptions, a l l a v a i l a b l e r e c o r d 

forms were checked and i n no one case d i d an attempt t o draw 

a diamond, no m a t t e r i n what g e o m e t r i c a l form t h i s was recorded, 

c o n t a i n a c o r r e c t l y executed obtuse a n g l e . T h i s seems t o con-
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f i r m t h e f i r s t assumption. 

I t was a l s o p o s s i b l e t o observe on these r e c o r d 

forms t h a t some f i g u r e s were drawn w i t h c o n s i d e r a b l e pressure 

o f t h e p e n c i l on t h e paper. T h i s o b s e r v a t i o n seems t o con­

f i r m t h e f i r s t p a r t o f our t h i r d assumption. 

The study o f f a i l u r e s t o draw a diamond on the 

a l r e a d y completed r e c o r d forms r e v e a l e d t h a t , i n s t e a d o f drawing 

an obtuse angle w i t h i n a diamond, some p a t i e n t s drew an acute 

a n g l e , t h u s d r a w i n g a t r i a n g l e , some o t h e r s drew a r i g h t angle 

c o m p l e t i n g thus a r e c t a n g l e o r a square, the o t h e r s drew seme 

g e o m e t r i c a l l y u n i d e n t i f i e d f i g u r e s where i n s t e a d o f angles were 

curves o r 'rounding up'. Even those p a t i e n t s , whose drawings 

were almost c o r r e c t , o f t e n drew a diamond u s i n g f o u r separate 

p e n c i l s t r o k e s . 

I t seems obvious t h a t v a r i o u s changes i n the d i r e c t i o n 

of t h e moving hand, r e q u i r e d when drawing v a r i o u s angles, p r e s e n t 

d i f f e r e n t degrees o f d i f f i c u l t y f o r i n d i v i d u a l p a t i e n t s . This 

l a s t o b s e r v a t i o n seems t o have some c o n n e c t i o n w i t h the second 

o f our t h r e e b a s i c assumptions. 

P r e l i m i n a r y e x p e r i m e n t s . 

I n o r d e r t o e x p l o r e some aspects of drawing problems 

i n an e x p e r i m e n t a l way, t h e two f o l l o w i n g t e s t s were designed: 

a) Drawing o f v a r i o u s angles t e s t . 

b) I d e n t i f i c a t i o n t e s t and i n q u i r y i n t o f a i l u r e s t o draw a 

diamond. 

The f i r s t t e s t was g i v e n t o f o u r hundred m e n t a l l y 

d e f e c t i v e p a t i e n t s t e s t e d s ubsequently on the Revised S t a n f o r d -

B i n e t t e s t , whose I.Q's v a r i e d from 20 t o 80. 

The second t e s t was given o n l y t o those p a t i e n t s v;ho 

f a i l e d t o draw a diamond. 
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( i ) Purpose o f exp e r i m e n t . 

The d i r e c t purpose o f these two t e s t s was t o 

s u p p l y us w i t h answers t o the d e f i n i t e q u e s t i o n s embodied 

i n t h e design o f the t e s t s . I t was a l s o expected t h a t i t 

would be p o s s i b l e t o make some more o b s e r v a t i o n s i n the course 

o f t e s t i n g , w h i c h , combined w i t h t h e a n a l y s i s o f r e s u l t s o f 

the two above t e s t s , c o u l d i n d i c a t e whether t he l i n e o f our 

i n v e s t i g a t i o n i s c o r r e c t . 

The drawing o f v a r i o u s angles t e s t was a d i r e c t 

outcome o f t h e o b s e r v a t i o n s made p r e v i o u s l y . I t was intended 

t o i n v e s t i g a t e t h e r e l a t i o n s h i p between the i n a b i l i t y t o draw 

a diamond and an obtuse a n g l e , a l s o the r e l a i v e d i f f i c u l t y o f 

drawing v a r i o u s a n g l e s . 

The i d e n t i f i c a t i o n t e s t was designed i n o r d e r t o 

v e r i f y e x p e r i m e n t a l l y the corrmmonly h e l d b e l i e f t h a t a f a i l u r e 

t o draw a diamond i s determined by some p e r c e p t u a l d e f e c t . 

I t was our aim t o f i n d o u t whether t h i s was r e a l l y the case, 

and, i f so, t o what e x t e n t p e r c e p t i o n c o u l d be h e l d r e s p o n s i b l e 

f o r f a i l u r e s i n t h e simple drawings. As a supplement t o t h a t 

e x p e r i m e n t , i n e v e r y case when a p a t i e n t f a i l e d t o draw a 

diamond i n the r o u t i n e t e s t i n g , a simple i n q u i r y was decided 

upon, w h i c h , i t was expected, c o u l d throw some l i g h t on h i s 

p e r c e p t u a l processes. 

I t was hoped i n the course o f subsequent t e s t i n g t o 

make some f u r t h e r q u a l i t a t i v e o b s e r v a t i o n s w i t h regard t o 

performance time and pressure e x e r t e d , w h i l e drawing, by those 

p a t i e n t s who f a i l e d t o draw a diamond. •Ve were a l s o i n t e r e s t e d 

w hether t h e r e i s any r e l a t i o n s h i p between the f a i l u r e s i n 

drawing and l e v e l o f i n t e l l i g e n c e . 

( i i ) D e s c r i p t i o n o f t e s t s and procedures. 

a ) . Drawing v a r i o u s angles t e s t . 

White shfeets o f paper 4 x 5 inches i n s i z e were 
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prepared w i t h t h r e e drawings on each; an acute a n g l e , a r i g h t 

a n g l e , and an obtuse a n g l e . They were given t o a l l p a t i e n t s 

i n t h e subsequent r o u t i n e t e s t i n g , a s k i n g them t o copy on these 

s h e e t s t h e a l r e a d y drawn angles. I t was a n t i c i p a t e d t h a t some 

p a t i e n t s m i g h t draw t h e r e q u i r e d a ngles w i t h two separate move­

ments, t h u s e s c a p i n g , what we t h o u g h t , the c h i e f d i f f i c u l t y i n 

making t h e change i n d i r e c t i o n o f moving the hand. To a v o i d 

t h i s p o s s i b i l i t y i n s t r u c t i o n s were g i v e n i n the f o l l o w i n g words: 

"Draw these angles i n one movement, l i k e t h i s ' - d e m o n s t r a t i o n , 

"Keep your p e n c i l on t h e paper w h i l e drawing, do not l i f t your 

p e n c i l up". When t h e ex p e r i m e n t e r f e e l s t h a t the p a t i e n t has 

unde r s t o o d f u l l y h i s i n s t r u c t i o n s then an experiment f o l l o w s . 

When i t was completed the name, mental and c h r o n o l o g i c a l age 

o f t h e p a t i e n t was rec o r d e d on each sheet. 

b) I d e n t i f i c a t i o n t e s t and i n q u i r y . " 

On a p i e c e o f w h i t e cardboard, 5 x 13 inches i n s i z e , 

f i v e f i g u r e s were drawn i n the f o l l o w i n g o r d e r : a rhombus, a 

t r i a n g l e , a t r a p e z i u m , a diamond and a square. On a separate 

p i e c e o f t h e cardboard a diamond was drawn i d e n t i c a l w i t h one 

p r i n t e d on. the r e c o r d f o r m o f t h e Revised S t a n f o r d - B i n e t t e s t . 

When a r o u t i n e t e s t has been completed, and when none o f the 

t h r e e a t t e m p t s t o draw a diamond were s u c c e s s f u l , then a s m a l l 

p i e c e o f cardboard .with a diamond drawn on i t was presented t o 

the p a t i e n t and he was asked t o have a good l o o k a t i t . A f t e r 

f i v e seconds t h i s d r a wing was removed and another b i g piece o f 

ca r d b o a r d w i t h f i v e f i g u r e s drawn on i t was shown t o the p a t i e n t , 

and he was asked t o p o i n t o u t the same one as he saw the moment 

b e f o r e . I f he should p o i n t t o a wrong f i g u r e , then we could 

l e g i t i m a t e l y suspect some perce-otual d e f e c t ; i f he should p o i n t 

t o t h e c o r r e c t one, the p e r c e p t i o n , however d e f e c t i v e i t may be 

i n m e n t a l l y d e f e c t i v e p a t i e n t s , seems t o be not the. d e t e r m i n i n g 

f a c t o r o f the f a i l u r e t o draw a diamond. I n a l l cases when a 

p a t i e n t f a i l e d i n h i s t h r e e a t t e m p t s t o draw a diamond, he was 
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asked t o have a good l o o k a t h i s drawings and a t the p r i n t e d 
diamond and t o say whether t h e y were a l i k e . H i s responses 
were r e c o r d e d on the separate sheet o f paper. 

( i i i ) R e s u l t s o f the t e s t s and o f the i n q u i r y i n t o f a i l u r e s . 

I f we arrange drawing r e s u l t s w i t h r e g a r d t o the 

c o r r e c t d r a w i n g o f an obtuse angle and a diamond, the p i c t u r e 

i s as f o l l o w s : 93 per cent o f a d u l t p a t i e n t s who were able t o 

draw an obtuse angle were a l s o a b l e t o draw a diamond. The 

r e m a i n i n g 7 per cent were able t o draw an obtuse angle, b u t 

the y were unable t o draw a diamond. I t s h o u l d be mentioned 

t h a t t h i s 7 p e r cent o f s u b j e c t s w h i l e d r a w i n g an obtuse angle 

were v e r y slow on the t u r n i n g p o i n t , i t means, they had some 

d i f f i c u l t y i n changing t h e d i r e c t i o n o f t h e i r hands. 

About 6 p e r cent of s u b j e c t s who were unable t o d r a r 

an obtuse a n g l e , were a b l e t o draw a diamond, i t should be, 

however, mentioned t h a t t h e y drew a diamond by f o u r separate 

p e n c i l s t r o k e s . 

I t seems t o be q u i t e c l e a r t h a t t h e r e i s a v e r y h i g h 

c o r r e l a t i o n between an a b i l i t y t o draw an obtuse angle and a 

diamond, as i t was a l r e a d y guessed and expressed i n our f i r s t 

b a s i c assumption. 

T h i s a b i l i t y t o draw a diamond o r an obtuse angle i s 

c u r i o u s l y r e l a t e d t o the I.Q's o f t h e p a t i e n t s as measured on 

the Rev. S t a n f o r d - B i n e t T e s t . A l l a d u l t s u b j e c t s below 38 I.C^'s 

were unable to draw any o f those f i g u r e s , a l l a d u l t p a t i e n t s w i t b 

I.Q's above 57 were able t o draw them b o t h . I t i s necessary t o 

mention t h a t I.Q's o f m e n t a l l y d e f e c t i v e c h i l d r e n are as a r u l e 

m i s l e a d i n g because of t h e i r unknown and g r e a t l y v a r i e d r a t e and 

f i n a l range o f m e n t a l development. Because of t h i s , a l t h o u g h 

we have c o l l e c t e d data o f c h i l d r e n ' s drawings as w e l l , we have 

n o t i n c l u d e d them i n the p r e s e n t c a l c u l a t i o n s . 

I f we arrange our r e s u l t s w i t h r e g a r d to the success 

o f d r a w i n g v a r i o u s a n g l e s , t h e p i c t u r e i s as f o l l o w s : about 50 
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per cent o f t e s t e d s u b j e c t s were a b l e t o draw an obtuse angl e , 

about 69 p e r cent were a b l e t o draw an acute angle, and about 

80 per cent were able t o draw a r i g h t a n g l e . 

I t seems t h a t t h e drawing o f an obtuse angle p r e s e n t s 

the g r e a t e s t d i f f i c u l t y and t h e drawing o f a r i g h t angle t he 

s m a l l e s t t o t h e d e f e c t i v e s u b j e c t . An acute angle seems to be 

i n some i n t e r m e d i a t e p o s i t i o n between these two. 

The r e s u l t of t h e i d e n t i f i c a t i o n t e s t can be summarized 

as f o l l o w s : i n every case when a p a t i e n t was able t o pass the 

t e s t designed f o r the f o u r t h m e n t a l year, he was also able t o 

• i d e n t i f y a diamond among o t h e r f i g u r e s . So t h a t p e r c e p t u a l 

e r r o r as d e t e r m i n i n g f a c t o r o f f a i l u r e t o draw a diamond above 

t h a t l e v e l o f development seems t o be v e r y u n l i k e l y . 

T h i s i s n o t a l t o g e t h e r s u r p r i s i n g because one o f the 

s u b - t e s t s designed f o r f o u r t h mental year i n the Rev. S t a n f o r d -

B i n e t I n t e l l i g e n c e Scale c o n t a i n s an i d e n t i f i c a t i o n o f simple 

g e o m e t r i c a l f i g u r e s vevj s i m i l a r t o our i d e n t i f i c a t i o n t e s t . 

The absence o f p e r c e p t u a l e r r o r so f a r as simple 

drawings are concerned appears t o be a l s o confirmed by t h e 

r e s u l t s o f i n q u i r y . When n a t i e n t s , who were u n s u c c e s s f u l i n 

t h r e e a t t e m p t s t o draw a diamond, were asked whether t h e i r 

drawings and p r i n t e d diamond were a l i k e , t h e y never answered 

"yes". The most common r e i D l i e s t o the q u e s t i o n : "Are t h e y 

a l i k e ? " were as f o l l o w s : " I am not a good s c h o l a r ; I was not 

much a t s c h o o l ; I am n o t good a t drawing; I have not got a 

r u l e r ; t h e y are d i f f i c u l t t o draw; I cannot see v e r y w e l l ; 

I have n o t got a chance t o l e a r n " e t c . 

These answers show t h a t p a t i e n t s c l e a r l y n e r c e i v e 

t h e d i f f e r e n c e between t h e i r drawings and the p r i n t e d diamond; 

t h e y a l s o know t h a t t h e y are unable t o draw i t , and t'^ey t r y 

somehow t o j u s t i f y t h e i r f a i l u r e s . The tendency t o j u s t i f y 

one's f a i l u r e s i s o b v i o u s l y not t h e e x c l u s i v e p r i v i l e g e o f so 



c a l l e d n o i m a l i n d i v i d u e l s o 

On t h e whole, i t i s p o s s i b l e t o draw the f o l l o w i n g 

t h r e e c o n c l u s i o n s from the above de s c r i b e d - o r e l m i n e r y 

e x p e r i m e n t s : 

( a ) There i s a h i g h c o r r e l - ' ^ t i o n between the a b i l i t y to draw 

a diamond and an obtuse sngle= 

( b ) There are v a r i o u s decrees o f d i f f i c u l t y i n v o l v e d i n t^^e 

drawing o f en acute, s r i g h t , ^nd an obtuse angle» 

( c ) P e r c e p t i o n , so f a r as simple drawings are concerned, seems 

t o p l a y no s i g n i f i c a n t r o l e . 

4 o New O b s e r v e t i o n s o 

I n t h e course o f r o u t i n e t e s t i n g and c o n d u c t i n g our 

p r e l i m i n a r y e x p eriments, some o b s e r v a t i o n s have been made w^ich 

seem t o be r e l e v a n t t o the i n v e s t i g a t i o n , and p a r t i c u l a r l y t o 

the concept o f s k i l l as i t was d e f i n e d i n Chapter One. 

There appears t o be some r e l a t i o n s h i p between the 

a b i l i t y t o draw an obtuse angle o r a diamond and t h e s c h o l a s t i c 

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

The m a j o r i t y o f p a t i e n t s who cannot draw these f i g u r e s are 

a l s o unable t o w r i t e , and v e r y few o f them can read s i n g l e , 

s e p a r a t e words. On t h e o t h e r hand, the a b i l i t y t o w r i t e was 

most f r e q u e n t l y observed among p a t i e n t s w i t h r e l a t i v e l y low 

t e s t i n g s c o r e s , but wbo were a b l e t o draw an obtuse a n g l e . 

T h i s r e l a t i o n s h i p between the a b i l i t y t o v / r i t e and t o drew an 

obtuse angle would n o t appear t o be p a r t i c u l a r l y d i f f i c u l t to 

e x p l a i n , even a t t h i s e a r l y stage o f i n v e s t i g a t i o n . 

The d r a w i n g and w r i t i n g , however simple and undeveloped, 

are b o t h u n d o u b t e d l y s k i l l e d performances; any e s s e n t i a l 

i n p a i r m e n t observed i n one o f them i s bound to a f f e c t t h e o t h e r . 

As some d e f e c t i v e s , who cannot draw an obtuse angle, thus show 

an u n a b i l i t y t o execute a n g u l a r changes i n the hand d i r e c t i o n , 



i t can be expected, t h a t t h e y would a l s o be unable t o w r i t e , 

d u r i n g w h i c h i t i s necessary c o n s t a n t l y t o v a r y the hand 

d i r e c t i o n end i t s p r e s s u r e . Some of them, however, can p r i n t 

v e r y simple words u s i n g separate p e n c i l s t r o k e s , employing 

c h i e f l y s t r a i g h t o r curved l i n e s , o c c a s i o n a l l y changing the 

d i r e c t i o n o f t h e hand i n t h i s way as the drawing o f a r i g h t 

a n g l e would r e q u i r e . 

Another o b s e r v a t i o n , which was made d u r i n g the 

r o u t i n e t e s t i n g , i s v e r y d i f f i c u l t t o e x p l a i n . I t has been 

observed t h a t some p a t i e n t s , i r r e s p e c t i v e o f whether t h e y were 

ab l e o r n o t t o draw a diamond, showed a marked tendency t o 

decrease i n s i z e each o f t h e i r t h r e e subsequent attempts to 

draw a diamond. As the performance i s v e r y simple and s h o r t 

i n d u r a t i o n , we can h a r d l y suspect t h a t decrease i n t h e s i z e 

o f d r a w i n g s , determined d i r e c t l y by the decrease i n movement, 

c o u l d be due t o the onset o f f a t i g u e , d u r i n g which an i n d i v i d u a l 

shows an i n v o l u n t a r y tendency towards t h e r e d u c t i o n o f h i s 

muscular e f f o r t s . 

The g r a d u a l decrease i n t h e s i z e o f drawings c o u l d 

p r o b a b l y be e x p l a i n e d by the r a t e o f t h e a c q u i s i t i o n o f drawing 

s k i l l . A t t h e b e g i n n i n g o f l e a r n i n g o f any s k i l l e d performance 

an i n d i v i d u a l u s u a l l y executes many unnecessary movements a l s o 

h i s e s s e n t i a l movements are ' t o o - l a r g e ' , As the l e a r n i n g 

p r o g r e s s e s t h e r e i s an e l i m i n a t i o n o f unnecessary also a 

r e d u c t i o n o f e s s e n t i a l movements t o the r e q u i r e d l e v e l . The 

r a t e o f a c q u i s i t i o n o f any s k i l l depends, o f course, on many 

f a c t o r s , b u t t h e most i m p o r t a n t o f them seems t o be the 

c o m p l e x i t y o f t h e r e q u i r e d p a t t e r n s . I f s k i l l i s r e l a t i v e l y 

s i m p l e , t h e f o r m a t i o n o f motor p a t t e r n s i s easy and t h e r a t e 

o f s k i l l a c q u i s i t i o n i s v e r y r a p i d . I n t h e i r f i r s t a t t e m p t 

t o draw a diamond p a t i e n t s somehow formed motor p a t t e r n s , i t 

does n o t m a t t e r whether t h e y were c o r r e c t o r n o t , and, i n the 

subsequent drawings t h e y r a p i d l y reduced t h e i r movements, not 
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o n l y t o t h e r e q u i r e d l e v e l , b u t f a r below i t . There c o u l d 

be, o f course, some o t h e r e x n l a n a t i o n s , more c o n v i n c i n g tban 

the above, o f t h i s phenomenon which m a n i f e s t s i t s e l f so 

f r e q u e n t l y i n t h e drawings of mental d e f e c t i v e s . 

I t has a l s o been observed t h a t t h e r e i s f r e q u e n t l y 

a s t r i k i n g s i m i l a r i t y , as f a r as the shape i s concerned, between 

th e t h r e e subsequent a t t e m p t s t o draw a diamond, i t does not 

m a t t e r whether those drawings are c o r r e c t or n o t . A l t h o u g h 

the r e d u c t i o n i n the s i z e o f drawings i s f r e q u e n t l y observed, 

t h e i r shape tends t o be w e l l p r e s e r v e d . The l a s t o b s e r v a t i o n 

seems t o c o n f i r m t h e g e n e r a l l y h e l d b e l i e f t h a t mental d e f e c t i v e s 

can m o d i f y t h e i r responses, motor o r o t h e r w i s e , o n l y t o a c e r t a i n 

degree. I t s h o u l d be added, however, t h a t t h e y can and do 

m o d i f y some set o f p a t t e r n s as a whole, b u t t h e y seem t o have 

a c o n s i d e r a b l e d i f f i c u l t y i n e x e c u t i n g any v a r i a t i o n between 

p a r t i c u l a r p a t t e r n s w i t h i n t h i s s e t . 

And l a s t l y , t h e r e seems to be some f u r t h e r q u a l i t a t i v e 

c o n f i r m a t i o n o f our p r e v i o u s assumption, t h a t i n the drawings o f 

me n t a l d e f e c t i v e s , whether i t be angles o r diamonds, t h e r e i s a 

marked i n c r e a s e i n the pr e s s u r e o f t h e p e n c i l on the drawing 

paper and a l s o some d/crease i n drawing performance t i m e . ^ 

The r e s u l t s o f t h e p r e l i m i n a r y experiments a l s o t he 

above d e s c r i b e d o b s e r v a t i o n s i n d i c a t e t h a t t h e present l i n e o f 

i n v e s t i g a t i o n o f s k i l l seems t o be q u i t e p r o m i s i n g . 

The n e x t l o g i c a l s t e p i n our work appears t o be the 

a n a l y s i s o f dr a w i n g f a i l u r e s which may throw some l i g h t on the 

motor mechanism i n v o l v e d , t h e q u a n t i t a t i v e measurements o f t h e 

hand p r e s s u r e and drawing performance time and f i n a l l y i n v e s t i ­

g a t i o n o f the r e l a t i o n s h i p between v a r i o u s elements o f drawing 

s k i l l . I t s h o u l d be p o s s i b l e t o r e l a t e the a b i l i t y or 

i n a b i l i t y i n drawings t o the i n t e l l i g e n c e l e v e l as i t i s measured 

by v e r b a l o r p r a c t i c a l t e s t s . 



C H A P T E R I I I . 

ANALYSIS OF DRAWING FAILURES. 

Al t h o u g h i t was p o s s i b l e t o draw some c o n c l u s i o n s 

from the r e s u l t s o f the p r e l i m i n a r y e x p e r i m e n t s , the v i t a l 

q u e s t i o n remains, namely: why young c h i l d r e n and some mental 

d e f e c t i v e s cannot change the d i r e c t i o n o f t h e i r moving hand 

as i s r e q u i r e d when t h e drawing o f c e r t a i n angles or simple 

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

I n o r d e r t o d e a l w i t h t h i s p a r t i c u l a r problem the 

a n a l y s i s o f drawing f a i l u r e s was attempted. 

1 . S e l e c t i o n o f dr a w i n g f a i l u r e s . 

I t seemed t o be unnecessary t o extend our a n a l y s i s 

t o a l l t h e drawings o b t a i n e d from the p r e l i m i n a r y experiments, 

i . e . performed by m e n t a l l y d e f e c t i v e p a t i e n t s w i t h i n the 

range o f 20 and 80 I.Q.'s on the Revised S t a n f o r d - B i n e t t e s t . 

As a l l p a t i e n t s w i t h I.Q's above 57 were able t o 

draw obtuse, acute and r i g h t angles and al s o a diamond, t h e r e 

was no need t o c o n s i d e r t h e i r drawings because o f the absence 

o f d r a w i n g f a i l u r e s i n t h a t group. 

A l l p a t i e n t s w i t h I.Q's below 38 were unable t o draw 

an obtuse a n g l e ; some o f them c o u l d draw a r i g h t a n g l e , and 

o n l y v e r y few an acute a n g l e . Because o f so many drawing 

f a i l u r e s p r e s e n t i n t h a t group, some o f them p r o b a b l y determined 

n o t so muTDh by motor d i s a b i l i t y as by an i n a b i l i t y t o grasp and 

remember i n s t r u c t i o n s g i v e n , t h e r e s u l t s of t h a t group were a l s o 

excluded f r o m f u r t h e r c o n s i d e r a t i o n s . 

Our i n v e s t i g a t i o n o f drawing f a i l u r e s s h a l l , t h e r e f o r e , 

be c o n f i n e d t o the group o f a d u l t m e n t a l d e f e c t i v e p a t i e n t s 

whose I.Q's are between 38 and 57, where t h e r e s u l t s o f drawings 



seem t o be u n p r e d i c t a b l e beforehand. 

A s e l e c t i o n o f drawings g i v e n i n F i g u r e s 1 , 2, and 

3 shows the most common drawing responses t o the v a r i o u s 

p r e s e n t e d angles and can be c o n s i d e r e d as r e p r e s e n t a t i v e samples 

o f t h a t p a r t i c u l a r group. 

3. U n s u c c e s s f u l d r a w i n g responses t o t h e acute a n g l e . 

The v a r i e t y o f u n s u c c e s s f u l drawings performed by 

the p a t i e n t s when an acute angle was presented t o them i s 

i l l u s t r a t e d i n F i g u r e 1 . 

I t seems t o be p o s s i b l e t o d i v i d e a l l these drawings 

i n t o the f o l l o w i n g groups: 

( i ) 'Rounded up' d r a w i n g s . 

I n drawings 1 and 2 b o t h l i n e s which c o n s t i t u t e arms 

o f an acute angle are c u r v e d ; i n drawings 3, 4, 9 and 10, o n l y 

one l i n e i s v i s i b l y rounded. 

( i i ) An a t t e m p t t o draw a r i g h t a n g l e . 

Drawings 5 and 6 are t y p i c a l examples where p a t i e n t s 

a t t e m p t e d a t f i r s t t o draw a r i g h t angle and they added one 

more l i n e i n o r d e r t o keep t h e i r drawings i n some shape r o u g h l y 

r e s e m b l i n g an acute angle. 

Drawings 7 and 8, because o f t h e i r u n c o n v e n t i o n a l 

p o s i t i o n , seem t o be more l i k e a r i g h t than an acute angle 

( i i i ) D i s connected or crossed l i n e s . 

I n drawings 9, 10, 11 and 12 an acute angle was 

drawn by two separate p e n c i l s t r o k e s i n s p i t e o f i n s t r u c t i o n : 

"Keep your p e n c i l on the paper w h i l e d r a w i n g , do n o t l i f t y o u r 

p e n c i l up" 

I n t h e drawing 9 and 10 l i n e s are d i s c o n n e c t e d , i n 

11 and 12 t h e y are c r o s s e d . 

( i v ) U n c l a s s i f i e d drawings. 

Drawings 13, 14 and 15, a l t h o u g h r e l a t i v e l y r a r e . 
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can i l l u s t r a t e the d i f f i c u l t y not only of drawing an acute 

angle, but also the d i f f i c u t l y of drawing the arms of the ahgle 

as s t r a i g h t l i n e s . 

3. Unsuccessful drawing responses to the r i g h t angle. 

Unsuccessful drawings as a response to a r i g h t angle 

are presented i n Figure 2. Very s i m i l a r grouping of drawings, 

although not i d e n t i c a l w i t h the p r e v i o u s l y described, was 

attempted here. 

{ i ) 'Rounding up' 
The drawing 1, 2, 3 and 4 can be taken as an i l l u s t r a ­

t i o n o f the rounding up tendency, 

( i i ) Drawing of an acute angle. 
Drawings 4, 5, 6 and 7 seem t o be somehow unusual 

because they appear to show tha t these p a t i e n t s p r e f e r r e d 
t o draw an acute angle which i s more d i f f i c u l t , instead 
of a r i g h t angle which i s more easy to perform, and 
which was a c t u a l l y presented to them. One glance, 
however, at t h e i r previous drawings can d i s p e l t h i s 
apparent f a l l a c y . A l l these f o u r p a t i e n t s were success­
f u l i n drawing p r e v i o u s l y an acute angle. When a r i g h t 
angle was presented t o them they j u s t repeated t h e i r l a s t 
drawing, i . e . an acute angle. There i s a s t r i k i n g 
s i m i l a r i t y between the o r i g i n a l and the subsequent drawing, 
The perseverance of l a s t l y formed patterns i s very common 
i n mental defectives and i t can be observed i n various 
t e s t s . I t may mean not only an i n a b i l i t y to form a new, 
more d i f f i c u l t , motor patterns, but i t may also mean an 
i n a b i l i t y to vary them, even from d i f f i c u l t to the easy 
ones. 

( i i i ) Disconnected and crossed l i n e s . 
Drawings 9, 10, 11 and 12 show again very s i m i l a r 

trends to those i n the previous t a b l e ; t h a t i s the 
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drawing an an angle by using the two disconnected l i n e s . 

( i v ) U n c l a s s i f i e d drawings. 
Drawings 13, 14 and 15 are r a t h e r unconmon, p a r t i c u ­

l a r l y 14 and 15, where the drawings are reversed. This 
tendency t o reverse drawings or even l e t t e r s occurs q u i t e 
o f t e n i n some hemiplegic p a t i e n t s , hut i t may, however, 
i n f r e q u e n t l y occur i n non hemiplegic and i n very young 
c h i l d r e n . 

Although the causes determining t h i s p a r t i c u l a r pheno­
menon are not c l e a r , i t seems to be detemined by the 
temporary or permanent i n j u r y to the pyramidal system 
scmewhere i n the i n t e r n a l capsule, cerebral peduncle pons 
or upper p a r t o f the medulla oblongata. 

4. Unsuccessful drawing responses to the obtuse angle. 

The unsuccessful drawing responses to an obtuse angle 

are i l l u s t r a t e d i n Figure 3. The drawing of t h a t p a r t i c u l a r 

angle presents the g r e a t e s t d i f f i c u l t y to p a t i e n t s , and probably 

because of t h a t , there i s the l a r g e s t v a r i e t y of responses 

obtained. 

( i ) 'Rounding up' 
The drawings 1, 2, 3 and 4 although somehow d i f f e r e n t 

as f a r as t h e i r shapes are concerned, nevertheless, show 

c l e a r l y t h i s p a r t i c u l a r 'rounding up'. 

( i i ) Drawing of Mght and acute angles. 
Although the drawings 5 and 6 p r i m a r i l y are unsuccess­

f u l attempts to draw a r i g h t angle instead o f an obtuse 
angle, they also show some degree of 'rounding up'. 

The drawings 7 and 8 are much more successful attempts 
to draw a r i g h t angle, although t h e i r p o s i t i o n d i f f e r s 
somehow from a customary way of drawing of a r i g h t angle. 

The drawings 9 aid 10 are successful attempts to draw 
an acute angle when an obtuse angle has been presented 
to the p a t i e n t s . 
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On the whole a l l these drawings, from 5 to 10, show 
that when p a t i e n t s are faced w i t h drawing which i s too 
d i f f i c u l t f o r them to perform, they tend t o make a 
drawing i n v o l v i n g less d i f f i c u l t y and which., roughly 
resembles the presented drawing. 

( i i i ) Disconnected and crossed l i n e s . 

Drawings 11, 12, 13 and 14 are i l l u s t r a t i n g that those 
p a t i e n t s perceived c o r r e c t l y the presented f i g u r e and 
they followed i t s shape i n t h e i r drawings. Because of 
t h e i r i n a b i l i t y t o perform t h a t p a r t i c u l a r angular move­
ment as i t was r e q u i r e d , when an obtuse angle i s drawn 
according t o i n s t r u c t i o n s given, they t r i e d to go around 
t h a t d i f f i c u l t y by making drawings i n two separate pe n c i l 
s t r o k e s . 

( i v ) Drawings i l l u s t r a t i n g d i f f i c u l t y to draw an obtuse angle 

Drawing 15. That p a t i e n t drew a s t r a i g h t l i n e instead 
of an obtuse angle. He d i d not attempt to change d i r ­
e c t i o n o f h i s p e n c i l . 

Drawing 16. Here i s a d e f i n i t e , however unsuccessful, 
attempt t o change d i r e c t i o n of moving p e n c i l . Because 
t h i s b i d f a i l e d , the p a t i e n t continued to draw almost 
a s t r a i g h t l i n e f u r t h e r down. 

Drawings 17 and 18. These two p a t i e n t s t r i e d to solve 
the problem o f drawing of an obtuse angle i n an almost 
i d e n t i c a l way. They both attempted unsuccessfully to 
change d i r e c t i o n of t h e i r p e n c i l s , and they both drew 
subsequently r i g h t angles.. 

Drawing 19. Here i s an attempt t o change d i r e c t i o n 
r e s u l t e d i n drawing of a r i g h t angle. That p a t i e n t , 
however, r e a l i z e d t h a t he moved h i s p e n c i l to the opposite 

d i r e c t i o n , he probably also r e a l i z e d t h a t the angle drawn 
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by him was d i f f e r e n t from the required one, and he 
continued to draw a l i n e down without any f u r t h e r 
attempt to change the d i r e c t i o n o f h i s p e n c i l . 

Drawing 20, The p a t i e n t drew a s t r a i g h t l i n e at f i r s t , 
then he stopped f o r a w h i l e , and then moved to the 
opposite d i r e c t i o n , stopped again and f i n a l l y drew an 
acute angle. His drawing contains two angles; the f i r s t 
one i s an obtuse angle drawn t o the l e f t instead of to 
the r i g h t , and then an acute angle. 

5, Discussion of drawing f a i l u r e s . 

On the basis of the foregoing d e s c r i p t i o n of drawing 

f a i l u r e s sane g e n e r a l i z a t i o n can be attempted. 

I n a l l three groups of drawings, i l l u s t r a t e d i n 
Figures 1, 2 and 3, which are unsuccessful attempts of mentally 
d e f e c t i v e p a t i e n t s t o draw acute, r i g h t and obtuse angles, seme 
common trends can be i s o l a t e d such as 'rounding up' tendency, 
drawing o f some simpler f i g u r e when tha t presented was too 
d i f f i c u l t and the frequent use o f the two separate p e n c i l 
strokes instead of t u r n i n g the p e n c i l i n the required d i r e c t i o n . 

A l l these trends can be grouped under one heading of 

regressive behaviour and p a r t l y explained by the concept of 

various l e v e l s of motor development. 

(a) Levels of an e a r l y motor development. 

According to the requirements of the Rev. Stanford-
Binet t e s t , a c i r c l e should be performed by an average three 
year o l d c h i l d , the drawing o f a square by a f i v e year o l d , 
and the drawing of a diamond by a c h i l d of seven. 

The observations o f psychometricians derived from 

t e s t i n g r e s u l t s seem t o confirm that the progressive a b i l i t y 

of a c h i l d f o l l o w s c l o s e l y t e s t requirements. 



33 

I t seems t o be -oossible t o mention here our own 
experiments and observations which suggest t h a t an a b i l i t y 
t o draw a t r i a n g l e i s developed i n the average c h i l d when he 
i s about s i x years o l d ; i n the case of d e f e c t i v e s , t h i s 
a b i l i t y i s developed when they are close fo the s i x t h mental 
year. The drawing a b i l i t y , whether i n a normal c h i l d or 
menta l l y d e f e c t i v e , i s undoubtedly determined by h i s motor 
development. 

I f we put forward the concept t h a t there e x i s t 
various l e v e l s of motor development as they are manifested by 
the progressive a b i l i t y to draw at f i r s t a c i r c l e , then a 
square and f i n a l l y a diamond, then drawing f a i l u r e s could be 
explained as due to the arrested or inicpmplete motor development 
at some p a r t i c u l a r l e v e l . 

The rate of motor development between the two 
subsequent l e v e l s i s approximately two years i n the case of a 
normal c h i l d ; t h i s means tha t i t w i l l take two years f o r a 
c h i l d o f three who can draw a c i r c l e before he would be able to 
form the new motor pa t t e r n s necessary f o r the drawing of a square, 
I t seems t o be impossible to venture any ge n e r a l i z a t i o n w i t h 
regard t o the ra t e of motor development of mental defectives, 
as i t may g r e a t l y vary i n i n d i v i d u a l cases, but i t could s a f e l y 
be said t h a t t h e i r motor development i:s much slower than that of 
normal c h i l d r e n . 

In the attempt to ex p l a i n drawing f a i l u r e s i t i s 
suggested that they are due to the arrested or incomplete devel­
opment on some p a r t i c u l a r l e v e l . I t seems that the expression 
of 'incomplete' needs some e l u c i d a t i o n . I f a p a t i e n t drew an 
acute angle i n response t o the presented obtuse angle, we may 
say t h a t h i s motor development was arrested on the l e v e l of an 
acute angle, i . e . somewhere about his s i x t h mental year. I t 
may, however, happen and i t d i d happen many times th a t some 
p a t i e n t s , who were able t o draw acute and r i g h t angles 
p r e v i o u s l y , when presented w i t h an obtuse angle made drawings 
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w i t h curved l i n e s ; i n such cases we may say t h a t t h e i r motor 
development, although not quite a r r e s t e d , was nevertheless 
sonehow incomplete on the l e v e l of r i g h t and acute angles. 

I t may be held against us t h a t i n our analysis of 
f a i l u r e s we were concentrating c h i e f l y on the drawings of 
various angles and not on the drawing of geometrical f i g u r e s 
such as a c i r c l e , a square and a diamond as used i n the 
Revised Stanford-Binet t e s t , and, t h e r e f o r e , our subsequent 
conclusions could only be applicable to the drawing of angles. 
This i s , however, not the case. I t was proved experimentally, 
tha t the a b i l i t i e s to draw a diamond and an obtuse angle, i f 
not i d e n t i c a l , are h i g h l y c o r r e l a t e d . There i s also abundant 
evidence suggesting t h a t the same i s t r u e w i t h regard t o any 
simple f i g u r e , i . e . an a b i l i t y to draw a r i g h t angle i s 
c o r r e l a t e d w i t h an a b i l i t y t o draw a square, an acute angle 
w i t h a t r i a n g l e and a curved l i n e w i t h a c i r c l e . We are 
j u s t i f i e d i n expressing these r e l a t i o n s i n the f o l l o w i n g 
g e n e r a l i z a t i o n : The a b i l i t y to draw a simple geometrical 
f i g u r e i s determined by the a b i l i t y to draw an e s s e n t i a l element 
of i t ; and our conclusions are v a l i d not only to angles but to 
f i g u r e s as w e l l . 

There seems to be no d i f f e r e n c e , as f a r as motor 
mechanism i s concerned, between the drawing of a square and a 
r i g h t angle, and there i s no experimental evidence suggesting 
the defect i n perception at that l e v e l of development. The 
r e s u l t s o f p r e l i m i n a r y experiment i n drawing of various angles, 
c a r r i e d on th© group of 400 mental d e f e c t i v e s , show tha t 80 per 
cent o f them can draw a r i g h t angle, 69 per cent can draw an 
acute angle and only 50 per cent can draw an obtuse angle. 
The same p r o p o r t i o n of successful drawing was maintained i n the 
group of d e f e c t i v e s w i t h I.Q's between 39 and 57. 

I t may be concluded th a t 20 per cent of p a t i e n t s 
t a k i n g p a r t i n the experiment have been arrested i n t h e i r motor 
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development at the l e v e l of a square or a r i g h t angle, 31 per 
cent at the l e v e l of a t r i a n g l e , and 50 per cent at the l e v e l 
of a diamond. 

(b) Regressive Behaviour. 

By regression i s meant an i n a b i l i t y to form the 
appropriate patterns and the use of easier, previously establish­
ed, p a t t e r n s . 

I f a c h i l d i s presented w i t h a drawing which i s too 
d i f f i c u l t f o r him, i t means t h a t i t i s beyond h i s present motor 
development, most l i k e l y he would t r y to draw i t by employing 
the motor p a t t e r n s already established, i n other words he would 
e x h i b i t regressive behaviour. This happened exactly w i t h 
mental d e f e c t i v e p a t i e n t s , whose whole development, motor 
includip^g^ had been arrested at a c e r t a i n l e v e l . The 'rounding 
up' tendency and the drawing o f a simpler f i g u r e when the pre­
sented i s too d i f f i c u l t t o perform seems to point d i r e c t l y to 
the employment of patterns which have been already established 
at the lower l e v e l of development. Drawing a f i g u r e by the 
use o f two separate p e n c i l strokes, whether those l i n e s would 
be d i s j o i n e d or crossed, seems to be some v a r i a t i o n s o f, 
e s s e n t i a l l y the same, regressive behaviour. 

There i s , however, another problem which should be 
considered at t h i s stage, i . e . the range o f regression. A 
p a t i e n t , who i s able t o draw r i g h t and acute angles, when pre­
sented w i t h an obtuse angle which i s beyond h i s motor develop­
ment, may draw an acute or r i g h t angle; he may also draw some 
u n i d e n t i f i e d geometrical drawing where curved l i n e s or 'rounding 
up' are predominantly employed. I n short, h i s range of 
regression may vary. I n the case of a p a t i e n t drawing an 
acute angle i n response to an obtuse angle, he seems to regress 
o n l y one step back t o the nearest l e v e l o f motor development; 
when he draws a r i g h t angle he would regress two steps back, 
and when he i s drawing some f i g u r e w i t h curved l i n e s , h i s 
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regression seems to be three steps back on the scale of motor 
development. The range o f regression may be influenced i n 
some cases by the drawing immediately preceding the task which 
presents some d i f f i c u l t y , but on the whole, i t seems to be 
c h i e f l y determined by the degree of p e r f e c t i o n of previously 
established p a t t e r n s . I f faced w i t h too d i f f i c u l t a task 
the p a t i e n t tends t o regress and to use the patterns which have 
been most p e r f e c t l y already established. He may 'jump over' 
the intermediate l e v e l s at which motor p a t t e r n s , although present, 
are only p o o r l y developed. The study of drawings performed by 
mental d e f e c t i v e s seems t o j u s t i f y the above given explanations. 

I t seems poss i b l e t o venture the f o l l o w i n g general 
statement, t h a t the range o f regression of an i n d i v i d u a l i s 
probably the best index of h i s incomplete development, whether 
i t would be motor or any other, at same p a r t i c u l a r l e v e l . 

(c) Drawing Movements, 

We have attempted up t o now t o explain the i n a b i l i t y 
t o draw some angles which occurs i n mental defectives and young 
c h i l d r e n by p o s t u l a t i n g the concept of inadequate motor develop­
ment and i t s various l e v e l s . 

Although i t i s possible to explain drawing f a i l u r e s 
to a c e r t a i n extent by the acceptance of t h i s concept, i t adds, 
nevertheless, very l i t t l e t o the understanding of the motor 
mechanism involved i n the performance of angular changes i n the 
hand d i r e c t i o n . 

I t seems to be possible to throw some l i g h t on t h i s 
mechanism by discussing i n d e t a i l hand movements which are 
executed while the drawing of some simple geometrical f i g u r e s 
or angles i s i n progress. 

I t should be, however, mentioned here t h a t t h i s 
discussion, although based on observations and evidence obtained 
from drawing experiments, i s bound to be c h i e f l y speculative. 
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as the exact data w i t h regard to muscular a c t i v i t y involved i n 
drawing are complex and cannot yet be ascertained even by the 
use o f electro-myographic devices. 

Let us begin our discussion w i t h the analysis of a 
c i r c l e or a curved l i n e which i s an e s s e n t i a l element of i t . 
These can be performed by a normal c h i l d of three years of age. 
The group of muscles involved i n the execution of a c i r c l e or 
a curved l i n e seem to be predominantly of f l e x o r tjrpe. As 
f l e x o r s are the dominant group of muscle i n childhood, any 
movement executed by them i s made possible even at that e a r l y 
stage of motor development. The dominance of f l e x o r s not only 
f a c i l i t a t e the formation of these p a r t i c u l a r motor patterns but 
i t may be also held as responsible f o r t h e i r persistence which 
may hamper the next stage of motor development. I t was observed 
many times during the drawing experiments, t h a t seme mental 
d e f e c t i v e s , when presented v.'ith an obtuse angle 'jump over' 
incompletely developed motor patterns at the l e v e l of r i g h t and 
acute angle and regressed to the f i r m l y established patterns 
at the l e v e l of a c i r c l e . 

A drawing of a square or a r i g h t angle can be performed 
by a normal c h i l d of f i v e years of age. ''•'he v e r t i c a l l i n e 
which c o n s t i t u t e s the f i r s t arm of a r i g h t angle i s executed by 
the employment of f l e x o r s , p a r t i c u l a r l y by f l e x i o n of a thumb, 
an index and a middle f i n g e r . The h o r i z o n t a l l i n e which 
c o n s t i t u t e s another arm of a r i g h t angle seems to be executed 
by the extension of fore-arm muscles, while muscles of the w r i s t 
are f i r m l y f i x e d a c t i n g as s y n e r g e t i s t s . 

A^ i t was said before, any angular change i n d i r e c t i o n 
of the hand i s determined by the i n t e r a c t i o n between f l e x o r s and 
extensors. A change i n d i r e c t i o n as i s required when a r i g h t 
angle i s drawn, i s r e l a t i v e l y easy, because of the di f f e r e n c e 
i n the extent of muscle group involved. The extensors of 
the fore-arm are a much more powerful group than the f l e x o r s of 
the three f i n g e r s , and because of t h a t , the dominance of f l e x o r s 
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i s n e u t r a l i z e d and could not a f f e c t s i g n i f i c a n t l y the angular 
change i n d i r e c t i o n o f the moving hand. The d i f f i c u l t y involved 
i n the drawing o f a r i g h t angle i s r e l a t i v e l y small as 80 per 
cent of p a t i e n t s w i t h I,Q's between 38 - 57 were successful i n 
t h i s p a r t i c u l a r drawing. F a i l u r e to draw t h a t angle seems to 
be due t o the i n a b i l i t y to i n h i b i t i n s t a n t l y the f l e x i o n of the 
thumb, index and middle f i n g e r when the v e r t i c a l l i n e i s completed; 
i f t h i s a c t i v i t y of f l e x o r s overlap the subsequent act i o n o f the 
fore-arm extensors, we s h a l l get a drawing v/ith a curve i n place 
of a r i g h t angle. Any attempt to counteract t h i s prolonged 
f l e x i o n by the increase of extension w i l l r e s u l t i n drawing of 
a wavy l i n e which c o n s t i t u t e s the second, h o r i z o n t a l arm of a 
r i g h t angle. 

The a b i l i t y t o draw an acute angle or a t r i a n g l e 
appears to be developed i n a normal c h i l d when he i s somewhere 
between h i s f i f t h and seventh years. The a b i l i t y i s manifested 
i n mental defectives when they are between t h e i r f i f t h and 
seventh mental years. 

The f i r s t l i n e down which c o n s t i t u t e s the f i r s t arm 
of an acute angle i s executed by f l e x i o n of a thumb, index and 
middle f i n g e r . There i s also some f l e x i o n , however very small, 
of the w r i s t . The second l i n e upwards, which c o n s t i t u t e s the 
other arm o f an acute angle, seems to be executed by the 
extension o f a l l muscles engaged previously i n the f l e x i o n . 
This p i c t u r e seems t o be true when an acute angle i s drawn 
c o r r e c t l y , but i n the case of defectives and young c h i l d r e n 
before they reach t h a t p a r t i c u l a r l e v e l of motor development, 
there are some m o d i f i c a t i o n s of drawing performance. The 
ac t i o n o f f l e x o r s which should cease when the f i r s t arm i s 
completed, i s s t i l l i n operation, however decreased, when the 
extensors play t h e i r p a r t . This action i s somehow extended i n 
time, overlapping the a c t i o n o f extensors. As the f i n a l 
r e s u l t of the dominance of f l e x o r s we can observe drawings w i t h 
t h e i r arms d i s t i n c t l y 'rounded up' or curved due t o t h i s 
a d d i t i o n a l and unnecessary f o r c e exerted by the f l e x o r s . I f 



we observe c a r e f u l l y an unsuccessful attempt to draw an acute 
angle and p a r t i c u l a r l y i t s second arm, we can see quite c l e a r l y 
how the dominance of f l e x o r s manifests i t s e l f at the two points 
of the drawing. The f i r s t one i s 'rounding up' the angle 
i t s e l f , due to i n a b i l i t y to i n h i b i t the action of f l e x o r s when 
the f i r s t aim was completed, the second one i s the curving of 
the upper end of the second arm, due probably to i n a b i l i t y to 
i n h i b i t f o r a s u f f i c i e n t l e n g t h of time the f l e x o r a c t i v i t y . 

The middle part of the second arm i s r e l a t i v e l y 
s t r a i g h t , due probably to temporary i n h i b i t i o n o f f l e x o r s by 

. the c e n t r a l nervous system, to mechanical counteraction of 
extensors, which i s , however, inadequate t o c o n t r o l movement 
at every p o i n t during drawing performance. 

The drawing of an obtuse angle seems to o f f e r a 
considerable d i f f i c u l t y f o r defectives and young childr e n and 
i t i s also the most d i f f i c u l t t o analyse. The v e r t i c a l l i n e , 
c o n s t i t u t i n g the f i r s t arm of an obtuse angle i s executed i n 
the u s ual manner, i . e . by the f l e x i o n of a thumb, index and middle 
f i n g e r . The second l i n e down and s l i g h t l y to the r i g h t , seems 
to be executed by the f u r t h e r increased f l e x i o n of a thumb, the 
diminished i f l e x i o n o f an index and the middle f i n g e r and by the 
extension of w r i s t and also probably by some extension of f o r e ­
arm muscles. 

Let us consider some of the drawings i l l u s t r a t e d by 
Figure 3. When a p a t i e n t i s unable at the tu r n i n g p o i n t t o 
decrease s u f f i c i e n t l y f l e x i o n of an index and middle f i n g e r , 
and to increase at the same time f l e x i o n of a thumb, w r i s t and 
the fore-arm extensors, then he i s drawing a l i n e curved 
g r a d u a l l y as i l l u s t r a t e d by the drawing three. Figure 3. 

When f l e x i o n o f thumb, w r i s t and fore-arm extensors 
i s s u f f i c i e n t at the t u r n i n g p o i n t , but the f l e x i o n of an index 
and the middle f i n g e r decreased too much, then a p a t i e n t i s 
drawing almost c o r r e c t l y a r i g h t angle (drawing 5, Figure 3 ) . 



When f l e x i o n o f the thumb, w r i s t and fore-arm 
extensors i s corre c t at the t u r n i n g p o i n t , but i f the f l e x i o n 
of an index and the middle f i n g e r decreases t o zero, then a 
p a t i e n t i s drawing an acute angle. (Drawings 9 and 10, Figure 3.) 

The three above given examples show that the motor 
p a t t e r n s required when drawing an obtuse angle, have been 
d i s t o r t e d by the i n s u f f i c i e n t or complete lack of muscular 
a c t i o n of the index and middle f i n g e r s at the t u r n i n g p o i n t . 
When a p a t i e n t i n h i b i t s at the t u r n i n g p o i n t , f l e x i o n of an 
index and middle f i n g e r s , and f l e x i o n of a thumb to a c e r t a i n 
extent, employing at the same time f l e x i o n of the w r i s t and 
fore-arm muscles, then he w i l l t u r n h i s p e n c i l to the l e f t 
i nstead o f to the r i g h t , drawing thus a r i g h t angle i n the 
wrong d i r e c t i o n (Drawing 16, Figure 3 ) . 

When f l e x i o n o f a thumb i s i n h i b i t e d , but f l e x i o n o f 
an index and middle f i n g e r s are i n operation w i t h f l e x i o n of the 
w r i s t and the fore-arm muscles at the same time, then we s h a l l 
o b t a i n the f i g u r e i l l u s t r a t e d by drawing 20, Figure 3. 

I t i s possible to say th a t the formation of motor 
pa t t e r n s required when drawing an obtuse angle become very 
complex, e s p e c i a l l y at the t u r n i n g p o i n t ; there i s a consider­
able m o d i f i c a t i o n of the operating p a t t e r n s , i . e . the decrease 
i n one p a r t of them and an increase at the same time i n another 
p a r t . There i s also formation of new patt e r n s and i n t e g r a t i o n 
of a l l d i s t i n c t patterns i n t o one single whole. I t seems t o 
be t r u e to say that f a i l u r e s t o draw an obtuse angle are due to 
the i n a b i l i t y of an i n d i v i d u a l to form and operate these complex 
motor p a t t e r n s . Only 50 per cent of mental defective p a t i e n t s 
were able t o draw an obtuse angle c o r r e c t l y , 

(d) Drawing f a i l u r e s and s k i l l . 

Let us now consider how drawing f a i l u r e s are r e l a t e d 
t o s k i l l as i t i s defined i n the f i r s t chapter of t h i s work. 
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As we d i d not attempt to measure the pressure exerted during 
the drawings and t h e i r performance times, we can discuss at 
present only one p a r t i c u l a r aspect of s k i l l , i . e . the 
maintenance and change of d i r e c t i o n of the moving hand. 

The drawings given i n Figures 1, 2 and 3 i l l u s t r a t e 
t h a t some of the mental defectives, whose 1,0,'s are between 
38 - 57, are unable to change d i r e c t i o n of the hand as required 
when drawing an acute, r i g h t and obtuse angle. These drawings 
also show t h a t the most common l e v e l of regression, i t does not 
matter which p a r t i c u l a r angle i s attempted, i s to the l e v e l of 
curved l i n e s . 

There i s another s t r i k i n g feature of these drawings: 
i n the m a j o r i t y o f cases when the p e n c i l has not been l i f t e d up 
wh i l e drawing, l i n e s c o n s t i t u t i n g arms o f an angle are curved. 

The preference to employ curved l i n e s by p a t i e n t s and 
t h e i r a b i l i t y to draw s t r a i g h t l i n e s seems t o be cl o s e l y r e l a t e d 
t o the p r e v i o u s l y r e f e r r e d concept, i . e . dominance of f l e x o r s . 
The drawing o f a c i r c l e or a curved l i n e which i s an i n t e g r a l 
part of i t , i s made possible because these movements are 
determined c h i e f l y by the actio n of f l e x o r s ; the drav/ing o f 
a s t r a i g h t l i n e seems to be due to the harmonious i n t e r a c t i o n 
between f l e x o r s and extensors. As many mental defectives are 
pemanently arrested at the e a r l i e r l e v e l of motor development 
where f l e x o r s are dominant, they can execute quite w e l l movements 
e f f e c t e d by them, but they have d i f f i c u l t y i n angular changes of 
d i r e c t i o n or the drawing of a s t r a i g h t l i n e , as these are 
determined by the i n t e r a c t i o n between f l e x o r s and extensors, 
which i s i n turn impaired because of the dominance of f l e x o r s 
over extensors. 

I t should be mentioned, however, that there seems 
to be a considerable d i f f e r e n c e between the drawing of separate 
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s t r a i g h t l i n e and the drawing of a s t r a i g h t l i n e immediately 
f o l l o w i n g the change i n d i r e c t i o n o f the moving hand. I n the 
m a j o r i t y of cases where a p a t i e n t drew an angle i n the two 
separate p e n c i l strokes, l i n e s drawn tha t way are r e l a t i v e l y 
s t r a i g h t , they tend t o be curved i f they proceed or f o l l o w 
immediately the change of d i r e c t i o n . I t seems t h a t the 
dominance of f l e x o r s i s more d i f f i c u l t t o c o n t r o l v/hen a 
movement i s complicated by the angular change i n d i r e c t i o n as 
i n the drawing of an acute angle or a r i g h t angle without l i f t i n g 
up the. p e n c i l . I n such cases f l e x o r s cannot be i n h i b i t e d 
s u f f i c i e n t l y before the change i n d i r e c t i o n i s ta k i n g place or 
immediately a f t e r the t u r n of the p e n c i l . Their a c t i o n seems 
to be somehow extended i n time. 

The development of motor pa t t e r n s responsible f o r 
angular changes i n 1iie hand d i r e c t i o n 'seems to be r e l a t i v e l y 
easy i f t h i s change i s e f f e c t e d by the i n t e r a c t i o n between weak 
group of f l e x o r s and powerful group of extensors. 

I t i s more d i f f i c u l t i f the angular change, however 
simple, i s due t o the i n t e r a c t i o n between f l e x o r s and extensors 
which are of almost the same volume. The d i f f i c u l t y seems to 
increase f u r t h e r , i f the operating motor patterns have to be 
modi f i e d i n the course of movement and new patterns have to be 
added and int e g r a t e d i n t o one whole w i t h the already e x i s t i n g 
modified p a t t e r n s , as i s necessary when an obtuse angle i s drawn. 
A b i l i t y t o modify motor pa t t e r n s i n the course of t h e i r operation 
and t o introduce new pat t e r n s seems to be basic and absolutely 
necessary f o r the development of any s k i l l . 

Although i n the course of t h i s work we have been 
f u l l y aware t h a t f o r the formation of any motor p a t t e r n , s k i l l 
i n cluded, i s c h i e f l y respbnsible the cortex and p a r t i c u l a r l y 
i t s p r e c e n t r a l p a r t , nevertheless, we f e e l j u s t i f i e d i n studying 
and comparing those motor patterns as they are manifested i n 
simple movements, and p a r t i c u l a r l y i n angular changes of the 
hand d i r e c t i o n . 
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C H A P T E R IV. 

SBIPLE REACTION TB-IE E I P E R i m i T . 

The i n t r o d u c t i o n o f the Simple Reaction Time t e s t 

was c o n s i d e r e d as t h e necessary, s e l e c t i n g s t e p p r e c e / d i n g the 

main e x p e r i m e n t . 

1. Reasons f o r i n s t r u c t i o n o f S.R.T. t e s t . 

The r e s u l t s o f the p r e l i m i n a r y drawing t e s t showed 

t h a t a l l a d u l t p a t i e n t s w i t h I.Q's below 38 were unable to draw 

an obtuse angle and a l l p a t i e n t s w i t h I.Q's above 57 were able 

t o do t h i s . The next l o g i c a l s t e p , t h e r e f o r e , was t o c o n f i n e 

our i n v e s t i g a t i o n t o those m e n t a l d e f e c t i v e s whose I.Q.'s l a y 

between 38 and 57. Acco r d i n g to t h e i r drawing r e s u l t s those 

p a t i e n t s can be d i v i d e d i n t o two d i s t i n c t groups: the f i r s t 

one c o n t a i n i n g s u b j e c t s who were unable t o draw an obtuse angle 

and the second one made up o f s u b j e c t s who were able t o do t h i s . 

As we have a l r e a d y analysed t he drawing f a i l u r e s o c c u r i n g i n 

the f i r s t group, t h e next q u e s t i o n was, whether we should proceed 

w i t h an i n v e s t i g a t i o n o f t h e pressure e x e r t e d by the bend and 

the d r a w ing performance time i n these two d i s t i n c t groups, o r 

whet h e r some f u r t h e r , s e l e c t i v e experiment should be c a r r i e d 

out b e f o r e commencing t h e main experiment. 

I t was decided, a f t e r some r e f l e c t i o n , t o i n t r o d u c e 

a t t h a t stage t h e Simple R e a c t i o n Time o r i n s h o r t S.R.T. The 

reason f o r the a p p l i c a t i o n o f t h i s t e s t t o our e x p e r i m e n t a l 

group, i . e . t o the p a t i e n t s w i t h I.Q,.'s between 38 end 57, are' 

as f o l l o w s : t h e r e i s a co^Eon b e l i e f t h a t the r e a c t i o n o f 

e p i l e p t i c s , p o s t - e n c e p h a l i t i c s and o t h e r p a t i e n t s , d e t e r i o r a t e d 

f o r any reason, are much slower than the r e a c t i o n s o f o t h e r , 

u n a f f e c t e d d e f e c t i v e s ; the same seems to be t r u e o f p a t i e n t s 

w i t h some s p e c i f i c p h y s i c a l d i s a b i l i t y l i k e a t h e t o s i s , h e m i p l e g i a , 

e t c . 
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I f these b e l i e f s c o u l d be e x p e r i m e n t a l l y s u b s t a n t i a t e d 

then our p r e s e n t e x p e r i m e n t a l group has to be s e l e c t e d again i n 

o r d e r t o e l i m i n a t e a l l those p a t i e n t s from f u r t h e r experiments 

whose delayed r e a c t i o n s are due t o some s p e c i f i c causes. As 

our n e x t main experiment was designed to measure hand pressure, 

performance time and the r e l a t i o n s h i p between these i t e m s , i t 

was t h o u g h t a b s o l u t e l y necessary to e l i m i n a t e from f u r t h e r 

i n v e s t i g a t i o n a l l those p a t i e n t s w i t h delayed r e a c t i o n s due t o 

some s p e c i f i c causes as t h e y might be subsequently handicapped 

i n t h e performance time experiment. A l t h o u g h i t i s open t o 

d i s c u s s i o n and experiment whether, and by how much the S . R . T . 

o f an i n d i v i d u a l i s r e l a t e d t o h i s performance t i m e . I t seems 

reasonable t o expect some r e l a t i o n s h i p between these t r o items 

i n m e n t a l d e f e c t i v e s , e s p e c i a l l y when performance i s simple and 

the l e v e l o f s k i l l developed i s v e r y low. 

2o Purpose o f t h e S p R . T . experiment. 

The c h i e f purpose o f t h i s experiment was t o measure 

the S . R . T . o f a l l a d u l t p a t i e n t s who took a p a r t i n the p r e v i o u s 

p r e l i m i n a r y experiments and whose I.Q.'s l a y between 38 and 57. 

As we had a l r e a d y d i v i d e d a l l these p a t i e n t s , a c c o r d i n g t o t h e i r 

d r a w i n g a b i l i t y , i n t o two d i s t i n c t groups: the f i r s t group 

composed o f those who were unable to draw an obtuse a n g l e , and 

t h e second one made up o f p a t i e n t s who were able t o do t h i s ; 

we expected t o compare b o t h these groups a c c o r d i n g to t h e i r 

S .RoT. r e s u l t s and t o see whether they d i f f e r e d s i g n i f i c a n t l y . 

I n b o t h these groups were e p i l e p t i c s , p o s t - e n c e p h a l i t i c s , 

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

d e t e r i o r a t e d because o f some u n s p e c i f i e d reasons,, I f t h e S.R.T. 

o f t h ese p a t i e n t s , b e l o n g i n g to v a r i o u s c l i n i c a l groups, should 

be s l o w e r than the mean o f t h a t group to which they belonged 

a c c o r d i n g t o t h e i r drawing a b i l i t y , then we would e l i m i n a t e them 

fr o m our two e x p e r i m e n t a l groups and from f u r t h e r i n v e s t i g a t i o n s . 

I t was a l s o decided t o c a r r y on the same experiment, under 

i d e n t i c a l c o n d i t i o n s , on the t h i r d group o f seventy s u b j e c t s . 



composed o f n u r s i n g s t a f f , i n o r d e r t o make comparative 

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

5. I n s t r u m e n t s and pro c e d u r e . 

To measure v i s u a l r e a c t i o n times the ch r o n o t r o n 25B 

was used. T h i s i n s t r u m e n t gave a d i r e c t r e a d i n g o f time i n t e r ­

v a l s i n m i l l i s e c o n d s . The c h r o n o t r o n , the source o f l i g h t and 

two Morse Keys were connected i n c i r c u i t , When t h e experimenter 

pressed h i s key he s e t the c h r o n o t r o n and the source o f l i g h t 

i n a c t i o n . When a p a t i e n t pressed h i s key the c i r c u i t was 

broken and i t was p o s s i b l e t o read the S.R.T. from the d i a l on 

the c h r o n o t r o n . The p i l o t experiment was c a r r i e d out t o make 

the n e cessary adjustments and i t was found t h a t the experimenter's 

key had t o be r e p l a c e d by a n o i s e l e s s one as some s u b j e c t s 

r e a c t e d t o the sound o f t h e c l o s i n g key r a t h e r than t o the l i g h t . 

A hand r e s t f o r the s u b j e c t was p r o v i d e d . The experiment was 

conducted i n a semi-dark room. A b l a c k screen was put between 

the c h r o n o t r o n and the source o f l i g h t w^ich was placed 12 inches 

above t h e t a b l e a t which the s u b j e c t s a t . The u s u a l d i s t a n c e 

between t he lamp and t h e eyes o f the s u b j e c t was 35 i n c h e s , but 

some s u b j e c t s asked t o have l i g h t n e a r e r and then t he lamp was 

moved a c c o r d i n g t o t h e i r wishes. When the s u b j e c t was seated 

c o m f o r t a b l y a t the t a b l e w i t h h i s hand on the hand-rest and h i s 

i n d e x f i n g e r on t h e b u t t o n o f the Morse Key, he was t o l d : "When 

t h i s l i g h t i s on, press your b u t t o n immediately; t r y t o be as 

q u i c k as you can",, A f t e r a demo n s t r a t i o n he was gi v e n a t l e a s t 

seven t r i a l r uns and then t w e n t y readings were taken from which 

the average S.R.T. was c a l c u l a t e d . I n a few cases i t was necess­

a r y t o g i v e more than seven t r i a l r uns. 

4. Arrangement o f groups and r e s u l t s . 

The simple R e a c t i o n Time experiment was c a r r i e d out on 

239 a d u l t s u b j e c t s , 169 o f these were mental d e f e c t i v e s , whose 

I . Q c ' s v a r i e d between 38 and 57 and who were s e l e c t e d by the 



w r i t e r a c c o r d i n g t o t h e i r r e s u l t s o b t a i n e d i n the drawing 

e x p e r i m e n t , t h e r e m a i n i n g 70 s u b j e c t s belonged t o the n u r s i n g 

s t a f f . The group o f d e f e c t i v e s was composed o f 93 males and 

76 f e m a l e s ; i n t h e group made up o f n u r s i n g s t a f f t b e r e were 

35 males and 35 females, they were s e l e c t e d by the C h i e f I'ele 

Nurse and the Matron r e s p e c t i v e l y . 

The r e s u l t s o f the S . R . T . experiment o b t a i n e d w i t h 

t he d e f e c t i v e p a t i e n t s were arranged i n t o t he f o l l o w i n g grouns: 

(a) H e m i p l e g i c p a t i e n t s : - 3 female s u b j e c t s . 

(b) D e t e r i o r a t e d p a t i e n t s : - 6 s u b j e c t s , 

4 male and S females. 

( c ) P o s t - e n c e p h a l i t i c p a t i e n t s : - 5 s u b j e c t s , 

3 males and 2 females. 

( d ) E p i l e p t i c p a t i e n t s : - 35 s u b j e c t s , 

25 males and 10 females. 

( e ) C l i n i c a l l y u n i d e n t i f i e d p a t i e n t s ( E x c l u s i v e of the above groups) 

120 s u b j e c t s ; - 60 males and 60 females. 

The r e s u l t s o f the S o R . T . o b t a i n e d w i t h each o f these 

f i v e groups are arranged below i n t o two columns: the f i r s t 

column c o n t a i n s s u b j e c t s who were a b l e t o draw an obtuse 

angle and the second s u b j e c t s who were unable t o do t h i s . To­

g e t h e r w i t h t h e r e s u l t s o f S .RoT, i n t h e group of e p i l e p t i c s 

t h e r e are g i v e n two o t h e r i t e m s : drugs and e p i l e p t i c f i t s ; 

t h e presence o r absence o f each or b o t h o f these f a c t o r s seems 

t o be r e l a t e d t o the r e s u l t o f the S ^ R . T . o f each i n d i v i d u a l 

s u b j e c t , 

( f ) N u r s i n g S t a f f : -

T h i s group i s composed o f 70 s u b j e c t s , 35 of them 

are male and 35 are female nurses. 



A / The r e s u l t s o f t h e S.RcTo o f Hemipleeic p a t i e n t s . 

( i ) S u b j e c t s who cannot 
drav/ an obtuse a n g l e . 

( i i ) S u b j e c t s who can draw 
an obtuse angle. 

'No o f s u b j e c t • S.R.T. ' ' No o f s u b j e c t ' S.RoTo ' 

1 ' 481 ' ' 1 ' 176 ' 
2 ' 308 ' 

Mean ' 481 ' ' Mean ' 242 ' 

The mean f o r b o t h h e m i p l e g i c groups: 321.6 

B / The r e s u l t s o f t h e S.R.T. o f d e t e r i o r a t e d p a t i e n t s . 

( i ) S u b j e c t s who cannot 
draw an obtuse a n g l e . 

( i i ) S u b j e c t s who can draw 
an obtuse a n g l e . 

'No o f s u b j e c t ' SoRcTo ' ' No o f s u b j e c t ' SoR.To ' 

1 ' 932 ' ' 
2 ' 1020 ' ' 
3 ' 9 52 ' ' 

1 ' 1305 ' 
2 ' 1100 ' 

4 ' 594 ' ' 
Mean ' 1202,5' 

Mean 874 .5 

The mean f o r b o t h d e t e r i o r a t e d groups: 1038.5 

C/ The r e s u l t s o f the S„R,T, o f P o s t - e n c e p h a l i t i c p a t i e n t s , 

( i ) S u b j e c t s who cannot ( i i ) S u b j e c t s who can draw 
draw an obtuse angle. an obtuse ?nple. 

'No o f s u b j e c t S.R.T. 

' 1 375 
2 385 

' Mean 380 

' No o f s u b j e c t ' S. R«T o ' 

' 1 ' 274 
2 220 ' 

' 3 ' 20? ' 

' Mean ' 257.6 ' 

The mean f o r b o t h p o s t - e n c e p h a l i t i c groups: 313o8 



D/ The r e s u l t s o f t h e SoRoT. o f e i o i l e p t i c n ' ^ t i e n t s . 

SoRoTo i s g i v e n i n m i l l i s e c o n d s , 

( i ) S u b j e c t s who cannot dr-^w an obtuse angle. 

'No. o f s u b j . ' 
3? 

F i t s . 
' s 
'Drugs ' S 0 R o T. ' 

' 1 • ' X ' 553 ' 
' 2 - * 282 ' 
' 3 ' - X ' 380 ' 
t 4 t - X ' 362 ' 
' 5 ' X :c ' 483 ' 
' 6 ' X X * 609 ' 
t 7 - 932 ' 
' B ' 461 ' 
' 9 ' X X ' 447 ' 

10 - • 478 ' 
' 11 - - ' 644 ' 
' 12 X ' 358 ' 
• 13 X X ' 694 • 
' 14 ' X ' X ' 588 • 

Mean 520 

( i i ) S u b j e c t s who can draw an obtuse angle 

s F i t s and drugs» 

1. - denotes the 
abser.ee o f f i t s 
o r s n e c i f i c drugs 
f o r t r e a t m e n t o f 
e p i l e p s y i n the 
l e s t i 2 months. 

'No o f s u b j . • F i t s 'Drugs ' S.R.T.' 

' 1 
' ' 

169 ' 
' 2 - 320 ' 
' 3 ' - ' - ' 252 ' 
' 4 X t -V ' 307 ' 
' 5 - ' X ' 288 ' 
' 6 ' - ' X ' 290 ' 
' 7 ' X ' X ' 530 ' 
' 8 ' - ' X ' 378 ' 
' 9 ' X ' 213 ' 

10 ' X ' 354 ' 
11 ' - ' X ' 474 ' 

' 12 - ' - • 190 ' 
' 13 ' X ' X ' 387 ' 
' 14 ' X ' X ' 255 ' 
' 15 ' X ' 358 ' 
' 16 X ' X ' 441 ' 
T Yl - ' X ' 181 ' 
' 18 ' X ' X ' 171 ' 
' 19 ' X ' X ' 275 ' 
' 20 ' - ' - ' 173 ' 

21 ' - ' X ' 199 ' 

8 Mean ' 295.5 ' 

, X denotes the 
occurence o f f i t s 
or use o f s p e c i f i c 
drugs f o r t r e a t m e n t 
of e^^ilensy. 

The mean f o r b o t h groups: 407.7 
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E / The r e s u l t s o f the S„R.To o f t h e u n d i f f e r e n t i a t e d m e n t a l l y 

d e f e c t i v e group. 

S.R.T. i s g i v e n i n m i l l i s e c o n d s . 

( i ) S u b j e c t s who cannot draw an obtuse angle 

( c o n t i n u a t i o n ) 

'No o f s u b j e c t S o 0 T o ' «No o f s u b j e c t ' S 0 R. T. 

' 1 407 ' ' 31 ' 387 
' 2 ' 366 ' 32 628 
' 3 ' 952 ' ' 33 ' 642 
' 4 ' 283 ' ' 34 ' 518 
' 5 301 ' ' 35 ' 452 
' 6 399 ' 36 ' 316 

7 303 ' ' 37 ' 682 
' 8 ' 250 ' ' 38 342 
' 9 537 ' ' 39 ' 300 
' 10 271 ' ' 40 ' 546 
' 11 ' 299 ' t 41 I 297 
• 12 ' 362 ' ' 42 412 
' 13 • 372 ' ' 43 273 

14 ' 302 ' t 44 t 520 
15 ' 474 ' • 45 ' 567 

' 16 ' 291 ' ' 46 ' 486 
' 17 ' 563 ' ' 47 ' 383 
' 18 ' 342 ' ' 48 ' 392 
' 19 ' 359 ' ' 49 ' 312 
' 20 ' 394 ' ' 50 ' 323 
' 21 515 ' ' 51 ' 316 
' 22 327 ' 52 517 
' 23 452 ' ' 53 ' 364 
' 24 ' 307 ' 54 358 
' 25 ' 491 ' ' 55 ' 666 
' 26 • 333 ' ' 56 ' 575 

27 ' 347 ' ' 57 ' 459 
' 28 • 711 ' ' 58 ' 512 
' 29 ' 594 ' ' 59 ' 367 
' 30 609 ' ' 60 ' 365 

Mean 429.9 



( i i ) S u b j e c t s who can draw an obtuse angle, 

S.R.T. i s given i n m i l l i s e c o n d s . 

/ c o n t i n u a t i o n / 

No o f s u b j e c t S, R o T < 

' 1 ' 195 ' ' 31 
t 

257 • 
' 2 ' 259 ' ' 32 t 293 • 
• 3 ' 250 ' ' 33 t 258 ' 
' 4 ' 231 • ' 34 290 ' 
' 5 ' 232 ' • 35 t 225 ' 
• 6 ' 199 ' ' 36 t 191 ' 
• 7 • 240 ' ' 37 t 205 ' 
' 8 ' 29 3 ' ' 38 274 ' 
• 9 ' 172 ' ' 39 t 192 ' 
• 10 ' 238 ' ' 40 t 354 ' 
' 11 ' 252 ' • 41 t 178 ' 
• 12 ' 214 ' • 42 t 209 ' 
' 13 ' 194 ' ' 43 I 174 • 
' 14 ' 272 ' ' 44 t 266 ' 
' 15 ' 214 ' • 45 t 235 ' 
' 16 ' 276 ' ' 46 t 286 ' 
' 17 ' 279 ' ' 47 t 210 ' 
' 18 ' 288 ' • 48 t 272 ' 
' 19 ' 254 ' ' 49 194 ' 
' 20 ' 226 ' • 50 t 165 ' 
• 21 ' 250 ' ' 51 t 241 ' 
' 22 ' 331 ' ' 52 t 265 ' 

23 ' 230 ' ' 53 » 182 ' 
• 24 ' 311 ' ' 54 t 213 ' 
• 25 ' 307 ' • 55 f 213 ' 
' 26 ' 237 ' • 56 t 289 ' 
' 27 ' 304 ' ' 57 t 278 ' 
' 28 ' 169 58 t 176 ' 
' 29 ' 309 ' ' 59 t 295 ' 
• 30 ' 207 ' ' 60 t 

t 
228 ' 

242.5 ' 
Mean t 

The mean f o r b o t h u n d i f f e r e n t i a t e d groups: 336 .2 

No o f s u b j e c t ' S.R.T. 
t 
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F/ The r e s u l t s o f the S.R.T. o f the group o f N u r s i n g S t a f f . 

S.R.T, i s g i v e n i n m i l l i s e c o n d s . 

( c o n t i n u a t i o n ) 

•No o f s u b j e c t ' S.R.T. » 'No o f s u b j e c t » S.R.T. 1 

' 1 ' 147 ' ' 36 • 188 ' 
• 2 ' 182 ' ' 37 ' 190 ' 
• 3 ' 197 ' 38 ' 214 ' 
' 4 ' 212 ' ' 39 ' 210 ' 
' 5 ' 167 ' 40 195 
' 6 ' 180 ' ' 41 ' 218 ' 
' 7 ' 171 ' ' 42 ' 165 ' 
' 8 t 144 t ' 43 ' 192 « 
' 9 ' 184 ' t 44 , 215 ' 
• 10 ' 142 ' 45 ' 171 ' 
' 11 ' 159 • ' 46 ' 203 ' 
' 12 ' 191 ' ' 47 ' 154 ' 
' 13 • 169 ' ' 48 ' 183 ' 
' 14 ' 177 ' ' 49 ' 189 ' 
' 15 ' 178 ' 50 176 
' 16 ' 167 ' ' 51 ' 217 ' 
' 17 ' 197 ' 52 184 ' 
' 18 ' 180 ' ' 53 ' 190 ' 
' 19 ' 149 • ' 54 198 ' 
' 20 163 ' ' 55 ' 249 ' 
' 21 ' 165 ' ' 56 ' 200 ' 
' 22 • 181 ' ' 57 ' 168 ' 
' 23 ' 218 ' ' 58 ' 203 
' 24 ' 254 ' ' 59 ' 224 ' 
' 25 ' 172 ' ' 60 ' 156 ' 
' 26 ' 184 ' ' 61 ' 183 ' 

27 160 ' ' 62 ' 128 ' 
28 ' 170 ' ' 63 ' 181 ' 

' 29 167 ' ' 64 ' 181 » 
' 30 156 ' ' 65 ' 204 ' 
' 31 ' 164 ' ' 66 ' 176 ' 
' 32 ' 182 ' ' 67 ' 149 ' 
' 33 134 ' ' 68 ' 199 ' 
' 34 ' 155 ' ' 69 ' 175 ' 
' 35 ' 232 ' 70 165 ' 

Mean 181.8 



5. D i s c u s s i o n o f the r e s u l t s o f the S.R.T. 

The r e s u l t s o f t h e S.R.T. experiment obtained w i t h 

v a r i o u s groups o f mental d e f e c t i v e s and w i t h the group o f s t a f f 

can be summarized i n the f o l l o w i n g t a b l e : 

' Group 
'Nr. o f 
'sub- ' 
' j e c t s ' 

Mean o f 
S.R.T, 
subj.who 
cannot 
draw ob­
t u s e ang. 

'Mean o f ' 
•S.R.T. ' 
'subj.who ' 
'can draw « 
'obtuse ' 
'angle. ' 

Mean o f S.R.T. ' 
f o r b o t h ' 
groups. ' 

'Hemiplegics ' 3 ' 481 ' 242 321 ' 

' D e t e r i o r a t e d 
' p a t i e n t s 

' 6 ' 874.5 1202.5 ' 1038.5 ' 

'Post-encepha-
' l i t i c s 

' 5 ' 380 257.6 ' 313.8 ' 

' E p i l e p t i c s ' 35 ' 520 ' 295.5 ' 407 ' 

' U n d i f f e r e n t i a -
'ted group 

'120 ' 429.9 242.5 ' 336 ' 

' S t a f f ' 70 - 181.8 ' ' 

A l t h o u g h i t i s not p o s s i b l e t o draw f u l l y v a l i d 

c o n c l u s i o n s from the r e s u l t s o f the f i r s t t h r e e groups i n the 

above t a b l e as these groups are n u m e r i c a l l y v e r y s m a l l , some 

t e n t a t i v e s u ggestions c o u l d be made. 

I t seems t h a t h e m i p l e g i c p a t i e n t s are 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 f r o m the u n d i f f e r e n t i a t e d group as f a r as t h e i r S„R„T„ 

i s concerned. The o n l y reason f o r the e x c l u s i o n o f t h a t group 

f r o m f u r t h e r i n v e s t i g a t i o n i s our f e e l i n g t h a t they could be 

somehow handicapped i n t ^ e subsequent experiment whose performance 

t i m e and pre s s u r e o f the hand are measured. Although o n l y one 

hand i s a c t u a l l y employed i n those experiments, t h e o t h e r seems 

t o have some, l e t us say s y n e r g e t i c , f a c i l i t a t i n g i n f l u e n c e 

on t he performance as a whole. As one hand o f hem i p l e g i c 

s u b j e c t s i s p a r a l y s e d , we f e e l t h a t t h i s d i s a b i l i t y i s bound t o 

a f f e c t the s k i l l e d a c t i o n performed by the o t h e r hand. 
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There i s a v e r y marked d i f f e r e n c e between the S.R„T„ 

o f d e t e r i o r a t e d s u b j e c t s and t h e u n d i f f e r e n t i a t e d groun. Five 

o f these s u b j e c t s , a c c o r d i n g t o n u r s i n g s t a f f r e p o r t s , are 

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

concerned; n e u r o l o g i c a l examination, however, d i d not r e v e a l 

any s p e c i f i c cause o r causes r e s p o n s i b l e f o r t h e i r d e t e r i o r a t i o n . 

The s i x t h o f those s u b j e c t s i s the case of i n c i p i e n t s c h i z o p h r e n i a 

Because o f t h e i r v e r y l o n g S.R,T.'s t h a t group has also been 

ex c l u d e d from f u r t h e r e x p e r i m e n t s . 

There seems t o be no s i g n i f i c a n t d i f f e r e n c e between 

t h e S.R.T. o f p o s t - e n c e n h a l i t i c s and the u n d i f f e r e n t i a t e d group. 

A l t h o u g h t h e r e i s o f t e n observed verj'' marked d e t e r i o r a t i o n i n 

th e apperance and g e n e r a l b e h a v i o u r o f p o s t - e n c e p h a l i t i c s as 

t h e i r age advances, t h e i r S.R.T. seems t o remain u n a f f e c t e d . 

We d i d measure a d d i t i o n a l l y t h e S.R.T, o f the two a v a i l a b l e n o s t -

e n c e p h a l i t i c s w i t h t h e I'.Q's 91 and 99 and i t was found t h a t 

t h e i r S,R„T, are w i t h i n normal l i m i t s . T h i s group was a l s o 

e xcluded f r o m t h e n e x t experiment, not on the b ^ s i s o f t h e i r 

SaR.T, r e s u l t s b u t because o f a n t i c i p a t i o n t h a t t h e i r o t h e r 

r e s u l t s i n the intended experiment m i g h t be somehow a f f e c t e d , 

b e i n g , t h e r e f o r e , a t y p i c a l f o r t h e i n v e s t i g s t e d groun as a whole. 

D i s c u s s i o n o f the S„R,T, r e s u l t s o f the e p i l e p t i c group 

seems t o be a v e r y c a n p l i c a t e d t a s k because o f the presence o f 

many v a r i a b l e s which, undoubtedly, i n f l u e n c e t^e o b t a i n e d r e s u l t s . 

Some o f them could be a s c e r t a i n e d t o a c e r t a i n e r t e n t o n l ^ , sore 

o f them are s t i l l d e f e a t i n g ?n ex-oerimental ••^p^^roPc^, Because o f 

so many v a r i a b l e s i n v o l v e d , u n d o u b t e d l y i n f l u e n c i n g the r e l a t i o n ­

s h i p between e p i l e p s y -^nd S,R,T, , and because o f the r e l a t i v e l y 

s m a l l number o f e - o i l e p t i c s investig'-^ted, the r e s u l t g i v e n i n the 

t a b l e below s h o u l d be considered '='s t e n t a t i v e onl-'^. 
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On t h e whole the S.R.T. r e s u l t s o f the e p i l e n t i c 

group, b o t h the sub-gr':^up c o n s i s t i n g o f s u b j e c t s uho c-̂ n d^avj 

an obtuse angle and the sub-group made up o f s u b j e c t s who cannot 

do t h i s , are belov/ t h e r e s u l t s o b t a i n e d w i t h t h e tv/o corresponding"-

sub-groups o f u n d i f f e r e n t i a t e d r r e n t a l d e f e c t i v e s . Alt>>ough t h e 

group o f e p i l e p t i c s , because o f t h e r e l a t i v e l y low r e s u l t s 

o b t a i n e d i n S,R,T. experiment, >̂ 8S t o be excluded from f u r t h e r 

e x p e r i m e n t s , v/e f e e l , t h a t these r e s u l t s end t h e i r p o s s i b l e 

d e t e r m i n a n t s s h o u l d be discussed more f u l l y a t t h i s stage. 

Let us c o n s i d e r a t f i r s t the r e s u l t s o f the experim.ent 

as i l l u s t r a t e d i n the above t a b l e . The r e s u l t s o f e n i l e p t i c s 

who can draw an obtuse angle and who had no f i t s and drugs i n 

the l a s t 12 months are s l i g h t l y b e t t e r (220,5 m i l l i s e c o n d s ) than 

the r e s u l t s o f t h e co r r e s p o n d i n g u n d i f f e r e n t i a t e d sub-groups 

(242,5 m i l l i s e c o n d s ) . T h i s s l i g h t d i s c r e p a n c y between tbe 

above g i v e n r e s u l t s could be p r o b a b l y e x p l a i n e d by the s i z e o f 

two groups i n v o l v e d : There are o n l y 5 e p i l e p t i c s i n the group 

under c o n s i d e r a t i o n w h i l e 60 s u b j e c t s i n tbe u n d i f f e r e n t i a t e d 

group. Tbere i s a sharp d e c l i n e i n the r e s u l t s (340,5 m/sec) 



o f t h e S .RoT. o f those e p i l e p t i c s who can draw an obtuse angle 

and who bad n o t f i t s i n the l a s t twelve months but who are on 

s p e c i f i c drugs. T h i s d e c l i n e i n t h e i r r e s u l t s c ould be explainer' 

as due t o the i n f l u e n c e o f drugs. 

The r e s u l t s o f the next group o f e p i l e p t i c s , i . e . who 

are a b l e t o draw an obtuse angle, and who have f i t s and are on 

the s p e c i f i c drugs, are b e t t e r (297.1 m/sec) than the -orevious 

group (340.5 m/sec) and are most i n t e r e s t i n g . The d i f f e r e n c e 

i n t h e r e s u l t s o f t h e S .R„T. between the l a s t tno groups o f 

e p i l e p t i c s can be w e l l i n t e r p r e t e d as b o t h groups are o f the 

same s i z e , a p p r o x i m a t e l y on the same i n t e l l i g e n c e l e v e l ?nd 

showing the same drawing a b i l i t y . I t seems reasonable t o put 

f o r w a r d the f o l l o w i n g assumption: the s p e c i f i c dinigs, used f o r 

the t r e a t m e n t o f e p i l e p s y , h'eve a suppressing e f f e c t on the 

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

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

The above assurantion can be supported by the e x p e r i m e n t a l 

evidence o b t a i n e d n o t o n l y w i t h the group o f e p i l e t i t i c s who can 

draw an obtuse a n g l e , b u t a l s o w i t h the group o f e p i l e p t i c s who 

cannot do t h i s . I n b o t h these groups, s u b j e c t s w i t h f i t s and on 

drugs o b t a i n e d b e t t e r r e s u l t s i n the S.R.T, ex p e r i i ^ e n t {297 .Bl/sec) 

and 371 m/sec) t h a n the two r e s p e c t i v e groups o f e p i l e p t i c s who 

had no f i t s b u t who are on drugs (340.5 m/sec and 524.1 m/sec). 

I t s h o u l d a l s o be mentioned t h a t t h e s o c i a l behaviour o f an 

e p i l e p t i c seems t o be somehow r e l a t e d t o the c y c l e o f h i s f i t s : 

i t i s u s u a l l y much b e t t e r i m m e d i a t e l y a f t e r than p r i o r t o the 

s e i z u r e . 

There i s one p o i n t i n t h e t a b l e o f the S.R.T. r e s u l t s 

o f e p i l e p t i c s which should be discussed here, namely, the r e s u l t s 

o f the group o f s u b j e c t s who were unable t o draw an obtuse angle 

s E p a n u t i n , m y s o l i n e , l u m i n a l , ara-ohetamine, cytamen, pheno-
b a r b i t o n e and d o r i d e n . 

</Eooh, P . H . and K n i g h t , R . P . , E p i l e p s y , New York, Grune and 
S t r a t t o n , 1947. 
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and who had no f i t s o r drugs i n the l a s t twelve months. The 

mean o f t h a t group i s t h e lowest i n t h e whole t a b l e . I t seems 

t h a t t h e o n l y p o s s i b l e e x p l a n a t i o n o f t h e i r unduly l o n g S.R.T. 

i s t h e prolonge d t r e a t m e n t by the drugs t o which t h e y have been 

s u b j e c t e d p r e v i o u s l y and t h e i r advanced d e t e r i o r a t i o n because 

o f t h e i n c r e a s e i n t h e i r age. I t should a l s o be remembered 

t h a t , as t h i s group i s n u m e r i c a l l y s m a l l , chance nay p l a y a 

c o n s i d e r a b l e r o l e . 

A f t e r the d i s c u s s i o n o f the r e s u l t s o b t a i n e d i n the 

S.R.T. experiment on t h e e p i l e p t i c s u b j e c t s l e t us mention 

b r i e f l y t h e d i f f i c u l t y o f an e x p e r i m e n t a l approach t o the study 

o f t h e r e l a t i o n s h i p between the S.R.T. and e p i l e p s y and p o s s i b l e 

v a r i a b l e s i n v o l v e d i n t h a t p a r t i c u l a r problem. I t seems t o be 

c l e a r from the r e s u l t s o b t a i n e d t h a t e p i l e p t i c f i t s have an 

e x c i t a t o r y e f f e c t on the p h y s i o l o g i c a l r e a c t i o n s of an i n d i v i d u a l ; 

i t does n o t mean, however, t h a t h i s S.R.T. would be w i t h i n 

normal l i m i t s , even i f he has had no drugs. The d i f f i c u l t y 

o f t h e e x p e r i m e n t a l study i n t o the e f f e c t s o f f i t s on t h e S.R.T. 

i s t h i s : t h e r e are no a v a i l a b l e s u b j e c t s i n h o s p i t a l who have 

f i t s and who are not on drugs. Such a s u b j e c t could h a r d l y be 

found i n t h i s c o u n t r y . I f we accept t h a t the presence o f 

e p i l e p t i c f i t s a f f e c t s somehov/ a d v e r s e l y the S.R.T., then we 

have t o c o n s i d e r t h e i r f r e q u e n c y and i n t e n s i t y . There could 

be l i t t l e doubt t h a t f r e q u e n t and i n t e n s e f i t s have g r e a t e r 

e f f e c t on t h e S.R.T. than t he spo r a d i c and s l i g h t ones. 

Frequency o f f i t s c o u l d be e a s i l y a s c e r t a i n e d as each e p i l e p t i c 

has a s p e c i a l card on which t h i s frequency i s recorded. 

I n t e n s i t y o f f i t s i s a l s o r e c o r d e d on the same c a r d , but because 

o f t h e l a c k o f o b j e c t i v e s tandards i n the assessment o f t h e i r 

degree, a l l a v a i l a b l e d ata w i t h r e g a r d t o the i n t e n s i t y o f f i t s 

are o f v e r y l i m i t e d v a l u e . 

The n e x t d i f f i c u l t y i n the e x p e r i m e n t a l s t u d y o f the 

r e l a t i o n s h i p between f i t s and the S.R.T. i s the i r r e g u l a r i t y 

w i t h which f i t s occur. As t h e behaviour o f an i n d i v i d u a l 

p a t i e n t v a r i e s c o n s i d e r a b l y between h i s two subsequent f i t s . 
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h i s S .R.T. c o u l d . a l s o v a r y . I t would be necessary t o measure 

the S .R.T, o f each p a t i e n t every day between h i s two f i t s i n 

• o r d e r t o determine the range and mean v a l u e o f ':^is S.R„T. 

Even t h e n , t he problem could s t i l l be c o m p l i c a t e d , because of 

e f f e c t o f p r a c t i c e and the p o s s i b l e v a r i a t i o n s i n i n t e n s i t y 

between h i s two subsequent f i t s . 

The e x a c t s t u d y o f the e f f e c t o f drugs on the S.R.T. 

i s a g a i n a v e r y c o m p l i c a t e d t a s k , because o f the v a r i e t y o f 

drugs used i n the t r e a t m e n t o f e p i l e p s y , i n our group. 

The group o f p a t i e n t s under c o n s i d e r a t i o n was t r e a t e d 

w i t h e p a n u t i n , m y s o l i n e , l u m i n a l , amphetamine, cytamen, pheno-

b a r b i t o n e and d o r i d e n . A l l these drugs are supposed t o have 

some b e n e f i c i a l e f f e c t on e p i l e p s y ; -^.heir s i d e - e f f e c t s , ho-.rever. 

may be as v a r i e d as t h e i r e f f e c t s on the S.R.T. 

There seems t o be another i m p o r t a n t f a c t o r a f f e c t i n g 

the S .R.T. o f some e p i l e p t i c s , namely t h e i r age. I t was not 

p o s s i b l e t o f i n d any e x p e r i m e n t a l evidence t h a t age a f f e c t s 

the S .RoT. when c o n s i d e r i n g t h e whole group o f d e f e c t i v e s 

s u b j e c t e d t o the above experiment. N e v e r t h e l e s s , t h i s f a c t o r 

seems t o be i m p o r t a n t w i t h d e t e r i o r a t e d p a t i e n t s , whether 

d e t e r i o r a t e d because of unknown reasons or whether d e t e r i o r a t e d 

because o f e p i l e p s y . I t i s p r o b a b l y not so much an increase 

i n age which a f f e c t s the S.R.T. as the advance i n d e t e r i o r a t i o n 

w h i c h i s o f t e n p a r a l l e l t o the age i n c r e a s e . 

L a s t , b u t n o t l e a s t , we should a l s o mention t h a t the 

v a r i o u s types o f e p i l e p s y , as f o r example, i d i o p a t h i c and 

t e m p o r a l l o b e e p i l e p s y , may a f f e c t the S.R.T. i n d i f f e r e n t 

ways. 

Summing up; i n the e x p e r i m e n t a l s t u d y o f the e f f e c t s 

o f e p i l e p s y on the S.R.T. the f o l l o w i n g f a c t o r s and t h e i r i n t e r ­

r e l a t i o n s h i p s h o u l d be c o n s i d e r e d ; the type o f e p i l e p s y , the 

f r e q u e n c y and i n t e n s i t y o f f i t s , t h e mean of the S.R.T. between 



the two subsequent f i t s , t h e type o f drugs used and t h e degree 

and r a t e o f d e t e r i o r a t i o n o f an i n d i v i d u a l p a t i e n t . 

A f t e r t he c o n s i d e r a t i o n o f the r e s u l t s o f the S.R .T. 

o f v a r i o u s more o r l e s s c l i n i c a l l y d i s t i n c t groups, i t was 

decided t o c o n f i n e the f u r t h e r i n v e s t i g a t i o n t o the group o f 

120 u n d i f f e r e n t i a t e d d e f e c t i v e s u b j e c t s and t o the c o n t r o l 

group composed o f n u r s i n g s t a f f . 
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C H A P T E R V o 

THE MAIN EXPERn^NT. 

In the main experiment the three f o l l o w i n g t e s t s 
were included: 

(a) Pressure and Drawing Performance Time Test. 
(b) Drawing Test. 
( c ) Verbal, Performance and scholastic attainment t e s t . 

1. Purpose of the experiment. 

The main purpose of t h i s experiment was t o obtain 
data from the three groups of subjects on t h e i r hand-pressure 
and drawing perfoimance time. The r e s u l t s obtained from t h i s 
experiment, and the r e s u l t s from the S.R.T, t e s t , could then 
be compared i n order to see whether there are s t a t i s t i c a l l y 
s i g n i f i c a n t d i f f e r e n c e s between these three groups. I t would 
also be possible to discover whether there i s any c o r r e l a t i o n 
between the r e s u l t s from the various experiments w i t h i n each 
group. The secondary purpose o f the main experiment was to 
explore more c l o s e l y the drawing a b i l i t y w i t h i n the two defective 
groups. I t was necessary to re-check the r e s u l t s obtained i n 
the p r e l i m i n a r y drawing experiments and to in v e s t i g a t e the 
q u a n t i t a t i v e aspects of the improvement of the drawing and the 
tendency to draw the f i g u r e s smaller, which are p a r t i c u l a r l y 
manifested when the three drawings of each presented f i g u r e 
have to be performed by each p a t i e n t . 

F i n a l l y , we wanted t o compare the two def e c t i v e groups 
on t h e i r scores i n the verbal and performance t e s t s , and t h e i r 
simple s c h o l a s t i c attainments, such as the a b i l i t y to read and 
w r i t e . 

2, Selection of sub.jects and d i v i s i o n of them i n t o three groups. 

The experiment was c a r r i e d out on 180 adult subjects, 
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120 o f them were c e r t i f i e d mental d e f e c t i v e s , the remaining 
60 were members of the nursing s t a f f . Mental defective subjects 
were selected on the basis o f t h e i r r e s u l t s i n the preliminary-
experiments and p a r t i c u l a r l y on the basis of the S.R.T. t e s t . 
A l l d e f e c t i v e subjects were divided according to t h e i r drawing 
a b i l i t y , i n t o two groups: Group I was composed of 60 subjects, 
30 male and 30 female p a t i e n t s , who were unable to draw an 
obtuse angle i n the pr e l i m i n a r y t e s t ; Group I I was made up of 
60 subjects, 30 male and 30 female p a t i e n t s who were able to 

draw an obtuse angle. Both groups contained c l i n i c a l l y 
u n d i f f e r e n t i a t e d subjects. There were no hemiplegic, post­
e n c e p h a l i t i c , e p i l e p t i c or d e t e r i o r a t e d p a t i e n t s among them. 
The r e s u l t s o f the S.R.T. t e s t obtained w i t h both these groups 
are given i n the previous chapter under heading: " U n d i f f e r e n t i a t e d 
P a t i e n t s " . The r e s u l t s obtained i n a l l subsequent t e s t s were 
arranged e x a c t l y i n the same order as the r e s u l t s of the S.R.T. 
t e s t , so t h a t the data obtained i n any of those t e s t s , by any 
p a t i e n t , could be e a s i l y traced i n the respective tables. The 
I.Q.'s of both d e f e c t i v e groups, as measured by the Revised 
Stanford-Binet I n t e l l i g e n c e Scale, Form L, varied between 38 
and 57. The t h i r d group used i n the main experiment was 
composed of 60 members of the nursing s t a f f , 30 males and 30 
females, and they were selected by the Chief Male Nurse and 
Matron r e s p e c t i v e l y . I t should be mentioned here t h a t the 
group of nursing s t a f f which took part i n the S.R.To t e s t was 
not made up of e x a c t l y the same subjects as the t h i r d group 
used i n the present experiment. 

3. Instruments, procedures and r e s u l t s . 

A) Pressure and Drawing Performance Time t e s t . 

The pressure and drawing performance time t e s t s were 
c a r r i e d out as f o l l o w s : a wooden box 8 x ̂  inches s'quare and 

'7 

X Because some nurses were on s h i f t d u t i e s , h o l i d a y or sick 
leave. 



2 inches high was used. (Figure 4 ) , From the base of the 
box, i n each corner, projected a perpendicular. ̂  inch brass 
tube. A rubber tube ( s i m i l a r to those used i n the f o u n t a i n 
pen) f inch i n length was f i t t e d on each rod w i t h the upper 
end o f each sealed. Over each rubber tube was f i t t e d a 
s p i r a l s p ring r e s t i n g on the base and f i n i s h i n g l e v e l w i t h the 
top o f the rubber tube. A sheet of perspex was f i t t e d to the 
top of the box r e s t i n g on the f o u r springs and rubber endings. 
Rubber tubing was connected to the four p r o j e c t i n g ends of the 
brass tubes i n the base of the box and these were connected to 
a s i n g l e t h i c k rubber tube leading to a round tambour f i t t e d 
w i t h a p o i n t e r . On a s i m i l a r p r i n c i p l e the w r i t i n g instrument 
was connected by the t h i c k rubber tube to the same tambour. 
This box was f i t t e d i n an 8 x 8 inch square aperture i n the 
t a b l e top i n such a way t h a t the top surface of the perspex 
was f l u s h w i t h the top surface of the t a b l e . A piece of sheet 
metal 12 x 12 inches w i t h a 3 x 4-| inch aperture i n the centre 
was placed on the t a b l e w i t h the aperture d i r e c t l y over the 
box. On another t a b l e was a Kymograph. Beside i t was placed 
an E l e c t r i c Time Clock connected to another marker (Figure 5 ) . 
There were also three pieces of white cardboard, 3 x 4 inches 
w i t h a drawing of an acute angle, a r i g h t angle, and an obtuse 
angle r e s p e c t i v e l y on them. These were then placed on the 
t a b l e containing the box described above. Immediately before 
the beginning of an experiment a piece of white paper was f i x e d 
on the perspex, a marker connected to the box and w r i t i n g 
instrument was made to touch the smoked drum i n a p o s i t i o n 
approximately one t h i r d from the' top o f the drum. The drum 
was then set i n motion and a base l i n e was drawn by the marker 
on the smoke-covered paper around the drum. When the l i n e was 
completed, the instrument was stopped and i n s t r u c t i o n s were 
given to the subject, s i t t i n g comfortably by the t a b l e , to draw 
i n a s i n g l e movement an acmte angle on the paper i n the window, 
e x a c t l y the same as the drawing on the piece of white cardboard 
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Fig-ure 4. Pressure-sensitive box. A-Box. H-Cover of perspex 
w i t h (Irav/ing paper f i x e d . G-Eubber tube leading to marker. 
D-One of the fo u r springs supporting cover. 

Figure 5. Set o f pressure recording,, instruriients. A-Table w i t h 

p ressure-sensitive box i n s i J e . B-Kimograph. C-Electric Clock. 

IT-I»rawing windov/. E-Writing pen. F-Pressure marker. D-Time 

narker. G-Battery. 



placed on the t a b l e before h i s eyes. Then the w r i t i n g 
instrument was handed t o him and the drum set i n motion. When 
he had f i n i s h e d drawing an acute angle, the drum was stopped, 
the p o i n t e r removed, the drawing paper i n the window changed, 
the marker put i n p o s i t i o n about h a l f way down the drum, and 
the drawing o f a r i g h t angle and an obtuse angle followed 
e x a c t l y as described above. The pressure exerted during the 
drawing on the perspex surface by the w r i t i n g instrument and 
qlso the pressure of the f i n g e r s on the w r i t i n g instrument 
pneumatically t r a n s m i t t e d to the marker and regis t e r e d on the 
smoke-covered paper on the r e v o l v i n g drum, as a curve beginning 
and ending on the base l i n e . When the three drawings were 
completed, the p o i n t e r connected w i t h the E l e c t r i c Time Clock 
was put j u s t below the l a s t base l i n e and the drum set i n motion 
again, p r o v i d i n g a time base to the record. The speed of the 
drum was constant i n a l l experiments. 7/hen the pressure of 
the three drawings and the time had been recorded, the smoke-
covered paper was removed from the drum, put i n t o a s o l u t i o n of 
shellac and methylated s p i r i t s and allowed to dry. By using 
a planimeter we were able t o measure i n square inches the area 
between the base l i n e and the curve due to pressure exerted 
during the drawing. By using two p a r a l l e l l i n e s at the 
beginning and the end of the pressure-curve, we could measure 
the performance time f o r each angle. 

As the pressure recording instrument had been 
c a l i b r a t e d , the exact r a t i o i s known between any given weight 
placed on the perspex and the l i n e a r value of the p o i n t e r 
d e f l e c t i o n . Having also the pressure f o r any drawing expressed 
i n square inches, and the performance time, i t i s easy to 
ca l c u l a t e the average pressure exerted during the drawing i n 
weight u n i t s per second. The r e s u l t s o f the Pressure and 
Performance Time t e s t s obtained w i t h the two groups of defectives 
and one group of nursing s t a f f are given below. 



Results of the Pressure t e s t obtained w i t h Group I . 
(Mental d e f e c t i v e subjects who were unable to draw an Obtuse angle ). 

Number Pressure i n square inches exerted during'Sum of pressures 
'for the three of the drawing o f: 

subject 'Acute ansiile'Riffht angle' Obtuse an 

1 2 15 ' 8 45 ' 5 57 
2 3 00 ' 2 28 ' 1 39 
3 ' 0 91 ' 5 64 ' 2 54 
4 7 18 ' 4 22 ' 2 48 
5 5 80 ' 5 24 ' 5 98 
6 ' 2 66 ' 3 53 ' 4 26 
7 ' 1 72 ' 2 07 ' 3 26 
8 ' 2 22 ' 1 23 • 1 29 
9 ' 11 50 ' 3 74 ' 7 05 

10 ' 3 36 ' 2 20 ' 3 58 
11 ' 4 33 ' 2 16 ' 3 19 
12 ' 8 35 ' 7 86 ' 6 92 
13 ' 11 70 ' 8 00 8 56 
14 ' 15 19 ' 6 05 ' 8 08 
15 ' 5 28 ' 5 94 ' 8 66 
16 ' 3 00 • 4 62 ' 3 70 
17 3' 95 ' 4 41 ' 3 93 
18 ' 1 30 • 4 05 ' 4 89 
19 ' 2 49 ' 3 43 ' 3 64 
20 ' 7 76 ' 5 90 ' 8 87 
21 ' 4 15 ' 2 64 3 48 
22 ' 3 94 ' 5 02 ' 6 08 
23 ' 7 86 ' 6 37 ' 10 49 
24 ' 3 15 ' 5 34 ' 1 21 
25 * 7 95 ' 3 60 ' 5 80 
26 ' 6 85 ' 3 33 ' 10 55 
27 • 2 87 ' 2 20 ' 3 92 
28 * 10 00 • 6 44 ' 6 10 
29 ' 5 67 ' 10 39 ' 4 80 
30 ' 9 76 ' 19 64 ' 9 65 
31 ' 4 06 ' 5 32 ' 5 34 
32 ' 2 42 7 15 ' 5 80 
33 ' 2 00 ' 3 41 ' 5 34 
34 ' 3 60 ' 3 51 ' 3 60 
35 ' 7 75 ' 15 75 * 9 05 
36 2 29 ' 4 25 . ' 6 14 
37 ' 1 66 ' 2 69 ' 2 05 
38 ' 5 56 ' 9 40 ' 8 00 
39 ' 0 94 ' 1 12 ' 4 49 
40 ' 6 54 • 4 82 ' 9 04 
41 ' 4 14 • 9 67 ' 16 19 
42 ' 6 02 ' 5 38 * 7 80 
43 ' 3 60 ' 6 59 ' 6 22 
44 ' 5 40 ' 3 85 ' 5 38 
45 ' 2 67 ' 3 28 * 7 21 
46 2 05 ' 2 11 ' 3 26 
47 ' 3 16 ' 9 23 ' 10 06 
48 ' 4 55 ' 6 77 ' 4 81 
49 ' 2 19 ' 1 82 ' 7 40 
50 ' 1 71 ' 2 90 ' 6 30 • 
51 ' 2 33 ' 1 62 ' 1 71 
52 ' 0 98 ' 1 58 ' 5 03 
53 ' 4 44 ' 1 90 ' 3 06 
54 18 25 ' 16 23 17 14 
55 3 96 ' 2 71 ' 5 86 
56 ' 1 59 ' 1 45 ' 5 37 
57 ' 1 86 ' 4 60 ' 5 18 
58 ' 1 43 ' 4 70 ' 7 29 
59 ' 1 80 ' 4 34 * 1 98 
60 ' 4 25 ' 7 41 ' 10 29 

'angles. 

16 17 
6 67 
9 09 

13 88 
17 02 
10 45 
7 05 
4 74 

22 29 
9 14 
9 68 

23 13 
28 26 
29 32 
19 88 
11 32 
12 29 
10 24 
9 56 

22 53 
10 27 
15 04 
24 72 
9 70 

17 35 
20 73 
8 99 

22 54 
20 86 
39 08 
14 72 
15 37 
10 75 
9 71 

32 55 
12 68 
6 40 

22 96 
6 72 

20 40 
30 00 
19 20 
16 41 
13 63 
13 16 
7 42 

22 45 
16 13 
11 41 
10 91 
5 66 
7 59 
9 40 

51 62 
12 53 
8 41 

11 64 
13 42 
8 12 

21 95 

K For a l l s i g n i f i c a n c e s of d i f f e r e n c e s between means of groups 
see chapter V I . 



Results of the Pressure Test obtained w i t h Group I I . 
(Mental d e f e c t i v e subjects who were able to draw an obtuse angle.) 

tNumber of 
tsub j e c t 
t 

'Pressure i n 
' duri n g the 
'Acute angle' 

square inches exerted 
drawing of : 
Right angle'Obtuse angle 

'Sum of pressure' 
' f o r the three ' 
' angles. ' 

» 1 t 0 3 5 t 0 29 ' 1 1 9 1 8 3 ' 
t 2 t 0 8 5 t 3 4 8 ' 1 6 4 5 9 7 ' 
» 3 T 0 8 0 T 3 2 8 ' 5 6 3 9 7 1 ' 
« 4 t 0 3 0 t 0 3 8 ' 0 4 0 1 0 8 ' 
' 5 t 1 5 3 t 2 7 0 ' 3 7 8 ' 8 0 1 ' 
' 6 t 1 19 t 1 2 5 ' 1 4 0 ' 3 8 4 ' 
« 7 » 0 67 t 0 5 5 ' 0 9 6 ' 2 1 8 ' 
' 8 r 3 5 0 f 4 8 5 ' 4 7 0 • 1 3 0 5 ' 
• 9 t 1 4 1 t 1 0 2 ' 1 2 0 ' 3 6 3 ' 
» 1 0 r 1 0 0 f 2 9 4 ' 3 1 0 ' 7 0 4 ' 
« 1 1 r 2 79 T 1 62 0 5 5 • 4 9 6 ' 
t 1 2 0 5 5 f 1 5 5 ' 0 5 5 ' 2 6 5 ' 
• 1 3 1 0 5 4 T 1 6 2 ' 1 0 4 ' 3 2 0 ' 
t 1 4 . 1 0 3 t 0 49 ' 0 8 3 ' 2 35 ' 
» 1 5 t 0 6 6 t 1 0 2 ' 1 3 6 ' 3 0 4 ' 
' 1 6 T 0 69 t 0 6 0 ' 1 1 8 ' 2 4 7 ' 
' 1 7 t 0 3 0 t 1 4 1 ' 1 1 1 2 8 2 ' 
» 1 8 . 2 0 6 t 1 39 ' 1 3 8 ' 4 8 3 ' 
• 1 9 0 7 4 t 1 8 5 ' 0 8 0 ' 3 39 ' 
» 2 0 f 2 4 8 t 2 9 5 ' 2 9 6 • 8 39 ' 
t 2 1 f 0 4 4 » 0 5 0 ' 0 3 4 ' 1 2 8 ' 
» 2 2 f 3 9 7 f 2 2 6 ' 1 1 7 ' 7 4 0 ' 
t 2 3 t 2 5 0 t 2 2 8 ' 2 8 3 ' 7 6 1 ' 
t 2 4 f 2 2 0 t 4 6 8 ' 3 1 3 ' 1 0 0 1 
t 2 5 t 1 9 5 f 3 4 8 ' 3 7 5 ' 9 1 8 • 
' 2 6 t 2 0 8 t 3 2 5 ' 1 4 8 ' 6 8 1 ' 
» 2 7 t 0 9 4 » 0 4 6 ' 0 8 8 2 2 8 ' 
t 2 8 f 1 09 0 4 6 • 2 5 7 ' 4 1 2 
t 2 9 t 0 7 3 t 3 1 6 ' 2 60 ' 6 49 ' 

.» 3 0 0 79 t 1 0 2 • 0 4 6 ' 2 2 7 ' 
» 3 1 r 0 5 6 t 1 5 1 ' 1 69 ' 3 7 6 ' 
» 3 2 t 0 9 8 t 1 5 0 ' 1 2 6 • 3 7 4 ' 
' 3 3 t 1 69 f 1 0 0 ' 0 3 5 ' 3 0 4 ' 
' 3 4 t 0 4 1 » 0 8 5 0 9 1 2 1 7 ' 
» 3 5 t 0 6 3 t 1 8 5 ' 2 0 8 ' 4 5 6 ' 
• 3 6 t 0 3 7 t 0 2 3 ' 0 4 0 ' 1 0 0 ' 
' 3 7 t 1 1 1 t 2 3 4 ' 1 60 ' 5 0 5 ' 
' 3 8 t 2 5 2 T 0 4 5 ' 0 3 0 ' 3 27 ' 
» 39 r 0 39 t 0 4 0 ' 1 19 ' 1 9 8 ' 
t 4 0 f 0 2 0 0 0 5 ' 0 35 ' 0 60 
»' 4 1 t 1 9 9 t 3 7 4 ' 2 4 6 ' 8 19 ' 
' 4 2 t 0 67 t 1 0 5 ' 1 0 0 ' 2 7 1 ' 
' 4 3 t 1 3 1 t 1 0 0 ' 0 66 ' 2 9 7 ' 

4 4 t 0 6 7 t 0 3 4 ' 0 29 ' 1 3 0 ' 
' 4 5 t 4 8 5 f 2 1 7 ' 1 69 ' 8 7 1 ' 
' 4 6 t 0 3 5 t 1 0 6 ' 1 0 5 ' 2 4 6 ' 
» 4 7 t 0 2 6 t 0 2 4 ' 0 67 • 1 1 7 ' 
• 4 8 t 0 7 1 t 1 8 3 ' 2 4 4 ' 4 9 8 ' 
t 4 9 t 1 0 5 t 0 5 5 • 0 7 5 ' 2 3 5 
• 5 0 t 0 2 5 » 0 3 0 ' 0 9 5 ' 1 5 0 
• 5 1 t 0 3 3 » 0 6 2 ' 1 56 ' 2 5 1 
• 5 2 • 0 5 8 t 0 8 3 ' 2 6 8 ' 4 09 ' 
' 5 3 t 0 7 0 t 4 60 ' 0 9 4 ' 6 2 4 ' 
' 5 4 t 0 1 2 t 0 2 1 ' 0 9 8 • 1 3 1 
' 5 5 « 3 8 0 t 4 1 0 ' 2 8 5 ' 1 0 7 5 ' 
• 5 6 f 0 6 4 t 0 4 7 1 9 6 ' 3 07 ' 
' 5 7 t 1 0 4 ' 0 9 1 1 2 5 3 2 0 ' 
' 5 8 T 0 5 8 « 0 7 6 ' 1 0 2 ' 2 36 ' 
' 59 t 2 8 0 t 3 7 1 • 3 8 7 ' 1 0 38 ' 
» 6 0 t 1 1 5 t 0 9 4 ' 1 2 6 ' 3 35 ' 



Results of the Pressure Test obtained w i t h the Group composed 
of Nursing S t a f f . 

Number of 
«subject. 

' Pressure i n 
' during 
'Acute angle' 

square inches 
the drawing of 
Right angle' 

exerted 

Obtuse angle 
'Sum of press-' 
'ure f o r the ' 
'three angles.' 

t 

t 1 ' 0 85 ' 1 10 , 1 64 ; 3 59 t 

2 ' ' 0 81 ' 1 34 , 1 30 , 3 45 t 

f 3 0 55 ' 0 28 , 0 31 , 1 14 t 

t 4 0 47 ' 0 21 , 0 57 , 1 25 t 

r 5 0 79 ' 0 37 , 0 45 1 61 
f 6 ' 0 30 ' 0 65 , 0 17 , 1 12 T 

f 7 ' 0 34 ' 0 35 , 0 22 , 0 91 
t 8 ' 4 73 ' 1 81 1 28 , 7 82 ' 
t 9 ' 0 72 ' 0 44 , 0 59 , 1 75 ' 
t 10 ' 2 19 ' 1 45 , 1 59 , 5 03 t 

t 11 1 45 ' 0 70 , 1 10 3 25 t 

t 12 ' 1 19 ' 2 24 , 4 30 7 73 « 
t 13 ' 0 47 ' 0 49 , 0 32 1 28 t 

t 14 ' 0 51 ' 0 53 t 0 73 , 1 77 ' 
t 15 ' 0 81 ' 1 73 , 0 58 , 3 17 • 
t 16 ' 0 45 ' 0 68 , 0 39 , 1 52 ' 
t 17 ' 0 81 ' 0 60 , 0 68 , 2 09 t 
t 18 ' 1 70 ' 0 81 0 14 2 65 • 
f 19 . ' 1 64 ' 1 59 , 1 40 , 4 63 « 
t 20 ' 0 82 ' 0 76 , 1 74 , 3 32 ' 
f 21 ' 0 86 ' 1 04 , 1 00 , 2 90 t 

t 22 ' 2 92 ' 1 82 , 1 34 , 6 08 t 

t 23 2 60 . ' 2 14 , 2 19 , 6 93 t 

t 24 ' 0 87 • 0 23 , 0 15 , 1 25 ' 
t 25 ' 0 97 ' 1 26 , 0 94 , 3 17 ' 
t 26 ' 1 12 1 16 0 90 , 3 18 ' 
t 27 3 19 1 38 2 55 , 7 12 « 
f 28 ' 0 29 ' 0 15 , 0 38 , 0 82 ' 
t 29 ' 1 10 0 65 , 1 14 2 89 ' 
t 30 ' 1 16 1 12 , 1 35 , 3 63 ' 
t 31 ' 0 24 ' 0 55 , 1 06 , 1 85 ' 
f 32 ' 1 22 ' 1 14 1 67 , 4 03 ' 
t 33 ' 2 31 ' 0 35 , 0 32 , 2 95 
f 34 ' 0 50 ' 0 56 , 0 61 1 67 t 

t 35 ' 0 45 ' 0 43 , 0 22 , 1 16 ' 
t 36 ' 1 11 0 23 , 0 21 , 1 55 ' 
t 37 ' 1 41 ' 1 50 , 2 56 , 5 47 ' 
t 38 ' 0 05 ' 0 35 , 0 63 , 1 03 ' 
t 39 ' 3 17 ' 3 92 , 0 94 , 8 03 t 

t 40 1 90 ' 1 82 1 99 , 5 71 
t 41 ' 0 27 ' 1 23 0 83 2 33 
T 42 ' 0 92 ' 0 25 , 0 95 , 2 12 t 

f 43 0 96 ' 1 24 , 1 81 , 4 01 ' 
T 44 ' 0 82 ' 1 65 , 1 04 , 3 51 ' 
t 45 ' 0 24 ' 0 22 , 0 20 , 0 66 ' 
t 46 ' 0 11 0 14 , 0 35 , 0 60 ' 
t 47 ' 3 21 ' 1 15 , 0 40 4 76 ' 
t 48 ' 1 15 ' 1 44 , 2 05 , 4 64 t 

t 49 ' 2 58 ' 1 61 , 2 09 , 6 28 ' 
t 50 ' 0 51 ' 0 75 , 1 01 , 2 27 ' 
r 51 0 78 ' 0 56 , 0 77 , 2 11 t 
T 52 ' 1 20 ' 1 04 , 1 9 7 . , 4 21 t 

f 53 ' 0 66 ' 1 29 1 06 , 3 01 ' 
T 54 ' 0 80 ' 0 56 , 0 95 2 31 
t 55 ' 0 50 ' 0 54 0 35 , 1 39 
t 56 * 0 17 ' 0 15 0 11 , 0 43 ' 
1 57 ' 1 80 ' 0 55 , 0 54 , 2 89 t 

» 58 ' 5 29 ' 2 33 , 1 95 , 9 57 
t 59 ' 0 12 ' 0 15 0 24 , 0 51 ' 
t 

t 

60 ' 0 78 ' 1 40 0 65 , 2 83 ' 
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Results of the Performance Time Test obtained w i t h Group lo 
(Mental d e f e c t i v e s who were unable to draw an obtuse angle,) 

•Number 'Drawing Performance Time ( t o the 'Sum of Perform-
t of 'nearest 1/3 sec.) f o r : •ance Times f o r 
f s u b j e c t 'Acute angle I Right angle ', Obtuse a ngle'fthe three angles 

t 1 I 8 33 , 12 33 7 66 » 28 33 
t 2 , 14 00 , 7 00 , 8 66 t 29 66 
t 3 , 8 66 , 12 33 , 8 00 29 00 
t 4 , 12 00 , 7 00 , 6 33 ' 25 33 
t 5 , 8 66 , 6 66 , 7 00 f 22 33 
• 6 , 7 33 , 8 66 , 6 66 t 22 66 
t 7 , 7 33 , 9 33 , 11 00 ' 27 66 
t 8 , 7 33 , 8 33 , 9 66 t 25 33 
t 9 24 00 , 12 66 , 10 66 ' 47 33 
t 10 16 66 , 10 66 , 9 33 ' 36 66 , 
' 11 21 00 11 66 10 33 ' 43 00 , 
• 12 14 00 , 13 00 , 13 33 ' 40 33 , 
T 13 22 00 , 12 66 , 11 66 t 46 33 , 
' 16 00 , 12 00 , 11 66 ' 39 66 , 
' 15 • 10 33 , 6 00 , 9 00 » 25 33 , 
' 1^ 19 33 , 9 66 , 12 00 ' 41 00 
' 11 00 , 4 66 7 00 » 22 66 , 
• 18 8 66 , 7 00 7 66 f 23 33 , 
' 19 8 66 , 5 66 7 33 ' 21 66 , 
t 20 9 33 , 10 66 1 8 66 • 28 66 , 
t 21 10 00 , 6 66 1 7 33 t 24 00 , 
T 22 8 00 , 10 00 , 11 00 ' 29 00 , 
t 23 8 66 , 4 66 1 10 00 ' 23 33 , 
t 24 8 00 8 33 1 7 66 • 24 00 , 
1 25 14 00 10 33 , 12 33 t 36 66 , 
t 26 • 21 33 , 19 00 t 17 66 » 58 00 , 
t 27 , 7 33 , 5 66 1 7 33 t 20 33 , 
t 28 , 12 66 , 9 66 • 10 00 t 32 33 , 
t 29 , 14 33 , 13 00 t 10 66 » 38 00 , 
1 30 13 00 , 17 33 f 17 3 3 » 47 66 , 
' 21 t 9 33 , 9 00 ! 10 66 ' 29 00 , 
t 32 , 8 00 , 10 66 T 7 33 ' 26 00 , 
t 33 , 7 33 , 5 33 t 8 00 t 20 66 , 
• 34 , 7 66 t 8 33 t 5 66 » 21 66 , 
t 35 , 16 66 , 15 00 1 11 00 ' 42 66 , 
t 36 , 8 66 , 7 00 t 7 00 t 22 66 , 
' 37 , 5 33 t 4 66 t 4 33 t 14 33 
• 38 , 13 00 , 9 00 • 8 00 t 30 00 , 
t 39 , 11 66 , 6 00 • 8 33 « 26 00 
t 40 , 7 66 , 8 00 T 10 00 ' 25 66 
' '̂ 1 • 8 66 , 11 33 t 15 33 35 33 , 
• 42 , 9 00 , 7 00 t 8 66 • 24 66 , 
' 43 10 00 t 11 00 f 9 00 t 30 00 
t 44 , 8 33 t 7 33 t 10 66 ' 26 33 , 
t 45 , 6 33 , 7 00 , 10 33 23 66 
t 46 , 6 66 , 4 66 t 5 66 ' 17 00 , 
t 47 , 7 33 9 00 t 11 66 t 28 00 
t 48 , 11 66 , 12 66 t 10 00 ' 34 33 , 
t 49 , 12 00 , 10 66 T 15 00 « 37 66 , 
t 50 , 7 66 , 7 33 t 11 00 ' 26 00 , 
' 51 6 33 , 6 00 t 6 00 ' 18 33 , 
• 52 , 4 00 , 5 00 t 8 00 ' 17 00 
t 53 , 7 33 T 6 00 t 7 00 ' 20 33 , 
t 54 , 10 66 , 9 66 10 66 ' 31 00 , 
t 55 , 7 00 , 4 66 t 6 00 ' 17 66 , 
• 56 , 4 66 , 3 33 t 7 66 ' 15 66 , 
t 57 , 6 66 t 6 33 t 6 33 ' 19 33 , 
t 58 , 8 00 , 9 66 t 13 00 ' 30 66 , 
t 59 , 10 66 , 6 33 t 6 33 ' 23 33 , 
f 60 , 11 33 , 12 33 , 16 66 ' 40 33 , 



Results o f the Drawing Performance Time obtained w i t h Group I I . 
{Mental defectives who were able to draw an obtuse angle.) 
, Number 
, of 
,subject 

'Drawing Performance Times 
' nearest 1 / 3 of second) 
'Acute angle » Right angle ' 

( t o the 
f o r : 

Obtuse angle 
'Sum of Perform-
'ance Times f o r 
'the three angles 

\ 1 6 6 6 . 2 6 6 ' 5 3 3 ' 1 4 6 6 
t 2 ' 8 6 6 t 6 3 3 ' 7 0 0 ' 2 2 0 0 , 
f 3 8 3 3 t 6 3 3 ' 6 0 0 ' 2 0 6 6 , 
t 4 ' 7 0 0 t 1 0 0 0 ' 8 6 6 ' 2 5 6 6 , 
t 5 ' 9 0 0 t 9 0 0 ' 6 6 6 ' 2 4 66 , 
f 6 ' 6 3 3 f 3 6 6 ' 3 0 0 ' 1 3 0 0 , 
f 7 ' 1 2 6 6 t 7 0 0 ' 7 3 3 ' 2 7 0 0 , 
t 8 ' 1 0 0 0 t 9 6 6 ' 1 0 66 ' 30 3 3 , 
t 9 ' 1 0 3 3 T 1 1 6 6 ' 1 1 3 3 ' 3 3 3 3 , 
t 1 0 ' 1 0 6 6 t 1 1 6 6 ' 1 0 6 6 ' 3 3 0 0 , 
t 1 1 7 0 0 t 7 66 ' 6 66 ' 2 1 3 3 , 
t 1 2 ' 1 1 6 6 9 6 6 ' 1 0 0 0 3 1 3 3 
f 1 3 ' 3 6 6 t 4 6 6 ' 5 3 3 ' 1 3 6 6 , 
f 1 4 ' 7 3 3 f 4 66 ' 6 6 6 ' 1 8 66 , 
. 1 5 ' 5 3 3 t 5 3 3 ' 6 3 3 ' 1 7 0 0 , 
T 1 6 5 3 3 t 3 0 0 ' 5 0 0 ' 1 3 3 3 
t 1 7 ' 4 66 t 6 3 3 ' 5 6 6 * 1 6 66 , 
t 1 8 ' 8 3 3 f 5 0 0 ' 5 6 6 ' 19 0 0 
t 1 9 ' 5 3 3 f 3 6 6 ' 4 3 3 ' 1 3 3 3 , 
, 2 0 ' 9 3 3 t 6 6 6 ' 6 3 3 ' 2 2 3 3 , 
t 2 1 1 2 3 3 t 6 6 6 ' 7 00 ' 2 6 0 0 , 
t 2 2 ' 1 0 0 0 t 6 0 0 ' 5 0 0 ' 2 1 0 0 t 
, 2 3 ' 5 3 3 t 5 0 0 ' 5 6 6 ' 1 6 0 0 , 
, 2 4 ' 7 3 3 t 6 0 0 ' 5 66 ' 19 0 0 , 
, 2 5 ' 7 3 3 t 6 0 0 ' 6 66 ' 2 0 00 , 
, 2 6 ' 8 0 0 4 6 6 ' 5 66 ' 1 8 3 3 , 
, 2 7 ' 6 3 3 t 5 0 0 ' 8 3 3 ' 19 6 6 , 
, 2 8 ' 4 66 t 5 0 0 ' 8 00 ' 1 7 66 , 
, 2 9 ' 4 66 t 1 0 0 0 ' 7 3 3 ' 2 2 0 0 , 
, 3 0 ' 4 0 0 T 4 3 3 ' 3 6 6 ' 12 0 0 , 
T 3 1 ' 5 0 0 . 4 0 0 ' 4 0 0 ' 1 2 0 0 , 
, 3 2 ' 4 6 6 t 7 6 6 ' 6 0 0 ' 1 8 33 , 
, 3 3 ' 3 66 T 2 6 6 ' 2 3 3 ' 8 6 6 , 
, 3 4 ' 5 0 0 T 7 0 0 ' 9 6 6 ' 2 1 6 6 , 
, 3 5 6 0 0 t 3 6 6 ' 4 0 0 ' 1 3 6 6 , 
, 3 6 5 6 6 T 2 66 ' 3 0 0 ' 1 1 3 3 , 
1 3 7 ' 5 3 3 t 5 6 6 ' 4 6 6 ' 1 5 66 , 
, 3 8 ' 6 0 0 t 4 0 0 ' 5 6 6 ' 1 5 66 , 
, 39 * 4 0 0 t 4 0 0 ' 3 66 ' 1 1 6 6 , 
t 4 0 ' 4 0 0 » 1 3 3 ' 3 3 3 ' 8 6 6 

4 1 ' 6 66 t 6 0 0 ' 7 0 0 ' 19 6 6 , 
r 4 2 ' 6 66 t 6 66 ' 8 66 ' 2 2 0 0 , 

4 3 ' 8 3 3 t 5 0 0 ' 5 3 3 1 8 6 6 , 
4 4 ' 1 2 0 0 t 1 5 6 6 ' 1 4 6 6 4 2 3 3 , 
4 5 6 3 3 » 5 0 0 ' 4 66 ' 1 6 0 0 , 
4 6 ' 3 3 3 t 4 3 3 ' 3 3 3 ' 1 1 0 0 , 
4 7 ' 5 3 3 t 3 3 3 ' 4 3 3 ' 1 3 0 0 , 
4 8 ' 6 6 6 t 5 0 0 ' 9 6 6 2 1 3 3 , 
4 9 ' 6 3 3 t 2 0 0 ' 2 3 3 ' 1 0 66 , 
5 0 ' 2 6 6 t 2 6 6 ' 3 6 6 ' 9 0 0 , 
5 1 4 0 0 t 4 6 6 ' 5 6 6 ' 1 4 3 3 
5 2 ' 6 3 3 t 4 6 6 ' 6 3 3 ' 1 7 3 3 t 
5 3 ' 3 6 6 t 5 0 0 8 3 3 ' 1 7 0 0 , 
5 4 3 3 3 t 3 3 3 ' 7 3 3 ' 1 4 0 0 
5 5 ' 9 0 0 9 6 6 ' 9 66 ' 2 8 3 3 , 
5 6 ' 6 66 6 3 3 ' 8 6 6 ' 2 1 66 
5 7 ' 3 0 0 f 2 6 6 • 4 3 3 ' 1 0 0 0 
5 8 • ' 3 3 3 t 3 0 0 ' 3 0 0 ' 9 3 3 , 
59 ' 1 1 3 3 6 6 6 ' 6 6 6 ' 2 4 66 , 
6 0 ' 5 0 0 t 3 6 6 ' 5 3 3 ' 1 4 0 0 , 



69 
Results of the Performance Times t e s t obtained w i t h the 

group of nursing s t a f f . 
t Number ' Drawing Performance Time ( t o the •Sum of Per-
t of ' nearest 1/3 of second.) f o r : 'formance 
t Subject. ' Acute angle ' Right Angle ' Obtuse angle 'Times f o r the 
t three angles. 
t 
f 1 5 66 ' 6 66 • 6 33 ' 18 66 
t 2 ' 4 00 ' 5 33 2 66 ' 12 00 
t .3 ' 4 00 ' 2 33 ' 2 66 9 00 
t 4 ' 5 00 ' 2 33 ' 3 33 10 66 
t 5 ' 2 00 ' 8 00 ' 1 66 11 66 
f 6 ' 2 66 • 2 33 2 66 7 66 
t 7 ' 2 33 ' 2 33 ' 2 00 , 6 66 
1 8 ' 5 66 ' 6 33 ' 6 00 18 00 
t 9 ' 1 33 ' 1 66 ' 2 00 5 00 
f 10 ' 4 00 ' 3 66 ' 6 33 , 14 00 
t 11 ' 4 66 * 5 66 ' 6 00 16 33 
f 12 ' 2 66 ' 2 33 ' 2 66 7 66 
t 13 ' 3 66 ' 3 00 ' 2 66 , 9 33 
f 14 ' 2 66 - ' 2 33 ' 3 00 8 00 
t 15 ' 2 66 ' 2 66 ' 4 00 9 33 
t 16 * 3 33 • 3 66 ' 2 66 9 66 
f /1"^ 7 00 ' 7 00 ' 7 33 21 33 
t 18 4 00 • 8 00 ' 3 66 15 66 
t 19 8 33 ' 9 00 ' 11 33 28 66 
t 20 ' 3 33 ' 5 33 ' 5 00 13 66 
t 21 ' 2 66 ' 3 00 • 2 00 7 66 , 
t 22 ' 10 33 ' 8 00 ' 9 33 27 66 , 
f 23 ' 7 33 ' 5 00 ' 5 00 17 33 , 
t 24 ' 3 33 ' 2 66 1 66 7 66 , 
f 25 ' 2 33 • 2 33 • 2 33 7 00 , 
t 26 ' 3 00 ' 3 00 ' 2 66 8 66 , 
f 27 ' 4 33 ' 4 00 ' 5 66^ 14 00 , 
T 28 ' 4 00 ' 2 33 ' 3 33 9 66 , 
t 29 * 1 33 • 1 00 ' 1 33 3 66 , 
f 30 ' 1 66 • 1 66 ' 2 33 5 66 , 
f 31 ' 2 33 ' 2 66 ' 3 66 8 66 , 
f 32 1 66 ' 2 33 ' 3 33 7 33 , 
t 33 ' 3 66 ' 3 33 ' 3 00 10 00 , 
1 34 ' 2 33 ' 3 66 ' 2 33 8 33 , 
1 35 5 66 ' 2 66 2 00 10 33 , 
t 36 2 00 ' 1 66 1 00 4 66 , 
t 37 2 66 ' 2 66 ' 4 33 9 66 , 
t 38 1 66 ' 3 66 ' 5 66 11 00 , 
f 39 ' 3 66 ' 4 33 ' 4 33 12 33 , 
t ; 40 5 00 ' 4 66 ' 5 66 , 15 33 
t 41 ' 2 00 • 2 00 ' 2 66 , 6 66 , 
t 42 3 66 ' 3 66 ' 4 00 11 33 , 
t 43 ' 2 66 ' 4 33 ' 3 33 10 33 , 
r 44 3 33 ' 3 33 ' 3 33 , 10 00 , 
t 45 3 00 2 66 • 2 66 8 33 , 
t 46 1 66 ' 2 66 ' 1 33 5 66 , 

, t 47' 5 66 ' 5 33 ' 5 66 16 66 , 
t 48 5 00 ' 6 33 ' 5 00 16 33 , 
t 49 4 00 ' 4 66 5 66 , 14 33 , 
t 50 6 66 ' 6 00 * 7 33 20 00 , 51 3 00 ' 2 66 ' 2 66 8 33 , 
» 52 5 00 ' 4 00 ' 4 00 13 00 , 
t 53 6 66 ' 5 00 ' 9 66 , 21 33 , 
t 54 4 33 ' 4 33 ' 4 00 12 66 , 
t 55 5 00 • 5 00 ' 3 33 13 33 , 
t 56 1 66 ' 1 33 ' 1 66 , 4 66 , 
t 57 2 66 ' 3 00 ' 2 66 8 33 , 
t 58 9 00 ' 6 33 ' 6 66 , 22 00 , 
f 59 2 33 ' 2 00 ' 2 66 , 7 00 , 
t 
f 

60 3 33 ' 3 00 ' 2 00 , 8 33 , 
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C e r t a i n c h a r a c t e r i s t i c features of the pressure curves. 

I n f i g u r e 6 are photographs of the three pressure 
curves f o r acute, r i g h t and obtuse angles obtained w i t h three 
s u b j e c t s . The record marked 129 was obtained w i t h a mental 
d e f e c t i v e subject from Group I . The record 272 was obtained 
w i t h a subject belonging to Group I I . The record 306 w i t h a 
member of the nursing s t a f f . Although there are wide 
v a r i a t i o n s w i t h regard to the volume o f pressure used during 
the drawing, performance time, and the shape of the curves 
obtained between various subjects w i t h i n the same group, 
nevertheless the three records could be considered to be broadly 
r e p r e s e n t a t i v e samples of the three groups under i n v e s t i g a t i o n . 
The primary d i f f e r e n c e between the pressure curves obtained w i t h 
the various groups i s the volume of the pressure used and the 
performance time. These d i f f e r e n c e s were apparent even without 
p e r f o m i n g any q u a n t i t a t i v e measurements. There are also the 
secondary d i f f e r e n c e s i n the shape of the curves, p a r t i c u l a r l y 
between records obtained w i t h Group I and Group I I . 

These secondary di f f e r e n c e s could be observed i n the 
m a j o r i t y of records and also i n Figure 6. I t seems that the 
preparatory time f o r the dravi^ing of any p a r t i c u l a r angle would 
be somewhat longer i n Group I than i t i s i n Group I I and the 
groip o f nursing s t a f f . By the preparatory time i s meant the 
time i n t e r v a l between the subject being handed the w r i t i n g 
instrument and h i s commencing to draw. As the w r i t i n g 
instrument i s pressure s e n s i t i v e , any h e s i t a t i o n or slow s t a r t 
would be recorded as a f l a t or very slow r i s i n g curve above the 
base l i n e . 

I n the m a j o r i t y of records performed by subjects 

belonging t o Group I , t h i s preparatory time i s qu i t e obvious. 

On the other hand nursing s t a f f or subjects belonging to the 

Group I I begin to draw immediately a f t e r the w r i t i n g instrument 
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i s handed to them and t h e i r records do not show these f l a t 
l i n e s preceding the drawings. The presence of t h i s preparatory 
time i n Group I could be explained as the prolonged period i n 
which the fonnation of motor pa t t e r n s i s completed. The 
subjects o f Group I I and the nursing s t a f f Group seem to form 
these motor p a t t e r n s when i n s t r u c t i o n s are given and a demon­
s t r a t i o n performed by the experimenter. But t h i s time i s 
obviously i n s u f f i c i e n t f o r Group I , and, therefore, they 
complete the formation of motor patterns i n the time provided 
f o r drawing. 

Another d i f f e r e n c e which could be e a s i l y observed 
between the records of Group I and Group I I i s the shape of the 
pressure curves. The shape of the pressure curves are 
r e l a t i v e l y smooth and slowly increasing or decreasing i n Group 
I I and the nursing s t a f f Group, while the shapes i n Group I are 
uneven, showing many sudden changes. These sudden v a r i a t i o n s 
i n the pressure are probably due to the greater degree of 
d i f f i c u l t y i n performing the necessary changes i n d i r e c t i o n 
of the moving hand and the i n a b i l i t y to maintain steady pressure 
by those subjects i n Group I . 

B. Drawing Test. 

This t e s t was e s s e n t i a l l y very s i m i l a r to the 
p r e l i m i n a r y drawing t e s t ; i t was, however, extended i n the 
hope of o b t a i n i n g more infor m a t i o n about the drawing behaviour 
of simple geometrical f i g u r e s by the mentally defective subjects. 

The purpose of the Drawing t e s t was to obtain quantita­
t i v e data i n Group I and i n Group I I i n order to compare these 
two groups w i t h regard t o : 

• (a) A b i l i t y or i n a b i l i t y to draw various angles and a diamond. 
(b) Type and frequency of drawing f a i l u r e s . 

( c ) A b i l i t y t o improve imperfect drawing i n the subsequent two 
attempts. 
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(d) Tendency to draw smaller angles or a diamond i n each 
subsequent attempt. 

For the drawing t e s t foolscap papers were provided, 
each divided i n t o f o u r equal p a r t s w i t h an acute angle, a r i g h t 
angle, an^ obtuse angle and a diamond i n t h a t order p r i n t e d on 
the l e f t - h a n d side. Each mentally d e f e c t i v e subject belonging 
to Group I or to Group I I was asked to draw on the same paper 
opposite the p r i n t e d f i g u r e s , an acute angle, a r i g h t angle, an 
obtuse angle and a diamond. Three attempts were allowed. The 
same i n s t r u c t i o n s were given as i n the p r e l i m i n a r y drawing t e s t , 
i . e . "Draw these f i g u r e s i n one movement, l i k e t h i s " ; (here the 
procedure was demonstrated) "keep your p e n c i l on the paper while 
drawing, do not l i f t the p e n c i l . " 

I f even one of the three attempts to drav/ some angle 
or diamond was successful the subject was c l a s s i f i e d under the 
heading 'Drawing Success'. 

(a) Table of successful drawing of the various angles and the 
diamond i s given below. 

' 
Number of drawing successes. 

'Nr of subj. 'Acute ang. 
I T 

'Right ang.'Obtuse ang'Diamond 
'Group I ' 60 31 

t t 

' 51 ' 0 ' 4 
'Group I I ' 60 52 

t f 

' 58 ' 60 ' 56 

Two d i r e c t conclusions can be drawn from the r e s u l t s 
given i n the above t a b l e , the f i r s t : that the a b i l i t y to draw 
an obtuse angle i s c l o s e l y r e l a t e d to the a b i l i t y to draw a 
diamond; the second t h a t the drawing of d i f f e r e n t angles present 
v a r y i n g degrees of d i f f i c u l t y . These r e s u l t s and t h e i r con­
cl u s i o n s appear to confirm e n t i r e l y our i n i t i a l assumptions and 
conclusions drawn from the p r e l i m i n a r y drawing experiments. 
There are however, some, po i n t s i n the above t a b l e , p a r t i c u l a r l y 
w i t h regard t o the r e s u l t s obtained by Group I I , which could be 
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e a s i l y m i s i n t e r p r e t e d . I t seems, judging from the r e s u l t s , 
that f o r the subjects belonging to Group I I the most d i f f i c u l t 
task was t o draw an acute angle. Nothing could be f u r t h e r 
from the t r u t h . For the mental defective p a t i e n t s belonging 
to Group I I the given task of drawing acute and r i g h t angles 
was s u b j e c t i v e l y so easy t h a t they did not pay much a t t e n t i o n 
to i t s c o r r e c t execution. They have obtained the best r e s u l t s 
w i t h the drawing of an obtuse angle and the diamond because 
these presented some d i f f i c u l t y f o r them and compelled them to 
exercise .&>me e f f o r t . For these reasons the degree of d i f f i ­
c u l t y involved i n various drawings could be more c o r r e c t l y 
assessed by the combined r e s u l t s obtained w i t h both groups. 

(b) Ty~pe and frequency of drawing f a i l u r e s . 

( i ) Type of drawing f a i l u r e s and t h e i r frequency when an acute 
angle was presented. 

' Type of response. ' Frequency 
'Group I . ' Group I I , 

'Both l i n e s are rounded upwards 4 ' 

'One l i n e i s rounded upwards. • 11 

'Three l i n e s are used. ' 4 ' 

'Disconnected l i n e s . ' 8 ' 8 ' 

'Crossed l i n e s . ' 1 ' - ' 

'Right angle i s drawn. ' 1 ' - • 

'Total number of f a i l u r e s . ' 29 ' 8 ' 



Type of drawing f a i l u r e s and 

r i g h t angle was presented. 
t h e i r frequency when 

* T3rpe of response. ' Frequency ' 
Group I , ' Group I I , ' 

'An acute angle i s dravm. ' 3 ' 1 ' 

'Disconnected l i n e s . ' 2 ' 1 ' 

'Crossed l i n e s . ' 1 ' - ' 

'Angle i s rounded upwards. ' 3 ' - ' 

'Total number of f a i l u r e s , ' 9 ' 2 ' 

( i i i ) T3rpe of drawing f a i l u r e s and t h e i r frequency when an 
obtuse angle was presented. 

f Type of response. ' Frequency , 

' Group 1. T Group I I . , 
t S t r a i g h t l i n e i s drawn ' 2 t - ] 

t Curved l i n e , l i k e a rounded 
t obtuse angle. 

• 14 t -

» Curved l i n e , l i k e a rounded 
» acute angle. 

6 f - 1 
« Curved l i n e , l i k e a rounded ' 
f r i g h t angle. ' 

9 f - 1 
» Right angle i s drawn ' 13 f - 1 
» Obtuse angle w i t h crossed ' 
» l i n e s . ' 

7 t - ] 

» Acute angle i s drawn ' 2 t - 1 
» Acute angle w i t h crossed ' 
' l i n e s . ' 

3 t - J 
• Right angle w i t h disconnect-' 
' ed l i n e s . ' 

1 ' - I 
Acute angle ending w i t h a ' 
long comma. ' 

3 ' - I 
T o t a l Nr. of f a i l u r e s . ' 60 ' - ! 
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( i v ) The type of drawing f a i l u r e s when a diamond was presented 
are i l l u s t r a t e d i n P i c t u r e 7. The frequency of response i s 
given i n the t a b l e below. 

'Type o f response as i n ' Frequency ' 
'Figure 7, drawing nr. ' GrouT) I ' Group I I ' 
' 1 ' 2 ' 2 ' 
' 2 ' 10 « 1 t 

• 3 • 6 ' 1 ' 
t 4 t 2 ' - • 
' 5 ' 7 ' ' 
' 6 » 2 • - f 

t 7 t 6 ' - • 
' 8 ' 4 ' - t 

' 9 ' 5 ' - ' 
' 10 3 ' - ' 
' 11 ' 4 • - t 

' 12 ' 1 ' - ' 
' 13 ' 1 • - ' 
t 14 t 3 ' - ' 
'Total n r . o f f a i l u r e s ' 56 ' 4 ' 

Analysis of the drawing responses t o various angles 
and a diamond obtained w i t h the two groups of mental defective 
subjects confirm the r e s u l t s obtained i n the preli m i n a r y 
experiments. A b i l i t y to draw some p a r t i c u l a r angle or a diamond 
seems to be c h i e f l y determined by the mental development of an 
i n d i v i d u a l and p a r t i c u l a r l y by h i s motor a b i l i t y to perform 
c e r t a i n changes i n the d i r e c t i o n of the moving hand. When an 
i n d i v i d u a l i s given a task which i s beyond his motor development, 
then he regresses to some lower motor l e v e l , thus employing a 
p a t t e r n developed p r e v i o u s l y . The l e v e l of h i s motor develop­
ment, regressive p a t t e r n s , and even some p e r s o n a l i t y trends 
could be i n f e r e d from the c a r e f u l analysis of some drawing 
responses o f mental d e f e c t i v e subjects. 
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Pigure 7. Drawing responsee of fourteen u.entally defective 
F t J c J e c t e when ask«d t o copy a diamond. 
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( c ) A b i l i t y to improve an imperfect drawing i n the subsequent 

two attempts. 

I n the p r e l i m i n a r y drawing t e s t each subject was 

asked t o draw various angles, and one attempt was allowed f o r 

each angle. I n the present t e s t each subject was asked to 

draw various angles and a diamond and three attempts were allowed, 

The purpose of the extension of the number of attempts allowed 

f o r each f i g u r e was to i n v e s t i g a t e the e f f e c t s of p r a c t i c e . 

We were i n t e r e s t e d i n how many subjects would show some improve­

ment i n t h e i r subsequent drawings of the same f i g u r e , and i n 

which p a r t i c u l a r f i g u r e s t h i s improvement would be the most 

s i g n i f i c a n t . 

The r e s u l t s of the analysis of the drawings executed 

by the men t a l l y d e f e c t i v e grouped subjects are given i n the 

table below. 

Improvement i n drawing due t o p r a c t i c e . 

'Nr of s u b j . 
•'under i n -
' v e s t i g a t i o n 

'Nr o f s u b j . 
'showing im-
'provement. 

' Improvement shown i n ' 
'Acute'Right'Obtuse' ' 
'angle'angle'angle 'DiamondI 

'Group I ' 60 13 
t t t 

' 10 ' 8 • ' 0 ' 1 

'Group I I ' 60 ' 25 
t t t 1 

' 11 ' 1 ' 12 ' 9 ' 

'Totals ' 120 ' 38 
T t t 1 

' 2 1 ' 9 '12 10. ' 

Two p o i n t s i n the above t a b l e seem to be of some 

importance. The number of subjects i n Group I I who show improve­

ment i s almost twice t h a t of the corresponding number i n Group I . 

There seems t o be a s i g n i f i c a n t d i f f e r e n c e between these groups 

as f a r as t h e i r a b i l i t y to improve t h e i r drawing by p r a c t i c e , 

or modify t h e i r motor responses, i s concerned. There i s another 

i n t e r e s t i n g p oint i n the above t a b l e , namely: the d i f f e r e n c e 

i n the p a t t e r n of responses. There are s i g n i f i c a n t d i f f e r e n c e s 

between the numbers showing improvement i n Group I I w i t h regard 

to r i g h t and obtuse angles and a diamond. Subjects of that 

group show almost equal capacity f o r improvement i n drawing any 
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of these f i g u r e s . On the other hand subjects of Group I show 
improvement i n acute and r i g h t angles. There is no improve­
ment as f a r as an obtuse angle i s concerned and only one 
subject improved h i s drawing of a diamond. On the whole, the 
r e s u l t s given i n the above t a b l e point out not only the various 
degrees o f improvement i n both groups but also the various 
l e v e l s of motor development on which both groups are capable 
of improving t h e i r drawings. 

(d) Tendency to draw smaller angles or diamonds i n each 
subsequent drawing. 

This phenomenon has been observed during routine 
t e s t i n g w i t h the t e s t design f o r the seventh mental year i n the 
Revised Stanford-Binet I n t e l l i g e n c e Scale. 

The r e s u l t s o f the analysis of drawings performed by 
Group I and Group I I are given i n the table below. 

Tendency to decrease i n size each of the subsequent drawings. 

Nr of. 
subjects 
under in­
v e s t i g a ­
t i o n . 

Nr of sub­
j e c t s show­
ing tendency 
to draw each 
subsequent 
f i g u r e 
smaller. 

Figure showing the decreasing 
tendency. 

Acute'Right 
angle'angle 

Obtuse 
angle Diamond, 

Group I 60 47 15 16 18 24 

Group I I 60 33 17 17 

Totals 120 80 24 33 27 41 

The r e s u l t s of t h i s table show t h a t there i s some 
d i f f e r e n c e between Group I and Group I I i n the numbers of 
subjects showing a tendency t o decrease the size o f t h e i r draw­
ing i n each of the subsequent drawings. Unfortunately, we 
are unable t o o f f e r an adequate explanation of t h i s phenomenon 
at present, or to explain the patterns of responses obtained 
w i t h both groups. 
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' Figure 8. r^xamplee showing tendency to ara« subsequent 

f i g u r e s smaller. 
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I n Figure 8 an i l l u s t r a t i o n i s given of the tendency 
to decrease the size of each of the subsequent dr^r. ings w i t h 
four subjects drawing f o u r verious f i g u r e s . 

Co Verbal, Performance and Scholastic Atteinments Tests. 

In the course of the foregoing research i t became 
apparent t h a t the two groups of mental defe c t i v e s , d i f f e r e n t 
p r i m a r i l y i n t h e i r drawing a b i l i t y and secondly i n the S„R„To, 

Pressure and Performance Time t e s t s , seem to d i f f e r also i n 
verbal and p r a c t i c a l t e s t s end in the simnle schol'-'stic 
attainments such ss an a b i l i t y to reed =nd w r i t e . I t hes 
been decided to com-^are the r e s u l t s of the p r a c t i c a l ^̂ nd verbal 
t e s t s obtained p r e v i o u s l y w i t h both grouns. The schol^^stic 
attainments of those two groups were assessed by meens of ? 
very simple teste The v e r b a l t e s t employed by the w r i t e r was 
the Revised Stsnford-Binet I n t e l l i g e n c e Scale, Form The 
l o Q ' s obtained w i t h both froups are given i n the table below. 
The p r a c t i c n l t e s t used v:8s the Alexander Performance Scale, 
I t i s , however, impossible to give the r e s u l t s of t h i s t e s t i n 
the form of P,A,R.'s ( P r a c t i c a l A b i l i t y R ^ t i o ) f o r the wViole of 
the subjects as only 13 subjects were testab l e by t h i s t e s t i n 
Group I and 54 i n Groun 11. ••py e t e t i s t i c f ' l cormr-rison betree^ 
the P„AoRo'p oht-^ined w i t h hnt'-̂  Groups seen to be d i f f i c u l t end 
conclusions drawn from i t onl-^ approximete. Because of t h i s , i t 
was decided to use the raw score obtained by each subject i n the 
p r a c t i c a l t e s t , i r r e s p e c t i v e of whether h i s P.AoR. could be 
cel c u l a t e d from i t or not. Results of the p r a c t i c a l t e s t 
recorded i n the form of raw scores ere l i a b l e to i n t e r p r e t a t i o n 
by the use of simnle s t a t i s t i c a l methods. I t should be mentioned 
t h a t i n order to obt a i n P,A,Ro every female subject >ias to score 
at l e a s t 51, and each male subject at le a s t 58 on the three sub­
t e s t s of which the Alexander t e s t i s corn-nosed. In the table 
below are given I,Q,'s obtained by each subject on a verbal t e s t , 
and the raw score on a p r a c t i c a l t e s t , "x" denotes those sub­
j e c t s v/hose raw scores could be changed i n t o P.A,R.'s, "-" denotes 
those subjects whose raw scores were below t e s t a b l e l i n i t . 



Results of the ver b a l and p r a c t i c a l t e s t s obtained with Group I 

(mental d e f e c t i v e subjects, wbo were unable to draw °n obti^se 
angle)« 

, Nr„ o f '^ev. 
Alexander Performance J , Nr„ o f '^ev. Stanford- ' Raw Score X testable 

t subject •Binet I n t e l l i g e n c e ' ' - untestal 'Scale , F o L . ' 
' - untestal 

1 44 ' 79 ' X 
t 2 46 ' 18 
t 3 41 ' 14 _ 

4 44 ' 108 
t 5 47 ' 20 
t 6 43 ' 18 
, 7 39 ' 20 
t 8 47 ' 49 
' 9 44 ' 19 
r 10 44 ' 48 _ 
t 11 47 23 ' _ 

12 40 ' 28 ' _ 
13 38 ' 44 ' _ 
14 43 ' 20 ' 
15 38 ' 45 ' 
16 46 ' 58 ' X 
17 44 • 73 ' 
18 41 ' 54 ' 
19 43 ' 4 ' 
20 39 ' 10 ' 
21 49 83 ' X 
22 39 ' 8 ' 
23 40 ' 60 ' X 
24 44 ' 10 ' _ 
25 47 ' 83 ' X 
26 42 ' 20 ' 
27 42 ' 25 ' 
28 38 ' 30 ' 
29 42 50 ' 
30 48 ' 54 ' 
31 46 ' 18 ' 
32 45 ' 20 ' _ 
33 39 ' 16 ' _ 
34 49 • 105 • nr 

35 41 ' 18 ' _ 
36 43 89 ' X 
37 42 ' 38 ' _ 
38 41 17 _ 
39 ' 41 ' 16 ' _ 
40 ' 49 ' 30 
41 ' 48 ' 24 ' 
42 ' 38 ' 4 ' 
43 ' 42 ' 17 ' 
44 ' 43 ' 87 ' X 
45 ' 41 • 25 ' _ 
46 ' 42 ' 30 ' 
47 ' 42 ' 19 ' 
48 ' 44 ' 36 ' 
49 ' 42 ' 78 ' X 
50 ' 41 ' 15 _ 
51 ' 41 ' 12 ' _ 
52 ' 46 ' 17 ' _ 
53 ' 43 • 15 _ 
54 ' 38 ' 23 ' _ 
55 ' 41 17 ' _ 
56 ' 39 ' 67 ' X 
57 ' 46 ' 59 ' X 
58 ' 41 ' 20 ' _ 
59 ' 41 14 _ 
60 ' 39 ' 20 — 
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Results of the v e r b a l and performance t e s t s obtained w i t h Group I I , 
( M e n t a l l y d e f e c t i v e subjects who were able to draw an obtuse angle), 

' t I . Q . Alexander Performance Scle'. 
'Nr. of t ReVo Stsnford- ' 
'subject t B i n e t I n t e l l i g e n c e ' Raw Score ' X t e s t a b l e ' 
' t S c a l O o F.L. ' ' - untestable ' 
' 1 t 43 ' 137 ' X ' 
^ 2 T 49 ' 67 ' X ' 
' 3 f 46 ' 93 ' X ' 
' 4 T 39 ' 25 — t 
' 5 t 49 ' 80 ' X ' 
' 6 r 56 ' 44 
' 7 T 50 126 ' X » 
' 8 T 52 • 61 ' X ' 
' 9 t 49 ' 48 
• 10 t 48 ' 109 ' X ' 
' 11 48 ' 112 ' X ' 
' 12 51 ' 67 ' X ' 
' 13 51 ' 128 ' X ' 
' 14 51 ' 99 ' X ' 
' 1 5 t 48 ' 93 ' X ' 
' 16 57 ' 37 — f 
' 17 T 46 ' 120 ' X ' 
' 18 44 ' 93 ' X ' 
' 19 t 50 ' 95 ' X » 
' 20 t 54 ' 58 ' X » 
' 21 t 56 ' 155 ' X ' 
' 22 t 53 ' 99 ' X ' 
' 23 t 50 ' 142 ' X ' 
' 24 t 47 ' 118 ' X ' 
' 25 T 48 ' 60 ' X ' 
' 26 t 43 ' 59 ' X ' 
' 27 t 39 ' 65 ' X ' 
' 28 t 51 ' 99 ' X ' 
' 29 t 49 ' 65 ' X » 
' 30 1 56 ' 136 ' X ' 
' 31 t 57 ' 124 ' X ' 
' 32 t 56 ' 125 ' X « 
' 33 t 48 ' 155 ' X » 
' 34 t 48 102 ' X ' 
' 35 t 50 ' 100 ' X ' 
' 36 t 41 ' 63 ' X ' 
' 37 f 54 ' 103 ' X ' 
' 38 t 49 ' 90 ' X ' 
' 39 t 56 ' 108 ' X « 
' 40 t 51 117 ' X ' 
' 41 1 42 ' 52 ' — t 

' 42 ' 47 ' 127 ' X ' 
' 43 T 51 132 ' X » 
' 44 » 51 ' 87 ' X » 
' 45 t 57 ' 143 ' X ' 
' 46 t 47 ' 111 ' X ' 
' 47 t 48 ' 40 ' — t 
' 48 T 48 ' 66 ' X ' 
' 49 » 49 ' 111 ' X ' 
' 50 t 56 ' 103 ' X ' 
' 51 48 ' 14 ' - » 
' 52 t 46 ' 78 ' X ' 
' 53 « 44 ' 93 ' X ' 
' 54 ' 56 ' 108 ' X » 
' 55 ' 54 ' 120 ' X « 
' 56 ' 42 ' 74 ' X » 
• 57 • 49 ' 68 ' X » 
' 58 ' 52 111 ' X ' 
' 59 ' 51 ' 102 ' X ' 
' 60 ' 54 ' 89 ' X » 



Results of the scholastic attainments t e s t . 

t , Group I ' GrouT) I I ' 
' Number of subjects ' 60 ' 60 ' 

' 'Can read t e x t » 1 24 

' 'Can read simple words and ' 
' j _ 'short sentences. » 

6 t 7 , 

' ""̂  ' Can read single separate ' 
1 «words. » 

6 t 4 T 

' CD ' t 

' 0 'Can recognize l e t t e r s ' 3 ' 2 ' 
' rrt ' ' 1 t 

' 'Cannot even recognize • 
' ' l e t t e r s ' 

44 ' 23 ' 

' 'Can w r i t e » 0 26 

•' ' Can w r i t e name only ' 8 ' 10 
' hn ' ' 

' •Can p r i n t name only ' 
t t • 

22 ' 17 • 
t +3 t 1 t 
' -H 'Can p r i n t some l e t t e r s ' 3 0 ' 
' S4 ' ' t 

' 'Cannot even p r i n t l e t t e r s ' 27 ' 7 . ' 

Summary. 

In t h i s chapter methods of s e l e c t i o n of the three 
groups p a r t i c i p a t i n g i n the main experiment, instruments used 
and procedures applied are described. The r e s u l t s of the 
Pressure, Performance Time, Drawing, Verbal and Performance 
t e s t s and also the Si^nple Scholastic Attainments t e s t obtained 
from two groups composed of mentally defective subjects are 
given. Only the r e s u l t s o f the Pressure and Performance Tim.e 
t e s t s are given i n the case of the t h i r d group composed of 
nu r s i n g s t a f f , as i t was assumed t h a t a l l subjects i n t h i s 
group could read, w r i t e and draw simple geometrical f i g u r e s . 



C H A P T E R VI. 

STATISTICAL INTERPRETATION OF 'im RESULTS OBTAIM. 

The purpose o f the present chapter i s two-fold: 

(a) t o see whether the d i f f e r e n c e between the means of various 
t e s t s , obtained w i t h three d i f f e r e n t groups of subjects, i s 
s t a t i s t i c a l l y s i g n i f i c a n t , and 
(b) t o f i n d out whether there i s any c o r r e l a t i o n between the 
r e s u l t s of various t e s t s w i t h i n the same group. 

The d i f f e r e n c e s between the means f o r the Simple 
Reaction Time and Pressure and Performance Time t e s t s were 
i n v e s t i g a t e d f i r s t l y , between the two groups consisting of 
mental defectives and secondly, between the higher grade group 
of mental defectives and the group made up of nursing s t a f f . 

I t was only possible to i n v e s t i g a t e the di f f e r e n c e 
between the means f o r verbal and p r a c t i c a l t e s t s between the 
two groups composed of mentally d e f e c t i v e subjects, as these 
t e s t s were only c a r r i e d out w i t h these two groups. 

The r e s u l t s of other t e s t s obtained w i t h two groups 
of mental d e f e c t i v e s , as f o r example the drawing of various 
angles and a diamond, the a b i l i t y to improve drawing by 
p r a c t i c e , the tendency f o r each successive drawing to decrease 
i n size and sc h o l a s t i c attainments t e s t s were not investigated 
s t a t i s t i c a l l y , but these r e s u l t s d i f f e r so s t r i k i n g l y i n both 
groups, t h a t the s t a t i s t i c a l e v a l u a t i o n of them would appear 
to be superfluous. The a b i l i t y of the normal group t o draw, 
read and w r i t e was not i n v e s t i g a t e d since the r e s u l t s of nurses 
examinations gave no cause f o r doubt i n t h i s matter. 

The s i g n i f i c a n t d i f f e r e n c e between the means of 
various t e s t s was cal c u l a t e d by the usual s t a t i s t i c a l method. 
C o r r e l a t i o n between the r e s u l t s of various t e s t s was calculated 
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by r (product-moment c o r r e l a t i o n ) . Applying the n u l l hypo­
t h e s i s , a c o r r e l a t i o n ( r ) of up to 0.253 may occur 5 times i n 
100 or r of up to 0.332 once i n 100 from e r r o r s and f l u c t u a t i o n s 
of sampling when N i s 60. C l e a r l y any value of r which f a l l s 
between 0.253 and 0.332 i s s i g n i f i c a n t at 5̂ - l e v e l , and r of 
0.333 and over at 1 ^ l e v e l of confidence f o r N-60. 

Some o f the items such as the standard deviation and 
the mean, which are necessary f o r the c a l c u l a t i o n of r , were 
taken from the f i r s t p a rt o f t h i s chapter dealing w i t h the 
c a l c u l a t i o n of the s i g n i f i c a n t d i f f e r e n c e between various means. 
In one instance, when c a l c u l a t i n g r between various t e s t s w i t h i n 
the group composed of nursing s t a f f , i t was necessary to 
cal c u l a t e the standard d e v i a t i o n and the mean anew, because of a 
di f f e r e n c e i n the number of subjects of t h i s group t a k i n g part 
i n the S.R.T. experiment (70 s u b j e c t s ) , and i n the Pressure and 
Performance Time experiment (60 su b j e c t s ) . For the purpose of 
c a l c u l a t i n g the c o r r e l a t i o n between d i f f e r e n t v a r i a b l e s , the 
r e s u l t s of ten subjects were eliminated from the record l i s t 
g i v i n g the r e s u l t s of the S.R.T. t e s t of s t a f f . The elimina­
t i o n was c a r r i e d out i n the f o l l o w i n g way: the f i v e best and 
the f i v e worst r e s u l t s of the S.R.T. were omitted from the 
o r i g i n a l l i s t given i n Chapter IV and subsequently because of 
the change i n number of subjects, a l l other items had to be 
ca l c u l a t e d anew. 

There i s another point which i t seems necessary to 
exp l a i n , i . e . the approximation to 1/3 of a second accepted i n 
the Performance Time t e s t . This was c h i e f l y determined by the 
l i m i t a t i o n of the E l e c t r i c Time Clock which was recording 
performance time below pressure curves i n the form of dashes 
corresponding to 2/3 and 1/3 of a second. I f the v e r t i c a l 
l i n e drawn from the end o f the pressure-curve cut o f f h a l f or 
more than h a l f of the dash representing 1/3 of a second, then 
1/3 of a second was added t o the performance time. I f i t cut 
o f f l e s s than h a l f of the dash, then nothing was added. As 
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540 t r i a l s were c a r r i e d out altogether, the t o t a l r e s u l t o f 
the performance time f o r each group should not be g r e a t l y 
a f f e c t e d by t h i s approximation. Moreover, possible e r r o r s 
made by adding or s u b t r a c t i n g 1/3 of a second seem to be 
p r o p o r t i o n a l l y n e g l i g i b l e as the time to draw each angle 
l a s t e d u s u a l l y several seconds. 



D i f f e r e n c e between means. 

Group I 

'Nr of subje c t ' 
X ' 

(Simple Reaction Time)' 
i n m illiseconds '' 

X* 

' 1 ' 407 ' 165649 ' 
' 2 ' 366 • 133956 ' 
• 3 • 952 ' 906304 ' 
' 4 ' 283 ' 80089 ' 
' 5 ' 301 ' 90601 ' 
' 6 ' 399 ' 159201 ' 
' 7 ' 303 ' 91809 ' 
• 8 ' 250 ' 62500 ' 
' 9 ' 537 ' 288369 ' 
' 10 ' 271 ' 73441 ' 
' 11 • 299 ' 89401 ' 
' 12 362 ' 131044 ' 
' 13 ' 372 ' 138384 ' 
t 14 t 302 ' 91204 ' 
• 15 ' 474 ' 224676 ' 
' 16 ' 291 ' 84681 ' 
t 17 t 563 ' 316969 ' 
' 18 ' 342 ' 1169 64 ' 
' 19 • 359 ' 128881 ' 
• 20 ' 394 ' 155236 ' 
' 21 ' 515 ' 265225 ' 
' 22 • 327 ' 106929 ' 
• 23 • 452 ' 204304 ' 
' 24 ' 307 ' 94249 ' 
• 25 ' 491 ' 241081 ' 
' 26 ' 333 ' 110889 ' 
' 27 ' 347 ' 120409 ' 
' 28 ' 711 505521 • 
' 29 • 594 ' 352836 ' 
' 30 ' 609 ' 370881 ' 
' 31 ' 387 ' 149769 ' 
' 32 • 628 ' 39 4384 ' 
' 33 ' 642 ' 412164 ' 
' 34 ' 518 ' 268324 ' 
• 35 ' 452 ' 204304 ' 
• 36 ' 316 ' 99856 ' 
' 37 • 682 ' 465124 ; 
» 38 ' 342 ' 116964 
' 39 ' 300 ' 90000 ' 
' 40 ' 546 ' 298116 ' 



Difference between means. 

Group I 

c o n t i n u a t i o n . 

'Nr of subject 
' X 
'(Simple Reaction Time) 
' i n mill i s e c o n d s 

i . 
' X • 
1 t t 

' 41 ' 297 ' 88209 ' 
' 42 ' 412 ' 169 744 ' 
' 43 ' 273 ' 74529 ' 
' 44 ' 520 ' 270400 ' 
• 45 ' 567 ' 321489 ' 
' 46 ' 486 ' 236196 ' 
' 47 ' 383 ' 146689 ' 
' 48 ' 392 ' 153664 • 
' 49 ' 312 ' 9 7344 • 
' 50 ' 323 ' 104329 ' 
' 51 ' 316 ' 99856 ' 
' 52 ' 517 ' 267289 ' 
' 53 ' 364 ' 132496 ' 
' 54 • 358 ' 128164 ' 
' 55 ' 666 ' 443556 ' 
' 56 ' 575 ' 330625 
' 57 ' 459 ' 210681 ' 
' 58 ' 512 262144 ' 
' 59 ' 367 ' 134689 ' 
' 60 ' 365 ' 133225 ' 

N — 60 S(X)=25795 S(X7 = 12206006 

Mean - K -

Variance ^ f j ^ — X = — —(Y2f-r/6hJ = 



Difference between means, 

Group I I . 

90 

'Nr of subject 
' X ' 
'(Simple Reaction Time)' 
' i n mill i s e c o n d s ' 

X^ 

' 1 ' 195 ' 38025 ' 
• 2 ' 259 ' 67081 ' 
' 3 • 250 ' 62500 ' 
' 4 • 231 ' 53361 ' 
' 5 ' 232 ' 53824 ' 
' 6 ' 199 ' 39601 ' 
' 7 • 240 ' 57600 ' 
• 8 ' 293 ' 85849 ' 
• 9 ' 172 ' 29584 ' 
' 10 ' 238 ' 56644 ' 
' 11 ' 252 ' 63504 ' 
• 12 ' 214 ' 45796 ' 
' 13 ' 194 ' 37636 ' 
• 14 ' 272 ' 73984 ' 
' 15 ' 214 ' 45796 ' 
' 16 ' 276 ' 7 6176 ' 
' 17 ' 279 ' 77841 ' 
' 18 ' 288 ' 82944 ' 
• 19 ' 254 ' 64516 ' 
» 20 ' 226 ' 51076 ' 
• 21 ' 250 ' 62500 ' 
' 22 ' 331 ' 109561 ' 
• 23 ' 230 ' 52900 ' 
' 24 ' 311 96721 ' 
' 25 ' 307 • 94249 ' 
• 26 ' 237 ' 56169 ' 
• 27 ' 304 ' 92416 ' 
' 28 • 169 28561 ' 
' 29 ' 308 94864 ' 
' 30 ' 207 ' 42849 ' 
' 31 257 ' 66049 ' 
' 32 ' 29 3 ' 85849 ' 
' 33 258 ' 66564 ' 
' 34 ' 290 ' 84100 ' 
' 35 ' 225 ' 50625 ' 
• 36 191 ' 36481 ' 
• 37 205 ' 42025 ' 
• 38 ' 274 75076 ' 
' 39 ' 192 36864 ' 
' 40 • 354 125316 ' 



D i f f e r e n c e b e t w e e n means . 

?/ 

G r o u p I I 

c o n t i n u a t i o n . 

' N r o f s u b j e c t 
' X 
' ( S i m p l e R e a c t i o n T i m e ) 
' i n m i l l i s e c o n d s 

' X 

' 4 1 ' 178 • 31684 
' 42 ' 209 ' 4 3 6 8 1 
• 4 3 ' 1 7 4 ' 30276 
t 4 4 ' 266 ' 70756 
' 45 ' 235 ' 55225 
• 46 • 286 ' 81796 
t 47 ' 210 44100 
' 48 ' 272 ' 73984 
' 49 ' 1 9 4 ' 27636 
' 50 ' 165 • 27225 ' 
» 5 1 • 2 4 1 • 5 8 0 8 1 ' 
' 58 ' 265 ' 70225 ' 
' 53 ' 182 ' 33124 ' 
' 54 • 213 ' 45369 ' 
' 55 ' 213 ' 45369 ' 
• 56 ' 289 • 8 3 5 2 1 ' 
• 57 ' 278 ' 77284 • 
• 58 ' 176 ' 30976 ' 
' 59 ' 295 87025 ' 
• 60 ' 228 51984 ' 

N = 6 0 S ( X ) =^ 1 4 5 5 0 S ( X l - 3 6 4 2 3 9 5 

Mean — A 

V a r i a n c e 

60 

so 

D i f f e r e n c e b e t w e e n means ( G r o u p I a n d G r o u p I I ) = 

s t a n d a r d e r r o r o f d i f f e r e n c e — JT^ 7} — (TfTofJ^of^I^SoJiiJ 
^ -FT ^ T 60 

C r i t i c a l r a t i o = ^ — ^ ± — 

5-. f 



D i f f e r e n c e b e t w e e n means . 

G r o u p o f n u r s i n g s t a f f . 

9Z 

t N r . o f s u b j e c t 
X ' 

( S i m p l e R e a c t i o n T i m e ) ' 
i n m i l l i s e c o n d s ' 

; 
t t t 
' 1 ' 147 ' 21609 
• 2 ' 182 ' 33124 
• 3 ' 197 • 38809 
' 4 ' 212 • 44944 
' 5 ' 167 ' 27889 
' 6 ' 180 ' 32400 
t 7 1 1 7 1 ' 2 9 2 4 1 
' 8 • 1 4 4 ' 20736 
' 9 ' 184 ' 33856 
» 10 ' 142 ' 2 0 1 6 4 
• 1 1 ' 159 • 2 5 2 8 1 
' 12 ' 1 9 1 ' 3 6 4 8 1 
' 13 ' 169 » 2 8 5 6 1 
t 14 T 177 • 31329 
' 15 ' 178 ' 31684 
' 16 ' 167 ' 27889 
» 17 ' 197 ' 38809 
' 18 ' 180 ' 32400 
• 19 ' 149 ' 2 2 2 0 1 * 

' 20 ' 163 ' 26569 
' 2 1 165 ' 27225 * 

' 22 ' 1 8 1 3 2 7 6 1 * 

• 23 ' 218 ' 47524 
• 2 4 • 2 5 4 ' 64516 
' ' 25 ' 172 • 2 9 5 8 4 * 

' 26 1 8 4 33856 
• 27 • 160 ' 2 5 6 0 0 * 

' 28 ' 170 ' 2 8 9 0 0 
' 29 « 167 ' 27889 
• 30 ' 156 ' 24336 
' 3 1 ' 1 6 4 • 26896 
' 32 ' 182 33124 
• 33 • 1 3 4 ' 17956 
• 34 ' 155 24025 
' 35 • 232 ' 5 3 8 2 4 
• 36 ' 188 ' 35344 
' 37 ' 190 ' 36100 
• 38 • 214 ' 45796 
' 39 ' 210 ' 44100 
• 40 ' 195 • 38025 
' 4 1 ' 218 ' 47524 
' 42 ' 165 ' 27225 
' 43 ' 1 9 1 ' 3 6 3 8 1 
t 4 4 t 215 ' 46225 
» 45 ' 1 7 1 2 9 2 4 1 



D i f f e r e n c e b e t w e e n means, 

G r o u p o f n u r s i n g s t a f f , 

c o n t i n u a t i o n . 

9J 

' N r o f s u b j e c t ' 
X ' 

{ S i m p l e R e a c t i o n T i m e ) ' 
i n m i l l i s e c o n d s ' 

X 

\ 46 ' 203 ' 41209 
47 ' 1 5 4 ' 23716 
48 ' 1 8 3 ' 33489 
49 ' 189 ' 3 5 7 2 1 ' 
50 ' 176 ' 30976 
5 1 ' 217 ' 47089 
52 ' 1 8 4 ' 33856 
53 ' 190 ' 36100 
54 ' 198 ' 39204 ' 
55 ' 249 ' 62001 
56 ' 200 ' 40000 
57 ' 168 ' 2 8 2 2 4 ' 
58 ' 203 ' 41209 ' 
59 ' 2 2 4 ' 50176 ' 
60 ' 156 ' 24336 
6 1 183 • 33489 ' 
62 ' 128 ' 1 6 3 8 4 ' 
63 ' 1 8 1 ' 3 2 7 6 1 ' 
64 ' 1 8 1 ' 3 2 7 6 1 ' 
65 ' 204 ' 41616 
66 ' 175 30625 ' 
67 ' 149 ' 2 2 2 0 1 ' 
68 ' 199 ' 3 9 6 0 1 ' 
69 ' 175 ' 30625 ' 
70 ' 165 ' 27225 ' 

N = 70 S ( X ) = r 1 2 7 3 1 S ( X T = 2361637 

Mean — -

V a r i a n c e - / / 

/ I / vc? 

70 

D i f f e r e n c e b e t w e e n means ( G r o u p I I and G r o u p . o f n u r s i n g 

s t a f f ) = X,-7j_^ 2^2. f— /S-A = 6o. 62^ / 

S t a n d a r d e r r o r o f d i f f e r e n c e = 

C r i t i c a l r a t i o zr ^2-

'~ I. '7c? 6a 



D i f f e r e n c e b e t w e e n means . 

G r o u p I 

X 2. 
' N r o f s u b j e c t (Sum o f p r e s s u r e s f o r ' 

t h e t h r e e a n g l e s ) ' 
X ' 

i n s q u a r e i n c h e s . ' 

' 1 ' 16 17 ' 2 6 1 4689 ' 
• 2 ' 6 67 ' 44 4889 ' 
' 3 ' 9 09 82 6 2 8 1 ' 
; . 4 ' 13 88 ' 192 6544 ' 
' 5 » 17 02 ' 289 6804 ' 
' 6 • 10 45 ' 109 2025 ' 
t 7 t 7 05 ' 49 7025 ' 
' 8 ' 4 74 ' 22 4676 ' 
• 9 ' 22 29 ' 496 8 4 4 1 ' 
• 10 ' 9 1 4 83 5396 ' 
' 1 1 ' 9 68 ' 93 7024 ' 
• 12 » 23 13 ' 534 9969 ' 
' 13 • 28 26 798 6276 ' 
' 1 4 • 29 32 859 6 6 2 4 ' 
' 15 ' 19 88 ' 395 2144 ' 
' 16 • 1 1 32 ' 128 1 4 2 4 ' 
' 17 ' 12 29 ' 1 5 1 0 4 4 1 ' 
' 18 • 10 24 ' 1 0 4 8576 ' 
• 19 ' 9 56 ' 9 1 3936 ' 
• 20 ' 22 53 ' 507 6009 ' 
• 2 1 • 1 0 27 • 105 4729 ' 
' 22 ' 15 0 4 ' 226 2016 ' 
' 23 ' 24 72 6 1 1 0 7 8 4 ' 
' 24 ' 9 70 ' 94 0900 ' 
• 25 ' 17 35 ' 3 0 1 0225 ' 
' 26 ' 20 73 ' 429 7329 • 
' 27 • 8 99 ' 80 8 2 0 1 • 
• 28 ' 22 54 ' 508 0516 ' 
' 29 • 2 0 8 6 ' 435 1396 ' 
' 30 ' 39 08 ' 1527 2 4 6 4 • 
• 3 1 ' 1 4 72 ' 216 6784 ' 
' 32 • 15 37 ' 263 2369 ' 
• 33 ' 10 75 ' 115 5625 ' 
' 34 ' 9 7 1 ' 9 4 2 8 4 1 ' 
' 35 ' 32 55 ' 1059 5025 ' 
' 36 ' 12 68 ' 160 7824 ' 
' 37 ' 6 40 ' 40 9600 ' 
' 38 ' 22 96 ' 527 1616 
' 39 ' 6 72 ' 45 1584 ' 
' 40 ' 20 40 ' 416 1600 ' 
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D i f f e r e n c e b e t w e e n means . 

G r o u p I . 

c o n t i n u a t i o n . 

X 
(Sum o f p r e s s u r e s f o r 

' N r o f s u b j e c t ' t h e t h r e e a n g l e s ) 
i n s q u a r e i n c h e s . 

' X 

'' 4 1 ' 30 00 ' 9 0 0 0000 
42 ' 19 20 • 368 6400 
43 ' 16 4 1 ' 269 2 8 8 1 

• 44 • 13 63 • 185 7769 
' 45 ' 13 16 ' 173 1856 
' 46 • 7 42 ' 55 0564 
• 47 ' 22 45 ' 504 0025 
' 48 ' 16 13 ' 2 6 0 1769 

49 ' 1 1 4 1 ' 130 1 8 8 1 
' 50 ' 10 9 1 119 0 2 8 1 
' 5 1 ' 5 66 ' 32 0356 
' 52 ' 7 59 ' 57 6 0 8 1 
' 53 ' 9 40 ' 88 3600 
' 54 • 5 1 62 ' 2664 6244 
' 55 ' 12 53 ' 157 0009 
' 56 ' 8 4 1 ' 70 7281 
• 57 ' 1 1 64 ' 135 4896 
' 58 ' 13 42 ' 180 0 9 6 4 
' 59 ' 8 12 ' 65 9 3 4 4 

I 60 ' 2 1 95 ' 4 8 1 8025 

N = 60 S ( X ) ^ 9 4 5 . 3 1 S ( X > 1 9 4 2 8 . 2847 

Mean 
S ( X ) 

N 

945 3 1 

60 

1 5 . 7 5 5 1 

V a r i a n c e . ( j - i . 
S ( X ) 

N 

- 1 
•X -

1 9 4 2 8 2847 

60 

X = 7 5 . 5 8 1 6 



D i f f e r e n c e b e t w e e n means . 

G r o u p I I 

?6 

' ' X • 
' ' ( S u m o f p r e s s u r e s f o r ' i 
' N r o f s u b j e c t s ' t h e t h r e e a n g l e s ) ' X » 

\ ' i n s q u a r e i n c h e s . ' 

• 1 ' 1 83 ' 3 3489 • 
' 2 • 5 97 • 35 6409 ' 
' 3 ' 9 7 1 ' 9 4 2 8 4 1 » 
' 4 ' 1 08 « 1 1 6 6 4 ' 
' 5 ' 8 0 1 ' 64 1 6 0 1 ' 
' 6 ' 3 8 4 • 1 4 7456 ' 
' 7 ' 2 18 ' 4 7524 • 
' 8 ' 13 05 ' 170 3025 ' 
• 9 ' 3 63 ' 13 1769 ' 

10 ' 7 04 ' 49 5616 • 
' 1 1 ' 4 96 • 24 6016 ' 
' 12 ' 2 63 ' 6 9169 ' 
' 13 3 20 ' 10 2400 ' 
' 14 2 35 ' 5 5225 ' 
' 15 ' 3 04 ' 9 2416 ' 
• 16 2 47 ' 6 1009 ' 
' 17 2 82 ' 7 9 5 2 4 ' 
' 18 4 84 • 23 3289 ' 
' 19 3 39 ' 1 1 4 9 2 1 
' 20 8 39 • 70 3 9 2 1 ' 
' 2 1 ' 1 28 • 1 6384 ' 
' 22 ' 7 40 ' 54 7600 ' 
' 23 ' 7 6 1 ' 57 9 1 2 1 ' 
' 24 ' 10 0 1 • 100 2 0 0 1 ' 
' 25 • 9 18 . ' 84 2 7 2 4 ' 
• 26 ' 6 8 1 ' 46 3 7 6 1 ' 
' 27 ' 2 28 ' 5 1984 ' 
' 28 • 4 12 » 16 9 7 4 4 ' 
' 29 ' 6 49 • 42 1 2 0 1 • 
' 30 • 2 27 ' 5 1529 ' 
' 3 1 ' 3 76 • 1 4 1376 ' 
' 32 ' 3 74 ' 13 9876 ' 
• 33 • 3 04 • 9 2416 ' 
' 34 ' 2 17 ' 4 7089 ' 
' 35 ' 4 56 • 20 7936 ' 
' 36 ' 1 00 ' 1 0 0 0 0 ' 
' 37 • 5 05 ' 25 5025 ' 
' 38 ' 3 27 ' 10 6929 ' 
' 39 • 1 98 ' 3 9204 ' 
' 40 • 0 60 ' 0 3600 • 



D i f f e r e n c e b e t w e e n means , 

G r o u p I I 

c o n t i n u a t i o n , 

97 

X 
(Sum o f p r e s s u r e s f o r ' 

' N r o f s u b j e c t t h e t h r e e a n g l e s ) ' X ' 
i n s q u a r e i n c h e s , ' 

' 4 1 ' 8 19 ' 67 0 7 6 1 ' 
» 42 ' 2 7 1 ' 7 3 4 4 1 ' 
' 43 ' 2 97 ' 8 8209 ' 
' 4 4 ' 1 30 ' 1 6900 ' 
' 45 ' 8 7 1 ' 75 8 6 4 1 ' 
' 46 ' 2 46 ' 6 0516 ' 
' 47 ' 1 17 1 3689 ' 
' 48 ' 4 98 ' 24 8 0 0 4 
' 49 ' 2 35 ' 5 5225 ' 
' 50 ' 1 50 » 2 2500 ' 
' 5 1 ' 2 5 1 ' 6 3 0 0 1 ' 
' 52 ' 4 09 ' 16 7 2 8 1 ' 
' 53 ' 6 2 4 ' 38 9376 ' 
' 54 ' 1 3 1 ' 1 7 1 6 1 ' 
' 55 ' 10 75 ' 115 5625 ' 
' 56 ' 3 07 9 4249 ' 
' 57 ' 3 20 ' 10 2400 ' 
' 58 ' 2 36 ' 5 5696 ' 
' 59 ' 1 0 38 ' 107 7444 ' 
' 60 ' 3 35 ' 1 1 2225 ' 

N 60 S ( X ) = 2 6 4 o 6 4 S(XO' = ^ 1 6 7 0 . 1 1 2 8 

_ s(x.) 
Mean ^ X _ 

N 

V a r i a n c e ^ . p . ' ' _ 
s(x1 

N 

2 6 4 , 6 4 

60 

1 6 7 0 o l l 2 8 

60 

— 4 „ 4 1 0 6 

8o3819 

B i f f e r e n c e b e t w e e n means ( G r o u p I and G r o u p I I ) = 

s t a n d a r d e r r o r o f d i f f e r e n c e ^ P3 — / 7S'SpS -t- S-J^/f 

C r i t i c a l r a t i o = E^zll- . ^ X y . I % ^euel 
^...f4.y/ '^'^^^^ I 



D i f f e r e n c e b e t w e e n m e a n s . 

G r o u p o f n u r s i n g s t a f f . 

X 
' ' (Sum o f p r e s s u r e s f o r ' 
' N r o f s u b j e c t ' t h e t h r e e a n g l e s ) ' 

i n s q u a r e i n i j h e s . ' 
X ^ 

' 1 • 3 59 ' 12 8 8 8 1 
• 2 ' 3 45 ' 1 1 9025 
' 3 ' 1 1 4 1 2996 
' 4 ' 1 25 ' 1 5625 
' 5 ' 1 6 1 2 5 9 2 1 
' 6 ' 1 12 ' 1 2544 ' 
' 7 ' 0 9 1 ' 0 8 2 8 1 ' 
' 8 ' 7 82 ' 6 1 1524 ' 
' 9 ' 1 75 ' 3 0625 ' 
' 10 ' 5 03 ' 25 3009 ' 
' 1 1 ' 3 25 ' 10 5625 • 
' 12 ' 7 73 ' 59 7529 ' 
' 13 ' 1 28 ' 1 6384 ' 
' 14 ' 1 77 ' 3 1329 ' 
' 15 ' 3 17 ' 10 0489 ' 
' 16 ' 1 52 ' 2 3104 ' 
' 17 ' 2 09 ' 4 3 6 8 1 
' 18 ' 2 65 ' 7 0225 • 
' 19 ' 4 63 2 1 4369 ' 
' 20 ' 3 32 ' 1 1 0224 ' 
' 2 1 ' 2 9 0 ' 8 4100 ' 
' 22 6 08 ' 36 9664 ' 
' 2 3 ' 6 93 ' 48 0249 ' 
' 2 4 ' 1 25 1 5625 ' 
' 25 ' 3 17 ' 10 0489 ' 
' 26 ' 3 18 ' 10 1124 ' 
' 27 ' 7 12 ' 50 6944 ' 
' 28 ' 0 82 ' 0 6724 ' 
' 29 ' 2 89 ' 8 3 5 2 1 ' 
' 30 ' 3 63 ' 13 1769 
• 3 1 ' 1 85 ' 3 4225 ' 
• 32 4 03 16 2409 ' 
' 33 ' 2 98 ' 8 8 8 0 4 ' 
' 34 ' 1 67 ' 2 7889 ' 
' 35 ' 1 16 ' 1 3456 • 
' 36 ' 1 55 ' 2 4025 ' 
' 37 ' 5 47 ' 29 9209 ' 
' 38 ' 1 03 1 0609 ' 

39 ' 8 03 ' 64 4809 » 
' 40 ' 5 7 1 ' 32 6 0 4 1 ' 



D i f f e r e n c e b e t w e e n means 

G r o u p o f n u r s i n g s t a f f . 

c o n t i n u a t i o n , 

99 

' N r o f s u b j e c t 

X ' 
(Sum o f p r e s s u r e s f o r ' 

t h e t h r e e a n g l e s ) ' 
i n s q u a r e i n c h e s ' 

X 
1. 

' 4 1 ' 2 5 4289 ' 
' 42 ' 2 12 ' 4 4944 ' 
' 43 ' 4 0 1 ' 16 0 8 0 1 
' 44 ' 3 5 1 12 3 2 0 1 ' 
' 45 ' 0 66 ' 0 4356 ' 
' 46 ' 0 60 ' 0 3600 ' 
' 47 ' 4 76 ' 22 6576 ' 
' 48 ' 4 64 ' 2 1 5296 ' 
' 49 ' 6 28 ' 39 4 3 8 4 ' 
' 50 ' 2 27 ' 5 1529 
' 5 1 ' 2 1 1 ' 4 4 5 2 1 ' 
' 52 ' 4 2 1 ' 17 7 2 4 1 ' 
' 53 ' 3 0 1 ' 9 0 6 0 1 ' 
' 54 ' 2 3 1 ' 5 3 3 6 1 ' 
' 55 ' 1 39 ' 1 9 3 2 1 ' 
' 56 ' 0 43 ' 0 1849 ' 
' 57 ' 2 89 ' 8 3 5 2 1 ' 
' 58 ' 9 57 ' 9 1 5849 ' 
' 59 ' 0 5 1 ' 0 2 6 0 1 ' 
' 60 ' 2 83 ' 8 0089 ' 

S(X1 — 8 7 9 , 1 0 0 5 N - 6 0 

Mean = X _ 
S ( X ) 1 9 0 c 9 7 

3 „ 1 8 2 8 
N 

V a r i a n c e 

60 

^ 8 7 9 , 1 0 0 5 
. _ „ 'Xz -. 

_ i 
— 4 , 5 2 1 4 

N 60 

D i f f e r e n c e b e t w e e n means ( G r o u p I I and G r o u p o f n u r s i n g s t a f f ) = 

^ / _ j ^ ,= / / , ^ / ^ ^ — 3. /^2S = / . 22 7S; 

S t a n d a r d e r r o r o f d i f f e r e n c e — /rf-

C r i t i c a l r a t i o =: - l£ 



D i f f e r e n c e b e t w e e n means, 

G r o u p I 

JOO 

X « 

(Sum o f p e r f o r m a n c e t i m e s ' 2_ ' 
' N r o f s u b j e c t f o r t h e t h r e e a n g l e s ) ' X ' N r o f s u b j e c t 

t o t h e n e a r e s t 1 /3 o f s e c ' 

' 1 28 33 
' 

802 5889 ' 
' 2 ' 29 66 879 7156 
• 3 ' 29 00 8 4 1 0 0 0 0 ' 
' 4 ' 25 33 6 4 1 6089 
' 5 • 22 33 498 6289 ' 
' 6 ' 22 66 513 4756 ' 
' 7 ' 27 66 765 0756 ' 
' 8 ' 25 33 6 4 1 6089 ' 
' 9 ' 47 33 2 2 4 0 1289 ' 
' 10 ' 36 66 1343 9556 ' 
' 1 1 ' 43 00 1849 0000 ' 
• 12 ' 40 33 1626 5089 ' 
' 1 3 ' 46 33 2146 4689 ' 
' 1 4 ' 39 66 1572 9156 ' 
' 15 ' 25 33 6 4 1 6089 ' 
' 16 ' 4 1 00 1 6 8 1 0000 ' 
t 17 T 22 66 513 4756 ' 
• 18 ' 23 33 544 2889 
' 19 2 1 66 469 1556 ' 
' 20 ' 28 66 8 2 1 3956 ' 
' 2 1 ' 2 4 00 57 6 0000 • 
' 22 ' 29 00 8 4 1 0000 
• 23 ' 23 33 « 544 2889 ' 
' 24 ' 2 4 00 576 0000 ' 
' 25 ' 36 66 • 1319 8689 ' 
' 26 ' 58 00 • 3364 0000 ' 
' 27 • 20 33 • 413 3089 ' 
' 28 ' 32 33 1045 2289 ' 
' 29 ' 38 00 1444 0000 ' 
' 30 ' 47 66 2 2 7 1 4756 
' 3 1 ' 29 00 8 4 1 0000 
• 32 ' 26 00 676 0000 ' 
' 33 ' 20 66 426 8356 ' 
' 34 ' 2 1 66 469 1556 ' 
' 35 ' 42 66 1819 8756 ' 
' 36 ' 22 66 513 4756 ' 
' 37 ' 1 4 33 205 3489 ' 
' 38 ' 30 00 9 0 0 0000 ' 
' 39 ' 26 00 676 0000 ' 
' 40 ' 25 66 ' 658 4356 ' 



D i f f e r e n c e b e t w e e n means . 

G r o u p I . 

c o n t i n u a t i o n . 

/O/ 

' N r o f s u b j e c t 

' X 
' ( S u m o f p e r f o r m a n c e t i m e s 
' f o r t h e t h r e e a n g l e s ) 
' t o t h e n e a r e s t 1/3 o f s e c . 

I. 
' X 

' 4 1 35 33 • 1246 2089 
' 42 2 4 66 ' 608 1156 
' 43 30 00 ' 900 0000 ' 
' 44 26 33 ' 693 2689 ' 

45 23 66 ' 559 7956 
' 46 17 00 ' 289 0000 ' 
' 47 28 00 ' 784 0000 
' 48 34 33 ' 1 1 7 8 , 5 4 8 9 ' 
' 49 37 66 ' 1418 2756 
' 50 26 00 ' 676 0000 
' 5 1 18 33 ' 335 9889 
' 52 17 00 ' 289 0000 ' 
' 53 20 33 ' 413 3089 ' 
' 54 3 1 00 ' 9 6 1 0000 ' 
' 55 17 66 ' 3 1 1 8756 ' 
' 56 ' 15 66 • 245 2356 ' 
' 57 ' 19 33 ' 373 6489 ' 
' 58 ' 30 66 • 940 0356 ' 
' 59 ' 23 33 ' 544 2889 ' 
' 60 ' 40 33 ' 1626 5089 • 

N — 60 s(s) - 1 7 3 5 . 0 0 S ( X T = 5 5 0 1 1 . 0 0 7 8 

^ s(x) 
Mean = X — 

1735 
2 8 . 9 1 6 6 

N 60 

V a r i a n c e - ^ . (7 
s(x') 

N 

— 2. 
-X 

5 5 0 1 1 . 0 0 7 8 

60 

_ ^ i 8 0 . 6 8 0 4 

BCIENCf 

8E0TI0" 



D i f f e r e n c e b e t w e e n means, 

G r o u p I I 

' X 
(Sum o f p e r f o r m a n c e t i m e s ' a. ' 

' N r o f s u b j e c t ' f o r t h e t h r e e 
t o t h e n e a r e s t 

a n g l e s ) ' 
1 /3 o f s e c . ' 

X ' 

• 1 ' 14 66 2 1 4 9156 • 
• 2 • 22 00 484 0000 ' 
• 3 ' 20 66 » 426 8356 ' 
• 4 ' 25 66 658 4356 ' 
• 5 ' 2 4 66 608 1156 ' 
' 6 ' 13 00 « 169 0000 ' 
' 7 ' 27 00 « 729 0000 ' 
' 8 » 30 33 919 9089 ' 
' 9 ' 33 33 1110 8889 ' 
' 10 ' 33 00 1089 0000 ' 
' 1 1 ' 2 1 33 4 5 4 9689 ' 
• 12 ' 3 1 33 9 8 1 5689 ' 
' 13 » 13 66 186 5956 ' 
' 1 4 ' 18 66 348 1956 • 
' 15 ' 17 00 289 0000 ' 
' 16 ' 1 3 33 177 6889 ' 
f 17 f 16 66 277 5556 ' 
• 18 ' 19 00 3 6 1 0000 ' 
' 19 ' 13 33 177 6889 
' 20 ' 22 33 498 6289 ' 
' 2 1 • 26 00 676 0000 • 
' 22 ' 2 1 00 4 4 1 0000 ' 
' 23 ' 16 00 256 0000 ' 
' 2 4 ' 19 00 3 6 1 0000 ' 
' 25 ' 20 00 400 0000 ' 
' 26 ' 18 33 335 9889 ' 
' 27 • 19 66 • 386 5156 ' 
• 28 ' 17 66 • 3 1 1 8756 • 
• 29 ' 22 00 484 0000 • 
' 30 • 12 00 144 0000 ' 
' 31 ' 13 00 • 169 0000 ' 
' 32 ' 18 33 335 9889 ' 
' 33 • 8 66 74 9956 ' 
• 34 ' 2 1 6« 469 1556 ' 
• 35 ' 13 66 186 5956 ' 
' 36 • 1 1 33 128 3689 ' 
' 37 ' 15 66 245 2356 ' 
• 38 ' 15 66 245 2356 ' 
' 39 ' 1 1 66 135 9556 ' 
' 40 • 8 66 74 9956 ' 



G r o u p I I 

c o n t i n u a t i o n , 

D i f f e r e n c e b e t w e e n means . 

f03 

• X ' 
'(Sum o f p e r f o r m a n c e t i m e s ' 

' N r o f s u b j e c t ' f o r t h e t h r e e a n g l e s ) ' 
' t o t h e n e a r e s t 1/3 o f s e c ' 

' 4 1 ' 19 66 ' 386 5156 ' 
' 42 ' 22 00 ' 4 8 i 0000 ' 
' 43 ' 18 66 ' 348 1956 ' 
' • 44 ' 42 33 ' 1 7 9 1 8289 ' 
' 45 • 16 00 ' 256 0000 ' 
' 46 ' 1 1 00 ' 1 2 1 0000 ' 
' 47 ' 13 00 ' 169 0000 ' 
' 48 ' 2 1 33 ' 454 9689 ' 
' 49 ' 10 66 ' 1 1 3 6356 ' 
' 50 ' 9 00 ' 8 1 0000 ' 
' 5 1 1 4 33 ' 205 3489 ' 
' 52 17 33 ' 300 3289 ' 
' 53 ' 17 00 ' 289 0000 ' 
' 54 ' 1 4 00 ' 196 0000 ' 
' 55 ' 28 33 • 802 5889 ' 
• 56 ' 2 1 66 ' 469 1556 ' 
' 57 ' 10 00 ' 100 0000 ' 
' 58 ' 9 33 ' 87 0489 ' 
' 59 ' 24 66 ' 608 1156 ' 
« 60 ' 14 00 ' 196 0000 ' 

S ( X ) ^ 1 1 1 5 , 3 3 

1 1 1 5 , 3 3 

S ( r ) = 2 3 4 8 4 , 6 3 0 0 N — . 60 

_ s(x) 
Mean =. X , 1 8 , 5 8 8 8 

N 60 
S(X^ 2 3 4 8 4 . 6 3 

V a r i a n c e - /w-( r ' -= - ^ * = —X^ 

N 60 

D i f f e r e n c e b e t w e e n means ( G r o u p I and Group I I ) — 

X^'X,^ 28.9/66-/S.fm= /0.3278 ; 

S t a n d a r d e r r o r o f d i f f e r e n c e = 

4 7 , 3 8 3 7 

6o 

C r i t i c a l r a t i o = A " ^ " ^ /0-32 7^ ^ 7o^B9 A ^^"^^• 



D i f f e r e n c e b e t w e e n means , 

G r o u p o f N u r s i n g s t a f f . 

W¥ 

X ' 
(Sum o f p e r f o r m a n c e t i m e s ' 

' N r o f s u b j e c t ' f o r t h e t h r e e a n g l e s ) ' 
t o t h e n e a r e s t 1/3 o f s e c ' 

x-^ 

' 1 ' 18 66 ' 348 1956 ' 
' 2 • 12 00 ' 1 4 4 0000 ' 
' 3 ' 9 00 • 8 1 0000 • 
' 4 ' 10 66 ' 113 6356 ' 
' 5 ' 7 66 ' 58 6756 ' 
' 6 ' 1 1 66 ' 135 9556 ' 
' 7 • 6 66 ' 4 4 3556 ' 
' 8 ' 18 00 ' 324 0000 ' 
' 9 ' 5 00 ' 25 0000 ' 
' 10 ' 1 4 00 ' 196 0000 ' 
• 1 1 ' 16 33 ' 266 6689 ' 
' 12 ' 7 66 ' 58 6756 ' 
• 13 ' 9 33 ' 87 0489 • 
» 14 t 8 00 ' 64 0000 • 
' 15 ' 9 33 ' 87 0489 ' 
' 16 ' 9 66 ' 93 3156 • 
' 17 ' 2 1 33 ' 4 5 4 9689 ' 
' 18 ' 15 66 ' 245 2356 ' 
' 19 • 28 66 ' 8 2 1 3956 ' 
' 20 ' 13 66 ' 186 5956 ' 
' 2 1 ' 7 66 ' 58 6756 ' 
' 22 ' 27 66 ' 765 0756 ' 
' 23 ' 17 33 ' 300 3289 ' 
' 24 • 7 66 58 6756 ' 
' 25 ' 7 00 ' 49 0000 ' 
' 26 ' 8 66 ' 74 9956 ' 
• 27 ' 1 4 00 ' 196 0000 ' 
' 28 ' 9 66 • 93 3156 ' 
' 29 • 3 66 ' 13 3956 ' 
' 30 ' 5 66 ' 32 0356 ' 
' 3 1 ' 8 66 ' 74 9956 ' 
' 32 • 7 33 ' 53 7389 ' 
• 33 • 10 00 • 100 0000 ' 
' 34 ' 8 33 • 69 3889 ' 
' 35 ' 10 33 ' 106 7089 ' 
' 36 ' 4 66 ' 2 1 7156 ' 
' 37 ' 9 66 ' 93 3156 ' 
' 38 ' 1 1 00 • 1 2 1 0000 ' 
' 39 ' 12 33 • 152 0289 ' 
' 40 ' 15 33 • 235 0089 ' 



D i f f e r e n c e b e t w e e n means, 

G r o u p o f n u r s i n g s t a f f , 

c o n t i n u a t i o n . 

X 
' ( S u m o f p e r f o r m a n c e t i m e s 

' N r o f s u b j e c t ' f o r t h e t h r e e a n g l e s ) 
' t o t h e n e a r e s t 1 /3 o f s e c . 

' X 

' 4 1 ' 6 66 ' 44 3556 ' 
' 42 ' 1 1 33 ' 128 3689 
' 43 ' 10 33 ' 106 7089 ' 
' 4 4 ' 10 00 ' 1 0 0 0000 
' 45 ' 8 33 ' 69 3889 ' 
' 46 ' 5 66 ' 32 0356 ' 
• 47 • 16 66 • 277 5556 ' 
' 4 8 ' 16 33 • 266 6689 ' 
' 49 • 1 4 33 ' 205 3489 ' 
' 50 ' 20 00 400 0000 ' 
' 5 1 ' 8 33 ' 69 3889 ' 
' 52 ' 1 3 00 ' 169 0000 ' 
' 53 ' 2 1 33 ' 454 9889 ' 
' 54 ' 12 66 ' 160 2756 ' 
' 55 ' 1 3 33 ' 177 6889 ' 
• 56 ' 4 66 ' 2 1 7156 ' 
' 57 ' 8 33 ' 69 3889 ' 
' 58 ' 22 00 ' 484 0000 ' 
' 59 ' 7 00 ' 49 0000 ' 
• 60 ' 8 33 ' 69 3889 ' 

N = 60 

Mean = X „ 

s(xT 

S ( X ) 

6 9 8 . 3 3 

6 9 8 . 3 3 

V a r i a n c e ^ = ^ l 

N 60 

S(x1 9 8 6 0 . 4 0 8 0 
_ i 

-X ^ 

ST2^:.9 8 6 0 . 4 0 8 0 

1 1 . 6 3 8 8 

Y'' = - 2 8 . 8 7 8 5 

N 60 

D i f f e r e n c e b e t w e e n means ( g r o u p I I and G r o u p o f n u r s i n g s t a f f ) = 

-^x^-x, = / ^ . j r m — 6 . 9 5 - ; 

S t a n d a r d e r r o r o f d i f f e r e n c e ^ JcJ^ ^ at - / 2^Jrff f ^rjf37 _ 

C r i t i c a l r a t i o = ^ 5 _ Z A _ ^AlL.^r/^A^ S'io '^t 11 W / , 



D i f f e r e n c e b e t w e e n m e a n s . 

A l e x a n d e r P e r f o r m a n c e S c a l e . 

G r o u p I 

' N r o f s u b j e c t 
• X ' 
'Sum o f r a w s c o r e ' X* i 

' 1 ' 79 ' 6 2 4 1 ' 
' 2 ' 18 ' 324 
' 3 ' 1 4 ' 196 ' 
' 4 ' 108 ' 1 1 6 6 4 • 
' 5 ' 20 ' 400 ' 
' 6 ' 18 • 324 ' 
' 7 ' 20 ' 400 ' 
' 8 ' 49 ' 2 4 0 1 ' 
' 9 ' . 19 5 6 1 • 
' 1 0 ' 48 ' 2304 ' 
' 1 1 ' 2 3 ' 529 ' 
' 12 ' 28 ' 784 ' 
' 13 44 • 1936 
' 1 4 20 ' 400 » 
' 15 45 ' 2025 ' 
' 16 ' 58 ' 3364 ' 

17 ' 73 ' 5329 ' 
1 8 54 ' 2916 ' 

' 19 ' 4 « 16 ' 
' 20 ' 10 ' 100 • 
' 2 1 83 ' 6889 ' 
' 22 • 8 ' 64 
' 2 3 ' 60 ' 3600 ' 
' 2 4 ' 10 ' 100 ' 
' 25 ' 83 ' 6889 ' 
' 26 ' 2 0 ' 400 ' 
' 27 ' 25 • 625 ' 
' 28 ' 30 ' 900 ' 
' 29 ' 50 ' 2500 • 
' 30 ' 54 ' 2916 • 
' 3 1 « 1 8 ' 324 ' 
' 32 • 20 ' 400 ' 
' 33 ' 16 256 ' 
' 34 ' 105 ' 11025 ' 
' 35 ' 18 ' 324 ' 
' 36 89 ' 7 9 2 1 ' 
' 37 ' 38 ' . 1 4 4 4 ' 
' 38 ' 17 ' 289 ' 
' 39 ' 16 ' 256 ' 
' 40 ' 30 ' 9 0 0 ' 



/P7 

D i f f e r e n c e between means, 

A l e x a n d e r Pe r fo rmance Sca le , 

Group I 

c o n t i n u a t i o n . 

' N r o f s u b j e c t 
' X 
' Sum o f raw score 

: ; 

t 4 1 ' 24 ' 576 ' 
42 • 16 
43 ' 17 • 289 ' 
44 • 87 ' 7569 ' 
45 ' 25 ' 625 ' 
46 • 30 • 900 ' 
47 19 ' 361 • 
48 ' 36 ' 1296 
49 ' 78 ' 6084 ' 
50 ' 15 ' 225 ' 

• 51 12 
• 52 17 ' 289 ' 

53 15 ' 225 ' 
54 ' 23 ' 529 ' 
55 ' 17 ' 289 ' 
56 ' 67 ' 4489 ' 
57 ' 29 ' 3481 ' 
58 ' 20 ' 400 ' 
59 ' 14 ' 196 

\ 60 • 20 • 400 ' 

N = 60 S { X ) ^ 2 1 4 1 S(X1-118419 

Mean = X — 

S(X) 

N 

2141 
35.68 

60 

S ( r i _ i 119419 
V a r i a n c e - X _ _ 1273.06 = . 700.59 

N 60 



D i f f e r e n c e between means, 

A l e x a n d e r Pe r fo rmance S c a l e . 

Group I I 

' N r o f s u b j e c t ' 
X ' 

Sum. o f raw score ' 
J-, 

X ' 

• 1 137 18769 ' 
' 2 ' 67 • 4489 ' 
' 3 ' 93 ' 8649 ' 
t 4 t 25 ' 625 • 
» 5 • 80 • 6400 ' 
' 6 • 44 t 19 36 ' 
f 7 f 126 • 15876 ' 
' 8 ' 61 • 3721 ' 
• 9 » 48 • 2304 ' 
' 10 ' 109 • 11881 ' 
' 11 ' 112 ' 12544 ' 
• 12 ' 67 ' 4489 ' 
• 13 ' 128 ' 16384 ' 
t 14 f 99 ' 9801 ' 
• 15 ' 93 ' 8649 ' 
' 16 ' 37 ' 1369 
• 117 • 120 ' 14400 ' 
' 18 • 93 ' 8649 ' 
' 19 » 95 ' 9025 ' 
' 20 • 58 ' 3364 ' 
' 2 1 • 155 ' 24025 ' 
' 22 ' 99 ' 9801 ' 
• 23 ' 142 • 20164 ' 
' 24 ' 118 ' 13924 ' 
' 25 ' 60 ' 3600 ' 
' 26 • 59 ' 3481 ' 
» 27 ' 112 ' 12544 ' 
' 28 • 99 ' 9801 ' 
' 29 • 65 ' 4225 ' 
' 30 136 ' 18496 ' 
' 31 ' 124 ' 15376 • 
' 32 • 125 • 15625 ' 
' 33 ' 155 ' 24025 ' 
• 34 102 ' 10404 ' 
' 35 ' 100 ' 10000 ' 
' 36 ' 63 ' 39 69 ' 
' 37 ' 103 ' 10609 ' 
' 38 ' 90 ' 8100 ' 
' 39 • 108 ' 11654 ' 
' 40 ' 117 13689 ' 



/o9 
D i f f e r e n c e between means. 

A l e x a n d e r Pe r fo rmance S c a l e . 

Group I I . 

c o n t i n u a t i o n . 

» X 
' N r o f s u b j e c t 'Sum o f raw score ; x " -

• 41 52 ' 2704 ' 
» 42 • 127 16129 ' 
' 43 ' 132 ' 17424 ' 
t 44 ' 87 ' 7 5 69 ' 
' 45 • 143 ' 20449 ' 
' 46 ' 111 • 12321 ' 
t 47 ' 40 ' 1600 ' 
' 48 ' 66 ' 4356 ' 
' 49 ' 111 ' 12321 ' 
• 50 ' 103 ' 10609 ' 
' 51 ' 14 ' 196 ' 
' 52 ' 78 ' 6084 ' 
' 53 ' 93 ' ' 8649 ' 
• 54 ' 108 ' 11664 ' 
• 55 ' 120 ' 14400 • 
» 56 ' 74 ' 5476 • 
• 57 ' 68 ' 4624 ' 
' 58 ' 111 ' 12321 • 
' 59 ' 102 10404 ' 
• 60 ' 89 ' 7921 ' 

N ^ 60 S(X)=5652 S(X^ — 594067 

_ s ( x ) 5652 
Mean = X _ 9 4 . 2 

N 60 

V a r i a n c e - ^ ^ _ X • = 9 9 0 1 . 1 1 — 8873.64 1027.47 

N 

D i f f e r e n c e between means (Group I and Group I I ) ^ 

S t a n d a r d e r r o r o f d i f f e r e n c e — _ {jioZJ-'^J-^'^oo S'f _ 

C r i t i c a l r a t i o = "f-' ''• - JlijJ^—- qc- Slo, / X, kue(. 



D i f f e r e n c e between means. 

Revised S t a n f o r d - B i n e t I n t e l l i g e n c e Sca l e , Form L . 
Group I 

no 

' X ' f ' f x ' fx -^ ' 

' 38 ' 5 ' 190 ' 7220 • 
' 39 ' 6 234 ' 9126 ' 
' 40 ' 2 ' 80 ' 3200 ' 
• 41 11 ' 451 ' 18491 ' 
' 42 ' 8 ' 336 ' 14112 ' 
• 43 ' 6 ' 258 ' 11094 ' 
• 44 ' 7 ' 308 ' 13552 ' 
' 46 ' 5 • 230 ' 10580 • 
' 47 • 4 ' 188 ' 8836 ' 
' 48 ' 3 ' 144 ' 6912 ' 
' 49 ' 3 ' 147 ' 7203 ' 

Mean =X = 

V a r i a n c e = ^ = (r^= 

Group I I 

N - S { f ) ^ 6 0 r f / x j=2566 ^^^/;/^110326 

( 1^ 

' X • f f x ' f x^ 

' 39 • 1 ' 39 ' 1521 ' 
' 41 1 ' 41 • 1681 ' 
' 42 4 ' 168 ' 7056 ' 
' 43 ' 2 ' 86 ' 3698 ' 
' 44 2 ' 88 ' 3872 ' 
' 46 3 • 138 ' 6348 ' 
f 47 4 ' 188 ' 8836 • 
' 48 ' 7 ' 336 ' 16128 ' 
' 49 7 ' 343 ' 16807 ' 
' 50 ' 4 200 ' 10000 ' 
' 51 ' 8 ' 408 ' 20808 ' 
' 52 ' 2 ' 104 ' 5408 ' 
' 53 ' 1 ' 53 ' 2809 • 
' 54 ' 4 ' 216 ' 11664 ' 
• 56 ' 7 ' 392 ' 21952 ' 
• 57 ' 3 ' 171 ' 9747 ' 

Mean 4 ^ = ^ = 4 - ^ . 0 

v a r i a n c e = ^ _ - ^ - ^ - ^ ^ = 2'^VZ.zS-J'^5o.2f^ 

D i f f e r e n c e between means (Group I and Group I I ) = : 

S t a n d a r d e r r o r o f d i f f e r e n c e =r f i l l ^ ~ l/ /o.jj-

C r i t i c a l r a t i o — - ^> 

6o 

S. IP. 73 
= Cj 23 J!^. / ^^^^^ 



C o r r e l a t i o n between pe r fo rmance t i m e and pressure 

Group I . 

/ / / 

' N r o f s u b j . 
' X 
'Sum o f p e r f o r . ' 
' t i m e s . ' 

Y ' 
Sum o f ' 
p r e s s u r e s . ' 

XY t 

• 1 ' 28 33 ' 16 17 ' 458 0961 ' 
' 2 ' 29 66 ' 6 67 ' 197 8322 ' 
» 3 29 00 ' 9 09 ' 263 6100 ' 
• 4 25 33 ' 13 88 ' 351 5804 ' 
' 5 ' 22 33 ' 17 02 ' 380 0566 ' 
• 6 ' 22 66 ' 10 45 ' 236 7970 ' 
' 7 ' 27 66 ' 7 05 ' 195 0030 ' 
' 8 ' • 25 33 ' 4 74 ' 120 0642 ' 
' 9 ' 47 33 ' 22 29 ' 1054 9857 ' 
' 10 ' 36 66 ' 9 14 ' 335 0724 ' 
' 11 ' 43 00 ' 9 68 ' 416 2400 ' 
' 12 40 33 ' 23 13 ' 9 32 8329 ' 

13 ' 46 33 ' 28 26 ' 1309 2858 ' 
t 14 t 39 66 ' 29 32 ' 1162 8312 ' 
' 15 ' 25 33 ' 19 88 ' 503 5604 ' 
• 16 ' 41 00 ' 11 32 ' 464 1200 ' 
' 17 ' 22 66 ' 12 29 ' 278 4914 ' 
' 18 ' 23 33 ' 10 24 ' 238 8992 ' 
' 19 ' 21 66 ' 9 56 ' 207 0696 ' 
' 20 ' 28 66 ' 22 53 ' 645 7098 ' 
• 2 1 ' 24 00 ' 10 27 • 246 4800 ' 
• 22 • 29 00 ' 15 04 ' 436 1600 ' 
• 23 • 23 33 ' 24 72 ' 576 7176 
' 24 ' 24 00 ' 9 70 ' 232 8000 
' 25 ' 36 65 ' 17 35 ' 636 0510 
' 26 ' 58 00 ' 20 73 ' 1202 3400 ' 
' 27 ' 20 33 ' 8 99 ' 182 7667 ' 
' 28 ' 32 33 ' 22 54 ' 728 7182 ' 
' 29 ' 38 00 • 20 86 ' 792 6800 ' 
' 30 47 66 • 39 08 ' 1862 5528 ' 
' 31 • 29 00 ' 14 72 ' 426 8800 ' 
' 32 ' 26 00 • 15 37 ' 399 6200 ' 
' 33 ' 20 66 ' 10 75 ' 222 0950 ' 
' 34 ' 21 66 ' 9 71 ' 210 3186 ' 
• 35 • 42 66 ' 32 55 ' 1388 5830 ' 
' 36 ' 22 66 ' 12 68 ' 287 3288 ' 
• 37 ' 14 33 ' 6 40 ' 91 7120 
' 38 ' 30 00 ' 22 96 ' 688 8000 ' 
• 39 ' 26 00 ' 6 72 ' 174 7200 ' 
' 40 ' 25 66 20 40 ' 523 4640 ' 



C o r r e l a t i o n between p e r f o r mance t i m e and p ressure . 

Group I 

C o n t i n u a t i o n . 

ilZ 

' X " Y 
' N r o f s u b j . 'Sum o f p e r f o r . ' 

' t i m e s . ' 
Sum o f 
p r e s su re s 

XY 

' 41 • 35 33 ' 30 00 ' 1059 9000 
' 42 • 24 66 ' 19 20 ' 473 4720 
' 43 ' 30 00 ' 16 41 ' 492 3000 
' 44 • 26 33 ' 13 63 ' 358 8779 
' 45 ' 23 66 ' 13 16 • 311 3656 
' 46 ' 17 00 ' 7 42 ' 126 1400 
' 47 ' 28 00 ' 22 45 ' 628 6000 ' 
' 48 ' 34 33 ' 16 13 553 7429 ' 
' 49 ' 37 66 ' 1 1 41 429 7006 ' 
• 50 • 26 00 ' 10 91 283 6600 ' 
' 51 ' 18 33 ' 5 66 103 7478 ' 

52 ' 17 00 ' 7 59 129 0300 ' 
' 53 ' 20 33 ' 9 40 191 1020 ' 
' 54 ' 31 00 ' 51 62 ' 1600 2200 ' 
' 55 » 17 66 ' 12 53 ' 221 2798 
' 56 ' 15 66 ' 8 41 131 7006 ' 
' 57 ' 19 33 ' 11 6 4 ' 225 0012 ' 
' 58 ' 30 66 ' 13 42 411 4572 ' 
' 59 ' 23 33 • 8 12 ' 189 4396 ' 
' 60 ' 40 33 ' 21 95 ' 889 2765 ' 

N 60 S{XY)^29872.9 393 

P r o d u c t moment c o r r e l a t i o n = : r = 

t/= 60 

IT -



C o r r e l a t i o n between pe r fo rmance t ime and p re s su re , 

Group I I . 

' N r o f s u b j . 
' X 
'Sum o f p e r f o r 
' t i m e s . 

r Y 
Sura o f ' 
p r e s s u r e s . ' 

XY ' 

' 1 ' 14 66 ' 1 83 ' 26 8278 ' 
' 2 ' 22 00 ' 5 97 ' 131 3400 ' 
' 3 ' 20 66 ' 9 71 ' 200 6086 ' 
' 4 ' 25 66 1 08 ' 27 7128 ' 
' 5 • 24 66 ' 8 01 ' 197 5266 ' 
' 6 ' 13 00 3 84 ' 49 9200 ' 
' 7 ' 27 00 2 18 ' 58 8600 ' 
' 8 30 33- 13 05 ' 395 8065 ' 
• 9 ' 33 33 ' 3 63 ' 120 9879 ' 
' 10 33 00 7 04 ' 232 3200 ' 
' 1 1 21 33 4 96 ' 105 79 68 ' 
• 12 31 33 2 63 • 82 3979 ' 
• 13 ' 13 66 ' 3 20 ' 43 7120 ' 
t 14 1 19 66 2 35 ' 43 8510 ' 
' 15 ' 17 00 ' 3 04 ' 51 6800 ' 

16 ' 13 33 ' 2 47 ' 32 9251 ' 
' 17 ' 16 66 ' 2 82 ' 46 9812 ' 
' 18 ' 19 00 ' 4 83 ' 9 1 7700 ' 
• 19 ' 13 33 ' 3 39 ' 45 1887 ' 
' 20 ' 22 33 ' 8 39 ' 187 3487 ' 

2 1 ' 26 00 ' 1 28 ' 33 2800 ' 
' 22 ' 21 00 7 40 ' 155 4000 ' 
' 23 ' 16 00 ' 7 61 ' 121 7600 ' 
' 24 ' 19 00 ' 10 01 ' 19:0 1900 ' 
' .25 ' 20 00 ' 9 18 ' 183 6000 ' 
' 26 ' 18 33 ' 6 81 ' 124 8273 ' 
• 27 ' 19 66 ' 2 28 ' 44 8248 ' 
' 28 • 17 66 ' 4 12 ' 72 7592 ' 
' 29 ' 22 00 ' 6 49 ' 142 7800 ' 
' 30 ' 12 00 ' 2 27 ' 27 2400 ' 
' 31 ' 13 00 ' 3 76 ' 48 8800 ' 
• 32 ' 18 33 ' 3 74 ' 68 5542 ' 
' 33 ' 8 66 ' 3 04 ' 26 3264 ' 
' 34 21 66 ' 2 17 47 0022 ' 
' 35 ' 13 66 ' 4 56 ' 62 2896 ' 
' 36 ' 11 33 ' 1 00 ' 11 3300 ' 
• 37 ' 15 66 ' 5 05 ' 79 0830 ' 
' 38 ' 15 66 ' 3 27 ' 51 2082 ' 
' 39 ' 11 66 1 98 • 23 0868 ' 
' 40 8 66 ' 0 60 ' 5 1960 ' 



C o r r e l a t i o n between pe r fo rmance t i m e and p ressure , 

Group I I , 

c o n t i n u a t i o n . 

' X Y ' r 
' N r o f s u b j . 'Sum o f p e r f o r Sum o f ' XY 

' t i m e s . p r e s s u r e s ' 

' 41 ' 19 66 
t 

8 19 ' 161 0154 • 
' 42 ' 22 00 ? 2 71 ' 59 6200 ' 
' 43 ' 18 66 t 2 97 ' 55 4202 ' 
' 44 42 33 « 1 30 ' 55 0290 • 
' 45 16 00 8 7 1 ' 139 3600 ' 
' 46 11 00 « 2 46 ' 27 0600 ' 
' 47 ' 13 00 1 17 15 2100 ' 
' 48 ' 21 33 f 4 98 ' 106 2234 ' 
' 49 ' 10 66 J 2 35 ' 25 0510 ' 
' 50 ' 9 00 1 50 ' 13 5000 ' 
' 51 ' 14 33 » 2 51 ' 35 9683 ' 
' 52 ' 17 33 t 4 09 ' 70 8797 ' 
' 53 ' 17 00 t 6 24 ' 106 0800 ' 
t 54 , 14 00 t 1 31 ' 18 3400 ' 
' 55 ' 28 33 f 10 75 ' 304 5475 ' 
' 56 ' 21 66 3 07 ' 66 4962 ' 
' 57 ' 10 00 f 3 20 ' 32 0000 ' 
' 58 ' 9 33 1 2 36 ' 22 0188 ' 
' 59 ' 24 66 10 38 ' 255 9708 ' 

60 ' 14 00 
t 

3 35 ' 46 9000 ' 

N = 60 S(XY)^5319o869 6 

P r o d u c t moment c o r r e l a t i o n — r 

ff 

-'1 

60 

_ i>.6767 



//5" 

C o r r e l a t i o n between pe r fo rmance t i m e and p res su re . 

Group o f n u r s i n g s t a f f . 

' X f Y ' 
' N r o f s u b j . 'Sum o f p e r f o r ' Sum o f ' XY t 

' t i m e s . t 

t 
p r e s s u r e s ' 

' 1 ' 18 66 f 3 59 ' 66 9894 ' 
' 2 ' 12 00 t 3 45 ' 41 4000 ' 
' 3 ' 9 00 t 1 14 ' 10 2600 ' 
' 4 ' 10 66 t 1 25 13 3250 ' 
' 5 ' 7 66 t 1 61 12 3326 ' 
' 6 1 1 66 t 1 12 13 0592 ' 
' 7 ' 6 66 t 0 91 ' 6 0606 ' 
' 8 ' 18 00 7 82 ' 140 7600 ' 
' 9 ' 5 00 f 1 75 ' 8 7500 ' 
' 10 ' 14 00 t 5 03 ' 70 4200 ' 
' 1 1 ' 16 33 t 3 25 ' 53 0725 ' 
' 12 ' 7 66 7 73 ' 59 2118 ' 
t 13 • 9 33 t 1 28 ' 11 9424 ' 
' 14 ' 8 00 1 77 ' 14 1600 ' 
' 15 9 33 t 3 17 ' 29 5761 ' 
' 16 9 66 t 1 52 ' 14 6832 
' 17 ' 21 33 » 2 09 ' 44 5797 ' 
' 18 ' 15 66 1 2 65 ' 41 4990 ' 
• 19 ' 28 66 f 4 63 ' 132 6958 ' 
' 20 ' 13 66 t 3 32 ' 45 3512 ' 
' 21 ' 7 66 1 2 90 ' 22 2140 ' 
' 22 ' 27 66 t 6 08 ' 168 1728 ' 
' 23 ' 17 33 » 6 93 ' 120 0969 ' 
' 24 ' 7 66 t 1 25 ' 9 5750 
• 25 ' 7 00 t 3 17 • 22 1900 ' 
' 26 ' 8 66 3 18 ' 27 5388 ' 
' 27 ' 14 00 7 12 ' 99 6800 ' 
' 28 • 9 66 t 0 82 ' 7 9212 ' 
' 29 ' 3 66 t 2 89 ' 10 5774 ' 
' 30 • 5 66 » 3 63 ' 20 5458 ' 
' 31 ' 8 66 1 85 ' 16 0210 ' 
' 32 ' 7 33 T 4 03 ' 29 5399 ' 
' 33 • 10 00 t 2 98 ' 29 8000 ' 
' 34 ' 8 33 1 1 67 ' 13 9111 ' 
' 35 ' 10 33 f 1 16 ' 11 9828 ' 
' 36 ' 4 66 t 1 55 ' 7 2230 ' 
' 37 ' 9 66 t 5 47 ' 52 8402 ' 
' 38 • 11 00 t 1 03 11 3300 ' 
' 39 • 12 33 t 8 03 ' 99 0099 ' 
' 40 ' 15 33 t 

» 
5 71 ' 87 5343 • 



J16 

C o r r e l a t i o n between pe r fo rmance t ime and p r e s s u r e . 

Group o f n u r s i n g s t a f f . 

c o n t i n u a t i o n . 

• X Y ' ' 
' N r o f s u b j . 'Sum o f p e r f o r t Sum o f ' XY ' 
\ ' t i m e s . t 

t 
p r e s s u r e s ' 

' 41 ' 6 66 
t 

2 33 ' 15 5178 • 
' 42 ' 11 33 1 2 12 ' 24 0196 ' 
' 43 10 33 t 4 01 ' 41 4233 ' 
t 44 • 10 00 3 51 ' 35 1000 ' 
' 45 ' 8 33 t 0 66 ' 5 4968 ' 
' 46 ' 5 66 t 0 60 ' 3 39 60 ' 
f 47 t 16 66 t 4 76 ' 79 3016 ' 
' 48 ' 16 33 t 4 64 ' 75 7712 ' 
' 49 ' 14 33 f 6 28 ' 89 9924 ' 
' 50 ' 20 00 t 2 27 ' 45 4000 ' 
' 51 ' 8 33 t 2 11 ' 17 5763 ' 
' 52 ' 13 00 T 4 21 ' 54 7300 ' 
' 53 ' 2 1 33 1 3 01 • 64 2033 ' 
' 54 ' 12 66 » 2 31 ' 29 2446 ' 
• 55 ' 13 33 t 1 39 ' 18 5287 ' 
' 56 ' > 4 66 t 0 43 ' 2 0038 ' 
' 57 ' 8 33 t 2 89 ' 24 0737 ' 
' 58 ' 22 00 t 9 57 ' 210 5400 ' 
' 59 ' 7 00 t 0 51 ' 3 5700 ' 
• 60 ' 8 33 t 

t 
2 83 ' 23 5739 ' 

N = 60 

P r o d u c t moment c o r r e l a t i o n ^ r 

S(XY) ^ 2 5 6 1 . 2 9 6 6 

— X 

A= //, 6388 
^ = 3. /82S 
(^3=. 2S.S7SS~ 

r = ̂  60 
— /A 63 U.^ 3J US 



//7 

C o r r e l a t i o n between S imple R e a c t i o n Time and P r e s s u r e . 

Group I . 

X Y f 
' N r o f sub j . ' St R• T . 'Sum o f 1 XY 

' p r e s s u r e s ' 
t f 

' 1 ' 407 ' 16 17 
t 
t 6581 19 ' 

' 2 • 366 ' 6 67 t 2441 22 ' 
' 3 • 952 ' 9 09 t 8653 68 ' 
' 4 ' 283 ' 13 88 t 3928 04 ' 
' 5 ' 301 ' 17 02 t 5123 02 ' 
' 6 ' 399 ' 10 45 t 4169 55 ' 
t 7 t 303 ' 7 05 t 2136 15 ' 
' 8 ' 250 ' 4 74 1185 00 ' 
' 9 ' 537 ' 22 29 f 11969 73 
' 10 ' 271 • 9 14 f 2476 94 ' 
• 1 1 ' 299 ' 9 68 t 2894 32 ' 
' 13 ' 362 ' 23 13 t 8373 06 
' 13 • 372 ' 28 26 t 10512 72 ' 
' 14 ' 302 ' 29 32 f 8854 64 ' 
' 15 ' 474 ' 19 88 T 9423 12 ' 
• 16 ' 291 ' 11 32 t 3294 12 ' 
' 17 ' 563 ' 12 29 t 6919 27 ' 
• 18 ' 342 ' 10 24 t 3502 08 ' 
• 19 ' 359 ' 9 56 t 3432 02 ' 
• 20 ' 394 ' 22 53 t 8876 82 ' 
' 2 1 ' 515 ' 10 04 f 5170 60 ' 
' 22 ' 327 • 24 72 f 8083 44 ' 
• 23 ' 609 ' 15 04 t 9159 36 ' 
' 24 ' 452 ' 9 70 t 4 384 40 • 
• 25 ' 307 ' 17 35 f 5326 45 ' 
• 26 ' 491 ' 20 73 f 10178 43 ' 
' 27 ' 333 ' 8 99 t 299 3 67 ' 
' 28 ' 347 • 22 54 t 7821 38 ' 
' 29 ' 711 • 20 86 t 14831 46 ' 
• 30 ' 594 * 39 08 t 23213 52 ' 
' 31 ' 387 ' 14 72 t 5696 64 ' 
' 32 ' 628 ' 15 37 t • 9652 36 ' 
' 33 ' 642 ' 10 75 t 6901 50 ' 
' 34 ' 518 ' 9 71 f 5029 78 ' 
' 35 ' 452 ' 32 55 t 14712 60 ' 
' 36 ' 316 ' 12 68 t 4006 88 ' 
' 37 ' 682 ' 6 40 t 4364 80 ' 
' 38 ' 342 ' 22 96 t 7852 32 ' 
' 39 ' 300 ' 6 72 t 2016 00 ' 
' 40 ' 546 ' 20 40 t 

f 
11138 40 ' 



/ / / 

C o r r e l a t i o n between Simple R e a c t i o n Time and P r e s s u r e . 

Group I . 
c o n t i n u a t i o n . 

' N r o f s u b j . ' 
X 

S. R. T . 
' Y ' 
'Sum o f ' 
' p r e s s u r e s . ' 

XY ' 

t 4 1 t . 297 ' 30 00 ' 8910 00 ' 
' 42 ' 412 ' 19 20 ' 7910 40 ' 
' 43 ' 273 ' 16 41 ' 4479 93 ' 
' 44 ' 520 ' 13 63 ' 7087 60 ' 
' 45 ' 567 • 13 16 ' 7461 72 ' 
' 46 ' 486 • 7 42 ' 3606 12 ' 
t 47 t 383 ' 22 45 ' 8598 35 ' 
' 48 ' 392 • 16 13 ' 6322 96 ' 
' 49 ' 312 • 1 1 41 ' 3559 92 

50 • 323 ' 10 91 ' 3523 93 ' 
' 51 316 ' 5 66 ' 1788 56 • 
' 52 • 517 ' 7 59 ' 3924 03 ' 
' 53 ' 364 ' 9 40 ' 3421 60 ' 
' 54 ' 358 ' 51 62 ' 18479 96 * 
• 55 ' 666 ' 12 53 ' 8344 98 ' 
' 56 ' 575 ' 8 41 ' 4835 75 ' 
' 57 ' 459 ' 11 64 ' 5342 76 ' 
' 58 ' 512 ' 13 42 ' 6871 04 ' 
' 59 ' 367 ' 8 12 ' 2980 04 ' 
' 60 ' 365 ' 21 95 ' 8011 75 ' 

N ^ 6 0 S{XY)^402742.10 

P r o d u c t moment c o r r e l a t i o n — r ^ 

r -
j^o27^n^ ^29. 9/66X f^.^ys-/ 

Go 

j 1^705:1^011 ^ 75:5516 

G7oio7 

385'' i 
6/ 



'/9 
C o r r e l a t i o n between S imple Reac t ion Time and P r e s s u r e . 

Group I I . 

•Nr o f s u b j . • 
X 

S. R, T . 
' Y 
'Sum o f ' 
' p r e s s u r e s . ' 

XY ' 

' 1 ' 195 ' 1 83 ' 356 85 ' 
' 2 ' 259 ' 5 97 ' 1546 23 ' 
» 3 ' 250 ' 9 71 ' 2427 50 ' 
' 4 ' 231 ' 1 08 • 249 48 ' 
• 5 ' 232 ' 8 01 1858 32 ' 
' 6 ' 199 ' 3 84 ' 764 16 ' 
t 7 f 240 ' 2 18 ' 523 20 ' 
• 8 ' 293 ' 13 05 ' 3823 65 ' 
• 9 • 172 ' 3 63 ' 624 36 ' 
' 10 • 238 ' 7 04 ' 1675 52 ' 
' 1 1 ' 252 ' 4 96 ' 1249 92 ' 
' 12 ' 214 ' 2 63 ' 562 82 ' 
' 13 ' 194 ' 3 20 ' 620 80 ' 
' 14 • 272 ' 2 35 • 639 20 ' 
' 15 ' 214 ' 3 04 650 56 
' 16 • 276 ' 2 47 ' 681 72 ' 
• 17 ' 279 ' 2 82 ' 786 78 ' 
' 18 • 288 ' 4 83 ' 1391 04 ' 
' 19 ' 254 ' 3 39 ' 861 06 ' 
' 20 ' 226 ' 8 39 ' 1896 14 ' 
' 21 • 250 ' 1 28 ' 320 00 ' 
» 22 ' 331 ' 7 40 ' 2449 40 ' 
' 23 ' 230 ' 7 61 ' 1750 30 ' 
' 24 ' 311 • 10 01 ' 3113 11 ' 
• 25 ' 307 • 9 18 ' 2818 26 ' 
• 26 ' 237 ' 6 81 ' 1613 97 ' 
' 27 ' 304 ' 2 28 ' 693 12 
' 28 ' 169 ' 4 12 696 28 ' 
' 29 ' 308 ' 6 49 ' 1998 92 ' 

30 • 227 ' 2 27 • 469 89 ' 
' 31 ' 257 ' 3 76 ' 966 32 ' 
' 32 • 293 ' 3 74 ' 1095 82 ' 
' 33 ' 258 • 3 04 784 32 ' 
' 34 ' 29 0 ' 2 17 ' 629 30 ' 
' 35 ' 225 ' 4 54 1026 00 ' 
' 36 ' 191 ' 1 00 ' 191 00 ' 
' 37 ' 205 ' 5 05 ' 1035 25 ' 
' 38 ' 274 ' 3 27 ' 895 98 ' 
' 39 ' 192 1 98 ' 380 16 
' 40 ' 354 ' 0 60 ' 212 40 ' 



120 

C o r r e l a t i o n between Simple R e a c t i o n Time and Pressure 

Group I I , 
c o n t i n u a t i o n o 

' N r o f s u b j , ' 
- V 

So R0 To 
Y » 

'Sum o f ' 
' p r e s s u r e s . ' 

XY 

' 41 ' 178 ' 8 19 ' 1457 82 ' 
' 42 ' 209 ' 2 71 ' 566 39 ' 
' 43 ' 174 ' 2 97 ' 516 78 
' 44 ' 256 ' 1 30 ' 345 80 ' 
' 45 ' 235 ' 8 71 ' 2046 85 ' 
' 46 ' 286 ' 2 48 ' 703 56 ' 
f 47 t 210 ' 1 17 ' 245 70 ' 
» 48 ' 272 ' 4 98 ' 1354 56 ' 
' 49 ' 194 ' ' 2 35 ' 455 90 ' 
' 50 ' 165 ' 1 50 ' 247 50 ' 
' 51 ' 241 ' 2 51 ' 604 91 ' 
' 52 ' 265 ' 4 09 ' 1083 85 ' 
' 53 ' 182 ' 6 24 ' 1135 68 ' 
' 54 ' 213 ' 1 3 1 ' 279 03 ' 
' 55 ' 213 ' 10 75 ' 2289 75 ' 
' 56 ' 289 ' 3 07 ' 887 23 ' 
' 57 ' 278 ' 3 20 ' 889 60 ' 
' 58 ' 176 ' 2 36 ' 415 36 ' 
' 59 ' 295 ' 10 38 ' 3062 10 ' 
' 60 ' 228 ' 3 35 ' 763 80 ' 

N — 60 S(XY) ^ 6 5 6 8 1 , 2 8 

P r o d u c t Moment c o r r e l a t i o n = : r = : . 

J/i^j ^ 6568/.QS 

/V 

( 7 - / = / f 50.3333 

(T^^ :^ S.38^f 

CO 

. 18so. 3333 ^ f'38/9 



/Z/ 

C o r r e l a t i o n between Simple R e a c t i o n Time and Pressu re , 

Group o f n u r s i n g s t a f f . 

X • Y t 

»Nr o f sub j . ' S. R. T . 'Sum o f p re s su res I 
t 

XY ' 

' 1 ' 147 ' 3 

« 

59 * 527 73 ' 
t 2 ' 182 ' 3 45 ' • 627 90 ' 
t 3 ' 197 ' 1 14 ' 224 58 ' 
t 4 t 212 ' 1 25 265 25 ' 
t 5 ' 167 ' 1 61 ' 268 87 ' 
1 6 t 180 ' 1 12 ' 201 60 ' 
t 7 t 171 ' 0 9 1 ' 155 61 ' 
t 8 • 144 ' 7 82 ' 1126 08 ' 
' 9 » 184 ' 1 75 ' 322 00 
« 10 t 159 ' 5 03 ' 799 77 ' 
' 1 1 ' 191 ' 3 25 620 75 ' 
• 12 t 169 ' 7 73 ' 1306 37 ' 
' 13 t 177 ' 1 28 ' 226 56 ' 
» 14 » 178 • 1 77 ' 315 06 ' 
• 15 ' 167 ' 3 17 ' 529 39 ' 
' 16 ' 197: ' 1 52 ' 299 44 ' 
t 17 » 180 ' 2 09 ' 376 20 ' 
• 18 • 149 ' 2 65 ' 394 85 ' 
' 19 ' 163 ' 4 63 ' 754 69 ' 
' 20 t 165 ' 3 32 ' 547 80 ' 
' 21 ' 181 ' 2 90 ' 524 90 ' 
t 22 » 172 ' 6 08 ' 1045 76 ' 
' 23 • 184 6 93 ' 1275 12 • 
« 24 t 160 ' 1 25 ' 200 00 ' 
' 25 ' 170 • 3 17 ' 538 90 ' 
• 26 ' 167 ' 3 18 ' 531 06 
' 27 ' 156 ' 7 12 1110 72 ' 
• 28 ' 164 ' 0 82 ' 134 48 ' 
' 29 ' 182 ' 2 89 ' 525 98 ' 
' 30 t 155 3 63 ' 562 65 ' 
' 31 ' 188 ' 1 85 ' 347 80 ' 
' 32 190 ' 4 03 ' 765 70 ' 
• 33 ' 214 ' 2 98 ' 637 72 ' 
' 34 • 210 ' 1 67 ' 350 70 ' 
• 35 • 19 5 ' 1 16 ' 226 20 ' 
' 36 ' 218 ' 1 55 ' 337 90 ' 
• 37 ;' 165 ' 5 47 ' 902 55 ' 
» 38 • 191 ' 1 03 ' 196 73 ' 
• 39 ' 215 ' 8 03 1726 45 

40 « 171 ' 5 71 ' 976 41 ' 



nz 

C o r r e l a t i o n between Simple R e a c t i o n Time and Pressure , 

Group o f n u r s i n g s t a f f . 

c o n t i n u a t i o n , 

X t Y ' 
' N r o f s u b j . ' So R, T , ' Sum o f ' XY 

I t p r e s s u r e s . ' * 

' 41 ' 203 t 2 33 ' 472 99 ' 
' 42 ' 183 T 2 12 ' 387 96 ' 
' 43 ' 189 T 4 01 ' 757 89 ' 
' 4 4 ' 176 ? 3 51 ' 617 76 ' 
' 45 ' 217 t 0 66 ' 143 22 ' 
' 46 ' 184 t 0 60 ' 110 40 ' 
' 47 ' 190 » 4 76 ' 904 40 ' 
' 48 ' 198 t 4 64 ' 918 72 ' 
' 49 ' 200 6 28 ' 1256 00 ' 
' 50 ' 168 » 2 27 ' 381 36 
' 51 ' 203 f 2 11 ' 428 33 ' 
' 52 ' 156 t 4 21 ' 656 76 ' 
' 53 ' 183 f 3 01 ' 550 83 ' 
' 54 ' 181 t 2 31 ' 418 11 ' 
' 55 ' 181 t 1 39 ' 251 59 
' 56 ' 204 » 0 43 ' 87 72 • 
' 57 ' 175 t 2 89 ' 505 70 
' 58 ' 199 » 9 57 ' 1904 43 ' 
' 59 ' 175 1 0 51 89 25 
' 60 ' 165 t 

f 
2 83 ' 466 95 

N=s60 

P r o d u c t moment c o r r e l a t i o n ^ r 

S(XY) = 34118, 35 

//^ Co . 

/80.7S33 
f=3.f82S 

0 

3 V//8-35 
Co 

-/go. 7i33x3./M 

370.3/5'/ y '7'5Z/^ 

— O. /6S~ 7^o7 Sj^iu'i^'^^'tr. 



C o r r e l a t i o n between Simple Reaction Time and Performance Time, 

Group I 

*Nr o f subj.' 
S 

S. R. T. 
1 Y ' 
'Sum of p e r f o r . ' 
• times. ' 

XY 

' 1 ' 407 ' 28 33 ' 11530 31 
' 2 ' 366 ' 29 66 ' 10855 56 ' 
• 3 ' 952 ' 29 00 ' 27608 00 ' 
f 4 t 283 ' 25 33 ' 7168 39 ' 
' 5 ' 301 ' 22 33 ' 6721 33 • 
' 6 ' 399 ' 22 66 ' 9041 34 ' 
t 7 t 303 ' 27 66 ' 8380 98 
' 8 ' 250 ' 25 33 ' 6332 50 
' 9 ' 537 ' 47 33 • 24016 21 

10 271 ' 36 66 ' 9934 86 ' 
• 11 • 299 » 43 00 ' 12857 00 ' 
' 18 ' 362 ' 40 33 ' 14599 46 
• 13 ' 372 ' 46 33 ' 17234 76 • 
t 14 , 302 ' 39 66 ' 11977 32 ' 
• 15 ' 474 ' 25 33 ' 12006 42 
» 16 ' 291 ' 41 00 ' 11931 00 ' 
t 17 t 563 ' 22 66 • 12757 48 
• 18 ' 342 ' 23 33 ' 7978 86 ' 
' 19 • 359 ' 21 66 ' 5609 94 ' 
' 20 ' 394 • 28 66 ' 11292 04 ' 
' 21 515 ' 24 00 • 12360 00 ' 
' 22 327 ' 29 00 ' 9483 00 ' 
' 23 452 ' 23 33 ' 10545 16 • 
» 24 • 307 • 24 00 7368 00 
• 25 • 491 36 66 ' 18000 06 
' 26 ' 333 ' 58 00 ' 19314 00 ' 
• 27 ' 347 ' 20 33 ' 7054 51 • 
• 28 • 711 • 32 33 ' 22986 63 
' 29 ' 594 ' 38 00 22572 00 
• 30 ' 609 ' 47 66 ' 28024 94 ' 
' 31 ' 387 ' 29 00 • 10623 00 
' 32 ' 628 ' 26 00 ' 16328 00 ' 
' 33 ' 642 ' 20 66 ' 13263 72 
' 34 ' 518 ' 21 66 11219 88 ' 
' 35 » 452 ' 42 66 ' 19282 32 ' 
' 36 316 22 66 7160 56 ' 
' 37 • 682 ' 14 33 • 9 783 06 ' 
' 38 • 342 ' 30 00 ' 10260 00 
' 39 ' 300 ' 26 00 ' 7800 00 ' 
' 40 ' 546 ' 25 66 ' 14010 36 • 



C o r r e l a t i o n between Simple Reaction Time and Performance Time, 

Group I 

c o n t i n u a t i o n . 

X ' Y 
'Nr of subj . ' S. R. T. 'Sum of p e r f o r . 

' times 
' XY 

' 41 ' 412 24 66 ' 10159 92 
' 42 ' 29 7 35 33 ' 10443 01 
' 43 ' 273 30 00 ' 8190 00 

44 • 520 26 33 • 13691 60 
' 45 ' 567 23 66 ' 13415 22 
• 46 ' 486 17 00 ' 8262 00 ' 
t 47 t 383 ' 28 00 ' 10694 00 ' 
• 48 ' 392 ' 34 33 ' 13457 36 ' 
» 49 • 312 ' 37 66 11749 92 ' 
' 50 323 ' 26 00 ' 8398 00 ' 
' 51 • 315 ' 18 33 5792 28 ' 
' 52 • 517 ' 17 00 8749 00 ' 
• 53 • 364 • 20 33 7400 12 ' 
' 54 ' 358 ' 31 00 11098 00 • 
' 55 ' 666 ' 17 66 11761 56 ' 
' 56 ' 575 ' 15 66 9004 50 ' 
' 57 ' 459 19 33 ' 8872 47 ' 
• 58 • 512 ' 30 66 ' 15697 92 ' 
' 59 ' 367 ' 23 33 ' 8562 11 ' 
' 60 ' 365 ' 40 33 • 13520 45 ' 
N=60 S(Xy)z^726232.40 

Product moment c o r r e l a t i o n ^ : r =: /V 

/v= Co 

^ SO. 680^ 

7Z6232-^0 i/2.f.9/66x2K.9/a 
CO 

f / 705'./S^o^ ̂  SO, BSo^ 

- i l l 7265 

/2G0.3 



O o r r e l e t i o n between Simiole Reaction Time and Performence Tine. 

Group I I 

t t 

;Nr of subj. ' 
S ' 

S o R0 T o ' 

Y 
Sum of p e r f o r . » 

times. ' 
13 « 

' 1 ' 195 ' 14 66 1688 70 ' 
' 2 ' 259 ' 22 00 ' 5698 OC 
• 3 ' 250 ' 20 66 5165 00 ' 
' 4 ' 231 25 66 ' 5987 46 
' 5 ' 232 ' 24 66 5721 .18 • 
' 6 ' 199 ' 13 00 ' 8587 00 ' 
' 7 ' 240 ' 27 00 ' 6480 00 ' 
• 8 • 293 ' 30 33 8886 69 • 
' 9 ' 172 ' 33 33 ' 5732 76 ' 
« 10 ' 238 33 00 ' 7854 00 ' 
' 11 ' 252 ' 81 33 5375 16 ' 
' 12 214 ' 31 33 ' 6704 68 ' 
• 13 ' 194 ' 13 66 ' 8650 04 ' 

14 272 ' 18 66 ' 5075 52 ' 
' 15 ' 214 ' 17 00 ' 3638 00 ' 
' 16 276 ' 13 33 ' 3679 OP 
t 17 279 ' 16 66 ' 4548 14 ' 

18 288 . ' 19 00 ' 5478 00 ' 
' 19 ' 254 13 33 ' 3385 82 ' 
' 20 • 226 ' 22 33 ' 5046 58 ' 
' 21 250 • ' 26 00 6500 00 ' 

22 ' 331 21 00 6951 00 ' 
' 23 ' 230 ' 16 00 3680 00 ' 
• 24 ' 311 ' 19 00 ' 5909 CO ' 

25 307 ' 20 00 ' 6140 00 
26 ' 237 ' 18 33 4544 81 
27 » 304 ' 19 66 ' 5976 64 ' 

' 28 ' 169 ' 17 66 ' 8984 54 ' 
' 29 ' 308 ' 22 00 ' 6776 OC 
' 30 ' 207 ' 12 00 ' 8484 00 ' 
' 31 ' 257 13 00 • 3341 00 
' 32 • ' 293 ' 18 33 ' 5370 69 ' 
' 33 ' 258 8 66 ' 8834 88 ' 
' 34 ' 290 21 66 ' 6873 50 ' 
' 35 ' 225 ' 13 66 ' 3073 50 ' 
' 36 ' 191 ' 11 33 ' 8164 03 
' 37 ' 205 ' 15 66 ' 3810 30 ' 
» 38 ' 274 ' 15 66 ' 4890 B4 ' 
' 39 ' 192 ' 11 66 ' 8838 78 
' 40 354 ' 8 66 ' 3065 64 ' 
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C o r r e l a t i o n between Simple Reaction Time and Performance Time 

Group I I 
c o n t i n u a t i o n . 

X ' y 
•Nr of subj.' S. R. T. 'Sum of p e r f o r . ' 

' times. ' 
XY 

t 41 . 178 19 66 ' 3499 48 • 
• 42 • 209 ' 22 00 • 4598 00 • 
» 43 ' 174 18 56 • 3246 84 ' 
t 44 t 266 42 33 • 11259 78 ' 
' 45 » 235 16 00 • 3760 00 ' 
' 46 ' 286 11 00 • 3146 00 ' 
t 47 t 210 ' 13 00 • 273§ 00 • 
• 48 ' 272 ' 21 33 ' 5801 76 
• 49 • 194 ' 10 66 ' 2068 04 
» 50 • 165 ' 9 00 • 1485 00 ' 
" 5 1 ' 241 ' 14 33 ' 3453 53 ' 
' 52 265 ' 17 33 • 4592 45 • 
' 53 ' 182 ' 17 00 ' 3084 00 
• 54 • 213 14 00 • 2982 00 
' 55 • 213 ' 28 33 ' 6034 29 ' 
' 56 ' 289 • 21 66 ' 6259 74 ' 
' 57 ' 278 • 10 00 ' 2780 00 • 
• 58 • 176 ' 9 33 ' 1642 08 
' 59 • 295 ' 24 66 ' 7274 70 ' 
• 60 ' 228 ' 14 00 ' 3192 00 ' 

N=60 

Product moment c o r r e l a t i o n = r = 

S(XY)z.271331.11 

— \ 
IV 7 

(rJ-= /SS'0.3333 

0^-^= ^7.3S'37 

7" = 

2.7/33/.!/ 

f /850.3333 < ^"7,3^37 

Z9 6. I 
- O.O^^ 7^o£ S.'J^u,'/^'ea^r7tr 
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C o r r e l a t i o n between Simple Reaction Time and Performance Time, 

Group of nursing s t a f f . 

' Nr o f subj.' 
X 

S.R.T. 
' Y • 
' Sum of perfor .' 
' times. ' 

XY t 

' 1 ' 147 • 18 66 ' 2743 02 ' 
• 2 • 182 12 00 ' 2184 00 ' 
• 3 ' 197 9 00 ' 1773 00 ' 
t 4 t 212 10 66 ' 2259 92 ' 
' 5 ' 167 • 7 66 • 1279 22 ' 
• 6 ' 180 ' 11 66 ' 2098 80 ' 
t 7 t 171 • 6 66 ' 1138 86 ' 
« 8 ' 144 ' 18 00 ' 2592 00 ' 
' 9 ' 184 ' 5 00 ' 920 00 ' 

10 159 ' 14 00 ' 2226 CO ' 
11 • 191 ' . 16 33 ' 3119 03 ' 
12 ' 169 ' 7 66 1294 54 ' 
13 177 ' 9 33 ' 1651 41 ' 
14 178 ' 8 00 ' 1424 00 ' 
15 • 167 • 9 33 1558 11 • 

• 16 197 ' 9 66 • 1903 02 ' 
t 17 t 180 ' 21 33 ' 3839 40 ' 
' 18 ' 149 ' 15 66 2333 34 ' 
' 1^ ' 163 ' 28 66 ' 4671 58 ' 
• 20 165 13 66 ' 2253 90 ' 
' 21 • 181 ' 7 66 1386 46 ' 
' 22 ' 172 ' 27 66 ' 4757 52 ' 
' 23 184 ' 17 33 3188 72 ' 
' 24 ' 160 ' 7 66 ' 1225 60 ' 
' 25 ' 170 ' 7 00 1190 00 ' 
' 26 ' 167 ' 8 66 ' 1446 22 ' 
' 27 • 156 ' 14 00 ' 2184 UO ' 
' 28 • 164 9 66 ' 1584 24 ' 
' 29 ' 182 ' 3 66 ' 666 12 ' 

30 ' 155 5 66 ' 877 30 ' 
' 31 • 188 ' 8 66 ' 1628 08 ' 
' 32 » 190 ' 7 33 1392 70 ' 
' 33 « 214 ' 10 00 ' 2140 00 ' 
• 34 ' 210 ' 8 33 ' 1749 30 • 
' 35 ' 195 ' 10 33 ' 8014 35 
' 36 ' 218 ' 4 66 1015 88 ' 
' 37 ' 165 ' 9 66 1593 90 ' 
' 38 ' 191 11 00 ' 8101 00 ' 

39 215 12 33 ' 8650 95 ' 
' 40 ' 171 ' 15 33 ' 8681 43 ' 



C o r r e l a t i o n between Simple Reaction Time and Performance Time, 

Group of nursing s t a f f , 

c o n t i n u a t i o n . 

'Nr of s u b j , ' 
X 

So R0 To 
Y 

'Sum of perforo' 
' timeso ' 

XY 

» 41 ' 203 ' 6 66 1351 98 ' 
t 42 » 183 ' 11 33 2073 39 ' 
t 43 t 189 ' 10 33 ' 1952 37 ' 
t 44 176 ' 10 00 ' 1760 00 ' 
' 45 ' 217 ' 8 33 ' 1807 61 ' 
' 46 ' 184 ' 5 66 ' 1041 44 ' 
, 47 » 190 ' 16 66 ' 3165 40 ' 
' 48 ' 198 16 33 ' 3233 34 ' 

49 ' 200 ' 14 33 ' 2866 00 ' 
t 50 168 ' 20 00 ' 3360 00 ' 
' 51 ' 203 ' 8 33 ' 1690 99 ' 
' 52 ' 156 ' 13 00 ' 2028 00 ' 
• 53 ' 183 ' 21 33 ' 3903 39 ' 
' 54 181 ' 12 66 ' 2291 46 ' 
' 55 • 181 ' 13 33 ' 2412 73 ' 
' 56 ' 204 ' 4 66 ' 950 64 ' 
' 57 ' 175 • 8 33 ' 1457 75 ' 
' 58 ' 199 ' 22 00 4378 00 ' 
' 59 ' 175 ' 7 00 ' 1225 00 ' 
' 60 165 8 33 1374 45 ' 

N = 6 0 S(XY)-^24996.86 

Product moment c o r r e l a t i o n cr r — ^ 7 

/ = /So. 7^33 
^ = II. 

<^/= 310-3 IS I 

iz¥99b.U _ /^o.'7S33xfl.b3n 
60 

30.7' Of 
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C H A P T E R V I I . 

KINESTHETIC DISCRIMINATION EXPERIMENT. 

(1) The present experiment was c a r r i e d out before the 
main experiment and four independent groups o f subjects were 
used, each c o n s i s t i n g of 30 adult subjects. 
The mean I Q, of each group being 40, 50, 60 and 106. 

The r e s u l t s are p a r t i c u l a r l y important i n showing 
a s i g n i f i c a n t d i f f e r e n c e between the mean scores of the 40 and 
50 I.Q, groups. 

(2) As these two groups are very close to the two groups 
of subjects which took p a r t i n the main experiment wit h regard 
to t h e i r mean I.Q's {40 & 50 and 42^ 76, & 49.5) r e s p e c t i v e l y , 
some of the conclusions drawn from the present experiment seem 
to be applicable to the conclusions drawn from the main 
experiment. 

1. Purpose o f the experiment. 

The main purpose of t h i s experiment was to investigate 
the r e l a t i o n s h i p s , i f any, between groups of subjects of various 
i n t e l l i g e n c e l e v e l s and t h e i r a b i l i t y to discriminate d i f f e r e n t 
weights. I n a d d i t i o n i t was expected that some other relevant 
i n f o r m a t i o n would be obtained on the f o l l o w i n g : - (1) the 
inf l u e n c e of misleading v i s u a l clues on the Kinesthetic d i s c r i m ­
i n a t i o n ; (2) a b i l i t y to improve performance w i t h p r a c t i c e ; 

(3) Degree o f v a r i a b i l i t y i n dealing w i t h s t i m u l i ; (4) Relation­
ship between the d i s t r i b u t i o n of actual scores i n p a r t i c u l a r 
t r i a l s to the d i s t r i b u t i o n of these scores according to chance; 
d i f f e r e n c e s i n scores which would be a t t r i b u t e d to sex differences. 

(2) Selection of subjects and d i v i s i o n of them i n t o four groups. 

120 a d u l t subjects were selected, 60 females and 60 
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males. 90 subjects were mentally defective p a t i e n t s , selected 
on the basis of t h e i r r e s u l t s obtained on the Revised Stanford-
Binet I n t e l l i g e n c e Scale, the 30 remaining subjects were members 
of the nursing s t a f f selected at random by the Chief I'ale Nurse 
and the Matron. 

Mentally d e f e c t i v e subjects were divided according 
to t h e i r I.Q's i n t o three groups. Each group consisted of 
30 subjects, 15 male and 15 female p a t i e n t s . The I.Q's of the 
f i r s t group varied between 38 and 42, the mean I.Q,. being 40; 
the I.Q's of the second group varied between 48 and 52, the 
mean I.Q. being 50 and the I.Q's of the t h i r d group varied 
between 58 and 62, the mean I.Q. being 60. The I.Q's of the 
group composed of the nursing s t a f f were not measured, but i t 
could be s a f e l y assumed t h a t the mean I.Q. of t h i s group would 
be somewhere about 106. This l a s t f i g u r e represents the mean 
I.Q. o f 96 prospective student nurses and nursing scholars 
tested by the w r i t e r i n the l a s t three years on the Revised 
Stanford-Binet t e s t . Form L. 

3. Apparatus and procedure. 

The experiment consists of two pa r t s . For the f i r s t 
p a r t o f the experiment 5 t i n s of the same shape and colour were 
used. Each t i n was 4 inches i n height and 3.3 inch i n diameter. 
Each t i n was loaded w i t h a d i f f e r e n t q u antity of sand so t h a t 
t h e i r weights were 200, 112, 224, 336 and 248 gm. r e s p e c t i v e l y . 
For the second part of the same experiment, intended to measure 
the i n f l u e n c e of misleading v i s u a l clues on Kinesthetic 
d i s c r i m i n a t i o n , 5 b o t t l e s of the same shape and colour were 
used. Each b o t t l e was the standardized type f o r 4 f l u i d ounces, 
amber coloured. The b o t t l e s were f i l l e d to various l e v e l s w i t h 
d i f f e r e n t f l u i d s up to the weights 200, 212, 224, 236 and 248 gm 
r e s p e c t i v e l y . I n the table below are given; number of each 
b o t t l e , i t s weight, type and l e v e l of f l u i d i n each b o t t l e . 
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'Nr of b o t t l e • 1 ' 2 
I f 

' 3 ' 4 
t f 

' 5 ' 

'Weight of the 
' b o t t l e i n gm. 

' 224 ' 200 
I t 

' 248 ' 236 
1 t 

' 212 ' 

'Type of f l u i d ' O i l 'Ether 
r ! 
'Sugar'Glyce-
'Syrup'rine. 

'Paralde-' 
'hyde. ' 

'Level of f l u i d 
' i n inches. 

' 2.65'2.55 2.35 '2.25 ' 2.05 ' 

4. Procedure and Scoring. 

Each subject, when s i t t i n g comfortable at the table, 
has been presented w i t h the f i v e t i n s and has been asked t o l i f t 
them up and p o i n t to the heaviest one. V/hen he did so, that 
t i n was taken av;ay and he v/as asked to select the second heaviest, 
and so on. Two minutes a f t e r the f i r s t part of the experiment 
was completed he was presented w i t h f i v e b o t t l e s , and the 
procedure was repeated. For each c o r r e c t l y selected t i n or 
b o t t l e i n each t r i a l he was given one p o i n t ; f o r each f a i l u r e 
0 was given, so t h a t each subject could score between 0 and 8 
points i n both parts of the experiment. In the course of the 
experiment i t was also recorded whether he has used one or both 
hands throughout the whole experiment, or whether he switched 
from one hand to the other, or from one hand to both i n the 
course of his performance. 

I t should be mentioned that the p i l o t experiment was 
c a r r i e d out p r e v i o u s l y w i t h 30 members of the nursing s t a f f 
using t i n s w i t h weights of 200, 210, 220, 230 and 240 gm. 
r e s p e c t i v e l y . As the r e s u l t s were poor and as the experiment 
was intended not only f o r normal but f o r defective subjects as 
w e l l i t was decided to increase the d i f f e r e n c e i n weights from 
10 gjj). up to 12 gjji. I n order to avoid p r a c t i c e e f f e c t s a l l 
members of s t a f f t a k i n g part i n the p i l o t experiment were 
excluded from the subsequent i n v e s t i g a t i o n . 

I n analysing the r e s u l t s we can confine ourselves t o 



the f o l l o w i n g : -

1) The sum of the scores obtained by each subject and each 
group i n both parts of the experiment; 2) c a l c u l a t i o n of the 
s t a t i s t i c a l s i g n i f i c a n c e between the means of the groups, and 
f i n a l l y , some of the r e s u l t s which seem to be complimentary 
to the conclusions drawn from the main experiment. The r e s u l t s 
given below f o r each group were arranged so that the subjects 
from 1 to 15 were males and from 16 to 30 females. 

K i n e s t h e t i c d i s c r i m i n a t i o n . 
Group of 30 subjects w i t h mean I.Q. of 40. 

'Nr o f subject 
t 

A 
' Sum of Scores ' X^ 

' 1 • 2 ' 4 
' 2 ' 3 9 

3 ' 3 ' 9 
' 4 ' 3 9 
' 5 ' 3 ' 9 
• 6 ' 4 16 
' 7 ' 3 ' 9 
' 8 ' 2 4 
' 9 ' 4 16 
' 10 1 1 
' 11 4 ' 16 
' 12 ' 3 ' 9 
' 13 5 ' 25 
' 14 ' 1 1 
' 15 5 25 
' 16 2 T 4 1 

' 17 5 ' 25 ' 
' 18 ' 3 9 ' 
' 19 3 ' 9 ' 
' 2U 3 ' 9 ' 

21 ' 3 ' 9 ' 
• 22 6 ' 36 ' 
' 23 ' 3 9 ' 
' 24 ' 2 ' 4 ' 
' 25 ' 6 ' 36 • 
' 26 5 25 ' 

27 ' 2 ' 4 ' 
28 ' 5 ' 25 ' 

' 29 2 ' 4 ' 
' 30 ' 5 25 • 
N = 30. S(X) ̂ 1 0 1 S{H) 294 

Mean^X S(X) 101 3.065 
N 30 



K i n e s t h e t i c d i s c r i m i n a t i o n 

Group of 3 0 subjects w i t h mean l o Q . of 5 0 . 

/3J 

'Nr of subject ' X 
' Sum of scores ' x"-

' 1 5 8 5 ' 
' 2 5 ' 8 5 ' 
' 3 6 3 6 ' 
• 4 5 8 5 ' 
' 5 5 8 5 ' 
' 6 5 8 5 ' 
' 7 5 8 5 ' 
' 8 6 3 6 ' 
' 9 1 1 ' 
' 1 0 ' 6 3 6 ' 
' 1 1 ' 4 1 6 ' 
' 1 2 7 4 9 • 
' 1 3 ' 4 1 6 ' 
' 1 4 ' 3 9 ' 
' 1 5 ' 4 1 6 • 
' 1 6 ' 7 4 9 ' 
' 1 7 ' 5 8 5 ' 
• 1 8 ' 3 9 ' 
' 1 9 ' 5 « 2 5 ' 
' 2 0 ' 3 9 ' 
' 2 1 • 3 9 ' 
• 2 2 • 8 » 6 4 ' 
' 2 3 ' 8 4 ' 
' 2 4 ' 5 2 5 

1 8 5 ' 5 2 5 ' 
' ' 2 6 ' 3 9 ' 
• 8 7 ' 8 6 4 ' 
' 8 8 ' 6 3 6 ' 
' 8 9 ' 8 4 ' 
• 3 0 ' 5 ' 2 5 

N^ 3 0 S ( X ) ^ 1 4 1 S(r) ̂  7 4 7 

Mean - X _ 
S(X) 
N 

1 4 1 

3 0 

4 . 7 



K i n e s t h e t i c d i s c r i m i n a t i o n . 

Group of 30 subjects w i t h mean I.Q. of 60. 

/3¥ 

•Nr o f subject 
' X 
' Sum of scores ; '''' ' 

' 1 ' 5 ' 25 ' 
• 2 ' 5 . ' 25 ' 
• 3 ' 6 36 
' 4 ' 6 ' 36 ' 

5 ' 3 ' 9 ' 
' 6 ' 7 ' 49 ' 
' 7 ' 5 25 
' 8 ' 4 ' 16 • 
' 9 ' 6 ' 36 • 
' 10 ' 6 • 36 ' 
• 11 ' 5 ' 25 
' 12 ' 4 ' 15 ' 
' 13 ' 5 ' 25 ' 
' 14 ' 5 ' 25 ' 
' 15 ' 6 ' 36 ' 
• 16 ' 4 ' 16 • 
• 17 ' 6 ' 36 ' 
• 18 ' 3 ' 9 ' ' 19 ' 4 ' 16 ' 
' 20 ' 5 ' 25 • 
' 21 ' 3 ' 9 • ' 22 ' 5 25 
• 23 ' 4 • 16 ' 
' 24 ' 7 ' 49 • 
' 25 ' 7 ' 49 • 
' 26 ' 6 ' 35 ' 
• 27 ' 5 ' 25 . ' 
' 28 6 • 36 ' 
' 29 ' 4 16 ' 
' 30 ' 7 ' 49 ' 

N :̂  30 S(X) - 154 S(x1 = 832 

Mean r X « S(X) 

N 
154 

30 

_ • 5.01 



K i n e s t h e t i c d i s c r i m i n a t i o n . 

Group of 30 subjects composed of nursing s t a f f . 

J3f 

' X 7 
' X ' •Nr o f subject ' Sum of scores 

7 
' X ' 

' 1 ' 5 ' 25 
• 2 ' 6 ' 36 • 
' 3 ' 4 ' 16 ' 
' 4 ' 8 ' 64 ' 
' 5 ' 8 ' 64 ' 
' 6 ' 8 ' 64 ' 
• 7 ' 8 ' 64 ' 
' 8 ' 7 ' 49 ' 
' 9 • 5 ' 25 ' 

10 ' 4 ' 16 ' 
' 11 ' 5 25 ' 
' 12 ' 6 ' 36 ' 
' 13 ' 8 ' 64 ' 
' 14 ' 6 ' 36 ' 
' 1-5 ' 4 ' le 

16 ' 8 64 ' 
' 17 ' 6 36 ' 
• 18 ' 5 ' 25 ' 
' 19 • 6 ' 36 « 
' 20 ' 6 ' 36 ' 
' 21 • 5 25 
' 22 ' 6 ' 36 ' 
' 23 ' 5 ' 25 ' 
' 24 • 3 ' 9 ' 
' 25 ' 7 • 49 ' 
' 26 ' 6 ' 36 ' 
' 27 • 7 ' 49 
• 28 ' 6 ' 36 • 
' 29 ' 5 ' 25 ' 
' 30 ' 6 ' 36 ' 
N=30 S(X)=179 S(X^-1121 

Mean^X —. S(X) 179 5.966 
N 30 



C a l c u l a t i o n of s i g n i f i c a n t d i f f e r e n c e between means. 

As the means of the groups which have to be compared 
are r e l a t i v e l y small we s h a l l use the formula: 

7 ^ = A " 

I . 

Group of 30 subjects w i t h 
mean I.Q. of 40. 
N~30 
S{X, ) = 1 0 1 
S(X,^)^294 
X, =^3.066 

Group of 30 subjects w i t h 
mean I.Q. of 50. 
N^30 
S(Xx) =141 
S(Xt) = 747 I[ =4.7 

I I 

Group o f 30 subjects w i t h 
mean I.Q. o f 50 
N̂ -̂SO 
S(X, ) = 1 4 1 
S(x;) « 7 4 7 
X . J = . 4.7 

Group of 30 subjects w i t h 
mean I.Q. of 60 
N:=30 
S(X^) ̂  154 
S^Xl) = 832 
X = 5.01 

^=Q'8164 si^. 

I I I . 

Group o f 30 subjects w i t h 
mean I.Q. of 60 
N^30 
S(X/ ) =, 154 
SCXf) = 8 3 2 
X, ^5.01 

t=. 1.367 /^/: X 

Group of 30 subjects composed 
of nursing s t a f f . 
N*30 
S{Xi.)= 178 
S(Xi)= 1121 
X ^ 5.966 
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Two things may be observed from the table below, 
f i r s t , the infl u e n c e of the misleading v i s u a l clues on the 
performance improvement due to p r a c t i c e and second^differences 
i n weight d i s c r i m i n a t i o n due to sex. 

S u m 0 f S C O r e s 

; Male subjects ' Female subjects ' 

, \ 
Tins ' B o t t l e s ' Tins ' B o t t l e s ' 

•Group w i t h mean I.Q,. 40 ' 24 ' 22 ' 30 ' 25 ' 
• " " " " 50 ' 32 ' 39 ' 33 ' 37 • 
t ,t t. tf ,t go ' 39 ' 39 ' 44 ' 32 ' 
'Nursing S t a f f . ' 44 48 ' 45 • 42 • 
'Sum of scores f o r each " 
'group i n each pa r t of the' 
'experiment. ' 

139 ' 148 152 ' 136 ' 

' TOTALS. ' 287 ' 288 

A number of t e n t a t i v e suggestions could be made on the 
basis o f the above r e s u l t s . 

( i ) There i s p r a c t i c a l l y no d i f f e r e n c e between the sum of scores 
obtained by male and female subjects i n the two parts of the 
experiment. 

( i i ) I n the f i r s t p a r t of the experiment concerned w i t h weight 
d i s c r i m i n a t i o n between various t i n s , female subjects obtained 
b e t t e r r e s u l t s than males. 

I n the second part of the experiment concerned w i t h 
b o t t l e s , males obtained b e t t e r r e s u l t s than female. These 
d i f f e r e n c e s between the sexes, although s t a t i s t i c a l l y not 
s i g n i f i c a n t , may suggest th a t female subjects are s l i g h t l y 
b e t t e r i n the d i s c r i m i n a t i o n o f d i f f e r e n t weights, but that 

they are also more suggestive t o misleading v i s u a l clues, and 
because of t h i s they do not show improvement i n the course of 
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the experiment. On the other hand, male subjects, although 
not as good as females i n i t i a l l y , are less suggestible i n 
respect of misleading v i s u a l clues and thus they subsequently 
show some improvement, probably due to p r a c t i c e . 

( i i i ) With regard to the two groups w i t h mean I.Q's of 40 and 
50, the f i r s t one does not show any improvement, e i t h e r male 
or female subjects. On the other hand, male and female 
subjects belonging t o the second group show improvement, which 
could be only described as due to p r a c t i c e . 

The degree of v a r i a b i l i t y i n dealing w i t h the 
presented weight i s given i n the table below. 

• ' F r e q u e n c y o f r e s p 0 n s e ' 
'One hand em-
'ployed through-
'out the whole 
'performance. 

'Switch from 
'one hand to 
'another or 
'from one to 
'both hands. 

'Both hands em- ' 
'ployed through-' 
'out the whole ' 
performance. ' 

•Group w i t h mean 
•I.Q's o f 40 ' 26 ' 3 ' 1 ' 
•Group w i t h mean 
'I.Q's of 50 ' 17 ' 10 ' 3 ' 
'Group w i t h mean 
•I.Q's of 60 ' 14 • 11 ' 5 • 
'GrouD of S t a f f ' 10 ' 11 ' 9 ' 

Although i t i s d i f f i c u l t t o draw any v a l i d conclusions 
from the r e s u l t s given i n the above t a b l e , nevertheless the 
p a t t e r n of responses seems to be of some value. I t could be 
observed that as we move up•the i n t e l l i g e n c e scale the groups 
tend t o show greater v a r i e t y of responses. I t should also be 
noti c e d t h a t the widest gap i n responses i s between groups w i t h 
mean I.Q's of 40 and 50 r e s p e c t i v e l y . 

The problem of the exact evaluation of the r e s u l t s 
i n K i n e s t h e t i c d i s c r i m i n a t i o n appears to be complicated because 
successive as opposed to simultaneous comparisons seem to 
involve two e n t i r e l y d i f f e r e n t mental operations. 

The analysis of the r e l a t i o n s h i p between the d i s t r i b u ­
t i o n of a c t u a l scores i n p a r t i c u l a r t r i a l s t o the d i s t r i b u t i o n 
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of scores w i t h a chance d i s t r i b u t i o n i s very i n s t r u c t i v e and 
i n t e r e s t i n g . As the scores of each subject were recorded i n 
each t r i a l , i t i s easy to f i n d the sum of scores of each t r i a l 
f o r every group. I t i s equally easy to ca l c u l a t e how the 
a c t u a l sum of the scores would be d i s t r i b u t e d by chance; i n 
the table below i s given the d i s t r i b u t i o n of actual scores i n 
p a r t i c u l a r t r i a l s i n the f i r s t and second p a r t of the experiment, 
and also t h e i r d i s t r i b u t i o n according to chance. 

D i s t r i b u t i o n of scores i n the f i r s t p a r t of experiment ( T i n s ) . 

* S c 0 r e s t 

'Number o f t r i a l s . « 1 ' 2 ' 3 t 4 t 

'Groun w i t h mean I.O's of 40' 8 ' 11 ' 17 ' 18 ' 
» " t» tf H „ J ^ Q , 12 ' 12 ' 19 ' 22 ' 
• " " If If ff 20 ' 17 ' 23 ' 23 ' 
'GrouTD of s t a f f . » 20 ' 22 ' 23 ' 24 • 

D i s t r i b u t i o n of the sum of the above scores according to chance 

' 3 c 0 r e s f 

'Number of t r i a l s » 1 ' 2 ' 3 ' 4 ' 
'Group w i t h mean I.O's of 40' 8.41 ' 10.51 ' 14.02 • 21.03 ' 
' " " fl ft fl 5Qf 10.13 ' 12.66 ' 16.88 ' 25.32 ' 
' " ft f l t l tl g Q t 12.93 ' 16.16 ' 21.15 ' 32.33 ' 
'GrouTD o f S t a f f . • 13.87 ' 17.33 ' 23.11 ' 34.67 ' 

D i s t r i b u t i o n of scores i n the 
( B o t t l e s ) 

second pa r t of the experiment 

' t S c 0 r e. s 
'Number o f t r i a l s t 

t 

1 f 2 3 , 4 ! 
'Group w i t h mean I.'Q's of 401 

f 

8 8 ! 18 13 ! 
' " It If If II j^Q^ 12 ! 19 ! 22 23 I 
1 " 11 It It If gQ^ 14 ; 14 ! 21 \ 22 
'Groun of S t a f f , 21 I 21 ' 24 I 24 



D i s t r i b u t i o n of the sum o f the above scores according to chance. 

S c 0 r e s t 

'Number of t r i a l s I 1 ' 2 ' 3 ' 4 ' 

'Group Yiith mean I.O. 's of 40.' 7.3 ' 9.15 ' 12.2 ' 19.09 ' 
f ft tf rf tf " 50 ' 11.84 ' 14.80 ' 19.74 ' 29.61 ' 
t If ft tf ir " 60 • 11.06 ' 13.83 ' 18.44 ' 27.73 • 

'GrouD O f S t a f f 14.02 ' 17.53 ' 23.37 ' 35.06 ' 

I f we present the actual scores obtained i n p a r t i c u l a r 
t r i a l s and the chance d i s t r i b u t i o n of these scores i n the form 
of a graph, then a number of i n t e r e s t i n g observations may be made 

( i ) On the whole the curve o f the actual scores appears t o 
accompany the curve of scores d i s t r i b u t e d by chance i n the group 
on the lower end of the i n t e l l i g e n c e scale. Uhen we move upwards 
these curves diverge more and more. The f a c t o r responsible f o r 
t h i s growing divergency i s obviously the f a c t that more correct 
judgements of weight are being made. 

( i i ) The above curves seem to be more close to each other i n the 
f i r s t p a r t of the experiment dealing w i t h t i n s than i n the second 
part d e a l i n g w i t h b o t t l e s . I n t h i s case, the f a c t o r determining 
the divergency between the curves seem to be the s u g g e s t i b i l i t y 
of the subjects caused by the various l e v e l s of f l u i d i n the 
b o t t l e s . 

( i i i ) I f we analyse the r e l a t i o n s h i p between both curves i n 
p a r t i c u l a r t r i a l s then the p i c t u r e i s as fo l l o w s : i n t r i a l 1, 

2 and 4 both curves are close to each other as f a r as the group 
v/ith mean I.Q's of 40 i s concerned. As v/e gradually move 
upwards i n the i n t e l l i g e n c e scale the gaps between both curves 
w i t h i n those p a r t i c u l a r t r i a l s gradually widen. The divergency 
between the curves i s the widest w i t h the group of s t a f f . The 
r e l a t i o n s h i p betv.-een both curves i s reversed wit h regard to t r i a l 
number 3, i . e . the gap between curves i s the widest i n the l e a s t 



i n t e l l i g e n t group and i t gradually closes as we move upwards 
through d e f e c t i v e groups towards the group composed of nursing 
s t a f f o I t i s impossible, however, to o f f e r any explanation 
o f t h i s phenomenon at present. 

( i v ) We should also mention the shape of the curves representing 
the a c t u a l scores. The shape of t h i s curve i s more curved wit h 
the groups of de f e c t i v e subjects and i t gradually becomes 
s t r a i g h t v:hen we come to the group of nursing s t a f f . 

Summing up the r e s u l t s o f the above experiment i t can 
be said t h a t there i s e s i g n i f i c a n t d i f f e r e n c e , as f a r as 
K i n e s t h e t i c d i s c r i m i n a t i o n i s concerned, between scores obtained 
w i t h groups w i t h mean I.Q,'s of 40 and 50 r e s p e c t i v e l y . There 
i s no s i g n i f i c a n t d i f f e r e n c e between the scores obtained w i t h 
groups w i t h mean I.Q's of 50 and 60, there i s also no s i g n i f i c a n t 
d i f f e r e n c e between the group w i t h mean loQ. of 60 and the group 
made up o f the nursing s t a f f . 

The other d i f f e r e n c e s between the r e s u l t s of the fou r 
groups under i n v e s t i g a t i o n , such as the influence of misleading 
v i s u a l clues on the weight d i s c r i r " i n a t i o n , a b i l i t y t o improve 
performance due to p r a c t i c e , e t c . , are s t a t i s t i c a l l y not 
s i g n i f i c a n t , but they seem to be more pronounced between groups 
w i t h mean I.Q's of 40 and 50 r e s p e c t i v e l y than between any other 
groups, 
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DISCUSSION OF RESULTS Â TD CONCLUSIONS. 

The most s i g n i f i c a n t outcome of t h i s i n v e s t i g a t i o n 

i s concerned w i t h the e s t a b l i s h i n g of the relationship) between 

the pressure exerted by the hand while drawing some simple 

geometrical f i g u r e s and the performance time, Tb.ese two 

va r i a b l e s c o r r e l a t e i n the two groups of mental defective 

subjects at various i n t e l l i g e n c e l e v e l s and also i n the t h i r d 

group composed o f nursing s t e f f . 

There i s no p o s i t i v e c o r r e l a t i o n between S.R,T. and 

pressure, or between the S.R„T. and performance time i n any 

of those three groups, except a s l i g h t negative c o r r e l a t i o n 

between the S.RoT. and performance time which i s present i n 

Group I . 

I f a t t e n t i o n i s focused in t u r n on the diffe r e n c e 

between means of various t e s t s obtained w i t h the three groups 

under I n v e s t i g a t i o n i t can be said that there i s s t a t i s t i c a l l y 

s i g n i f i c a n t d i f f e r e n c e between the me?ns of the SoRoTo pressure, 

and performance time, between the Group I I , and the Group made 

up of Nursing S t a f f ; there i s also s i g n i f i c a n t d i f f e r e n c e 

between means of the S.R.T. pressure, performance time, verbal 

and performance t e s t s , between both groups composed of mentally 

d e f e c t i v e subjects. There are also differences between the 

two l a s t mentioned groups w i t h regard to t h e i r drpwing a b i l i t y , 

s c h o l a s t i c attainments t e s t , a b i l i t y to improve drawing by 

p r a c t i c e and the tendency to drev/ a smaller f i g u r e i n each 

subseouent drawing, although these di f f e r e n c e s were not 

i n t e r p r e t e d s t a t i s t i c a l l y . I t seems there i s hardly -ny 

need f o r the s t a t i s t i c s w i t ^ regard to the comparison of the 

drawing a b i l i t y , and scholastic attainments of both groups. 

The respective tables show t h ^ t the e x i s t i n g differences 



are too b i g t o be non s i g n i f i c a n t . The other two items, i . e . 

a b i l i t j ' ' t o ir.prove drawing by p r a c t i c e , nnd tendency to draw a 

smaller f i g u r e i n each subsequent attempt, although interestinp-, 

seem to be of lesser i^^portance f o r the present i n v e s t i g f ^ t i o n . 

The gap between the tv;o groups composed of mentf^lly 

d e f e c t i v e subjects, which are s i g n i f i c a n t l y d i f f e r e n t j n every 

t e s t given to these groups, i s f u r t h e r accentuated by the 

r e s u l t s o f the K i n e s t h e t i c D i s c r i m i n a t i o n experiment., The 

f i r s t two groups at the lower end of the i n t e l l i g e n c e scale 

which took p a r t i n t h i s experiment, as f r r as t h e i r me-̂ n loQ's 

are concerned, are very close, to the two gr-ups wrich took 

p a r t i n the main experiment, ?nd the conclusions drawn from the 

main experiment can therefore be supplemented by the conclusions 

dr-^vvn from the K i n e s t h e t i c experiment. Here -^g-^in there is 

s i g n i f i c a n t d i f f e r e n c e i n a b i l i t y to discriminate between 

various weights between the two groups composed of mentally 

d e f e c t i v e subjects w i t h t h e i r mecn I.Q's of 40 and 50 respect­

i v e l y . There i s no s i g n i f i c a n t d i f f e r e n c e between t^e groiiio 

of d e f e c t i v e s w i t h a mean loQo of 60 and the froup of n^^rsinp" 

s t a f f o With regard t o other d i f f e r e n c e s , as f o r instance, 

r i g i d i t y o f responses, obtained i n the Kinesthetic Discrim.ination 

experiment w i t h various groups, these are much more pronounced 

between the two groups w i t h r^ean loQ's of 40 and 50 r e s p e c t i v e l y , 

than between the groups w i t h mean I.Q's of 50 and 60 or between 

the group w i t h mean loO^o of 60 ond the group made un of nursing 

s t a f f . 

I f a very general j o i n t conclusion i s draxvn from ty>e 

r e s u l t s obtained i n the main rnd Kin e s t h e t i c Discrimination 

experiments w i t h regard to the groups at various i n t e l l i g e n c e 

l e v e l s , then i t can be said t h a t there i s a much wider gap or 

d i f f e r e n c e i n r e s u l t s of various t e s t s between the two groups 

w i t h t h e i r approximate mean loQ.'s of 40 and 50 re s p e c t i v e l y , 

than between any other neighbouring two p:rouT)s higher up the 



i n t e l l i g e n c e scaleo At t h i s p a r t i c u l a r l e v e l of the i n t e l l i ­

gence scale (between 40 and 50 1.0,'s) a l l r e s u l t s of various 

t e s t s r i s e very steeply, at a d i f f e r e n t rate of co^^rse, rnd 

then t h e i r f u r t h e r r i s e , w i t h regard to the groups of subjects 

placed higher up the i n t e l l i g e n c e scale, becomes only s l i g h t , 

resembling i n some way the gradual r i s e of the i n t e l l i g e n c e 

curve. I n order to i l l u s t r a t e the d i f f e r e n t rate of r i s e o f 

the curve of r e s u l t s obtained of various t e s t s , the r e s u l t s of 

drawing, pressure and weights d i s c r i m i n a t i o n t e s t s should be 

consideredo As f a r as drawing of simple geometrical f i g u r e s 

i s concerned there seems to be no d i f f e r e n c e betr/een the r e s u l t s 

of Group I I and the r e s u l t s of nursing s t a f f . V/ith regard to 

pressure t e s t , both these groups are s i g n i f i c a n t l y d i f f e r e n t . 

As f a r as weights d i s c r i m i n a t i o n i s concerned there i s no 

s i g n i f i c a n t d i f f e r e n c e between the r e s u l t s obtained w i t h the 

group of mental d e f e c t i v e subjects whose mean I.T.o i s 60 2nd 

the r e s u l t s of nurseso Although the curves i l l u s t r a t i r g 

d i a g r a m a t i c a l l y the r e s u l t s of various t e s t s obtained v ; i t ^ 

groups at various l e v e l s of mental development, are a l l r i s i n g 

sharply w i t h regard t o the two groups w i t h mean loQ'r' of 40 and 

50 r e s p e c t i v e l y , some of them may, however, be no p a r a l l e l to 

each other or to the g r a d u a l l y r i s i n g curve of i n t e l l i g e n c e . 

I n summing u p , i t may be said t h a t ^n i n d i v i d u a l , 
whether normal or d e f e c t i v e , may achieve various r e s u l t s i n 
d i f f e r e n t t e s t s , sane of then, i n s p i t e of d i f f e r e n c e i n t h e i r 
r a t e of r i s i n g and the p o s i t i o n to the curve of i n t e l l i g e n c e , 
may, and they do, c o r r e l a t e . Results of other t e s t s obtained 
v/ith mental defective subjects, which do not c o r r e l a t e w i t h each 
other may show considerable v a r i a t i o n s w i t h regard to r e s u l t s 
obtained w i t h the so c a l l e d normal group. 

I t may s a f e l y be said that r e s u l t s of the same t e s t 

c a r r i e d out w i t h various groups at d i f f e r e n t l e v e l s of mental 

development i f connected together would not form a curve p a r a l l e l 
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to the gr a d u a l l y r i s i n g curve of i n t e l l i g e n c e . 

Another important outcome of t h i s work i s concerned 
w i t h the drawing a b i l i t y of simple geometrical f i g u r e s by the 
de f e c t i v e subjects at d i f f e r e n t l e v e l s of mental development. 
Results of drawing t e s t s c a r r i e d out on 120 mental defective 
subjects w i t h i n the range of I.Ao's 38 - 57 on the Revised 
Stanford-Binet I n t e l l i g e n c e Scale Form L show that there are 
various degrees of d i f f i c u l t y involved i n drawing of d i f f e r e n t 
angles. The easiest t o perform i s the r i g h t angle, and the 
m o s t . d i f f i c u l t i s an obtuse angle. 

A b i l i t y to draw the l a s t mentioned angle i s h i g h l y 
c o r r e l a t e d w i t h an a b i l i t y to draw a diamond. The c o r r e l a t i o n 
between a b i l i t y to draw an appropriate angle and the simple 
geometrical f i g u r e i s not l i m i t e d to an obtuse angle and a 
diamond. I t seems t h a t the p o s i t i v e c o r r e l a t i o n i s maintained 
w i t h regard to subjects at the lower end of the i n t e l l i g e n c e 
scale between an a b i l i t y to draw a curved l i n e and c i r c l e , 
between a r i g h t angle and a square, and between an acute angle 
and a t r i a n g l e . I t i s possible to say t h a t an a b i l i t y to draw 
any simple geometrical f i g u r e i s d i r e c t l y determined by the 
a b i l i t y t o perform an e s s e n t i a l part of i t , i . e o , a curved l i n e 
or an appropriate angle,, This g e n e r a l i z a t i o n appears to be 
f u l l y j u s t i f i e d by our drawing experiments, observations derived 
from r o u t i n e t e s t i n g of mental d e f e c t i v e s , and by the analysis 
of drawing requirements embodied i n the Revised Stanford-Binet 
t e s t . According to the above t e s t an average c h i l d of three 
years should be able to drav/ a c i r c l e , of f i v e years a square, 
and of seven a diamond. Observations w i t h regard to various 
degrees o f d i f f i c u l t y involved i n the drawing of d i f f e r e n t 
angles by mental defectives seem to be i n complete agreement 
w i t h the drawing requirements o i the Stanford-Binet t e s t . 
Both o f them, drawing requirements of t h i s t e s t , and observations, 
p o i n t out the existence of various d i s t i n c t l e v e l s of mental 



development through which any normal c h i l d would pass i n the 
course of h i s maturation, but a mental defective subject may 
f a i l on some of them according to the degree of hi s arrested 
motor development, which may be, however, i n some variance w i t h 
h i s i n t e l l e c t u a l achievements, 

I t can be concluded t h a t the f a i l u r e t o draw some 
angle, or a simTole geometrical f i g u r e by the mental defective 
adult subject, depends on the attain e d l e v e l of h i s motor 
developmento 

I t cannot be agreed that the f a i l u r e to draw a simple 
f i g u r e can be adequately explained i n terms of the e x i s t i n g 
p e r c eptual e r r o r s . 

Analysis of drawing f a i l u r e s , a b i l i t y of a l l p a t i e n t s 
who f a i l e d to draw a diamond, t o i d e n t i f y i t among other f i g u r e s , 
and r e s u l t s o f the i n q u i r y , i n d i c a t e t h a t the perception, however 
d e f e c t i v e i t may be among our subjects, cannot be held respons­
i b l e f o r f a i l u r e s to draw simple f i g u r e s . 

By p o s t u l a t i n g various l e v e l s of motor development 
the f a i l u r e s to draw some angle or simple geometrical f i g u r e s 
as being above the a t t a i n e d l e v e l of motor development of an 
i n d i v i d u a l can be explained to a c e r t a i n extent; but t h i s 
e x planation has only a l i m i t e d value because of i t s high 
degree of generalizationo I f i t i s accepted that the f a i l u r e 
to draw some p a r t i c u l a r angle or simple f i g u r e cannot be 
explained i n terms of perceptual e r r o r , but by the attained 
l e v e l of motor development, then the next l o g i c a l step i s to 
analyse i n d e t a i l some p a r t i c u l a r motor l e v e l . I t i s possible 
t o venture the simple statement that any angle; or simple f i g u r e 
can be drawn by the subject i f he i s able to execute the 
necessary hand movements, any f a i l u r e i n drawing i s determined 
by h i s i n a b i l i t y to make the appropriate hand movements. 

C i r c u l a r movement such as i s required when a c i r c l e 
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or a rounded l i n e i s drawn can be performed by an average 
c h i l d o f three j'-ears o l d , th a t means at a very e a r l y stage 
of maturation. The most c h a r a c t e r i s t i c feature of tha t 
p a r t i c u l a r movement i s the gradual change i n the d i r e c t i o n 
of the moving hand while the number of muscle f i b r e s involved 
remain roughly the same throughout the whole motion. 

Angular movements such as are required when various 
angles or simple geometrical f i g u r e s are drawn, are at a more 
advanced l e v e l of motor development. They are characterised 
by the r e l a t i v e l y sudden change i n the d i r e c t i o n of the moving 
hand, and a considerable v a r i a t i o n i n the number of muscle 
f i b r e s engaged i n t h e i r execution. The angular changes i n 
the d i r e c t i o n of the moving hand are e f f e c t e d by the harmonious 
i n t e r a c t i o n between two d i s t i n c t groups of muscles, i . e . , 
between f l e x o r s and extensors, Dra?/ing of various angles o r 
f i g u r e s involved various degrees of i n t e r a c t i o n between the two 
above mentioned groups o f muscles. 

The i n t e r a c t i o n betv/een f l e x o r s and extensors, as 
req u i r e d when angular changes i n the d i r e c t i o n of the hand ere 
executed, seems to be adversely affected by the phenomenon 
which I c a l l 'dominance of f l e x o r s ' This phenomenon can be 
explained more c l e a r l y by the f o l l o w i n g example: when a r i g ' - t 
angle i s drawn by a normal person the v e r t i c a l arm i s executed 
by a f l e x i o n of a thumb, the index and the middle f i n g e r ; 
the h o r i z o n t a l arm i s subsequently executed by the extension 
of the w r i s t and fore-arm muscles; dravang of t h i s angle by 
some me n t a l l y d e f e c t i v e subjects show rounding up of the angle 
i t s e l f which i s due to t h e i r i n a b i l i t y to i n h i b i t f l e x o r 
a c t i v i t y at the tu r n i n g p o i n t . Some other drawings by defect­
ive subjects show not only the rounding of the angle but also 
the curving upwards of the h o r i z o n t a l arm of a r i g h t angle; 
which seems to be due to t h e i r i n a b i l i t y to i n h i b i t f l e x o r s 
f o r a prolonged time. (Chapter I I I , Figure 2, drawing 1 ) . 



I n s h o r t , the a c t i o n of f l e x o r s overlap the act i o n of extensors 
at one or more p o i n t s of the performance, r e s u l t i n g i n f a i l u r e 
to draw an appropriate angle. 

Results of the drawing experiment carried out w i t h 
the mental d e f e c t i v e subjects show various degrees of d i f f i c u l t y 
involved i n drawing of r i g h t , acute and obtuse angles; a 
r i g h t angle was the easiest to draw, and an obtuse angle the 
most d i f f i c u l t . This could be e a s i l y explained, i f , during an 
attempt to analyse movements involved i n the drawing of some 
p a r t i c u l a r angle, the p r e v i o u s l y mentioned concept i s kept i n 
mind, i . e . , dominance of f l e x o r s . The change i n d i r e c t i o n of 
the moving hand, as required when a r i g h t angle i s drawn, i s 
e f f e c t e d by the i n t e r a c t i o n between r e l a t i v e l y weak f l e x o r s 
and powerful extensors. Because of the considerable d i f f e r e n c e 
i n the number of the muscle f i b r e s involved i n each of the two 
separate hand movements, i n i t i a l dominance of f l e x o r s i s 
subsequently su c c e s s f u l l y n e u t r a l i z e d by the powerful extensors, 
and hence a remarkable success of defective subjects i n the 
drawing of a r i g h t angle. The change i n d i r e c t i o n of the 
moving hand, as required when an acute angle i s drawn, i s 
e f f e c t e d by the i n t e r a c t i o n o f f l e x o r s end extensors i n which 
the number of muscle f i b r e s involved i s roughly the same. 
Dominance of f l e x o r s i s much more pronounced then, and the 
success of drav/ing i s d e c l i n i n g . The most complicated movement 
however, i s required when the drawing of an obtuse angle is 
attempted. The v e r t i c a l arm o f t h i s angle i s e f f e c t e d by the 
f l e x i o n of the three p r e v i o u s l y mentioned f i n g e r s , the second 
arm i s e f f e c t e d not only by the extension of the w r i s t and f o r e ­
arm muscles, but also by the f u r t h e r , however diminished f l e x i o n 
of the three f i n g e r s . , The change i n the d i r e c t i o n of the 
moving hand as. required when an obtuse angle i s drawn i s -'Imost 
impossible f o r many j'̂ oung c h i l d r e n and low grade defectives, 
and, because of t h a t , drawing f a i l u r e s are most freo_uent i n 
our experiment. 



Dominance of f l e x o r s w i t h regard to an u i isuccessful 

attempt to draw an obtuse angle i s manifested i n two p r i n c i p a l 

ways during the drawing of the second arm of the m g l e , '.Then 

the f l e x i o n of the three f i n g e r s cannot be s u f f i c i e n t l y 

diminished, then the subject i s drrwing a s t r a i g h t l i n e instead 

of an obtuse angle; and when subjects counteract t h i s f l e x i o n 

by the extension of w r i s t and forearm muscles too s t r o n g l y then 

he i s crawing a r i g h t angle instead of an obtuse angleo I t 

should be noted t h a t the drawing of an obtuse angle requires, 

at f i r s t , the emplojTnent of f l e x o r s and then the extensors, 

s i m i l a r l y to the drav/ing of r i g h t and acute angles, but also 

a considerable and gradual m o d i f i c a t i o n of f l e x o r a c t i v i t y 

v/hen extensors play t h e i r p a r t . 

I n a b i l i t y t o execute t h a t p a r t i c u l a r complicated 

movement, which i s temporary i n normal young c h i l d r e n and v/'^ich 

may be permanent i n some defect i v e s , i s the c r u c i a l f a c t o r 

determining the f a i l u r e to draw an obtuse angle or a diamond. 

On the w h o l e , i t may be said that the motor develop­

ment of an average c h i l d passes through c e r t a i n d i s t i n c t l e v e l s . 

They are manifested i n the progressive a b i l i t y of a c h i l d to 

execute, at f i r s t , the curved l i n e or a c i r c l e , then a r i g h t 

angle or a square, and f i n a l l y an obtuse angle or ̂  diam.ond. 

The motor development of some of the n e n t e l l y defective subjects 

can be arrested at any o f those l e v e l s . F a i l u r e to •nerform. 

any of the above mentioned f i g u r e s i s due to the i n - b i l i t " " " of 

an i n d i v i d u a l to form the appronriate motor patterns, T'̂ e 

c h i e f d i f f i c u l t y i n the formation of motor patterns seems to 

be due to the dominance of f l e x o r s over extensors. An average 

c h i l d i n the course of maturation can and does overcome to a 

considerable extent t h i s dominance of f l e x o r s , but sane of the 

mentally d e f e c t i v e subjects are able to (fo t h i s only to a very 

l i m i t e d e x t e n t . 

In chapter one of t h i s work we attempted to -'n^'lyse a 



v a r i e t y of s k i l l s , and i t was observed t h c t i n any one o f them 

there were alv;ays present the three f o l l o w i n g f ' ^ c t o r s l - force 

or pressure exerted bj' muscles, performance time, ^nd v f r i - ^ t i o n ? 

i n the d i r e c t i o n . These three f a c t o r s were acce-oted ^s t'-̂ e 

essenti-^l components of any s k i l l e d performance. I t 'n^^. also 

said t h a t the degree of si'^ple s k i l l depends on the harmonious 

i n t e r p l a y between these three comTDonents, w^ich are i n tur n 

closel3?- i n t e r r e l a t e d , ;my im.pairment i n any of t'r̂ em. would 

i n f l u e n c e d i r e c t l y t'le other two, ^nd i n d i r e c t l y the dep-ree of 

s k i l l , Th.Bse three e s s e n t i a l com.ponents of any s k i l l seem 

to be p r i f ^ a r i l y innate, and because of th a t thej"" can be im.proved 

by p r a c t i c e only to a l i m i t e d extent. 

I t i s now possible to consider the r e s u l t s of the 

drawing performance obtained w i t h the two groups of nentall-"-

d e f e c t i v e subjects at d i f f e r e n t l e v e l s of developm.ent and wi t h 

one grouri composed of nursing s t a f f , and review those r e s u l t s 

i n the terms of s k i l l . 

I t was possible to e s t a b l i s h experimentall;"- the 

r e l a t i o n s h i T ) e x i s t i n g i n a l l three investigated crouns, between 

the pressure exerted bj'- the hand during the drav.'ing ̂ nd i t s 

performance time. This r e l a t i o n s h i p i s manifested i n a 

p o s i t i v e c o r r e l a t i o n betv/een these tv;o v a r i a b l e s , and i t i s 

independent of the developed mental l e v e l of a group. A l l 

three groups are s i g n i f i c a n t l y d i f f e r e n t as f a r -̂ s me^ns of the 

pressure and performance time t e s t s are concerned. Group I 

and Group I I are also s i g n i f i c a n t l y d i f f e r e n t v;ith regard to 

t h e i r drawing a b i l i t y of simple geometrical f i g u r e s , which, as 

was stated before, i s determined by an a b i l i t y to -perform 

angular changes i n the d i r e c t i o n of the moving h^nd. The tv.o 

groups, composed of mental defective subjects at d i f f e r e n t 

l e v e l s of m.ental development, are s i g n i f i c a n t l y d i f f e r e n t w i t h 

regard t o the three e s s e n t i a l components of s k i l l , moreover the 

two of them are c o r r e l a t e d , i t i s nossible to say, t h a t these 
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two groups are also s i g n i f i c a n t l y d i f f e r e n t w i t h regard to 

the degree of att a i n e d s k i l l . The diff e r e n c e s between both 

groups are not l i m i t e d to the pure l y motor s k i l l as an a b i l i t y 

to draw simple geometrical f i g u r e s , but there i s a wide 

d i f f e r e n c e between them w i t h regard to the more com-^licated 

s k i l l e d performance, as f o r instance an a b i l i t y to w r i t e . < 

Both groups composed of mentally defective subjects -re not 

only s i g n i f i c a n t l y d i f f e r e n t i n the simple s k i l l e d performance, 

as w r i t i n g a b i l i t y , they •^re also s i g n i f i c a n t l y d i f f e r e n t i n 

every t e s t c a r r i e d out w i t h both grouns, even i n those t e s t s 

which cannot be l a b e l l e d as the s k i l l e d performences, as f o r 

instance, the SoR.T. and the K i n e s t h e t i c Discrimination t e s t . 

I t seems to be possible to make some ge n e r a l i z a t i o n 

by saying t h a t i f the two groups of subjects are at d i f f e r e n t 

l e v e l s o f s k i l l , i . e . , are s i g n i f i c a n t l y d i f f e r e n t w i t h regard 

to the three e s s e n t i a l components of s k i l l , they are also bound 

to d i f f e r s i g n i f i c a n t l y i n any other performance. I t does not 

matter whether more or less s k i l l i s required. 

Group I I and the Group composed of the nursing s t ' ^ f f 

are s i g n i f i c a n t l y d i f f e r e n t w i t h regard to r e s u l t s obtained 

v/ith pressure and performance t e s t s , but differences i n drawing 

a b i l i t y of both groups seems to be somehow unclear. I n spi t e 

of the f a c t t h a t a l l subjects of Group I I v/ere able to draw an 

obtuse angle and only very few of them f a i l e d to draw a diamond, 

i t cannot be said that Group I I i s equal t o the Group made up 

of nursing s t a f f w i t h regard to drawing a b i l i t y , llembers of 

nursing s t a f f drew a l l required angles without v i s i b l e e f f o r t 

and without f a i l u r e s . Subjects of Group I I drew an obtuse 

angle, although c o r r e c t l y , w i t h a considerable e f f o r t ; there 

were also some f a i l u r e s , however, in f r e q u e n t , not only i n dr-^wing 

of a diamond, but even i n the drawing of r i g h t and acute angles. 

These 'unnecessary' drawing f a i l ^ i r e s and also e f f o r t i n the 

X See Chapter V f o r times. 
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execution of an obtuse angle, occuring i n Group I I i n d i c a t e 
t h a t the motor pa t t e r n s were p o o r l y established et tha t 
p a r t i c u l a r l e v e l of development and hence the regression t o 
the e a r l i e r and simpler l e v e l s where motor patterns were b e t t e r 
developed. Because of d i f f e r e n c e s between both groups w i t h 
regard t o the performance time and pressure exerted while drawing, 
which are s i g n i f i c a n t , and because of the d i f f e r e n c e i n the 
a b i l i t y to vary hand d i r e c t i o n , which i s less obvious but 
nevertheless e x i s t e n t , even i n such a simple performance as 
drawing, i t can be concluded t h a t both groups are s i g n i f i c a n t l y 
d i f f e r e n t i h t h e i r respective s k i l l s . 

Results of pressure and performance time t e s t s 
obtained w i t h the Group of nurses vary considerably between 
i n d i v i d u a l subjects. Their a b i l i t y to vary hand d i r e c t i o n 
seems to be less v a r i a b l e i n the simple drav/ing performance, 
but i t i s conceivable that v;ith the i n t r o d u c t i o n of more 
s k i l l e d performances than the drawing, and w i t h the use of 
precise measuring instruments, i t would be possible to f i n d 
as wide v a r i a t i o n s i n t h a t p a r t i c u l a r a b i l i t y at an adult l e v e l 
as there are among young c h i l d r e n and mentally defective sub­
j e c t s . I t seems t h a t any s k i l l would depend u l t i m a t e l y on the 
i n t e r r e l a t i o n and i n t e r p l a y between the pressure, "performance 
time, and the a b i l i t y to vary d i r e c t i o n , which were defined as 
the e s s e n t i a l components of s k i l l . These three skill-components, 
the time of t h e i r maturation and d e t e r i o r a t i o n seem to be innate 
and p a r t i c u l a r to each i n d i v i d u a l . Practice may modify to a 
c e r t a i n extent an i n t e r p l a y between them and possibly the 
d u r a b i l i t y of t h e i r e f i i c i e n t operation i n one's l i f e - t i m e . 

The present work, i n i t i a t e d by a few observations 
and basic assumptions made i n connection w i t h unsuccessful 
attempts to draw a diamond by a mentally defective subject, 
consisted of a series of experiments c a r r i e d out w i t h the 
three groups of subjects at various l e v e l s of t h e i r i n t e l l e c t u a l 
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and motor development. The r e s u l t s of these experiments 

prove t h a t these groups are s i g n i f i c a n t l y d i f f e r e n t w i t h 

regard to every t e s t given to them, and that there i s a 

d e f i n i t e r e l a t i o n s h i p betwen the hand pressure exerted 

d u r i n g the drawing and i t s performance time e x i s t i n g i n each 

of these groups. The r e s u l t s of drawing experiments seem 

to p o i n t out t h a t an a b i l i t y or i n a b i l i t y to draw simple 

geometrical f i g u r e s , i . e . to execute the appropriate hand 

movements, i s motor and not perceptual i n o r i g i n . The three 

f a c t o r s , i . e . , the hand pressure, performance time, and a b i l i t y 

to v ary hand d i r e c t i o n , manifested i n any drawing performance 

seem to be c l o s e l y i n t e r r e l a t e d . They also appear to be the 

e s s e n t i a l components of any motor s k i l l . 

The l a s t statement, or r a t h e r a t e n t a t i v e hypothesis, 
put these experiments i n t o a very lar g e framework embracing 
a v a r i e t y of r e p e t i t i v e complex motor responses which can be 
roughly defined as s k i l l . I t also opens nev v i s t a s i n t o an 
i n v e s t i g a t i o n of s k i l l , not only at various i n t e l l e c t u a l l e v e l s , 
but also w i t h d i f f e r e n t age groups. I t seems to be possible 
to make here some suggestions w i t h regard to the d i r e c t i o n of 
experimental i n v e s t i g a t i o n of s k i l l . 

( a) S k i l l maturation. 

The f o l l o w i n g problem has to be answered: when does 
an average c h i l d reach the ad u l t l e v e l v.ith regarc to the three 
e s s e n t i a l components of s k i l l , and which of them i s the f i r s t 
t o maturate? An experiment of young c h i l d r e n w i t h the use 
of pressure and performance time recording apparatus may be 
of some help. 

{t)) S k i l l d e t e r i o r a t i o n . 

There can be l i t t l e doubt t h a t the s k i l l of an 

i n d i v i d u a l d e t e r i o r a t e s as h i s age advances; there are a 

decreasing number of o l d i s h people i n jobs which require motor 



s k i l l ; an age l i m i t i s necessary i n the case of persons who 
have to undergo s p e c i a l t r a i n i n g i n the armed services; a 
considerable d i f f i c u l t y i s encountered by the aged i n the 
l e a r n i n g of some s k i l l . These f u l l y support t h : above s t a t e ­
ment. 

I t seems to be possible to design and carry out a 
se r i e s of experiments w i t h o l d i s h people which may i n d i c a t e 
t h e i r time of d e t e r i o r a t i o n and which one of the three 
e s s e n t i a l components of s k i l l i s the f i r s t to d e t e r i o r a t e . 

(c) Comparison between Groups of s k i l l e d and u n s k i l l e d subjects. 

As a matter of s c i e n t i f i c i n t e r e s t i t should be 
possible to i n v e s t i g a t e and compare the r e s u l t s of hand pressure, 
•performance time, and a b i l i t y to vary hand d i r e c t i o n , i n two 
groups of subjects at approximately the same l e v e l of i n t e l l i ­
gence and of about the same age. The f i r s t group of subjects 
should possess a high degree of some manual s k i l l , and the 
second should be composed o f subjects who are known to be 
'clumsy' and devoid of physical s k i l l . I f my concept of s k i l l , 
and p a r t i c u l a r l y i t s composition i s r i g h t , the p o s i t i v e r e s u l t s 
of such an experiment could be of some value w i t h regard to 
the s e l e c t i o n and t r a i n i n g of i n d i v i d u a l s f o r s k i l l e d 
occupations. 

(d) E f f e c t s of p r a c t i c e on s k i l l . 

I t seems to be easy to i n v e s t i g a t e the t^ree e s s e n t i a l 
components of s k i l l i n a large group of persons who are about 
to commence t r a i n i n g i n some manual s k i l l , and to re-oeat the 
same experiment some time l a t e r when they have reached a c e r t a i n 
l e v e l of p r o f i c i e n c y . I t would be very i n t e r e s t i n g to see 
whether there i s any c o r r e l a t i o n between t h e i r progress i n 
a c q u i s i t i o n of s k i l l and ir-provement i n s k i l l components. 

(e) A b i l i t y to vary hand movements. 

This p a r t i c u l a r a b i l i t y was p a r t l y i n v e s t i g a t e d i n 
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my experiments et the lower end of the i n t e l l i g e n c e s c r l e . 

I t would be i n t e r e s t i n g to explore i t i n average s k i l l e d or 

u n s k i l l e d i n d i v i d u a l s . The use of p u r s u i t meters maj'" be 

quite usefulc 

( f ) Dominance of f l e x o r s . 

I t was pr e v i o u s l y suggested th a t a b i l i t y to vary 
hand d i r e c t i o n i s d i r e c t l y determined by the degree of i n t e r ­
a c t i o n between f l e x o r s and extensors. F a i l u r e s or impairments 
in v a r i a t i o n of hand move-^ents were a t t r i b u t e d to tbe d i s t o r t i o n 
of the i n t e r a c t i o n between the two groups of opposite muscles, 
due to dominance of f l e x o r s , Eeny experiments can be designed 
and c a r r i e d out to check t h i s concept, whicb, i f proved, may 
be a considerable c o n t r i b u t i o n to the body of knowledge. 

In the course of t h i s work I encountered many 
problems which I was unable to pursue or to exp l a i n , as f o r 
instance the tendency to decrease each subsequent drawing i n size, 
or the infl u e n c e o f e p i l e n t i c f i t s and drugs on the Simple 
Reaction Time, I t does not matter whether these topics 
are somehow connected witb s k i l l , or whether they c o n s t i t u t e 
separate problems, i n e i t h e r case, they deserve some a t t e n t i o n 
by exnerimental psychologists. 
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.̂ aSTRACT. 

I t was observed tbet mental defectives, rho ^rere 

unable to draw a diemond, revealed an associated decrease i n 

t h e i r performance time end increase i n hcnd pressure. 

Closer study of the f a i l u r e to execute e di^rond 

suggested the h^/pofhesis that the c h i e f d i f f i c u l t y consisted 

i n the p a t i e n t ' s i n a b i l i t y to drav? the obtuse angles, i . e ^ to 

make t h a t p a r t i c u l ' ^ r sngul^ir cbenge i n the d i r e c t i o n of t>^e 

moving? hendo 

Subsequent experiments confirmed the close r e l ^ ' t i o n -

s hin between the a b l l i t - " - or i n ^ ^ b i l i t y to drar: e diPirond pnd f'̂ e 

drawing- of ̂ n̂ obtuse ?n^le. Various deprees of d i f f i c u l t ; ^ 

involved i n the drav;ine- o f d i f f e r e n t angles r e r e f^lso de'-onstre-

tedo TViese experiments also indicated t h a t p a t i e n t s u i t h an 

I.Q. belov/ 38 could not draw an obtuse an^-le or a diam.ond, u h i l e 

subjects w i t h an I.Q. above 57 could. 

The main experiment c o n s i s t i n g of e b a t t e r y o f te s t s 

was c a r r i e d out on tvo groups of defectives and ° t>"ird ^rou-n 

composed of n^irsing s t a f f . The l o Q . ' s of both groups of defect­

ives v a r i e d between 38 and 57. The subjects i n the f i r s t piroun 

could not while t>iose i n the second group could draw an obtuse 

angleo 

The r e s u l t s of the main experiment showed a s i g n i f i c a n t 

d i f f e r e n c e between the means of the tv^ree p-roups f o r Si^-ole 

Reaction Time, Pressure rnd Performance Time t e s t s . T>^ere was 

also a s i g n i f i c a n t d i f f e r e n c e between the means of verbal and 

p r a c t i c a l t e s t s of both groups of defec t i v e s . In a l l three 

groups p o s i t i v e c o r r e l a t i o n was established betv;een the Pressure 

and Performance Time t e s t s . 

On the whole, drav.'ings, as other s k i l l e d perforrences, 

were shown to depend on the a b i l i t y of ti"e i n d i v i d u a l to main­

t a i n and vary d i r e c t i o n and pressure, end the correct t i m i n g 

of these a c t i v i t i e s . These three f a c t o r s would appear to be 

the e s s e n t i a l components of s k i l l studied. 
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