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I . The p ro b le m

G e n e r a l  s t a t e m e n t s  (M ariq u is ,  1 9 3 2 ,  T e u b e r ,  I 9 6 0 ,

M organ , 1 9 6 £ )  r e g a r d i n g  t h e  r o l e  o f  t h e  v i s u a l  c o r t e x  i n
j

p a t t e r n  v i s i o n  s t r e s s  t h e  i n a b i l i t y  o f  a n im a l s  w i t h  com* 

p l e t e  a b l a t i o n s  o f  t h e  s t r i a t e  c o r t e x  t o  l e a r n  p a t t e r n  

p r o b le m s .  T h i s  s t r e s s  s h o u ld  n o t  b e  I n t e r p r e t e d  a s  

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

p a t t e r n e d  s t i m u l i .

L a s h l e y ' s  e x t e n s i v e  w ork  c l e a r l y  d e m o n s t r a t e d  t h a t  

r a t s  w h ic h  h a d  s u s t a i n e d  a b l a t i o n s  o f  t h e  v i s u a l  c o r t e x  

w e re  u n a b l e  t o  l e a r n  c e r t a i n  p a t t e r n  p ro b le m s  ( L a s h l e y  

a n d  F r a n k ,  1 9 3 4 ) •  N o n e t h e l e s s ,  t h e s e  a n i m a l s  w ere  a b l e  

t o  l o c a l i z e  o b j e c t s  I n  s p a c e  ( L a s h l e y  1 9 3 4 )•  A f t e r  

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

o p t l k l n e t l c  e y e  m ovem ents t o  m ov ing  s t r l a t i o n s  ( S m i th ,

19 3 7 )*  C a t s  c a n  a l s o  d i s c r i m i n a t e  a  h o r i z o n t a l  f r o m  a  

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

t o  t h e  s t i m u l i  c a n  n o t  d o  s o  ( S m i th ,  1 9 3 8 ) .  A f t e r  

t e s t i n g  one o f  two o c o i p i t a l l y  l e s l o n e d  m onkeys on  d i s ­

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

(1 9 4 1 )  o o n c lu d e d  t h a t  " t o p o g r a p h i c a l  a s p e c t s  o f  t h e  

s t i m u l u s  c o n f i g u r a t i o n "  may be  e f f e c t i v e  i n  d e t e r m i n i n g  

t h e  r e a c t i o n s  o f  l e s l o n e d  m onkeys . D o ty  ( 1 9 6 1 )  h a s  r e p o r t e d  

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

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



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

M eyer (1 9 6 3 )  t o  b e  u n a b l e  t o  l e a r n  a  s t r i p e - c h e c k  d i s ­

c r i m i n a t i o n ,  b u t  t h e y  c o u ld  p e r f o r m  on  a  v i s u a l  o l i f f  a s  

w e l l  a s  h e r  n o rm a l  g r o u p .

H e n c e ,  t h e r e  seem s am ple  e v i d e n c e  t h a t  a n i m a l s  d e p r i v e d  

o f  t h e i r  c o r t i c a l  v i s u a l  p r o j e c t i o n  a r e a s  may s t i l l  r e s p o n d  

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

H o w ev er , i n  19^1  K lu v e r  c a u t i o n e d  t h a t  i t  s e r v e d  no  p u r p o s e  

t o  s a y  t h a t  s u c h  f i n d i n g s  w ere  i n d i c a t i v e  o f  r u d i m e n t a r y  

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

o f  v a r i o u s  c o n f i g u r a t i o n s  w h ic h  a r e  o r  a r e  n o t  e f f e c t i v e  

i n  d e t e r m i n i n g  b e h a v i o r .  I t  was t h e  a im  o f  t h i s  s t u d y  t o  

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



3

I I .  In tro d u ctio n

I n t e r e s t  i n  t h e  r o l e  o f  c e r e b r a l  c o r t e x  I n  v i s i o n  w as , 

a c c o r d i n g  t o  a c o m p re h e n s iv e  r e v i e w  b y  M a rq u is  ( 1 9 3 2 ) ,  

aw ak en ed  i n  t h e  f i r s t  h a l f  o f  t h e  1 9 t h  c e n t u r y  b y  t h e  w ork  

o f  P l o u r e n s ,  F l o u r e n s  r e p o r t e d  t h a t  a b l a t i o n  o f  one c e r ­

e b r a l  h e m is p h e r e  r e s u l t e d  i n  b l i n d n e s s  o f  t h e  e y e  o p p o s i t e ,  

and  t h a t  a f t e r  b i l a t e r a l  a b l a t i o n  b l i n d n e s s  was c o m p le te  

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

b e tw e e n  t h e s e  r e p o r t s  and  M a rq u is  * r e v i e w ,  e v l d e n o e  accum ­

u l a t e d  t h a t  t h e  b l i n d n e s s  o b s e r v e d  w as n o t  a b s o l u t e ;  l i d  

a n d  p u p i l l a r y  r e f l e x e s  w ere  n o te d  a s  s p a r e d .  Many e x p e r i ­

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

o f  t h e  c o r t e x  t o  t h e  a r e a  a n a t o m i c a l l y  d e l i m i t e d  a s  t h e  

a r e a  s t r i a t a ,  an d  i n  1 9 1 1 , M inkow ski p r e s e n t e d  p r e c i s e  

e x p e r i m e n t a l  p r o o f  o f  t h i s  r e l a t i o n s h i p .  E v en  b e f o r e  

M in k o w s k i 's  d e m o n s t r a t i o n  o f  v i s u a l  p r o j e c t i o n  on  t h e  

c o r t e x ,  Munk h a d  p r o p o s e d  a  p o i n t - t o - p o i n t  p r o j e c t i o n  and  

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

s p a r i n g  o f  r e f l e x e s  w i t h  t h e  c o n c e p t  o f  " p s y c h ic  b l i n d n e s s . "  

A c c o r d in g  t o  h i s  a p p r o a c h ,  t h e  c o r t e x  s e r v e d  a  h i g h e r  

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

" u n d e r s t a n d "  ‘t h e  m e a n in g  o f  v i s u a l  im a g e s .  B e c a u s e  t h i s  

g e n e r a l  a p p r o a c h  d i d  n o t  a t t r a c t  a n y  c o n s i d e r a b l e  e x p e r i ­

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

w i t h  c o r t i c a l  l e s i o n s  c o u ld  r e o o v e r  t h e  a b i l i t y  t o  r e a c t



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

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

l a t i o n s  .

By 1 9 3 2 , t h e  e v i d e n c e  on t h e  v i s u a l  a b i l i t i e s  o f  

r a b b i t s  w i t h  c e r e b r a l  l e s i o n s  was s t i l l  c o n f u s i n g ;  some 

I n v e s t i g a t o r s  h a d  fo u n d  th e m  a b l e  t o  r e a c t  t o  o b j e c t s ,  

o t h e r s  h a d  n o t .  L a s h l e y ,  h o w e v e r ,  h ad  b e g u n  h i s  e x t e n s i v e  

e x p e r i m e n t s  (1 9 2 9  & 193 1 )  w i t h  r a t s ,  and  t h e  c o n c l u s i o n s  

w ere  a l r e a d y  c l e a r .  He fo u n d  t h a t  b i l a t e r a l  d e s t r u c t i o n  o f  

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

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

b e tw e e n  l i g h t  an d  d a r k .  I f  t h e  d i s c r i m i n a t i o n  w ere  l e a r n e d  

p r e o p e r a t i v e l y ,  I t  was l o s t  b u t  c o u ld  b e  r e l e a r n e d .  L a s h l e y  

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

o f  t h e  r a t s  t o  f o rm  p a t t e r n  d i s c r i m i n a t i o n s .  P o s t o p e r a -  

t l v e l y  L a a h l e y ' s  r a t s  d id  seem  t o  b e  a b l e  t o  d i s t i n g u i s h  

p o s i t i o n  a n d ,  t o  some e x t e n t ,  t h e  d i s t a n c e  o f  t h e i r  ju m p in g  

p l a t f o r m s .

F o r  d o g s  an d  o a t s  M a rq u is  d i d  n o t  f i n d  t h e  e x p e r i m e n t a l  

e v i d e n c e  u n o o n t e a t a b l e ,  b u t  I t  d id  seem  q u i t e  c o n v i n c in g  

t h a t  o b j e c t  v i s i o n  was l o s t  a f t e r  b i l a t e r a l  s t r i a t e  a b l a ­

t i o n .  T h e re  w ere  s u g g e s t i o n s  t h a t  l i g h t - d a r k  d i s c r i m i n a ­

t i o n s  w ere  s p a r e d  and  M a rq u is  c o n f i r m e d  t h i s  s p a r i n g  e x p e r ­

i m e n t a l l y  w i t h  d o g s .

I n  t h e  monkey t h e  e v i d e n c e  was n o t  c l e a r  c u t  b u t  seem ed



t o  i n d i c a t e  t h a t  o b j e c t  v i s i o n  was I m p o s s i b l e  w i t h  l a r g e  

c e r e b r a l  l e s i o n s .  M a rq u is  knew o f  no  s t u d i e s  o f  l i g h t  

d i s c r i m i n a t i o n  w i t h  m o n k e y s .

The c l i n i c a l  e v i d e n c e  i n  man i n d i c a t e d  t o  M a rq u is  

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

o f  t h e  v i s u a l  a r e a s  o f  t h e  c e re b ru m .  P rom  t h e s e  and  o t h e r  

d a t a  w h ic h  he  c i t e s ,  M a rq u is  p r o p o s e d  t h a t  t h e r e  w as a  

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

f u n c t i o n ;  more and  m ore v i s u a l  f u n c t i o n s  w ere  t a k e n  o v e r  

b y  t h e  c e r e b r a l  c o r t e x  u n t i l  i n  man e v e n  l i g h t - d a r k  d i s ­

c r i m i n a t i o n  was t o t a l l y  d e p e n d e n t  u p o n  t h e  c o r t e x .

R e s e a r c h  s i n c e  1932  h a s  s e r v e d  m ore t o  e m p h a s iz e  t h e  

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

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

A d d i t i o n a l l y ,  i t  se em s , a s  S m ith  (1 9 3 7 b ,  p .  360) s t a t e d  

" . . . t h a t  no d i s t i n c t  d i v i s i o n  o f  n e u r a l  f u n c t i o n  i s  i n v o l ­

ved  i n  t h e  m e d i a t i o n  o f  b r i g h t n e s s  d i s c r i m i n a t i o n  and  w hat 

h a s  b e e n  d i s c u s s e d  b y  M a rq u is  a s  o b j e c t  v i s i o n . "

T h is  c o n c l u s i o n  o f  S m i t h ' s  was b a s e d  u p o n  a n  e x t e n s i v e  

s e r i e s  o f  e x p e r i m e n t s  c o n d u c te d  p r i m a r i l y  w i t h  c a t s  (1 9 3 6 ,  

1 9 3 7 a ,  1937b and  1 9 3 0 ) .  S m i th  was a b l e  t o  d e m o n s t r a t e  t h a t  

u n d e r  c o n d i t i o n s  o f  i l l u m i n a t i o n  and  c o n t r a s t  c o m p a ra b le  t o  

t h o s e  u s e d  i n  p r e v i o u s  t e s t s  o f  o b j e c t  v i s i o n ,  c a t e  w i t h  

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

t o  o b j e c t s ,  w h e re a s  u n d e r  c o n d i t i o n s  o f  h i g h  c o n t r a s t  i n
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i l l u m i n a t i o n  t h e y  w ere  a b l e  t o  do  s o .  F u r t h e r , h e  showed 

t h a t  t h e  a b i l i t y  o f  b r a i n  dam aged c a t s  t o  r e s p o n d  t o  

l i g h t - d a r k  d i s c r i m i n a t i o n s  c o u ld  b e  d i s r u p t e d  b y  a  h i g h  i n ­

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

L a s h l e y ' s  f a i l u r e  t o  f i n d  a n y  e v id e n c e  o f  p a t t e r n  d i s c r i m ­

i n a t i o n  I n  s t r i a t e  a b l a t e d  r a t s  was a l s c  due t o  a  l a c k  o f  

s u f f i c i e n t  c o n t r a s t  w i t h i n  t h e  s t i m u l i  a n d ,  i n  1930# was 

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

p r o j e c t i o n  a r e a s  t o  d i s c r i m i n a t e  a  h o r i z o n t a l  f ro m  a  v e r t i ­

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

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

r e f l e x e s  t o  m o v in g  s t r l a t l o n s  ( S m i th ,  1 9 3 7 a ) .

T hus S m ith  b e l i e v e d  t h a t  t h e r e  was n e i t h e r  e v id e n c e  

f o r  a  p r o g r e s s i v e  e n c e p h a l i z a t i o n  i n  t h e  m am m alian s e r i e s  

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

and  p a t t e r n  v i s i o n ;  r a t h e r ,  t h e  e x p e r i m e n t a l  f i n d i n g s  seem ed 

" . . . c o n s i s t e n t  i n  sh o w in g  t h a t  e x t i r p a t i o n  o f  t h e  s t r i a t e  

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

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

f u n c t i o n s  r a t h e r  t h a n  c o m p le te  a b o l i t i o n  o f  c e r t a i n  s p e c ­

i f i c  f u n c t i o n s  s u c h  a s  p a t t e r n  v i s i o n "  ( 1 9 3 7 b ,  p .  3 6 3 ) .

I n  19l|-l# K l u v e r  p u b l i s h e d  a  s t u d y  o f  two m onkeys t h a t  

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

s i o n s  o f  t h i s  s t u d y  I s  w i d e l y  known; K lu v e r  fo u n d  t h a t  t h e s e  

m onkeys d i d  n o t  r e s p o n d  t o  d i f f e r e n c e s  I n  b r i g h t n e s s  b u t



o n l y  t o  d i f f e r e n c e s  I n  t h e  d e n s i t y  o f  lu m in o u s  f l u x  e n t e r i n g  

t h e  e y e .  T h e re  was o t h e r  i n f o r m a t i o n  c o n c e r n i n g  t h e  d i s ­

c r i m i n a t i o n  o f  fo rm  an d  p o s i t i o n  o b t a i n e d  f r o m  t h e s e  mon­

k e y s ;  b u t  b e c a u s e  t h e  r e s u l t s  on f o r m  v i s i o n  w ere  n o t  ob ­

t a i n e d  a f t e r  e x t e n s i v e  p o s t o p e r a t i v e  t r a i n i n g ,  K lu v e r  c o n ­

s i d e r e d  th e m  p r e l i m i n a r y .  H ow ever, h e  o b t a i n e d  d e f i n i t e  

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

m e n ts  o f  s t i m u l i  and  c l e a r  e v i d e n c e  t h a t  t h e  m cnkeys c o u ld  

r e s p o n d  t o  r i g h t  o r  l e f t  p o s i t i o n s  o f  l i g h t s .  K lu v e r  

t r e a t e d  t h e  f i n d i n g s  s e p a r a t e l y  and  made no comment u p o n  

t h e i r  r e c o n c i l i a t i o n .  K l u v e r  a l s o  fo u n d  t h a t  h i g h  room  

i l l u m i n a t i o n  e l i m i n a t e d  t h e  m onkey*s d i f f e r e n t i a l  r e s p o n s e s .

I n  1955* D enny-B row n and  Cham bers r e p o r t e d  u p o n  a 

s e r i e s  o f  l i m i t e d  c o r t i c a l  a b l a t i o n s  i n  m o n k ey s . A b l a t i o n  

o f  a r e a  17 ( t h e  s t r i a t e  c o r t e x )  a l o n e  r e s u l t e d  i n  s p a r i n g  

o f  p r e h e n s i l e  r e a c t i o n s  t o  m ov ing  o b j e c t s ,  i n  n o  r e c o g n i t i o n  

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

r i g h t i n g .  They t o o  fo u n d  t h a t  b r i g h t  i l l u m i n a t i o n  i n h i b ­

i t e d  th e  r e a c t i o n s .  I n  t h i s  p r e p a r a t i o n  t h e  l a t e r a l  

g e n i c u l a t e  n u c l e u s  was c o m p l e t e l y  d e g e n e r a t e d .  R em oval 

o f  t h e  s e c o n d a r y  p r o j e c t i o n  a r e a s  (1 8  and  19) a l s o  l e f t  

p l a c i n g ,  r i g h t i n g  and  p r e h e n s i l e  r e a c t i o n s  I n t a c t  b u t  seem ed 

t o  l e a d  t o  im p a ir m e n t  o f  s p a t i a l  ju d g e m e n t  a n d  t o  c o n f u s i o n  

b y  m oving  o b j e c t s .

A f u r t h e r  t h e o r e t i c a l  a rg u m e n t  h a s  b e e n  a d v a n c e d  b y



D o ty  ( 1 9 6 1 ) .  He h a s  p ro p o s e d  t h a t  t h e  t o p o g r a p h i c a l  

a r r a n g e m e n t  o f  t h e  r e t i n o - c o r t i c a l  p r o j e c t i o n  i s  I n  i t s e l f  

o f  m in o r  o r  n o  im p o r ta n c e  i n  t h e  v i s u a l  a n a l y s i s  o f  g e o m e t-  

r l o  p a t t e r n s .  To s u p p o r t  t h i s  a rg u m e n t  he  h a s  p r e s e n t e d  

d a t a  f ro m  n e o n a t a l - a n d  a d u l t - o p e r a t e d  c a t e  w h ich  i n d l o a t e  

t h a t  c o r t e x  o t h e r  t h a n  th e  a r e a  s t r i a t a  ( a n a t o m l o a l l y  a  

p o i n t - t o - p o i n t  p r o j e c t i o n  a r e a )  i s  n e c e s s a r y  f o r  v i s u a l  

p a t t e r n  d i s c r i m i n a t i o n .  A l th o u g h  D o ty  h a s  n o t  p r e c i s e l y  

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

i n d i c a t e d  t h a t  a r e a s  l a t e r a l  t o  t h e  p r im a r y  c o r t i c a l  p r o ­

j e c t i o n s  may b e  e s s e n t i a l  f o r  p a t t e r n  d i s c r i m i n a t i o n .

M eyer (1 9 6 3 )  h a s  r e p o r t e d  t h a t  c a t s  w i t h  a b l a t i o n s  

o f  m ost o f  t h e  n e o c o r t e x  w ere  u n a b l e  t o  l e a r n  a  p a t t e r n  

p ro b le m  i n v o l v i n g  a l o c a l  b r i g h t n e s s  c o n t r o l l e d  d i s c r i m i n a ­

t i o n  b e tw e e n  s t r i p e d  an d  ch e ck e d  p a t t e r n s .  T hese  c a t s  p e r ­

fo rm e d  s u c c e s s f u l l y  i n  a l i g h t  a v o id a n c e  t a s k  and  d i d  n o t  

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

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

t h e  a r r a n g e m e n t  i n  t h i s  c a s e  seem ed t o  h a v e  a l lo w e d  t h e  r e ­

s p o n s e  t o  be  b a s e d  o n ly  upon  some ty p e  o f  p e r c e p t i o n  o f  p a t ­

t e r n .

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

m ig h t  r e a s o n a b l y  b e  assum ed t o  be  d e p e n d e n t  upon  much t h e  

same m echanism s a s  p a t t e r n  d i s c r i m i n a t i o n  ( s e e  G ib s o n  and  

W alk , I 9 6 0 ,  on t h e  im p o r ta n c e  o f  t e x t u r a l  c u e s  i n  t h e  v i s u a l
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c l i f f ) . H ence  a  r e a s o n a b l e  a p p r o a c h  t o  c h a r a c t e r i z i n g  

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

t i o n  o f  p a t t e r n s  seem ed t o  l i e  i n  a c o m p a r i s o n  o f  d e p t h  

a n d  p a t t e r n  p r o b le m s .  I t  a l s o  seem ed r e a s o n a b l e  t o  i n v e s ­

t i g a t e  v i s u a l  p l a c i n g  r e a c t i o n s  s i n c e  i n  b r a i n  dam aged c a t s  

S m ith  h ad  fo u n d  th e m  a b s e n t  (1 9 3 6 )  w h i l e  i n  D o ty * s  a n i m a l s  

t h e y  w ere  p r e s e n t  ( 1 9 6 1 ) .  I n  M eyer*s n e o d e c o r t i c a t e  c a t s  

t h e y  w ere  a b s e n t  u n d e r  n o rm a l c o n d i t i o n s  b u t  r e c o v e r a b l e  

u n d e r  t h e  i n f l u e n c e  o f  d l - a m p h e ta m in e  (M ey e r ,  H o r e l  a n d  

M eyer, 1 9 6 3 ) .
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I I I .  Sub .loo ts and su rgery

The S s  w o re  20  a d u l t  c a t s .  One, VC 2 3 ,  h ad  b e e n  

t r a i n e d  on t h e  s t r i p e - c h e c k  d i s c r i m i n a t i o n  p r i o r  t o  s u r g e r y .

I n  10  o a t s ,  c o r t e x  f ro m  t h e  l a t e r a l  and  s u p r a s y l v l a n  

g y r l  was a s e p t l c a l l y  rem oved  b y  s u b p l a l  a s p i r a t i o n  u n d e r  

so d iu m  p e n t o b a r b i t a l  a n e s t h e s i a .  The l e s i o n s  w ere  i n t e n d e d  

t o  encom pass t h e  s t r i a t e  c o r t e x  and  a l l  s e c o n d a r y  p r o ­

j e c t i o n  a r e a s  d e f i n e d  b y  B u s e r  and  B o r e n s t e i n  (19£>9) 

e x c e p t  t h o s e  on  t h e  e c t o s y l v i a n  g y r u s .  The c a t s  w ere  

a l lo w e d  a t  l e a s t  s i x  w eeks r e c o v e r y  b e f o r e  t e s t i n g .
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IV . A p p a r a t u s  an d  p r o c e d u r e s

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

w i t h  t h e  n o rm a l  c o n t r o l  S s  on a  v a r i e t y  o f  t a s k s .

E s s e n t i a l l y  t h e s e  t a s k s  i n v o l v e d  a  p a t t e r n  p ro b le m ,  

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

u p o n  a  h o r i z o n t a l  a d a p t a t i o n  o f  a  v i s u a l  c l i f f  t o  a c o n ­

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

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

t r o l l e d  and  r e d u c e d  t o  t h e i r  p a t t e r n  c o m p o n e n ts .

E x p e r im e n t  I

The n o rm a l  (NC) and  o p e r a t e d  (VC) c a t s  w ere  a l lo w e d  

500  t r i a l s  t o  d i s c r i m i n a t e  s t r i p e d  f r o m  c h e c k e d  d o o r s  ( c f . 

M eyer, 1 9 6 3 ) i n  a  Y e rk es -W a tso n -M u n n  b o x  s i m i l a r  t o  t h a t  

d e s c r i b e d  b y  A a ro n s  an d  R e i s e n  (19f>9). H in g ed  s t i m u l u s  

d o o r s ,  w h ic h  c o n c e a l e d  2 -gm. p i e c e s  o f  f i s h ,  w e re  l i g h t e d  

f ro m  a b o v e  and p o s i t i o n e d  a c c o r d i n g  t o  a  Oe H e r m a n - t y p e  

s e r i e s .  A f t e r  p r e l i m i n a r y  t r a i n i n g  w i t h  w h i t e  d o o r s ,  t h e  

c a t s  w e re  g i v e n  10  c o r r e c t i o n  t r i a l s  p e r  d a y  f o r  5  d a y s  p e r  

week u n t i l  $00  t r i a l s  o r  a c r i t e r i o n  o f  l 8 - c o r r e c t - o u t - o f -  

20  was r e a c h e d .

E x p e r im e n t  I I

A g l a s s - c o v e r e d  2i|. x  lj.8 x  30 i n .  b l a c k - a n d - w h i t e -  

c h e c k e d  p lyw ood b o x  w i t h  a  t r a n s l u c e n t  p l e x i g l a s s  c h e c k e d  

f l o o r  s e r v e d  a s  a  v i s u a l  c l i f f .  The c h e o k s ,  l i k e  t h e  c h e c k s  

on one o f  t h e  d o o r s  i n  E x p , I ,  w ere 3 * 3  i n .  A t r a p e z o i d a l



s t a r t i n g  p l a t f o r m  6 - l n .  h i g h ,  and  s e t  a t o p  t h e  g l a s s ,  d i ­

v id e d  t h e  b o x .  On one s i d e  o f  t h e  p l a t f o r m ,  a  p l e x i g l a s s  

f l o o r  was s e t  I m m e d ia te ly  b e lo w  t h e  g l a s s  ( s h a l l o w  s i d e ) ;  

w h i le  on th e  o t h e r ,  i t  r e s t e d  3 0 - i n c h e s  u n d e r n e a t h  t h e  g l a s s  

( d e e p  s i d e ) .  The c a t s  w ere  p l a c e d  on t h e  p l a t f o r m  and 

a l lo w e d  t o  d e s c e n d  t o  t h e  g l a s s  on w h ic h e v e r  s i d e  t h e y  c h o s e  

once a  d a y  f o r  lQ d a y s .  T h re e  c o n d i t i o n s  o f  lu m in a n c e  

( s h a l l o w  and d e e p  r e s p e c t i v e l y  O.8 7  and  I .7 8  l o g .  f t .  la m -  

b e r t s ;  b o t h  1 .7 6  l o g .  f t .  l a m b e r t s ;  and  s h a l lo w  and  d e e p  r e ­

s p e c t i v e l y  1 .7 8  an d  O .87  l o g .  f t .  l a m b e r t s )  and  r i g h t  and 

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

a l a t i n  s q u a r e .

E x p e r im e n t  I I I

The c a t s ,  s u p p o r t e d  a s  t o  p e r m i t  th em  o n ly  t o  p l a c e  b y  

way o f  v i s u a l  c u e s ,  w ere  p r e s e n t e d  t o  t o o t h - e d g e d  b o a r d s  

w i t h i n  a g r e y  b o o t h  1$  t im e s  a  d a y  f o r  10 d a y s .  Random ly 

o r d e r e d  p r e s e n t a t i o n s  o f  t h r e e  b o a r d s  ( b l a c k ,  g r e y  o r  w h i t e )  

a t  t h r e e  h e i g h t s  (2k>  36 o r  4® i n c h e s )  o r  no  b o a r d s  

c o n t r o l l e d  s t e r e o t y p e d  r e s p o n d i n g .

E x p e r im e n t  IV

T r a n s i l l u m i n a t e d ,  3 0 - i n .  d e e p  b l a c k - a n d - w h i t e  c h e ck e d  

b o x e s  r e p l a c e d  t h e  9 x  12 i n .  h in g e d  s t i m u l u s  d o o r s  i n  t h e  

d i s c r i m i n a t i o n  box  f o r  t h i s  e x p e r i m e n t .  D i s p e n s e r s  d i r e c t l y  

o v e r  t h e  s t i m u l i  d ro p p e d  t h e  r e i n f o r c e m e n t s  (2 -g m . p i e c e s  

o f  f i s h )  i n  f r o n t  o f  t h e  s t i m u l i .  A f t e r  10 d a y s  o f
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p r e l im in a r y  t r a i n i n g  w i t h  w h i t e  s t l i m i l l ,  t h e  oats  were r e i n ­

f o r c e d  f o r  a r e s p o n s e  t o  e i t h e r  a  c h e c k e d  p a t t e r n  d i r e c t ly  

b eh in d  ( sh a l lo w )  t h e  c l e a r  p l e x i g l a s s  f r o n t  of the stimu­

lu s  boxes  or t o  o n e  p l a c e d  a t  a  d i s t a n c e  o f  30- in .  (deep) 

from  th e  f r o n t .

D uring  t h i s  t r a i n i n g  t o  a  1 + 0 - c o r r e c t - o u t - o f -50 c r i ­

t e r i o n ,  the  t o t a l  a m o u n t  of* l i g h t  f r o m  e a c h  stim ulus re -
v  -

mained eq u a l .  T h e  l u m i n a n c e  o n  t h e  s h a l l o w  and deep sides 

r e s p e c t i v e l y  w ere  1 • 1|_ a n d  2 . 0  l o g  f t .  l a m b e r t s  from the 

w h ite  p o r t io n s .  T e s t s  w e r e  t h e n  m a d e  w i t h  th e  luminance of 

b o th  s t i m u l i  a t  l . l j .  l o g .  f t .  l a m b e r t s .  I f  a  ca t  did not 

a o h le v e  9/10 c o r r e c t  o n  t h e  t e s t  w i t h i n  30  t r i a l s ,  i t  was 

r e t u r n e d  to  th e  o r i g i n a l  p r o b l e m  a n d  r e t r a i n e d  to  a 9/10 

c r i t e r i o n , t h e n  r e t e s t e d .  A l l  s u b s e q u e n t  b r ig h tn e s s  or looa l 

b r i g h t n e s s  t e s t s  w e r e  c o n d u c t e d  i n  t h e  same manner.

A s u c c e s s io n  o f  b r i g h t n e s s  t e s t s  w e re  conducted a f t e r  

c o m p le t io n  ( c r i t e r i o n ,  9 / 1 0  o n  a n y  o n e  d a y )  of each pre­

v io u s  t e s t .  To m i n i m i z e ,  i f  n o t  e l i m i n a t e ,  the  i l lum ina tion  

g r a d i e n t  a long  t h e  s i d e s  o f  t h e  d e e p  b o x ,  t h e  s tim uli were 

f r o n t -  as  w e ll  a s  t r a n s - i l l u m i n a t e d .  R h e o s t a t  s e t t in g s  

were r e v e r s e d  ( d e e p ,  2 . 0  l o g .  f t .  l a m b e r t ;  shallow , -0 .1  

l o g .  f t .  l a m b e r t s )  a n d  t h e n  a  t e s t  w a s  o o n d u c ted  with 

lum inance  m a tch ed , t h e  f r o n t  l i g h t s  o n ,  b u t  the  black and 

w h i te  p o r t io n s  o f  t h e  s t i m u l i  I n t e r c h a n g e d .

I f  d i s c r i m i n a t i o n  w a s  n o t  d i s r u p t e d  b y  b r ig h tn ess  or
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l o o a l  b r i g h t n e s s  t e s t s ,  a s e c o n d  p ro b le m  was p r e s e n t e d .

The s h a l l o w  s t i m u l u s  ( 3 x 3  I n .  c h e c k s )  r e m a in e d  t h e  same 

b u t  a  t w o - d im e n s io n a l  p r o j e c t i o n  o f  t h e  d e e p  s t i m u l u s ,  p r e ­

s e n t e d  im m e d ia t e l y  b e h i n d  _the c l e a r  f r o n t  p a n e l s ,  was s u b ­

s t i t u t e d  f o r  t h e  d e e p  s t i m u l u s .

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

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

a  p a n e l  c o n t a i n i n g  1 ^ - i n c h  c h e c k s  was s u b s t i t u t e d  f o r  t h e  

s i m u l a t e d  d e e p  s t i m u l u s .

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

b r i g h t n e s s  t e s t s ,  f o u r  o r i e n t a t i o n s  o f  1^  i n c h  s t r i p e s  w ere  

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

t i o n s  o f  3 - I n c h  w ide  s t r i p e s  w ere  s u b s t i t u t e d  f o r  t h e  

s m a l l e r  s t r i p e s  ( a  p r o b le m  s i m i l a r  t o  t h a t  o f  E x p e r im e n t  I ) .

H i s t o l o g y

A f t e r  t h e  b e h a v i o r a l  t e s t i n g  was c o m p le t e ,  t h e  o p e r a t e d  

a n i m a l s  w ere  p e r f u s e d  w i t h  s a l i n e  a n d  1 0 #  f o r m a l i n  and  t h e i r  

b r a i n s  w ere  t h e n  rem oved  and  f i x e d  I n  1 0 #  f o r m a l i n .  The 

l e s i o n s  w ere  d iag ram m ed  and  t h e  b r a i n s  w ere  p h o to g r a p h e d  

u n d e r  a n  u l t r a v i o l e t  l i g h t  s o u r c e  w h ic h  a c c e n t u a t e d  th e  c o n ­

t r a s t  b e tw e e n  t h e  dam aged and  undaraaget" a r e a s .  The b r a i n s  

w ere  em bedded I n  c e l l o i d i n  and  s e c t i o n e d  a t  30 m ic r o n s .

E v e ry  t w e n t i e t h  c o r o n a l  s e c t i o n  t h r o u g h  t h e  l e s i o n  and  e v e r y  

f i f t h  s e c t i o n  t h r o u g h  t h e  l a t e r a l  g e n i c u l a t e  n u c l e i  was 

s t a i n e d  w i t h  o r e s y l e c h t  v i o l e t .
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V. R e s u l t s

E x p e r im e n t  I

T a b l e  1 g i v e s  t h e  p o s i t i v e  s t i m u l u s  and  t h e  num ber 

o f  t r i a l s  t o  t h r e e  c r i t e r i o n  m e a s u re s  f o r  e a c h  o a t .  A l l  o f  

t h e  o p e r a t e d  a n i m a l s  w ere  s e v e r e l y  I m p a i r e d  i n  d i s c r i m i n a t i n g  

s t r i p e s  f ro m  c h e c k s .  However, t h r e e  o f  t h e  VC c a t s  showed 

some e v i d e n c e  o f  l e a r n i n g ,  a n d  o f  t h e s e  t h e  a n i m a l  (VC 2 3 )  

w h ich  h a d  h ad  p r e o p e r a t i v e  t r a i n i n g  p e r f o rm e d  b e s t .

E x p e r im e n t  I I

E i g h t  o f  t h e  9 n o rm a l a n i m a l s  d e s c e n d e d  c o n s i s t e n t l y  

on  t h e  s h a l l o w  s i d e  o f  t h e  v i s u a l  c l i f f .  C a t  NC 2  p o s i t i o n  

r e s p o n d e d .  The o p e r a t e d  c a t s ,  h o w e v e r ,  made s l g n l f l o a n t l y  

(U s  lij .,  p < . 0 2 )  m ore r e s p o n s e s  t o  t h e  d e e p  s i d e .  L um inance  

v a r i a t i o n s  d id  n o t  a f f e c t  t h e  c h o i c e s  I n d i c a t e d  i n  T a b le  2 .

E x p e r im e n t  I I I

A l l  15  c a t s  v i s u a l l y  p l a c e d .  The n o rm a l  o a t s  w ere  

som ew hat I n c o n s i s t e n t  and  t h e  d i f f e r e n c e  b e tw e e n  t h e  g ro u p s  

was n o t  s i g n i f i c a n t  ( t  = 1 . 144-* <*f = 1 3 ) .  The p e r c e n t a g e s  o f  

p l a c i n g  r e a c t i o n s  o b s e rv e d  d u r i n g  150  t e s t s  p e r  a n i m a l  a r e  

p r e s e n t e d  I n  T a b le  3 .

E x p e r im e n t  IV

I n  th e  f i r s t  d ay > s  s e s s i o n  o f  t h e  d e e p - s h a l l o w  d i s c r i m ­

i n a t i o n  t a s k  7 o f  8 n o rm a l  c a t s  c h o s e  t h e  d e e p  s i d e  more 

t h a n  h a l f  o f  t h e  1 0  t r i a l s .  O nly  VC 15  and  VC 17 show ed 

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



TABLE 1 : E x p e r im e n t  I : T r i a l s  t o  3 c r i t e r i o n
16

m e a s u r e s .

P o s i t i v e
s t i m u l u s

t i r i t e r l o n  a 
1

C r i t e r i o n  “ C r i t e r i o n
2  3

N orm al NCI c h e c k s 31 8 0 80
c a t s  .

NC2 s t r i p e s 28 U -

NC3 c h e c k s 81 370 370

NCij. c h e c k s 90 90 190

NC£ s t r i p e s 21̂ 2 L ^o k 7 0

NC 6 s t r i p e s 377 380 380

NC7 s t r i p e s 167 3 1 0 U2 0

NC8 c h e c k s 362 1*30 -

NC9 c h e c k s 9k 2 1 0 3 1 0

V i s u a l l y  VC15 c h e c k s 31*1* - -

d e c o r t i ­
c a t e d VC16 s t r i p e s - - -

c a t s
VC17 s t r i p e s _ - -

VC18 c h e c k s - - -

VC19 c h e c k s - - -

VC20 c h e c k s - - -

VC 21 c h e c k s 1*23 - -

VC22 s t r i p e s - - -

VC23 c h e c k s 73 k 3 0 1*30 .

a  C r i t e r i o n  1 :  9 - o u t - o f - a n y - l G  c o r r e c t .  T o u c h in g  o f  
i n c o r r e c t  d o o r  r e c o r d e d  a s  a n  e r r o r .

^  C r i t e r i o n  2 :  9 - c o r r e c t - i n - a n y - 1 0 - t r i a l - s e s s i o n .  
T o u c h in g  o f  i n c o r r e c t  d o o r  r e c o r d e d  a s  a n  e r r o r ,

c C r i t e r i o n  3* 9 - c o r r e c t - o f - a n y - 1 0 - t r I a l - s e s s i o n .  I n ­
c o r r e c t  a l l e y  e n t r y  r e c o r d e d  a s  a n  e r r o r .

j
D id  n o t  m eet c r i t e r i o n  i n  $00  t r i a l s .



17

TABLE 2 .  P e r c e n t  r e s p o n s e s  t o  t h e  s h a l lo w  s i d e  o f  t h e  

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

Normal cats
NCI NC2 NC1+ NO 5 NC6 nc7 n c o NC9 NCIO

100 61 100 100 100 100 100 100 100

V i s u a l l y  d e c o r t i c a t e d c a t s

7CT3""Vci6 "VcClT VflW VB2D"~VC2i VB22” VB23r VB2U
1 0 0  9U- 61 39 33 6 l  39 70



TABLE 3 .  P e r c e n t a g e  o f  o c c a s i o n s  u p o n  w h ich  v i s u a l  

p l a c i n g  was o b s e r v e d  i n  150 t e s t s .

18

N orm al c a t s

M l--HC2- MB----ME--HC7--MB--M?
82 99 87 81*. 96 71 87 3^

V i s u a l l y  d e c o r t i c a t e d  c a t s

VC15 VC16 VC19 VC20 VC21 VC22 VC23----------

38 75 75 25 88 9k I4-I
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As T a b le  l\. I n d i c a t e s ,  n o rm a l  c a t s  l e a r n e d  t h e  d e e p -  

s h a l l o w  d i s c r i m i n a t i o n  q u i c k l y .  The v i s u a l l y  d e c o r t i c a t e d  

c a t s  a l s o  l e a r n e d  t h e  d i s c r i m i n a t i o n  b u t  r e q u i r e d  many 

more t r i a l s .

Two c a t s  (VC 1 6  and VC 2 2 ) d i d  n o t  m eet c r i t e r i o n  

w i t h i n  ^ 0 0  t r i a l s ,  b u t  a f t e r  s p e c i a l  t r a i n i n g  d i d  d i s c r i m ­

i n a t e  t h e s e  s t i m u l i .  I n  t h i s  t r a i n i n g  VC 16 f i r s t  l e a r n e d  

a  b l a c k - w h i t e  d i s c r i m i n a t i o n ;  t h e n ,  a f t e r  t r a i n i n g  w i t h  

com bined  d e p t h  an d  b r i g h t n e s s  c u e s ,  VC 1 6  was s t i l l  a b l e  

t o  d i s c r i m i n a t e  w hen t h e  b r i g h t n e s s  c u e s  w ere  r e m o v e d .

C a t  VC 22 r e s p o n d e d  d i f f e r e n t i a l l y  t o  t h e  d e p t h  c u e s  b u t  

a lw a y s  f i r s t  e n t e r e d  th e  l e f t  a l l e y .  T h u s ,  i f  r e i n f o r c e ­

m ent was w i t h h e l d  f o r  5 - s e c . ,  an d  t h e  l e f t  s t i m u l u s  was 

p o s i t i v e ,  t h e  c a t  w a i t e d  i n  t h a t  a l l e y .  I f  t h e  l e f t  

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

i n  l e s s  t h a n  5 - s o c ,  I n d i c a t i o n s  o f  d i f f e r e n t i a l  r e s p o n d i n g  

h e n c e  w ere  o b t a i n e d  b y  t i m i n g  t h e  o a t *3 l e f t  a l l e y  r e s p o n s e  

I n  f u r t h e r  t e s t i n g .

C a t VC 23 d i d  n o t  m eet a  h 5 > - c o r r e c t - o u t - o f - 5 0  c r i t e r i o n  

i n  1000  t r i a l s  an d  was n o t  f u r t h e r  t e s t e d .  C a t VC 17 d ie d  

b e f o r e  t e s t i n g  was c o m p le t e .

C hanges  i n  l i g h t i n g  a f f e c t e d  o n ly  t h e  p e r f o rm a n c e  o f  

VC 2 0 ,  H ow ever, a f t e r  e x t e n s i v e  t r a i n i n g  w i t h  g r a d u a l  

c h a n g e s  i n  l i g h t i n g ,  i t s  p e r f o rm a n c e  becam e in d e p e n d e n t  o f  

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

t h e  s t i m u l i  had  no e f f e c t  w i t h  a n y  c a t .
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TABLE lj.. E x p e r im e n t  IV : D e e p - s h a l lo w  d i s c r i m i n a t i o n .  P o s i ­

t i v e  s t i m u l u s  and t r i a l s  t o  two c r i t e r i o n  m e a s u re s .

f c o s l t i ^ e
s t i m u l u s

C r i t e r i o n  a
3

C r i t e r i o n  ^
4

N orm al
c a t s NCI s h a l lo w 1*0 50

NC2 s h a l lo w 30 210

NClj. d e e p 0 150

NCf> d e e p 0 230

NC6 d e e p k o 30

NC7 s h a l lo w 120 ISO

NC8 s h a l l o w 20 20

NC9 d e e p 10 130

V i s u a l l y VC15 s h a l lo w 80 170
d e c o r t i c a t e d
c a t s VC 16 s h a l l o w _ c _ c

VC 17 d e e p 270 D ied

VC19 d e e p 390 460

VC20 s h a l lo w 1*40 1*40

VC21 d e e p Uj.0 320

VC22 s h a l lo w _ c c

VC23 s h a l l o w 490 -  d

a C r i t e r i o n  3 :  9 - o f - a n y - 1 0 - t r i a l - s e s s i o n  c o r r e c t .  I n ­
c o r r e c t  a l l e y  e n t r y  r e c o r d e d  a s  a n  e r r o r .

b C r i t e r i o n  ij.: o f - 5 > 0 - t r i a l s  i n  f i v e  s e s s io n s ^  c o r r e c t .
I n c o r r e c t  a l l e y  e n t r y  r e c o r d e d  a s  a n  e r r o r .

c Met o r i t a r l o n  a f t e r  s p e c i a l  t r a i n i n g .
^  _

D id  n o t  m eet c r i t e r i o n  i n  1000  t r i a l s .
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When a t w o - d im e n s io n a l  p r o j e c t i o n  o f  t h e  d e e p  s t i m ­

u l u s  was s u b s t i t u t e d  f o r  t h e  d e e p  s t i m u l u s  p r o p e r ,  a l l  

n o rm a l  and  5  o f  t h e  6 r e m a i n i n g  d e c o r t i c a t e s  m e t c r i t e r i o n  

( 9 - c o r r e c t - a u t - a f - l O )  w i t h i n  60 t r i a l s .  Cat VC 22 met c r i ­

t e r i o n  a t  ij.00 t r i a l s  b u t  i t s  p e r f o rm a n c e  was u n s t a b l e  d u r i n g  

t e s t i n g  w i t h  r e v e r s a l s  o f  t h e  b l a c k - w h i t e  p o r t i o n s  o f  t h e  

s t i m u l i .  No d e t e r m i n a t i o n  o f  t h e  i n f l u e n c e s  o f  t h e s e  c u e s  

c o u ld  b e  made a n d  t h e  c a t  was n o t  f u r t h e r  t e s t e d .

When t h e  1 ^  - i n .  ch e ck  p a t t e r n  w as s u b s t i t u t e d  f o r  t h e  

tw o - d im e n s io n a l  p r o j e c t i o n  o f  t h e  d e e p  s t i m u l u s ,  a l l  n o r ­

m al a n d  3 d e c o r t i c a t e d  (VC 1 5 ,  VC 1 9 ,  VC 2 1 ) Ss a g a i n  

t r a n s f e r r e d  q u i c k l y .  C at VC 16  met c r i t e r i o n  a f t e r  2I4.O 

t r i a l s ,  b u t  i t s  p e r f o rm a n c e  was u n s t a b l e  and  no d e t e r m i n a ­

t i o n  o f  t h e  i n f l u e n c e  o f  b r i g h t n e s s  c u e s  c o u ld  b e  made.

C at VC 20 c o u ld  n o t  d i s c r i m i n a t e  t h e s e  s t i m u l i  w i t h i n  

310  t r i a l s .

T r a n s f e r  t o  a  d i s c r i m i n a t i o n  i n  w h ic h  1 ^ - l n .  s t r i p e s  

w ere  s u b s t i t u t e d  f o r  th e  1^ - i n .  c h e c k s  was more d i f f i c u l t  

( one n o rm a l  c a t  r e q u i r e d  1 9 0  t r i a l s ) .  T h re e  o p e r a t e d  c a t s  

w ere  t e s t e d ;  VC 21  d id  n o t  m e e t c r i t e r i o n  i n  5 1 0  t r i a l s .  

A l th o u g h  VC 19 m et c r i t e r i o n  i t s  p e r fo rm a n c e  was u n s t a b l e  

and  t h e  i n f l u e n c e  o f  b r i g h t n e s s  c u e s  c o u ld  n o t  b e  d e te r m in e d .  

The r e m a i n i n g  o p e r a t e d  c a t  (VC 1 5 )  was a b l e  t o  d i s c r i m i n a t e  

t h e s e  s t i m u l i  a n d  t h e  3 “ i n * s t r i p e s  f ro m  3 - i n .  c h e c k s .

A l th o u g h  u n s t a b l e  p e r f o r m a n c e  so m e tim e s  a c c o m p a n ie d  

t h e  b r i g h t n e s s  v a r i a t i o n  i n  t h i s  e x p e r i m e n t ,  t h e r e  was no
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c l e a r  e v id e n c e  t h a t  a n y  c a t  was r e s p o n d i n g  t o  l o c a l  b r i g h t ­

n e s s  c u e s .  O verhead  l i g h t i n g  r a t h e r  t h a n  t r a n s l l l u m l n a t l o n  

h ad  no e f f e c t .

A summary o f  t h e  r e s u l t s  f ro m  o p e r a t e d  c a t s  i n  t h i s  

p h a s e  i s  g iv e n  i n  T a b le  $ ,  A l l  n o rm a l  c a t s  d i s c r i m i n a t e d  

t h e s e  s t i m u l i .

H i s t o l o g y

The e x t e n t  o f  t h e  s t r i a t e  c o r t i c a l  l e s i o n s  was j u d g e d  

b y  e x a m in a t io n  o f  r e t r o g r a d e  d e g e n e r a t i o n  i n  t h e  d o r s a l  

l a t e r a l  g e n i c u l a t e  n u c l e i .  T a b le  6 p r e s e n t s  t h e  p e r c e n t a g e s  

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

i n s t a n c e  o f  VC 2l±, w h ic h  d i e d  u n e x p e c t e d l y .

R a n k - o r d e r  c o r r e l a t i o n s  o f  v i s u a l  c l i f f ,  v i s u a l  

p l a c i n g  and  E x p e r im e n t  IV p e r fo rm a n c e  w i t h  t h e  e x t e n t  o f  

l a t e r a l  g e n i c u l a t e  damage w ere  o b t a i n e d .  The c o r r e l a t i o n  

b e tw e e n  v i s u a l  p l a c i n g  and l e s i o n  e x t e n t  was n o t  s i g n i f i ­

c a n t  ( r  = + .6 6 ,  p> ,Q 5). S i g n i f i c a n t  c o r r e l a t i o n s  w e r e  

o b ta in e d  b e tw e e n  v l s u a l - c l l f f  p e r fo rm a n c e  and l e s i o n  

e x t e n t  ( r fl -  + .87» p < . 0 1 )  an d  u l t i m a t e  p e r fo rm a n c e  I n  

E x p e r im e n t  IV and  l e s i o n  e x t e n t  ( r fl s + .75*  P 'c
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& p o s t e r i o r
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V I.  P l a c u s 3 l p n

I n  r e v i e w ,  t h e s e  l e s i o n e d  c a t s  w e re  a b l e  t o  p e r ­

fo rm  c e r t a i n  b e h a v i o r s  w h ic h  a p p e a r  t o  b e  d e p e n d e n t  

u p o n  a  modicum o f  f o rm  p e r c e p t i o n .  T h e y  w ere l e a s t  

i m p a i r e d  i n  v i s u a l  p l a c i n g ,  a  p e r f o rm a n c e  w h ich  was 

n o t  e x p e c t e d  t o  b e  s p a r e d  e x c e p t  i n  p r e p a r a t i o n s  w h ic h  

w ere  s u b t o t a l  (B a rd  and  O r i a s ,  1 9 3 3 ) .  A t  l e a s t  some 

p o r t i o n s  o f  t h e  LGN's w ere  I n t a c t  i n  a l l  t h e  p r e s e n t  

o p e r a t e d  g ro u p ;  h o w e v e r ,  VC 20 w i t h  t h e  m ost c o m p le te  

a b l a t i o n  and  o n ly  1 $  o f  t h e  r i g h t  LON r e m a i n i n g  p l a c e d  

on 2.%% o f  t h e  t e s t s .

V i s u a l  c l i f f  p e r f o r m a n c e s  w ere m ore  im p a i r e d  t h a n  

t h o s e  o b s e rv e d  b y  P.M. M eyer ( 1 9 6 3 ) ,  d e s p i t e  t h e  f a c t  

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

H ow ever , t h e  t e s t  m e th o d s  d i f f e r e d ;  i n  M eyer*s c l i f f ,  

d e e p  c h o i c e s  w ere  p u n is h e d  b y  a  f a l l ,  w h e re a s  i n  t h i s  

e x p e r im e n t  t h e  c o n s e q u e n c e s  o f  a o h o ic e  w ere  I d e n t i c a l .

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

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

c o u ld  d i s t i n g u i s h  d e e p  f ro m  s h a l lo w  s t i m u l i  I n  a  d i s c r i m -  

i n a t i n n  s i t u a t i o n .

The o a t s  w e re  s e v e r e l y  im p a i r e d  I n  t h e  c h e c k  

v e r s u s  s t r i p e  p r o b le m .  Two o p e r a t e d  c a t s  w i t h  c o n s i d e r a b l e  

c o r t i c a l  s p a r i n g  m et o n ly  a w eak c r i t e r i o n .  VC 2 3 ,  w h ich  

l e a r n e d ,  h ad  l i t t l e  c o r t i c a l  s p a r i n g  b u t  was u n iq u e  i n
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t h a t  i t  h a d  h ad  e x t e n s i v e  p r e o p e r a t i v e  t r a i n i n g  on t h e  

p ro b le m .

H ow ever, c a t s  t h a t  f a i l e d  t h i s  p r o b le m  d id  d i s ­

c r i m i n a t e  b e tw e e n  t h e  d e e p  and s h a l lo w  a l l e y s  and t r a n s ­

f e r r e d  t h a t  d i s c r i m i n a t i o n  ( w i t h  t h e  e x c e p t i o n  o f  VC 23 

an d  VC 22) t o  t h e  c h e c k  v e r s u s  t w o - d i m e n s i o n a l  p r o j e c t i o n  

o f  th e  d e e p  s t i m u l u s  p r o b le m .

The q u e s t i o n ,  t h e n ,  i s  w h e th e r  t h e  c o n f i g u r a t i o n  

o f  t h e  c u e s  i n  a  t w o - d i m e n s i o n a l  p r o j e c t i o n  o f  a c l i f f  o r  

t h e  d e e p  an d  s h a l lo w  a l l e y s  n e e d s  t o  b e  a p p e a l e d  t o  a s  

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

l e s l o n e d  a n i m a l s  s h o u ld  n o t  h a v e  t r a n s f e r r e d  t o  t h e  1 ^ -  

i n .  c h e c k e d  p a t t e r n .  H ow ever, 3 o f  £ a n i m a l s  d id  t r a n s f e r .  

Two o f  t h e s e  s u b s e q u e n t l y  f a i l e d  t o  t r a n s f e r  t o  t h e  l £ - i n .  

s t r i p e  p r o b le m  and  t h i s  p ro b le m  was s u c c e s s f u l l y  c o m p le te d  

b y  o n ly  t h e  c a t  w h ich  h a d  80#  o f  t h e  LGN s p a r e d  u n i l a t e r ­

a l l y .

The m o s t  p a r s im o n io u s  a s s u m p t io n  i s  t h a t  t h e s e  r e s u l t s  

a r e  a l l  c o n s i s t e n t  w i t h  t h e  v ie w  t h a t  a n i m a l s  w i th  s t r i a t e  

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

s t i m u l i  w h ic h  c o n t a i n  d i f f e r e n t '  c o n t o u r  l e n g t h s .  T h i s  I s  

a  common p r o p e r t y  o f  a l l  t h e  d i s c r i m i n a t i o n  p ro b le m s  I n  

t h e  s t u d y .

C o n to u r  l e n g t h  v a r i e d  e v e n  I n  p ro b le m s  w h ic h  m o s t  

l e s l o n e d  c a t s  f a i l e d .  H ow ever, t h e  r a t i o s  o f  c o n t o u r  

d i f f e r e n c e  w ere  n o t  t h e  same I n  a l l  p r o b le m s .  I n  t h e



s t r i p e - c h e c k  p r o b le m  t h i s  c o n t r a s t  i n  t o t a l  c o n t o u r  l e n g t h  

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

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

e n c e s  was 1 : 2 .  The c o n t r a s t  was a l s o  v a r i a b l e  an d  v e r y  

s m a l l  (m ean 1 : 1 . 3 )  i n  t h e  l ^ - i n .  s t r i p e - 3 - i n .  c h e c k  p r o b ­

lem  w h ic h  o n ly  one l e s i o n e d  c a t  d i s c r i m i n a t e d .  The o t h e r  

p ro b le m s  had  c o n s t a n t  an d  l a r g e r  r a t i o s ;  t h e  r a t i o  i n  t h e  

l ^ - i n . - 3 - i n .  c h e c k  p ro b le m  was 1 : 2 . 3  a n d  i n  t h e  tw o -d im e n ­

s i o n a l  p r o j e c t i o n  s i t u a t i o n  was 1 : ^ . 3 *

H ence t h e  c o r r e l a t i o n  o f  l e s i o n  e x t e n t  w i t h  u l t i m a t e  

p e r f o rm a n c e  i n  E x p e r im e n t  IV a p p e a r s  t o  i n d i c a t e  t h a t  

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

b y  m ore and m ore s e v e r e  g e n i c u l o - s t r i a t e  a b l a t i o n  i n  

t h e s e  c a t s .

S i m i l a r l y ,  W e i s k r a n tz  (1 9 6 3 )  f o u n d  t h a t  a  young  monkey 

w i t h  s t r i a t e  c o r t e x  a b l a t i o n  c o u ld  d i s c r i m i n a t e  s t i m u l i  

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

I n t e r e s t i n g l y ,  one of t h e  o c c i p i t a l l y  l e s l o n e d  monkeys 

t e s t e d  b y  K l u v e r  (1 9 lf l )  was a b l e  t o  d i s c r i m i n a t e  a  s q u a r e  

f ro m  a  c o n f i g u r a t i o n  o f  7 6  c i r c l e s  h a v i n g  t h e  same t o t a l  

a r e a ,  b u t  n o t  a  s q u a r e  f r o m  a  c r o s s  o f  e q u a l  a r e a .
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