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I N T R O D U C T I O N  

The  P rob lems :  

I t  i s  s c a r c e l y  more t h a n  t h r e e  d e c a d e s  s i n c e  L a s h l e y ,  i n  "The S e a r c h  

f o r  t h e  Engramn c o n t i n u i n g  t h e  theme o f  h i s  1929  " B r a i n  Mechanisms a n d  

I n t e l l i g e n c e "  d e c l a r e d  h i s  f a i l u r e  t o  l o c a t e  t h e  memory trace. By con-  

t ras t ,  t o d a y  t h e  e v i d e n c e  f rom c a r e f u l l y  p e r f o r m e d  c l i n i c a l  n e u r o p s y c h o -  

l o g i c a l  s t u d i e s  (wh ich  c o n t i n u e  a 1 9 t h  c e n t u r y  t r a d i t i o n )  p r o v i d e  a 

p l e t h o r a  o f  localizable'disturbances of memory p r o c e s s e s .  However ,  i n t e r -  

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

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

t i n g  a n a t o m i c a l  s y s t e m s .  N o r  d o  t h e s e  s t u d i e s  c o m p l e t e l y  c o n t r a d i c t  
. . . - .  
L a s h l e y :  d e f i c i t s  are  n o t  l i m i t e d  t o  s p e c i f i c  memory traces ( e . g .  r e c o g n i -  

t i o n  o£  g r a n d m o t h e r  1 b u t  i n v o l v e  classes of memory p r o c e s s e s .  We are t h u s  

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

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

- 
- 

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

s e r v e d  up  series o f  d i c h o t o m i e s  which v a r y  f rom i n v e s t i g a t o r  t o  i n v e s t i -  
- .  . . -  . . 

g a t o r .  w h a t  is t h e  r e l a t i o n s h i p  be tween  ' p r o c e d u r a l  a n d  r e f e r e n t i a l  p r o -  

cesses? Between e p i s o d i c  a n d  work ing  memory? And b e t w e e n  a l l  o f  t h e s e  

a n d  o t h e r s  s u c h  as s e m a n t i c  p r o c e s s i n g ?  T h e r e  is t h u s  a t  p r e s e n t  no  agree- 

ment  as t o  t h e  r e l a t i o n s h i p  among d i cho tomous  f o r m u l a t i o n s  - o n l y  a monu- 

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

r e s e a r c h ,  

Some of t h e s e  p r o b l e m s  c a n  be a d d r e s s e d  by s t u d y i n g  non-human p r i m a t e  

m o d e l s .  T h e r e  is a r e l e v a n t  body o f  s u c h  e v i d e n c e  w h i c h  is c u r r e n t l y  

i g n o r e d  i n  s t u d i e s  made on human n e u r o p s y c h o l o g i c a l  p a t i e n t s .  I n  t h i s  

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



* - a s p e c t s . o f  memory can be a r r a n g e d  h i e r a r c h i c a l l y  a c c o r d i n g  t o  t h e  b r a i n  
I '  , 

sistems which have  been i d e n t i f i e d  t o  be i n v o l v e d .  The s p e c i f i c s  of t h e  
I 

h i e r a r c h y  p roposed  w i l l  most  l i k e l y  be s u b j e c t  t o  c h a n g e s  a s  new e v i d e n c e  
I 

a c r u e s .  However, I w i l l  m a i n t a i n  t h a t  t h e  c o m p l e x i t i e s  of  memory w i l l  not 

b e  u n d e r s t o o d  u n t i l  t h e  r e l a t i o n s h i p s  among them and t o  b r a i n  s y s t e m s  

becomes c l a r i f i e d .  

A t  least  seven  d i f f e r e n t  m&ry mechanisms can be i d e n t i f i e d ,  ~t 

b a s e  t h e s e , i n v o l v e  p e r c e p t u a l  and  motor s k i l l s  on one  hand and t h e  e p i s o -  

d i c  p r o c e s s i n g  o f  n o v e l  ( r e g i s t r a t i o n )  and of f a m i l i a r  ( e x t i n c t i o n )  events 
- .  . . 

on t h e  o t h e r .  S k i l l s  a r e ' e n h a n c e d  by s e a r c h  and s a m p l i n g  p r o c e d u r e s  t o  

fo rm r e f e r e n t i a l  p r o c e s s e s .  E p i s o d i c  p r o c e s s e s  become s e n s i t i v e  t o  t h e  

s p a t i o t e m p o r a l  s t r u c t u r e  which d e s c r i b e s ' t h e  c o n t e x t  w i t h i n  which t h e  

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

I n  t u r n  r e f e r e n t i a l  and  c o n t e x t u a l  p r o c e s s e s  i n t e r a c t  t o  p r o d u c e  
. . -  

d e c l a r a t i v e  language.  

Each o f  t h e  nodes of t h e  h i e r a r c h y  h a s  a f o r e b r a i n  s y s t e m  i d e n t i f i e d  

w i t h .  it. Thus p e r c e p t u a l  s k i l l s  i n v o l v e  ' t h e  p r i m a r y  s e n s o r y  s y s t e m s  ; 

motor  s k i l l s ,  t h e  p r i m a r y  motor  sys tems.  . P r o c e s s i n g  n o v e l t y  i n v o l v e s  
. . . . .  . - .  - ... 

s y s t e m s  c o n v e r g i n g  on t h e  amygdala; p r o c e s s i n g  t h e  f a m i l i a r ,  t h o s e  c o n v e r -  
. . .  

g i n g  o n  t h e  hippocampus. S e a r c h  and sampl ing  are d i s t u r b e d  by r e s e c t i o n s  

of t h e  p o s t e r i o r  i n t r i n s i c ,  p r o b a b i l i s t i c  programming by r e s e c t i o n s  o f  t h e  

f a r  f r o n t a l  c o r t e x .  The methods and d a t a  from which t h e s e  c o n c l u s i o n s  

s t e m  are d e s c r i b e d  below. 
. .  . .  . ... . . 

[ F i g u r e  1 1  

The M u l t i p l e - D i s s o c i a t i o n  T e c h n i q u e  

The e x p e r i m e n t a l  a n a l y s i s  o f  subhuman p r i m a t e  p s y c h o s u r g i c a l  p r e p a r a -  

t i o n s  h a s  uncovered  a h o s t  of memory d i s t u r b a n c e s .  The i n i t i a l  t e c h n i q u e  

by which t h e s e  b r a i n - b e h a v i o r  r e l a t i o n s h i p s  were e s t a b l i s h e d  i s  c a l l e d  the 



method o f  m u l t i p l e  d i s s o c i a t i o n  ( P r i b r a m ,  19541,  a k i n  t o  what ~ e u b e f l n a r n e d  

t h e  method o f  A d o u b l e  d i s s o c i a t i o n u  of s i g n s  of b r a i n  t rauma i n  humans.* - 
The m u l t i p l e  d i s s o c i a t i o n  t e c h n i q u e  depends  on c l a s s i f y i n g  t h e  be- 

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

on t h e  b a s i s  of some a r b i t r a r i l y  chosen c r i t e r i o n ;  t h e n  p l o t t i n g  on a  

b r a i n  map t h e  t o t a l  e x t e n t  of t i s s u e  a s s o c i a t e d  w i t h  e a c h  o f  t h e  c a t e -  

g o i r e s  a b 1 a t e d : d e f i c i t  and n o t  ab1a ted :no  d e f i c i t ;  and  f i n a l l y  f i n d i n g  

t h e  i n t e r s e p t  o f  t h o s e  two a r e a s  ( e s s e n t i a l l y  s u b t r a c t i n g  t h e  noes  from - 
t h e  y e s e s - p l u s - n o e s . )  T h i s  p r o c e d u r e  is r e p e a t e d  f o r  e a c h  t y p e  of 

b e h a v i o r .  The r e s u l t i n g  map of l o c a l i z a t i o n  of d i s t u r b a n c e s  i s  t h e n  v a l i -  

d a t e d  by making l e s i o n s  r e s t r i c t e d  t o  t h e  s i t e  d e t e r m i n e d  by t h e  i n t e r s e p t  

,me thod  and  showing t h a t  t h e  maximal b e h a v i o r a l  d e f i c i t  is o b t a i n e d  by t h e  

r e s t r i c t e d  l e s i o n .  ( S e e  Table I and F i g u r e  2 . )  
. . .  . . -  

Once t h e  n e u r o b e h a v i o r a l  c o r r e l a t i o n  h a s  been e s t a b l i s h e d  by t h e  mul- 

t i p l e  . .  . -  d i s s o c i a t i o n  t e c h n i q u e ,  two a d d i t i o n a l  e x p e r i m e n t a l  s t e p s  are u n d e r -  
. .  . *  

. t a k e n .  F i r s t ,  h o l d i n g  t h e  l e s i p n  c o n s t a n t ,  a  s e r i e s  of v a r i a t i o n s  i s  made 

o f  the t a s k  on which performance was found defective. These  e x p e r i m e n t a l  

m a n i p u l a t i o n s  d e t e r m i n e  t h e  l i m i t s  o v e r  which t h e  b r a i n / b e h a v i o r -  

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

models  o f  t h e  p s y c h o l o g i c a l  p r o c e s s e s  impa i red  by t h e  v a r i o u s  s u r g i c a l  

p r o c e d u r e s ,  
. - .  

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

engaged  t o  work o u t  t h e  r e l a t i o n s h i p s  between t h e  b r a i n  areas under  exami- 

n a t i o n  and  t h e  rest of  t h e  ne rvous  sys tem,  These e x p e r i m e n t a l  p r o c e d u r e s  

allow t h e  c o n s t r u c t i o n  o f  r e a s o n a b l e  models of t h e  f u n c t i o n s  of  t h e  a r e a s  

a n d  o f  t h e  mechanisms o f  impairment ,  

Two major  c l a s s e s  of memory p r o c e s s e s  have  k e n  d e l i n e a t e d  by t h e  

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



- . s e c t i o n s  t a k e  up t h e s e  p r o c e s s e s  w h i l e  t h e  f i n a l  s e c t i o n s  deal w i t h  

I 

I 
model ing  t h e  n e u r a l  mechanisms which u n d e r l i e  t h e  p r o c e s s e s .  

.REFERENCE MEMORY AND THE POSTERIAL CORTICAL CONVEXITY 

S e n s o r y  S p e c i f i c i t y :  

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

l ies  a v a s t  e x p a n s e  o f  parieto-temporo-preoccipital c o r t e x .  C l i n i c a l  

o b s e r v a t i o n  h a s  a s s i g n e d  d i s t u r b a n c e  of many g n o s t i c  and l a n g u a g e  f u n c -  

t i o n s  t o  l e s i o n s  of  t h i s  expanse .  E x p e r i m e n t a l  p s y c h o s u r g i c a l  a n a l y s i s  i n  

subhuman p r i m a t e s  of c o u r s e ,  is  ' l i m i t e d  t o  n o n v e r b a l  b e h a v i o r ;  w i t h i n  t h i s  
I 

l i m i t a t i o n ,  however,  a s e t  of s e n s o r y - s p e c i f i c  a g n o s i a s  ( l o s s e s  i n  t h e  

competence  t o  choose  among' c u e s  1 .have been '  produced.  D i s t i n c t  r e g i o n s  of 

p r i m a t e  c o r t e x  have been shown. t o  be i n v o l v e d  i n  each  o f  t h e  

m o d a l - i t y - s p e c i f i c  memory f u n c t i o n s : . a n t e r i o r  t e m p o r a l  i n  g u s t a t i o n  

IBagshaw & P r i b r a m ,  1953 1, ' i n f e r i o r  t e m p o r a l  i n  v i s i o n  (Mishk in  & P r i b r a m ,  

19541 ,  m i d t e m p o r a l  i n  a u d i t i o n  ( W e i s k r a n t z  & Mishk in ,  1 9 5 8 ;  Dewson, 

P r i b r a m '  & Lynch,  19691,  'and o c c i p i t o p a r i e t a l  i n ' s o m e s t h e s i s  ( P r i b r a m  & 

I B a r r y ,  1 9 5 6 ;  M. Wilson', 1 9 7 5 ) .  I n  each i n s t a n c e  c h i c e  r e a c t i o n s  l e a r n e d  
I 

I 

p r i o r ' t o  s u r g i c a l  i n t e r f e r e n c e  are los t  t o  t h e  s u b j e c t  p o s t o p e r a t i v e l y  a n d  

g r e a t  d i f f i c u l t y  ' ( u s i n g  a  " s a v i n g s U " c r i t e r i o n )  i n  r e a c q u i s i t i o n  i s  
I 

I e x p e r i e n c e d ,  i f  t a s k  s o l u t i o n '  is p o s s i b l e  a t  a l l .  

The b e h a v i o r a l  a n a l y s i s  o f  t h e s e  s e n s o r y  s p e c i f i c  memory d e f i c i t s  has 

shown t h a t  t h e y  i n v o l v e  a r e s t r i c t i o n  i n  sampl ing  o f  a l t e r n a t i v e s ,  a  t r u e  

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

t h e . e a s i e s t  way t o  communicate t h i s  is t o  r e v i e w  t h e  o b s e r v a t i o n s ,  
I 

I 
t h i n k i n g ,  a n d ' e x p e r i m e n t s  t h a t  l e d  t o  t h e  p r e s e n t  v iew of t h e  f u n c t i o n  o f  

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



& 

S e a r c h  and  Samplin9:  
U 

- ~ l l  s o r t s  o f  d i f f e r e n c e s  i n  t h e  physi= '&l  d imens ions  of t h e  s t i m u l u s ,  

f o r  example ,  s i ze ,  i n f l u e n c e s  t h e  d e f i c i e n c y  i n  c h o i c e  which o c c u r s  a f t e r  

i n f e r i o r - t e m p o r a l  l e s i o n s  (Mishkin 6 H a l l ,  19551,  b u t  t h e  d i s a b i l i t y  

i s m o r e  complex - as i l l u s t r a t e d  i n  t h e  f o l l o w i n g  s t o r y :  

One d a y  when t e s t i n g  my l e s i o n e d  monkeys a t  t h e  Yerkes  L a b o r a t o r i e s  

a t -  Orange P a r k ,  F l o r i d a ,  I s a t  down t o  rest from t h e  c h o r e  of c a r r y i n g  a 

monkey a c o n s i d e r a b l e  d i s t a n c e  between home cage  and l a b o r a t o r y .  The 

monkeys, i n c l u d i n g  t h i s  one,  were f a i l i n g  m i s e r a b l y  a t  t h e  v i s u a l  discrirni- 

' n a t i o n  t a s k s  b e i n g  a d m i n i s t e r e d .  I t  was a  h o t ,  muggy, t y p i c a l  F l o r i d a  

.summer a f t e r n o o n  and  t h e  a i r  was swarming w i t h  g n a t s ,  My monkey r e a c h e d  

.out  a n d  c a u g h t  a g n a t .  Without  t h i n k i n g  I a l s o  r e a c h e d  f o r  a g n a t  - and  

,h i s ' s ed ,  . .The monkey r e a c h e d  o u t  a g a i n ,  c a u g h t  a  g n a t ,  a n d  p u t  it i n  h i s  

mouth. , I r e a c h e d  o ~ t  '- -@s,s,ed!.. .. F i n a l l y  . . t h e  paradox of  t h e  s i t u a t i o n  

f o r c e d  i t s e l f  on m e ,  I t o o k  t h e  beast back t o  t h e  t e s t i n g  room: H e  was 

:stirll' - d e f i c i e n t  i n  making v i s u a l  c h o i c e s ,  b u t  when no  c h o i c e  w a s  i n v o l v e d ,  

: h i s  v i s u a l l y  g u i d e d  b e h a v i o r  a p p e a r e d  t o  be i n t a c t .  On t h e  b a s i s  of  t h i s  

o b s e r v a t i o n  t h e  ' h y p o t h e s i s  was deve loped  t h a t  c h o i c e  w a s  t h e  c r u c i a l  

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

, . t e m p o r a l  l e s i o n s ,  A s  l o n g  as a monkey d o e s  n o t  have  t o  make a c h o i c e ,  h i s  

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

To t e s t  t h i s  h y p o t h e s i s ,  monkeys were t r a i n e d  i n  a  G a n z f e l d  made o f  a 

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

i n s e r t e d  i n t o  it ( E t t l i n g e r ,  1957 1. The a n i m a l  c o u l d  p r e s s  a l e v e r  

t h r o u g h o u t  t h e  p r o c e d u r e  b u t  was rewarded o n l y  d u r i n g  t h e  p e r i o d  when 

i l l u m i n a t i o n  was marked ly  i n c r e a s e d  f o r  s e v e r a l  s e c o n d s  a t  a t ime .  Soon 

r e s p o n s e  f r e q u e n c y  became maximal d u r i n g  t h i s  " b r i g h t "  p e r i o d .  Under s u c h  

c o n d i t i o n s  no d i f f e r e n c e s  i n  pe r fo rmance  were o b t a i n e d  between i n f e r o -  

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

5 



+- view t h a t  i f  an i n f e r o t e m p o r a l l y  l e s i o n e d  monkey d i d  n o t  have  t o  make a 

I 

c h o i c e  he  would show no d e f i c i t  i n  b e h a v i o r ,  s i n c e  i n  a n o t h e r  e x p e r i m e n t  
I 

(Mishk in  & P r i b r a m ,  1954 1 where c h o i c e  was i n v o l v e d  t h e  monkeys f a i l e d  t o  

d i s t i n g u i s h  between d i f f e r e n c e s  i n  b r i g h t n e s s ,  

I n  a n o t h e r  i n s t a n c e  ( P r i b r a m  & Mishkin ,  1 9 5 5 )  w e  t r a i n e d  t h e  monkeys 

on a v e r y  s i m p l e  o b j e c t  d i s c r i m i n a t i o n  test: u s i n g  an a s h t r a y  and a 

t o b a c c o  t i n ,  These  a n i m a l s  had been t r a i n e d  f o r  2 o r  3 y e a r s  p r i o r  t o  

s u r g e r y  and  were s o p h i s t i c a t e d  p rob lem-so lve r s .  T h i s ,  p l u s  e a s e  o f  t a s k ,  

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

g i v e n  t h e  same c u e s  s u c c e s s i v e l y  t h e  monkeys showed a d e f i c i t  when 

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

c u e s  i n  t h e  s i m u l t a n e o u s  s i t u a t i o n .  

. T h i s  r e s u l t  gave  f u r t h e r  s u p p o r t  t o  t h e  i d e a  t h a t  t h e  p rob lem f o r  t h e  - .  - - 

o p e r a t e d  monkeys was n o t  s o  much i n  " s e e i n g m  b u t  i n  b e i n g  ab le  t o  refer 

I i n  - a  - u s e f u l  - or m e a n i n g f u l  way t o  what  t h e y  had s e e n  p r e v i o u s l y .  Not o n l y  

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

appeared '  t o  be i n v o l v e d  i n  s p e c i f y i n g  t h e  d e f i c i t .  To test t h i s  more q u a n -  

t i t a t i v e l y ,  I n e x t  asked whether  t h e  d e f i c i t  would v a r y  as a f u n c t i o n  of 

t h e  number of a l t e r n a t i v e s  i n  t h e  s i t u a t i o n  (Pr ibram,  1 9 5 9  1. I t  w a s  

e x p e c t e d  . - t h a t  a n  i n f o r m a t i o n a l  measure  o f  - - t h e  d e f i c i t  c o u l d  be o b t a i n e d ,  

b u t  s o m e t h i n g  v e r y  d i f f e r e n t  a p p e a r e d  when I p l o t t e d  t h e  number o f  e r r o r s  

a g a i n s t  t h e  number of a l t e r n a t i v e s  (see F i g ,  3 1 ,  

If o n e  p l o t s  r e p e t i t i v e  errors made b e f o r e  t h e  s u b j e c t  f i n d s  a p e a n u t  

- t h a t  is ,  t h e  number o f  t i m e s  a monkey s e a r c h e s  t h e  s a m e  c u e  - v s  t h e  - 
number of a l t e r n a t i v e s  i n  t h e  s i t u a t i o n ,  o n e  f i n d s  t h e r e  is a hump i n  t h e  

c u r v e ,  a s t a g e  where c o n t r o l  s u b j e c t s  make many r e p e t i t i v e  errors. The 

monkeys do  l e a r n  t h e  a p p r o p r i a t e  s t r a t e g y ,  however,  and g o  o n  t o  c o m p l e t e  

t h e  t a s k  w i t h  f a c i l i t y .  What i n t r i g u e d  m e  was t h a t  d u r i n g  t h i s  s t a g e  t h e  
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monkeys w i t h  i n f e r o t e m p o r a l  l e s i o n s  were d o i n g  b e t t e r  t h a n  t h e  c o n t r o l s !  
.a 

T h i s  seemed a  pa radox .  A s  t h e  t e s t  c o n t i n u e d ,  t h k  c o n t r o l s  no  l o n g e r  made 

s o  many errors, whereas  t h e  l e s i o n e d  s u b j e c t s  began t o  a c c u m u l a t e  e r r o r s  

a t  a g r e a t e r  r a t e  t h a n  shown e a r l i e r  by t h e  c o n t r o l s .  

When a s t i m u l u s  sampl ing  model was a p p l i e d  t o  t h e  a n a l y s i s  of t h e  

d a t a ,  a d i f f e r e n c e  i n  sampl ing  was found ( F i g .  4 1 ,  The monkeys w i t h  

i n f e r o t e m p o r a l  l e s i o n s  showed a  lowered sampl ing  r a t i o ;  t h e y  sampled f e w e r  
-. - .  

c u e s  d u r i n g  t h e  f i r s t  h a l f  of  t h e  exper iment .  T h e i r  d e f e c t  can  be c h a r a c - -  

t g r i z e d  a s  a r e s t r i c t i o n  on t h e  number o f  a l t e r n a t i v e s  s e a r c h e d  a n d  Sam- 

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

had become impa i red .  The l i m i t e d  sampl ing  restricted t h e  a b i l i t y  t o  con- 
. . 

s k r u c t  a n  e x t e n s i v e  s e m a n t i c  memory s t o r e  and t o  r e f e r e n c e  t h a t  memory 
. . . . . . . . . . . 

d u r i n g  ' r e t r i e v a l .  

Automat ic  ( s k i l l e d  1 v s  c o n t r o l l e d  ( P r o c e d u r a l  1 P r o c e s s i n q  
. .  . 

'_ _. . . . . . 
T h e r e  is e v i d e n c e  t h a t ,  f o r  some t a s k s a t  l e a s t ,  memory p r o c e s s e s  

- - - .  . - - . . .  

need o n l y  t h e  p r i m a r y  p r o j e c t i o n ,  i n p u t - o u t p u t  s y s t e m s  of t h e  b r a i n .  
. . .  . - 

~ h i f  f r i n  a n d  Schnei 'der  (1977: ~ c h n e i d e r  and  S h i f f  r i n ,  1977 1 a n d  Treisrnan 
. . 

( 1 9 7 7 )  have  d e v e l o p e d  t a s k s  which d i f f e r e n t i a t e  between a u t o m a t i c  a n d  
- - - - . - - ,  - . . .  . 

d o - n t r o l l e d  p r o c e s s i n g ,  They d i f f e r  ' in  t h a t  ' t a s k s  which can  be a u t o m a t i -  
. . 

c a l l y  p r o c e s s e d  i n v o l v e  o v e r l e a r n e d  s k i l l s  i n  which a c h o i c e  can p r o c e d e  

w i t h o u t  s e r i a l  s e a r c h  (as i n d i c a t e d  b y  s h o r t  r e a c t i o n  t i m e s  w h i c h  are r e l a -  

t i v e l y  i n d e p e n d e n t  of sample  s i z e ) .  Thus t h e  number of a l t e r n a t i v e s  from 

w h i c h a  c u e  is chosen  h a s  no e f f e c t  on r e a c t i o n  t i m e  s i n c e  a l l  a re  p r o -  

cessed i n  p a r a l l e l .  C o n t r o l l e d  p r o c e s s i n g  i n v o l v e s  an ea r l i e r  s t a g e  of 

s k i l l  a n d  r e q u i r e s  a serial  s e a r c h  w i t h  r e a c t i o n  t i m e  d e p e n d e n t  on t h e  

number o f  a l t e r n a t i v e s .  

To d e t e r m i n e  what b r a i n  s y s t e m s  were i n v o l v e d  i n  t h e s e  two t y p e s  of 

r e f e r e n c e  memory t a s k s ,  w e  used  a m o d i f i c a t i o n  of T r e i s m a n ' s  d i s p l a y s  and 
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measured.  t h e  e v e n t - r e l a t e d  e lec t r ica l  a c t i v i t y  r e c o r d e d  f rom t h e  s t r i a t e  
C 

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

p r e c e n t r a l  cortex. The s u b j e c t  had t o  se lec t  a g r e e n  s q u a r e  from a se t  o f  

ccl lored s q u a r e s  and diamonds,  each o f  e q u a l  contou ' r  and lumin9nce  when 

cclmpared t o  t h e  rewarded cue. 

T h e  f o l l o w i n g  d i sp lay  c o m b i n a t i o n s  were used  i n  t h e  e x p e r i m e n t  d e s -  

c r i b e d  he re :  a )  a s i m p l e  d i s j u n c t i v e  d i s p l a y  i n  which t h e  g r e e n  s q u a r e  
. . . . .  - , . . .  , . 

had t o  be i d e n t i f i e d  i n  a  background of e i g h t  r e d  diamonds;  b )  a more 

c o m p l i c a t e d  d i s j u n c t i v e  d i s p l a y  i n  which t h e  g r e e n  s q u a r e  had t o  be i d e n t i -  
- .  

f i e d  i n  a background o f  r e d  diamonds,  w h i t e  circles,  and b l u e  t r i a n g l e s  

n o t  h e l d  i d e n t i c a l ) ;  c )  t h e  c o n j u n c t i v e . d i s p l a y  i n  which t h e  g r e e n  s q u a r e  

had t o  be i d e n t i f i e d  i n  a background of g r e e n  diamonds,  r e d  diamonds and  

r e d  s q u a r e s .  .The r e s u l t s  showed t h a t . . c h a n g e s  i n  b r a i n  e l e c t r i c a l  - - .  

r e s p o n s e s  r e c o r d e d  from t h e  p r imary  s e n s o r y  areas r e f l e c t e d  t h e  number of  

d i s t i n c t  f e a t u r e s  i n  t h e  d i s p l a y ,  C o n v e r s e l y ,  changes  i n  p o t e n t i a l s  
- .  

r e c o r d e d  f rom t h e  p o s t e r i o r  a n d , . i n i t i a l l y ,  when t h e  t a s k  was n o v e l  i n  t h e  
. . . . . . - -  - 

f a r  f r o n t a l  i n t r i n s i c  a s s o c i a t i o n  c o r t e x '  r e f l e c t e d  t h e  d i f f i c u l t y  o f  t h e  
. . . .  - . . -  . . . . . .  

t a s k  as d e t e r m i n e d  by t h e  number of a l t e r n a t i v e s  and t h e  c o n j u n c t i v e /  
- -  - . .  . . . . . . . . . . . . . . .  . - 

d i s j u n c t i v e  d imens ion  of t h e  d i s p l a y s .  

O t h e r  e x p e r i m e n t s  have  a l lowed  u s  t o , m a k e  a d i s s o c i a t i o n  between t h e  . . . .  

brain.electrica1.activity evoked i n  t h e  p r i m a r y  s e n s o r y  p r o j e c t i o n  c o r t e x  

and  t h e  p o s t e r i o r  i n t r i n s i c  a s s o c i a t i o n  c o r t e x  o f  t h e  t e m p o r a l  l o b e  ( ~ 0 t h -  

b l a t  & P r i b r a m ,  1972 ;  Muwer & P r i b r a m ,  1979). These e a r l i e r  s t u d i e s  as 

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

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

f e a t u r e s  i n  t h e  s t i m u l u s  d i s p l a y  i r r e s p e c t i v e  of  whether  t h e y  were b e i n g  

r e i n f o r c e d ,  whereas  t h e  e l e c t r i c a l  p o t e n t i a l  changes  evoked i n  t h e  t e m -  

p o r a l  c o r t e x  were p r i m a r i l y  r e l a t e d  t o  t h e  c o g n i t i v e  o p e r a t i o n s  involved, 



P 
i . e .  t h e  c h o i c e s  based  on c a t e g o r i z i n g ,  p igeon  h o l i n g  ( B r o a d b e n t ,  1 9 7 4 ) .  

a 
C l e a r  and  c o n s i s t e n t  invo lvement  of t h e  f r o n t a l  c o r t e x  w a s  found o n l y  on 

o c c a s i o n s  when t h e  t a s k  was n o v e l  o r  t h e  r e i n f o r c i n g  c o n t i n g e n c i e s  w e r e  

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

r e s u l t s  d e s c r i b e d  below. 
. ,  . . .  . 

EPISODIC MEMORY AND THE LIMBIC FOREBRaIN 

C o n t e x t u a l  Memory: 

The second  major d i v i s i o n  of t h e  c e r e b r a l  m a n t l e  t o  which memory f u n c -  

t i o n s  have  been a s s i g n e d  by c l i n i c a l  o b s e r v a t i o n  lies on t h e  m e d i a l  and 
, . . .  - -  
b a s a l  s u r f a c e  o f  t h e  b r a i n  and e x t e n d s  , forward  t o  i n c l u d e  t h e  p o l e s  of  t h , ?  

f r o n t a l  and t e m p o r a l  l o b e s ,  T h i s  f r o n t o l i m b i c  p o r t i o n  o f  t h e  hemisphere  

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

m i g h t  be shown t o  s u b s e r v e  r a d i c a l l y  d i f f e r e n t  f u n c t i o n s  was t h e r e f o r e  
. . 

even  g r e a t e r  t h a n  t h a t  e n t e r t a i n e d  for  t h e  a p p a r e n t l y  u n i f o r m  p o s t e r i o r  
.. . - 

c o r t e x .  - . -  . . .  . To some e x t e n t  t h i s  e x p e c t a t i o n  was n o t  f u l f i l l e d :  L e s i o n s  of t h e  
. . 

f r o n t o l i m b i c  .. .- . r e g i o n ,  i r r e s p e c t i v e  of l o c a t i o n  ( d o r s o l a t e r a l  f r o n t a l ,  

c a u d a t e ,  c i n g u l a t e - m e d i a l  f r o n t a l ,  o r b i t o f r o n t a l ,  t e m p o r a l  p o l a r - a m y g d a l a ,  

a n d  h i p p o c a m p a l )  d i s r u p t e d  "de layed  a l t e r n a t i o n n  b e h a v i o r .  The a l t e r -  

n a t i o n  t a s k  demands t h a t  t h e  s u b j e c t  a l t e r n a t e  h i s  r e s p o n s e s  between t w o  

c u e s  ( f o r  example ,  between two p l a c e s  o r  between two o b j e c t s )  on s u c c e s -  

s i v e  t r ia ls .  On any t r i a l  t h e  c o r r e c t  r e s p o n s e  is d e p e n d e n t  o n  t h e  o u t -  
. . . . 

come o f  t h e  p r e v i o u s  r e s p o n s e .  T h i s  s u g g e s t s  t h a t  t h e  c r i t i ca l  v a r i a b l e  
. .. . . 

w h i c h ,  c h a r a c t e r i z e s  t h e  t a s k  is i t s  t e m p o r a l  o r g a n i z a t i o n .  I n  t u r n ,  t h i s  

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

d u c e d  by f r o n t o l i m b i c  l e s i o n s  r e s u l t s  from a n  impa i rment  of t h e  p r o c e s s  by 
, .  . 

which t h e  b r a i n  a c h i e v e s  i ts t e m p o r a l  o r g a n i z a t i o n .  T h i s  s u p p o s i t i o n  is 

onby i n  p a r t  c o n f i r m e d  by f u r t h e r  a n a l y s i s :  I t  h a s  been n e c e s s a r y  t o  

impose s e v e r e  r e s t r i c t i o n s  on what is meant by " t e m p o r a l  o r g a n i z a t i o n a  a n d  



' iniportant a s p e c t s  of s p a t i a l  organiza t ion  a r e  a l s o  s e v e r l y  impaired.  For 

i r i s tance ,  s k i l l s  a r e  not  a f f e c t e d  by f ron to l imbic  l e s i o n s ,  nor a r e  d i s -  

c~ : imina t ions  of melodies. R e t r i e v a l  of long-held memories a l s o  is  l i t t l e  

af:fected. Rather ,  a l a r g e  range of s h o r t  term memory processes  a r e  

involved.  These c l e a r l y  inc lude  t a s k s  which demand matching from memory 

t h e  s p a t i a l  l o c a t i o n  of cues ( a s  i n  t h e  delayed response problem) ( ~ n d e r - -  

s o n ,  Hunt, Vander Stoep,  & Pribram, 1 9 7 6 )  a s  wel l  a s  t h e i r  temporal order. 

of appearance ( a s  i n  t h e  a l t e r n a t i o n  task :  Pribram, P l o t k i n ,  Anderson, & 

Lt~ong, 1 9 7 7  1 .  A s i m i l a r  d e f i c i t  is  produced when, i n  d i s c r i m i n a t i o n  
I 

Ciisks, s h i f t s  i n  which cue is  rewarded a r e  made over s u c c e s s i v e  t r i a l s  

(Elishkin & Delacour,  1975 1. The d e f i c i t  -appears whenever t h e  organism 
I 

must f i t  t h e  p r e s e n t  event i n t o  a "con tex tn  of p r i o r  occur rences ,  and 

t l ie re  a r e  no cues which address  t h i s  context  i n  t h e  s i t u a t i o n  a t  hand a t  

t h e  moment of response.  
. - 

- The R e g i s t r a t i o n  of Events a s  Episodes: 
- - -  

As noted,  d i f f e r e n t  p a r t s  of t h e  f ron to l imbic  complex would, on the 

b a s i s  of t h e i r  anatomical  s t r u c t u r e ,  be expected t o  f u n c t i o n  somewhat 

d i f f e r e n t l y  wi th in  t h e  category of con tex tua l  memory p rocesses .  Indeed,  , 
. .  . . 

d i f f e r e n t  forms of con tex tua l  amnesia a r e  produced by d i f f e r e n t  l e s i o n s .  

In order  . t o  be experienced -as  meniorable, even t s  must be f i t t e d  t o  context. .  

A s e r i e s ' o f  experiments on t h e  o r i e n t i n g  r e a c t i o n  t o  nove l ty  and i ts  r e g i s -  

t r a t i o n  have poin ted  t o  t h e  amygdala a s  an important  locus  i n  t h e  ' con tex t -  

- : F i t t i n g n  mechanism. The experiments were i n s p i r e d  by t h e  r e s u l t s  from 

Sokolov' s l a b o r a t o r y  (Sokolov, 1960 1. 

Sokolov p resen ted  human s u b j e c t s  with a tone  beep of a c e r t a i n  i n t e n -  

s i t y  and frequency,  repeated  a t  i r r e g u l a r  i n t e r v a l s .  Galvanic  sk in  

response  (GSR) , h e a r t  r a t e ,  f i n g e r  and forehead plethysmograms, and 

electroencephalograms were, recorded. I n i t i a l l y ,  t h e s e  r e c o r d s  showed t h e  



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

s e v e r a l  r e p e t i t i o n s  of the '  t o n e ,  t h e s e  p e r t u r b a t \ o n s  d i m i n i s h  and f i n a l l y  

v a n i s h .  They h a b i t u a t e ,  O r i g i n a l l y  it had been t h o u g h t  t h a t  h a b i t u a t i o n  

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

B u t  when Soko lov  d e c r e a s e d  t h e  i n t e n s i t y  of  t h e  t o n e  beep, l e a v i n g  t h e  

o t h e r  p a r a m e t e r s  unchanged,  a fu l l -b lown o r i e n t i n g  r e s p o n s e  was 

r e e s t a b l i s h e d .  Sokolov r e a s o n e d  t h a t  t h e  c e n t r a l  n e r v o u s ,  s y s t e m  c o u l d  not 

be d e s e n s i t i z e d  b u t  t h a t  it was l e s s  r e s p o n s i v e  t o  sameness :  when a n y  

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

more s e n s i t i v e .  H e  t e s t e d  t h i s  i d e a  by r e h a b i t u a t i n g  h i s  s u b j e c t s  and  
-. 

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

w i t h o u t  chang ing  any o t h e r  p a r a m e t e r .  A s  p r e d i c t e d ,  h i s  s u b j e c t s  now 

o r i e n t e d  t o  t h e  u n e x p e c t e d  s i l e n c e . .  . . 

The o r i e n t i n g  r e a c t i o n  and h a b i t u a t i o n  a r e  t h u s  s e n s i t i v e  measures  of 

t h e  p r o c e s s  by which c o n t e x t  i s  o r g a n i z e d .  We t h e r e f o r e  i n i t i a t e d  a ... . . . . .  . 

series of e x p e r i m e n t s  t o  a n a l y z e  i n  d e t a i l  t h e  n e u r a l  mechanisms i n v o l v e d  

i n  o r i e n t a t i n g  a n d  i t s  h a b i t u a t i o n .  T h i s  proved more d i f f i c u l t  t h a n  we 
. .  - 

imagined.  The d e p e n d e n t  v a r i a b l e s  - b e h a v i o r ,  G S R ,  p l e t h y s m o r g r a m ,  and 

e l e c t r o e n c e p h a l o g r a m  - are p r o n e  t o  d i s s o c i a t e  (Koepke & P r i b r a m ,  1 9 7 1 ) .  
. .. . + . .  . - . . .  

F o r e h e a d  p le thysmography  t u r n e d  o u t  t o  be e s p e c i a l l y  t r i c k y ,  and we even-- 

t u a l l y  s e t t l e d  on b e h a v i o r ,  t h e  s k i n  c o n d u c t a n c e  (GSR), h e a r t  and r e s p i r -  

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

The r e s u l t s  o f  t h e  f i r s t  of t h e s e  e x p e r i m e n t s  (Schwar tzbaum,  W i l s o n ,  

& M o r r i s s e t t e ,  1 9 6 1 )  i n d i c a t e d  t h a t ,  under  c e r t a i n  c o n d i t i o n s ,  removal  of 

t h e  amygda lo id  complex can  enhance  t h e  p e r s i s t e n c e  o f  l o c o m o t o r  a c t i v i t y  

i n  monkeys who would n o r m a l l y  decrement  t h e i r  r e s p o n s e s .  The l e s i o n  t h u s  

p r o d u c e s  a d i s t u r b a n c e  i n  t h e  h a b i t u a t i o n  o f  motor  a c t i v i t y  ( F i g .  5 ) .  



- The results of the experiments on the habituation of the GSR compo- 

ne-nt of the orienting reaction (Bagshaw, Kimble, & Pribram, 1965) also 

indicate clearly that amygdalectomy has an effect (Fig. 6). The lesion 

p~:ofoundly reduces GSR amplitude in situations where the GSR .is a robust 

I indicator of the orienting reaction. Concomitantly, deceleration of heart- 

beat, change in respiratory rhythm, and some aspects of the EEG indices of 

orienting also are found to be absent (Bagshaw & Benzies, 19681, As habi.- 

tuation of motor activity (1960 a,b) and also habituation of earflicks 

(Bateson, 1969) had been severely altered by these same lesions, we con- 

cluded that the autonomic indicators of orienting are in some way crucial 

to subsequent behavioral habituation. We identified the process indicated 

by the autonomic components of the orienting reaction as "registeringn the 

novel event. 

  ow ever, the registration mechanism is not limited to novelty. Exten- 

t * '  ding -the analysis to a classical conditioning situation (Bagshaw & Cop- 

pock, 1968; Pribram, 'Reitz, McNeil, & 'Spevack, 1979, ) using the GSR as a 

measure o f  conditioning / we found that normal ,monkeys not only condition 

well but produce earlier and more frequent anticipitory GSR's as time goes 

by, Amygdalectomized subjects fail to make such anticipatory responses. 

A S  classical conditioning of a striped muscle proceded normally, it is not 

the conditioning per se which is impaired. Rather, it appears that regis- 

tration entails some active process akin to rehearsal - some central mech- 
anism aided by viscero-autonomic processes that maintains and distributes 

excitation over time. 

Behavioral experiments support this suggestion. Amygdalectomized 

monkeys placed in the 2-cue task described above fail to take proper 

account of reinforced events. This deficiency is dramatically displayed 

whenever punishment, that is, negative reinforcement, is used. For in- 



s t a n c e ,  a n  e a r l y  o b s e r v a t i o n  showed t h a t  baboons  w i t h  s u c h  l e s i o n s  w i l l ,  
.' .. I .  

r e p e a t e d l y  ( d a y  a n d  d a y  a n d  week a f t e r  week)  p u t  ' l i g h t e d  m a t c h e s  i n  t h e i r  

mou ths  d e s p i t e  showing  o b v i o u s  s i g n s  o f  b e i n g  b u r n t  ( F u l t o n ,  P r i b r a m ,  

S t e v e n s o n ,  & Wall, 19491 ,  T h e s e  o b s e r v a t i o n s  were f u r t h e r  q u a n t i f i e d  i n  

t a s k s  m e a s u r i n g  a v o i d a n c e  of s h o c k  ( P r i b r a m  & W e i s k r a n t z ,  1957  1. The 

r e s u l t s  o f  t h e s e .  two e x p e r i m e n t s  have  been  c o n f i r m e d  i n  o t h e r  l a b o r a t o r i e s  

a n d - w i t h  o t h e r  species s o  o f t e n  t h a t '  t h e  h y p o t h e s i s  n e e d e d  t o  be t e s t e d  

t h a t  amygda lec tomy  p r o d u c e s  an a l t e r e d  s e n s i t i v i t y  t o  p a i n .  Bagshaw and 

P r i b r a m  ( 1 9 6 8 )  p u t  t h i s  h y p o t h e s i s  t o  t e s t  a n d  showed t h a t  t h e  a m p l i t u d e  

o f  GSR t o  s h o c k  is n o t  e l e v a t e d  a s  it would b e  were t h e r e  a n  e l e v a t i o n  o f  

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

a b l a t i o n .  T h i s  e x p e r i m e n t a l  r e s u l t  s u g g e s t s  t h a t  amygdalec tomy p r o d u c e s  

its e f f e c t s  by way o f  a " loss  o f  f e a r u  d e f i n e d  a s  a d i s t u r b a n c e  i n  " r e g i s -  
. . - a .  . . . 

t e r i n g u  t h e  n o x i o u s  e v e n t  by p l a c i n g  it i n  c o n t e x t .  I n  o t h e r  w o r d s ,  t h e  
. . .  . . 

a n i m a l  d o e s  n o t  remember t h e  n o x i o u s  e v e n t  so  t h a t  i t s  r e c u r r e n c e  is  
. . 

e x p e ; i e n c e d  as n o v e l  a n d  n o t  f e a r  p r o d u c i n g .  

P r o c e s s i n g  t h e  Famil iar :  

C o n t e x t  is  n o t ' c o m p o s e d  s o l e l y  o f  t h e  r e g i s t r a t i o n  o f  r e i n f o r c i n g  and  
. . , - . . . . . 

d e t e r r e n t  e v e n t s .  A s  i m p o r t a n t  a r e  t h e  errors, t h e  n o n - r e i n f o r c e d  a s p e c t s  

of a s i t u a t i o n ,  e s p e c i a l l y  if on p r e v i o u s  o c c a s i o n s  t h e y  h a d  b e e n  

r e i n f o r c e d ,  I t  is r e s e c t i o n  of t h e  p r i m a t e  h i p p o c a m p a l  f o r m a t i o n  ( D o u g l a s  

& P r i b r a m ,  1 9 6 6 )  wh ich  p r o d u c e s  r e l a t i v e  i n s e n s i t i v i t y  t o  e r r o r s ,  t o  

f r u s t r a t i v e  non- reward  ( G r a y ,  1 9 7 5 )  a n d  more g e n e r a l l y  t o  t h e  f a m i l i a r ,  

n o n - r e i n f o r c e d  aspects of t h e  e n v i r o n m e n t  ( t h e  ~ A o f  o p e r a n t  c o n d i t i o n i n g ;  

t h e  n e g a t i v e  i n s t a n c e s  of m a t h e m a t i c a l  p s y c h o l o g y ) ,  I n  t h e i r  f i r s t  

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

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

n o n r e w a r d e d  a l t e r n a t i v e s  i n  t h a t  s i t u a t i o n :  Fo r  e x a m p l e ,  i n  an e x p e r i m e n t  



I 
u s i n g  a c o m p u t e r - c o n t r o l l e d  a u t o m a t e d  t e s t i n g  a p p a r a t u s  (DADTA) t h e  

* 

s u b j e c t  f a c e d  1 6  p a n e l s ;  d i s c r i m i n a b l e  '?es are d i s p l a y e d  on  o n l y  t w o  of 
I' 

I t h e s e  p a n e l s  and  o n l y  o n e  c u e  is rewarded .  The c u e s  a r e  d i s p l a y e d  i n  

v a r i o u s  l o c a t i o n s  i n  a random f a s h i o n  f rom t r i a l  t o  t r i a l .  

~ i p p o c a m p e c t o m i z e d  monkeys were found  t o " p r e s s  t h e  u n l i t  and u n r e w a r d e d  

p a n e l s  f o r  t h o u s a n d s  o f  t r i a l s ,  l o n g  af ter  t h e i r  u n o p e r a t e d  c o n t r o l s  
/ '  

ceased r e s p o n d i n g  t o  t h e s e  * i r r e l e v a n t R  i t e m s .  I t  is as  i f  i n  t h e  n o r m a l  

s u b j e c t ,  a R g r o u n d n  i s  e s t a b l i s h e d  by e n h a n c i n g  ' i n a t t e n t i o n m  ( e x t i n c t i o n  ) 

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

, r e l e v a n t  ' f i g u r e .  " T h i s  * i n a t t e n t i o n n  i s  an  a c t i v e ,  e v a l u a t i n g  p r o c e s s  
. . 

as - i n d i c a t e d  by t h e  b e h a v i o r  shown d u r i n g  s h a p i n g  i n  a d i s c r i m i n a t i o n  
- .  - . - .  . 

reversal t a s k , .  when t h e  demand i s '  t o  r e s p o n d  t o  t h e  p r e v i o u s l y  
- . -  - 

'nb-&&in'k&ced cue :  ~ r i s o ~ h i s t i c a t e d '  s u b j e c t s  o f t e n  b e g i n  by p r e s s i n g  on 

Sarioui p a r t s  of t h e i r -  c a b e  and.  t h e  - testing a p p a r a t u s  b e f o r e  t h e y  h i t  upon 
- .  - - - . .  . . . . .  - 

. a' c h a n c e  r e s p o n s e  t o  t h e  nonrewarded .  c&e. 
. . - - T h e s e  a n d  many s ' i m i l a r  r e s u l t ' s  - i n d i c a t e  t h a t  t h e  h i p p o c a m p a l  f o r -  

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

ag round 'n ,  t h e  f a m i l i a r  a s p e c t s  o f  c o n t e x t .  
C .-*.-. - .- - . , . , . . - . . . . . . . . . :  . ... . .. .- .. :. . . . .. _.^ . - .  .- . . .  . .  



WORKING MEMORY AND THE FRONTAL CORTEX 

- T h e  S p a t i o t e m p o r a l  S t r u c t u r e  o f  Con tex t : .  :*, 

I n  some r e s p e c t s  t h e  f a r  f r o n t a l  r e s e c t i o n  p r o d u c e s  memory d i s t u r b -  

a n c e s  c h a r a c t e r i s t i c  of b o t h  hippocampectomy a n d  amygda lec tomy ,  t h o u g h  n o t  

so  s e v e r e ,  , W h e r e a s  m e d i a l  t e m p o r a l  l o b e  a b l a t i o n s  i m p a i r  c o n t e x t  fo rma-  

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

l e s i o n s  wreak  havoc  on y e t  a n o t h e r  c o n t e x t u a l  d i m e n s i o n ,  t h a t  o f  o r g a n i -  
.. . 

z i n g  t h e  s p a t i a l  a n d  t e m p o r a l  s t r u c t u r e  o f  t h e  c o n t e x t  ( A n d e r s o n ,  H u n t ,  

Vande r  S t o e p ,  & P r i b r a m ,  1 9 7 6 ;  P r i b r a m ,  P l o t k i n ,  A n d e r s o n ,  & Leong,  1 9 7 7 ) .  

T h i s  e f fec t  is b e s t  d e m o n s t r a t e d  by a n  e x p e r i m e n t  which  changed t h e  p a r a -  

met.ers o f  t h e  c lass ica l  a l t e r n a t i o n  t a s k .  I n s t e a d  of i n t e r p o s i n g  e q u a l  
. . ,  - 

i n t e r v a l s  be tween  t r i a l s  ( g o  r i g h t , '  go l e f t  e v e r y  5 s e c o n d s )  i n  t h e  u s u a l  

way,. .  c o u p l e t s  . - o f  R/L. were formed by. . e x t e n d i n g  t h e  i n t e r t r i a l  i n t e r v a l  t o  

1 5 "  before e a c h  R t r i a l  (R5" L15' R5" L15" R5" L 1 5 " , , .  1 ,  When t h i s  was - . -  

d o n e  . t h e  p e r f o r m a n c e  of t h e  f a r .  f r o n t a l l y  l e s i o n e d  monkeys i m p r o v e d  i m m e d i -  

' a t e l y  a n d  was i n d i s t i n g u i s h a b l e  . .. f rom . t h a t  . .. . . of  t h e  c o n t r o l s  ( P r i b r a m  & 

T u b b s ,  1 9 6 7 ;  P r i b r a m ,  P l o t k i n ,  Anderson ,  & Leong,  1 9 7 7  1. T h i s  r e s u l t  
-. 

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

a l t e r n a t i o n  t a s k  is  e x p e r i e n c e d  s i m i l a r l y  t o  r e a d i n g  t h i s  p a g e  w i t h o u t  a n y  
. , 

spaces b e t w e e n  t h e  words.  The s p a c e s ,  l i k e  t h e  h o l e s  i n  d o u g h n u t s ,  p r o -  
- .  . 

v i d e  t h e  c o n t e x t u a l  s t r u c t u r e ,  t h e '  p a r c e l l a t i o n  or parsing o f  events by 

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

C o n t e x t  as a F u n c t i o n  o f  R e i n f o r c i n g  C o n t i n g e n c i e s :  

C l a s s i c a l l y ,  d i s t u r b a n c e  of "work ingm s h o r t  t e r m  memory h a s  b e e n  

ascribed t o  l e s i o n s  o f  t h e  f r o n t a l  pole, A n t e r i o r  a n d  m e d i a l  r e s e c t i o n s  

of t h e  f a r  f r o n t a l  cor tex  w e r e  t h e  f i r s t  t o  be shown t o  p r o d u c e  i m p a i r m e n t  

o n  d e l a y e d  r e s p o n s e  and  d e l a y e d  a l t e r n a t i o n  p r o b l e m s ,  I n  o t h e r  tes ts  of  

c o n t e x t - f o r m a t i o n  a n d  f i t t i n g ,  f r o n t a l  l e s i o n s  a l s o  take their t o l l .  H e r e  



I 

. 
a l so  i m p a i r m e n t  o f  c o n d i t i o n e d  a v o i d a n c e  b e h a v i o r  and o f  c lassical  c o n d i -  

t i o n i n g  a n d  o f  t h e  o r i e n t i n g  GSR i s  found.  F u r t h e r m o r e ,  as shown i n  

F i g u r e  7 ,  error s e n s i t i v i t y  i s  r e d u c e d  i n  a n  o p e r a n t  c o n d i t i o n i n g  s i t u -  

a t i o n .  A f t e r  s e v e r a l  y e a r s  o f  t r a i n i n g  on mixed a n d  m u l t i p l e  s c h e d u l e s ,  

t h e  a n i m a l s  were e x t i n g u i s h e d  o v e r  4 h o u r s .  The f r o n t a l l y  l e s i o n e d  
! 

a n i m a l s  f a i l e d  t o  e x t i n g u i s h  i n  t h e  4-hour p e r i o d ,  w h e r e a s  t h e  c o n t r o l  
I 

monkeys d i d    ribr ram, 1 9 6 1  1. 

T h i s  f a i l u r e  i n  e x t i n c t i o n  a c c o u n t s  i n  p a r t  f o r  p o o r  p e r f o r m a n c e  i n  

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

make many more r e p e t i t i v e  e r r o r s .  Even t h o u g h  t h e y  do n o t  f i n d  a p e a n u t ,  

t h e y  g o  r i g h t  back  a n d  k e e p  l o o k i n g  ( P r i b r a m ,  1 9 5 9 ) .  

T h i s  r e s u l t  was c o n f i r m e d  a n d  a m p l i f i e d  i n  s t u d i e s  by W i l s o n  ( 1 9 6 2 )  

and , -by  .. .  ribr ram, P l o t k i n ,  Ande r son ,  & Leong , (1977  1, i n  w h i c h  w e  asked 
- .  . - 

w h e t h e r . - e r r o r s  f o l l o w e d  a l t e r n a t i o n  or n o n - r e i n f o r c e m e n t ,  W e  d e v i s e d  a 

, , -. s i t u a t i o n  . - i n  which  b o t h  l i d s  o v e r  t w o  f o o d  w e l l s  opened  s i m u l t a n e o u s l y ,  

bu t . .  t h e .  monkey c o u l d  b o t a i n .  . the  . p e a n u t  o n l y  i f  h e  had o p e n e d  t h e  b a i t e d  

w e l l .  Thus ' t h e  monkey w a s  g i v e n  . " c o m p l e t e ? i n f o r r n a t i o n  on  e v e r y  t r i a l  a n d  . . 

t h e  u s u a l  c o r r e c t i o n  t e c h n i q u e  - c o u l d  be c i r c u m v e n t e d .  T h e r e  were f o u r  

p r o c e d u r a l  - - .  . - . . . v a r i a t i o n s :  c o r r e c t i o n - c o n t i n g e n t ,  c o r r e c t i o n ,  n o n - c o n t i n g e n t ,  
. . .. . 

noncorrection-contingent, a n d  noncorrection-noncontingent. The c o n t i n -  

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

b a s i s ' o f  t h e  monkey ' s  r e s p o n s e s  ( c o r r e c t  or i n c o r r e c t ) '  or w h e t h e r  i ts  

p o s i t i o n . w a s  c h a n g e d  i n d e p e n d t l y  o f  t h e  monkey ' s  b e h a v i o r .  W e  t h e n  

a n a l y z e d  t h e  r e l a t i o n s h i p  b e t w e e n , e a c h  error and  t h e  t r i a l  that p r e c e d e d  

t h a t  error. T a b l e  I1 shows t h a t  f o r  t h e  n o r m a l  monkey t h e  c o n d i t i o n  of . . 



reinforcement and nonreinforcement of the previous trial makes a differ- 

ince. for the frontally lesioned monkey this is not the case. Changesin 

location, however, affects b a t h  normal and frontal subjects about equally. 

In this situation, as well as in an automated computer controlled version 

of the alternatives problem, frontal subjects are simply uninfluenced by 

rewarding or nonrewarding consequences of their behavior, 

In a multiple choice task (Pribram, .l959 1 (see Figure 8) the pro- 

cedure calls for a strategy of returning to the same object for five con- 

secutive times, that is, to criterion, and then a shift to a novel item. 

The frontally lesioned animals are markedly deficient in doing this. 

-again, the conditions of reinforcement are relatively ineffective in 
: .. . 
shaping behavior in animals with frontal lesions and the monkeys1 behavior 

-- becomes nearly random when compared to. that of normal subjects (Pribram, 

... ~humada, Hartog , & '~oos, 1964 1. Behavior of the frontally lesioned 
- . -  - 
,monkeys thus appears to be minimally controlled by expected outcomes. 

THE MEMORY STORE 

- . .. Distributed Memory: 

.. . 
As noted in the introduction, the experiments of Lashley had demon- 

.strated that specific memory traces remain intact after extensive resec- 

tion - up to 85% - of the primary visual cortex. These results make it. 

imperative to assume that input becomes widely distributed. Several 

mechanisms have been produced to account for such distribution ( s e e  revieb 

by  ribr ram, 1982; Murdock, 1979, 1982; Eich, 19821, and how such 

distributed systems are organized (Edelman;l974; Cooper, 1973; Pribram, 

1966, 1971, 19821, Here I want to present direct evidence that indeed 

distribution does occur. 

We trained monkeys to discriminate between a circle and a set of ver 

t i c l e  stripes by pressing the right or left half of a plastic panel upon 



which t h e  c u e s  were b r i e f l y  p r o j e c t e d  ( f o r  0 .01  msec) .  T r a n s i e n t  electri-  

ca l  r e s p o n s e s  were meanwhile r e c o r d e d  from f i n e  e l e c t r o d e  w i r e s  and t h e s e  

e lec t r ica l  . r e s p o n s e s  ( f rom s i n g l e  neurons  o r  s m a l l  n e u r o n a l  a g g r e g a t e s )  

were r e l a t e d  by computer a n a l y s i s  t o  t h e  s t i m u l u s ,  r e s p o n s e ,  and r e i n f o r -  

cement  c o n t i n g e n c y  of t h e  e x p e r i m e n t s  ( P r i b r a m ,  S p i n e l l i ,  & Kamback, 1967 ;  
I 
I Br idgeman,  1 9 8 2 ) .  Thus we c o u l d  d i s t i n g u i s h  from t h e  r e c o r d  whether  t h e  

monkey had l o o k e d  a t  a  circle o r  a t  t h e  s t r i p e s ,  whether  he  had o b t a i n e d  a 

reward  or made a n  e r r o r ,  and whether  h e  was a b o u t  t o  p r e s s  t h e  r i g h t  o r  

I, t h e  1 - e f t  l e a f  o f  t h e  p a n e l .  I n t e r e s t i n g l y  enough,  n o t  a l l  of t h e s e  b r a i n .  
I 

p a t t c r n s  were r e c o r d e d  .from a l l  o f  t h e  electrode l o c a t i o n s :  From some, 

i n g u t _ r e . l a t e d  p a t t e r n s  were o b t a i n e d  b e s t ;  . from o t h e r s ,  t h e  r e i n f o r c e m e n t . -  

related p a t t e r n s  were d e r i v e d ;  .and s t i l l  o t h e r s  gave  us  t h e  p a t t e r n s  t h a t  
, 

were - - .- . - r e sponse - re la ted . :  T h i s  .was. 9 e s p i . e  - t h e  f a c t  t h a t  a l l  p l a c e m e n t s  were  

wi . th in  t h e  p r i m a r y  v i s u a l  . sys tem,  which i s  c h a r a c t e r i z e d  a n a t o m i c a l l y  by 

b e i n g  homotop ic  w i t h  t h e  r e t i n a .  I t  a p p e a r s  t h e r e f o r e  n o t  o n l y  t h a t  o p t i c  

e v e n t s  - a r e  d i s t r i b u t e d  w i d e l y -  over t h e s y s t e m  b u t  t h a t  r e s p o n s e  and r e i n -  

f - o r c e m e n t - r e l a t e d  e v e n t s  r e l i a b l y  r e a c h ' t h e  i n p u t  s y s t e m s ,  Such r e s u l t s  

s u r e l y  s h a k e  f u r t h e r  o n e ' s  c o n f i d e n c e  i n  t h e  o r d i n a r y  v iew t h a t  i n p u t  

e v e n t s  must  be t r a n s m i t t e d  t o  t h e  " a s s o c i a t i o n m  area f o r  a s s o c i a t i v e  

memqry - t o  be effected. . . . - . . . . . . . - .  - - 

. - S e m a n t i c  Competence: . - 

As n o t e d  above ,  t h e  d i m u n i t i o n  i n  r e f e r e n c e  memory which  f o l l o w s  

l e s i o n s  of t h e  p o s t e r i o r  c o n v e x i t y  is  s p e c i f i c  t o  t h e  s e n s o r y  mode s e r v e d  
I .  

by , t h e  c o r t e x  which h a s  been i n j u r e d  (War r ing ton  e t  a l . ,  1971 ;  W a r r i n g t o n  

c ~ a b i n ,  1971 ;  w a r r i n g t o n  & W e i s k r a n t z ,  1973;  Gordon, i n  p r e s s  1 and i s  

t h e r e f o r e  o f t e n  i n t e r p r e t e d  as a change i n  c h a n n e l  c a p a c i t y .  E l s e w h e r e  I 

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

i n p u t  which is i n v o l v e d  n o t  c h a n n e l  c a p a c i t y .  F u r t h e r ,  t h e  l e s i o n  s i t e s  



which  r e s u l t  i n  t h e s e  c h a n g e s  i n v o l v e  t h e  i n t r i n s i c  ( o r  a s s o c i a t i o n a l )  

s y s t e m s  related t o  s p e c i f i c  p r i m a r y  e x t r i n 8 . i ~  se ;nsory  s y s t e m s ,  a n d  n o t  

t h e s e n s o r y  s y s t e m s  per se. The q u e s t i o n  t h e r e f o r e  arises a s  t o  how 

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

One r e a s o n a b l e  answer  t o  t h i s  q u e s t i o n  c a n  be framed i n  terms o f  

c o d i n g  a n d  re t r i eva l ,  Changes i n  compe tence  f o l l o w i n g  l e s i o n s  t o  i n t r i n -  

s ic  cor t ical  s y s t e m s  are c h a n g e s  i n  the: .mechanisms t h a t  a d d r e s s  t h e  l o n g  

term d i s t r i b u t e d  sotre.  T h i s  l e a d s  t o  t h e  d i l e m n a  t h a t  s t r a t e g i e s  o f  re -  

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

b e , d i s t u r b e d  b y . t h e  l e s i o n .  I t  m i g h t  be a r g u e d  t h a t  s u c h  s t r a t e g i e s  are 

i n n a t e ,  B e  t h a t  as it may, t h e  c h a n g e s  i n  compe tence  f o l l o w i n g  l e s i o n s  

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

l e a r n e d .  Wha teve r  t h e  i n n a t e  . competence  . f o r  t h e  b e h a v i o r ,  it h a s  b e e n  

c o n s i d e r a b l y  m o d i f i e d  by  e x p e r i e n c e .  'What  t h e n  are t h e  c h a r a c t e r i s t i c s  of 

s u c h - m o d i f  i a b l e  compe tences?  . ,  . . . . 

.One p o s s i b l e  a n s w e r  t o  t h i s  q u e s t i o n  i s  t h a t  t h e  i n t r i n s i c  s y s t e m s  of 

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

r o u t e  t h r o u g h  t h e  p r o j e c t i o n  s y s t e m s ,  . I n  t h i s  way t h e  s e n s o r y  i n p u t  

becomes c o d e d  a n d  r e c o d e d  o n  t h e  b a s i s ' o f  e x p e r i e n c e .  

. ' T h e r e  are s e v e r a l  a d v a n t a g e s  t o  t h i s  f o r m u l a t i o n .  F i rs t ,  it h e l p s  

c o n s i d e r a b l y  i n  s y s t e m a t i z i n g  data,  Second ,  it a n s w e r s  a p e r s i s t e n t  un-  

a n s w e r e d  q u e s t i o n  o r i g i n a l l y  f o r m u l a t e d  by  Von Monakov: c a n  d i s t u r b a n c e s  

i n  memory ( s u c h  as t h e  a g n o s i a s )  be c o m p l e t e l y  dissociated f r o m  d i s t u r b -  

a n c e s  i n  s e n s o r y  f u n c t i o n s ?  Von Monakov a s k e d  s p e c i f i c a l l y :  1. Can 

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

s y s t e m s ?  2 ,  Does a g n o s i a  o c c u r  i n  t h e  a b s e n c e  of p r i m a r y  s e n s o r y  d i f f i -  

c u l t i e s  ? Von Monakovvs  answer  t o  t h e  s e c o n d  q u e s t i o n  was  a n  u n e q u i v o c a l  

"No," a n  o p i n i o n  s h a r e d  by Bay (1964 1 on t h e  b a s i s  of more r e c e n t  a n d  

c a r e f u l l y  c o n t r o l l e d  s t u d i e s .  Von ~ o n a k o v ,  a f t e r  r e v i e w i n g  t h e  a n a t o m i . c a 1  



data  a l s o  g a v e  a t e n t a t i v e  "Nom t o  t h e  f i r s t  q u e s t i o n ,  a l t h o u g h  h e  was  

n e i t h e r  c o m p l e t e l y  c o n v i n c e d  or c o n v i n c i n g  on t h i s  p o i n t .  The p r e p r o c e s -  

s i n g  f o r m u l a t i o n  a n d  t h e  d a t a  p r e s e n t e d  be low i n d i c a t e  t h a t  t h e  correct 

a n s w e r  i s  more complex, 

THE MECHANISMS OF RE-MEMBERIMG THE DISMEMBERED STORE 

R e c o v e r y  F u n c t i o n s :  

The  e x p e r i m e n t a l f i n d i n g s  d e t a i l e d  h e r e  allow o n e  t o  s p e c i f y  a pos- 
! 
I 

s i b l e  mechanism t o  a c c o u n t  f o r  t h e  l e s i o n - p r o d u c e d  memory d e f i c i t s :  T h e  

posterior i n t r i n s i c  c o r t e x ,  by way of e f f e r e n t  t r a c t s  l e a d i n g  to t h e  b a s a l  

g a n g l i a  a n d  b r a i n s t e m  [most l i k e l y  t o  t h e  c o l l i c u l i  or s u r r o u n d i n g  

r e t i c u l a r  f o r m a t i o n  ( P r i b r a m ,  1 9 5 8 ,  1 9 6 0 ,  197711 can  be s u g g e s t e d  t o  

p a r t i t i o n  t h e  e v e n t s  t h a t  o c c u r  i n  t h e  a s s o c i a t e d  p r o j e c t i o n  c o r t e x  and  

c l a s s i f y ,  c a t e g o r i z e  t h e s e . - e v e n t s  a c c o r d i n g  t o  o n e  or  a n o t h e r  schema.  

T h i s  s u g g e s t i o n  was t e s t e d  i n  e x p g r i m e n t s  ( S p i n e l l i  and P r i b r a m ,  1 9 6 6 ,  

1 9 6 7 ) .  -- i n - w h i c h  -- t h e  i n t r i n s i c  c o r t e x  was e l e c t r i c a l l y  s t i m u l a t e d  and  

r e c o r d s  were made o f  r e c o v e r y  f u n c t i o n s  and  r e c e p t i v e  f i e l d  p r o p e r t i e s  of 

cells  w i t h i n  t h e  p r o j e c t i o n  s y s t e m s ,  .. 

R e c o r d s  were made i n  t h e  awake monkey. P a i r e d  f l a s h e s  were 

p r e s e n t e d .  a n d  r e c o r d i n g s  made f r o m - e l e c t r o d e s  i m p l a n t e d  i n  t h e  o c c i p i t a l  

c o r t e x ,  ' T h e  r e s p o n s e . t o  50- s u c h  p a i r e d  f l a s h e s  were a c c u m u l a t e d  on a corn- 

p u f e r f o r  a v e r a g e  t r a n s i e n t s .  The  f l a s h - f l a s h  i n t e r v a l  was v a r i e d  f r o m  25 

t o  200 msec ,  A l l  r e c o r d s  were made f r o m  s t r ia te  ( v i s u a l  1 c o r t e x .  The  t o p  

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

a f  t e r  s t i m u l a t i o n  o f  t h e  i n f  e r o t e m p o r a l  r e g i o n  had  begun.  No te  t h a t  w i t h  

cor t ica l  s t i m u l a t i o n  t h e  r e c o v e r y  f u n c t i o n  is d e p r e s s e d ,  t h a t  i s ,  r e c o v e r y  

i s  d e l a y e d .  



F i g u r e  9  shows t h e  a v e r a g e  of such  e f f e c t s  i n  f i v e  s u b j e c t s .  C h r o n i c  
4 

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

p r o c e s s i n g '  t i m e  t a k e n  by cel ls  i n  t h e  v i s u a l  system. 

A p a r a l l e l  e x p e r i m e n t  i n  t h e  a u d i t o r y  sys tem.  I n  t h i s  s t u d y ,  made 

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

were per fo rmed .  T h i s  homologue is t h e  i n s u l a r - t e m p o r a l  r e g i o n  of  t h e  c a t .  

Dewson ( 1 9 6 4 )  had shown t h a t  i t s  removal  i m p a i r s  complex a u d i t o r y  d i s -  

c r i m i n a t i o n  ( s p e e c h  sounds  1, l e a v i n g  s i m p l e  a u d i t o r y  d i s c r i m i n a t i o n  ( p i t c h  

and  l o u d n e s s )  i n t a c t .  Removal, i n  a d d i t i o n ,  a l t e r s  p a i r e d - c l i c k  r e c o v e r y  

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

a b l a t i o n  s h o r t e n s  t h e  r e c o v e r y  c y c l e  markedly .  Of c o u r s e ,  c o n t r o l  abla-  

t i o n s  of  t h e  p r i m a r y  a u d i t o r y  p r o j e c t i o n c o r t e x  and e l s e w h e r e  have  no s u c h  

e f f e c t .  . . T h u s  w e  h a v e  e v i d e n c e  t h a t  c h r o n i c  s t i m u l a t i o n  of t h e  " a s s o c i a -  

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

. ' t h e  r e c o v e r y  t i m e  of  c e l l s  i n  t h e  r e l a t e d  p r i m a r y  s e n s o r y  p r o j e c t i o n  

R e c e p t i v e  F i e l d s  

These  r e s u l t s  have  been e x t e n d e d  i n  b o t h  t h e  a u d i t o r y  and v i s u a l  

i b a e k : '  ~ l e c t r b a e  s t u d i e s  have shown a l t e r n a t i o n s  of v i s u a l  r e c e p t i v e  

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

l e v e l s  of t h e  v i s u a l  p r o j e c t i o n  systems produced by electrical stimulation 

of t h e  i n f e r i o r  t e m p o r a l  c o r t e x .  The anatomy of  t h e  c o r t i c o f u g a l  pa thways  

o f  t h e s e  c o n t r o l s  o v e r  s e n s o r y  i n p u t  a l s o  is under  s t u d y ,  I n  t h e  a u d i t o r y  

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

v i a  t h e  s u p e r i o r  o l i v e )  t o  t h e  c o c h l e a r  n u c l e u s  (Dewson, Noble ,  & P r i b r a m ,  

19661,  I n  our s t u d i e s  of t h e  v i s u a l  pa thways ,  t h e  f i b e r s  f r o m  t h e  i n f e r o -  

t e m p o r a l  c o r t e x  l e a d  v i a  t h e  putamen ( R e i t z  and P r i b r a m ,  1 9 6 9 )  t o  t h e  



. 
p r e t e c t a l - c o l l i c u l a r  r e g i o n  a s  t h e  s i t e  of  i n t e r a c t i o n  be tween  t h e  

c a r t i c o f u g a l  c o n t r o l  mechanism and  t h e  v i s u a l  i n p u t  s y s t e m .  

C o n t e x t u a l  memory mechanisms have  a l so  become s u b j e c t  t o  n e u r o -  

p h y s i o l o g i c a l  a n a l y s i s .   gain, as i n  t h e  case o f  t h e  s e n s o r y  s p e c i f i c  

memory p r o c e s s e s ,  c o r t i c o - f u g a l ,  e f f e r e n t  c o n t r o l  mechanisms  have  b e e n  

d e m o n s t r a t e d .  R e s u l t s  o b t a i n e d  i n  my l a b o r a t o r y  show t h a t  i n  many 

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

sensory-mode  s p e c i f i c  p r o c e s s e s  ( S p i n e l l i  &  ribr ram, 1 9 6 7 ;  L a s s o n d e ,  P t i t o  

I & Pribram, 1 9 8 1  I .  O t h e r s  ( S k i n n e r  & L i n d s l e y ,  1 9 7 3  1 h a v e  shown t h a t  t h e  

m o s t  l i k e l y  pa thways  o f  o p e r a t i o n  o f  t h e  f r o n t o - l i m b i c  mechanisms  i n v o l v e  

t h e . b r a i n s t e m  r e t i c u l a r  f o r m a t i o n .  Here, however ,  as  i n  t h e  c a s e  of t h e  

s e n s o r y  s p e c i f i c  memory p r o c e s s e s ,  c o n t r o l - c a n  be e x e r t e d  as f a r  

p e r i p h e r a l l y  as t h e  p r i m a r y  s e n s o r y  neu ron  ( S p i n e l l i  & P r i b r a m ,  1 9 6 7 ;  
. . 

S p i n e l l i ,  P r i b r a m ;  & Weinga r t en ; .  1965  ): :-' .. 1 .  

.. - '  

. . . . 
. ' .  C h a n n e l  Redundancy:  - 

. -- - - I n  g e n e r a l  t e r m s ,  t h e  o p e r a t i o n  of e f f e r e n t s  f r o m  s e n s o r y - s p e c i f  i c  

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

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

p r o j e c t i o n  s y s t e m s .  T h i s  presu inably  i s  a c c o m p l i s h e d  by i n h i b i t i o n  a n d  

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

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

t h e i r  n e i g h b o r s  a n d  t h o s e  which d e c r e a s e  a n e u r o n ' s  own a c t i v i t y .  

P a r t i t i o n i n g  mus t  m r k  s o m e t h i n g  l i k e  a m u l t i p l e x i n g  c i r c u i t .  I n  

n e u r o p h y s i o l o g i c a l  terms, when - t h e  r e c o v e r y  t i m e  of n e u r o n s  i n  t h e  s e n s o r y  

p r o j e c t i o n  s y s t e m  i s  i n c r e a s e d  b y  posterior R a s s o c i a t i o n o  cortex 

s t i m u l a t i o n ,  f e w e r  ce l ls  are  a v a i l a b l e  a t a n y  g i v e n  moment t o  r e c e i v e  t h e  

c o n c u r r e n t  i n p u t .  Each o f  a s u c c e s s i v e  series o f  i n p u t s  t h u s  w i l l  f i n d  a 

d i f f e r e n t  set  o f  cells i n . t h e  s y s t e m  a v a i l a b l e  t o  e x c i t a t i o n .  T h e r e  i s  a 



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

of r e s e r v e  c a p a c i t y  - r e d u n d a n c y  - so  t h a t - i n f o r m a t i o n  t r a n s m i s s i o n  is 

n o t ,  u n d e r  o r d i n a r y  c i r c u m s t a n c e s , . h a m p e r e d  by s u c h  " n a r r o w i n g u  o f  t h e  

c h a n n e l  ( A t t n e a v e ,  1954). O r d i n a r i l y  a p a r t i c u l a r  i n p u t  e x c i t e s  a g r e a t  

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

i n f o r m a t i o n ,  J u s t  as l a te ra l  i n h i b i t i o n  i n  t h e  r e t i n a  h a s  t h e  effect  of 

r e d u c i n g  r e d u n d a n c y  ( B a r l o w ,  19611 ,  s o  t h e  o p e r a t i o n  of t h e  

s e n s o r y - s p e c i f i c  p o s t e r i o r  m a s s o c i a t i o n n  c o r t e x  i n c r e a s e s  t h e  d e n s i t y  of 

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

C o n v e r s e l y , ,  t h e  f u n c t i o n s  o f  t h e  f r o n t o l i m b i c  mechanism e n h a n c e  r e d u n -  

d a n c y ,  making  more cel ls  a v a i l a b l e  a t  a n y  g i v e n  moment t o  c o n c u r r e n t  

i n p u t ;  " T h i s  d i m i n i s h e s  t h e  d e n s i t y  'of i n f o r m a t i o n  p r o c e s s e d  a t  a n y  m o m e r l t  

ind e n h a n c e s  t e m p o r a l  r e s o l u t i o n .  . ' . - 

. - -  - . . .. - THE'BRAIN MODEL OF THE MEMORY FIECHAMISM: 

. . T h e  Model: . . 

The  : e v i d e n c e  p r e s e n t e d  h e r e  makes it n o t  u n l i k e l y  t h a t  one f u n c t i o n  

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

t o - c o d e  e v e n t s  o c c u r r i n g  w i t h i n  t h e  i n p u t  s y s t e m s .  A s  n o t e d ,  t h e  

d i s t r i b u t i o n  o f  i n f o r m a t i o n  ( d i s m e m b e r i n g )  i m p l i e s  an e n c o d i n g  p r o c e s s  

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

( r e - m e m b e r i n g )  a l s o  . i m p l i e s  some s o r t  of c o d i n g  o p e r a t i o n  - o n e  similar t o  

t h a t  u s e d  i n  d e c o d i n g  b i n a r y  s w i t c h  s e t t i n g s  i n t o  an o c t a l  f o r m a t  a n d  tha t :  

i n t o  a s s e m b l y  a n d  s t i l l  h i g h e r  o r d e r  p r o g r a m i n g  l a n g u a g e .  A n  i m p a i r e d  

c o d i n g  p r o c e s s  would  be e x p e c t e d  t o  p r o d u c e  g r a v e  memory d i s t u r b a n c e s .  

~ e s i o n - p r o d u c e d  a m n e s i a s ,  r e f e r e n c e  a n d  c o n t e x t u a l ,  t h e r e f o r e  r e f lec t  

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

l o c a l i z e d  eng rams .  



C o n c r e t e l y ,  t h e  i n t r i n s i c  cortex is t h u s  c o n c e i v e d  t o  p r o g r a m ,  or t o  

s t r u c t u r e ,  a n  i n p u t  c h a n n e l .  T h i s  i s  . t a n t a m o u n t  t o  s a y i n g  t h a t  t h e  i n p u t  

i n  t h e  p r o j e c t i o n  s y s t e m s  is coded by t h e  o p e r a t i o n  o f  t h e  i n t r i n s i c  

c o r t e x .  I n  i ts  f u n d a m e n t a l  a s p e c t s ,  compu te r  p rogramming is .a c o d i n g  

o p e r a t i o n :  The c h a n g e  f rom d i r e c t  mach ine  o p e r a t i o n  t h r o u g h  a s s e m b l e r  t o  

o n e  o f  t h e  more m a n i p u l a b l e  compu te r  l a n g u a g e s  i n v o l v e s  a p r o g r e s s i o n  f r o m  

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

s w i t c h  s e t t i n g s  i n  "octa l"  code  and  t h e n  a s s e m b l i n g  t h e  n u m e r i c a l  oc ta ls  

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

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

g r e s s i v e  c o d i n g  o p e r a t i o n s  m i n i m i z e  i n t e r f e r e n c e  among t h e  c o n f i g u r a t i o n s  
I 

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

1 . ..I . .  .. . - I m p l i c a t i o n s :  - . . . .  , . . - . . - . - . .. - . . . . . . . . . .  

. . 
:. . T h e  model h a s  s e v e r a l '  i m p o r t a n t  i m p l i c a t i o n s :  F i r s t ,  t h e  n o n r e c o v e r e d  

,. cel ls ;  t h e  o n e s . t h a t  a re ' s t i ' l l  o c c u p i e d  by' e x c i t a t i o n  i n i t i a t e d  by p r i o r  

i n p u t s , - w i l l  a c t  as a c o n t e x t ' o r  s h o r t - t e r m  memory b u f f e r ,  a g a i n s t  which  

t h e .  c u r r e n t  i n p u t  is matched'. A- match-mismatch o p e r a t i o n  o f  t h i s  s o r t  is 

demanded by models of  t h e  p r o c e s s  o f  r e c o g n i t i o n  a n d  s e l e c t i v e  a t t e n t i o n  

spe l led-  o u t  o n  o t h e r  o c c a s i o n s  by C r a i k  (1943  1, S o k o l o v  (1960  1, B r u n e r  

( 1 9 5 7  1;- MacKay (1956 1, and  m y s e l f  ( 1 9 6 0 a ,  1 9 6 3 a ,  b). T h e s e  " o c c u p i e d "  

cel ls  t h u s  form t h e  matr ix o f  n u n c e r t a i n t y R  t h a t  s h a p e s  t h e  p a t t e r n  o f  

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

' s e l e c t i o n  o f  i n p u t  s i g n a l s '  t h a t  m i g h t  or m i g h t  n o t  o c c u r .  The  n o r m a l  func- 

t i o n s  o f  t h e  p o s t e r i o r  cortex are assumed t o  i n c r e a s e  t h e  c o m p l e x i t y  of 

t h i s  c o n t e x t  w h i l e  t h o s e  of t h e  f r o n t o l i m b i c  s y s t e m s  wou ld  s i m p l i f y  a n d  

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

S e c o n d ,  i n  a s y s t e m  o f  f i x e d  s i z e ,  r e d u c t i o n  of r e d u n d a n c y  i n c r e a s e s  

t h e  d e g r e e  o f  c o r r e l a t i o n ~ p o s s i b l e  w i t h  t h e  se t  of e x t e r n a l  



i n p u t s  t o  t h e  s y s t e m ,  w h i l e  enhancement  o f  r e d u n d a n c y  h a s  t h e  opposi<e 

e f f e c t .  The number o f  a l t e r n a t i v e s  or t h e  c o m p l e x i t y  of t h e  item t o  which  
. a .  :' ! . - 

a n  o r g a n i s m  c a n  a t t e n d  is t h e r e b y  c o n t r o l l e d  ( G a r n e r ,  1 9 6 2 ) .  T h i s  

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

p r o j e c t i o n  s y s t e m  t h u s  allows a t t e n t i o n  t o  v a r y  as a f u n c t i o n  of t h e  

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

r e s u l t  t h a t  e v e n t s  o f  g r e a t e r  or  l e s s e r ~ c o m p l e x i t y  c a n  be a t t e n d e d  to .  

The  s h a r p e r  t h e  s p a t i a l  r e s o l u -  t i o n ,  t h e  g r e a t e r  the " u n c e r t a i n t y u  a n d ,  

t h u s ,  t h e  more l i k e l y  t h a t  any  s e t  o f  i n p u t s  w i l l  be sampled  f o r  

i n f . o r m a t i o n ,  C o n v e r s e l y ,  t h e  g r e a t e r  t h e  t e m p o r a l  r e s o l u t i o n ,  t h e  more  

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

memorable, a n d  c e r t a i n .  I n  t h e  e x t r e m e ,  t h e  s h a r p e n i n g  of t h e  a p p e t i t e  

f o r  i n f o r m a t i o n  becomes what  t h e  c l i n i c a l  n e u r o l o g i s t  ca l l s  

s t i m u l u s - b i n d i n g .  Its o p p o s i t e  is a g n o s i a ,  t h e  i n a b i l i t y  t o  i d e n t i f y  

e v e n t s  because t h e y  f a i l  t o  f i t  t h e  o v e r s i m p l i f i e d  c o n t e x t  o f  t h e  moment. 

T h i r d ,  t h i s  c o r t i c o f u g a l  model  of  t h e  f u n c t i o n s  of t h e  s o - c a l l e d  a s s o -  

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

i n f i n i t e  r e g r e s s  - a n  a s s o c i a t i o n  area "homuncu lusu  who s y n t h e s i z e s  a n d  

abs t rac ts  f r o m  i n p u t s ,  o n l y  t o  p a s s  on t h e s e  a b s t r a c t i o n s  t o  a s t i l l  

h i g h e r  w h o m u n c u l u s , u  p e r h a p s  t h e  o n e  who makes d e c i s i o n s ,  e t c .  Former 

ways o f  l o o k i n g  a t  t h e  i n p u t - o u t p u t  r e l a t i o n s h i p s  of t h e  b r a i n  i n v a r i a b l y  

h a v e  come u p  a g a i n s t  t h i s  p r o b l e m  ( i m p l i c i t  o r  e x p l i c i t )  of  " l i t t l e  men" 

i n s i d e  " l i t t l e  men. " 

A c c o r d i n g  t o  t h e  model  p r e s e n t e d  h e r e ,  t h e r e  is no n e e d  f o r  t h i s  type  

of i n f i n i t e  r e g r e s s ,  The i m p o r t a n t  f u n c t i o n s  of p e r c e p t i o n ,  d e c i s i o n ,  

etc. are g o i n g  on  w i t h i n  t h e  p r i m a r y  s e n s o r y  a n d  m o t o r  p r o j e c t i o n  s y s t e m s .  

O t h e r  b r a i n  r e g i o n s  s u c h  as t h e  p o s t e r i o r  i n t r i n s i c  s e n s o r y - s p e c i f i c  

s y s t e m s  and  t h e  f r o n t o l i m b i c  s y s t e m s  exert t h e i r  e f f e c t s  by a l t e r i n g  t h e  
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Table 1 
. ~irnuitaneous Visurl Choice ReLCtion" 

OPre- and postoperative scores on a simultaneour visual choice reaction of the aninlals 
whose brains are diagrammed in Fig. !2, indicating the number of trials taken to reach a 
criterion of QU%conect on 100 consecutive trials. Deficit i s  defined as o larger number 
of trials taken in the 'retention" test than in original learning. (The misplacement of the 
score H 1 does not change the overall results as given in the text.) . 

Nonoperate c o n h ~ l s  

Pre Post 

C 1 790 80 
C 2  230 U) 

' C 3  750 U) 

C 4 440 0 

' 

. -  .. . . . 

,/' 

Operates without deficit 

Pre , Port 

OP 1 U#) 0 
OP 2 220 0 
OP 3 380 0 
LT 1 390 190 
LT 2 300 150 
H 1 210 220 
HA 350 240, 
F r 1  580 50 
F r 3  50 ' 0 
Fr 4 20.5 ,. 6 
F r S  300 u#)' 
FT 6 zso . . - l o o  
DL 1 160 140 
DL 2 540 150 
DL'% ' 300 240 

120 100 DL 4 
MV 1 110 0 . '  
MV 2 150 10 .- 
M V 3  280 130 
MV 4 230 . 10 
MV 5 280 U O :  
CIM 1 120 80 ' 

C1N 2 400 60 
C I N 3  115 74 
CIN 4' 240 140 

Operates with deficit 

Pre " Post 

n o 1  120 272 
PTO 2 325 F 
P T 0 3  180 F 
I T 0 4  120 450 
T 1  040 F 
T 2  330 F 

- VTH' 1 - 320 F 
M H 2  370 F 
M H 3 -  280 F 
.MH4 - 4 4 0  F 
M 1  . 240 F 
vrr - - -:.m F 
V r 3  . - '  200 890 
V T 4  4 10 F 
M 5  210 F 

. . -- 
:' . 

. . 

/ - 



* 
f u n c t i o n a l  o r g a n i z a t i o n  o f  t h e  p r i m a r y  s y s t e m s .  Thus t h e s e  i n t r i n s i c  

s y s t e m s  are n o t  w a s s o c i a t i o n w  b u t  " a s s ' o c i a t e d "  s y s t e m s ;  t h e y  s i m p l y  a l t e r  
1 

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

t i o n  s y s t e m s .  I n  compu te r  l a n g u a g e  t h e  i n t r i n s i c  s y s t e m s  f u n c t i o n  b y  

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

w i t h i n  and  n o t  s u p e r i m p o s e d  f r o m  above  on t h e  more f u n d a m e n t a l  p r o c e s s e s .  

I n  t h i s  f a s h i o n  t h e  i n f i n i t e  h i g h e r - o r d e r  a b s t r a c t i v e  regress is  a v o i d e d .  -. 
- .  

One c o u l d  a r g u e  t h a t  i n  i t s  p l a c e  a  downward regress of  sub -  a n d  s u b r o u -  

t i n e s  is s u b s t i t u t e d .  I would a n s w e r  t h a t  t h i s  t y p e  o f  r e g r e s s ,  t h r o u g h  

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

t h e  t w o .  

A f i n a l  a d v a n t a g e  o f  t h e  model i s  t h a t  t h e  s i g n a l  i t s e l f  is n o t  

a l t e r e d ;  t h e  i n v a r i a n t  p r o p e r t i e s  of a s i g n a l  a r e  u n a f f e c t e d  ( u n l e s s  c h a n -  

n e l  capacity is o v e r r e a c h e d ) .  I t  is o n l y  t h e  o r g a n i z a t i o n  of t h e  c h a n n e l  
. . 

.. .. i t s e l f - - - . - t h e  m a t r i x  w i t h i n  which  t h e  s i g n a l  i s  t r a n s m i t t e d  - t h a t  is  . . 
- 

al tered.-  Thus t h e  same s i g n a l  carries m D r e  o r  less i n f o r m a t i o n ,  d e p e n d i n g  
. . 

.-. - .  

on  t h e :  " w i d t h m  of  t h e  c h a n n e l .  F u r t h e r , '  t h e  s i g n a l  carries d i f f e r e n t  mean- 

i n g s ,  d e p e n d i n g  on t h e  p a r t i c u l a r  s t r u c t u r e  or o r g a n i z a t i o n  of t h e  
.. . .. 

r e d u n d a n c y  of t h e  c h a n n e l .  

Summary 

E x p e r i m e n t a l l y  p r o d u c e d  l o c a l  f o r e b r a i n  damage does d e m o n s t r a t a b l y  
. . 

i m p a i r  memory f u n c t i o n s .  However,  t h e  i m p a i r m e n t  a p p a r e n t l y  i s  n o t  so  

much a r e m o v a l  of l o c a l i z e d  engrams as an i n t e r f e r e n c e  w i t h  t h e  mechan i sms  

w h i c h  o r d i n a r i l y  code n e u r a l  e v e n t s  s o  as t o  allow fac i le  s t o r a g e  and 

retr ieval .  T h u s ,  t h e  e v i d e n c e  shows t h a t  a n a t o m i c a l l y  t h e  memory trace is  

d i s t r i b u t e d  w i t h i n  a n e u r a l  s y s t e m  by means of  a n  en -cod ing  process, w h i l e  

as  a f u n c t i o n  of  d e - c o d i n g  t h e  d i s t r i b u t e d ,  d i smembered  engram is 

r e a s s e m b l e d ,  t h a t  i s ,  re-membered. Thus ,  what  a n d  w h e t h e r  s o m e t h i n g  is 
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remembered i s  i n  l a r g e  p a r t  d e p e n d e n t  on how it i s ,  a n d  t h a t  is  is, 
, .i 

a d e q u a t e l y  coded ,  

Two major classes o f  memory mechanisms were i d e n t i f i e d :  R e f e r e n c e  

a n d  C o n t e x t u a l .  Each o f  t h e s e  classes is s u b d i v i d e d  i n t o  others .  

R e f e r e n c e  memory is composed of sets  of  s e n s o r y  s p e c i f i c  s k i l l e d ,  

a u t o m a t i c  p r o c e s s e s  on the o n e  hand  and  a n o t h e r  set of  s e n s o r y  s p e c i f i c  

s e a r c h  s a m p l i n g  p r o c e d u r e s  on t h e  o t h e r .  C o n t e x t u a l  memory is composed of 
. . .  

. - . . . .  . -  . . .  . . . . . . .  - . . . .  ..... 

a mechanism which  . . . . .  r e g i s t e r s  e p i s o d e s ,  a n 0 t h e . r  . . which  processes t h e  f a m i l i a r  

a n d  a t h i r d  which  g e n e r a t e s ,  " w o r k s m  t o  o r g a n i z e  t h e  s p a t i o t e m p o r a l  

s t r u c t u r e  o f  c o n t e x t ,  How t h e s e  memory mechanisms i n t e r a c t  t o  p r o d u c e  

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



Percentage of Alternation as a Function of 
Response and Outcome of Preceding Triala 

Preceding trial' 

S ' A-R A-NR , NA-R NA-h'R 

Normal .. 

394 53 40 4 5 56- &-  

' 396 ' . :  5 4 .  . '  53 36 ' 49 
398 49 :.: -.-..... . 69 27 48 
384 61 '...83 33 72 
Total 55 68 ' 34 ' 52 

OComparilron of the perform an^ of frontally ablated and n o d  monkeys on dterna- 
tionr made subsequent to reinforced (R) and nonreinforctd (NR) and an alternated (A) 
and nonaltemated (NA) response. 

bA. altemated; NA did not alternate; R. was rewarded; and NR war not rrvnrded 
.. . . . - . .- - . . . . . .. .--- -. . , - . . . - -. . 



- .  . . , - . .  - Fig .  2, The uppe r  d i a g r a m r e p r e s e n t s  t h e  sum of t h e  
-- .--areas o f  resection of a l l  of t h e  an ima l s  grouped as showing 

d e f i c i t ,  The middle  d iagram r e p r e s e n t s  t h e  sum of t h e  areas 
of r e s e c t i o n  of a l l  o f  t h e  an ima l s  grouped as showing no  
d e f i c i t ,  The lower  d iagram r e p r e s e n t s  t h e  i n t e r s e c t  of t h e  
area shown i n  t h e  b l a c k  i n  t h e  upper d iagram and  that - n o t  
checke rboa rded  i n  t h e  middle  diagram. T h i s  i n t e r s e c t  r e p r e -  
s e n t s  t h e  area i n v a r i a b l y  i m p l i c a t e d  i n  v i s u a l  c h o i c e  
b e h a v i o r  i n  t h e s e  expe r imen t s .  



- No. cues in situation 

F i g .  3 .  Graph of t h e  a v e r a g e  number of r e p e t i t i v e  
e r r o r s  made i n  t h e  m u l t i p l e  o b j e c t  exper iment  d u r i n g  t h o s e  

--. s e a r c h  tr ials i n  each s i t u a t i o n  when t h e  a d d i t i o n a l ,  t h a t  
i s ,  t h e  n o v e l ,  cue  is f i r s t  added. 



Number of cues in sitwt;oo 
- .. - -  

Fig.  4. Graph of t h e  average propor t ion  of objects 
( c u e s )  t h a t  are sampled (excep t  novel cue )  by each  of t h e  
groups i n  each of t h e  s i t u a t i o n s .  To sample, a monkey had 
t o  move an o b j e c t  un t i .1  t h e  con ten t  o r  l a c k  of c o n t e n t  of 
t h e  food w e l l  was c l e a r l y  v i s i b l e  ko . t h e  exper imenter ,  AS - 

- - was p r e d i c t e d ,  dur ing  t h e  f i r s t  ha l f  of t h e  experiment  t h e  
c u r v e  r e p r e s e n t i n g  t h e  sampling r a t i o  of t h e  p o s t e r i o r l y  
l e s i o n e d  group d i f f e r s  s i g n i f i c a n t l y  from t h e  o t h e r s  a t  t h e  
0 .024  l e v e l  ( accord ing  t o  t h e  nonparametric Mann-Whitney U 
T e s t  1. 



- Consloi,t. 
- - . . -. I I - 

I 2 ...- . 3 . -. 4 - Blocks ot'iessions 
- . . .. - 

Fig, 5. Postoperative activity scores of normal and 
amygdalectomized monkeys for successive blocks of three 
sessions under conditions of constant illumination and more 
intense, varied illumination, 



Fig. 6. Curves of pe rcen t  GSR response  t o  t h e  f i r s t  5 0  
p r e s e n t a t i o n s  of t h e  o r i g i n a l  stimulus f o r  t h e  normal (N) 
and t h r e e  exper imenta l  groups (H, I T ,  A M ) ,  i. e . ,  hippo-  
campal, i n f e r i o r  temporal ,  and  amygdala r e s e c t e d  monkeys. 



Fig ,  7, Graph of p e r f o r m a n c e  of t h r e e  groups of 
monkeys u n d e r  c o n d i t i o n s  of e x t i n c t i o n  i n  a mixed s c h e d u l e  
o p e r a n t  c o n d i t i o n i n g  s i t u a t i o n ,  Note t h e  slower e x t i n c t i o n  
o f  - t h e  f r o n t a l l y  l e s i o n e d  monkeys,  



- Normols 
---- Temporals - -- 
--.-.. Frontols 

. . 

-a 

. . . . .  
. o.., i 

I 

Number cues in situalion - 

- 
.. Fig. 8. Graph of the average number of trials to 

criterion taken in the multiple object experiment by each 
group in each of the situations after search was completed, 
that is, after the first correct response. Note the 
difference,between the curves for the controls and for the 
frontally operated group, a difference that is significant 
at the - 0 5  level by an analysis of variance (F = 8.19 for 2 
and 6 df) according to McNemarls procedure performed on 
normalized (by square root transformation) raw scores. 



1 e-4 Control s l l m ~ b l t o n  

2 0  - - 11 stlm shortly ofter onset - 11 stm I month oflcr onset 1, VOI omnp reodonps ond s u b j ~ 1 s  

10 0 25 5 0  75 100 150 200 
PsK - 

Fig ,  9, A p l o t  o f  t h e  r e c o v e r y  f u n c t i o n s  o b t a i n e d  i n  
f i ve  monkeys before and d u r i n g  c h r o n i c  c o r t i c a l  s t i m u l a t i o n :  
re la t ive a m p l i t u d e  of t h e  s e c o n d  r e s p o n s e  as a f u n c t i o n  o f  
i n t e r  f l a s h  i n t e r v a l ,  
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