
B R A I N  AND MEANING 

Mean i n g  h a s  two d i s t i n g u i s h a b l e  meanings: (1) ex tens iona l  re fe rence  which 

c a n  b e  os tens i ve l y  i d e n t i f i e d ,  and (2 )  i n t e n s i o n a l  con tex t  which i s  evoked. 

T h e s e  t w o  t y p e s  o f  mea.n ing a r e  served by two c lasses o f  b r a i n  systems: 

t h o s e  o f  t h e  p o s t e r i o r  c o n v e x i t y  f o r  re fe rence  and those of the  f ron to -  

l i m b i c  f o r e b r a i n  f o r  context .  Syn tac t i c  procedures based on s t i l l  another 

s e t  o f  b r a i n  s y s t e m s  c o o r d i n a t e  t h e s e  t w o  t y p e s  o f  mean ing  i n  the 

p r o d u c t i o n  o f  n a t u r a l  languages and o ther  language- l i ke  systems, such as 

m u s i c .  T h i s  essay reviews the  evidence f o r  these r e l a t i o n s h i p s  and some of 

t h e  issues t h a t  remain t o  be resolved. 
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T h e r e  a r e  f e w  s p e c i e s - s p e c i f  i c  b e h a v i o r s  t h a t  cha rac te r i ze  homo 

s a p i e n s ,  and even  t h e s e  a r e  found i n  p r imord ia l  form i n  the great  apes. 

.The l i s t  i s  i n t e r e s t i n g :  t h e  f a c t  t h a t  females have the  p o t e n t i a l  f o r  

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

c h i m p a n z e e s  (Rumbaugh, 1980); humor and laughter,  a l so  present i n  Koko the  

. . g o r i l l a  ( P a t t e r s o n  & L i n d o n ,  1 9 8 1 ) ;  t h e  a b i l i t y  t o  c rea te  c o g n i t i v e  
c o m m o d i t i e s  ( s u c h  as  b i c y c l e s ,  automobiles, a g r i c u l t u r a l  crops, musical 
i n s t r u m e n t s ,  churches and the l i k e ) ,  observed by Goodall i n  chimpanzees i n  

t h e  w i l d  ( L o w i c k - G o o d a l l ,  1 9 7 3 ) .  B u t ,  as i n  the case of the na tu ra l  

l a n g u a g e s ,  w h e r e  s i g n s  i n  A m e r i c a n  Sign Language can be taught t o  the 

e x t e n t  o f  t h r e e - w o r d  s t r ings ,  these a b i l i t i e s  remain p r i m i t i v e  (Gardner & 

G a r d n e r ,  1 9 6 9 ;  P a t t e r s o n ,  1979 ) , .  O n l y  humans make cunplex n a t u r a l  

l a n g u a g e s  and language- l i ke  s t ruc tu res  such as mathematics and music. Of 

t h e s e ,  t h e  n a t u r a l  l a n g u a g e s  a r e  t h e  m o s t  u n i v e r s a l .  The quest ion 

t h e r e f o r e  a r i s e s  as  t o  what  i s  d i f f e r e n t  about homo sapiens t h a t  a l lows 
l i n g u i s t i c  communication. 

One answer  i s  t h a t  human b r a i n s  make the di f ference: b r a i n  damage 

1  o c a l  i z e d  t o  s e p a r a t e  b r a i  n  s y s t e m s  i s  accompanied by d is turbances o f  

1  anguage  w h i c h  d i s t i n g u i s h  d i f f e r e n t  l i n g u i s t i c  aspects from one another. 

T h i s  essay reviews the  evidence f o r  these d i s t i n c t i o n s .  

Reference 

The Development o f  Re fe ren t i  a1 Processing 

A n e u r o l  i n g u i  s t i  c  a n a l y s i s  o f  language systems can p r o f i t a b l y  begin 

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

d e r i v e d  f r o m  C h a r 1  e s  P e i r c e  (1934). L i n g u i s t i c  processing most l i k e l y  



began  as v i s u a l - g e s t u r a l  communication, and on ly  l a t e r  became audiovocal. 

T h e r e  i s  c o n s i d e r a b l e  e v i d e n c e  t h a t  i n i t i a l l y  pr imate communication 

p r o c e e d e d  b y  e s  t a b l  i shing a rec ip roca l  re1 a t i onsh ip  between image ( i c o n )  

and i n f o r m a t i o n  ( i nd i can t ,  index)  using v isua l -ges tura l  mechanisms. Thus, 

as n o t e d ,  apes  have  been t a u g h t  t o  i n d i c a t e  t h e i r  communic~t ions by 

A m e r i c a n  S i g n  Language  and t h e  c a v e  p a i n t i n g s  o f  e a r l y  man suggest 

c o n s i d e r a b l e  s k i l l  a t  i c o n i c  symbol izat ion. A p l a u s i b l e  scenar io o f  the 

o r i g i n s  o f  speech  m i g h t  b e  t h a t  f r u s t r a t i o n s  w i t h  v i s u a l - g e s t u r a l  

communi c a t  i o n  due t o  darkness a r o h d  c m p f  i r es ,  distance, o r  o ther  awkward 

c i r c u m s t a n c e s  became e x p r e s s e d  i n  v o c a l i z a t i o n s  w h i c h  then  became 

d i f f e r e n t i a t e d  i n t o  tokens f o r  the unseen gestures. I n  t h i s  fashion,  the  

v o c a l  e x p r e s s i o n s  became symbols and signs i n i t i a l l y  s tanding i n  l i e u  o f  

i m a g e s  ( i c o n s )  and i n fo rma t ion  ( i n d i c a t i n g  ob jec ts  and events),  and then 

s u p p l  a n t i n g  t h e  g e s t u r e s  e n t i r e l y  b e c a u s e  o f  overwhe lming adapt ive 

advantage. I n  short ,  the expressions became words. 

I t  i s  l i k e l y  t h a t  t h e s e  f i r s t  e x p r e s s i o n s  o f  f r u s t r a t i o n s  were 

h o l o p h r a s e s  r e l a t e d  t o  act ions. The human propens i ty  i s  t o  n m i n a l i z e  and 

s o  h o l o p h r a s e s  i n d i c a t i n g  e x p e r i e n c e d  processes became nouns denot ing 

t h  i n g s  . B u t  th ings  deprived o f  ac t i on  become s t a t i c  and therefore f a i  1 t o  

a d e q u a t e l y  represent  experience. P red i ca t i on  reso lves  t h i s  inadequacy and 

t h e  p r o p o s i t i o n a l  u t te rance i s  born. 

Image and Informat ion i n  Referent i  a1 Processing 

As d o c u m e n t e d  b y  P i e r e  M a r i e  ( 1 9 2 6 ) ,  Bay  (19641, and Hecaen and 

A n g e l  e r g u e s  ( 1 9 6 4 ) ,  a c e n t r a l  language processor based on the  a u d i t o r y  

p r o j e c t i o n  s y s t e m  and i t s  associated cor tex accounts for  much of language 

p r o c e s s i n g .  W i t h  u s e  o f  a d j a c e n t  accessory "poles" i n  t he  p recen t ra l ,  

p a p i  e t a 1  , a n d  o c c i  p o t e m p o r a l  c o r t i c e s ,  expressive, somatic, and v i s u a l  

communicat ion i s  establ ished simply by  an over lap o f  f u n c t i o n a l  areas. The 

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  i s  i d e a l l y  p laced POP such overlap. The 

d e r i v a t i o n  o f  t h e  a c o u s t i c  system from g i l l  and jaw i s  r e f l e c t e d  i n  the  

c o r t e x  by the  f a c t  t h a t  aud i to ry  p r o j e c t i o n s  encompass bo th  s m a t i c  area I 1  

s u p e r i o r l y ,  and m o t o r  f a c e  and mouth areas a n t e r i o r l y  Pribram, Rosner 81 

R o s e n b l i t h ,  1954). Even when such p rox im i t y  does not  e x i s t ,  wassoc ia t ionsu 

w i  t h i n  t h e  p r i m a r y  p r o j e c t i o n  are present i n n a t e l y  o r  es tab l ished through 



l e a r n i n g  ( P r i b r a m ,  S p i n e l l i  & Kambak, 1967). E l e c t r o c o r t i c a l  evidence 

o b t a i n e d  i n  t h e  v i s u a l  mode shows c e l l s  t o  b e  present t ha t  reac t  t o  

a u d i t o r y  s t i m u l a t i o n  ( S p i n e l l i ,  S t a r r  & Ba r re t t ,  1968), t o  the presence o r  

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

m o v e m e n t  ( S p i n e l l i  & P r i b r a m ,  1 9 7 0 ) .  The r o u t e  b y  w h i c h  s u c h  

t t a s s o c i  a t i  o n s "  are es tab l ished i s  unknown, bu t  i n  the aud i to ry  cor tex  the 

pa th  need not  be long. 

F o r  t h e  m o s t  p a r t ,  t h e  c e n t r a l  language processor i s  located i n  the 

l e f t  hemi s p h e r e  i n  r i g h t - h a n d e d  i n d i v i d u a l s .  As n o t e d ,  words and 

p r o p o s i t i o n s  i n i t i a l l y  r e f e r  t o  objects and events, and as such become 

i n d i c a n t s  p o i n t i n g  t o  a l t e r n a t i v e s .  I n  view o f  the f a c t  t h a t  when such 

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

. . ( a ' cco rd  i n g  t o  Pe i r ce l s  d e f i n i t i o n ) .  Shannon and Weaver (1949) developed a  
m e a s u r e  o f  t h e  number o f  a l t e r n a t i v e s  i nd i ca ted  by a  communication. This  

m e a s u r e  was c a l  l e d  t h e  q u a n t i t y  o f  unce r ta in t y  reduced by  the amount of 

i n f  o r m a t  i on c o n v e y e d .  Symbol  i c  1  i . n g u i s t i c  communication, p r i m a r i l y  a  

l e f t - h e m i s p h e r e  f u n c t i o n ,  t h u s  r e f l e c t s  t h e  i n f o r m a t i o n  processing 

competence of t h i  s  hemi sphere, 

What t h e n  i s  t h e  r o l e  o f  t h e  homo logous  P o m a t i o n s  of the  r i g h t  

h e m i s p h e r e ?  T o  t h e  e x t e n t  t h a t  pa r t s  o f  images can "stand i n "  f o r  the 

who1 e, s u c h  standins become signs o f  the images --- and o f  the ob jec ts  and 

e v e n t s  w h i  ch are imaged. The corner o f  a  mouth, a  r a i s e d  eyebrow, 'becomes 

a s i g n  n o t  o n l y  o f  t h e  f a c t  o f  a p e r s o n  bu t  o f  the expressions being 

c o m m u n i c a t e d  b y  t h a t  f a c e .  S i g n i f i c a t i o n ,  non-verbal communication, 

p r i m a r  i 1  y  a  r i ght-hemisphere func t ion ,  thus r e f l e c t s  the  image processing 

competence of the  r i g h t  hemi sphere. 

Syntagmatics and Rhe to r i c  

B u t  b y  wha t  mechan ism a r e  t h e s e  h i g h e r - o r d e r  symbo ls  and signs 

a c h i e v e d ?  A most l i k e l y  p o s s i b i l i t y  i s  t h a t  pragmatic processing i n v o l v i n g  

t h e  func t i ons  o f  the f r o n t o l i m b i c  f o r e b r a i n  cont inuous ly  mod i f ies  image and 

i n f o r m a t i o n  p r o c e s s i n g  once  v o c a l  e x p r e s s i o n  becomes i n v o l v e d  i n  



communi c a t  ion .  The l i m b i c  systems are primar'; l y  concerned w i th  mon i to r ing  

t h e  s t a t e s  of the organism t h a t  are expressed as hunger, t h i r s t ,  sex, etc .  

( P r i b r a m  e t  al., 1967; Pribram, 1971). I n  add i t ion ,  t he  i n tens i ve  aspects 

o f  p a i n  and t e m p e r a t u r e  a r e  r e g u l a t e d  by these systems (Pribram, 1971, 

c h a p t e r s  9 81 1 0 ) .  These b a s i c  func t ions  are r e f l e c t e d  i n  hig:,er-order 

p r o c e s s e s  as  e s t a b l  i s h i n g  the needs and desires, i.e,, the bas is  f o r  the 

u t i 1 i t i e s  t h a t  determine what r e i n f o r c e s  the organi smt s behavior (Doug1 as & 

K .  H .  Pribram, 1966; Douglas t B. J. Pribram, 1969; Pribram, 1977a, b). I n  

e s s e n c e ,  t h e r e f  o r e ,  t h e s e  s y s t e m s  e s t a b l  i s h  an i n t e r n a l l y  determined 

p r a g m a t i c  c o n t e x t  w i t h i n  which the  organism approaches the world. Th i s  

i n t e r n a l  c o n t e x t  i s  e x p r e s s e d  i n  aphasics when they  communicate t h e i r  

f e e l  i n g s  t h r o u g h  gestures and exp l i ca t i ves ,  and w i t h  "emot ional"  language 

and s imple songs (Myers, 1967; Robinson, 1976). 

T h e  1 imb  i c f o r e b r a i  n shares r e g u l a t i o n  o f  context-dependent behavior 
w i t h  t h a t  p a r t  of the  f r o n t a l  cor tex  which has been developed so h i g h l y  i n  

humans, and w h i c h  has been shown t o  f u n c t i o n  as the "assoc ia t ion"  area of 

t h e  l i m b i c  s y s t e m s  ( P r i b r a m ,  1958). Th is  po la r  p o r t i o n  o f  the  f r o n t a l  

c o r t e x  makes poss ib le  the d i s t r i b u t i o n  o f  behaviora l  responses according t o  

t h e  p r o b a b i l i t y  t h a t  t h e  behavior w i l l  'have an e f f e c t i v e  outcome, i.e., 

t h a t  i t  w i l l  b e  r e i n f o r c e d   ribra ram, 1 9 6 1 ) .  T h u s  f r o n t a l  c o r t e x  

p a r t i c i p a t e s  i n  d e t e r m i n i n g  the u t i l i t i e s  which, as noted, organize the 
- 
c o n t e x t  w i t h i n  w h i c h  an o r g a n i s m  approaches h i s  world. ( U t i l i t i e s  are 
d e f i n e d  i n  e c o n o m i c  t h e o r y  as der ived m u l t i p l i c a t i v e l y  from desi res and 

probabi l i t ies, )  
L i n g u i s t s  and p s y c h o l o g i s t s  have up t o  now pa id  l i t t l e  heed t o  the 

p r a g m a t i  c s  o f  1 angu age. The l i n e  o f  evidence and reasoning pursued here 

- s u g g e s t s  t h a t  p r a g m a t i c  p r o c e s s e s  a r e  d e r i v e d  f r o m  mechanisms t h a t  

e s t a b l i s h  d e s i r a b i l i t i e s  and the p r o b a b i l i t i e s  o f  re inforcement  given a 

p a r t  i c u l  a r  s t a t e  o f  desire. The l i n g u i s t i c  expression of such pragmatic 

p r o c e s s e s  w o u l d  t h e r e f o r e  b e  e p i s o d i c ,  i .e., w o u l d  be dependent on 

momentary s tate,  Some mnemonic mechanism must a lso be i nvo l ved  s ince s t a t e  

c h a n g e  i s mon i t ored and outcome (re inforcement)  p r o b a b i l i t y  est imates are 

made. Cogn i t i  ve p s y c h o l o g i s t s  o f t e n  r e f e r  t o  such mnemonic processes as 

s h o r t  - t e r m ,  b u t  more r e c e n t l y  and accura te ly  the process has been def ined 



as t lep isodic l l  memory (Pribram, 1984; Tulving, 1970, 1972) i o  d i s t i n g u i s h  i t  

from more u n i v e r s a l l y  app l icab le  semantic stores. 

Forming a  Language: The Role o f  Pausing and Pars ing 

I n  nonhuman primates, l es ions  o f  the f ron to l imb ic  f o r e b r a i n  bu t  no t  o f  

t h e  p o s t e r i o r  convexity,  i n t e r f e r e  w i t h  the performance o f  a  t a s k  which can 
b e  u  s e d  a s  a  model f o r  re1 a t i  ng episodic, context-dependent cons t ruc t i ons  

t o  1  i n g u  i s t  i c processing. Th i s  task i s  the delayed a l t e r n a t i o n  procedure 

d  u  r i n g  w h  i ch a  sub jec t  i s  re in fo rced  f o r  a l t e r n a t i n g  h i s  responses between 

t w o  b o x e s .  D u r i n g  t h e  i n t e r v a l  between oppor tun i t i es  f o r  response, an 

o p a q u e  s c r e e n  h i d e s  t h e  boxes .  The screen i s  kept  i n  g l a c e  fo r  5--60 

seconds,  depending on how d i f f i c u l t  one chooses t o  make the t a s k .  When the 
i n t e r v a l  between oppor tun i t i es  i s  equal, subjects w i t h  f ron to r i imb ic  l es ions  

i n v a r i a b l y  f a i l  t h e  t a s k ;  i . e . ,  t h e y  seem t o  f o r g e t  wh ich  box they 

p r e v i  o u s l y  c h o s e ,  s u c c e s s f u l  l y  o r  unsuccessfu l ly .  When, however, the  

i n t e r v a l s  between oppor tun i t i es  are made unequal though r e g u l a r  --- e. g., 5 

s e c  b e f o r e  b o x  1 m u s t  b e  c h o s e n  and 15 sec be fore  box 2 i i s  the c o r r e c t  

c h o i c e  --- then the  d e f i c i t  i s  q u i c k l y  overcome (Pribram, P loak in ,  Anderson 

6 Leong, 1977; Pribram f Tubbs, 1967). 

The  reason f o r  performing the above experiment was t h a t  it seemed as i f  

a  m o n k e y 1  s  f a i l i n g  the  a l t e r n a t i o n  task were i n  much the  s a w  s i t u a t i o n  as 

a  p e r s o n  h e a r i n g  o r  r e a d i n g  a  paragraph i n  which l e t t e r s  and .words were 

s e p a r a t e d  b y  e q u a l  i n t e r v a l s ,  T h u s  

M A R E S E A T O A T S A M D D O E S E A T O A T S A N D L I T T L E L A M B S E A T I V Y  i s  u n i n t e R ' l i g i b l e  u n t i l  
p a r s e d  i n t o  words. I n  general, chunking ( M i l l e r ,  1956) has been found t o  

b e  an e s s e n t i a l  p r o c e s s i n g  mechanism when the l i m i t s  of c m p e t e n c y  are 

i n v o l  v e d  (PScGuinness L Pribram, 1975). I n  humans, the pragmattic, p rosod ic  

a s p e c t s  o f  f r o n t a l  p o r t i o n  language are handled p r i m a r i l y  by the  r i g h t  
hemi  s p h e r e  (Moscovi tch,  1983; Zaidel ,  1983), perhaps i t s  f r m t a l  po r t i on .  

T  h  e  t e s  t s  used t o  determine t h i  s  a re  f lashes --- no i  se, p a t t w n  masks, and 
t e s t s  f o r  r h y m i n g  b a s e d  on m e a n i n g f u l  and non-meaningful! words, i.e., 

matched semantical l y  o r  phonet ica l  l y e  

I t  i s r e m a r k a b l e  t h a t  the  same p a r t s  o f  the  b r a i n  are r e s p o n s i b l e  f o r  

t h e  o p e r a t i o n s  t h a t  determine contex t  by way of pragmatic p rocess ing  and 

t h o s e  t h a t  d e t e r m i n e  t h e  p a u s e s  necessary t o  pa rs ing  u t te rances,  i.e., 



e x p r e s s i o n s  i n t o  p h r a s e s  and words. This  i d e n t i t y  o f  neural substrate 

s u g g e s t s  t h a t  p a u s e s  i n  speech prov ide the contextual  cues w i t h i n  which 

t h e  1  o g i c a l  content becomes r e l a t e d  t o  the speaker's s ta te :  h i s  mood, h i s  

m o m e n t a r y  d e s i r e s ,  and p r o b a b i l i t y  est imates o f  success i n  meeting those 

d e s i r e s .  P r a g m a t i c  p r o c e s s i n g  f o r m s  ( g i v e s  form t o )  the  1.Znguistic 

p r o d u c t  i o n .  . The prosodics, the pauses, i n f l e c t i o n s ,  and the dynamic range 

o f  s p e e c h  f o r m  t h e  c o n t e x t  i n  w h i c h  t h e  content  o f  the communication 

o c c u r s .  T  h i s  r h e t o r i c a l ,  i d i o s y n c r a t i c  aspect o f  language formation may 

r e s p o n s i b l e  f o r  the r a p i d  t ransformat ion of a  language i n t o  d i a l e c t  by an 

i n t i m a t e  group and thus the  v a r i e t y  o f  languages used by man. 

F u r t h e r ,  t h i s  r e l a t i o n s h i p  b e t w e e n  p r a g m a t i c s  and t h e  - form of 

l a n g u a g e  expression may under l i e  the process o f  p red ica t ion .  Making words 

i n t o  sentences would not be necessary unless a  statement about s tate,  about 

d e s i r e  and b e l i e f  ( p r o b a b i l i t y ) ,  etc., were a t  stake. Thus p red i ca t i on  
s t e m s  f r o m  p r a g m a t i c  processing wh i l e  nomination, i.e., making words more 

u n i v e r s a l  l y  m e a n i n g f u l ,  r e s u l t s  f r o m  s e m a n t i c  image and in fo rmat ion  

processing. 

Syntac t ics  

The S t r u c t u r a l  Aspects of Lanquage 
What  t h e n  i s  t h e  r o l e  o f  s y n t a x ?  S y n t a x  m u s t  r e f l e c t  bo th  the  

p r a g m a t i c  f i rm,  the rhe to r i c ,  o f  language and i t s  r e f e r e n t i a l  meaning, i t s  
s e m a n t i c s .  R l e u r o l o g i c a l l y ,  b o t h  t h e  f r o n t 0 1  i m b i c  f o r e b r a i n  and the  

p o s t e r i o r  convex i ty  o f  the  b r a i n  are d i r e c t l y  connected t o  such subco r t i ca l  
m o t o r  s t ruc tu res  as the basal ganglia, which are known t o  regu la te  pos tu ra l  

and s e n s o r y  s e t s  ( M i l l e r ,  G a l a n t e r  t P r i b r a m ,  1960 ) .  These basal 

s t r u c t u r e s  a r e ,  i n t u r n ,  i n t i m a t e l y  connected w i t h  the  c e n t r a l l y  loca ted  

motor co r tex  which organizes s k i l l s .  

O v e r  t h e  p a s t  t h r e e  decades a  great  deal has been learned about the 

h i e r a r c h i c a l  n a t u r e  o f  p r o c e s s i n g  i n f o r m a t i o n  by the use o f  symbols 

( P  r i  bram, 1977). The const ruc t ion  of programs t h a t  make s e r i a l l y  opera t ing  

c o m p u t e r s  i n t o  e f f e c t i v e  data storage and r e t r i e v a l  mechanisms has shown 

t h a t .  such programs must ca tegor ize  data i n t o  items which can be u n i v e r s a l l y  



r e t r i e v e d  and a r e  t h u s  e s s e n t i a l l y  context-free. H ierarch ies  o f  such 

c o n t e x t - f r e e  items ( b i t  > bytes > words) are then compiled i n t o  

a s s e m b l e r s ,  w h i c h  i n  t u r n  a r e  the elements o f  more cozplex programming 

1  angu ages. 

The i m p o r t a n c e  of t h i s  d i s t i n c t i o n  between syn tac t i c  forms i s  brought 

home b y  t h e  t y p e s  o f  grammar t h a t  have been found use fu l  i n  analyz ing 

1  i n g u i  s t i c  p e r f o r m a n c e s .  The s imples t  o f  these are the s tochas t i c  and 

s ta te-dependent  grammars i n  which any p a r t i c u l a r  u t te rance f a l l s  out, as i t  

were ,  o f  the p r o b a b i l i t i e s  set up by previous utterances. F lesch counts o f  

t h e  i ncidence of usage o f  words i n  the Engl ishd language are based on such a  

mode l  and h a v e  been f o u n d  wanting i n  exp la in ing  not only na tu ra l  speech 

(Howes, 1964, 1957a, b )  but  a lso  language d i s a b i l i t i e s  due t o  b r a i n  damage 

. . 
( W  i n o g r a d ,  1977  1. A  more effect ive, though s t i l l  l im i ted ,  model has been 

p h r a s e  s t r u c t u r e  grammar i n  which the  h i e r a r c h i c  r e l a t i o n s h i p s  between 
g r o u p i  n  gs  o f  u t te rances  are mapped. One o f  Chomskyls major c o n t r i b u t i o n s  

h a s  been t o  demonstrate the  l i m i t a t i o n s  o f  the  phrase s t r u c t u r e  grammar and 

t o  s u g g e s t  ( 1 )  t h a t  t r a n s f o r m a t i o n s  (operat ions on redundency, on the  

r e p e t i t i v e  a s p e c t s  o f  l a n g u a g e )  o c c u r  i n  l a n g u a g e ;  ( 2 )  t h a t  these 

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

o r g a n  i z a t i o n s  o f  phrase st ructures;  and (3)  t h a t  these r u l e s  evoke meaning'. 

What h a s  o c c u p i e d  Chomskian l i n g u i s t i c s  f o r  the past  twenty years i s  t o  

speci fy  what such r u l e s  might look l i k e .  

Procedures 

M o r e  r e c e n t l y ,  c o g n i t i v e  psychologists  i n te res ted  i n  s imu la t i ng  human 

e x p e r i e n c e  and behavior have found t h a t  exc lus ive  r e l i a n c e  on h i e r a r c h i c a l  

o r g a n i  z a t  i on does not  r e f l e c t  the f u l l  nature o f  human perception, ac t ion ,  

and communication. Even the re1 a t i v e l y  simple process of compi l ing  demands 

a r b i t r a r y  decis ions t h a t  are s p e c i f i c  t o  the I1episode" o r  s i t u a t i o n ,  e.g., 

t h e  p a r t i  c u l  a r  computer  i n  - use. More and more, these i n v e s t i g a t o r s  have 
r e s o r t e d  t o  t h e  c o n s t r u c t  i on o f  episode-specif ic program c l u s t e r s  t h a t  

c a n  b e  f l e x i b l y  s w i t c h e d  i n t o  an ongoing program whenever a  s i t u a t i o n  so 
demands ( M i l l e r ,  Galanter & Pribram, 1960). As noted e a r l i e r ,  i n  pr imates 

ev  i denc  e  has accumulated t o  support the hypothesis t h a t  the f r o n t a l  cor tex  



o p e r a t e s  such a con tex t - sens i t i ve  mechanism and becomes, i n  t h i s  sense, the 

execut ive  organ of the b r a i n  (Schank & Abelson, 1977). 

Computer s c i e n t i s t s  have also been deve!oping organ iza t ions  o f  programs 

t h a t  c a n  make them func t ion  more use fu l l y .  The new developments go under 

s u c h  names as "procedures" (Mi 1 l e r  & Johnson-Laird, 1976; Schank &. Abel son, 

19771 ,  " s c r i  p t s n  ( P r i  bram, 1973), etc.  They are eminent ly pragmatic i n  

t h a t  t h e y  g r o u p  t o g e t h e r  i n a  c l u s t e r  those rou t i nes  (pa r t s  of programs) 

t h a t  are repeatedly  used, mark the c lus te r ,  and c a l l  up t h a t  marked c l u s t e r  

w h e n e v e r  i t  i s  needed.    he' a d v a n t a g e  o f  s u c h  p r o c e d u r e s  i s  t h a t  

compu t  a t  i on can simultaneously proceed i n  several c l u s t e r s  and the r e s u l t s  

of  t h e  c o m p u t a t i o n  f l e x i b l y  a d d r e s s e d  i n  response t o  some overarching 

uexecut iveu program ( P r i  bram, 1973). 

Music and Language 
I h a v e  e l s e w h e r e  ( P r i  bram, 1 9 7 3 )  drawn the comparison between the 

f u n c t  i ons  o f  the f r o n t a l  cor tex  o f  primates and such execut ive procedures, 

T h e  n eurob;havioral evidence thus suggests t h a t  a procedural pragmatics i s  

t h e  b a s i s  f o r  t r a n s f o r m a t i o n a l  ru les .  Berns te in  has i d e n t i f i e d  i n  h i s  

p u r s u i t  o f  l i n g u i s t i c  a n a l y s i s  of music' (1976) one very powerful se t  of 

p r o c e d u r e s  f o r  u s :  ( a )  r e p e t i t i o n ,  (b)  v a r i a t i o n  i n  r e p e t i t i o n s  t h a t  
g e n e r a t e  n o v e l t y  ( n o t e  t h a t  "i nventionI1 and " inventoryu  share the same 

r o o t  1, and ( c  de le t i ons  of r e p e t i t i o n s  which generate p o t e n t i a l  meanings 

t h r o u g h  a m b i t u i t y  ( t h u s  we a r e  d e a l i n g  once  again w i t h  a genera t ive  

s y n t a x ) .  M y  neurobehavioral r e s u l t s  obtained on nonhuman primates suggest 
t h a t  t h i s  s e t  o f  p r o c e d u r e s  i s  g e n e r a l l y  app l i cab le  t o  the problem of 

s p e c i f y i n g  t h e  na ture  o f  t ransformat ions and o f  a generat ive grammar, I t  

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

valuable. 
T h e  a n a l y s i s ,  s h o u l d  i t  prove viable, has an i n t e r e s t i n g  consequence 

f o r  u n d e r s t a n d i n g  m u s i c  and n a t u r a l  language --- espec ia l l y  as used i n  

p o e t r y .  T h e s e  c o n s e q u e n c e s  are t h a t  the evocat ive aspects o f  c o g n i t i v e  

c o m p e t e n c i e s  a r e  not  so much due t o  t ransformat ional  r u l e s  as they are  t o  

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

r u  1 e - s t r u c t u r e s  1 eads i n  e v e r y  instance t o  a phrase-st ructure grammar. 

f r an s f  o r m a t i o n s  on these phrase s t ruc tu res  are episode-specif ic,  i n v o l v e  a 



l a r g e  amount o f  h i s t o r i c i t y ,  occur w i t h i n  the context  of phrase s t ruc tu res ,  

and a r e  e x t r e m e l y  c o n t e x t - s e n s i t i v e .  Whether one wishes t o  c a l l  such 

r e  1 a t  i v e i  y  a r b  i t r a r y  (i .e., context-dependent) procedures " ru leu-governed 

r e m a i n s  an open q u e s t i o n .  The resemblance i s  more t o  a case than t o  a 

p h r a s e  s t ruc ture ,  as has been emphasized by F i l l m o r e  (1968). The impor tan t  

p o i n t  i s  t h a t  the s t r u c t u r e  o f  t rans format iona l  procedures i s  d i s t i n c t  from 

a h i  e r  a r c h i  c a l l  y  o r g a n  i z e d  phrase-st ructure grammar, and t h a t  d i f f e r e n t  

b r a i n  s y s t e m s  a r e  i n v o l v e d  i n  o r g a n i z i n g  t h e  h i e r a r c h i c a l  and 

t ransformat  i onal s t ruc tures .  

I be1 i e v e  t h a t  comparing music w i t h  na tu ra l  language i s  most rewarding: 

D e s p i t e  t h e  s e v e r e l y  1 i m i  t e d  i n f o r m a t i o n  p r o c e s s i n g  and r e s u l t i n g  

r e f e r e n t i a l  semantics, music i s  r i c h  i n  meaning. Th i s  w a n i n g  i s  de r i ved  
f Y om p r a g m a t i c  procedures k h i c h  a l so  enr ich  na tu ra l  languages, e s p e c i a l l y  

i n  t h e i r  p o e t i c  usages. Pragmatic procedures are based on r e p e t i t i o n ,  on 
v a r i a t i o n s  o f  r e p e t i t i o n s ,  and on de le t i ons  of expected r e p e t i t i o n s .  I t  i s  

p r -ocesses  s u c h  a s  t h e s e  w h i c h  h a v e  been shown t o  be func t ions  o f  the 

f r o n t o  1 i mb i c  format ions o f  the f o r e b r a i n  which can there fore  be considered 

t o  c o n s  t r u c t  the long sought-after p r i n c i p l e s  o f  t ransformat ions which are 

t h e  c o r n e r s t o n e  o f  Chomski  an g e n e r a t i v e  grammar. Transformatisns are 

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

c o n t e x t - s p e c i f i c  r a t h e r  t han  h i e r a r c h i c a l l y  organized: Case-s t ruc tura l  

r a t h e r  t h a n  p h r a s e - s t r u c t u r a l  . P r a g m a t i c  v a r i a t i o n s  on r e p e t i t i o n s ,  

d e l  e t i  ons  o f  e x p e c t e d  phrases, assoc ia t i ve  c l u s t e r i n g s  i n v o l v i n g  a l a r g e  

amoun t  o f  h i s t o r i c i t y  c a n  b e  s h a r p l y  d i s t i ngu i shed  from h i e r a r c h i c a l l y  

o r g a n i z e d  r u l e  s t ruc tures .  Th i s  analysis,  based on the  study of music, has 

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

science. 

The I n s i d e  and Outside of Language 

A C u l t u r a l  Hypothesis 

T h e  f a c t  t h a t  a p h a s i c s  c a n  s t i l l  e x p r e s s  t h e i r  f ee l i ngs  through 

e x p l  e t i  v e s ,  and even uemotionalu language and simple song (which, as noted 

above,  h a v e  been  shown t o  be r e l a t e d  t o  the l i m b i c  p o r t i o n s  and the  r i g h t  



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

n e u r o l  i n g i l  i s t  i c s y s t e m  damaged i n  aphasia p r i m a r i l y  addresses semantic 

p r o c e s s e s  and does not i nvo l ve  pragmatics. How, then, does the pragmatic 

a s p e c t  o f  human language become involved i n  communication? I t  i s  poss ib le  

t h a t  t h i s  o c c u r s  o n l y  t h r o u g h  t h e  e n v i r o n m e n t  - - -  t h a t  t he re  i s  no 

c o ~ t i c o c o r t i c a l  c o n n e c t i o n  nor subco r t i ca l  convergence i n v o l v e d  a t  a l l ,  

W hen  the  neural i n f o r m a t i  on processing system becomes s u f f i c i e n t l y  gowerf u l  

i e , h a s  s u f f i c i e n t  memory and cod ing  c a p a b i l i t y ) ,  i t  can t r e a t  t he  

t o k e n s  o f  e x p r e s s i o n  (of others and of se l f )  as signs, s i g n i f y i n g  s o c i a l  

r a t h e r  than physical  s i t ua t i ons .  This  power, o f  course, would be immensely 
e n h a n c e d  when memory i s  augmented ex te rna l l y ,  and the evocatf  v e  as we1 1  as 

r e f e r e n t i a l  m e a n i n g  feedback t o  the b r a i n ' s  language processor  by way o f  

t h e  senses. 

P y l y s h i n  ( 1 9 8 3 )  h a s  s u g g e s t e d  a  t e s t  o f  cogn i t i on  p e n e t r a b i l i t y  t o  
d e t e r m i n e  t o  w h a t  e x t e n t  b r a i n  n e t w o r k s  are essen t i a l  tg: a  l i n g u i s t i c  

p r o c e s s o r .  When t h e  p r o c e s s  i s  shown independent of g l o b a l  c o g n i t i v e  

expe r ience ,  i t  i s  l i k e l y  t o  be "wired in."  However, Py l ysh in  i s  addressing 

o n  1  y  the  h i e r a r c h i c a l  aspects o f  r e f e r e n t i  a1 processing, no t  the pragmatics 

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

m i  g h t  b e  a  t e s t  of the involvement o f  pragmatic mechanisms, mot a  t e s t  o f  
e x t r a c r a n i a l  p a r t i c i p a t i o n .  

Local  i z a t i  on 

W i t h  t h i s  n e u r o l i n g u i s t i c  a n a l y s i s  as background,  and given the  

c u l t u r a l  h y p o t h e s i s  a s  a  v i a b l e  a l t e rna t i ve ,  l e t  us n o n e t k l e s s  examine 

c a r e f u l l y  the p o s s i b i l i t y  t h a t  somewhere w i t h i n  the brain, t& semantic and 
p r  a g m a t i  c  a s p e c t s  o f  language become i n t e g r a l .  There i s  1 B Z t l e  quest ion 

t h a t  i n  the human cerebra l  cor tex areas can be Pound t h a t  a re  e i t h e r  absent 

i n  subhumans o r  present on ly  i n  rudiment. The l a r g e  development of f r o n t a l  

c o r t e x  i n  t e r m s  o f  man's v a u l t i n g  forehead was a l ready not& by the  e a r l y  

p h r e n o l o g i s t s .  E q u a l l y  i m p r e s s i v e  i s  t h e  g r o w t h  o f  &he  p o s t e r i o r  

n o n p r o j e c t i o n  c o r t e x  c e n t e r i n g  on the angular gyrus, the conf luence o f  

p a r i e t o - ,  t e m p o r a l ,  and o c c i p i t a l  c o r t i c a l  fo rmat ions  f lBlm, Chow t 
P r i b r a m ,  1 9 5 0 ) .  Does t h e  q u a n t i t a t i v e  i n c r e a s e  i n  t h e s e  c o r t i c a l  



s t r u c t u r e s  h e r a l d  t h e  q u a l i t a t i v e  t ransformat ional  change expressed as 

human 1 anguage? 

My answer  t o  t h i s  quest ion i s  a t e n t a t i v e  "no." I reason as fo l lows:  

if t h e  c o r t i c a l  g ro .wth  i s  -- p e r  se t o  be responsib le f o r  the development 

o f  human 1 anguage,  evidence should lead t o  two major language "centers" :  

o n e  w e l l  forward i n  the f r o n t a l  cortex, the other  i n  the t i ssues  around the 

angu  1 a r  g y r u s .  The  evidence f o r  and against  a major category o f  aphasia 

c e n t e r e d  on t h e  t h i r d  f r o n t a l  convo lu t ion  provides an excel l e n t  s t a r t i n g  

p o i n t .  I f  t h e  f a r  f r o n t a l  c o r t e x  (Broca, 1861, 1878; Pribram, e t  a1 ., 
1 9 6 7  1 i s  t o  be given weight equal t o  Wernickel.s (see Pribram, e t  a1 ., 1967; 

P r i  b ram,  1 9 7 1 ) ,  the  idea t h a t  new c o r t i c a l  accret ions are respons ib le  f o r  

human l a n g u a g e  i s  t e n a b l e .  So l e t  us look a t  the problem handed us by 

Broca. 

A1 1 o f  t h e  e v i d e n c e  ( L u r i a ,  1964, 1966; Pen f i e ld  g! Roberts, 1959; 
T e u b e r ,  1960; Pribram e t  a1 ., 1967) shows t h a t  expressive aphasia does no t  

r e s u l t  from damage as f a r  forward as the f r o n t a l  pole. To f i t  the  fac ts  of 

a c o r t i c a l  topography pecu l i a r  t o  man, even Brocals area ( the  t h i r d  f r o n t a l  

c o n v o l  u t  i o n )  i s t o o  v e n t r a l  and p o s t e r i o r  a ' l o c a t i o n  fo r  a new language 

u c e n t e r u  t o  b e  d e v e l o p e d  i n  t i s s u e  n o t  p resent  i n  subhuman primates. 

E l  e c t r i  c a l  s t i m u l  a t i  on o f  the  t h i r d  f r o n t a l  convolut ion,  i n  a l l  pr imates 

i n c l u d i n g  man, a r r e s t s  f a c i a l  mimicry as we l l  as s y n t a t i c  processing. I t  

i s  t h u s  a parapyramidal motor area, Fur ther ,  t h i s  i s  no t  t he  locus o f  the  

new c o r t i c a l  accret ion.  

f h e  p l a c e  o f  the  t e r r i t o r y  around the angular gyrus i n  the development 

o f  human 1 anguage i s  no t  so e a s i l y  disposed of.  Aphasic symptoms r e s u l t  

when t h e  c o r t e x  o f  t h e  angular gyrus i s  damaged. But again the  match i s  

i m p e r f e c t  (Bogan t Bogan,  1 9 7 6 ) .  A11 o f  t h e  evidence po in t s  t o  the 

p o s t e r i o r  p a r t  o f  t h e  - s u p e r i o r  temporal gyrus as the  locus i nvo l ved  i n  
W e r n i  c k e l  s syndrome and ho lds  t h a t  Wernicke8s i s  the locus of processes 

i n w o l  wed i n  r e f e r e n t i a l  cmprehension. Also, as i n  the case of t h e  f r o n t a l  

c o r t e x ,  a l t h o u g h  t h e  f i t  i s  be t te r ,  the angular gyrus i s  no t  e x a c t l y  the 

p l a c e  o f  maximum new accre t ion  o f  cor tex  i n  man; i t  i s  samewhat too  c lose  
t o  t h e  S y l v i  an f i s s u r e  t o  b e  e q u a t e d  w i t h  the  considerable anatomical 

development o f  i n t r i n s i c  nonpro jec t i  on cortex. 



~ h e s e  m ismatches ,  although some of them are s l i g h t ,  g ive  me an uneasy 
a 

f e e l i n g  when t h e  o r i g i n  o f  human 1 anpuage i s  a t t r i b u t e d  simply t o  the 

growth of new areas i n  the f r o n t a l  and pos te r io r  i n t r i n s i c  cortex. 

Connections and D i  sconnecti ons 

If n o t  the  new areas d i r e c t l y ,  perhaps t h e i r  development b r i n g s  w i t h  i t  

new f u n c t i o n a l  p a t h w a y s  t h a t  a l low expressive and conceptual aspects o f  

communi c a t 1  on t o  i n t e r a c t .  Th is  p o s s i b i l i t y  i s  d e t a i l e d  i n  the  aphasia 

1 i t e r a t u r e  u n d e r  t h e  h e a d i  n g  o f  d i  sconnect ion syndromes m s t  r e c e n t l y  
a d v o c a t e d  b y  Geshwind (1965). E a r l i e r  versions of t h e  d isconnect ion view 

w e r e  v o i c e d  by F r e u d  ( 1 9 5 3 ) ,  Liepman (1912), and Dejerene (1914). A11 

t h e s e  authors adduce s p e c i f i c  case h i s t o r i e s  i n  support o f  t h e i r  suggestion 

t h a t  one o r  a n o t h e r  m a j o r  p a t h w a y  i s  p a t h o l o g i c a l l y  invo lved i n  the 

p r o d u c t i o n  o f  a 1 anguage (or  language-re1 ated) disorder, Unfor tunate ly ,  t o  

d a t e  c o m p r e h e n s i v e  and q u a n t i t a t i v e  behaviora l  analyses such as those 

p r o d u c e d  b y  Bay (19641, and Hacaen and Angelergues (1964), have not  always 

been  p e r f o r m e d  on such pat ients.  Often the anatomical v e r i f i c a t i o n  o f  the 

l e s i o n  a1 s o  l e a v e s  a good d e a l  t o  b e  desired: m u l t i p l e  damage may be 

r e p o r t e d  when a s i n g l e  f o c u s  i s  h e l d  r e s p o n s i b l e  f o r  t he  d isorder ;  
h i s t o l o g i c a l  s e r i a l  analys is  o f  the e n t i r e  b r a i n  i s  seldom performed. 

F u r t h e r m o r e ,  Z a i d e l  (1983) has shown a d i s s o c i a t i o n  between prosodic 

and phonemic  reference i n  pa t ien ts  w i th  c a l l  osectomy. The connections may 

w e 1  1 p l a y  a'n i m p o r t a n t  r o l e  i n  n o r m a l  l i n g u i s t i c  p r o c e s s i n g  and 
d i s c o n n e c t i o n s  u n d e r  c e r t a i n  patho log ica l  cond i t i ons  may produce severe 

d i s r u  p t  i on of such processing. Nonetheless, i t  i s  equa l ly  wet 1 documented 

t h a t  t h e s e  c o n n e c t i o n s  i n  and o f  themselves are not  always - t h e  essen t ia l  

ones necessary fo r  normal processing t o  occur. 
A r r a i  gned  a g a i  n s t  t h e  c o r t i c o c o r t i c a l  d isconnect ion hypothesi s a re  a 

g r e a t  number o f  subhuman primate experimental f ind ings .  I n  t h e  monkey i t  

a p p e a r s  t h a t  intrahemi spher ic  c o r t i c o c o ~ t i c a l  connections p lay  a minor, i f  

any, r o l e  i n  the  organizat ion o f  the  psycRologica1 process. But monkeys do 
n o t  t a l k  t h e  way humans do. I s  t h e  d i f f e r e n c e  i n  i m p o r t a n c e  o f  

c o r t i c o c o r t i c a l  p a t h w a y s  the  c r i t i c a l  reason why they  do not? O r  do the  



c o r t i  cosubcor t ica l  connection; shared by a l l  primates, which up t o  now have 
0 

been ignored, p lay  the c r ' t i c a l  r o l e ?  

The Centrencephal i c Hypothesi s 

C o n v e r g e n c e  of pragmatic and conceptual processing a t  some suhcor t i  ca l  

1 o c u s  o r  l o c i  i s ,  on the basis of subhuman evidence, a ser ious contender as 

a n  exp lana t ion  f o r  the emergence o f  human language. Subcor t ica l  formations 

a r e  r a r e l y  g i v e n  more than cursory inspect ion  when the  b ra ins  o f  aphasics 

a r e  s t u d i e d .  When the  l es ion  i s  caused, as i t  so o f ten  i s ,  by disease o f  

t h e  m i d d l e  c e r e b r a l  ar tery,  the basal ganglia, p a r t s  o f  t he  thalamus, and 

many f i b e r  t r a c t s  are af fected.  Penf ie ld,  among others, opted on the bas is  

o f  h i s  e x p e r i e n c e  f o r  a c e n t r e n c e p h a l i c  mechanism i n  the  product ion o f  

human 1 angu age (Penfield 81 Roberts, 1959). Careful  su rg i ca l  exc is ions  of 

c o r t e x  s o  r a r e l y  p r o d u c e  l a s t i n g  changes i n  man o r  monkey t h a t  one i s  
1 i t e r a l  l y  d r i  ven t o  the  subcor t ica l  format ions f o r  an answer t o  quest ions 

of l o c a l  i m i  ng the  s i t e  of, disturbances. 

The one e x c e p t i o n  t o  t h i s  i s ,  o f  c o u r s e  W e r n i c k e ' s  zone i n  the 

p o s t e r i o r  p a r t  of the super ior  temporal gyrus (Bogan Q Bogan, 1976). Here, 

b e c a u s e  neurosurgeons t read w i t h  extreme c'aution, data are hard t o  cane by  

b u t  o p i  n i  on i s  s t rong and t o  the po in t :  i n  the  adult ,  a t  least ,  damage i s  

n o t  t o  be hazarded. 

The c e n t r a l i t y  of Wernicke's zone and the p o s s i b i l i t y  t h a t  subcor t i ca l  

c o n v e r g e n c e s  a r e  c r i t i c a l  t o  the product ion o f  human language make up the  

c e n t r e n c e p h a l  i c h y p o t h e s i  s. T h i  s h y p o t h e s i s  takes s t reng th  from the 

subhuman p r i m a t e  e x p e r i m e n t a l  r e s u l t s  t h a t  show t h a t  the' nonproject ion 

c o r t e x  a s s o c i a t e d  w i t h  t h e  aud i to ry  mode l i e s  i n  the  midtemporal reg ion 

(Dewson, P r i  b ram Q Lynch, 11969); t h a t  most l i k e l y  t h i s  cor tex  exer ts  i t s  

r o l e  i n a u d i t i o n  through e f f e r e n t s  coursing t o  subcor t ica l  s t a t i o n s  i n  the 

au d i  t o r y  p r o j e c t i o n  systems (Dewson, Nobel Q Pribram, 1966; Nobel Q Dewson, 

1 9 6 6 ) ;  t h a t  removal o f  t h i s  cor tex  r e s u l t s  even i n  monkeys i n  the i n a b i l i t y  

t o  d i  s c r i m i  n a t e  vowel sounds (Dewson & Cowey, 1969); and t h a t  con t ra ry  t o  

a n y  o t h e r  c o r t i  c a l  removals i n  subhuman primates, u n i l a t e r a l  damage plays 

h a v o c  w i  Oh c e r t a i n  ( cond i t i ona l )  types o f  sensory d i sc r im ina t ions  (Dewson 

e t  a1 ., 1966; Dewson L Bur l  ingame, 1975). 



The  s u b c o r  t i c a l  locus upon which the symbolic and s i g n i f y i n g  processes 

c a n  c o n v e n i e n t l y  c o n v e r g e  has not  as ye t  been conc lus ive ly  establ ished. 

F rom t h e  r e s u l t s  o f  experiments on nonhuman primates, however, the basal 

gang1 i a and r e 1  a t e d  nuc le i  i n  the  upper midbrain are the best candidates 

( t h o u g h  Ojeman ( 1 9 8 3 )  s u g g e s t s  t h a t  t h e  thalamus should be ser ious ly  

c o n s  i dered). These are motor s t ruc tures  involved i n  producing t h e  muscular 

s e t t i n g s  n e c e s s a r y  t o  a c t i o n .  I t  should the re fo re  not  be too s u r p r i s i n g  

t h a t  c m u n i c a t i v e  and l i n g u i s t i c  acts a lso depend on the  f u n c t i o n  of these 

motor s t ruc tures .  

R e c e n t l y ,  d a t a  o b t a i n e d  i n  t h e  c o m p u t e r i z e d  t o m o g r a p h i c  image 

r e c o n s t r u c t i v e  t e c h n i q u e  (CAT Scans) have provided s t rong evidence t h a t  

1 e s i  o n s  of t h e  basal gangl ia are indeed involved i n  aphasia. Thus idaeser 

11983) h a s  shown t h a t  the head o f  t he  caudate nucleus i s  o r d i n a r i l y  damaged 

i n  B r o c a ' s  a p h a s i  a  and f r o m  o u r  own 1  a b o r a t o r y  evidence presented by 
W i l l  i am Gordon  ( 1 9 8 3 )  h a s  i n d i c a t e d  t h a t  basal gang l ia  le 's ions r a t h e r  

t h  an c o r t  i c a l  i n v o l  vement character izes the  syndrome. Gordon has reviewed - 
h i s  f i n d i n g s  and t h o s e  o f  o t h e r s  i n  a  l u c i d  and robust  support o f  the 

centrencephal ic  hypothesis. 

I n  a d d i t i o n ,  other  work by Gordon and I l l e s  ( i n  preparat ion),  u t i l i z i n g  

p a t i  e n  t s  w i  t h Hunt ing ton 's  Chorea, has re1 ated l i n g u i s t i c  s t ruc ture ,  such 

as  p a u s i n g  and t h e  r e l a t i v e  f requency o f  use o f  open- and closed-class 

words ,  t o  t h e  s e v e r i t y  and presumed l o c a t i o n  o f  b r a i n  damage. These 
s t u d i e s  h a v e  i m p l i c a t e d  t h e  f a r f r o n t a l  cor tex and head o f  the caudate 

n u c l e u s  i n  d r o l  onged p a u s i n g  and excessive r e l i a n c e  on open-class words 

( w h i c h  becomes extreme i n  Broca8s type o f  non-f luent  aphasia). Only when 

t h e  c h o r e a  i s  f a r  advanced and damage t o  Wernicke8s area o f  cor tex and the 
u n d e r l y i n g  b a s a l  g a n g l i o n ,  t h e  putamen, o c c u r ,  does l i n g u i s t i c  

communication become semantical l y  impoverished. 
T h u s  b o t h  t h e  c o r t i  c o r t i c a l  d isconnect ions and the centrencephal ic  

h y p o t h e s i s  cont inue t o  be tenable. Techniques t o  t e s t  them are avai lable.  

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

h i  s t 0 1  o g i  c a l  r e c o n s t r u c t i o n s  o f  t h e i r  l es ions  and r e s u l t i n g  degeneration 
(e.g., r e t r o g r a d e  change  i n  t h e  t h a l a m u s )  w i l l  go a long way toward 

s u p p o r t i n g  o r  d i s c o n f  i r m i n g  t h e  d i sconnec t ion  hypothesis. Espec ia l l y  

i m p o r t a n t  i s  a  c o m p r e h e n s i v e  evaluat ion of whether language-related and 



n o n  1  angu age disturbances are co r re la ted  or  whether they are separable when 

a  d isconnect ion syndrome i s  suspected. 

W i t h  r e g a r d  t o  t h e  c e n t r e n c e p h a l i c  hypothesis, the c u r r e n t  vogue i n  

e l e c t r i c a l  s  t i m u l  a t  i ons  o f  deep b r a i n  s t r u c t u r e  should uncrover evidence 

r e g a r d i n g  p o s s i b l e  s u b c o r t i c a l  language mechanisms, as shou ld  the l e s i o n  

e v i d e n c e  c o m i n g  f r o m  c o m p u t e r i z e d  t o m o g r a p h y  and n u c P e a r  magnetic 

r e s o n a n c e .  Such s t u d i e s ,  o v e r  t h e  n e x t  decade,  s h o u l d  p rov ide  the  

necessary c r u c i  a1 fac ts  t o  t e s t  the centrencephal i c  hypothesis. 



REFERENCES 

Bay, E. 
1964 P r i n c i p l e s  o f  c l a s s i f i c a t i o n  and t h e i r  i n f l u e n c e  on our 

c o n c e p t s  o f  a p h a s i a .  I n  Disorders o f  lanquage. A. V. S. de 

Reuck and M .  OIConnor,Eds.:  122 - -142 .  C i b a  F o u n d a t i o n  

Symposium. Boston, Mass. : L i t t l e  Brown f Co. 

Berns te i  n, L. 

1976 f h e  unanswered  quest ion: S ix  t a l k s  a t  Harvard. (The Charles 

E l i o t  Morton Lectures. 1 Cambridge, MA. : Harvard Univ. Press. 

B l  um, J. S o ,  K.  L. Chow f K. H. P r i  bram. 
1950 A b e h a v i o r a l  a n a l y s i s  o f  t h e  o r g a n i z a t i o n  o f  t h e  

p a r i  e t o - t e m p o r o - p r e o c c i p i t a l  cortex.  J. Comp Neurol., - 93: 

53--100. 

Bogan, J, E, 81 Bogan, G. M. 

1976 W e r n i c k e t s  r e g i o n  --- where i t  i s ?  Ann. New York Acad. Sci., 

280: 834--843. - 
- 

Broca, P. 

1861 ' Remarques s u r  l e  s i e g e  de 1 a f a c u l t 6  du langage a r t i c u l e  
s u i v i 6 s  d l  une o b s e r v a t i o n  d t  aphemie  ( p e r t 6  de laparole) .  

Bu l l .  S o c i e t i  6 Anatomique de Paris,  - 36: 330--357. 

1878 A n a t o m i  e comparee  des  c i r c o n v o l u t i o n s  cerebtales. Le grand 
l o b e  1 i m b i q u e  e t  l a  s c i s s l s r e  1 i m b i q u e  d a n s  1 a s e r i e  des 

mannif 6res. Rev. Anthrop., - 1: 3850-498. 

Dejerene, J. 
1914 Semi 01 o g i  e des  a f f e c t i o n s  du systeme nerveux. Par is :  Masson 

e t  Cie. 



1975 A u d i t o r y  d i s c r i m i n a t i o n  and r e c a l l  i n  monkeys. Science, 

187: 267--268. - 

Dewson, 3, H. I11 & A. Cowey. 

1969 D i s c r i m i n a t i o n  o f  a u d i t o r y  sequences  by monkeys. Mature, 

222: 695--697. - 

Dewson, 3. Ho III, #. W. Nobel t #. H. Pribram. 

1966 C o r t i c o f u g a l  i n f l u e n c e  a t  c o c h l e a r  nucleus of t h e  cat :  Som 
e f f e c t s  o f  a b l  a t i  on  o f  i nsulartemporal cor tex.  B r a i n  Res., 

2: 151--159. - 

Dewson, 3. H. 111, #. H. Pribram t Jo Lynch. 

1969 E f f e c t s  o f  a b l a t i o n s  o f  t e m p o r a l  c o r t e x  upon speech sound 

d i sc r im ina t ion  i n  the  monkey. Exp. Neurol., - 24: 591--597. 

Douglas, R e  3. t #. H e  Pribram. 

1966 L e a r n i n g  a n d  l i m b i c  l e s i o n s .  P d e u r o p s y c h o l o g i a ,  - 4 :  

197--220. 

- 
' F i l lmore ,  C. 3. 

1968 T h e  c a s e  f o r  case .  I n  Un iversa ls  i n  l i n g u i s t i c  theory.  New 

York: Hol t, Rinehart  t Winston. 

Freud, S. 

I953 On a p h a s i a .  A u t h o r i z e d  and t r a n s l a t e d  b y € .  Stengel. New 

York: I n t e r n a t i o n a l  Univ. .Press. 

Gardner, W. A. 6 B. T. Gardner. 

1969 T e a c h i n g  s i g n  l a n g u a g e  t o  a  c h i m p a n z e e .  S c i e n c e ,  - 165: 

664-0672. 



Geschwi n d ,  N. 

1965 D i s c o n n e x i o n  synd romes  i n  a n i m a l s  and man. B r a i n ,  - 88: 
237--294. 

Gordon, W. 

1983 Memory d i s o r d e r s  i n  aphasia --- I. Audi to ry  immediate r e c a l l ,  

Weuropsychol og i  a, - 21: 325--339. 

1984 Meuropsychological assessment of aphasia, i n  p repara t i  on. 

Gordon, W. & I l l e s  J., i n  preparat ion. 
. . 

Hacaen, H. 6 R e  Angelergues. 

1964 L o c a l i z a t i o n  o f  symptoms i n  a p h a s i a .  I n  D i s o r d e r s  o f  

1 anguage.  A, V .  S. d e  Reuck & N. 08Connor, Eds.: 223--2469 

Boston, Mass.: L i t t l e  Brown & Co. 

1957 On t h e  r e l a t i o n  be tween the  i n t e l l i g i b i l i t y  and frequency of 

o c c u r r e n c e  o f  E n g l i s h  words .  J. A c o u s t .  Soc. Amer., 2; 
296--305. (a )  

1957 On t h e  r e l a t i o n  b e t w e e n  t h e  p r o b a b i l i t y  o f  a word as an 

a s s o c i a t i o n  and i n  general l i n g u i s t i c  usage. J. Abnorm. Soc. 

Psychol., - 54: 75--85. (b )  

1964 A p p l i c a t i o n  o f  t h e  w o r d - f r e q u e n c y  concept t o  aphasia. I n  

D i  s o r d e r s  of  Languaqe.  C i  ba Foundation Symposium. London: 

Churchi 11, 

Lowick-Goodall , J. van 

1973 C u l t u r a l  elements i n  chimpanzee colony. I n  E. W. Mentel, Ed., 

Pre-cul t u r a l  pr imate behavior. New York : Karger. 



Lur ia ,  A. R. 
b 

1964 F a c t o r s  and f o r m s  o f  aphasia. I n  Disorders o f  language. A. 

V .  S. d e  Reuck f M. OIConnor, Eds.: 143--161. Ciba Foundation 

Symposium. Boston, Mass.: L i t t l e  Brown f Co. 

1966 Higher c o r t i c a l  f unc t i ons  i n  man. New York: Basic Books. 

Liepman, Ha 
I912 A n a t o m i  s c h e  b e f  unde b i a  aphasischen un aprakt ischen. Weurol. 

f b l  31: 1524--1530, 
- 9  , 

Marie, Po 

I926 Yrauvaux e t  Memoires. Vol. 1. Par is :  Masson. 

McGuinness, D. 81 #. Ha P r i b r m .  

1975 A r o u s a l ,  a c t i  v a t  i o n  and e f f o r t  i n  the  c o n t r o l  of a t ten t i on .  

Psych. Review, 82: 116--149. 
/ - 

M i l l e r ,  Go A. 

1956 T h e  magical  number seven, p lus  o r  minus two, or, some l i m i t s  on 

o u r  c a p a c i t y  f o r  p r o c e s s i n g  i n f o r m a t i o n .  Psychol. Rev., 

63: 81--97, - 

M i l l e r ,  G. A*,' Galanter, E., 81 Pribram, K O  H. 

I960 P l a n s  and t h e  s t r u c t u r e  o f  b e h a v i o r .  New Y o r k :  H o l t o  

(Chap. 14). 

I976 L a n g u a g e  a n d  P e r c e p t i o n .  Cambr idge ,  Mass.:  H a r v a r d  
U n i v e r s i t y  Press, 

1983 S t ages of processing and hemi spher ic  d i f f e r e n c e s  i n  1  anguage i n  

t h e  n o r m a l  s u b j e c t ,  I n  No  StudBert-Kennedy (Ed. ), Psycho- 

b i o l o g y  o f  l a n q u a g e .  C a m b r i d g e ,  M A :  T h e  P41f Press, pp. 

88--104. 



Myers, R. E. 
0 

1976 C o m p a r a t i v e  neuro logy  .of voca l i za t i on  and speech: Proof o f  a 

dichotomy. Ann. New York Acad. Sci., - 280: 745--757 

Naeser, M. A. 

1983 CT s c a n  l e s i o n  s i z e  and l e s i o n  l o c u s  i n  c o r t i c a l  and 

s u b c o r t i c a l  a p h a s i a s ,  I n  A, Kertesz (Ed,), L s c a l i z a t i o n  i n  

neuropsychol ogy9 pp. 63--119. 

Nobel, K. W e  t J. H. Dewson 111. 
1966 A c o r t i c o f u g a l  p r o j e c t i o n  Prom i n s u l a r  and tempma1 co r tex  t o  

t h e  h o m o l a t e r a l  c o l l i c u l u s  i n  c a t .  J. A d .  Res., 6: - 
67 -075. 

Ojeman, G. A. 

1983 L o c a l  i t a t  i on of c m o n  cor tex fo r  motor sequencing and phoneme 

i d e n t  i f i c a t  i on. I n M e  Studdert-Kennedy (Ed. 1, Psychobi01 ogy 

of languaqe. Cambridge, Mass.: The MIT Press, pg, 69--76. 

Patterson, F. G. 
1979 L i n g u i s t i c  c a p a b i l i t i e s  o f  a lowland go r i l l a ,  Unpublished 

PROD. d i s s e r t a t i o ' n ,  D e p a r t m e n t  o f  P s y c h o l ~ g y , .  S t a n f o r d  
'Uni ve rs i  ty, Stanford, CA. 

Patterson, F. t Lindon, E. 

1981 The educat ion o f  Koko. New York: Hol t ,  Rinehart  h4 Winston, 

Peirce, C. S. 

1934 C o l l e c t e d  p a p e r s  ( V o l s .  I--!I ). Cambrldgc, MA: Harvard 

U n i v e r s i t y  Press. 

Penf ield, W. t L. Roberts. 
1959 Speech and b r a i n  mechan isms.  P r i n c e t o n ,  W.dW,:  Pr inceton 

Univ. Press. 



Pribram, K. H. 

1958 C o m p a r a t i v e  n e u r o l o g y  a<d the evo lu t i on  of behavior.  I n  A. 
4 

Roe1 t G. G.  S impson  (Eds.), B e h a v i o r  and evo lu t ion .  New 

Haven, Conn. : Yale Univ. Press, pp. 140--164. 

1961 A f u r t h e r  experimental ana lys is  o f  the behaviora l  d e f i c i t  that,  
f o l l  ows i n j u r y  t o  t h e  pr imate f r o n t a l  cor tex.  Exp. Weurol., 

3 ppo 432-466. -9 

1971 L an gu aqes o f  t h e  Brain: Experimental Paradoxes and p r i n c i p l e s  

i n  neuropsychol ogy. Engl ewood C l i f f s ,  No J, : Prent ice-  Hal 1. 

1973 f h e  p r i m a t e  f r o n t a l  cor tex  --- execut ive o f  the bra in .  I n  A. 

R .  L u r i a  t # .  H. P r i b r a m  ( e d s . ) ,  F r o n t a l  l o b e s  and t h e  
r e g u l a t i o n  o f  behavior. New York: Academic Press. 

1977 P e p t i d e s  and g r o t o c r i t i c  processes. I n  L. H. M i l l e r ,  C. L. 

Sandman, b A. J .  K a s t i n  (Eds. ) ,  Weuropeptide in f luences on 

t h e  b r a i n  and b e h a v i o r .  New Y o r k :  Raven P r e s s ,  pp .  

213--232. (a) 

- 
1997 V a l u e s :  . A  s o c i o b i o l o g i c a l  a n a l y s i s .  I n  The  search  f o r  

a b s o l u t e  v a l u e s :  Harmony among t h e  sciences. New York: ICF 
Piess, pp. 641--651. (b )  

1977 New d i m e n s i o n s  i n  t h e  func t i ons  o f  t he  basal gangl ia.  I n  C. 
Shagass,  S. Gerson, t A. 3. Fr iedhof f  (Eds.), Psychopathology 

and b r a i n  dysfunction. New York: Raven, pp. 77--95. ( c )  

1984 B r a i n  s y s t e m s  and c o g n i t i v e  l e a r n i n g  processes. I n  H. L. 

R o i t b l a t ,  f .  6.  B e v e r ,  t H. S.  T e r r a c e  ( E d s . ) ,  A n i m a l  

coqni t ion.  H i1  1  sdale, W. J. : E r l  baum, gp. 627--656. 



Pribram, K. H., R. Douglas & B. J. Pribram. 

1969 T h e  n a t u r e  o f  n o n - l i m b i c  l e a r n i n g .  J. Cornp. P h y s i o l .  

Psychol., - 69: 765--772. 

Pribram, K. H., H. C. P lo tk in ,  R. M. Anderson, 81 D. Leong. 

1977 I n f orma t i on sources i n  the delayed a1 t e r n a t i  on task fo r  normal 
and " f r o n t a l  monkeys. Neuropsychol ogi  a, 15: 329--340. - 

Pribram, #. H., B. S o  Rosner t W. A. Rosenblith. 

1954 E l e c t r i c a l  responses t o  acoust ic c l i c k s  i n  monkey: Ex tent  o f  
neocortex act ivated. 3. Weurophysi 01 ., - 17: 336-384. 

Pribram, K. H., D. N. S p i n e l l i  f M.C. Kambak. 

1967 E l e c t r o c o r t i c a l  c o r r e l a t e s  o f  s t i m u l u s  r e s p o n s e  and 
reinforcement. Science, 157: 95, 96. - 

Pribram, #. H. 6 W. E. Tubbs. 

1967 S h o r t - t e r m  memory, p a r s i n g ,  and the pr imate f r o n t a l  cor tex.  

Science, 156: 1765--1767. - 
Pylyshin, Z. W. 

1983 A p s y c h o 1  o g i c a l  a p p r o a c h .  I n  M. S tudder t -Kennedy (Ed.), 

P s y c h o b i  01 o g y  o f  1 anguage.  Cambridge, MA: The MIT Press, 

pv. 17--19. 

Robinson, B. W.  

1976 L i m b i  c i n f  1 uences on human speech. Ann, New York Acad. Sci., 

280: 761--771. - 
Rurnbaugh, D. 

1980 Do apes use language? American Sc ien t i s t ,  68, pp. 49-41. 

Schank, R. C. 81 R. P. Abelson. 

1977 S c r i p t s ,  P l a n s ,  Goa ls ,  and Understanding. H i l l s d a l e ,  N, J,: 

E r l  baum. 



Shannon, C. E. & Weaver, W. 

1949 The m a t h e m a t i c a l  t h e o r y  o f  c o m m u n i c a t i o n s .  Urbana, IL: 
U n i v e r s i t y  of I l l i n o i s  Press. 

0 

Simon, H. A. 

f 974 How b i g  i s  a  chunk? Science, - 183: 482--488. 

S p i n e l l i ,  D. W. t K.  H. P r i b r m .  

1 970 Pdeural c o r r e l  a t e s  o f  s t i m u l  u s  r e s p o n s e  and reinforcement,  

B ra in  Res,, - 17: 377--385, 

S p i n e l l i ,  D. W., A. S t a r r  t T. Ba r re t t .  

1968 A u d i t o i y  s p e c i f  i c i t y  i n  u n i t  r e c o r d i n g  f r o m  c a t ' s  v i s u a l  

cor tex.  Exp. Neurol., 22: 75-84. - 

Teuber, H. L o  
1960 I n  H a n d b o o k  o f  p h y s i o l o q y :  W e u r o p h y s i o l o g y ,  V o l ,  3: 

1 5 9 5 - - 1 6 6 8 .  3 .  F i e l d ,  H .  W .  Magoun,V. E. H a l l ,  Eds. 

~ a s h i n g t o n ,  Do C. : American Phys io log i ca l  Soc.. 

Tulv ing,  E. 
1970 S h o r t  t e r m  and l o n g  t e r m  memory: D i f f e r e n t  r e t r i e v a l  

mechan isms.  I n  K O  He P r i b r a m  f 0 .  B r o a d b e n t  (eds.), - The 

Bio logy  o f  Memory. New York: Academic Press. 

f 972 E p i s o d i c  and s e m a n t i c  memory. I n  E. Vlalving t W. Donaldson 
(eds. ), Organizat ion of Memory. New York : Academic Press. 

I977 F ramework  f o r  u n d e r s t a n d i n g  discourse. Stanford U n i v e r s i t y  

Monograph, Stanford, Cal i f .  : Stanford U n i v e r s i t y  . 



Z a i d e l ,  E. 

1983 On mu1 t i  p l e  r e p r e s e n t a t i o n s  of the  l e x i c o n  i n  the  b r a i n :  The 

c a s e  o f  t w o  h e m i s p h e r e s .  I n  M .  S t u d d e r t - K e n n e d y  (Ed. ) ,  

P s y c h o b i  0 1  o g y  o f  ,l a n g u a g e .  Cambridge,  MA: The MIT Press,  

pp. 105--125. 


