
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  
































