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Many t r a n s f o r m a t i o n a l  g r a m m a r i a n s  have become  convinced  tha t  the f ie ld of 

l i ngu i s t i c s  i s ,  in r ea l i t y ,  a b r a n c h  of cogni t ive  psychology and tha t  a t r a n s f o r m a t i o n a l  g r a m -  

m a r  should be viewed as  a cogni t ive  t h e o r y  of language.  This  posi t ion has  led at  l e a s t  some 

l ingu i s t s  to wonder  how one might  va l ida te  c l a i m s  of cogni t ive  r e l e v a n c e ;  how one could 

choose  between t h e o r i e s  which equal ly  wel l  accounted  for  the  e m p e r i c a l  da ta  but wi th  d i f -  

f e ren t  psychologica l  imp l i ca t ions .  Having asked  the se  ques t ions ,  l i ngu i s t s  join the r a n k s  of 

psycho log i s t s ,  phys io log is t s ,  p sycho-phys io log i s t s ,  n e u r o - p s y c h o l o g i s t s ,  ph i lo sophe r s ,  and 

o t h e r s  who a l so  do not  know what  they m e a n  when they ta lk  about  cogni t ive  p r o c e s s e s .  

In th is  paper  I will  aLtempt to outl ine a f r a m e w o r k  for  d i s c u s s i n g  ques t ions  l ike "What  

is a cogni t ive  p r o c e s s  ?"  "What  would a f o r m a l  t heo ry  of cogni t ive  p r o c e s s e s  be l ike ?"  "What  

is  the r e l a t i o n s h i p  be tweea  t h e o r i e s  of the b ra in ,  t h e o r i e s  of behav io r ,  t h e o r i e s  of men ta l  

p r o c e s s e s ,  t h e o r i e s  of robo t s ,  and t h e o r i e s  of cogni t ive  p r o c e s s e s ? "  The d i s t inc t ions  I make  

apply only to an  idea l i zed  wor ld  of sc ien t i f i c  inqu i ry  inhab i ted  by s t r a w m e n  who c o n s t r u c t  

t h e o r i e s  pure ly  of one type r a t h e r  than the  m e s s y  types  of t h e o r i e s  which  have a way to t u r n -  

ing up in the r ea l  wor ld .  What  I give he re  should be taken as  a plea for  the e s t a b l i s h m e n t  of 

a conceptual  f r a m e w o r k  in t e r m s  of which we can  u n d e r s t a n d  what  a g iven  r e a l  wor ld  t h e o r y  

is  a t h e o r y  of. 

The f i r s t  c l a s s  of t h e o r i e s  I would l ike to d i s t ingu i sh  involves  an a n a t o m i c a l  and 

physio logica l  de sc r i p t i on  of the  s t r u c t u r e s  and  p r o c e s s e s  of the n e r v o u s  s y s t e m .  The t h e o -  

r e t i c a l  component  of such d e s c r i p t i o n s  would for  the m o s t  p a r t  be hypo theses  f i l l ing in the 

gaps of e m p i r i c a l  obse rva t ion .  Phys i ca l  de sc r ip t i on  t h e o r i e s  would include def in i t ions  of 

morpho log ica l  un i t s  such as  the  neu ron ,  sp ina l  cord ,  and the  ~q c r a n i a l  n e r v e .  In addi t ion,  

they would d e s c r i b e  funct ional  uni t s  such as  the aud i to ry  pathways,  the e x t r a - p y r a m i d a l  

mo to r  s y s t e m ,  and the t imbic  s y s t e m .  The t e r m  "func t iona l"  as  used  in th i s  contex t  r e f l e c t s  

a conce rn  wi th  the s p a t i o - t e m p o r a l  o rgan iza t ion  of ac t iv i ty  in the ana tomica l  uni t s  defined.  

The audi tory  pathways a r e  defined as  a " funct ional"  en t i ty  on the  b a s i s  of sequenced  p a t t e r n s  

of n e u r a l  ac t iv i ty  t r a v e r s i n g  spec i f ied  s t r u c t u r e s  in the ne rvous  s y s t e m  ove r  t ime .  Fo r  the 

neurophys io log i s t ,  s t r u c t u r e  and funct ion a r e  i n s e p a r a b l e  and  i t  would make  no s e n s e  for  the  

phys io logis t  to ta lk  of audi tory  pathways a p a r t  f r o m  such s t r u c t u r e s  a s  the coch lea r  nucle i ,  

media l  genicula te  body, etco Hypothet ical  funct ional  en t i t i e s  such  as  the sod ium pump i n -  

volved in the conduct ion of the n e r v e  impul se  a r e  p r o p e r l y  pos i ted  by the phys io log i s t  only 



when they a r e  c o n s t r u e d  as  having  some r e a s o n a b l y  d i r e c t  phys ica l  r e a l i z a t i o n  r a t h e r  than 

m e r e l y  being a way of looking at  what  happens .  

The notion of funct ional  component  found in many  in fo rmat ion  p r o c e s s i n g  mode ls  of 

cogni t ive  p r o c e s s e s  i s  quite d i f fe ren t .  Thus ,  we migh t  d i s cus s  a funct ional  en t i ty  m o u s e t r a p  

a p a r t  f r o m  any s p a t i o - t e m p o r a l  phys ica l  man i fe s t a t ion .  Something i s  a m o u s e t r a p  p rov ided  

it  c a t ches  mice .  What  phys ica l  f o rm  i t  has  is  i r r e l e v a n t .  N e v e r t h e l e s s ,  i t  should be pointed 

out tha t  while  a phys io log i s t ' s  def ini t ion of function involves  a phys ica l  man i fe s t a t ion ,  p h y s i -  

o logical  d e s c r i p t i o n s  don ' t  r educe  to ana tomica l  s t r u c t u r e s  in any s imple  m a n n e r .  Thus ,  for  

example ,  the audi tory  pathways have no d i r e c t  phys ica l  ex i s t ence  as  a d i s t inc t  ent i ty .  

The ques t ion  i s ,  could a physiological  desc r ip t ion  of neu ra l  p r o c e s s e s  count  as  an 

explanat ion of cogni t ive  p r o c e s s e s .  Ce r t a in ly  some s c h o l a r s  be l ieve  i t  is  only because  we 

don ' t  know enough about  the b ra in  tha t  we cannot  give adequate  phys io logica l  accoun t s  of cog -  

n i t ive  p r o c e s s e s .  However ,  j u s t  a s  a phys io logica l  de sc r i p t i on  r e d u c e s  to an a n a t o m i c a l  

de sc r i p t i on  only in an oblique,  as  yet  f o rma l ly  undefined way, so a de sc r i p t i on  of cogni t ive  

p r o c e s s e s  r e d u c e s  to physio logica l  d e s c r i p t i o n  in some even m o r e  oblique,  even m o r e  unde-  

f ined way. 

The c o n c e r n s  of the idea l i zed  psycholog is t  a r e  quite d i f fe ren t  f r o m  those  of the 

idea l i zed  physio logis t .  F o r  example ,  while  a physio logica l  theory  would be conce rned  with 

the  b iochemica l  a n d / o r  s t r u c t u r a l  modi f ica t ions  which under l i e  m e m o r y  s to rage  in the b ra in ,  

i t  would not  be c o n c e r n e d  with the fac t  tha t  people s t o r e  i n fo rma t ion  about  the wor ld  and use  

th i s  i n fo rma t ion  in p a r t i c u l a r  ways for  p a r t i c u l a r  r e a s o n s .  If r e v e r b e r a t i n g  c i r c u i t s ,  f a c i l i -  

t a ted  synapt ie  t r a n s m i s s i o n ,  ne twork  s t r u c t u r e s ,  p ro te in  syn thes i s ,  and gl ial  p r o c e s s e s  were  

a l l  involved in the s t o r age  of in fo rmat ion  about  the  wor ld ,  the  phys io logis t ,  a s  phys io log is t ,  

would not not ice .  The re  is  no physio logica l  b a s i s  for  ident i fying t h e s e  d i v e r s e  phys ica l  

s t r u c t u r e s  a s  funct ional ly  equiva lent  in the s ense  in which  they a l l  funct ion to s to r e  i n f o r m a -  

t ion.  Th i s  i s  the  p~ychologist~s notion of funct ion.  Even if  a to ta l ly  adequate  de sc r i p t i on  of 

phys io logica l  p r o c e s s e s ,  ex is ted ,  a de s c r i p t i on  of cogni t ive  p r o c e s s e s  would s t i l l  have to be 

given by the f ie ld of psychology.  

A v e r y  popular  app roach  to the study of cogni t ive  p r o c e s s e s  within the r e a l  wor ld  f ield 

of psychology has  been to ignore  t hem e n t i r e l y  and d e s c r i b e  ins t ead  the e x t e r n a l  behav io r  

which  i s  the r e s u l t  of cogni t ive  p r o c e s s e s .  T h e o r i e s  within th i s  app roach  can take s e v e r a l  

f o r m s .  E a r l y  b e h a v i o r i s m  and much s o - c a l l e d  n e o - b e h a v i o r i s m  exempl i fy  an  a p p r o a c h  I 

wil l  ca l l  behav io r i a l  taxonomy.  Within  th is  f r amework ,  a de sc r ip t i on  of a spec i f i ed  domain  

of human  behav io r  involves  a s y s t e m  of p red ic t ions  of the a s s o c i a t i o n s  among  e x t e r n a l  even t s  

and s t a t e s ;  i . e . ,  an inven to ry  of s t i m u l u s - r e s p o n s e  p a i r s .  The two m a j o r  s o u r c e s  of e v i -  

dence for the c o n s t r u c t i o n  of such t axonomies  a r e  o b s e r v a t i o n  of o v e r t  behav io r  in r e l a t i o n  



to ex t e rna l  events  and expe r i m en t a l l y  de r ived  conc lus ions  about  the c o r r e l a t i o n s  between 

obse rved  even ts .  

These  t h e o r i e s  account  for  i n t e rna l  p r o c e s s e s  only in the s ense  tha t  the a s soc i a t i on  

between input s t imul i  and output r e s p o n s e s  of an o r g a n i s m  a r e  taken to u l t ima te ly  involve 

p r o c e s s e s  in the n e r v o u s  s y s t e m .  The t e r m  cogni t ive  p r o c e s s ,  of ten used  to show m e r e l y  

tha t  one i s  not  a na ive  S-R behav io r i s t ,  has  come  to be appl ied  by naive  S-R b e h a v i o r i s t s  to 

things such  as  c rea t iv i ty ,  pe r sona l i ty ,  emot ion ,  mot iva t ion ,  and o the r  p rev ious ly  u n m e n -  

t ionable  topics .  The a t t e m p t  has  been  made  to " t h e o r e t i c a l l y "  account  for  these  phenomena  

sole ly  in t e r m s  of ove r t  behav io r  without  involving in t e rna l  p r o c e s s e s  and s t r u c t u r e s  in any 

t h e o r e t i c a l l y  r e l e v a n t  way. Most  psycho log i s t s  have r e c o g n i z e d  the f a i l u re  of t he se  a t t e m p t s  

and many  n e o - b e h a v i o r i s t s  have sh i f ted  t h e i r  t heo r e t i c a l  i n t e r e s t s  beyond behav io ra l  t axono-  

my. Many n e o - b e h a v i o r a l  a p p r o a c h e s  now a t t empt  to i n c o r p o r a t e  c o v e r t  i n t e rven ing  v a r i a b l e s  

which  med ia t e  between e x t e r n a l  s t imu l i  and r e s p o n s e s .  

Before  d i s c u s s i n g  the s t a tus  of these  fo rmula t ions  as  d e s c r i p t i o n s  of cogni t ive  

p r o c e s s e s ,  i t  would pe r haps  be helpful to cons ide r  a h i s t o r i c a l  deve lopment  in the f ield of 

l i ngu i s t i c s  which  began with a n o t h e r  b rand  of behav io ra l  taxonomy and a l so  ended with a c o n -  

ce rn  for  d e s c r i b i n g  c o v e r t  s t r u c t u r e s ,  

Although it  bad no a s p i r a t i o n s  of psychologica l  r e l evance ,  s t r u c t u r a l i s m  within the 

f ie ld of l i ngu i s t i c s  adopted the methodologica l  s t r i c t u r e s  of b e h a v i o r i s m  and shunned a l l  

" m e n t a l i s m "  in d e s c r i b i n g  language behav ior .  The s t r u c t u r a l  l i n g u i s t ' s  main  conce rn  was 

the deve lopment  of ana ly t i ca l  techniques  which  could be used  as  d i s c o v e r y  p r o c e d u r e s  for  ob -  

j ec t ive ly  get t ing a t  the s t r u c t u r e  of language data .  

A p h r a s e  s t r u c t u r e  g r a m m a r  d e s c r i b e s  a language by a s s ign ing  to each  sen tence  in 

tha t  language a labe led  b racke t ing  which  gives  i t s  syn tac t ic  s t r u c t u r e .  The language is  def ined 

to be a s e t  of s en t ences .  F o r  the s t r u c t u r a t i s t s ,  t h i s  m e a n t  the s en t ences  found in t he i r  c o r -  

pus of data.  Dur ing the 1950's  in the  f ie ld of l ingu i s t i c s ,  t he re  developed the r ea l i z a t i on  tha t  

judgments  of nat ive  s p e a k e r s  about  the g r a m m a t i c a l i t y  of s en t ences  could provide  ev idence  

which was jus t  as  " e m p i r i c a l "  and " s c i en t i f i c "  as  tha t  obta ined by copying down wha teve r  

nat ive s p e a k e r s  happened to say,  taking t h e i r  u t t e r a n c e s  to be ipso  facto g r a m m a t i c a l .  P e r -  

haps  C h o m s k y ' s  m o s t  s ign i f i can t  con t r ibu t ion  to l ingu i s t i c s  was  the r e i n t r o d u c t i o n  of the notion 

tha t  na t ive  s p e a k e r s  make  m i s t a k e s  and u t t e r  u n g r a m m a t i c a l  s e n t e n c e s .  Th i s  r e v e l a t i o n  was 

sigui£ieant  in a t  l e a s t  two r e s p e c t s .  F i r s t ,  i t  led to a redef in i t ion  of what  was  accep tab le  data  

for  the l ingu is t  md  a conce r n  for  language s t r u c t u r e s  which a r e  n e v e r  m a n i f e s t e d  in o v e r t  

speech  product ion.  Once the l ingu is t  cou ldn ' t  r e l y  on the na t ive  s p e a k e r ' s  sen tence  product ion,  

but ins t ead  on what  the na t ive  s peake r  in tu i ted  to be g r a m m a t i c a l ,  i t  was  only a s h o r t  s tep  to 

a conce rn  for  the na t ive  s p e a k e r ' s  in tu i t ions  about  which s e n t e n c e s  s e e m e d  r e l a t e d  and which  



didn ' t .  F o r  s en t ences  such as  open the door,  e m p i r i c a l  ev idence  could now be found for  the 

unders tood  you which  your  four th  g rade  Eng l i sh  t e a c h e r  told you was the re .  Th i s  eventua l ly  

led to the d i s t inc t ion  between syntac t ic  su r f ace  s t r u c t u r e s  and  deep s t r u c t u r e s .  Secondly, 

the e l imina t ion  of m i s t a k e s  f rom the data  and the addi t ion of s en tences  which  had n e v e r  been 

u t t e r ed  but whose g r a m m a t i c a l i t y  the na t ive  s p e a k e r  would a f f i rm ,  led even tua l ly  to the 

c o m p e t e n c e / p e r f o r m a n c e  d is t inc t ion .  In i t s  c u r r e n t  f o rm  the  d i s t inc t ion  s t a t e s  tha t  a t r a n s -  

fo rmat iona l  g r a m m a r  c h a r a c t e r i z e s  the knowledge na t ive  s p e a k e r s  have of t h e i r  language 

( tha t  i s ,  l inguis t ic  competence)  r a t h e r  than  the use  to which th i s  knowledge i s  put ( tha t  i s ,  

l inguis t ic  pe r fo rmance ) .  Th i s  i s  the p r inc ipa l  b a s i s  for  C h o m s k y ' s  c l a i m  tha t  l ingu i s t i c s  is 

a b r a n c y  of cogni t ive psychology.  

Should a t r a n s f o r m a t i o n a l  g r a m m a r  be c o n s t r u e d  as  a theory  of cogni t ive  p r o c e s s e s  

because  i t  pos i t s  a b s t r a c t  s t r u c t u r e s  which a r e  n e v e r  man i fe s t ed  in o v e r t  language b e h a v i o r ?  

Should n e o - b e h a v i o r i s t  fo rmula t ions  be c o n s i d e r e d  to d e s c r i b e  i n t e rna l  p r o c e s s e s  because  

they pos i t  c o v e r t  med ia t ing  r e s p o n s e s  ? 

It  is  not  by purpose  he re  to a rgue  ques t ions  about  p a r t i c u l a r  t heo r i e s ,  a l though my 

b iases  should be c l e a r ,  What  I would l ike to do is  c l a i m  tha t  i t  i s  f r u i t l e s s  to d i s cus s  such  

ques t ions  wi thout  some  gene ra l  conceptua l  f r a m e w o r k  which  t e l l s  one what  kind of th ing a 

cogni t ive p r o c e s s  i s  and, in a gene ra l  fashion,  what  would cons t i tu te  a theory  of such a thing.  

Cons ide r  a type of theory ,  ca l l  i t  an a b s t r a c t  c h a r a c t e r i z a t i o n  theory ,  which  i s  s t i l l  

within the r e a l m  of e m p i r i c a l  de sc r ip t i on  but goes  beyond the  behav io ra l  t axonomy approach .  

Such a theory ,  in addi t ion to account ing  for  the s t r u c t u r e  of o b s e r v e d  behav ior ,  def ines  the 

imp l i c i t  r e l a t i o n s h i p s  in the s t r u c t u r e  of the data .  It con ta ins  an  e m p e r i c a l  taxonomy theory  

as  a componen t  but u t i l i zes  o ther  types of ev idence  as  well .  In p a r t i c u l a r ,  i t  employs  e x p e r -  

imenta l  ev idence  based  on in tui t ions  and i n t r o s pec t i ons  about  the r e l a t i o n s h i p s  holding be -  

tween the ove r t  s t r u c t u r e s .  By d e s c r i b i n g  these  data ,  i t  may  be sa id  tha t  th i s  type of theory  

c h a r a c t e r i z e s  the fac t s  which account  for  the o v e r t  f o r m  of the data .  An a b s t r a c t  syn tac t i c  

s t r u c t u r e  ru le  such as  " E v e r y  sen tence  c o n s i s t s  of a noun p h r a s e  followed by a v e r b  p h r a s e "  

may  c o r r e c t l y  a s s e r t  tha t  people p o s s e s s  th is  b i t  of i n fo rma t ion  as  p a r t  ot  t h e i r  l inguis t ic  

knowledge but in no way could th is  s t a t e m e n t  be taken to cons t i tu te  a de sc r i p t i on  of th i s  know-  

ledge nor  of the way it  i s  i n t eg ra t ed  into m e m o r y  s t r u c t u r e s  in e i t h e r  a phys io logica l  or  

psychologica l  sense .  

We might  c o m p a r e  the types of t h e o r i e s  d i s t ingu i shed  so  f a r  in t e r m s  of t he i r  t r e a t -  

men t  of the cogni t ive  p r o c e s s e s  under ly ing  human a r i t h m e t i c  behav io r .  

F i r s t ,  the phys io log is t  would have nothing spec ia l  to say  about  the cogni t ive  p r o c e s s e s  

involved when people add and  s u b t r a c t  un l e s s ,  for  example ,  t h e r e  were  spec ia l i zed  c o r t i c a l  

neu rons  involved in the s to rage  and u t i l iza t ion  of a r i t h m e t i c  in format ion .  



While we might  ag ree  that a behavioral  taxonomy of a r i thmet ic  behavior  cata logs 

in t e res t ing  data, we would not be sa t i s f ied  that  these  data help explain the under lying cogni -  

tive p r o c e s s e s  which were  r e spons ib le  for  the behavior  in quest ion.  An a b s t r a c t  c h a r a c t e r -  

ization theory  of a r i thmet i c  knowledge a l ready  ex i s t s  as a braney of number  theory  and posi ts  

ru l e s  such as  1 + 1 = 2. This  theory  not only d e s c r i b e s  over t  human a r i t hme t i c  behavior  

(af ter  e l iminat ing i r r e l evan t  pe r fo rmance  va r i ab les  such as l apses  of at tention,  stupidity,  

e tc .  ) but c h a r a c t e r i z e s  peop les '  knowledge of a r i t hme t i c  r e l a t ionsh ips .  For  example ,  that  

10 + 2 = 7 + 5. It gene ra t e s  an infinite se t  of a r i t hme t i c  e x p r e s s i o n s  including novel e x p r e s -  

s ions which have neve r  been produced.  While it is  t rue,  in a sense ,  that  number  theory  

accounts  for  what people know about a r i t hme t i c ,  no one is  t empted  to say that  it  d e s c r i b e s  

a r i thmet ic  knowledge in the mind and is  t he re fo re  a branch of cognitive psychology.  

An a b s t r a c t  cha rac t e r i za t ion  theory pos i t s  maps  which re la te  fo rmal  objects ,  but 

there  a r e  no p r o c e s s e s  defined by the theory.  A t r ans fo rma t iona l  g r a m m a r  d e s c r i b e s  a s e n -  

tence in pa r t  by ass igning  it a set  of syntact ic  phrase  m a r k e r s ,  r e l a t ed  by a se t  of maps  

cal led t r a n s f o r m a t i ons .  There  i s  no logical o r  chronologica l  o rde r ing  between deep s t r u c -  

ture t r e e s  and sur face  s t ruc tu re  t r e e s  in a t r ans fo rma t iona l  g r a m m a r ;  these  a r e  s imply  two 

formal  objects  which a re  par t  of the s t ruc tu ra l  desc r ip t ion  of the sen tence .  An a b s t r a c t  

cha rac t e r i za t ion  theory  also does not pos i t  any functional en t i t ies .  It i s  s imply  a s y s t e m for  

cataloging empi r i ca l  data of both the over t  behavior  type and the a b s t r a c t  re la t ionsh ip  type. 

No psychological  c l a ims  a re  made by such theo r i e s .  

The next  c l a s s  of t heo r i e s  to be dis t inguished I wilt  call  functional desc r ip t ion  theories ,  

there  being at l eas t  th ree  d i f ferent  l eve l s  of such theo r i e s  which could be cons t rued  as 

"model ing"  some  aspec t  of the o rgan i sm.  Each of these  th ree  subtypes of theory  have d i f -  

fe ren t  goals ,  a r e  cons t ruc ted  on the bas is  of d i f fe rent  evidence~ and model  the o r g a n i s m  in 

a d i f ferent  sense .  The f i r s t  c l a s s  of theor i e s ,  call  it  a behaviora l  i s o m o r p h i s m  theory,  con -  

tains the other  two; the second,  call  it  a p.sychological i s o m o r p h i s m  the or~,  contains  the 

third,  what I will call  a psycho-phys ica l  i s o m o r p h i s m t h e o r y .  F igure  1 s u m m a r i z e s  the 

types  of theor i e s  posi ted and the i r  i n t e r r e l a t i onsh ips .  

ANATOMICAL DESCRIPTION 

PHYSIOLOGICAL DESCRIPTION 

BEHAVIORAL TAXONOMY 

ABSTRACT CHARACTERIZATION 

BEHAVIORAL ISOMORPHISM 

PSYCHOLOGICAL ISOMORPHISM "~ 

>PSYCHOPHYSICAL ISOMORPHISM 

Figure 1 



It has been sugges ted  that if one wanted to unders tand  how a bi rd  f l ies ,  a good way to 

approach finding out would be to build one. However,  not every th ing  which can fly qual i f ies  

as  a model  of a bird.  At a min imum,  the model  would have to fly like a b i rd  r a t h e r  than a 

je t  plane or a he l icopter .  In o r d e r  to qualify as  a model  of some organ i sm,  the minimal  con-  

s t ra in t  on a theory must  be behavioral  i s o m o r p h i s m  within a spec i f ied  domain.  A model  

whose motive power was a rubber  band could qualify as  a behavior  i s o m o r p h i s m  theory  of a 

bird,  fox" the domain "flying behavior" ,  if the model  flew the way a bird does .  In o r d e r  for 

a ches s  playing p r o g ram to qualify as  a behavioral  model  of human c h e s s  playing, it  would 

have to show the same pat tern  of developing ski l ls ,  make an occas ional  blunder and once in a 

while allow an opponent to r e t r a c t  r ea l ly  dumb moves .  A behavioral  i s o m o r p h i s m  theory of 

a b i rd  would not  have to have fea the r s  and be a biological  o rgan i sm,  but however  the behavior  

was genera ted ,  it  would have to be i somorph i s  with what  a b i rd  does .  Notice,  of cou r se ,  that  

i t  is the genera t ion or definit ion of the behavior  which is  at  i s sue  r a t h e r  than the production 

of the behavior .  A running compute r  p rog ram which produces  behavior  may be f l a sh ie r  than 

the same p r o g r a m  wr i t t en  on a piece of paper ,  but i t  i s  the s ame  theory  in e i the r  ca se .  

A behavioral  i s o m o r p h i s m  theory  bea r s  a specia l  r e l a t ionsh ip  to a behaviora l  

taxonomy theory for the domain of definition in that the f o r m e r  would incorpora te  the la t t e r  

by including in its r epe to i r e  of behavior  all  of the empi r i ca l  data about the behavior  of the 

o rgan i sm and i t s  r e s p o n s e s  to s t imuli .  This  is  rea l ly  the only cons t r a in t  on a behaviora l  

i s o m o r p h i s m  theory.  The in ternal  p r o c e s s e s  of the model  could be developed by p ragmat ic  

t r ia l  and e r r o r  and it wouldn ' t  ma t t e r  what fo rm they took. It makes  no sense  to ask  what  

kind of evidence would ver i fy  the ap tness  of i ts  in terna l  s t ruc tu re .  The only re levan t  q u e s -  

tion to be asked is :  Does it define the behavior  of the o rgan i sm in quest ion? 

A behavioral  taxonomy of a r i t hme t i c  behavior  would s imply  c o n s i s t  of a l i s t  of 

a s soc ia t ions  Of the sor t :  When Ss a r e  p r e s e n t e d  with the s t imulus  "How much is  one and 

one?",  the r e s p o n s e  " two" is  e l ic i ted  with a . 83 probabi l i ty .  Given this  unders tanding  of the 

over t  behavior ,  the behavioral  i s o m o r p h i s m  theor i s t  would have the task of cons t ruc t ing  an 

automaton which would "behave"  in exact ly  this way. Such models  a l r eady  exis t .  An adding 

machine  is  a fa i r ly  good behavioral  i s o m o r p h i s m  theory  of human a r i t hme t i c  behavior ,  e x -  

cept insofar  as  it  fa i ls  to make the r igh t  s o r t s  of mi s t akes .  

What d is t inguishes  a behavioral  i s o m o r p h i s m  theory f rom a behavioral  taxonomy is 

that the f o r m e r  is  an automaton containing a se t  of devices  each of which embodies  one or  

m o r e  of the functions which account  for  e i t he r  the genera t ion  or  production of the d e s i r e d  

behavior .  I ts  functional en t i t i es  a r e  things like input device ,  output device,  matching p r o c -  

e s s ,  m e m o r y  s torage  device ,  etc. In a behaviora l  i s o m o r p h i s m  theory  the re  a r e  p r o c e s s e s  

defined which a re  chronological ly  o rde red .  No one could build a robot  using only the i n f o r -  
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marion in a 0ehavioral taxonomy, but a behavioral isomorphism theory is a robot whether it 

has mathematical or mechanical form. 

I doubt that any one would want to claim that the structures and processes of a 

behavioral isomorphism theory of man would constitute a theory of human cognitive processes, 

although there are clearly people who would be content with this type of theory. The famous 

Turing test, apart from missing the point of the controversy about thinking, implicitly hypo- 

thesizes just such a behavioral isomorphism model of man. 

A concern for such models is a valid pursuit in its own right, but the cognitive 

psychologist is interested only in a subset of the behavioral isomorphism theories. This 

subset is defined by several further constraints which establish the class of psychological 

isomorphism theories. The functional components of this type of theory are not just any set 

which will generate the desired behavior, but are equivalent to the functions which are actu- 

ally involved when people perform the behavior. Additionally, the functional components of 

the model are interrelated in the same way the functional components of people's cognitive 

processes are actually related. 

These theories incorporated the insights and data from an abstract characterization 

theory as well as a behavioral isomorphism theory. If, for example, it were true that 

people's knowledge of the syntactic structure of sentences involved two levels of grammatical 

description, a psychological isomorphism theory of language might contain a functor which 

changed a deep syntactic structure into a surface syntactic structure. Notice, of course, 

that two robots, one constructed as only behaviorally isomorphic to man and the other as 

psychologically isomorphic would be indistinguishable to an observer who was not free to 

examine their internals workings. 

Many of the psychological isomorphism models which have been attempted thus far 

have been computer simulation models. For example, the General Problem Solver of Newell, 

Shaw and Simon attempts to simulate aspects of certain types of human problem solving. GPS 

also exemplifies the use of an additional type of evidence characteristic of psychological iso- 

morphism models. Namely, subject protocols of the thinking-out-loud variety, a type of 

data which has only recently (again) become respectable in psychology. What is gained from 

this type of data is information about the conscious mental experiences of someone engaged 

in some cognitive process. Aspects of problem solving which are not available to conscious 

awareness would, of course, not be derivable from protocol data and this sort of data cannot 

always be taken at face value. For example, someone with trick mathematical abilities might 

report that he solves complex problems by visualizing the problem on a mental blackboard 

and then letting a piece of chalk write down the answer. We would consider the matter care- 

fully before we build a blackboard and an animate piece of chalk into our model of human 

problem solving. 
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Psycholog ica l  i s o m o r p h i s m  t h e o r i e s  a lso  c o n s t r u c t  funct ional  i n t e r p r e t a t i o n s  of 

e x p e r i m e n t a l l y  de r ived  conc lus ions  about  c o v e r t  s t a t e s  and even t s  causa l ly  a f fec t ing  behav io r  

in  o r d e r  to c o n s t r u c t  i t s  account  of cogni t ive  p r o c e s s e s .  In cons ide r i ng  v i sua l  i n fo rma t ion  

p roces s ing ,  i t  s e e m s  r e a s o n a b l e  to conclude tha t  in o r d e r  to get  b inocu la r  depth  cues ,  the 

input f rom one v i sua l  channel  mus t  be c o m p a r e d  with the input f r o m  the o the r  channel .  Thus ,  

the psychologica l  i s o m o r p h i s m  t h e o r i s t  might  pos i t  the ex i s t ence  of a s ingle  B inocu la r  Com-  

pa r i son  Component  which o p e r a t e s  to e x t r a c t  these  b inocu la r  cues  on the b a s i s  of input f r o m  

the lef t  v i sua l  f ie ld and  the r igh t  v isua l  f ield.  Of c o u r s e ,  the pure  psychologica l  i s o m o r p h i s m  

t h e o r i s t  ig~aores physiological  data  so he would not  be a w a r e  o r  c a r e  how complex  the ac tua l  

s i tuat ion is ;  no r  would he find out tha t  h is  model  i s  not  funct ional ly  equ iva len t  to human v i s -  

ual in fo rmat ion  p r o c e s s i n g  beyond the behav io ra l  i s o m o r p h i s m  type of funct ional  equiva lence .  

A r ea l ly  pure  psychologica l  i s o m o r p h i s m  t h e o r i s t  might  not even have not iced  that  man has  

two eyes .  Of cou r se ,  i t  would be r ed icu lous  to c o n s i d e r  v i sua l  pe rcep t ion  wi thout  taking into 

account  a l l  of  the ava i l ab le  physiological  data .  No one would do such  a th ing and expec t  h i s  

model  to ac tua l ly  d e s c r i b e  human v i sua l  i n fo rma t ion  p roce s s ing .  One wonde r s ,  however ,  

what  t he re  is  about  such th ings  a s  p r ob l em  solving and language which  a l lows " m a t e r i a l i s t "  

s cho l a r s  to feel  comfor t ab l e  with  models  of these  p r o c e s s e s  having  no b a s i s  in phys io logica l  

fact .  

Some people might  be  t empted  to define cogni t ive  psychology such tha t  low level  

r e c e p t o r  funct ions a r e  viewed as  be ing  m e r e l y  physio logica l  wi th  no r e l e v a n c e  to the p sycho-  

logis t .  However ,  a t  what  point  in the m e r e l y  physiological  v i sua l  pathways do cogni t ive  p r o c -  

e s s e s  kick in?  Does v i sua l  i n fo rma t ion  p r o c e s s i n g  become  cogni t ive  only a f t e r  i t  has  l e f t t h e  

v i sua l  a r e a s  of the co r t ex  and gone off into the m y s t e r i o u s  " a s s o c i a t i o n  a r e a s "  whe re  m e n t a l  

p r o c e s s e s  a r e  r epu ted  to l u r k ?  Unless  we want to use  the t e r m  cogni t ive  p r o c e s s  a s  a syn -  

onym for "consc ious  men ta l  e x p e r i e n c e " ,  t he re  i s  no notion of " h i g h e r  men ta l  p r o c e s s "  such 

tha t  we can  funct ional ly  model  v i sua l  cogni t ion while  ignor ing  the neurophys io logy  of v is ion .  

Psycho log ica l  i s o m o r p h i s m  t h e o r i e s  a r e  the f i r s t  type of t heo ry  we have c o n s i d e r e d  

which in any sense  d e s e r v e s  the l abe l  psychologica l  and one which  migh t  r e a s o n a b l y  be v iewed 

as  te l l ing us someth ing  about  cogni t ive  p r o c e s s e s .  Still ,  not  eve ryone  would be sa t i s f i ed  that  

the i n t e rna l  p r o c e s s e s  undery l ing  m a n ' s  behav io r  had been fully explained.  One p rob l em is 

tha t  the i n t e rna l  s t r u c t u r e  of the funct ional  componen ts  of a psychologica l  i s o m o r p h i s m  

theory  have no c o n s t r a i n t s  o the r  than t h e i r  capac i ty  for  p e r f o r m i n g  the funct ion.  Even if  the  

theory  has  one componen t  c o r r e s p o n d i n g  to e v e r y  one psychologica l  componen t  ( a s s u m i n g  a 

one - to -one  i s o m o r p h i s m  w e r e  des i r ed ) ,  the i n t e rna l  ope ra t i ons  of the  componen t s  could not  

hope to r e f l ec t  the way people p r o c e s s  in fo rma t ion  while  ignor ing  the physiological  fac t s  

en t i r e ly .  
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A m a j o r  r e a s o n  people a re  wil l ing to accep t  mode ls  of such th ings  as  p r o b l e m  

solying which  ignore  the b ra in  has  to do with a r e a l  wor ld  p rob l em for  r e a l  wor ld  i n v e s t i g a -  

t o r s  tha t  doesn ' t  t r oub le  idea l ized ,  i m a g i n a r y  s c h o l a r s .  I t  i s  c l e a r  tha t  a cogni t ive  p r o c e s s  

such  as  p r o b l e m  solving is  i n t ima te ly  t ied up to v e r y  many  o t h e r  cogni t ive  p r o c e s s e s .  An 

explanat ion of the s t r u c t u r e  of in fo rmat ion  in m e m o r y ,  the fo rm of incoming  pe rcep tua l  data 

the l imi t a t ions  of s h o r t - t e r m  m e m o r y ,  l ea rn ing ,  mot iva t ion ,  language,  and a l m o s t  e v e r y -  

thing e l se  would be r e q u i r e d  before  anyone could make  any  r e a s o n a b l e  c l a i m s  about  how 

human  be ings  ac tua l ly  solve  p r o b l e m s .  All  of these  p r o c e s s e s ,  in t h e i r  tu rn ,  a r e  i n t e r -  

twined with p rob l em solving and the r e s t .  

The m o s t  common  solut ion to th i s  p r ob l em  has  been to a t t ack  only a sma l l  pa r t  of one 

of the cogni t ive  p r o c e s s e s  and beg the  r e s t .  Th i s  i s  ca l led  making  " s impl i fy ing  assumpt ions '~  

Usual ly  the s m a l l  pa r t  which i s  chosen  to be expla ined  i s  the data  f rom a p a r t i c u l a r  e x p e r i -  

ment .  One finds an a r t i c l e  en t i t led  someth ing  l ike ,  "A fo rma l  model  of the s t r u c t u r e  of 

l inguis t ic  concep t s"  which  t u r n s  out to be a compu te r  s imula t ion  theory  which  accounts  for  

the l e a r n i n g  of s ix p a i r s  of t h r e e - l e t t e r  n o n s e n s e  sy l l ab le s  unde r  spec i f ied  condi t ions  of p r e -  

sen ta t ion  and r e h e a r s a l  by five ma le  E n g l i s h - s p e a k i n g  col lege  s o p h o m o r e s  f r o m  Middtebury ,  

Connect icut .  If ano the r  i nves t i ga t o r  c o m e s  along and v a r i e s  one of the p a r a m e t e r s ,  one 

thing leads  to ano the r  and a new ~ b f i e l d  of psychology is  born .  

An addi t ional  r e a s o n  for  th i s  o v e r - s p e c i a l i z e d  t r e a t m e n t  i s  the d e s i r e  to avoid c l a i m s  

which do not a r i s e  d i r ec t l y  f rom e x p e r i m e n t a l  r e s u l t s  in the s t a n d a r d  fo rma t .  Since the 

mode ls  developed amount  to a s u m m a r y  of p a r t i c u l a r  data,  t h e i r  appl icabi l i ty  a lways  depends 

on the p a r t i c u l a r  way the p r ob l em  was p r e s e n t e d  to the sub jec t s ,  the amount  and type of r e -  

h e a r s a l ,  backgrounds  of the sub jec t s ,  and so on. T h e r e  i s  an exce l l en t  chance  tha t  cogni t ive  

psychology,  as  behav io ra l  psychology before  it,  wil t  end up cons i s t i ng  of an u n s t r u c t u r e d  

heap of super f i c i a l ,  u n r e l a t ab l e  e x p e r i m e n t a l  data .  It does  not  s e e m  r e a s o n a b l e  to allow th i s  

type of sc ien t i f ic  inves t iga t ion  to cont inue to be the dominan t  ac t iv i ty  in the f ie ld of psychology. 

If psychology is  e v e r  going to get  off the ground,  some  way m u s t  be found to i n c o r p o r a t e  data 

into a gene ra l  f r a m e w o r k  whe re  i t  can  i n t e r a c t  with a t t  the o the r  data  being ga the red .  One 

way to begin to t ie toge ther  the data which has  been g a t h e r e d  is to b roaden  the scope of the 

m a i n s t r e a m  of psychology to include physiological  fac ts .  

One may  dec ide  as  a m a t t e r  of p r ac t i c a l  fact  tha t  i t  is  u n r e a s o n a b l e  to go beyond the 

psychologica l  i s o m o r p h i s m  level  in  d e s c r i b i n g  cogni t ive  p r o c e s s e s  o r  tha t  one d o e s n ' t  c a r e  

to t ry .  N e v e r t h e l e s s ,  i t  is  not  un r ea s onab l e  for  someone  to wish  for  an explanat ion  of cogni -  

t ive  p r o c e s s e s  which did explain  exact ly  how human be ings  p e r f o r m  these  funct ional  o p e r a -  

t ions .  A type of t heo ry  which would fully explain human cogni t ive p r o c e s s e s  is  the theory  I 

have called psycho-physical isomorphism. This theory contains the insights of physical 
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description theories and psychological isomorphism theories. It presents an explicit answer 

to the question of the relationship between the mind and the brain. It explains how neuro- 

physiological processes in human beings embody psychological functions. The development 

of such a theory is, in my opinion, the prime goal of cognitive psychology. 

Some psychologists might be tempted to avoid a psycho-physical orientation on the 

grounds that neurophysiology has not progressed far enough to say anything of significance 

about cog, aitive processes. I seriously doubt that this is true. There is an enormous amount 

of relevant information about the brain and its functioning. Even if one constructed a psycho- 

physical theory on the basis of physiological data which turned out to be wrong, the theory 

would be e loser to an adequate theory than one which ignores the physiological data entirely. 

Neural net theories can be constructed at a level of generality which leaves them almost cer-  

tain to be correct models of information processing in the brain. Further specificity could 

awai t  f u r t h e r  data .  

Some phys io log i s t s  migh t  be t empted  to avoid a p sycho -phys i ca l  o r i en ta t ion  on the 

grounds  that  psychology has  not  p r o g r e s s e d  fa r  enough to say  anyth ing  of s ign i f icance  about  

cogni t ive  p r o c e s s e s .  However ,  the b e h a v i o r i s t s  have a m a s s e d  a prodigious  quant i ty  of data  

and over  the pas t  few y e a r s  i n fo rma t ion  p r o c e s s i n g  mode l s  have begun to develop v e r y  i m -  

p r e s s i v e  compu te r  s imula t ions  of a s pec t s  of cogni t ive  p r o c e s s e s .  

The bes t  thing which  could happen to both  f ie lds  would be the deve lopmen t  of a s t r o n g e r  

i n t e r e s t  in p sycho-phys i ca l  i s o m o r p h i s m  t h e o r i e s .  The b e s t  thing which  could happen to an  

individual  i nves t i ga to r  would be to have a c l e a r  idea of what  he is  r e a l l y  i n t e r e s t e d  in exp l a in -  

ing:  the b ra in ,  behav io r ,  the  mind,  robo t s ,  o r  cogni t ive  p r o c e s s e s .  He should  know w h e t h e r  

the  data  he has  used  is  the kind of ev idence  which  l eads  to mode l s  of the s o r t  he i s  i n t e r e s t e d  

in.  And finally,  he should ca re fu l ly  examine  his  comple te  model  to see  what  he ha s  modeled.  


