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S u i i a r y  

S t a r t i n g  f r o n  soae r e i a r k s  about t h e  use o f  i o d e l s  i n  psycho logy ,Hu ian  
I n f o r m a t i o n  P r o c e s s i n p  i h e n c e f o r t h  c a l l e d  H.I.P.) models which s o r a t i i e s  
use computer s i i u l a t i o n  w i l l  bc examined. I n  a t t e m p t  t o  show t h a t  
s i m u l a t i o n  i n  psycho logy does no t  n e c e s s a r i l y  i i p l y  r n  H.I.P. approach i s  
t hen  rade.  

The Use o f  i iode ls  i n  Psycho logy 

The l a c k  o f  u n i t y  i n  psycho logy i s  c o i i o n l y  acknowlcdqed: t h e  d i v i i i o n  
a iong  s p e c i a l t i e s  i s  30 e iphas i zed  t h a t  i t  has bmen s a i d  t h r t  t h e r e  e x i s t s  
no l o n g e r  ' the '  psycho logy b u t  o n l y  ' i any '  p s y c h o l o g i e s . I n  p a r t i c u l a r ,  i t  
i u s t  bc recogn i zed  t h a t  t h e r e  i s  a  break between e x p e r i a e n t a l  ( o r  a c a d e n i c i  
and c l i n i c a l  ( o r  a p p l i e d )  psychology, b o t h  because o f  t h e  d i f f e r e n c e  o f  
p r o b l e i s  and i n t e r e s t s  ( o f  " o b j a c t r "  i t  c o u l d  be s r i d i ,  and t h e  d i f f e r e n c e  
i n  t h e  way o f  t h e o r y  i a k i n g .  It i s  c o i r o n  knowledge t h a t  c l i n i c a l  
psycho loqy tends  t o  c o n s t r u c t  g r e i t  t h e o r e t i c r l  s y s t e i s ,  whereas 
e x p e r i i e n t a l  psycho logy,  doa ina ted  nowadays by t h e  c o g n i t i v e  t r e n d ,  p r e f e r s  
t o  use aode ls .  T h i s  u s u r l l y  i e a n s  t h a t  expe r imen ta l  psycho logy today  
p r e f e r s  t h e o r e t i c a l  c o n s t r u c t s  t h a t  a r e  a p p l i e d  t o  r l i i i t e d  range o f  
phenorena. I n  o t h e r  words, t h e  s u b d i v i s i o n  o f  r e s e a r c h  i s  s t r e s s e d  s i n c e  
these  a i o d e l s m  f r c q u e n t l y  r e g a r d  a  s i n g l e  c o g n i t i v e  p rocess  o r  cven s o i e  
p a r t i c u l a r  aspect  o f  r c o g n i t i v c  process i n s t e a d  o f  t h e  o l d  genera1 i s s u e s  
such as t h e  r e l r t i o n s h i p s  between p e r c e p t i o n  and r o t i v r t i o n  o r  i e i o r y  and 
i n t e l l i g e n c e .  
To say t h r t  p s y c h o l o g i s t s ,  a t  l e a c t  e x p e r i i e n t a l  o r  c o g n i t i v e  oncs, t oday  
p r e f e r  t o  c o n s t r u c t  "node ls ' ,  howevar, r r a n s  r l s o  a n o t h r r  t h i n g t  t h r t  i s ,  
n o t  o n l y  t h a t  t h e  o b j e c t s  o f  t h c i r  t h e o r e t i c a l  c o n s t r u c t s  a r e  l i m i t e d  o r  
n o t  v e r y  gene ra l ,  b u t  a l s o  t h a t  i n  o r d r r  t o  sperk  o f  p s y c h o l o q i c r l  o b j c c t s  
t h e y  i a k e  a  'change o f  s y s t e i ' ,  n r r e l y  t h e y  r e f e r  t o  a  concep tua l  s y s t e i  
whose components a r e  n o t  p s y c h o l o g i c a l  concepts.  T h i s  i s ,  b e s i d o ,  t h e  
t r a d i t i o n r l  i e a n i n g  o f  t h e  concept o f  " i o d i l U .  I t  must b r  added on t h i s  
s u b j e c t  t h a t  s o i e  correspondence between those  c o i p o n e n t s  and t h e  r o d c l l c d  
p s y c h o l o g i c a l  r e r l i t y  i s  necessa ry i  f o r  r n  e p i s t e r o l o g i c r l  a u d i r n c e  i t  w i l l  
be  enough t o  i c n t i o n  t h a t  t h i s  "cor respondencom betwecn i o d e l  and r e a l i t y  
i s  u s u a l l y  n a i e d  w i t h  r s i n g l e  nord: ana logy.  
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S t a t i s t i c a 1  Hodels  i n  P s y c h ~ l o g y  

If t h e  " i o d e l s n  t h a t  a  l a r g e  p a r t  of  r e c e n t  psycho logy p r e s e n t s  i r e  
cons ide red  i n  t h i s  sense, i t  i u s t  be  recogn i zed  t h a t  i n  t h i s  t h e o r e t i c a l  
r c t i v i t y  t h e r e  i s  n o t h i n g  new and r a t h i r  t h a t  aode l s  i r e  a  necessary  t 001  
f o r  resea rch .  Ho raov r r ,  t h r y  i r e  t o  be found i n  p s y c h o l o g i c a l  
approachest p s y c h o a n a l y r i s  d e a l t  w i t h  p s y c h i c  e n r r g y  u i i n g  i p c r h a p r  
i i s u s i n g i  t h e  i o d e l  of p h y s i c a l  energy,  and co ined  i a n y  o t h e r  i e t r p h o r s (  
L e w i n ' r  psycho logy w i t h  i o d s l i  i n s p i r e d  by  t h e  p h y r i c s  o+ e l i c t r o - i a g n e t i c  
f i r l d s  and by t o p o l o g y l  p s y c h o l i n g u i s t i c s  f o r  a  l o n g  t i i e  used t h e  model o f  
comnunicat ion  t h e o r y  i e i i t t e r  - r e c e i v e r  - channe l ,  e t c . ) .  
The use o f  s t a t i s t i c s  t o o  may b r  cons ide red  i n  one sense t h e  use of a  
model. I n  t h i s  case c a r e  i u r t  be t aken  because t h i s  use i s  n o t  i l w a y s  an 
*analogie' onc. Thcra  a r e  uses of  s t a t i s t i c s  t h a t  c e r t a i n l y  h e l p  t h e  mode1 
c o n s t r u c t i o n t  t h e y  a r e  t hose  which, by "ana logy " ,  a t t r i b u t a  t o  p s y c h i c  
processes a  p r o b a b i l i s t i c ,  s t o c h a s t i c ,  i l e a t o r y ,  s a i p l a b l e  nay o f  n o r k i n g  
(=.g. S i g n a l  D e t e c t i o n  Theory, p r o b a b i l i s t i c  l e a r n i n g  t h e o r i o s ,  e t c . ) .  
These uses o f  s t a t i s t i c s  t end  t o  " i o d e l "  our r e p r e s e n t a t i o n  o f  p s y c h i c  
p r o c e s r c s  and t o  i i p o s e  a  s t a t i s t i c a 1  strutture on t h e i .  So when wc ask i 4  
some p s y c h o l o g i c a l  even ts  a r e  i e a s u r a b l e  on a  n o n i n a l ,  o r d i n a l ,  i n t e r v a l  o r  
r a t i o  sca le ,  ne a r e  soiehow ' t h i n k i n g  o f "  t h e i  a r  d i f f a r e n t  i n  t hose  
v r r i o u s  i ns tances ;  and t h i s  i s  a l s o  t r u e  when we ask r h e t h e r  t h e  
' d i r t r i b u t i o n '  o f  c e r t a i n  p s y c h o l o g i c a l  c v e n t s  cor responds o r  n o t  t o  s o i e  
p a r a a e t e r s  l i k c  t h e  norma1 d i r t r i b u t i o n .  
On t h e  o t h e r  hand, t h e r e  i s  one use o f  s t a t i s t i c s  t h a t  does n o t  i n t e n d  t o  
say a n y t h i n g  about t h e  n a t u r e  o f  o b j e c t s  o r  psych i c  v a r i a b l e s  b u t  i s  s i i p l y  
a p p l i e d  t o  hypotheses i a d e  by p s y c h o l o g i s t s  i n  o rde r  t o  e x p l a i n  c e r t a i n  
phenoiena. P a r t  o f  t h i s  second aspect  i s  t h e  c l a s s i c  use o f  s t a t i s t i c a 1  
'significante', n h i c h  i s  e s s e n t i a l l y  t h r  a p p l i c a t i o n  o f  t h e  t h e o r y  o f  
p r o b a b i l i t y  t o  o b s e r v a t i o n a l  o r  expe r imen ta l  r e s u l t s .  F o r  i n s t a n c e  i f ,  
h a v i n g  i n  mind s o i e  hypo thes i s ,  w r  have c o n r t r u c t e d  an expmr imenta l  des ign  
on t h e  grounds of  which i n  c o n d i t i o n  A ne  shou ld  n o t  h r v e  a  c e r t a i n  e f f e c t  
whereas i n  c o n d i t i o n  B WC rhou ld ,  when ne o b t i i n  our r e s u l t s ,  ne  r u s t  
a s c m r t a i n  whether t h e r e  a r e  r e a l l y  due t o  our  a a n i p u l a t i o n  o f  i nd rpenden t  
v r r i a b l e s  and n o t  t o  chance, So i n  s t r t i s t i c a l  i n f e r e n c e  ne can g e n e r a l i z c  
t o  t h e  p o p u l a t i o n  thm r e r u l t s  o b t a i n e d  f r o r  a  s a i p l r  o n l y  i f  t h e  
d i f f e r e n c e s  found i n  t h e  s rmple  a r e  n o t  d u r  t o  chanc i .  

H.I.P. Models and S i i u l a t i o n  

He have d w e l t  upon s t a t i s t i c s  bccause o f  i t s  c o n s i d r r a b l e  use i n  
r x p e r i i e n t a l  psycho lopy.  But i t  i s  c e r t a i n ,  as s a i d  above, t h a t  t h r  i o r t  
t o p i c a l  models a r e  t hose  i n s p i r e d  by H.I.P. ph i l osophy .  Th i se  i o d r l r  
suppose t h a t  i a n  i s  an i n f o r i a t i o n  p r o c i s s o r  and t h a t  h i s  p s y c h i c  
p roces rcs ,  i n  p i r t i c u l a r  * c o g n i t i v e M  ones, a r i  c o i p r r a b l r  t o  compu t i r  
p r o g r i i s .  On t h i s  mr taphor  or  a n i l o g y  i a n y  i i c r o - i o d i l s  o f  t h i r  o r  t h i t  
p r o c r s s  have bcen cons t ruc ted ,  p u t t i n g  s o i e  t r a n s i t o r y  i r r o r y  o r  b u f f r r  
h o r e  o r  s o r r  s t o r r  t h i r i ,  u s i n g  d i a g r a a s  v r r y  s i a i l a r  t o  f l o w - c h r r t r  and 
e n l i v c n i n g  e v e r y t h i n g  w i t h  t h e  i a g i c  word i  i n f o r i a t i o n .  I t  has been s a i d  
(We i tenb ru i ,  1976) t h a t  i f  t h e  b e h a v i o r i s t i  p u t  a  b l a c k  box b e t w r r n  
s t i i u l u s  and respon ie ,  t h e  c o g n i t i v i s t s  h r v e  r e p l a c e d  i t  w i t h  a  computer. 
In t h i r  c o n t r x t  s o i e  i o d r l r  a r a  b s i n g  p ropos rd  t h a t  rakm t h r  r n r l o p y  
b e t w r r n  i r n  and c o i p u t r r  so r x p l i c i t  as t o  ge t  t h r  v r r y  procmsses 
reproduced by t h c  coaputer .TThrse rrr t h e  s i i u l a t i o n  i o d r l r .  I t  would S e e i  
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t h a t  t hese  i o d e l s  a r e  t i e d  by a  doub le  t h r e a d  t o  H.I.P. p r e s u p p o s i t i o n  
because o f  t h c  use o f  t h e  c o i p u t e r ,  t h c  e x p l i c i t  ana logy betneen p r o q r r i  
and process,  and t h e  usa o f  t h e  i n f o r i a t i o n  concept.  We a i 1 1  t r y  t o  show 
t h a t  t h i s  1 s  n o t  n e c e s s a r i l y  t h e  case. 
To s i m u l a t e  i e a n s  t o  reproduce by  i e a n s  o f  s u i t a b l e  p r o g r a i s  c e r t a i n  
p s y c h i c  a c t i v i t i e s  i i n t e l l i g e n t  b u t  n o t  n e c c s s a r i l y  s o ) .  S o r e t i i e s  
s i i u l a t i o n  i n  psycho logy i s  confused w i t h  a r t i f i c i a l  i n t e l l i g e n c e i  t h e  
l a t t e r  n e v e r t h c l e s r  i~ r o r e  genera1 on t h e  one hand and i o r e  l i i i t e d  on t h e  
o t h e r .  I t  i s  i o r e  genera1 because i t s  i a i n  purpose is t o  o b t a i n  t h e  
p c r f o r i a n c e  of  a  t a s k  which, if aade by ran ,  would r e q u i r c  i n t c l l i g e n c c .  
What i s  i i p o r t a n t ,  then,  i s  t h a t  t h e  p r o g r a i  l e a d s  t o  t h i  same r e s u l t s  t h a t  
i a n  ach i cvcs ,  p o s s i b l y  i o r c  q u i c k l y  and a c c u r a t e l y .  A r t i f i c i a l  I n t e l l i q e n c i  
i h e n c e f o r t h  A . I . )  i s  t h e  b a s i s  o f  r o b o t i c s ,  s i n c e  i t  a i i s  i and  i s  f i n a n c e d )  
t o  c o n s t r u c t  r o b o t s '  " i i n d s " .  For i n s t a n c e ,  i t  i s  i n t e r e s t e d  i n  t h e  
c o n s t r u c t i o n  o f  p r o b l e r  s o l v i n g  p r o g r a i s  i t h e  " b l o c k s  w o r l d * ,  i n  which 
s o l i d  bod ies  a r e  moved or  s tacked up, i s  c l a s s i c i .  I n  p r i n c i p l c ,  howcver, 
i t  i s  n o t  i a p o r t a n t  t h r t  t hesc  p r o b l e i s  be s o l v c d  j u s t  as man does. Anyhow, 
R . I .  r e s c a r c h e r s  happened t o  r e a l i z e  t h a t ,  a f t e r  a l l ,  t h e  bes t  sou rcc  o f  
i d e a s  about hon these  processes c o u l d  t a k e  p l a c e  was i a n  h i a s c l f j  so t h e y  
s t a r t e d  n r i t i n g  p rog rans  t h a t  i m i t a t e  t h i  wry a11 t h i s  i s  supposed t o  t a k c  
p l a c c  i n  i a n .  Here we a r e  w i t h i n  t h c  f i e l d  o f  s i m u l a t i o n  and t h c  i n t i r c s t s  
o f  c o i p u t e r  sc ience  happen t o  c o i n c i d e  w i t h  t hose  o f  psychology. Yet i t  
i u s t  be repca ted  t h a t  p s y c h o l o g i s t s  a r c  i n t a r c s t e d  o n l y  i n  s i i u l a t i o n ,  n o t  
i n  genera1 A . I . ,  i n  t h a t  t h e y  ask t h c  p r o g r a i  t o  reproduce as f a i t h f u l l y  as 
p o s r i b l e  p s y c h i c  p roccsse r  and p o s s i b l y  t o  aake t y p i c a l  hu ian  i i s t a k e s .  
Ye have e l a i i c d  t h a t ,  i n  another  s e n s i ,  A.I. i s  i o r e  l i i i t e d  t h a n  
s i i u l a t i o n i  i t  does indeed p u t  s o i e  c o n s t r a i n t s  on t h e  n a t u r e  o f  s t u d i e d  
p r o c i s s e s  by speak ing o f  " i n t e l l i q c n c e n r  i* i t  n o t  p o s s i b l e  t o  s i m u l a t e  
s o r e t h i n g  which i s  n o t  i n t e l l i g e n t  ie.g. affettive processes,  s t u p i d  
behav iour . . . )?  Wi th  rega rd  t o  "what "  c r n  be s i i u l a t e d ,  i t  r u s t  bc i r d c  
c l i a r  t h a t  t h e  o b j e c t  o f  t h o  s i m u l r t i o n  i s  n o t  r e a l l y  behav iour  ieven i f  
p s y c h o l o g i c a l  s i i u l r t i o n  i s  s o i e t i i e s  c a l l e d  "behav io r  s i i u l r t i o n " )  because 
a  c o r p u t e r  p r o g r r i  t h a t  i a k e s  s o i e  e f f e c t o r  o r g a n i  (..g. r r o b o t )  p e r f o r i  
i i i t r t i o n s  o f  h u i a n  behav iour  nou ld  s i i p l y  bc r o b o t i c s .  I n  t h e  s a i e  way a  
p r o g r a n  which p r o d u c o  on r v ideo  l i n g u i s t i c  answers t o  ques t i ons ,  l i k e  
t hose  a  i a n  cou ld ,  i r  n o t  r e p r o d u c i n g  o n l y  behav iou r  b u t  a l s o  t h e  menta1 
a c t i v i t i c s  t h a t  r r e  beh ind i t .  Another d e f i n i t i o n  i s  " c o g n i t i v e  s i i u l a t i o n '  
because these  i e n t r l  a c t i v i t i i r  r r c  o f t e n  c o g n i t i v e  processes. Ye would 
p r e f e r  t o  spcak o f  a p s y c h o l o g i c a l  s i a u l a t i o n * ,  i n c l u d i n q  a l 1  c o i p u t e r  
p r o g r a i r i n g  @ade i n  order  t o  rep roduce  processes or  phenoiena which a r o  
s t u d i e d  by psycho logy.  

Tno Senses o f  S i i u l a t i o n  

So de f i ned ,  s i n u l a t i o n ,  l i k e  s t r t i s t i c s ,  c r n  be unders tood i n  two d i f f e r e n t  
s e n s c r i  a n a l o g i e  ( i n  t h i s  sense i t  g i v e s  r i s e  t o  models) and hypotheses 
v a l i d a t i o n .  
I n  t h e  a n a l o q i c  senso, t h e  w r i t e r  o f  a  p r o g r a i  which w i l l  reproduce p s y c h i c  
processes,  a t t r i b u t e s  t o  t hese  processes,  a r g u i n g  f r o i  ana logy,  strutture 
analogous t o  t h a t  o f  t h e  p r o g r a i ,  t h a t  i s  t h e  s t e p s  r u n  by t h c  c o i p u t e r  as 
i t  f o l l o w s  t h c  p r o q r a i ,  a re  analogous t o  p s y c h i c  o p e r a t i o n s  o r  a c t i v i t i e s .  
I n  t h i s  case, what does a s s o c i a t e  t h e  i o d e l  t o  t h e  i o d e l l c d  phcnoienon 
i w h r t  Hary Hesse would d e f i n e  t h e  ' p o s i t i v e  ana logy ' )?  I t  i s  t h c  concept  o f  
i n f o r i a t i o n :  n a i e l y  i t  i s  s a i d  t h a t  t h e  i n f o r i a t i o n  f l o w  undergoes 
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analogous v i c i s s i t u d e s  i n  b o t h  cases. Bu t ,  i n  t h e  o t h e r  sensa, s i a u l a t i o n  
can be unde rs tood  as a  s i a p l e  t001 f a r  t h e o r y  p r o v i n g ,  a l a o s t  t o  * s e t  
t h e o r y  i n  a o t i o n '  i n  o rde r  t 0  reach  t h e  e x t r e a c  consequences t h a t  i t s  
hypotheses i n v o l v e .  I n  o t h c r  words, i f  i t  ii g r a n t e d  t h a t  c e r t a i n  
hypotheses about  a g i v e n  p s y c h i c  phenosenon (e.9. n e u r o s i s  or  pa rano ia ,  t o  
t a k e  what Colby,  a  wel l -known p i o n e e r  i n  t h i s  f i e l d ,  h a i  s i m u l a t e d )  a r e  
t r u e ,  soae consequences shou ld  come f r o a  i t  ie.9. on t h e  behav iou r  r i d e ) :  
t hese  consequences can be deduced u s i n q  paper and p e n c i l  as n e l 1  and the  
computer i s  n o t  s t r i c t l y  e s s e n t i a l .  Honever, by u s i n g  i t  i n  an i n t e r a c t i v e  
way, one can r o d i f y  v e r y  q u i c k l y  many p a r a r e t e r s  and then v e r i f y  what i t  
happens. The hypotheses o f  a  t h e o r y  can be cons ide red  as a  s e t  o f  * r u l e r n  
about t h e  o b j e c t  and t h e r e f o r e  t h e y  a r e  t r a n s l a t a b l e  i n t o  a  prograa.  
T h i i  i s  c e r t a i n l y  n o t  t h e  o n l y  wry t o  do so and t h c r e  i s  no guarantee t h a t  
i t  w i l l  a lways work. The i m p o r t a n t  t h i n g  h e r e  i s  t h a t  s i r u l a t i o n  does n o t  
c o n s t i t u e  i n  t h i s  case an H . I . P .  aode l ,  because i t  does n o t  suppa ie  t h a t  
t h c r e  i r  an ana logy betnecn t h e  way t h e  coapu te r  works r n d  t h c  nay t h e  
human psyche does and i t  does n o t  c l a i i  t h a t  s i n u l a t e d  p s y c h i c  m a t t e r  i s  
n e c e s s a r i l y  e q u i v a l e n t  t o  processes o f  i n f o r r a t i o n  m a n i p u l a t i o n ,  Fo r  
i n s t a n c e ,  t h e  F reud ian  t h e o r y  o f  de fence mechanisrs,  which does n o t  use t h c  
language o f  i n f o r n a t i o n  b u t  o f  energy ,  has been s i r u l a t e d  ( ì ioser c t  a l . ,  
1 9 6 9 ) .  
The language o f  i n f o r r a t i o n ,  t h e r c f o r e ,  i s  n o t  r s t r i c t  consequence o f  t h e  
a d o p t i o n  of a r i m u l a t i o n  p e r s p e c t i v e .  (Why then  has c o g n i t i v e  psycho logy 
been taken  i n  by  t h i s  language? The reasons a r o  c o i p l e x  and i t  i s  n o t  
p o s s i b l e  t o  go i n t o  t hea  i n  d e t a i l  i n  t h i s  p a p e r i  however i t  can be s a i d  
t h a t  t h i s  language he lped  t o  c o n c e p t u a l i z e  c e r t a i n  p s y c h o l o g i c a l  v r r i a b l e s  
i n  a  u i e f u l  way i n  o rde r  t o  overcoae b e h a v i o u r i s t i c  d i f f i c u l t i e s  about t h e  
r t u d y  o f  " i n n s r  p r o c e s s e s w ) .  

C o g n i t i v e  Sc ience  

A p r a o f  o f  t h r  f a c t  t h a t  a  c o n t r i b u t i o n  t o  t h e  s tudy  o f  c o g n i t i v m  processes 
by aeans o f  s i m u l a t i o n  i s  p o s s i b l e  w i t h o u t  H . I . P .  p r e s u p p o s i t i o n  c r n  come 
f r o a  some i d e a s  t h a t  hava been deve loped w i t h i n  a  v e r y  young sc ience ,  
C o g n i t i v e  Science, n h i c h  s t u d i e s  c o g n i t i v c  processes u n i f y i n g  t h e  p o i n t s  o f  
v iew and c o n t r i b u t i o n s  o f  C o g n i t i v e  Psycho logy,  P s y c h o l i n g u i s t i c s ,  Computer 
Science, A . I . ,  and Ph i losophy.  
I n  C o g n i t i v e  Science, f a r  i n s t r n c e ,  ona can f i n d  p rog raas  t h a t  s t a t e  i n  a  
new way t h c  p r o b l e r s  o f  l i n q u i s t i c  coaprehens ion and a f  t h e  comceptual  
r e p r e s e n t a t i o n  o f  knowledge. Ncw r e p r e s e n t a t i o n  s y s t c a s  t h a t  have bcen 
dev i sed  have n a t h i n g  t o  do u i t h  i n f o r r a t i o n  t h e o r y  or  w i t h  H . I . P .  
hypotheses, go ing  f r o a  t h e  ac re  (and r u t o n a t i c )  a p p l i c a t i o n  o f  p r e d i c a t e  
c a l c u l u s  l o g i c  t o  s t r u c t u r e s  such as reman t i c  networks ,  frames, c c r i p t s .  
Schank ' r  Conceptua l  Dependency t h c o r y ,  and W i l k s ' s ,  which i s  v e r y  s i a i l a r ,  
can r i g h t l y  be c a l l e d  p s y c h o l o g i c a l  t h e o r i e s .  These a u t h o r r  have t r i e d  t o  
e n u c l e a t c  so re  s e n a n t i c  p r i a i t i v e r  i f o r  i n s t a n c e  Schank a t t e a p t e d  t o  
connect  a l 1  n o r a a l l y  used verbs  w i t h  o n l y  e leven  p r i a i t i v e  a c t i a n s ) ,  
independent o f  any n a t u r a 1  language. On t h e  b a s i s  o f  t h i s  t h e o r y ,  programs 
have been c o n s t r u c t e d  which n a t  o n l y  can r e p r e s e n t  knowledge b u t  can thence  
gene ra te  i n f e r c n c c i .  ì ioreover,  r i n c e  p r i m i t i v e  concep t r  a r e  independent  o f  
n a t u r a 1  l rnguages,  t h i s  t h e o r y  has r a d e  p o s s i b l e  d e c i s i v e  r t e p s  towards  
a u t o a r t i c  t r a n s l a t i o n .  Other i a p o r t a n t  c o n t r i b u t i o n s  have bean rade  w i t h  
r e g a r d  t 0  p r o b l e a  s o l v i n g  s t r a t e g i e s .  A l 1  these i d e a s  can g i v c  a  g r e a t  
h e u r i s t i c  c o n t r i b u t i o n  w i t h o u t  n e c e s s a r i l y  s h a r i n g  t h e  H . I . P .  approach. 
(Obv ious l y ,  aany c o g n i t i v e  s c i c n t i s t s  d ~  share  i t ,  b u t  t h i s  i s  a  q u e s t i o n  
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o f  persona1 b e l i e f ,  n o t  a necessarv  consequence o f  t h e  t h e o r y ) .  
I n  c o n c l u s i o n ,  s i m u l a t i o n  ii n o t  a panacea b u t  n e i t h e r  i s  i t  nha t  some o f  
i t s  opponents would l i k e  t o  make o u t i  i t  does n o t  n e c e s s a r i l y  i m p l y  i n  
ana logy between hu ran  b e i n g s  and computers o r  t h e  r e d u c t i o n  o f  i a n  t o  a 
computer;  on t h e  c o n t r i r y ,  t h c  t r e n d  i s  t o  mode1 t h e  computer more and more 
i n  t h c  l i k e n e s i  o f  man and t o  h e l p  unders tand man. 
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