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It i s  argued t h a t  wi thou t  a  c o n n e c t i o n  t o  t h e  
r e a l  world v i a  p e r c e p t i o n ,  a  language sys tem can- 
h o t  know what i t  i s  t a l k l n g  a b o u t ,  S i m i l a r l y ,  a 
p e r c e p t u a l  sys tem must have ways o f  expressing i t s  
o u t p u t s  v i a  a language (spoken, w r i t t e n ,  g e s t u r a l  
o r  o t h e r ) .  T ~ Q  relationship between pe rcep tkon  
and language i s  e x p l o r e d ,  w i t h  s p e c i a l  a t t e n t ~ s n  
t o  t h e  implications of r e s u l t s  I n  language re- 
s e a r c h  f o r  o u r  models of v l s l o n  systems and v l c e -  
v e r s a .  I t  r s  suggested  t h a t  e a r l y  language l e a r n -  
l n g  i s  an e s p e c i a l l y  f e r t l l e  a r e a  f o r  this explo-  
r a t i o n .  Wl th in  t h l s  a r e a ,  we a r g u e  t h a t  p e r c e p t u a l  
d a t a  i s  concep tua l i zed  p r l o r  t o  language a c q u i s l t l o n  
accord ing  t o  l a r g e l y  i n n a t e  strategies, t h a t  t h l s  
c o n c e p t u a l l z a t ~ o n  I s  i n  terms of  a n  ~ n t e r n a l ,  non- 
ambiguous "language,  " t h a t  language,  p r o d u c t i o n  
from i t s  begrnnings  t o  adul thood i s  a p r o j e c t i o n  
of t h e  I n t e r n a l  language which s e l e c t s  and hrgh- 
l i g h t s  t h e  most rmportant  p o r t i o n s  of l n t e ~ n a l  
c o n c e p t s ,  and c h a t  schemata produced I n  t h e  
sensory  motor world a r e  evolved j n t o  schemata t o  
d e s c r i b e  a b s t r a c t  wor I d s .  Examples a r e  p r ~ v l d e d  
which s t r e s s  t h e  impor tant  of " g e s t a l t "  ( f i g u r e -  
ground) r e l a t i o n s h i p s  and p ro jec tLon  (3-D t o  
2-1/2 o r  2-D,  concep tua l  t o  l i n g u i s t r c ,  and 
linguistic t o  c o n c e p t u a l ) ;  f l n a l l y  mechanisms f o r  
an  i n t e g r a t e d  v l s ion- language  sys tem a r e  proposed,  
qnd some p r e l i m i n a r y  r e s u l t s  a r e  d e s c r i b e d .  

I n t r o d u c t i o n  

p e r c e p t  Ion 1. obs. : CONSCIOUSNESS 
2a: a r e s u l t  of p e r c e i v l n g :  OBSERVATION 
b :  a  menta l  image. CONCEPT 
3 a .  awareness of t h e  e l e m n t s  of environment 
through p h y s i c a l  sensation c o l o r  
b :  p h y s i c a l  s e n s a t i o n  i n t e r p r e t e d  I n  t h e  
l i g h t  of exper ience  
4 a :  d i r e c t  o r  i n t u i t l v e  cognition. INSLGHT 
b:  a c a p a c l t y  f o r  comprehens~on  
syn s e e  DISCERNMENT 
(Webster ' s  Seventh New C o l l e g i a t e  O i c t i o n a r y )  
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TWhlle I i n t e n d  p e r c e p t i o n  t o  r e f e r  i n  t h e  human 
examples t o  all t h e  s e n s e s :  v f s l o n ,  h e a r i n g ,  
touch ,  s m e l l ,  t a s t e ,  and motor s e n s e ,  i n  the 
c a s e  of  computers ,  o n l y  v i s l o n  has been e x p l o r e d  
I n  more t h a n  a c u r s o r y  manner, 

Language unders tand ing  i n  i t s  d e e p e s t  s e n s e  
i s  n o t  p o s s i b l e  w i t h o u t  d i r e c t  e x p e r i e n c e  8 @  i ts  
real  world c o r r e l a t e s .  I b e l i e v e  t h a t  i t  i s  no 
a c c i d e n t  t h a t  t h e  s m e  word c a n  r c f c r  bath t o  
sensory  awareness and t o  comprehension. Nearly 
a l l  e f f o r t s  i n  language p r o c e s s i n g ,  b o t h  i n  
artificial i n t e l l ~ g e n c e  and l i n g u i s t i c s ,  have 
c o n c e n t r a t e d  on t r a n s f o r m i n g  s t r i n g s  of words i n t o  
t r e e s  o r  o t h e r  s t r u c t u r e s  of  words (sometimes 
s u r f  ace  words ,  sometimes "prirnl t  ive"  words)  o r  
c o n v e r s e l y ,  on producing s t r l n g s  of words from 
t h e s e  s t r u c t u r e s ,  Few r e s e a r c h e r s  have even 
recogn ized  r h e  Importance of i n t e r f a c i n g  language 
and v i s l o n  systerns,t l e t  a l o n e  u n l t i n g  t h e  %wo 
l i n e s  of  r e s e a r c h .  (Exceptions i n c l u d e  [Mlnsky 
19751, [Woods 19781, [ M l l l e r  & Johnson L a n d  [1976],  
[Schank & S e l f r i d g e  19771, [Pylyshyn 1977 a & b] ,  
[C la rk  19731). At t h l s  t i m e  I n  h l s t o r y ,  A 1  
v i s l o n  and n a t u r a l  language r e s e a r c h e r s  have 
l l t t l e  t o  say to each o t h e r ;  most of t h e  work 
which t r e a t s  language and p e r c e p t  Ion t o g e t h e r  
wauld I t h i n k  be cons ide red  t o  l i e  I n  t h e  rea lms  
of philosophy o r  psychology. 

Moreover, t h e  a r e a s  of language processing 

which could have a b e a r l n g  on p e r c e p t  Ion  have - 
been l a r g e l y  Ignored.  Very l i t t l e  work h a s  been 
done on programs t o  unders tand  language a b u t  
space ,  s p a t  l a 1  r e  l a t l o n s ,  o r  o b j e c t  d e s c r l p t  l o n s .  
(Some e x c e p t l o n s  are [Simmons 19751 and [Novak 
19761, [Kulpers  19751, and [Goguen 19733 .) 

By t h e  same token ,  c u r r e n t  computer v i s i o n  
systems a r e  n o t  a b l e  t o  d e s c r l b e  w h t  they "see" 
I n  n a t u r a l  language,  I n  f a c t  ve fy  few programs 
can e v .  i d e n t ~ f y  o b j e c t s  w l t h r n  a scene (except  
f o r  programs whlch o p r a t e  I n  ve ry  c o n s t r a i n e d  
universes). Most v l s l o n  sys tems produce scene 
segmenta t lons ,  l a b e l l l n g s  o r  3 - D  i n t e r p r e t a t l o n s  
of scene portions, e t c .  Very l r t t l e  p r o g r e s s  
h a s  been made toward t h e  g o a l  of havrng  programs 
w h ~ c h  c o u l d  d e s c r i b e  a g e e e r a l  scence ,  l e t  a l o n e  
d e s c r l b e  t h e  most s a l l e n t  f e a t u r e s  of a  scene.  
(Some e x c e p t l o n s  a r e  [ P r e p a r a t a  and Ray 19721, 
[Yaklmovsky 19731, [ B ~ J C S Y  and Josh1  19781, 
[Zucker,  Rosenfeld and Davrs 19753 and [Tenen- 
baum and Weyl 19751 .) S i m i l a r l y ,  no programs I 
know a r e  a b l e  t o  l o c a t e  o r  "po ln t  t o "  scene  items, 
g l v e n  a n a t u r a l  Language d e s c r l p t x o n  of scene 
Items o r  t h e i r  whereabouts.  



The need f o r  an i n t e r n a l  r ep re sen t a t i on  separa te  
n a t u r a l  language 

It is now rdasonably wel l -es tab l i shed  t h a t  
people use large  s t r u c t u r e s  l i k e  " s c r i p t s "  [Schank 
and #e l son  19771 o r  llframes-systems" [Minsky 
19751 pmvas ive ly  f o r  reasoning and language and 
t ha r  a  l a rge  s c r i p t  can be invoked by r e f e r r i n g  t o  
a  s i n g l e  s a l i e n t  a spec t  of the  s c r i p t .  Thus we 
can answer a  ques t ion  l i k e  "How d id  you ge t  here?"  
by saying "I borltowed my b r o t h e r ' s  c a r  ," and t h i s  
answer can only be  understood i f  we a r e  ab le  t o  
use i t  t o  r e l i a b l y  re t ' r ieve a l a ~ g e r  s t r u c t u r e  
which answers t he  quest ion more d i r e c t l y .  (Example 
from George Lakoff [1976].) To understand lan-  
guage a t  t he  l e v e l  of an adu l t  human w l r l  c e r t a i n l y  
r equ i r e  a  huge number of such s c r i p t s ,  wi th  r i c h *  
interconnect ions  and powerful, f l e x i b l e  matchifig 
procedures a s  i n  Bobrow and Winograd [1973]. For 
s a r i p t s  t h a t  r e f e r  t o  the  physical  world d i r e c t l y ,  
what language can be used t o  cons t ruc t  the  s c r i p t s ?  
How can we cons t ruc t  s c r i p t s  f o r  a b s t r a c t  worlds 
(e,g, economics, psychology, p o l i t i c s ) ?  What 
language should b e  used f o r  a b s t r a c t  worlds? Are 
a l l  these  s c r i p t s  t o  be hand coded? 

Consider a l s o  sentences  l i k e  "A man was 
b i t t e n  by a  dog". I f  we were t o  b e  asked "Where 
could the man have been b i t t e n ,  we would probably 
i n  t h e  absence a5 more snformatlon guess t h e  
ankle ,  l eg  or  arm. However i f  we a r e  a l s o  t o l d  
t h a t  the dog was a  doberrnan or  t h a t  it was a  
dashshund o r  6ha t  t he  man was l y ing  down or  t h a t  
t h e  dog was s tand ing  at  t he  time, we would give  
somewhat d i f f e r e n t  answers. It seems t o  me  t h a t  
n a t u r a l  s t r u c t u r e s  f o r  representing and answering 
quest ions  about such language w i l l  be very d i f f e r  
e n t  from those used i n  - a l l  prokrams today - a 
p ro to typ i ca l  dog which can be s ca l ed ,  repre-  
s en t a t l ons  of a  person i n  various canonical 
pos i t i ons ,  s i z e s  of mouth openings and limbs, e t c ,  
would be t he  most approp1rlate, economical repre -  
sen ta t ions .  

There i s  a l s o  a g rea t  d e a l  of prima f a c l e  
evldence of c l o s e  t i e s  between percept lon and t he  
language used by a d u l t s  t o  de sc r ibe  a b s t r a c t  
processes such a s  thinking, l ea rn ing ,  and comnu- 
n i c a t i n g ,  and t o  de sc r ibe  a b s t r a c t  f i e l d s  l i k e  
Qconomlcs, d i ~  lomacy, and psychology. Witness 
t h e  wide use of b a s ~ c a l l y  perceptual  words l i k e :  
s t a r t ,  s top ,  a t t r a c t ,  r e p e l ,  d ~ v i d e ,  s epa ra t e ,  
jorn, connect, s m t t e r ,  s c r a t ch ,  smash, touch,  
lean,  flow, suppor t ,  hang, s i nk ,  s l l d e ,  scrape,  
appear,  d i sappear ,  emerge, submerge, d e f l e c t ,  r i s e ,  
f a l l ,  grow, s h r ~ n k ,  waver, shake, spread,  congeal, 
d i s so lve ,  p r e c i p i t a t e ,  r o l l ,  bend, w a ~ p ,  wear, 
chlp ,  break, t e a r ,  e t c . ,  e t c .  While we obviously 
do not  always (or even usua l ly )  experience per- 
cep tua l  images when we use  o r  hear  such words, I 
suggest  t ha t  much of t h e  machinery used dur ing 
percept lon is  used dur ing the  process ing of 
language about space and i s  a l s o  used during t h e  
process ing of abst ract :  descr i f l ions .  I do no t  
f i nd  i t  p l aus ib l e  t h a r  words l l k e  t h e s e  have t w b  

or  more completely d i f f e r e n t  meanlngs whlch simply 
share  t h e  same l e x i c a l  en t ry .  

There a r e  s i g n i f i c a n t  l i n g u i s t r c  gene ra l i -  
z a t i ons  t o  be found i n  language about percept ion.  
As an example, Clark I19731 demonstrates beau t i -  
f u l l y  t he  s t r u c t u r a l  r e g u l a r l t i e s  underlying 

p repos i t i ons  which express  s p a t i a l  r e la tLons  and 5 7  
t h e  metaphorical  t r a n s f e r  of spab i a l  p r epos i t i ons  
t o  descr ibe  time, 

F ina l l y ,  language plqys an important  r o l e  i n  
guiding o r  d i r e c t i n g  a t t e n t i o n  and i n  providing 
exp lana t ions  v i a  analogy o r  v i a  ~ o m e c t i o n s  which 
are not d$rec t ly  a c c e s s i b l e  t o  sensory percept ion.  

I contend t h a t  (1) we should s t r i v e  co under- 
stand and t o  l e a r n  t o  r ep re sen t  the sensory /moto~  
world; (2) we should s tudy t h e  r e l a t i o n s h i p  of 
language t o  the  represen ta t ion*  of t h e  world, 
being aware t h a t  language does not  i t s e l f  repre-  
s e n t  the  sensory/motor world, but i n s t e a d  p o i n t s  - 
t o  the  r ep fe sen tp t i ons  of t h i s  world v i a  a  s e t  of 
word and s t t o c t u r e  conventions.  

The development of percept ion and language 

What we l e a r n  t o  name and desc r lbe  In  our 
experience must in  some s e n s e  e x i s t  p r i o r  t o  and 
separa te  from the  words assoc ia ted  w i t h  t h e  exper i -  
ence. I be l ieve  t h a t  an  i n f a n t  develops very 
e a r l y  a kind of "language of percep t ion ,"  i . e .  a  
n a t u r a l ,  i nna t e  segmentarion of exper ience and 
order ing of t he  importance o r  i n t e r e s t  of segmented 
i tems,  Moreover, be fore  an i n f a n t  eve r  l e a rn s  
(or can l e a rn )  t he  name of an o b j e c t ,  t h e  i n f a n t  

m u s t  (1) be a b l e  t o  perceive  t h a t  o b j e c t  a s  a  
un l t a ry  concept,  and (2) must i n  f a c t  perceive  
t h e  un i t a ry  concept of t he  ob jec t  a s  t h e  most 
s a l i e n t  c h a r a c t e r i s t i c  of t h a t  ob j ec t .  Thus, w e  
assume t h a t  when w e  po in t  t o  a  telephone and say 
"telephone," t h e  infant! p r e f e r s  t o  a t t a c h  t h e  
name t o  be e n t i r e  ob j ec t  and no t  t o  some property 
(e.g. co lo r  o r  s i z e )  of t h e  ob j ec t .  

I w i l l  use  t h e  word " g e s t a l t "  t o  r e f e r  t o  
such a un i t a ry  concept,  because t h e  words "con- 
cep t"  or  "percept" may b e  misleading,  and because 
f would not want t o  co ln  an e n t l r e l y  new word, 
By "object ,"  I w i l l  mean not only v i s u a l  ob j ec t s ,  
but  a l s o  audi tory  "ob jec t s , "  having figure/ground 
r e l a t i o n s h i p s ,  such as a c l ap  of thunder o r  a 
word spoken In  isolation, and of course  "objects" 
from o the r  sensory and mQtor domains a s  well i l  

As I w i l l  d i s c u s s  l a t e r ,  I b e l i e v e  t h a t  we 
can ge t  around haviGg t o  pos tu l a t e  percep tua l  
primitives by viewing g e s t a l t s  a s  t h e  r e s u l t  of 
information t h e o r e t i c  types  of p rocesses ,  e . g .  
processes  which s e l e c t  and a t t a c h  unportance -to 
po in t s  wi th  h igh ly  improbable surroundings ( f o r  
example, po ln t s  of symmetry). 

How much is i nna t e?  

There has r e c e n t l y  been a good dea l  of d i s -  
cuss ion  about t h e  "language" of thought or  
'fnentalese" ( [ F o d o ~  19751 ) , [Pylyshyn 19781, 
[Woods 19781, [Johnson-Lgird 19781). The c e n t r a l  
i s sues  discussed i n  t h e s e  accounts are: (1) t h e  
i nna t e  "vocabulary" of such a language ( inna te  
concep ts ) ,  (2) ways i n  which new concepts  a r e  
added t o  mentalese;  and (3)  t h e  r e l a t i o n s h i p  of 
mentalese i tems t o  words. 

I would l i k e  t o  focus on4 one a spec t  of t he se  
d i scuss ions :  i n n a t e  concepts ,  To quote Pylyshyn 
[I9781 a t  some leng th :  



"There i s  no exp lana t ion ,  no t  even t h e  begin- 
n ings  of an approach, f o r  dea l i ng  wi th  t h e  
accommodabion of schemata o r  conceptual  s t r u c -  
t u r e s  i n t o  ones not expreaq ib le  a s  d e f i n i t i o n a l  
composites of e x i s t i n g  ones. There i s ,  i n  
o t h e r  words, no i n k l i n g  a s  to how a  completely 
new n o n ~ e l i m i n a b l e  concept can come i n t o  be ing , "  

and l a t e r ,  

"The f i r s t  approach [ t o  t h i s  dilemma] i s  t o  
simple accept  whar seems an i n e v i t a b l e  con- 
c l u s ion  dnd s e e  what i t  e n t a i l s .  This  i s  t h e  
appro&h taken by Fodor 119751 who simply accep t s  
t h a t  mentalese i s  innate . . . "  

"121is approach t o  t he  inna teness  dilemma 
p l ace s  the  puzzle  of conceptual  development on 
a  d i f f e r e n t  mechanism from t h e  usual  one of 
concept learning.  Now the  ?rob lem becomes : 
given t h a t  most of t h c  concepts a r e  i nna t e  why 
do they only emerge as  e f f e c t i v e  a f t e r  c e r t a i n  
pe rcep tua l  and cogni t ive  exper ience  and a t  
va r ious  l e v e l s  of matura t ion?"  

Pylyshyn goes on t o  ske tch  another  s o l u t i o n  
i n  which mentalese i s  viewed as  a  s o r t  of machine 
language f o r  use  wi th  t h e  f ixed  hardware a r c h i -  
t e c t u r e  of t he  nervous system; new concepts could 
then a r i s e  I£ we allow t h e  hardwired connect ions  
o r  architecture t o  change. A s  he  po in t s  o u t ,  
t h i s  merely b u r i e s  the  problem i n  hardware, and 
does no t  r e a l l y  provide a  s o l u t i o n ,  but  a  d i f f e r -  
e n t  l ocus  f o r  t he  problem; a t  l e a s t  i t  does g e t  
beyond t h e  l i m i t a t i o n s  ~ n h e r e n t  i f  t h e  only 
formal concept development mechanism a v a i l a b l e  i s  
symbolic composition. 

I f i nd  t he  no t ion  of an lnna te  language t o  
be unsa t i s fy ing ,  and o f f e r  below a  d i f f e r e n t  s o r t  
of s o l u t i o n  t o  the  problem of t h e  source  of nobel  
concepts  . 
A ske t ch  of t h e  development of  pe rcep t ion  and 
language 

In t h i s  sec taon  I ske tch  what I fee l - i s  a  
plausible account of t h e  development of pe rcep t  ion 
and language. This  account i s  hedv i ly  based on 
l n t u l t i o n  and on my observa t ion  of my t w o r h l l d r e n  
(Vanessa, now 5 and Jeremy, now 3 ) ,  ~t thus  repre -  
s e n t s  ap extreme case of induc t ive  gene ra l i z a t i on .  
how eve^, I have a-ttempted t o  a l s o  c i t e  t i e s  w i th  
and suppor t ive  evidence from o t h e r  work of which 
I am aware - 1 w i l l  be g r a t e f u l  t o  readers  of t h i s  
paper who supply re levan t  suppor t ing o r  c o n f l i c t ~ n g  
r e f e r ences  whlch I do not  acknowledge. 

The ba s i c  pos i t i ons  I would l i k e  t o  argue on 
these  l s sue s  a r e  a s  fo l lows :  

(1)  mentalese a r i s e s  ou t  of pe rcep tua l  exper ience ,  
and i s  not  per s e  i nna t e  ( i . e .  p resen t  a t  b i r t h ) ;  
( 2 )  t he  development of meritalese depends i n s t e a d  bn 
c e r t a l n  innate  a b l l l t i e s  and r e f l e x e s ,  p ld s  pe r -  
c ep tua l  experience.  The i nna t e  ab i l i t i e s9c  a r e  ( a t  
l e a s t ) .  

a )  the  a b i l l t y  t o  form "f lgure/groundf l  pe r -  
c ep tua l  relationships, where f l g u r e s  have d i s t i n -  
gulshing properties l l k e  l o c a l  coherence on a  
homogeneous background ( lob jec tness")  , symmetry, 
t e p e t i t l o n ,  l o c a l  movement aga in s t  a  f ixed  back- 
ground, e t c .  I w i l l  assume t h a t  t h e  g e s t a l t s  each 

have a  c e r t a i n  s a r i ence  o r  measure of " in teres t - .  
ingness" t o  t h e  i n f a n t  which i s  a  f unc t i on  of t h e  
i nhe ren t  pe r cep tua l  c h a r a c t e r i s t i c s  of each 
g e s t a l t ,  t h e  o r d e r  and t iming  of a t t e n t i o n  t o  
va r ious  g e s t a l t s  ( i n  t u r n  t h e s e  a%% even tua l l y  
r e l a t e d  t o  t h e  c u r r e n t  goalb  U I I ~  hypotheses o f  t h e  
i n f a n t )  and t he  c u r r e n t  degree  of p leasure  o r  pa in  
being experienced by t h e  i n f a n t  - a t  t h e  extremes 
of p l ea su re  o r  pa in ,  g e s t a l t s  have h igh  s a l i e n c e ,  
and could become independent goa l s  t o  be pursued 
o r  i tems t o  be avoided. 

b )  t h e  a b i l i t y  t o  remember q u i t e  l i t e r a l l y  
one o r  more f i g u r e s  ( "ge s t a l t s " )  from a  f i g u r e  
ground r e l a t i o n s h i p  f o r  a  s h o r t  pe r iod  of f h e  
(on t h e  o rder  of 10 s econds )  : 

c )  t h e  a b i l i t y  t o  form a s s o c i a t i o n s  between 
ges ta l t ' s ,  where by a s s o c i a t i o n  I mean t h a t  t h e  
exper ience  of one g e s t a l t  can lead t o  the  expe r i -  
ence of an a s soc i a t ed  g e s t a l t ,  

d) i n f a n t s  a l s o  have r e f l e x e s  and c e r t a i n  
irrilate behav iors ,  such a s  c ry ing  when hungry o r  
In  pain.  Throughout t h i s  a r t i c l e ,  I w i l l  assume 
t h a t  t h e s e  r e f l e x e s  and behaviors  - p h y s i c a l ?  
mental,  emot ional ,  e t c .  - a r e  a l s o  po r t i on  of an 
~ n f a n t ' s  pe r cep tua l  exper ience .  

(3 )  The primar? goal  of an i n f a n t  i s  t o  maximize 
i t s  p l ea su re  and minimize ~ t s  pain ,  and t h i s  goal 
d r i v e s  t h e  i n f a n t  t o  a t tempt  t o  understand i t s  
percep tua l  exper ience;  

(4) The primary mechanism of understanding ~ t s  
exper ience  i s  t h e  organization of g e s t a l t s ,  t h i s  
o rgan i za t i on  involves :  

a )  t he  forrpation of a taxonomy of the  g e s t a l t s  
of exper ience ,  where t h e  taxonomy i s  generated by 
succe s s ive ly  subdividing e x i s t i n g  c a t e g o r i e s  i n t o  
two (usua l ly )  or more new c a t e g o r i e s ,  and 

b )  t h e  formatlon of a s s o c i a t ~ o n 8  between two 
or  more g e s t a l t s  t o  form new ~ e s t a l t s .  

~ e o r g a n i z a e i o n  occurs  when previous taxonomxc 
dec i s i ons  appear t o  be d e f i c i e n t  (e .g .  a r e  not  
l ead lng  t o  t he  achievement of p leasure  o r  t h e  
cessation of p a i n ) ,  and t h e  particular form chosen 
f o r  r eo rgan i za t i on  depends on which g e s t a l t s  a r e  
c u r r e n t l y  a v a i l a b l e ,  and of t he se  which a r e  most 
s a l i e n t .  The formation of g e s t a l t s  by a s s o c i a t i o n  
1s only p o s s i b l e  m i t i a l l y  between g e s t a l t s  which 
both  f a l l  w i t h i n  t he  t ime per lod  dur ing  which 
g e s t a l t s  can be remembered. Associations i n i t i a l l y  
a r e  (probably) merely l i n k s ,  t he se  l i n k s  a r e  them- 
s e l v e s  l a t e r  sub-categor ized i n t o  temporal sequence 
(elementary source  of c ause - e f f ec t  r e l a t i o n s h i p s  
a'nd " s c r i p t s " ) ,  cons tan t  Sopresence (elementary 
source  of n o t l ~ n s  af i d e n t i t y  o r  inheren t  connect-  
edness ) ,  and even tua l l y  semantic r e l a t e d n e s s  (e.g. 
the  l i n k  between t he  g e s t a l t  of a  perceived v i s u a l  
o b j e c t  and t h e  aud l to ry  g e s t a l t  of a  word) a s  we l l  
a s  o t h e r  connect Ions. 

It 1s a  b l t  s t r ange  t o  c a l l  t he se  " a b i l k t i e s "  
, i nce  I do not  b e l l e v e  t h a t  1t i s  p o s s i b l e  f o r  us  
.o exper ience  tihe world a t  a l l  except  thrbugh t h e  

a c t i o n  of t he se  " ab i l t t t i e s , "  s o  t h a t  they might 
b e t t e r  bc c a l l e d  "processes" o r  "p rope r t i e s  of  
perception".  



(5) Once associat ions a r e  formed, items can become 
avai lab le  as g e s t a l t s  even i f  they a r e  not a t  the 
time d i r e c t l y  ava i lab le  t o  the external. senses; 
t h i s  a l l m s  escape from the narrow bounds of the  
i n i k i a l  time window associated with ex terna l ly  
pefceived g e s t a l t s ,  since each g e s t a l t  can continue 
t o  reac t iva te  others  associated with it f o r  inde- 
f i n i t e  periods (though "habituation" and competing 
externa l  g e s t a l t s  w i l l  soon in t e r fe re  i n  general) .  

Taken together ,  any g e s t a l t  and the aseoci- 
a t e s  it can woke form something l i k e  a "frame" 
[Minsky 19751 , every non-isolated concept thus has 
a frame. Default values for s l o t s  correspond t o  
g e s t a l t s  evoked i n  the absence of d e f i n i t e  per- 
ceptual input. Language, then, i s  a s o r t  of =- 
j ec t ion ,  where only some of the items t o  be com- 
municated need t o  ac tua l ly  be mentioned d i r e c t l y .  
Syntax can be viewed a s  a means of crztastructfing a 
perspective toward the g e s t a l t s  selected by words 
and context;  spec i f i c  s t ruc tqres  and words se l ec t  
spec i f i c  connections between g e s t a l t s ,  as i n  
{Fillmore 19771. 

Early language i s  %n extreme project ion:  a 
chi ld  beginning t o  speak can only output one word 
per sentence, l a t e r  two words ( t h i s  i s  the  l i m g t  
f o r  a long time), e t c .  Thus '%all"  when u t te red  
by a one-year o ld  might mean "I want the b a l l , "  
"That's a ba l l , "  "Where i s  my bal l?" ,  "I was jus t  
h i t  by a ba l l , "  e tc .  There i s  strikllllg recent 
evidence from the  study of deaf chi ldren de l iber -  
a t e ly  deprived of language* [Feldman, Goldiq-Meadow 
and Gle itman 19771 t h a t  these  chi ldren develop 
language independently, and t h a t  the length and 
the contents of t h e i r  "sentences" a r e  eiEtretnely 
s imilar  t o  "sentences" 0-4 hearing chi ldren ,  i n  
which c e r t a i n  types of sentences (e.g. verb f 

pat ien t  case) predominate and c e r m i n  case r ~ l e s  
(e.g. ageot) a re  usually omitted. I suggest tlpat 
t h e i r  language development i s  s i h i l a r  because 
t h e i r  perceptual experiences (and needs t o  commu- 
n ica te)  are  s imi l a r ,  and tha t  the items chosen t o  
appear i n  sentences a re  the  ones with the  highest  
sal ience.  

In order t o  understand projected language, 
one must understand the  context in  which 
i t  i s  occurring. sr example, a t  age 2 years 
8 montxs Jeremy Waltz held a new toy t r a i n  up 
t o  the telephone rece iver  and sa id  "look a t  the 
present I got, grammy, ") Later language development 
can be viewed a s  learning t o  communicate-in the 
absence of a shared-physical context. 

In  the d i r ec t ion  of language comprehension, 
we must then pos tu la te  a reconstruct ion process. 
Schank [I9731 suppl ies  evidence t h a t '  by the age o r  
one year,  chi ldren understand the concepts of the 
pr imit ive ACTS of :oncep t u a l  dependancy ;t Schank 
and Selfridge [1977] have demonstrated t h a t  
chi ldren 's  responses,& sentences a t  one year can 
be mimicked by a program by assuming the  r h i l d  has 
a s ingle  word input buffer ,  t ha t  , (s)he se l ec t s  
only one word from a given input sentence, and 
finally picks and executes an ACT which plausibly 
could invglve the  concept associated with the word 
selected. Thus, when t o l d  "Take the  b a l l  t o  
Roqger" a chi ld  might simply get t he  b a l l ,  or take 
the  b a l l  t o  someone e l s e  ( i f  b a l l  were se lec ted)  or 
run t o  Roger ( i f  Roger were selected) .  

I would f i n a l l y  l i k e  t o  emphasize the idea 
t h a t  language a t  a l l  ages (not jus t  f o r  chi ldren)  
involves the  complementary processes o f  project ion 
from and reconstruct ion i n t o  mentalese. (See a l s o  
Marcus [I9781 for  more evidence on input bu t t e r  
r e s t r i c t i o n s  i n  adults.)  

(6) New g e s t a l t s  can probably be integrated into- 
the in fan t ' s  taxonomy only one a t  a time, i .e . ,  
new items must be associated with items which a r e  
already p a r t  of the  organized taxonomy. Thus 
words. would usual ly be learned for  &terns which are 
already organized conceptually,  a1  though novel 
words could be used So point out the need for  new 
categories  (e.g. by po*.tin& out t h a t  a dog and 
sheep a re  d i f f e r e n t ) *  The net r e s u l t  i s  the l ike-  
lihood of many more t o t a l  concepts (individual 
concepts, associated individual  concepts, and 
associat ions of assoc ia t ions)  than there  are  con- 
cepts  with words attached t o  them ([Woods 19781 
comes t o  a s imilar  conclusion). 

Propert ies  can be se lec t ive ly  named by (a) 
presenting two or more qui te  d i f f e ren t  objects  
which share a s ing le  property,  say co lo r ,  or @) 
cont ras t ing  objec ts  which d i f f e r  i n  only a s ingle  
property (big/small) , o r  (c) having names rirmly 
enougb i n  plat% so t h a t  items pointed t o  can be 
understood as d e t a i l s  or propert ies ,  not the name 
per se. ( (a )  and (b) a r e  lih Winston's I19751 
"near-misses"). I would Like t o  point out tm 
analogy given above and the use of metaphor t o  
se l ec t  and high-light re la t ionships  f o r  which w e  
do not already have names. 

Concepts a r e  a t  l e a s t  po ten t i a l ly  completely 
unambiguous, with the except ion of laud i t o r y  
g e s t a l t s  corresponding t o  words.§ Clearly some 
audi tory  g e s t a l t s  corresponding t o  words can b e  
associated with two or more d i f f e r e n t  g e s t a l t s  
(e.g. f a i r  (carn iva l ) ,  f a i r  (c lear  o r  beau t i fu l ) ,  
f a r e  ( t rave l  f e e ) ,  f a r e  (menu i tems)) ;  I suggest 
t h a t  in otder t o  be understood unambiguously, such 
words must occur i n  a context where one und r- 
lying concept i s  associated much more close?) with 
concepts i n  the  cur rent  context (verbal or  other  
perceptual).  This idea i s  r e l a t ed  t o  work i n  
spreading a ~ t i v a t i o n  f o r  semantic networks [Collins 
and Loftus 19721, as  wel l  as  t o  "focussing as i n  

[1978]. 

* 4  

Becase  the Phiradlphia school system bel ieves 
tha t  l ip-reading and vocal speech a r e  bes t ,  .and 
t h a t  Learning s ign  language destroys the w i l l i q -  
ness of chi ldren t o  learn  t o  l i p  read and speak. 

t~.g MOVE (a body p a r t ) ,  INGEST, EXPEL, PTRANS 
(trans£ e r  a physical ob l ec t )  , ATRANS ( t r ans fe r  an 
abs t r ac t  re la t ionship ,  e.g. possession). MTRANS 
( t ransfer  information between or w i t h i n  animals), 
PROPEL (apply force t o ) ,  GRASP, SPEAK (make a 
noise,  and ATTEND (Focus a sense organ on an 
object  [Schank 1975) . 
'of course, v i sua l  or other  sensory input can be 
ambiguous a t  t imes, but i f  a unique mentalese 
item i u  se lected fo r  a sensory item, t h e  item i s  
then uniquely understood. 



( 1 )  Jackendoff [I9751 and Gruber [I9651 have point -  
ed out evidence that l i n g u i s t i c  schemata we develop 
t o  deecrikie GO, BE and STAY events  i n  t he  sensory/  
m t o r  C"position") world a r e  l a t e r - t r a n s f e r r e d  v i a  
a  broad metaphor t o  desc r ibe  events  i n  a b s t r a c t  
worlds (possess ion,  "identification'! and "circum- 
s t a n t i a l " ) .  Thus we l e a rn  t o  use  p a r a l l e l  su r face  
s t r uc tu r e s  f o r  conceptually very d i f f e r e n t  sentences 
Like : 

( l a )  The dishes  stayed i n  the  s ink  (pos i t ion)  
( lb )  The busineis  stayed i n  t he  family (posses- 

s ion) .  
(2a) H i s  puppy went home (pos i t ion) ,  
(2b) H i s  face  went white ( i d e n t i f i c a t i o n ) .  
(3a) She go t  i n t o  he r  ca r  and went t o  work 

(pos i t ion) .  
(3b) She s a t  down a t  he r  desk and went t o  work 

(c i rcumstan t ia l ) .  

Along these  same l i n e s ,  t he r e  a r e  s t r i k i n g  
p a r a l l e l s  i n  the  s t r u c t u r e s  of Schank's [I9751 
conceptual dependency diagrams f o r  PTRANS, ATRANS, 
and MTRANS (see e a r l i e r  footnote) .  Reddy [I9771 
has  described what ha c a l l s  the  "conduit metaphor" 
f o r  l i n g u i s t i c  comunicat ion i n  which we t y p i c a l l y  
speak of ideas  and information a s  though they wire 
ob jec t s  which could be given 6r shipped t o  o the r s  
who need only t o  look a t  the  "objects" t o  under- 
stand them, Thus we say "You a r e n ' t  g e t t i n g  your 
message across, ' '  "She gave me some good ide-as,I1 
"He kept h i s  thoughts t o  himself ," "Let me give 
you a  p iece  of advice," e tc .  (Reddy has compiled 
a  very long l is t  of examples.) 

These examples suggest many deep and f a s c i -  
na t ing  questions.  It seems c l e a r  t ha t  t h e  same 
words and s im i l a r  syn t ac t i c  s t r u c t u r e s  can be 
t r an s f e r r ed  t o  desc r ibe  qu i t e  d i f f e r e n t  phenomena. 
What i n t e r n a l  s t r u c t u r e s  ( i f  any) a r e  a l s o  t r an s -  
fe r red  i n  such cases?  What perceptual  c r i t e r i a  
a r e  used t o  c l a s s i f y  events t o  begin with? u l t i -  
mately? How does a c h i l d  t r a n s f e r  observatiqn t o  
imi ta t ion?  ,*How a r e  memories of s p e c i f i c  events 
general ize3 to-form-event types ,  and how a r e  the  
representations of event  types r e l a t e d  to memories 
of s p e c i f i c  events? 

To answer one por t ion  of these  quest ions ,  i t  
scems c l e a r  from an economic point  of n e w  t h a t  
i f  syntax and words a r e  conventional and not  inna te ,  
we would want t o  include only enough d i s t i n c t  syn- 
t a c t i c  s t r u c t u r e s  and words t o  make d i s t i n c t i o n s  
t h a t  a r e  necessary and t o  unambiguously s e l e c t  
mentalese represen ta t ions ,  We would thus  p r ed i c t  
t h a t  words and syn t ac t i c  s t r u c t u r e s  would be heavi-  
l y  shared (see a l s o  [Woods 19781). 

I suggest t h a t  i n t e r n a l  mentalese s t r u c t u r e s  
a r e  - not t r an s f e r r ed ,  but  t h a t ,  j u s t  a s  s i ng l e  words 
can point  t o  m r e  than  one concept, these  p a r a l l e l  
s t r u c t u r e s  f o r  verbs can point  t o  more than  one 
mentalese s t r uc tu r e .  However, the re  are l im i t a -  
t i ons :  the  s t r u c t u r e s  pointed t o  must $hare some 
proper t i es ,  e,g, the  number'of case  r o l e s  mat be 
the  same, ahd s e l e c t i o n  r e s t r i c t i o n s  on case  r o l e  
s l o t s  should be s u f f i c i e n t  t o  choose t he  appropr ia te  
concept unambiguously. 

Another i n t e r e s t i n g  quest ion involves t he  
s t a t u s  of i n f e r e n t i a l  knowledge - is  it at tached 
t o  mentalese concepts o r  t o  words? Surpr i s ing ly ,  
the re  may be some evidence t h a t  i n f e r e n t i a l  know- 

ledge i s  a t t ached  t o  wads.  In t h e  p o s i t i o n  world 
b u  

we know t h a t  an ob jec t  can only be  i n  one place  a t  
a  t h e ,  t h a t  two ob j ec t s  cannot occupy t he  same 
p lace  a t  t h e  the  same time, e t c .  Some of these  
same inferences  may be ca r r i ed  over inappropr ia te ly  
t o  t h e  possess ion world: f o r  example my ch i l d r en  
appeared t o  have some d i f f i c u l t y  f u l l y  understand- 
ing concepts l i k e  " j o in t  ownership1'. I f  we assume 
t h a t  i n  the  conceptual  t r a n s f e r  a  c h i l d  c r e a t e s  
an imaginary "possession basket" f o r  each person, 
and that the  i n t e r i o r s  of twa, such baskets cannot 
i n t e r s e c t ,  then  ob jec t s  must be i n  one basket o r  
another,-and sentences  Like "Re83 [our Qog] belongs 
t o  a l l  OF us  but  h e ' s  r e a l l y  mine" (Vanessa, 
about 4-112) become more i n t e l l i g i b l e ,  (There a r e  
of course o the r  p l aus ib l z  explanat ions  f o r  t h i s  
sentence,)  Reddy [I9771 has  a l s o  pointed out ways 
i n  whlch t he  "conduit me taphorI1 f o r  communication 
minimizes t h e  cons t ruc t ive  r o l e  of t h e  l i s t e n e r ,  
and leads t o  t he  not ion t h a t  f a i l u r e  of communi- 
c a t i on  i s  due p r imar i ly  t o  t h e  speaker. Whorf ' s 
[1956] ideas  and da t a  may be r e l evan t  he r e  a l s o ,  

The r o l e  of a e s t h e t i c s  

I f e e l  t h a t  i t  i s  important t o  keep our 
c e n t r a l  a t t e n t i a n  on the  func t i ona l  r o l e s  of per-  
cept ion and language f o r  t he  s u r v i v a l  of t he  
i n f a n t ,  which I take t o  be the p r  imtiry goal  I n  
evolut ion,  and She p lace  where we must look 
u l t imate ly  f o r  explanations about innate  a b i l i t i e s  
and ea r l y  development. I accept  Pugh's 119771 
suggestion that a l l  our va lues  (p leasu te ,  pain ,  
good, bad, happy, unhappy, e t c . )  se rve  as  "second- 
ary values ,"  i .e .  a s  su r roga te  va luesnfor  t h e  
primary value of su rv iva l .  We have these  second- 
ary  values because they allow us  t o  d i s t i ngu i sh  
situations which have s i g n i f i c a n t  po%itive o r  
negative s u r v i v a l  value. Woods [ I9783 has pointed 
out the  s a r v i v a l  value of language I n  al lowing 
the transmission of knowledge i n  t he  absence of 
gene t i c a l l y  %iredt '  behavior, (See [Dennett 19741 . 

I suggest  t h a t  t he  values l i k e  goodness, 
economy, a e s t h e t i c s ,  and i n t e r e s t i ngnes s  a r e  per-  
w i v e  i n  our pe<rceptual s y s t e m  and i n  the 
mechanisms which evaluate  hypothesized taxonomies 
of experience,  We a t t end  t o  sensory items which 
i n t e r e s t  us ,  s t o r e  de sc r i p t i ons  i n  ways t h a t  a r e  
a e s t h e t i c a l l y  s a t i ~ f y i n g  (e.g. have .good symmetry. 
p roper t i es ,  d iv ide  phenomena iffto b a l a ~ c e d  ca te -  
gor ies ,  he lp  avoid dangling,  unexplained phenomena, 
e t e . ) ,  i n  add i t ion  t q  eva lua t ing  whether our hypo- 
theses  a r e  he lp ing  us get  what we wark. 

Development of a taxonomy of exper ience  

Let us assume t h a t  we s t a r t  wi th  a  ua&tary  
concept of t h e  world, and examine a  p l aus ib l e  
development of d i s t i n c t i o n s  i n  t h e  visual"world.* 
The f i r s t  s o r t  of d i s t  nc t i on  l i k e l y  i s  moving/not 
moving, where ''moving" xe f e r s  t o  a f i gu re  on a 
ground. The "movingt> category i s  soon divided i n t o  
ca tegor ies  f o r  moving items over which the infant 
has some c o n t t o l  and moving items where (s)he does 
not  (random motions). Later, t h i s  category i s  
separated i n t o  items where t h e  i n f a n t  has d i r e c t  
con t ro l  (e.g. p a r t s  of t h e  body), and o thers  (e.g. 

* 
It is  l i k e q  t h a t  some d i s t i nc t i o f i s ,  e.g, kines-  

t h e t i c  moving/not moving, a r e  nude i n  u tero .  



parents  who sometimes come when the  c h i l d  c r i e s ,  
ob jec t s  nearby which can sometimes be h i t  or  
touched by body movements, e tc . ) ,  

Out of t h i s  process eventual ly ,  come bas ic  
d i s t i n c t i o n s  l i k e  s e l f  l o t h e r ,  mindlbody , near 
(reachable) / f a r  (unreachable) ; a l so ,  ca t ego r i e s  
from various sense modal i t ies  can be merged (ob- 
j e c t s  from the t a c t i l e  and v isua l  worlds, mother 
from the v i sua l ,  audi tory  and t a c t i l e  worlds, e t c , )  
I have a wealth of observations on the development 
of these d i s t i n c t i o n s  from watching my ch i ld ren  
which cannot be expounded fur ther  i n  the  space 
here. 1 would l i k e  t o  suggest i n  passing t h a t  t he  
development of t h i s  taxonomy can have deep psycho- 
l og ica l  s ign i f icance  - t o  point  out one example, 
consider the following cont ras t ing  s i t u a t i o n s :  
(1) parents a r e  a t t e n t i v e  t o  an i n f a n t ' s  c r i e s  
and thus a r e  thus i n i t i a l l y  within t h e  category 
of moving items cont ro l led  by the Ynfant vs. 
(2) the parents  a r e  i n a t t e n t i v e  t o  c r i e s ,  and thus  
i n i t i a l l y  a r e  c l a s s i f i e d  i n  t h e  "random motion" 
category. See Wilber [I9761 fo r  an extension 
explorat ion of t he  development of fundamental 
dua l i t i e s .  

A computer model of g e s t a s t  format ion 

My recent  work i n  vis ion [Waltz 19781 has  
explored computatiorial methods for  f ind ing  poin ts  
i n  scenes which have high information content ,  
which I suggest a8 t h e  primary basic  of the de- 
f i n i t i o n  of " in te res t ingness ,  " which i n  tu rn  
should d r ive  a t t en t ion .  

Because we (George Hadden and I) have been 
working with s t a t i c  scenes,  our programs do not 
sperate  moving i l g u r e s  on grounds (which I take t o  
be important, as  should be obvious from e a r l i e r  
discussions).* We have concentrated in s t ead  on 
methods fo r  funding symmetry axes, pp in t s  with 
high curvature,  edges and edge completions, i so-  
l a ted  ob jec ts  on background$, s p a t i a l l y  repeated 
pa t te rns ,  and c h a r a c t e r i s t i c s  t ex ture  elements, 
In each case we a r e  assuming t h a t  processes t h a t  
be bottom-up and task-independent (although I 
would b e  w i l l i ng  t o  include some s p e c i a l  pre- 
ferences fo r  things l i k e  v e r t i c a l  or  hor izonta l  
d i r ec t ions ) .  

This work i s  based on the not ion t h a t  shape 
is the bes t  "property" with which t o  s o r t  items, 
i n t o  categories.  Our programs attempt t o  loca te  
unique poin ts  of high information (e.g. the  center  
of a c i r c l e )  and t o  s t o r e  a t  t h a t  po in t  s u f f i -  
c i en t  in£ o r k t  ion t o  "unfoldt1 a shape envelope of 
an object  ( the  shape envelope i s  the  same f o r  la 
sd l id  l i n e  rectangle ,  dot ted l i n e  rec tangle ,  
rec tangle  with a notch removed from the s ide ,  
etc.) .  The not ion here  i s  t h a t  shape should be 
represented hierarchi-cal ly ,  with the  shape envelope 
typ ica l ly  a t  t he  top of t he  hierarchy,  and de- 
v i a t i ons  from the  shape envelope located lower, 
along with o ther  proper t ies  l i k e  co lo r ,  s i z e ,  e tc .  

However, i n  the  long run v isua l  ob jec t s  
should be described in a more f l ex ib l e  s t r u c t u r e  
which draws on a l i s t  of p p p e r t i e s ;  my cur ren t  
f avo r i t e  l ist  of p rope r t i e s  comes from Pylyshyn 
[1977b] who i n  t u r n  got  the  list from Basso [196&]. 
Basso i d e n t i f i e d  the  items through the  ana lys i s  

of c l a s s i f i c a t o r y  morphemes i n  d iverse  languages. 
H e  i d e n t i f i e s  semantic dimens ions : animal Inon- 
animal, enclosed/non-enclosed; s o l i d / p l a s t  i c /  
l i qu id  ; one/two/more t h a t  two; r i g id lnonr ig id  ; 
hor izonta l  length 2 3 times width or  he igh t /  
tlequidimensional't; portable/nonportable.  These 
can be combined t o  form ca tegor ies  whgch recur  
commonly i n  o the r  cu l tu re s ,  e.g. " r ig id  and 
extended i n  one dimensionll (penc i l ,  kn i f e  , ciga- 
r e t t e )  ; "r ig id  end equidimensional" ( p a i l ,  l i g h t  
bulb, egg, box, coin,  book); l l f l ex ib l e  and ex- 
tended i n  two dimensions" (paper, blanket , s h i r t )  ; 
"f lex ib le  and extended i n  one dimens ion" (rope,  
be1 t , chain).  

Of importance i n  a l l  these cases  is  t h a t  the 
descr ip t ions  be h i e ra rch ica l ,  with meaningful 
genera l iza t ions  a t  the  top  of the  hierarchy (see 
Prsparata  and Ray [I9721 f o r  other  ideas  along 
these l i n e s  t h a t  we have adopted), and the  des -  
c r i p t i o n  be capable of being generated bottom up. 

Visual imagery 

My pos i t ion  may be acceptable t o  both 
Pylyshyn [I9731 and Kosslyn [1978]. With Pylyshyn, 
I believe t h a t  v i s u a l  desc r ip t ions  a r e  proposi-  
t i o n a l ,  and t h a t  t he  desc r ip t ions  a r e  organized 
h ie ra rch ica l ly .  However, as argued i n  the  l a s t  
sect ion,  shape seems t c r  be t he  primary d i s t i n -  
guishing property of ob jec t s ,  and we have reason 
t o  bel ieve t h a t  shape can i n  general  be rep te -  
sented r a the r  compactly with respect  t o  some 
point  (e.g. of symmetry or a cen t ro id) .  I suggest 
t h a t  s h a ~ e  represen ta t  Ions may actuaFly be capa- 
b l e  of being "run backwards" or  "unfolded, l1 and 
t h a t  the  r e s u l t  may be a c t i v a t i o n  of por t ions  of 
our bra ins  (v i sua l  cor tex?)  which a re  a l s o  a c t i -  
vated when an item i s  d i r e c t l y  perceived. 

I n  t h i s  view, v i sua l ly  imagery could provide 
usefu l  c lues  about the na ture  of shape representa-  
t ion .  However v i sua l  imagery does no t  seem t o  be 
generally experiences o r  used - based on informal 
questioning of my c l a s se s ,  fewer than ha l f  of 
engineering s tudents  (who might be expected t o  
v i sua l i ze  more f requent ly  than average) r epo r t  
other  than occasional use of imagery. (As a per- 
son who does use v i sua l  imagery ex tens ive ly ,  I 
found t h i s  r e s u l t  surpr is ing.)  Perhaps imagery 
i s  a l a t e n t  t a l e n t  which can be developed; once 
developed I be l ieve  it has  s i g n i f i c a n t  value f o r  
problem solving,  organizat ion of ma te r i a l ,  and 
memor i z  at ion. 

* 
Moving f igu re s  a r e  however t r i v i a l  t a  compute by 

subt rac t ion  of=successive frames of a moving sccsz. 

As discussed i n  Bajcsy & Josh i  [1978], i n  adu l t  
speech shape i s  described verba l ly  by r e f e r r i n g  t o  
o ther  famZliar (or canonical)  ob jec t s .  However, 
i n  order t o  note t h e  s i m i l a r i t y  of ob jec t s ,  we 
q u s t  have neu t r a l  desc r ip t ions  of each, e .g ,  the  
kinds of desc r ip t ions  I am discuss ing  here.  Also 
of i n t e r e s t  i s  t h e  observed f a c t  t h a t  we have 
very few verbal  items t o  descr ibe  shape i n  a non- 
r e l a t i o n a l  manner, except f o r  h igh ly  regular  
ob jec t s  (sphere, cube, etc.) .  



In  a r e l a t e d  vein,  I am in t r igued  by (and 
intend t o  follow up fuxther)  t h e  ides  t h a t  we may 
organize memory i n  such a way t h a t  we can use 
perceptual s t r a t e g i e s  f o r  understanding its con- 
t en t  s. Two p a r t i c u l a r l y  suggestive phenomena 
(other than v i sua l  imagery) : 

(1) The s t r i k i n g  s h i l a r i t y  of some memories t o  
sensory phenomena: i n  order? t o  r e t r i e v e  the  
punchline of a joke or  content of a s to ry ,  I 
sometimes have t o  go through the  whole joke o r  
s tory ;  I can "play back" music; e tc . ,  

(2)  recent  work by Fillmore [I9771 and Grosz 
[I9781 which suggests t h a t  language may guide an 
anglog of the  a t t e n t i o n  process by suggesting a 
perspective from which t o  view memory s t r u c t u r e  (s) 
as they a r e  re t r ieved .  

Can we dispense with t h e  idea of inna te  ideas?  

In order  t o  show t h a t  we can account f o r  
mestalese without requi r ing  innate  ideas,  I muet 
shaw (1) t h a t  the  mechanisms proposed a r e  capable 
of generating a l l  the pr imi t ive  concepts of 
mentalese, and (2) t h a t  I have not simply buried 
inqate ideas somewhere i n  t h e  mechanisms. Let 
me say immediately, r e l a t i v e  t o  point (2) t h a t  
there are some innate  ideas i n  my account; one 
s e t  of ideas a r e  r e l a t e d  t o  the  values (good/bad, 
symetrical/nonsymmetrical, etc . )  discussed 
e a r l ~ e r .  There must a l s o  be ideas r e l a t i n g  t o  
generating hypotheses on which the values can 
operate,  and the idea qf ob jectness ( i f  thls can 
be ca l l ed  an idea)  must b e  present. Hypothesis 
generation might seem a candidate for fu r the r  
seazch f o r  embedded ideas;  howexer, a s  I have 
rescribed i t ,  hypothesis generat ion i s  pr imari ly  
a categorizing operat ion where it a c t s  on the 
"raw mater ial"  of perception. On the  whole f do 
not belLeve t h a t  ~t is d i f f i c u l t  t o  accept t h e  
s o r t s  of ihnate  ideas which remain i n  my account; 

It i s  much more d i f f i c u l t  t o  make a con- 
vlncing case f o r  the  suf f ic iency  of these 
mechanisms t o  explain rnentalese. (The s i t u a t i o n  
i s  not aided by the f a c t  t h a t  t he re  a r e  few 
suggest ions corhcerning the  nature of nen ta l e se ,  
l e t  alone general agreement on i t s  nature.)  I 
have d e a l t  a t  l e a s t  b r i e f l y  here  with physinal 
objects  (from the poin ts  of view of a l l  senses) ,  
p roper t ies ,  act ions ( t o  a s l i g h t  d q r e e  I do 
have what I f e e l  is  a reasonahae kccount), cause- 
e f f e c t  re lat ionshbps,  aspects of t h e  mind-body 
problem, as  welli  as a number of other  concepts. 
h a t  i s  missing? The two major areas  I am awara 
of a r e  (1) quan t i f i ca t ion  (I suggest t h i s  could 
be handled by assuming t h a t  i t s  ~ r i g i q s  a r e  i n  
operations on finit ie s e t s ) ;  and (2)  l og lca l  
operations (probably these a l s o  need t o  be inna te ) .  

It has been a long t ime sfnce I read Koffka 
119351 and ~ i a g q t ' s  works ( e . g .  [I9671 and 
[Piaget & a h a l d e r  1967]), b u t  c Learly many of t h e  
ideas i n  t h i s  paper can be traced t o  &hose two 
sources. I had not read ~acendof  £"s [I9781 paper 
i n  t h i s  volume before wr i t ing  t h i ~  paper, "but I 
wish I had bdbn able to.  

I would s spec ia l ly  l i k e  t o  acknowledge cne 
ideas and c r i t i c i s m s  I have received i n  conver- 
sa t ions  with Bill.Woods, P h i l  Johnson-Laird, Harry 
Klopf, Loig Boggess, and J e f f  Gibbons. 
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