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T h e r e  h a s  J o n g  b e e n  c o n s i d e r a b l e  
c o n t r o v e r s y  o v e r  t h e  o n t o l o g i c a l  s t a s u s  
o f  m e n t a l  i a a g e a .  Most r e c e n t l y ,  members 
o f  t h e  A . X .  communi ty  h a v e  a r g u e d  f o r  t h e  
s u f f i c i e n c y  of " p r o p o s i t i o n a l  
r e p r e r e n t a t i o n *  a n d  h a v e  r e s i s t e d  t h e  
n o t i o n  t h a t  o t h e r  sor ts  o f  
r e p r e s e n t a t i o n s  are f u n c t i o n a l  i n  t h e  
human m i n d *  The p u r p o s e  o f  t h i s  p a p e r  i s  
t o  r e v i e w  w h a t  I t a k e  to b e  t h e  best  
e v i d e n c e  t h a t  i m a g e s  a re  d i s t i n c t  
f u n c t i o n a l  r e p r e s e n t a t i o n s  i n  human 
memory. B e f o r e  r e v i e w i n g  t h e s e  d a t a ,  
h o w e v e r ,  I o f f e r  a  p r e l i m i n a r y  d e f f n i t i o n  
o f  w h a t  I mean by a  - v i s u a l  m e n t a l  
imaqe ."  T h i s  d e f r n i b i o n  arises o u t  of 
t h e  " c a t h o d e  r a y  t u b e M  m e t a p h o r  
o r i g i n a l l y  i n t r o d u c e d  i n  K o s s l y n  ( 1 9 7 4 ,  
1 9 7 5 ,  1 9 7 6 )  a n d  l a t e r  i m p l e m e n t e d  i n  a 
c o m p u t e r  s i m u l a t i o n  by  K o s s l y n  6 S h w a r t z  
( 1 9 7 7 a ,  i n  p r e s s ) .  Qn t h i s  v i e w ,  imqgea  
a r e  e p t i a l  r e p r e s e n t a t i o w s  i n  a c t i v e  
memory g e n e r a t e d  f r o m  more  a b s t r a c t  
r e p r e s e n t a t i o n 0  i n  Long- te rm memory; 
t h e s e  s p a t i a l  r e p r e d e n t a t i o n s  a r e  a b l -  t o  
be i ~ t e r p r e t e d  ( " i n s p e c t e d n )  b y  
p r o c e d u r e s  t h a t  c l a 3 s i f y  went i n t o  
v a r i o u s  s e m a n t i c  c a t e s o r i e s .  

p r o p e r t y  i m p l i e s  t h a t  image 
r e p r e s e n t a t i o n s  a r e  b o t h  m e m a n t i c a l l y  a n d  
s y n t a c t i c a l l y  @ d e n s e n  o r  
* u n d i f f e r e n t i a t e d n  i n  t h e  e x t r e m e  
(Goodman, 1 9 6 8 ,  pa 1 3 6  f f . 1 .  F o r  
e x a m p l e ,  a r e a d i n q  o n  a  t i r e  p r e s s u r e  
q a u q e  i s  a n  a n a l o g u e  r e p r e s e n t a t i o n  t o  
some e f c t e n t ,  b e c a u s e  e v e r y  r e a d i n g  a l o n g  
t h e  c o n t i n u o u s  scale  h a s  m e a n i n g  ( a n d  so  
i t  is  s e m a n t i c a l l y  i 3 e n s e ) t  i f  t h e  g a u q e  
h a d  a n  t n f i n i t y  o f  mark inqm ob 
p o u n d s - p e r - s q u a r e  i n c h ,  t h e  s c a l a  w o u l d  
be s y n t a c t i c a l l y  d e n s e  a n d  r e a d i n g s  o n  it 
w o u l d  be p u r e l y  a n a l a g ~ e .  I n  c p n t r a s t ,  
d i s c r e t e  r e p r e s e n t a t i o n s  are n o t  
s e m a n t i c a l l y  o r  s y n C a c t i c a 1 l y  d e n s e ,  b u t  
a t e  d i f f e r e n t i a t e d  ( i . e . ,  q e p h r a b l e  a n d  
d i s t i n c t ) .  F o r  e x a m p l e ,  e a c h  r e a d i n g  o f  
a d i q i t a l  c l o c k ,  i n  c o n t r a s t  'to the 
t r a d i t i o n a l  d i a l  v a r i e t y ,  i s  e n t i r e l y  
u n a m b i g u o u s  i n  terms of i t s  i d e n t i t y  
( i . e . ,  i s  s y n t a c t i c a l l y  d i s t i n c t )  a n d  i t s  
m e a n i n q  ( i * e * ,  i s  semantically d i s t i n c t ) .  
I m a g e s  a r e  b o t h  s e m a n t i c a l l y  a n d  
s y n t a c i c a l l y  d e n s e .  

2 )  P a r t  a n d  p a r c e l  of t h e  c o n t i n u i t y  
p r o p e r t y  i s  t h e  p r o p e r t y  t h a t  a n g l o p u e  
r e p r e s e n t a t i o n s  are n o t  a r b i t r a r i l y  

I& p r e l i m i n a r y  daf  i n i t i o n  v i s u a l  related t o  t h e i r  r e f e r e n t s .  B e c a u s e  
m e n t a l  image  a n a l o g u e  q e p r e s e n t a t i o n s  can be a r r a n g e d  

I w i s h  t o  d e f i n e  a W v i s u a l  m e n t a l  o n  a c o n t i n u u m  (e.g.,  o f  s i z e ) ,  a e y m b o l  
i m a g e n  i n  terms o f  f i v e  b a s i c  k i n d s  o f  
p r o p e r t i e s .  Images a r e  o f t e n  
d i s t i n g u i s h e d  f r o m  more d i s c r e t e ,  
p r o p o s i t i o n a l  or l i n g u i s t i c  
r e p r e s e n t a t i o n s  b e c a u s e  t h e y  s u p p o s e d l y  
h a 3 e  " a n a l o g u e w  p r o p e r t i d s .  Thud t h e  
first t w o  p $ o p e r t i e s  n o t e d  below d e s c r i b e  
a n a l o g u e  r e p r e s e n t a t i o n s  as a c b a e s .  
Goodman ( 1 9 6 8 1 ,  P a l m e r  ( i n  press) ,  
S h e p a r d  ( 1 9 7 5 1 ,  Sloman ( 1 9 7 5 ) ,  a n d  o t h e r s  
h a v e  p r o v i d e d  i n f o r m a t i v e  a n d  d e t a i l e d  
d i s c u s s i o n s  of r e l e v a n c e  h e r e ,  a n d  I w i l l  
d r a w  f r e e l y  o n  t h e s e  s o u r c e s  i n  t h e  
p r e s a n t  d i s c u s s i o n .  

1 )  Imaqes c a n  c a p t u r e  c o n t i n u o u s  
v a r i a t i o n s  i n  s h a p e .  T h i s  c o n t i n u i t y  

i n d i c a t i n g  a v a l u e  f a l t i n g  b e t w e e n  two 
o t h e r e  ( e .g . ,  a n  i n t e r m e d i a t e  s i c s )  m u s t  
r e f e r  to a v a l u a  of t h e  r e f e r e n t  f a l l i n g  
b e t w e e n  &he two i n d i c a t e d  b y  t h e  others 
(e~q., a n  object d i n t e r m e d i a t e  site), 
Hence ,  u n l i k e  d l a c r a t e  r e p r e s e n t a t i o n s ,  
any g i v e n  a n a l o g u e  r e p r e a e n t a k i o n  cannot 
be a s s i g n e d  a n  a r b i t r a r y  m e a n i n g  (thla 
p o i n t  wae f i r s t  b r o u q h t  t o  my a t t e n t i o n  
b y  W i l k i n s ,  1977). 

B e c a u s e  of t 6 Y s  require men^, 
p o r t i o n s  o f  images o f  s u r f a c e s  o r  objec ts  
( i n v o l v i n g  t w o  or t h r e e  d i m e n s i o n s )  bear 
a  a n e - t o - o n e  s t r u c t u r a l  i s o m o r p h i s m  to 
t h e  c o r r e s p o n d i n g  p o r t i o n s  of t h e  
r e f e r e n t .  T h a t  i 6 ,  p o r t i o n s  o f  t h e  
r e p r e s e n t a t i o n  c o r r e s p o n d P t o  p o r t i o n s  of 
the r e f e r e n * ,  a n d  t h e  s p a t i a l  r e l a t i o n s  
b e t w e e n  ~ o r t i o n s  o f  t h e  r e f e r e n t  a r e  - 

The work r e p o r t e d  h e r e  wag s u p p o r t e d  p r e s e r v e d  i n  t h e  image. T h i s  p r o p e r t y  
b y  NSP G r a n t s  B N s  76-16987 a n d  BNS 77-21782* ha, b e e n  d e s c r i b e d  by S h e p a r d  (19?5)  a s  
I w i s h  t o  t h a n k  W i l l a  Roude r  for  h e r  a s s k s t 4 n c e a n  n a b s t r a c e  fqrst-order i o o m o r ~ h i s m . ~  I n  
i n  p r e p a r i n g  t h e  r n a n u s o r i p t .  



this came, t h e r e  is n o t  a  q e n u i n e  
f i r s t - o r d e r  i s o m o r p h i s m ,  where  a t r i a n g l e  
i s  a c t u a l l y  r e p r e s e n t e d  by mamething 
t r i a n g u l a r  i n  t h e  b r a i n ,  b u t  t h e r e  i s  a  
more a b s t r a c t  i somorph iam where a 
t r i a n g l e  i s  r e p r s m e n t e d  by a  at o f  
r e p r e s e n t a t i o n s  c o r r e s p o n d i n q  t o  t h e  
v e r t i c e s  a n d  s i d e 8  s t a n d i n g  i n  t h e  p r o p e r  
r e l a t i o n s -  Thus  i m a g e s  d e p i c t ,  n o t  
describe. w h i i e  any  symbol c a n  b e  u s e d  
t o  r e p r e s e n t  mr o b j e c t  o r  p a r t  t h e r e o f  i n  
a d e g c r i p t i o n ,  t h e  p a r t i c u l a r  
r e p r e r a n t a t i o n  o f  such i n  a n  image i s  
c o n e t r a l  ned by o t h e r  
r e p r e 8 e n t a t i o n r - - q i v e n  t h a t  t h e  
i n t e r p o r k i o n  e p a t i a l  r e l a t i o n s  m u s t  be 
r e t a i n e d  i n  t h e  imaqe r e p t e e e n t a t i o n .  

%he f o l l o w i n g  t h r e e  a d d i t i o n a l  
p r o ~ e r t i e s  f o l l o w  f rom o u r  CRT metaphor :  

' 3 )  Images o c c u r  i n  a s p a t i a l  medium 
t h a t  ia e q u i v a l e n t  to a E u c l i d e a n  
c o o r d i n a t e  s p a c e -  T h i s  d o e s  n o t  mean 
that t h e r e  i s  l i t e r a l l y  a s c r e e n  i n  the 
headma R a t h e r , ,  l o c a t i o n s  a r e  a c c e s s e d  
s u c h  t h a ' t  t h e  s p a t i a l  p r o p e r t i e s  o f  
p h y a i c a l  s p a c e  are p r e s e r v e d .  A p e r f e c t  
e x a m p l e  o f  t h i r  i s  a s i m p l e  
t w o - d i m a n s i o p a l  a r r a y  s t o r e d  i n  a  
c o m p u t e r ' s  acmoryr T h e r e  i s  no p h y s i c a l  
m a t r i x  i n  t h e  memory b a n k s ,  but b q c a u s e  
o f  t h e  way in which ce l l s  are r e t r i e v e d  
o n e  c a n  s e n s i b l y  s p e a k  o f  t h e  i n t e r - c g l l  
r e l a t i o n s  i n  terms o f  a d j a c e n c y ,  
d i s t a n c e ,  and  o t h e r  q e n m e t r i c  p r o p e r t i e s .  

4 )  The same sorts o f  r e p r e s e n t a t i o n s  
t h a t  u n d e r l i e  s u r f a c e  images  a l s o  
u h d e r l i e  t h e  c o m r e s p o n d i n g  p e r c e p t s .  
Hence,  i n  a d d i t i o n  t o  r e g i s t e r i n g  s p a t i a l  
p r o p e r t i e s  l i k e  t h o s e  of p i c t u r e s ,  imaqes  
d e p i c t  s u r f s e e  p r o p e r t i e s  o f  o b j e q t e  
l i k e  t e x t u r e  and c o l o r .  Thus ,  a l t h o u g h  
t h e  i a a g e  i tself  i s  n o t  m o t t l e d ,  or 
g r e e n ,  or l a r g e  o r  s m a l l ,  i t  c a n  
r e p r e s e n t  s u c h  p r ~ p e r t b e r  i n  t h e  same way 
they a r e  r e p r e s e n t e d  i n  o u r  p e r c e p t s .  
T h a t  i e ,  t h e  imaqe r e p r e s e n t a t i o n s  mus t  
be a b l e  t a  attain m t a t e s  t h a t  p r o d u c e  t h e  
Qualia, t h e  e x p e r i e n c e  of s e e i n q  t e x t u r e ,  - 
c o l o r ,  siZe and s o  on. 

5 )  F i n a l l y ,  by d i n t  of the 
s t r u c t u r a l  i d e n t i t y  of imaqe 
z e p r e e e n t a t i o n s  and those u n d e r l y i n g  t h e  
cor reepondAng p e r c e p t ,  irnaqes may be 
a p n r o p r ' i a t e l y  p r o c e s s e d  by mechanisms 
u s u a l l y  r e c r u i t e d  only d q r i n g  
l i k e ~ q o d a l i t y  p e r c e p t i o n -  For  e x a m p l e ,  
o n e  mag e v a l u a t e  a n  i m a g e  i n  terms of i t s  
w s i z e "  f i .e . ,  b e i n g  d e p i c t e d o - t h e  
r e p r e s e n t a t i o n  L a s e l f  As n e i t h e r  l a r q e  
n o r  smal l )  i n  t h e  same way o n e  would 
e v a l u a t e  t h e  r e p r e s b n t a t i o n  e w k e d  w h i l e  
a c t u a l l y  s e e i n g  t h e  o b j e c t .  

Imaqes,  t h e n ,  s h a r e  v i r t u a l l y  a11 
t h e  p r o p e r t i e s  of p e r c e p t e ,  as opposed t o  
p r o w r t i e s  o f  p i c t u r e s  o r  objects  
t h e m s e l v e s .  I r e f r a i n  f rom making  a  

i. Althodgh there c o u l d  be, i f  i m a q e s  
o c c u r  a s  t o p o q r a p h i c  p r o j e c t i o n s  on t h e  
s u r f a c e  of t h e  cortex; t h i s  k i n d  af space 
i e  a e u b n e t  o f  t h e  o n e  I am d e f i n i n a  
h e r e  , however. 

c o m p l e t a  i d e n t i t y  because of  a c r u c i a l  
d i f f e r e n c e s  P e r c e p t u a l  r e p r e s e n t a t i o n s  
a re  a d r i v e n u  f  xom t h e  p e r i p h e r y ,  whsrsar 
i m a g e s  a r e  moreho$ Sormsd f rom menorv* 
Hence ,  i n  both ease8 t h e r e  may be 
p a r t i c u l a r  k f n d n  of n c a p a c f t y  
l i m i t a t i o n s *  t h a t  i n f l u e n c e  p r o p e r t i e s  of 
t h e  r e p r e s e n t a t i o n .  F o r  example  ( a n d  
t h i s  i a  a n  e m p i b i c a l  q u e s t i o n ) ,  imagau 
may be c Q R r s e r  and less  d e t a i l C d  t h a n  t h e  
c o r r e a p o n d i n q  p e r c e p t  b e c a u s e  o f  memory 
c a p a c i t y  limits. 

T h e s e  p r q p e x t i s e  of  imaqes c a n  be 
f u r t h e r  u n d s r e t o a d  i n  c o n t r a r t  t o  
p r o p e r t i e s  of " p r o p o a i t i o n a l Y  
r e p r e s e n t a t i o n s .  C o n s i d e r  t h e  t w o  
r e p r e u e n t a t i o n a  of a  b a l l  on a  box  
I l l u s t r a t e d  i n  F i g u r e  1. A p r o p o a i t f o n a l  
r e p r e s e n t a t i o 5  must  have: 1 )  a f u n & t i o p  
o r  r e l a t i a n t  2 )  a t  l e a s t  one  a r g u m e a t t  3 )  
r u l e s  of f o r r n a t f o n r  a n d  d )  a t r u t h  v a l u e .  

ON (BOX, BALL) 

Flgure 1. Two representations of a ball on a box. 

In c o n t r a s t :  
1)  Images  d o  n o t  c o n t a i n  

i d e n t i f i a b l y  d i s t i n c t  r e l a t i o n s 8  
r e l & t i o n s  o n l y  emerge  from t h e  
c o n g l o m e r a t e  df t h e  component6 b e i n q  
r e p r e s e d t e d  tosether* Thus ,  one n e e d s  
t w o  components  b e f o r e  a  r e l a t i o n  l i k e  
"on"  c a n  be r e p r e s e n t e d .  

2 )  Images do n o t  c o n t a i n  a r g u m e n t s .  
The components  of a n  image are n o t  
d i s c r e t e  e n t i t i e s  t h a t  c a n  be  r e l a t e d  
t o g e t h e r  i n  p r e c i s e  ways*  The box, f o r  
sxanple, c a n  be decomposed i n t o  faces, 
 edge^ a n d  s o  on--and t h e s e  a re  c e r t a i n l y  
n o t  a r g u m e n t s  i n  a n d  o f  t h e m s e l v e s .  

3 )  Imaqes do  wot  seem to have a  
s y n t a x  ( e x c e p t  p e r h a p s  i n  the r o u q h e ~ t  
s e h s e ) .  T h a t  i s ,  a r e l a t i o n  l ik'e  * o n Y  
r e q u i r e s  two argurnefies in o r d e r  t o  create, 
a w e l l - f o r m e d  p r o p o s i t i o n ;  *on box" i s  a n  
u n a c c e p t a b l e  f r a g m e n t .  I n  c o ' n t r a s t ,  a n y  
s y n t a x  d i c t a t i n g  " w e l l - f o r m e d n e s s *  of 
p i c t u r e s  o r  images will p r o b a b l y  depend  
on  eoma s o r t  of i n t e r a c t i o n  w i t h  a 
m e s m a n t i c  c o h p o n e n t r U  will d e p e n d  on what  
a n  i a a g e  i s  s u p p o s e d  to be a n  i m a g e  of 
A s  we a l l  know, * i m p o s s i b l e  p i c t u r e s m  a r e  
created t e g u l a r l y  ( e ~ q . ,  by artists such 
a s  E u c b e r ) ,  a n d  r u l e s  t h a t  g o v e r n  t h e  
n a t u r e  of o b j e c t s  i n  t h e  w o r l d  may n o t  



n s c e a s a r i l y  c o n s t r a i n  t h e  t h i n q a  t h a t  one 
c a n  depict i n  a p i c t u r e .  

A )  F i t  a l l y ,  u n l i k e  a  p r b p o % i t i o n ,  a n  
image d o e s  n o t  have a t r u t h  v a l u e .  I n  
fact, an W i t t g e n s t e i n  ( 1 9 5 3 )  p o i n t e d  out,  
t h e r e  i r  n o t b i n g  i n t r i n s i c  i n  a p i c t u r e  
o f  a  m a n  w a l k i n g  up a h i l l  t h a t  p r e v e n t s  
one from i n t e x p r e t i n q  it  a s  a p i c t u r e  of  
a man m l i d i n g  d o w n h i l l  b a c k w a r d s -  The 
maan inq  pf  a n  image,  and h e n c e  i t s  t r u t h  
v a l u e ,  are a s s i g n e d  by p r o c e s s e s  t h a t  
work o v e r  t h e  r e p r e s e n t a t i o n  and  a r e  n o t  
i n h e r e n t  &n t h e  r e p z q s e n t a t i o n  i t s e l f .  
20  0 F i v e  p l a s s e ~  Of e r n ~ i r i c a l  f ind-  - 
r u p p o r t i n q  the f p n c t i a n a $  r e a l i t y  af - 
v i G u e 1  month1  imaaes 
2.1 E x p e r i m e n t s  on s c a n n i n g  v i r u s 1  - -- -. -- 

ilnaqgs 
A k e y  p r o p e r t y  of  i m a g e s  i s  t h a t  

t h e y  embody s p a t i a l  e x t e n t .  I f  i m a g e s  
a r e  f u n c t i o n a l ,  t h e n ,  w e  a h o u l d  e x p e c t  
t h i s  p r o p e r t y  t o  a f f e c t  some f o r m s  o f  
p r o c e s s i n g  t h a t  i n v o l v e  u s i n g  i tnagas.  
K o s s l y n r  B a l l ,  P R e i s a r  ( 1 9 7 8 )  r e p o r t  a  
number o f  e x p e r i m e n t 8  t h a t  d e m o n s t r a t e  
t h a t  more t i m e  i s  r e q u i r e d  t o  s c a n  
f u r t h e r  d i s t a n c e s  a c r o s s  m e n t a l  imaqes .  
I n  one  s t u d y ,  p e o p l e  imaqed a map 
c o n t a i n i n g  s e v e n  l o c a t i o n s  a n d  acann.ed 
be tween  a l l  p o s s i b l e  ? a h a  o f  l o c a t i o n s .  
Time t o  s c a n  i n c r e a s e d  l i n e a r l y  w i t h  
increasing d i s t a n c e  be tween  t h e  21  
p o s s i b l e  p a i r s  of L o c a t i o n s ,  e a c h  o f  
w h i c h  was s e p a r a t e d  by a u n i q u e  d i s t a n c e .  
There were n o  e f f e c t s  o f  d i ' s t a n c e  i n  a  
c o n t r o l  c o n d i t i o n  waexe s u b j e c t s  f o c u s e d  
o n  a l p c a t i o n  i n  t h e  image b u t  t h e n  
s i m p l y  d e c i d e d  w h e t h e r  a n o t h e r  o b j e c t  was  
p P e s e n t ,  w i t h o u t  b e i n g  a s k e d  t o  s c a n  t o  
h h a t  l o c ~ t & o m .  

Th a n o t h e r  e x p e r i m e n t ,  p e o p l e  imaqed 
s c h e m a t i c  faces w h e r e i n  t h e  e y e s  were 
e i t h e r  l i g h t  or d a r k  a n d  l o c a t e d  a i t h e r  
3, 4 ,  or 5 i n c h e s  above t h e  moutht  i n  a l l  
o t h e r  reapects  t h e  f a c e s  wexe i d e n t i c a l .  
A f t e r  a  g i v e n  f a c e  h a d  been removed,  a 
s u b j e c t  was a s k e d  t o  f o c u s  on t h e  mouth 
a n d  t h e n  t o  i n a q e  t h e  f a c e  a s  larqe a s  
p o s s i b l e  w i t h o u t  i t  s e e m i n g  to o v e r f l o w ,  
o r  i n a q e  it h a l f  of this s i z e r  o r  imsqe  
i t  s o  l a r g e  s u b j e c t i v e l y  t h a t  o n l y  t h e  
mouth  was l e f t  v i s i b l e  i n  t h e  imaqe.  
F o l l o w i n g  this, t h e  word * l i q h t w  o r  
* d a r k n  wag pxeaenaed.  A s  soon a s  either 
word had occurred, the subject wa8 t o  
" g l a q c s  u p Y  t o  t h e  e y e s  of the imaged 
f a c e  and  see w h e t h e t  o x  n o t  t h e y  were 
a p p r o p s i h t e l y  d e s c r i b e d  by t h e  word. 
Time to j u d g e  w h e t h e r  t h e  e y e s  were l i q h t  
or  dadk i n c r e a s e d  1 i n e a r P y  w i t h  d i u w n c e  
f r o m  t h e  mouth.  F u r t h e r ,  o v e r a l l  
s c a n n i n g  t i m e s  were  r e d u c e d  when p e o p l e  
w e r e  a s k e d  t o  " s h r i n k a  a n  imaged  f a c e  
m e n t a l l y  p r r o r  t o  Bcann inq  it, and times 
were i n c r e a s e d  when s u b y e c t s  "expandedn  a 
f a c e  b e f o r e  s c a n n i n g .  These r c b u l t s  a r e  
d i f f i c u l t  t o  e z p l a i n  if images a r e  s i m p l e  
* a b e t r a c t  p r o p b s i t k o n a l *  l i s t  s t r u c t u r e s ,  
b u t  f o l l o w  n s t u * a l l y  i f  images a r e  
s p a t i a l  r e p r e m e n h a t i o n s  that p r e s e r v e  
m e t r i c  d i s t a n c e  i n f o r m a t i o n *  

2.2 U e a s u r i n g  t& vimuak a n q l e  g - 
m i n d ' s  - 

The n a t i o n  t h a t  i a a g e ~  embody 
s p a t i a l  e x t e n t  S u g q s ~ t a  t h a t  t h e y  may 
h a v e  s p a t i a l  b o u n d a r i e s ;  a f t e r  a l l ,  t h e y  
do n o t  e x t e n d  on i n d e f i n i t e l y .  I f  images 
o c c u r  i n  a  s p a t i a l  r e p r e r e n t a t i o n a l  
medium, then t h e i r  maximal  s p a t i a l  extent 
may b e  c o n s t r a i n e d  by  t h e  e x t e n t  o f  the 
medium i t s e l f .  l o a s l y n  ( i n  p r e m s )  usad 
t h e  f o l l o w i n g  parad igm i n  a n  attempt to 
t e a t  t h i s  idear P e o p l e  w e r e  asked t o  
image a n  object a s  i f  it were b e i n q  seen 
f r o m  v e r y  f a r  away. Then,  t h b y  were 
a s k e d  t o  i m a g i n e  w a l k i n g  t o w a t d s  t h e  
ob j ec t  and were a s k e d  i f  i t  a p p e a r e d  to 
loom l a r q e x ;  a l l  s u b j e c t s  r e p o r t e d  t h a t  
i t  d i d  ( o f  t h e  nubjecto who could do &he 
t a s k  a t  a l l ,  wh ich  was usually only a b o u t  
8 0 %  of  the people t e n t e d ) .  Further ,  
t h e s e  s u b j s c t s  c l a i m e d  t h a t  t h e  image  
loomed so large a t  one point t h a t  i t  
seemed to n o v e r f l o w . *  A t  t h i s  p o i n t ,  t h e  
s u b j e c t  was t o  " u t o p *  i n  h i s / h e x  m e n t a l  
walk and  to e s t i m a t e  haw ear away t h e  
o b j e c t  would be if e / h e  were a c t u a l l y  
s e e i n g  it a t  t h a t  s u b j e c t i v e  s i z e .  We 
d i d  t h i s  basic e x p e r i m e n t  i n  a v a r i e t y  of 
ways ,  h a v i n g  s u b j e c t s  image v a r i o u m  s o r t s  
o f  p i c t u r e s  o r  i m a g e  a n i m a l s  when q i v e n  
j u s t  t h e i r  name8 a n d  s i z e s ;  i n  a d d i t i o n ,  
s u b j e c t u  e s t i m a t e d  d i s t a n c e  by  v e r b a l l y  
h s s e s s i n g  f e e t  a n d  i n c h e s  o r  r e s p o n d e d  by 
moving a t r i p o d  a p p a r a t u s  t h e  a p p r o p r i a t e  
d i s t a n c e  from a  b l a n k  w a l l *  

If i m a q e s  o c c u r  i n  a  s p a t i a l l y  
c o n s t r a i n e d  medium, t h e n  the  l a r q e r  t h e  
imaged  o b j e c t ,  the f u x t h e r  away it s h o u l d  
seem a t  t h e  p o i n t  o f  o v e r f l a w .  I n  
a d d i t i o n ,  a  c o n s t a n t  a n g l e  s h o u l d  be  
s u b t e n d e d  by the imaged bbjecte ( w h i c h  
r a n g e d  i n  a c t u a l  s i z e )  a t  t h e  p o i n t  of 
o v e r f l o w .  U s i n g  s i m p l e  t r i q o n o m e t r y ,  w e  
were a b l e  t o  compute t h e  ' v i s u a l  a n g l e  of 
t h e  m i n d ' s  eye* f r o m  t h e  e s t i m a t e d  
d i s t a n c e s  a n d  l o n g e s t  a x i s  o f  e a c h  imaged 
object .  I n  a l l  02 o u r  exper imenem,  t h e  
b a s i c  r e s u l t s  were t h e  aamer F i r s t ,  
p e o p l e  a l a i m e d  t h a t  smaller o b j w c t a  
eeemed to overflow a t  nearer apparent 
d i s t a n c e s  t h a h  d i d  l a r g e r  o b j e c t s  ( t h e  
c o r r e l a t i o n  b e t w e e n  o b j e c k  a i z e  a n d  
d i e t a n c e  was a l w a y q  vety h i g h ) #  a n d  
d i s t a n c e  u s u a l l y  i n c r e a s e d  l i n e a r l y  w i t h  
s i z e  of t h e  imaqed  object -  Second, t h e  
c a l c u l a t e d  * v i s u a l  a n g l e n  a t  t h e  p o i n t  of 
o v e r f l o w  r e m a i n e d  c o n s t a n t  f o r  
d i f f e r e n t - s i t e d  objects  wMen subjects 
imaqed  p i c t u r e s  o r  o b j e c t a  t h a t  h a d  ) u s t  
b e e n  p r e s e n t e d .  The a c t u a l  s i z e  of t h e  
a n g l e  v a r i e d ,  h o v s v e r ,  d e p e n d i n g  o n  
i n s t r u c t i o n s t  More s t h i n g e n t  d e f i n i t i o n 8  
o f  Y o v e r f l o w *  r e s u l t e d  i n  smaller a n g l e s .  

T h e s e  l a s t  f i n d i n g s  I m p l y  t h a t  i m a g e s  do 
n o t  o v e r f l o w  a t  a d i s t i n c t  p o i n t ,  but 
seem t o  f a d e  of g r g d u a l l y  t o w a r d s  the 
p e r i p h e r y -  ( T h e  b e s t  e s t i m a t e  of the 
m a s i a a l  a n g l e  s u b t a n d e d  b y  a n  i n P g e  w h i l e  
s t i l l  r s m a i n k n q  e n t i r e l y  v i s i b l e  eeemed 
t o  b e  a r o u n d  20 d e g r e e s . )  

I n  a n o t h e r  e x p e r i m e n t ,  w e  a s k e d  



p e o p l a  t o  s c a n  images of  l i n e s  r u b t e n d l n q  
d i f f e r e n t  amountm of v i s u a l  a r c  and  wa 
& a l c u l a t e d  how many muec wexe r e q u i r e d  t o  
eaan each degree. These p e o p l e  a180 
ecanhed  a n  image of a l i n e  t h e y  had 
c o n s t r u c t e d  t o  be a 3  long a s  p o s s i b l e  
w i t h o u t  e f  ther e n 4  over f lowingl l  The 
v i s u a l  a r c  sub tended  by t h i s  " l o n g e a t  
p o s s i b l e  non-ovsrf  lowing  l i n e  w a s  
i n f e r r e d  f r o m  t h e  t ime  r e q u i r e d  t o  s c a n  
a c r o s s  i t .  T h i s  e s t i m a t e  wa# v e r y  c l o s e  
t o  one o b t a i n e d  u s i n g  t h e  t e c h n i q u e  
d e s c r i b e d  above and t o  one  o b t a i n e d  by 
s i m p l y  s e k i n g  p e o p l a  t o  i n d i c a t e  t h e  
s u b j e c t i v e  a i e a  of a l o n p e s t  
non-over f lowing  l i n e  b y  h o l d i n g  t h e i r ,  
hands  a p a r t  80 a 8  to span  t h e  l e n g t h  o i  
t h e  l d n g e s t  l i n e *  
2.3 ~ f f e e t s  of s u b j e c t h v e  s i z e  o n  c a s e  

m --- 
p n a b e i n q w  p a r t q  & m e n t a l  imaues  

I f  a s k e d  w h i c h  is  h f q h e r  o f f  t h e  
ground ,  a  h o r s e ' s  knees  or t h e  t i p  of  i t s  
t a i l ,  many people c l a i m  t o  imaqe t h e  
b e a a t  and  t o  ' i n s p e c t Y  t h e  imaqe,  
e v a l u a t i n g  the queried r e l a t S o n .  I t  
h a k e s  s e n s e  t o  s u s p e c t ,  t h e n ,  t h a t  images  
migh t  be a p p r o p r i a t e l y  p r o c e s s e d  by the 
aame sor ts  of c l a s s i f i c a t o r y  procedures 
used i n  c a t a g o r i z i n g  p e r c e p t u a l  
r e p r e s e n t a t i o n s .  I f  so, t h e n  we might  
e x p e c t  c o n s t r a i n t s  t h a t  a f f e c t  e a s e  of 
c l a a s i f y i n q  p a r t s  p e r c e p t u a l l y  also t o  
a f f e c t  e a s e  of imagery c l a s s i f i c a t i o n .  
P a r t s  o f  smaller. o b j e c t s  a r e  "haflder t o  
s e e *  i n  p e r c e p t i o n ,  f o r  example ,  and  a l so  
may be h a r d e r  t o  " s e e a  i n  imaqary*  This 
r e s u l t  was i n  f a c t  o b t a i n e d  ( s e e  Koss lyn ,  
1 9 7 5 ) r  p a r t s  o f  s u b j e c t i v e l y  s m a l l e r  
images  df o b j e c t 8  d i d  r e q u i r e  more t i m e  
to c l a s s i f y  m e n t a l l y  t h a n  d i d  p a r t s  of  
s u b j e c t i v e l y  l a r g e r  imaged o b j e c t s *  I n  
a d d i t i o n ,  s i m p l y  vaxyfnq  the s i z e  of  the 
p a r t  &r a l s o  a f f e c t e d  tinke t o  examine 
a n  image. In t h i s  c a s e ,  s m a l l e r  
p a r t s - - 1 i  ke a c a t ' s  c l a w s - - r e q u i r e d  more 
time t o  see on p n  imaqe than d i d  l a r q e r  
p a r t s - - l i k e  i t s  head. T h l s  l a s t  r e s u 3 $  
w a s  o b t a i n e d  ( K o s s l y n ,  1976)  even  though  
t h e  smallor p a r t s  were  more s t r o n q l y  
a s s o c i a t e d  w i t h  t h e  a n i m a l  i n  q u e s t i o n ,  
and  were more q u i c k l y  v e r x f & e d  a e  
b e l o n q i n q  t o  t h e  a n i m a l  w h e n  imagery  was 
n o t  used (mpore h i g h l y  a s s o c i a t e d  
p r o p e r t i e s  are t y p i c a l l y  a f f i r m e d  a 5  
a p p r o p r i a t e  more q u i c k l y  t h a n  less 
associated one8  i n  s t u d i e s  o f  * s e m a n t i c  
memorya--6ee Smi th ,  Shoben & Rips, 1974 
T h e s e  f i n d i n g s ,  t h e n ,  n o t  o n l y  are  
c o n s i s t e n t  w i t h  t h e  n o t i o n  t h a t  imaqes  
a r e  f u n c t i o n a l  spatial r e p r e s e n t a t i b n s  
t h a t  may be i n t e r p r e t e d  by o t h e r  
p r o c e s s e s ,  b u t  a l s o  serve t o  distinguish 
between p r o c e g s i n g  i m a g i n a l  and 
non- imhgina l  r e p r e e e n t a t i o n s .  
2.4 E f f e c t #  of s u b j e c t i v e  s i z e  g J a t -  - .  - 
memory 

I t  p a r t s  o f  s u b j e c t i v e l y  s m a l l e r  
imaqeu a r e  l e s s  d i s t i n c t ,  t h e n  one miqh t  
e x p e c t  t h a t  t h e  imaged o b j e c t  i t s e l f  
would be  moae d i f f i c u l t  t o  i d e n t i f y .  
Thus,  i f  one a e t u a l l y  e n c b d e s  a  
s u b j e c t i v e l y  small  imaqe i n t o  memory, 

o n r ' a  a b i l i t y  t o  kscall, tiha o b j e c t  l a t e r  ( (  
s h o u l d  be p o o r e r  t h a n  it t h e  imaqe had 
been l a r g e r - - i f  i d  f a c t  the imhqe i t s e l f  
i s  r e c a l l e d  end i n s p e c t e d  when m e  tries 
t o  r e c a l k  t h e  encoded words as o b j e c t s .  
Koss lyn  & Alper  (19771  asked  sub-Jects  Co  
construct inaqee of t h e  o b j e c t $  named by 
p a i r s  of  word^. Sometimes one o f  t h e  
images  was t o  be v e r y  s m a l l  s ~ b j a c t i v e l y  
a n d  sometimes both imaqes  were  t o  be 
"no rma lw  s i t e s .  When a  s u r p r i s e  memory 
test  f o r  t h e  words was l a t e r  
a d m i n i s t e r e d ,  memory was i n  f a a t  worse  i f  
o n e  member o f  a p a i r  i n i t i a l l y  h a d  bead 
imaged a t  a  s u b f e c t i v c ~ y  s m a l l  siz 
T h i s  r e s u l t  wad r e p l i c a t e d  i n  s e v e  
s t u d i e s ,  each  of which c o n t r o l l e d  f o r  
d i f f e r e n t  p o s s i b l e  con found ing8  ( e m s , ,  
less "dep th  of p r o c e s s i n g n  may have  
o c c u r r e d  when p e o p l e  c o n s t r u c t e d  
s u b j e c t i v e l y  s m a l l e r  i m a q e a ) .  
2 . 5  T rans fo rming  v i+uaJ  imaqes, 
llrC 

u G o p e r  h S h e p a r d  1 1 9 7 3 6 ,  1 9 7 3 b )  and 
o t h e r s  have d e m o n s t r a t e d  t h a t  
i n c r e a s i n g l y  more t i m e  i~ r e q u i r e d  when 
o n e  * r o t a t e s n  a  m e n t a l  image t h r o u q h  
p r o g r e s s i v e l y  g r e a t e r  a r c s .  S i m i l a r l y ,  
we h a v e  found t h a t  more t i m e  i s  r e q u i r e d  
t o  expand o r  c o n t r a c t  irnaqes t o  g r e a t e r  
d e q r e e s  (Koss lyn  & Shwar t z ,  1 9 7 7 b ) ,  a a  
d i d  S e k u l a r  & Nash ( 1 9 7 1 ) r  A 
p r o p o s i t i o n l l  model of t h e  sbrt  o f f e r e d  
b y  Gips  (1974)  d o e s  n o t  l e a d  u s  t o  bxpect 
t h e s e  r e s u l t s .  A s p a t i a l  model,  w h e r e i n  
a  p i c t o r i a l  image is t r a n s f o r m e d ,  seems 
to i q p l y  i n  a  s t r a i q h t f o r w a r d  manner t h a t  
images  w i l l  p a s s  t h r o u g h  i n b e r m e d r a t e  
p o s i t i o n s  a s  they a r e  t r a n s f o r m e d ,  qaven 
$ h a t  t h e  same i h a g e  rs b e i n s  r e t a i n e d  and 
p l t o c e S s e d ~  
3.0 Conclusions - 

O n  my v i ew,  t h e  most p a r s i m o n i o u s ,  
s t r a i q h t f o r w a r d  a c c o u n t s  of  a l l  t h e s e  
d a t a  b i l l  fncAade t h e  n o t i o n  t h a t  imaqes  
a r e  f p n c t i o n a l  r e p r e s e n t a t i o n s  i n  human 
memory. I have n o  d o u b t  t h a t  a l t e r - a t i v e  
non-imagery a c c o u n t s  can  be f o r m u l a t e d  
f o r  each  s e t  o f  r e s u l t s ,  b u t  t h e  
c o l l e c t i o n  of e a c h  o f  these i n d i v i d u a l  
a c c o u n t s  will l i k e l y  be  more a 6  hoc ,  post 
h o c  and  cumbersome t h a n  t h e  imaqe ry  
a c c o u n t s .  
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