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Abstract

SEX DIFFERENCES IN SPATIAL ABILITIES USING A DUAL CODING MODEL

by

Marie P .  W e in s t e in  

A d v i s e r :  P r o f e s s o r  B ar ry  Zimmerman

T h i s  s t u d y  r e p r e s e n t s  an  i n i t i a l  a t t e m p t  t o  d e m o n s t r a t e  t h a t  

s e x  d i f f e r e n c e s  i n  s p a t i a l  and v e r b a l  a b i l i t i e s  can  be e x p la in e d  in  

t e r m s  o f  P a i v i o ' s  d u a l  c o d i n g  model o f  i n f o r m a t io n  p r o c e s s i n g :  i . e . ,  

i n  t e r m s  o f  v a r i a t i o n s  i n  t h e  n a t u r e  o f  t h e  t a s k  ( c o n c r e t e n e s s  of  

s t i m u l u s  i t e m s ) i  and t ime a l lowed  f o r  i n f o r m a t io n  p r o c e s s i n g  to  o c c u r .  

P a i v i o ' s  mode l  d e s c r i b e s  t h r e e  t y p e s  o f  p r o c e s s i n g :  s i m u l t a n e o u s

p r o c e s s i n g  o f  nonverba l  o r  " s p a t i a l ’* i n f o r m a t i o n ,  s e q u e n t i a l  p r o c e s s i n g  

o f  v e r b a l  i n f o r m a t i o n ,  and d u a l  p r o c e s s i n g  of  i n f o r m a t i o n  which lends  

i t s e l f  t o  bo th  type s  o f  c o d in g .  The s tudy  employed a m o d i f ied  v e r s i o n  

o f  P a i v i o ' s  d u a l  c o d i n g  e x p e r i m e n t .  F o u r  s e t s  o f  s t i m u l i  ( a b s t r a c t  

w o r d s ,  n o n n a m e a b le  g e o m e t r i c  f o r m s ,  c o n c r e t e  p i c t u r e s ,  and nameable 

g e o m e t r i c  f o r m s )  w e re  v i s u a l l y  p r e s e n t e d  t o  s m a l l  groups  o f  99 male 

and 106 f e m a l e  t e c h n i c a l  c o l l e g e  s t u d e n t s .  Each s e t  o f  t e n  s t im u lu s  

i t e m s  was  p r e s e n t e d  a t  a f a s t  and  s lo w  r a t e  ( 5  f a s t  and  5 s l o w ) .  

Each i t e m  was e x p o s e d  f o r  .6  s e c o n d s .  At t h e  f a s t  r a t e  t h e r e  was 

an  i n t e r - i t e m  i n t e r v a l  o f  .2 3  s e c o n d s ,  a t  t h e  slow r a t e  t h e  i n t e r v a l  

was 3 . 5  s e c o n d s .  A f t e r  v iewing  each  s e t  o f  s t i m u l i ,  s u b j e c t s  completed 

a f r e e  r e c a l l  o r  r e c o g n i t i o n  memory t e s t .  The d a t a  w e r e  a n a l y z e d  

u s i n g  a n a l y s e s  o f  v a r i a n c e  p ro c e d u re s  and a. p r i o r i  c o n t r a s t  h y po the se s  

were t e s t e d .  The d a t a  i n v o l v i n g  th e  coding  o f  p u r e l y  v e r b a l  information



p r o d u c e d  t h e  e x p e c t e d  sex d i f f e r e n c e s  a t  t h e  f a s t  and combined r a t e s .  

D a t a  i n v o l v i n g  t h e  p r o c e s s i n g  o f  i n f o r m a t i o n  w h ic h  could  be  d u a l l y  

coded  a l s o  p r o d u c e d  s e x  d i f f e r e n c e s  i n  t h e  expec ted  d i r e c t i o n .  Data 

i n v o l v i n g  t h e  c o d i n g  o f  p u r e l y  s p a t i a l  i n f o r m a t i o n  d id  n o t  produce  

t h e  e x p e c t e d  s e x  d i f f e r e n c e s .  Thus* d u a l  c o d i n g  seems t o  p r o v i d e  

an  a d e q u a t e d  mode l  f o r  e x p l a i n i n g  s e x  d i f f e r e n c e s  i n  th e  p r o c e s s i n g  

o f  " p u r e l y  v e r b a l "  i n f o r m a t i o n .  I t  a l s o  seems adequa te  f o r  e x p l a i n i n g  

s e x  d i f f e r e n c e s  i n  s p a t i a l  a b i l i t i e s  a s  long a s  v e r b a l  p r o c e s s i n g  

can o c c u r .  When th e  t a s k  does no t  pe rm i t  v e r b a l  ( s e q u e n t i a l )  encoding* 

d u a l  cod ing  seems i n s u f f i c i e n t  t o  e x p l a i n  sex  d i f f e r e n c e s  i n  processing.  

I m p l i c a t i o n s  o f  t h e  r e s u l t s  a r e  d i s c u s s e d  i n  t e r m s  o f  p o s s i b l e  

i n t e r v e n t i o n s  t o  m a n ip u la t e  o r  e l i m i n a t e  sex  d i f f e r e n c e s .
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I n t r o d u c t i o n

T h e r e  h a s  b e e n  a w e l l  e s t a b l i s h e d  i n t e r e s t  i n  sex d i f f e r e n c e s  

i n  c o g n i t i v e  f u n c t i o n i n g  ( e . g . ,  H a r r i s ,  1978 ;  Maccoby and J a c k l i n ,  

1974; O e t z e l ,  1966) ,  Many sex d i f f e r e n c e s  have been broadly hypothesized,  

b u t  r e s e a r c h  h a s  g e n e r a l l y  i n d i c a t e d  t h a t  d i f f e r e n c e s  e x i s t  i n  only  

two a r e a s ;  s p a t i a l  a b i l i t i e s  and v e r b a l  a b i l i t i e s .  Sex d i f f e r e n c e s  

i n  v e r b a l  a b i l i t i e s ,  f a v o r i n g  f e m a l e s  t h r o u g h o u t  th e  l i f e s p a n ,  have 

b e e n  w i d e l y  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( B u r s t e i n ,  Bank, and J a r v i k ,  

19 8 0 ;  O e t z e l ,  1 9 6 6 ) .  A l t h o u g h  t h e  r e s u l t s  a r e  l e s s  c o n s i s t e n t  f o r  

s e x  d i f f e r e n c e s  i n  s p a t i a l  a b i l i t i e s ,  m a le s  have been found to  have 

s u p e r i o r  s p a t i a l  a b i l i t i e s  when compared t o  f e m a le s .  This  incons is tency  

may b e ,  a t  l e a s t  i n  p a r t ,  d u e  t o  t h e  l a c k  o f  u n i f o r m i t y  i n  d e f i n i n g  

s p a t i a l  a b i l i t i e s .  The q u e s t i o n  re m a in s :  what do t h e s e  sex d if fe rences

mean?

One p o s s i b l e  e x p l a n a t i o n  f o r  t h e s e  sex d i f f e r e n c e s  i n v o l v e s  how 

t h e s e  a b i l i t i e s  have b een  measured .  A v a r i e t y  o f  e f f o r t s ,  p a r t i c u l a r l y  

f a c t o r  a n a l y t i c  a p p r o a c h e s ,  h a v e  been  made to  r e f i n e  t h e  measurement 

o f  s p a t i a l  a b i l i t i e s  ( B u r s t e i n ,  e t  a l . »  1980; Freedman,  1979; H a r r i s ,  

1978 ;  Maccoby and J a c k l i n ,  1 9 7 4 ) .  H ow e ve r ,  t h e s e  a t t e m p t s  have not  

c l a r i f i e d  t h e  s o u r c e  o f  t h e s e  s e x  d i f f e r e n c e s .  Another  approach  to  

d e t e r m i n e  t h e  s o u r c e  o f  t h e s e  d i f f e r e n c e s  i s  t o  move from an a b i l i t y  

d e s c r i p t i o n  to  an i n f o r m a t i o n  p r o c e s s i n g  o n e .

One e x i s t i n g  i n f o r m a t i o n  p r o c e s s i n g  view o f  s p a t i a l  a b i l i t y  t h a t  

h a s  p o t e n t i a l  f o r  e x p l a i n i n g  s e x  d i f f e r e n c e s  i s  P a i v i o ' s  d u a l  coding 

t h e o r y .  He h a s  a t t e m p t e d  t o  e x p l a i n  how i n f o r m a t i o n  ( s p a t i a l  and 

v e r b a l )  i s  p ro c e s s e d  by v a r y i n g  t a s k  c o n d i t i o n s .  I n  a d d i t i o n ,  P a i v i o ' s  

m ode l  o f  d u a l  c o d i n g  i s  c o n s i s t e n t  w i t h  a p h y s i o l o g i c a l  v ie w  t h a t
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e x p l a i n s  i n f o r m a t i o n  p r o c e s s i n g  i n  t e r m s  o f  c e r e b r a l  h e m i s p h e r i c  

f u n c t i o n i n g .  The i m p o r t a n t  q u e s t i o n  i s :  can  P a i v i o ' s  model of  dua l

c o d i n g  c a p t u r e  and e x p l a i n  t h e s e  s e x  d i f f e r e n c e s - - i . e . »  i n  s p a t i a l  

a b i l i t i e s , and s e c o n d a r i l y  i n  v e r b a l  a b i l i t i e s ?

Sex d i f f e re n c e s

Sex d i f f e r e n c e s  i n  c o g n i t i v e  f u n c t i o n i n g  have been  t h e  s u b je c t  

o f  w idesp read  i n v e s t i g a t i o n  ( e . g . *  B u rs te in *  e t  a l . ,  1980; F a i rw ea the r*  

19 7 6 ;  F r e e d m a n ,  1 9 7 9 ;  H a r r i s ,  1978; H u t t ,  1972; Maccoby and J a c k l i n ,  

1974 ;  O u n s t e d  and T a y l o r ,  1972; Sherman,  1978) .  When sex  d i f f e r e n c e s  

w e re  r e p o r t e d ,  f e m a l e s  t e n d e d  t o  a c h i e v e  h i g h e r  s c o r e s  on measures 

o f  v e r b a l  a b i l i t i e s ,  and  m a l e s  t e n d e d  t o  a c h i e v e  h i g h e r  s c o r e s  on 

measures  o f  s p a t i a l  a b i l i t i e s  ( B u r s t e i n ,  e t  a l . ,  1980; H a r r i s ,  1978) .

I n  an  e x t e n s i v e  r e v i e w  o f  t h e  l i t e r a t u r e  on  s e x  d i f f e r e n c e s ,  

Maccoby and J a c k l i n  ( 1 9 7 4 )  i d e n t i f i e d  s p a t i a l  a b i l i t i e s  a s  one of  

t h e  c o g n i t i v e  a r e a s  i n  w h ic h  s e x  d i f f e r e n c e s  w e re  f o u n d  t o  e x i s t .  

N e v e r t h e l e s s ,  t h e y  c h a l l e n g e d  th e  “folk** o b s e r v a t i o n  t h a t  " g i r l s  a re  

a u d i t o r y ,  b o y s  a r e  v i s u a l . ’* They r e p o r t e d  t h a t  no s e x  d i f f e r e n c e s  

e x i s t e d  i n  i n f a n t s '  r e s p o n s e  t o  sounds o r  i n  t h e i r  a b i l i t y  to  f i x a t e  

on v i s u a l  s t i m u l i .  At m o s t  a g e s ,  t h e  s e x e s  w e re  r e p o r t e d  e q u a l l y  

a d e p t  a t  d i s c r i m i n a t i n g  speech  sounds .  No sex  d i f f e r e n c e s  were found 

f o r  memory  f o r  s o u n d s  a s  w e l l .  I n  a d d i t i o n ,  Maccoby and J a c k l i n  

c o n c l u d e d  t h a t ,  t h r o u g h o u t  t h e  l i f e s p a n ,  t h e  sexes  a r e  h i g h l y  s i m i l a r  

i n  t h e i r  i n t e r e s t  i n  v i s u a l  s t i m u l i ,  t h e  a b i l i t y  t o  d i s c r i m i n a t e  among 

v i s u a l  s t i m u l i ,  t h e  a b i l i t y  t o  i d e n t i f y  s h a p e s ,  d i s t a n c e  p e r c e p t i o n ,  

and a v a r i e t y  o f  v i s u a l  p e r c e p t i o n .  However,  o t h e r  r e s e a r c h e r s  have 

r e p o r t e d  s e x  d i f f e r e n c e s  ( e . g . ,  B u r s t e i n ,  e t  a l . ,  1 9 8 0 ;  F reedman,  

1979; H a r r i s ,  1978; O e t z e l ,  1966) .
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Se_x_differences i n  v e r b a l  ab i l i t i e s

Reviews o f  sex d i f f e r e n c e s  i n  v e r b a l  a b i l i t i e s  have been e q u iv o c a l  

i n  r e p o r t i n g  f i n d i n g s . B u r s t e i n  e t  a l . *  ( 1 9 8 0 )  and  O e t z e l  (1966)  

h a v e  r e p o r t e d  c o n s i s t e n t  d i f f e r e n c e s  f a v o r i n g  fem a les  th roughou t  t h e  

l i f e s p a n .  Other  r ev ie w s  c o n s i s t e n t l y  found fem a les  to  be more p ro f i c i e n t  

b e g i n n i n g  w i t h  a d o l e s c e n c e  (Droege* 1967; Eicchorn*  1973; G a l lagher*  

19 6 4 ;  Maccoby and J a c k l i n *  1974) .  In  r e v ie w in g  Maccoby and J a c k l i n ' s  

c o n c l u s i o n s  r e l a t i n g  sex  d i f f e r e n c e s  t o  i n d i v i d u a l  d i f f e r e n c e s  ( e . g . *  

I .Q .  s c o r e s ) *  Flomin and Foch (1981) s u g g es ted  t h a t  d i f f e r e n c e s  between 

groups appea red  t o  be t r i v i a l  compared to  i n d i v i d u a l  d i f f e r e n c e s  w i t h i n  

g ro u p s .  However* t h e i r  rev iew  was based  on sex  d i f f e r e n c e s  i n  g en e ra l*  

r a t h e r  t h a n  a d e t a i l e d  e v a l u a t i o n  o f  sex  d i f f e r e n c e s  in  verbal  a b i l i t i e s .  

Sex d i f f e r e n c e s  i n  spatial ahi  1 

A ccord ing  t o  H a r r i s  (1978) :

. . . t h e  most p e r s i s t e n t  o f  i n d i v i d u a l  d i f f e r e n c e s  on m ul t i fac to r  
t e s t s  o f  p s y c h o l o g i c a l  f u n c t i o n i n g  i s  a sex  d i f f e r e n c e  i n  
s p a t i a l  a b i l i t y .  Males  have d e c i d e d l y  b e t t e r  s p a t i a l  s k i l l  
t h a n  f e m a l e s .  I n d e e d *  on a number  o f  t e s t s *  o n l y  20% to  
25% o f  fem a les  exceed  th e  a v e ra g e  pe r fo rm ance  o f  males ( p . 405)

V a r i o u s  m e a s u r e s  o f  s p a t i a l  a b i l i t y "  have been u s e d .  Measures

w h ic h  h a v e  r e s u l t e d  i n  sex  d i f f e r e n c e s  i n c l u d e :  t h e  Embedded F ig u r e s

Tes t  (Schw ar tz  and Karp* 1967; Wi tkin* e t  a l . *  1967);  problems involving

t h r e e - d i m e n s i o n a l  k i n e t i c  imagery and r o t a t i o n  (B enne t t*  e t  a l . *  1959;

H a r t l a g e *  1970) ;  mazes* form boards*  b lo c k  c o u n t in g  from the D i f f e r e n t i a l

A p t i t u d e  T e s t  and from t h e  P r imary  Menta l  A b i l i t i e s  T e s t ;  Block Des ign

and P i c t u r e  A s s e m b ly  o f  t h e  WISC and WAIS ( B u r s t e i n *  e t  a l . *  1980);

k n o w le d g e  o f  g e o m e t r i c a l  p r i n c i p l e s  n o t  i n v o l v i n g  m a t h e m a t i c a l  o r

a l g e b r a i c  k n o w le d g e  ( S m i t h *  1 9 6 4 ) ;  c h e s s  p l a y i n g  (Chase and Simon.

1 9 7 3 ) ;  d i r e c t i o n a l  s e n s e  and o r i e n t a t i o n  (P o r te u s *  1918; 1965) ;  map
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r e a d i n g  (Money, e t  a l . ,  1965) ;  p a t t e r n  w alk ing  (Keough, 1971); r i g h t / l e f t  

d i s c r i m i n a t i o n  (Bakan and Putnam, 1974) ;  complex c o o r d i n a t i o n s  (Shepard, 

e t  a l . ,  1 9 6 2 ) ;  t h e  Rod and Frame Tes t  ( F i e b e r t ,  1967; Morf ,  Kavanaugh* 

and M c C o n v i l l e ,  1971 ;  Schwartz and Karp ,  1967; W i tk in ,  e t  a l . ,  1967);  

g e o g r a p h i c a l  k n o w le d g e  ( B e t t i s ,  1 9 7 4 ) ;  and P i a g e t i a n  s p a t i a l  t a s k s  

( G r a v e s ,  1972 ;  H o o p e r ,  1969 ;  L i b e n ,  19 7 3 ;  Thomas and Hummel, 1973; 

Tuddenham, 1970) .  S ince  a l l  o f  t h e s e  t a s k s  a r e  s a i d  t o  measure s p a t i a l  

a b i l i t y ,  t h e  q u e s t i o n  a r i s e s :  what i s  meant by " s p a t i a l  a b i l i t y  ?

In  a d i s c u s s i o n  o f  sex and e t h n i c  d i f f e r e n c e s  on a s p a t i a l  perception 

t a s k ,  J a h o d a  ( 1 9 7 9 )  a r g u e d  t h a t  " s p a t i a l  a b i l i t y "  i s  n o t  a s i n g l e  

e n t i t y  ca p a b le  o f  b e in g  a s s e s s e d  e q u a l l y  w e l l  by means of qu i te  d i f f e r e n t  

t e s t s  o r  t a s k s ,  a s  h a s  b e e n  f r e q u e n t l y  i m p l i e d .  He su g g es ted  t h a t  

t h i s  c o n c l u s i o n  m i g h t  e x p l a i n  t h e  nu m e ro u s  i n c o n s i s t e n c i e s  and 

c o n t r a d i c t i o n s  fo u n d  i n  t h e  l i t e r a t u r e .  Jahoda  (1979) dem onst ra ted  

t h a t  e t h n i c  and s e x  d i f f e r e n c e s  may be  a f u n c t i o n  o f  t h e  n a t u r e  of  

t h e  t a s k .

B u r s t e i n ,  e t  a l . ,  ( 1 9 8 0 )  a l s o  n o t e d  t h a t  t h e  s p a t i a l  a b i l i t i e s  

c o n s t r u c t  a p p e a r s  t o  en c o m p a s s  more  t h a n  j u s t  one  u n i q u e  a b i l i t y .  

They n o t e d  t h a t  t h e  d i l em m a  i n  r e v i e w i n g  t h i s  l a r g e  body o f  d a t a  i s  

t h a t  t h e r e  h a v e  b e e n  no s y s t e m a t i c  c o m p a r i s o n s  made o f  t h e  v a r io u s  

m e a s u r e s  o f  s p a t i a l  a b i l i t y  t o  a s c e r t a i n  to  what e x t e n t  th e y  c o r r e l a t e  

w i th  one a n o t h e r .

In  t h e i r  d i s c u s s i o n  o f  sex  d i f f e r e n c e s  i n  s p a t i a l  a b i l i t y ,  Maccoby 

and J a c k l i n  ( 1 9 7 4 )  d i v i d e d  t a s k s  i n t o  two b a s i c  g r o u p s :  a n a l y t i c

and n o n a n a l y t i c .  The n o n a n a l y t i c  c a t e g o r y  was  s a i d  to  t a p  " v i s u a l  

s p a t i a l  a b i l i t i e s , "  and in c lu d e d  t a s k s  which p r i m a r i l y  in vo lved  s t a t i s  

v i s u a l  i m a g e r y .  T h e s e  t a s k s  showed an advan tage  f o r  males  b e g in n in g
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between t h e  ages  o f  s i x  and e i g h t .  The a u t h o r s  no ted  t h a t  few s t u d i e s *  

h o w e v e r ,  u s e  t h e s e  t a s k s ,  w h ic h  may e x p l a i n  t h e  l a c k  o f  c o r r e l a t i o n  

among v a r i o u s  " s p a t i a l  a b i l i t i e s . "  The a u t h o r s  concluded  t h a t  t e s t s  

l a c k i n g  i n  a n a l y t i c a l  components d e m o n s t r a te  no sex  d i f f e r e n c e s  u n t i l  

a d o l e s c e n c e .  T h i s  m a le  a d v a n t a g e  e m e rg e s  i n  e a r l y  ad o le sc e n c e  and 

i s  m a in ta in e d  i n  adu l thood  f o r  b o th  k in d s  o f  t a s k s .

An i n t e r e s t i n g  n o t e  t o  t h e s e  f i n d i n g s  was  p rov ided  by Richmond 

( 1 9 8 0 ) ,  who s u g g e s t e d  t h a t  Maccoby and J a c k l i n ' s  (1974) c o n c l u s i o n  

i s  n o t  b a s e d  u p o n  a s i n g l e  s t u d y ,  b u t  r a t h e r  was drawn from a rev iew 

o f  t h e  l i t e r a t u r e  c o n c e r n i n g  s e x  d i f f e r e n c e s  i n  s p a t i a l  a b i l i t i e s .  

C o n s e q u e n t l y ,  Richmond a t t e m p t e d  t o  d i r e c t l y  a n s w e r  t h e  f o l l o w i n g  

q u e s t i o n s :  A re  t h e r e  s e x  d i f f e r e n c e s ?  A re  t h e y  c o n s i s t e n t  a c r o s s

a r a n g e  o f  s p a t i a l  t a s k s ?  He c o n d u c t e d  a s t u d y  i n  which s i x  paper  

and  p e n c i l  t a s k s  were a d m in i s t e r e d  to  p r e a d o l e s c e n t  males  and f e m a le s .  

C o n s i s t e n t  w i t h  B u r s t e i n ,  e t  a l . ,  (1 9 8 0 ) ,  H a r r i s  ( 1 9 7 8 ) ,  and Maccoby 

and J a c k l i n  ( 1 9 7 4 ) ,  Richmond a r g u e d  t h a t  t e s t s  o f  s p a t i a l  a b i l i t y  

do n o t  d i s p l a y  a s i m p l e  and s i n g u l a r  p a t t e r n  o f  r e l a t i o n s h i p s .  He 

i d e n t i f i e d  two b a s i c  " spa ce  f a c t o r s . "  They c o r re spond  to  what Thurstone 

c a l l e d  Space (SI f a c t o r ) ,  and F l e x i b i l i t y  o f  C losu re  f a c t o r  (C2 f a c t o r ) .  

The S I  f a c t o r  w as  d e f i n e d  a s  " t h e  a b i l i t y  t o  v i s u a l i z e  a r i g i d  

c o n f i g u r a t i o n  when i t  i s  moved i n t o  d i f f e r e n t  p o s i t i o n s "  (Richmond,  

1 9 8 0 ) .  The C2 f a c t o r  he  d e f i n e d  a s  " t h e  a b i l i t y  t o  keep i n  mind a 

c o n f i g u r a t i o n  a g a i n s t  d i s t r a c t i o n . "  R i c h m o n d ' s  r e s u l t s  p r o v i d e d  

e v i d e n c e  f o r  s e x  d i f f e r e n c e s  on  t e s t s  o f  t h e  SI f a c t o r i a l  t y p e ,  b u t  

n o t  on t e s t s  o f  t h e  C2 f a c t o r i a l  t y p e .  He made l i t t l e  comment on 

t h i s  f i n d i n g ,  e x c e p t  to  say  t h a t  sex d i f f e r e n c e s  i n  s p a t i a l  a b i l i t i e s  

a r e  not  g e n e r a l i z e d  i n  a p r e a d o l e s c e n t  p o p u l a t i o n .  A nother  e x p l a n a t i o n
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might p o s s i b l y  be p rov ided  by Freedman 's  (1979) view o f  6ex d i f f e r e n c e s  

i n  s p a t i a l  a b i l i t i e s .

S p a t i a l  a b i l i t i e s  r e d e f i n e d  as c o g n i t i v e  s t r a t e g i e s

F re e d m a n  ( 1 9 7 9 )  h y p o t h e s i z e d  t h a t  s e x  d i f f e r e n c e s  i n  s p a t i a l  

s k i l l s  a r e  a f u n c t i o n  o f  s e x  d i f f e r e n c e s  i n  c o g n i t i v e  s t r a t e g y  due 

t o  f e m a l e  d e v e l o p m e n t a l  p r e c o c i t y  i n  v e r b a l  s k i l l s .  Freedman aBked 

c o l l e g e  s t u d e n t s  t o  f i l l  ou t  a q u e s t i o n n a i r e  d e t a i l i n g  t h e  s t r a t e g i e s  

t h e y  u s e d  i n  p e r f o r m i n g  a m e n t a l  r o t a t i o n  t a s k .  The e x p e c t e d  sex 

d i f f e r e n c e s  were con f i rm ed .  Although  th e  most f r e q u e n t l y  used  s t r a t e g y  

em p loyed  by b o t h  s e x e s  was “m en ta l  p i c t u r i n g , "  females  r e p o r t e d  u s in g  

s i g n i f i c a n t l y  more  v e r b a l  s t r a t e g i e s  t h a n  m a le s ,  such a s :  “ thought

i n  w o r d s ,  t a l k e d  t o  t h e m s e l v e s . "  F r e e d m a n  n o t e d  i n  h e r  d i s c u s s i o n  

t h a t  a l th o u g h  th e  t a s k  was chosen  s p e c i f i c a l l y  b eca u se  i t  was “d i f f i c u l t  

t o  s o l v e  by u s e  o f  v e r b a l  s t r a t e g i e s , "  f e m a l e s  r e p o r t e d  t h a t  they  

d i d  s o .  She sugges ted  t h a t  t h e r e  a r e  r e l a t i v e l y  few so c a l l e d  s p a t i a l  

t e s t s  t h o u g h t  t o  be  e n t i r e l y  f r e e  o f  l i n g u i s t i c  m e d ia t i o n . '  She noted 

f u r t h e r ,  a s  d i d  E l i o t  and S a l k i n d  ( 1 9 7 5 ) ,  t h a t  t h e r e  may be a wide 

v a r i e t y  o f  c o g n i t i v e  s t r a t e g i e s  t h a t  em ploy  some k i n d  o f  v e r b a l  

m e d ia t i o n  i n  t h e  s o l u t i o n  o f  s p a t i a l  t a s k s .

S i m i l a r l y ,  Tapley  and Bryden (1977) i d e n t i f i e d  two d i s t i n c t  approaches 

t o  s o l v i n g  m e n t a l  r o t a t i o n  t a s k s :  “ v i s u a l  h o l i s t i c "  and  “ v e r b a l

a n a l y t i c . "  They found t h a t  men r e l i e d  upon a v i s u a l  h o l i s t i c  s t r a t e g y .  

F u r t h e r ,  W i l s o n ,  e t  a l . ,  ( 1 9 7 5 )  p r o p o s e d  t h a t  t h e  magnitude  of  sex 

d i f f e r e n c e s  i s  p a r t i c u l a r l y  s t r o n g  i n  s p a t i a l  r o t a t i o n  t a s k s .  These 

t a s k s  would  seem t o  p u t  f e m a l e s  a t  a g r e a t e r  d i s a d v a n t a g e  p r e c i s e l y  

b eca use  i t  i s  v e ry  d i f f i c u l t  t o  employ v e r b a l  s t r a t e g i e s .
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T a p l e y  and B ryden  (1977) a l s o  r e p o r t e d  sex d i f f e r e n c e s  i n  r e a c t i o n  

t i m e  on t h e  m e n t a l  r o t a t i o n  t a s k .  P e t e r s o n  and W i t t i g  (1979) noted  

t h a t  m e a s u r e s  o f  r e a c t i o n  t i m e  may h e l p  to  d i f f e r e n t i a t e  v e r b a l  from 

n o n v e r b a l  c o g n i t i v e  s t r a t e g i e s *  s in c e  v e r b a l  s t r a t e g i e s  no rm al ly  ta k e  

l o n g e r  t h a n  “ v i sua l**  o r  n o n v e r b a l  o n e s .  S i m i l a r l y *  i n  a s tu d y  which 

i n v e s t i g a t e d  s e x  d i f f e r e n c e s  and  p a t t e r n  c o p y i n g *  Vasta* Regan and 

K e r l e y  ( 1 9 8 0 )  r e p l i c a t e d  a p r e v io u s  f i n d i n g  (Keough* 1971) t h a t  males 

make b e t t e r  u s e  o f  v i s u a l  r e f e r e n c e  c u e s  f o r  r e p r o d u c i n g  p a t t e r n s .  

T h i s  f i n d i n g  s u g g e s t s  t h a t  males  may be more l i k e l y  to  “code** v i s u a l l y  

t h a n  f e m a le s .

B u rs te in *  e t  a l . *  (1980) o f f e r e d  s i m i l a r  f i n d i n g s  as an explanation 

f o r  t h e  c o n t r a d i c t o r y  r e s u l t s  i n  v a r i o u s  s t u d i e s  o f  sex d i f f e r e n c e s  

i n  s p a t i a l  a b i l i t i e s .  They sugges ted  t h a t  per fo rmance  on some s p a t i a l  

t a s k s  c a n  be  m e d i a t e d  by  v e r b a l  s t r a t e g i e s .  They s p e c i f i c a l l y  noted  

t h a t  f e m a l e s *  who a r e  known t o  s c o r e  h i g h e r  t h a n  ma les  on t e s t 6  of  

v e r b a l  a b i l i t y *  could  a c t u a l l y  be t r a n s l a t i n g  a seemingly  “p u re  s p a t i a l  

t a s k “ i n t o  a v e r b a l  p ro b le m *  th e r e b y  s o l v i n g  i t  i n  th e  way th e y  know 

b e s t .

McGlone and K e r t e s y  (1973) i n v e s t i g a t e d  t h e  p a t t e r n s  o f  hemispheric 

d i f f e r e n c e s  i n  males  and f e m a le s .  They su g g es ted  t h a t  t h e i r  f i n d i n g s *  

**provide new e v i d e n c e  t h a t  v e r b a l  p r o c e s s e s  may p l a y  a s i g n i f i c a n t  

r o l e  i n  ' n o n v e r b a l *  a c t i v i t i e s  and t h a t  f em a les  make more u s e  o f  such 

v e r b a l  m e d i a t i o n ” ( p . 3 1 8 ) .  T h e i r  f i n d i n g s  i n d i c a t e d  t h a t  f e m a le s  

u s e  t h e i r  l e f t  h e m i s p h e r e  and i t s  a n a l y t i c a l *  s e q u e n t i a l  l i n g u i s t i c  

mode f o r  s o l v i n g  s p a t i a l  problems sb  w e l l  as  f o r  s o lv in g  p u r e l y  v e r b a l  

p r o b l e m s .  Thus* f e m a l e s  become d isadvan taged*  i n  c o n t r a s t  to  males*
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on v a r i o u s  t y p e s  o f  s p a t i a l  p ro b le m s ,  p a r t i c u l a r l y  i f  t h o s e  problems 

a r e  not  amenable to  v e r b a l  cod ing .

Although t h e r e  i s  no ev idence  t h a t  d i r e c t l y  s u p p o r t s  th e  e x i s t e n c e  

o f  sex  d i f f e r e n c e s  i n  s t r a t e g y  p r e f e r e n c e s ,  t h e r e  a r e  da ta  which indica te  

t h a t  f e m a l e s  a r e  more  " v e r b a l "  i n  t h e i r  p r o b l e m  s o l v i n g ,  and t h a t  

I . Q .  i n  f e m a l e s  p r o c e e d s  on a c o u r s e  i n  which language  p l a y s  a l a r g e r  

r o l e  t h a n  i s  t r u e  f o r  m a l e s  ( H a r r i s ,  1978) .  Cameran,  e t  a l . ,  (1967) 

r e p o r t e d  t h a t  v o c a l i z a t i o n  s c o r e s  o f  i n f a n t  f em a les  be tween f i v e  and 

t h i r t e e n  months o f  age were c o r r e l a t e d  w i th  I .Q .  s c o r e s  (S tanford-Binet)  

o b t a i n e d  when t h e y  were between s i x  and 26 .  For fem a les  v o c a l i z a t i o n  

s c o r e s  i n  i n f a n c y  w e re  p o s i t i v e l y  c o r r e l a t e d  w i th  I .Q .  s c o re s  l a t e r  

i n  l i f e .  This  was n o t  t r u e  f o r  m a le s .

Moore ( 1 9 6 7 )  r e p o r t e d  s i m i l a r  r e s u l t s .  I n f a n t  language  s c o re s  

( s p o n t a n e o u s  b a b b l i n g ,  and u s e  o f  w o r d s )  w e re  h i g h l y  p r e d i c t i v e  of  

l a t e r  m e a s u r e s  o f  “g e n e r a l  i n t e l l i g e n c e ” i n  f e m a l e s ,  b u t  not  i n  m a le s .  

He concluded  t h a t  f e m a l e s ’ i n t e l l e c t u a l  development  takes place primari ly 

t h r o u g h  l i n g u i s t i c  c h a n n e l s ,  w h e r e a s  i n  males  n o n v e rb a l  s k i l l s  p la y  

a r e l a t i v e l y  more p rominent  r o l e .

C o n s i s t e n t  w i th  t h e  view t h a t  male and female i n t e l l e c t u a l  development 

p r o c e e d  a l o n g  d i f f e r e n t  p a t h s ,  Hutt  (1972) commented t h a t :  " . . . w h i l e

boy6 a r e  s t i l l  c o n c e r n e d  w i th  a c t i v e  e x p l o r a t i o n  o f  t h e i r  envi ronment 

and w i t h  p e r c e p t u a l  and motor s k i l l s ,  t h e  g i r l s  a r e  becoming increas ingly  

a d r o i t  i n  t h e i r  v e r b a l  and s o c i a l  f u n c t i o n s "  ( p . 102 ) .  S u t ton -S m ith  

and S a v a s t a  ( 1 9 7 2 )  s i m i l a r l y  r e p o r t e d  t h a t  by  p r e s c h o o l  age  males 

p r e f e r  p l a y  t h a t  emphas izes  e x p l o r a t i o n  o f  o b j e c t s ,  movement, s t r e n g t h ,  

body c o n t a c t ,  use  o f  h e i g h t  and d o w n f a l l ,  and g r e a t e r  range  o f  movement 

and u s e  o f  o p e n  s p a c e s .  F e m a l e s ’ games a r e  c h a r a c t e r i z e d  more  by
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s i n g i n g ,  games w i t h  c h a n t s ,  s o c i a b i l i t y ,  v e r b a l  b e h a v i o r  and s t a s i s .  

The two d i v e r g e n t  “ p a t h s ” o f  i n t e l l e c t u a l  development and c o g n i t i v e  

s t r a t e g i e s  c h a r a c t e r i z e  more th a n  simply  d i f f e r e n t  approaches  to  problem 

s o l v i n g .  One t h e o r y  w h i c h  h a s  accounted  f o r  d i f f e r e n t i a l  p r o c e s s i n g  

s t r a t e g i e s  which might  e x p l a i n  t h e s e  two pa ths  of  i n t e l l e c t u a l  development 

and p r o b l e m  s o l v i n g  i s  P a i v i o ’s i n f o r m a t i o n  p r o c e s s i n g  t h e o r y  o f  d u a l  

co d in g .

P a i v i o ’ s Dual Coding Theory

P a i v i o  ( 1 9 7 1 )  h a s  p r o p o s e d  a t h e o r e t i c a l  framework i n  which he 

d e s c r i b e s  two k i n d s  o f  i n f o r m a t i o n  p r o c e s s i n g  o r  e n c o d i n g  s t y l e s .  

P a i v i o  d i s t i n g u i s h e d  b e t w e e n  s i m u l t a n e o u s  ( p a r a l l e l )  and s e q u e n t i a l  

p r o c e s s i n g  a s  two m o d e l s  o f  an  i n f o r m a t i o n  p r o c e s s i n g  s y s t e m .  He 

saw them as d i s t i n c t  and s e p a r a t e  modes o f  c o d in g ,  which u s u a l l y  operate 

i n  c o n j u n c t i o n  w i t h  one  a n o t h e r .  One i m p o r t a n t  d e t e r m i n a n t  o f  the  

” p r e f e r r e d ” mode o f  e n c o d i n g  o r  c o g n i t i v e  s t r a t e g y  i s  w h e t h e r  th e  

t a s k  i s  a s e q u e n t i a l  o n e  a s  opposed  to  one i n  which th e  e lem en ts  a re  

s i m u l t a n e o u s l y  g i v e n .  I n  o t h e r  w o r d s ,  w h e t h e r  t h e  e lem en ts  can be 

d e a l t  w i t h  i n d e p e n d e n t l y  o f  e a c h  o t h e r  i s  an  i m p o r t a n t  d i s t i n c t i o n  

be tween t h e s e  two p r o c e s s i n g  modes.

E l s e w h e r e ,  P a i v i o  a l s o  d e s c r i b e d  th e  imagery and v e r b a l  systems 

as s im u l tan e o u s  and s e q u e n t i a l  p r o c e s s e s  ( P a i v i o ,  1977) .  In  the imagery 

s y s t e m ,  e l e m e n t a r y  im a g e s  a r e  o rg a n iz e d  i n t o  h i g h e r  o r d e r  s t r u c t u r e s  

so  t h a t  t h e  i n f o r m a t i o n a l  o u t p u t  o f  t h e  sys tem has  a synchronous  or  

s p a t i a l  c h a r a c t e r .  The v e r b a l  s y s t e m  i s  d e p i c t e d  a6 c o n s i s t i n g  of  

l i n g u i s t i c  u n i t s  w h i c h  a r e  o r g a n i z e d  i n t o  h i g h e r  o r d e r  s e q u e n t i a l  

s t r u c t u r e s .
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P a i v i o ' 6 d u a l  c o d i n g  h y p o th e s i s  assumes t h a t  im ag ina l  and v e r b a l  

p r o c e s s e s  a r e  d i f f e r e n t i a l l y  a v a i l a b l e  a s  memory codes  f o r  a b s t r a c t  

w ords*  c o n c r e t e  w ords*  and p i c t u r e s  ( P a i v i o *  1971) .  The image code 

i n c r e a s e s  i n  a v a i l a b i l i t y  a s  a r e p r e s e n t a t i o n a l  r e s p o n s e  t o  words 

b u t  i s  somewhat l e s s  a v a i l a b l e  a s  a v e r b a l  r e f e r e n t i a l  ( l a b e l i n g )  

r e s p o n s e  t o  p i c t u r e s .  He s u p p o r t s  t h e s e  a s s u m p t i o n s  by d i s c u s s i n g  

l a t e n c y  r e s e a r c h  r e g a r d i n g  t h e  a r o u s a l  o f  t h e  two p r o c e s s e s  ( P a i v i o ,  

1 9 7 1 ) .  T h e s e  l a t e n c y  m e a s u r e s  a r e  p a r t i c u l a r l y  r e l e v a n t  to  th e  r a t e  

o f  m a n i p u l a t i o n ,  which he in t ro d u c e d  as one o f  t h e  experimental var iab les  

i n  h i s  "d u a l  coding  experiment** ( P a i v i o  and Csapo,  1969) .  He d e s c r ib e d  

t h i s  s tu d y  as  a " t e s t  o f  t h e  model" (Paivio,  1971, p . 234). His descr ip t ion  

i n c lu d e d  th e  d i s t i n c t i o n  between s e q u e n t i a l  and s im u l tan e o u s  processing; 

i . e . ,  t h e  v e r b a l  s y s t e m  i s  s p e c i a l i z e d  f o r  s e q u e n t i a l  p r o c e s s i n g ;  

t h e  image s y s t e m  f o r  p a r a l l e l  p r o c e s s i n g  i n  t h e  s p a t i a l  s e n s e .  More 

r e c e n t l y ,  P a i v i o  ( 1 9 7 5 ;  19 7 8 ;  1 9 7 9 ;  1983)  h a s  p r e f e r r e d  to  exp res s  

t h i s  d i s t i n c t i o n  i n  t e r m s  o f  " s y n c h r o n o u s  and s e q u e n t i a l  p r o c e s s e s ,  

c o r r e l a t e d  w i th  t h e  c o n t r a s t  between ana log  and d i s c r e t e  represen ta t ions"  

( P a i v i o ,  1 9 8 3 ,  p . 3 0 9 ) .  O t h e r w i s e ,  P a i v i o ' s  p o s i t i o n  on th e  r o l e  of  

m e n t a l  im a g e r y  i n  human memory h a s  r e m a i n e d  e s s e n t i a l l y  unchanged 

( e . g . ,  P a iv o ,  1978b; 1979) .

The b a s i c  t h e o r e t i c a l  a p p r o a c h  t o  P a i v i o ' s  d u a l  co d in g  th e o ry  

i s  t h a t  " i m a g e s  and v e r b a l  p r o c e s s e s  a r e  viewed as  a l t e r n a t i v e  coding 

s y s t e m s ,  o r  modes o f  s y m b o l i c  r e p r e s e n t a t i o n "  ( P a i v i o ,  1971,  p . 8 ) .  

They a r e  p o s t u l a t e d  a s  two b a s i c  " c o g n i t i v e  m o d e s"  ( P a i v i o ,  1971b) 

a s  s e p a r a t e  r e p r e s e n t a t i o n a l  s y s t e m s  f o r  n o n v e r b a l  ( t h e  image 

s y s t e m ) ,  and v e r b a l  ( t h e  v e r b a l  system)  i n f o r m a t i o n "  ( P a i v i o ,  1975) .  

To be s p e c i f i c ,  P a i v i o  (1979) s t a t e d :
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The t h e o r y  a s s u m es  t h a t  c o g n i t i v e  b e h a v i o r  i s  m ed ia ted  by 
two i n d e p e n d e n t  b u t  r i c h l y  i n t e r c o n n e c t e d  symbolic sy s tem s ,  
which a r e  s p e c i a l i z e d  f o r  e n c o d in g ,  o r g a n i z i n g ,  t r a n s f o r m i n g ,  
s t o r i n g  and r e t r i e v i n g  i n f o r m a t i o n .  The im age  s y s t e m  i s  
s p e c i a l i z e d  f o r  d e a l i n g  w i th  p e r c e p t u a l  i n f o r m a t i o n  concerning 
n o n v e r b a l  o b j e c t s  and e v e n t s .  The o t h e r  ( t h e  v e r b a l  system) 
i s  s p e c i a l i z e d  f o r  d e a l i n g  w i t h  l i n g u i s t i c  i n f o r m a t i o n .
The s y s t e m s  d i f f e r  i n  t h e  n a t u r e  o f  t h e  r e p r e s e n t a t i o n a l  
u n i t s ,  t h e  way i n  w h ich  th e  u n i t s  a r e  o rg a n iz e d  i n t o  h ig h e r  
o r d e r  s t r u c t u r e s ,  and t h e  way t h e  s t r u c t u r e s  can be reorganized 
o r  t r ans fo rm e d  ( p . 4 8 ) .

In  a n o t h e r  a r t i c l e .  P a iv i o  (1975) d i s t i n g u i s h e d  “ th e  v e r b a l  system 

a s  an a b s t r a c t *  l o g i c a l  mode o f  t h i n k i n g  as  compared to  th e  c o n c r e t e  

a n a l o g i c a l  mode t h a t  a p p a r e n t l y  c h a r a c t e r i z e s  im agery .“ To oversimplify:  

v i s u a l  imagery i s  r e g a rd ed  p r i m a r i l y  as a p a r a l l e l  (synchronous) processing 

sys tem ,  s p e c i a l i z e d  f o r  s t o r a g e  and s y m b o l i c  m a n i p u l a t i o n  o f  information 

c o n c e r n i n g  s p a t i a l l y  o rg a n iz e d  o b j e c t s  and e v e n t s .  The v e r b a l  sys tem ,  

by v i r t u e  o f  i t s  a u d i t o r y / m o t o r  n a t u r e ,  i s  s p e c i a l i z e d  f o r  s e q u e n t i a l  

p r o c e s s i n g  as i n  s e r i a l  memory t a s k s  ( P a i v i o .  1971) .

T h e r e  a r e  s e v e r a l  i m p o r t a n t  ways i n  w h ic h  th e  two h y p o th e s i z e d  

s y s t e m s  a r e  assumed t o  d i f f e r .  R e c e n t ly ,  P a i v i o  (1978) has  d i s c u s s e d  

a s s u m p t i o n s  o f  h i s  m o d e l .  The m os t  i m p o r t a n t  a ssum pt ion  i s  t h a t  o f  

t h e  “ i n d e p e n d e n c e / i n t e r c o n n e c t e d n e s s  o f  t h e  two s y s t e m s .  Each i s  

a s s u m e d  t o  f u n c t i o n  i n d e p e n d e n t l y  and t h u s ,  b o t h  s y s t e m s  c a n  be  

e x p e r i m e n t a l l y  m a n i p u l a t e d  i n  i s o l a t i o n  o f  o n e  a n o t h e r .  However ,  

t h e y  a r e  a l w a y s  a ssum ed  t o  be  i n t e r c o n n e c t e d .  I t  i s  more t y p i c a l  

t h a t  t h e  two systems i n t e r a c t  i n  a p a r t i c u l a r  s i t u a t i o n .  P a iv io  (1975b) 

viewed t h i s  i n t e rd e p e n d e n c y  as  so h ig h  t h a t  “w h e th e r  t h e s e  a r e  r e g a rd e d  

a s  d i s t i n c t  s y m b o l i c  s y s t e m s  o r  a6 two k in d s  o f  6 u b -p ro c e s s e s  w i t h i n  

a s i n g l e  system i s  p ro b a b ly  i r r e l e v a n t  i n  a fo rm a l  s e n s e . ~

Coding Processes and Levpls of Meaning

P a i v i o  ( 1 9 7 1 )  p r e s e n t s  a t h e o r e t i c a l  a n a l y s i s  o f  t h e  l e v e l s  of
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meaning and th e  n a t u r e  o f  th e  coding  p r o c e s s e s  a t  each  of  th e s e  l e v e l s .  

A l l  t h e o r i e s  o f  c o d i n g  assum e  t h a t  inc o m in g  s t im u lu s  i n fo rm a t io n  i s  

t r an s fo rm e d  and e l a b o r a t e d  w i t h i n  t h e  o rgan ism  (Richardson* 1983) .

The i n i t i a l  ( p r e p r o c e s s i n g )  l e v e l  o f  s t im u lu s  processing in  Pa iv io ' s  

model i s  t h e  s e n s o ry  s t o r a g e  system* which i s  assumed to  r e t a i n  r e l a t i v e ly  

u n t r a n s f o r m e d  i n f o r m a t i o n  f o r  a b r i e f  p e r i o d  f o l l o w i n g  s t i m u l u s  

p r e s e n t a t i o n .  T h e s e  s e n s o r y  s t o r a g e  systems ( v i s u a l  and v e r b a l )  a r e  

n o t  r e l a t e d  t o  m e a n i n g .  A l l  f u r t h e r  l e v e l s  do i n v o lv e  p ro c e s s e s  t h a t  

a r e  h y p o t h e t i c a l l y  l i n k e d  t o  m e a n i n g .  Each  l e v e l  i n v o l v e s  e i t h e r  

im ag ina l  o r  v e r b a l  symbol ic  p ro c e s s e s *  o r  both* and a p p l i e s  t o  nonverbal 

as  w e l l  as  v e r b a l  s t i m u l i .

The f i r s t  l e v e l  i s  t h e  r e p r e s e n t a t i o n a l  l e v e l*  where t h e  sensory  

t r a c e  produced by a s t im u lu s  when i t  i s  p e r c e i v e d  arouses the appropriate 

s y m b o l i c  r e p r e s e n t a t i o n  i n  l o n g  t e r m  memory* t h u s *  w ords  a c t i v a t e  

v e r b a l  r e p r e s e n t a t i o n ,  and v i s u a l  p e r c e p t u a l  e x p e r i e n c e s  a c t i v a t e  

i m a g i n a l  r e p r e s e n t a t i o n s .  I n  o t h e r  w o r d s ,  t h e s e  a r e  t h e  sym bo l ic  

r e p r e s e n t a t i o n s  s t o r e d  i n  l o n g  te rm memory as  c o n c r e t e  memory images 

i n  t h e  c a s e  o f  o b j e c t s ,  and as i m p l i c i t  a u d i t o r y  motor r e p r e s e n t a t i o n s  

i n  t h e  c a s e  o f  v e r b a l  s t i m u l i .  At t h i s  l e v e l *  o b j e c t s  and words  

( n o n v e r b a l  and v e r b a l )  a s  s t i m u l i  s i m p l y  a c t i v a t e  t h e  c o r re spond ing  

r e p r e s e n t a t i o n a l  p r o c e s s e s  w i t h i n  t h e  i n d i v i d u a l .  The second i s  the  

r e f e r e n t i a l  l e v e l *  w h e r e  s y m b o l i c  r e p r e s e n t a t i o n s  i n  one system may 

a r o u s e  c o r r e s p o n d i n g  r e p r e s e n t a t i o n s  i n  t h e  o t h e r  s y s t e m :  t h e s e

i n t e r c o n n e c t i o n s  a r e  invo lved  i n  naming o b j e c t s  o r  d e s c r i b i n g  images ,  

and i n  g e n e r a t i n g  t h e  image o f  an  o b j e c t  when g i v e n  i t 6  name.  In 

o t h e r  w ords*  t h e i r  r e f e r e n t i a l  meaning l e v e l  r e f e r s  t o  t h e  f i r s t  l e v e l  

o f  a s s o c i a t i v e  r e a c t i o n .  T h i s  presumably  r e q u i r e s  th e  e s t a b l i s h m e n t
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o f  a c o n n e c t e d n e s s  b e t w e e n  t h e  r e p r e s e n t a t i o n a l  im age  and t h e  

r e p r e s e n t a t i o n a l  v e r b a l  p ro c e s s  c o r r e s p o n d in g  t o  a p a r t i c u l a r  co n ce p t .  

F o r  e x a m p l e ,  an  o b j e c t  o r  a p i c t u r e  e v o k e s  i t s  i m p l i c i t  o r  e x p l i c i t  

v e r b a l  l a b e l ,  a n d  a v e r b a l  s t i m u l u s  may ev o k e  t h e  c o r r e s p o n d i n g  

r e p r e s e n t a t i o n a l  i m a g e .  F i n a l l y ,  t h e  t h i r d ,  o r  a s s o c i a t i v e  l e v e l  

i n v o l v e s  a s s o c i a t i v e  c o n n e c t io n s  among imaginal  or  verbal  r ep resen ta t ions ,  

o r  b o t h .

Whether the  p r o c e s s e s  a t  any o f  t h e s e  t h r e e  “ l e v e l s  o f  p r o c e s s i n g ” 

o r  ** leve ls  o f  m e a n i n g ” a r e  i n v o l v e d  i n  a g i v e n  p s y c h o l o g i c a l  t a s k  

i s  a s sum ed  by P a i v i o  (1971) t o  depend upon p a r t i c u l a r  c h a r a c t e r i s t i c s  

o f  t h e  t a s k ;  t h i s  a s sum pt ion  g iv e s  r i s e  t o  v a r i o u s  e m p i r i c a l  hypo theses  

c o n c e rn in g  the  e f f e c t s  o f  im ag ina l  and l i n g u i s t i c  v a r i a b l e s  i n  d i f f e r e n t  

e x p e r im e n ta l  s i t u a t i o n s  ( P a i v i o ,  1971,  1972).

A n o t h e r  m a jo r  a ssum pt ion  about  th e  d i f f e r e n c e s  i n  t h e  two systems 

i s  t h a t  th e y  a r e  d i f f e r e n t  i n  t h e  way i n  which t h e i r  u n i t s  a r e  organized 

i n t o  h i g h e r  o r d e r  s t r u c t u r e s .  The im ag ina l  system i s  assumed to  represent  

i n f o r m a t i o n  i n  a s y n c h r o n o u s  o r  s p a t i a l l y  p a r a l l e l  manner,  so t h a t  

d i f f e r e n t  c o m p o n e n t s  o f  a complex  o b j e c t  o r  scene  a r e  s im u l ta n e o u s ly  

a v a i l a b l e .  On t h e  o t h e r  h a n d ,  t h e  v e r b a l  sys tem i s  t a k e n  to  employ 

t h e  s e q u e n t i a l  o r g a n i z a t i o n  w h ic h  i s  c h a r a c t e r i s t i c  o f  l i n g u i s t i c  

u t t e r a n c e s .  S i m i l a r l y ,  t h e  i m a g i n a l  sys tem i s  assumed to  be capab le  

o f  t r a n s f o r m a t i o n s  a l o n g  s p a t i a l  d i m e n s i o n s  ( i . e . ,  s i z e ,  s hape ,  and 

o r i e n t a t i o n ) ,  w h e r e a s  t h e  v e r b a l  s y s t e m  a l l o w s  t r a n s f o r m a t i o n s  on 

a s e q u e n t i a l  f r a m e  ( i . e . ,  a d d i t i o n s ,  d e l e t i o n s ,  and c h a n g e s  i n  

s e q u e n t i a l  o r d e r i n g ) .

Ihfi-Pjifli..Cflding Paradigm

P a i v i o  ( 1 9 7 1 ;  P a i v i o  and Csapo,  1969) conducted  numerous s t u d i e s
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on th e  n a t u r e  o f  d u a l  co d in g .  I n  h i s  g e n e r a l  d i s c u s s i o n  o f  experimental 

a p p r o a c h e s  t o  d u a l  c o d i n g ,  he in c lu d e d  t h r e e  v a r i a b l e s :  1) s t im ulus

c h a r a c t e r i s t i c s ,  w i t h  p a r t i c u l a r  e m p h a s i s  on  t h e i r  a b s t r a c t n e s s /  

c o n c r e t e n e s s  and v e r b a l  a s s o c i a t i v e  meaning; 2) experimental manipulat ions,  

s u c h  a s  d i f f e r e n t  t a s k  i n s t r u c t i o n s ,  p r e s e n t a t i o n  r a t e s ,  and t a s k  

demands; and 3) i n d i v i d u a l  d i f f e r e n c e s  i n  im ag ina l  and verbal  associat ive 

a b i l i t i e s  ( P a i v i o ,  1 9 7 1 ) .  He p r o p o s e d  t h e s e  v a r i a b l e s  as a f f e c t i n g  

t h e  a v a i l a b i l i t y  o r  a c c e s s i b i l i t y  o f  th e  symbolic systems i n  a g iven  

t a s k .  O v e r t  b e h a v i o r a l  e f f e c t s  and p s y c h o l o g i c a l  r e a c t i o n s  a r e ,  i n  

t u r n ,  p r e d i c t e d  from t h e  in dependen t  v a r i a b l e s .

The two memory c o d e s ,  a c c o rd in g  to  Pa iv io  (1971) cannot be id e n t i f i ed  

i n  a s i m p l e  and d i r e c t  m a n n e r  w i t h  t r a d i t i o n a l  s e n s o r y  c h a n n e l s .  

The im age  code i s  v i s u a l  i n  th e  s t u d i e s  c o n s i d e r e d ,  bu t  i t  i s  s p e c i f i c  

f o r  n o n v e r b a l  i n f o r m a t i o n ,  n o t  v i s u a l  word images .  C o n v e r s e ly ,  the  

v e r b a l  code cannot  s imply  be equa ted  w i th  t h e  a u d i t o r y  modali ty,  although 

t h a t  m o d a l i t y  may be an im p o r tan t  component o f  t h e  v e r b a l  sys tem.

T e s t s  o f  t h e  Dual Coding Model

The i m p l i c a t i o n s  o f  P a i v i o ' s  t h e o r e t i c a l  a n a l y s i s  were t e s t e d  

d i r e c t l y  by v a r y in g  t h e  a v a i l a b i l i t y  o r  a c c e s s i b i l i t y  o f  t h e  two memory 

c o d e s ,  a l o n g  w i th  t h e  n e c e s s i t y  o f  s e q u e n t i a l  p r o c e s s i n g  i n  th e  memory 

t a s k  ( P a i v i o  and C s a p o .  1 9 6 9 ) .  A b s t r a c t  words ,  c o n c r e t e  w ords ,  and 

p i c t u r e s  were used as s t i m u l i .  A v a i l a b i l i t y  was m a n ip u la t ed  by v a ry in g  

s t i m u l u s  c o n c r e t e n e s s  and r a t e  of presentation. In  t h i s  exp e r im en t ,  

P a i v i o  o p e r a t i o n a l i z e d  “d u a l  co d in g ” by c o n t r o l l i n g  r a t e  o f  p resen ta t ion  

o f  s t i m u l i  and s t im u lu s  t y p e .  The f a s t  r a t e  was hypothesized to  i n t e r f e r e  

w i t h  t h e  a r o u s a l  o f  r e f e r e n t i a l  o r  a s s o c i a t i v e  images t o  words .  Thus,  

under  t h e  f a s t  r a t e  o f  p r e s e n t a t i o n ,  t h e  s t i m u l i  more o r  l e s s  determined
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t h e  mode o f  c o d i n g .  "D ua l  c o d i n g "  could  occu r  on ly  a t  t h e  slow r a t e  

and w i t h  c e r t a i n  s t i m u l i .  P a iv i o  found th e  r a t e  e f f e c t  was s i g n i f i c a n t  

o v e r a l l .  A double  i n t e r a c t i o n  o f  r a t e  by s t i m u l u s  a t t r i b u t e  i n d i c a t e d  

t h a t  t h e  e f f e c t  was c l e a r l y  g r e a t e s t  f o r  p i c t u r e s  ( w h ic h  c o u l d  be 

d u a l l y  c o d e d )  and l e a s t  f o r  a b s t r a c t  words (which cou ld  on ly  be coded 

by way of  t h e  v e r b a l  s y s t e m ) .

I n  t h e  s e c o n d  p a r t  o f  h i s  e x p e r i m e n t , P a i v i o  i n v e s t i g a t e d  the  

number  o f  new i t e m s  c o r r e c t l y  r e c o g n i z e d  a s  new.  T h i s  i n v o l v e d  a 

r e c o g n i t i o n  memory t a s k  i n  w h ic h  t h e  number o f  new i tems  c o r r e c t l y  

r e c o g n i z e d  was s e p a r a t e l y  ana lyzed  as  a f u n c t i o n  o f  s t im u lu s  a t t r i b u t e  

and r a t e .  A c c o r d i n g  t o  P a i v i o  (1971) r e s u l t s  i n d i c a t e d  t h a t  p i c t u r e s  

w e re  s u p e r i o r  t o  w o rd s  a t  b o t h  t h e  f a s t  and slow r a t e .  He presumed 

t h e  v e r b a l  c o d e  t o  be  u n a v a i l a b l e  f o r  p i c t u r e s  p r e s e n t e d  a t  t h e  f a s t  

i n p u t  r a t e .  He i n t e r p r e t e d  h i s  f i n d i n g  as p r o v i d i n g  s t r o n g  ev idence  

t h a t  some a s p e c t s  o f  s t i m u l u s  i n f o r m a t io n  a r e  b e t t e r  r e t a i n e d  i n  the  

v i s u a l  image code th a n  i n  t h e  v e r b a l  memory code .  This  l a s t  conclusion* 

however* was an a f t e r t h o u g h t .

The C o n c r e t e n e s s / A b s t r a c t n e s s  Dimension

P a i v i o ' s  t h e o r e t i c a l  a s s u m p t i o n s  a r e  p a r t i a l l y  c o n c e rn e d  w i th  

t h e  d i f f e r e n t i a l  a v a i l a b i l i t y  o f  im ag es  and v e r b a l  p r o c e s s e s  as a 

f u n c t i o n  o f  t h e  c o n c r e t e n e s s  d i m e n s i o n  ( P a i v i o *  1 9 7 1 ) .  P i c t u r e s *  

i f  f a m i l i a r  and e a s i l y  named* a r e  m ean ingfu l  b o th  a t  the rep resen ta t iona l  

and t h e  r e f e r e n t i a l  l e v e l s *  i . e . *  th e y  r e a d i l y  a ro u s e  b o th  a c o n c r e t e  

memory r e p r e s e n t a t i o n  ( i m a g e )  and a v e r b a l  l a b e l .  The more c o n c r e t e  

o r  " t h i n g - l i k e "  t h e  s t i m u l u s  o r  t h e  t a s k  s i t u a t i o n *  t h e  more l i k e l y  

i t  i s  t o  evoke memory images t h a t  can be f u n c t i o n a l l y  usefu l  in  mediating 

a p p r o p r i a t e  r e s p o n s e s  i n  t h a t  s i t u a t i o n .  B o th  s y m b o l i c  modes a re
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r e a d i l y  a r o u s e d  and c a n  be  u s e f u l  when t h e  s i t u a t i o n  i s  r e l a t i v e l y  

c o n c r e t e .

A c c o r d i n g  t o  P a i v i o  ( 1 9 7 1 )  v e r b a l  p r o c e s s e s  w i l l  be d i f f e r e n t l y  

f a v o r e d  when t h e  s i t u a t i o n  i s  r e l a t i v e l y  a b s t r a c t .  T h i s  p o i n t  of  

v i e w  d o e s  n o t  t a k e  i n t o  a c c o u n t  s i t u a t i o n s  w h ic h  a r e  **nonverbal ly  

a b s t r a c t . "  P a i v i o  ( 1 9 7 1 )  s t a t e d *  "Many s i t u a t i o n s  l i k e l y  i n v o l v e  

an  i n t e r a c t i o n  o f  i m a g i n a l  and v e r b a l  p r o c e s s e s *  how ever*  and the  

l a t t e r  would n e c e s s a r i l y  be in vo lved  a t  some s t a g e  whenever t h e  s t i m u l i  

o r  re sp o n ses*  o r  both* a r e  v e r b a l . . . "  ( p . 9 ) .  But what about  a s i t u a t i o n  

i n  w h ic h  t h e  s t i m u l i  and t a s k  r e q u i r e m e n t s  a r e  n o t  v e r b a l *  and i n  

w h ic h  b o t h  p r o c e s s e s  may n o t  be  i n v o l v e d ?  P a i v i o  d id  no t  c o n s i d e r  

t h i s  d i r e c t l y .

C o n c r e t e n e s s / a b s t r a c t n e s s  i s  t r a d i t i o n a l l y  d e f i n e d  i n  t h e

p s y c h o l o g i c a l  l i t e r a t u r e  i n  t h r e e  ways* a l l  o f  which s h a re  a common

c o re  o f  meaning ( P a i v i o ,  1971) .  F i r s t ,  i t  i s  d e f i n e d  as a c h a r a c t e r i s t i c

o f  s t i m u l i ,  e s p e c i a l l y  w o r d s .  T h i s  r e f e r s  t o  t h e  d i r e c t n e s s  w i th

w h ic h  t h e  s t i m u l u s  d e n o t e s  p a r t i c u l a r  o b j e c t s ,  and i s  equa ted  w i th

t h e  s p e c i f i c i t y / g e n e r a l i t y  o f  t e r m s  (B row n ,  1 9 5 8 ) .  S e c o n d ,  i t  i s

u s e d  t o  r e f e r  t o  t a s k  c h a r a c t e r i s t i c s ,  i m p l y i n g  s t i m u l u s / r e s p o n s e

r e l a t i o n s  ( f r o m  t h e  d i c t i o n a r y  d e f i n i t i o n  " t a k e  f r o m " ) .  T h i r d ,

c o n c r e t e n e s s / a b s t r a c t n e s s  can be d e f in e d  i n  te rms o f  t h e  p s y c h o l o g i c a l

c h a r a c t e r i s t i c s  o r  r e a c t i o n  t e n d e n c i e s  i n  t h e  i n d i v i d u a l  ( P a i v i o *

1971) .  As P a i v i o  s u c c i n c t l y  p u t s  i t :

L i k e  im a g e r y *  v e r b a l  t h o u g h t  r e m a i n s  f u n c t i o n a l  i n  coping  
w i th  c o n c r e t e  s i t u a t i o n s  b u t  s u r p a s s e s  imagery  i n  i t s  capacity 
t o  d e a l  w i t h  a b s t r a c t  t a s k s  r e q u i r i n g  th e  m a n i p u l a t i o n  and 
i n t e g r a t i o n  o f  s p a t i a l l y  and t e m p o r a l l y  remote  o b j e c t s  o r  
e v e n t s ,  o r  t a s k s  i n v o l v i n g  a b s t r a c t  r e a s o n i n g .  Not t o  be 
t a k e n  a s  a r i g i d  d i c h o t o m y  o f  s y m b o l i c  modes* f o r  i t  w i l l  
be  s u g g e s t e d  t h a t  imagery* too  may be a b s t r a c t  and schem at ic  
and t h a t  i t  a p p a r e n t l y  can s e r v e  a b s t r a c t  f u n c t i o n s . . . ( p . 18)
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Although P a iv i o  d id  no t  conce rn  h im s e l f  e x p e r i m e n t a l l y  w i th  a b s t r a c t  

a s p e c t s  o f  im a g e ry *  he  t h e o r e t i c a l l y  acknowledged i t s  e x i s t e n c e  and 

im p o r ta n c e .  Another  way o f  v iewing  th e  t a s k  d e f i n i t i o n  o f  concre teness /  

a b s t r a c t n e s s  i s  t h a t  a b s t r a c t i o n  r e q u i r e s  t h e  m a n i p u l a t i o n  o f  s p a t i a l l y  

t e m p o r a l l y  r e m o t e  e v e n t s *  i . e . *  no t  s imply s t o r i n g  e v e n t s  i n  memory* 

b u t  m a n i p u l a t i n g  t h e  symbol ic  components ( a lo n g  w i th  c o n c r e t e  a s p e c t s  

o f  t h e  t a s k  w h ic h  c o n f r o n t  t h e  i n d i v i d u a l )  i n  t h e  i n t e r e s t s  o f  th e  

demands o f  t h e  s i t u a t i o n .

A n o t h e r  a s p e c t  o f  t h e  a b s t r a c t n e s s  o f  s p a t i a l  nonverba l  e lements  

d i s c u s s e d  b y  P a i v i o  ( 1 9 7 1 )  i n v o l v e d  t h e  s t u d y  o f  c h e s s  p l a y e r s .  

P a r t i c u l a r l y  s i g n i f i c a n t  i s  th e  r e p o r t e d  o b s e r v a t i o n  t h a t  t h e  im ag ina l  

r e p r e s e n t a t i o n  o f  t h e  c h e s s  b o a r d  d e c r e a s e s  i n  c l a r i t y  o f  d e t a i l  a6 

t h e  p l a y e r ’ s e x p e r i e n c e  and p r o f i c i e n c y  i n c r e a s e s .  A s h i f t  toward 

a b s t r a c t n e s s  o f  im a g e r y  p r o c e e d s  a s  t h e  p r o f i c i e n c y  o f  t h e  p l a y e r  

d o e s .  The good c h e s s  p l a y e r ' s  v i s u a l  image u t i l i z e d  a v i s u a l  memory 

t h a t  “ l a c k s . . . c o n c r e t e  p i c t o r i a l  q u a l i t y .  Though v i s u a l *  i t  i s  an 

a b s t r a c t  k ind  o f  m e m o ry . . . a  g e o m e t r i c a l  memory.”

A b s t r a c t n e s s / c o n c r e t e n e s s  h a s  b e e n  c o n s i d e r e d  by many c o g n i t i v e  

t h e o r i s t s  i n  a n o n v e r b a l  sense* a l t h o u g h  t h i s  a s p e c t  o f  th e  d im ens ion  

seems more  d i f f i c u l t  t o  d e s c r i b e  and c a p t u r e  t h a n  t h e  v e r b a l  a b s t r a c t /  

c o n c r e t e  d im ens ion  (A t tneave*  1957; Humphrey* 1951* Woolworth* 1938) .

E r n e s t *  who w orked  w i t h  P a i v i o  ( e . g . *  P a i v i o  and Ernes t*  1971)* 

a t t e m p t e d  t o  p l a c e  h e r  r e s e a r c h  w i t h i n  t h e  t h e o r e t i c a l  framework of  

“P a i v i o ' s  d u a l  coding  approach  t o  memory and c o g n i t i o n ” (E rn e s t*  1983) .  

She s t a t e d  t h a t  t h e  v e r b a l  s y s t e m  i s  s p e c i a l i z e d  f o r  d e a l i n g  w i th  

“ a b s t r a c t  i n f o r m a t i o n  s u c h  as  l a n g u a g e ” ( p . l ) .  She* i n  e s s e n c e *  

e q u a t e d  a b s t r a c t n e s s  w i t h  v e r b a l  p r o c e s s e s *  p r e c l u d i n g  a “n o n v e r b a l ”
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d i m e n s i o n  o f  a b s t r a c t n e s s .  She f u r t h e r  s t a t e d *  “ th e  s p e c i a l i z a t i o n  

o f  t h e  im a g e r y  s y s t e m  i s  p r o c e s s i n g  c o n c r e t e  p e r c e p t u a l  in fo rm a t io n *  

s u c h  a s  n o n v e r b a l  o b j e c t s  o r  e v e n t s “ ( p . l ) ,  e q u a t i n g  th e  nonverba l  

w i th  t h e  c o n c r e t e .  T h i s  seems a narrow view of abs t rac tness /concre teness ;  

a view not  shared  by o t h e r  c o g n i t i v e  t h e o r i s t s  (Attneave* 1957; Humphrey* 

1951; Werner and Kaplan* 1963) .

In d e e d *  R i c h a r d s o n  ( 1 9 8 0 )  p r e s e n t e d  e x p e r i m e n t a l  ev idence  t h a t  

i m a g e a b i l i t y  p r e d i c t e d  pe r fo rm ance  on a b s t r a c t  b u t  no t  c o n c r e t e  i t e m s .  

T h i s  s u g g e s t s  i m a g e a b i l i t y  and c o n c r e t e n e s s  a r e  n o t  n e c e s s a r i l y  

syno n y m o u s .  E r n e s t *  on  t h e  o t h e r  hand*  d e f i n e d  im agery  a b i l i t y  as 

t h e  “ i n d i v i d u a l  d i f f e r e n c e s  c o u n t e r p a r t  o f  th e  imagery symbolic system” 

( p . l )  and g o e s  on t o  d e f i n e  i m a g e r y  and m e a s u r e  s p a t i a l  a b i l i t y  i n  

t h e  same narrow te rms (1 9 8 0 ) .  In  u s i n g  “v i s u a l i z a t i o n ” t e s t s  to  index 

i m a g e r y  a b i l i t y  s h e  seems t o  be  l o o k i n g  a t  o n l y  one  l i m i t e d  a s p e c t  

o f  6 p a t i a l  a b i l i t y .  She e x p e r i m e n t a l l y  l i m i t s  her  focus to  the perceptual  

a s p e c t s  o f  i m a g e a b i l i t y .  P r o c e s s in g  and encoding  o f  i n fo rm a t io n  involve 

much more t h a n  t h e  p e r c e p t u a l  r e p r e s e n t a t i o n  a s p e c t s  o f  im a g e a b i l i t y *  

as  does  c o n c r e t e n e s s / a b s t r a c t n e s s .

L i k e  E r n e s t *  P a i v i o  ( 1 9 7 1 ;  P a i v i o  and Csapo* 1969) i n v e s t i g a t e d  

a b s t r a c t n e s s  o f  m a t e r i a l s  o n l y  i n  t h e  v e r b a l  d im en s io n .  He d i d  not  

a t t e m p t  t o  o p e r a t i o n a l i z e  “v i s u a l ” o r  n o n v e r b a l  a b s t r a c t n e s s  i n  h i s  

d u a l  coding  s tu d y .

Whi tehouse (1981) used  P a i v i o ' s  model o f  d u a l  cod ing  t o  inves t iga te  

r i g h t / l e f t  h em isphe r ic  f u n c t i o n  i n  u n i l a t e r a l l y  b r a i n  damaged p a t i e n t s .  

He l i n k e d  t h e  two m o d e l s  o f  p r o c e s s i n g  w i t h  a c e r e b r a l  h em ispher ic  

f u n c t i o n i n g  model .  A l though he in c lu d e d  i n  h i s  s tu d y  s t im u lu s  m a te r ia ls  

he  d e s c r i b e s  a s  v i s u a l l y  a b s t r a c t *  he d id  no t  d i s c u s s  t h e  t h e o r e t i c a l
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i m p l i c a t i o n s  o f  t h e s e  m a t e r i a l s  on d u a l  coding  t h e o r y .  In  f a c t *  h i s  

r e s u l t s  were somewhat e q u i v o c a l .

C on t ra ry  t o  h i s  e x p e c t a t i o n s . Whitehouse found th a t  l e f t  hemispheric 

damaged p a t i e n t s  improved t h e i r  pe r fo rmance  on th e  a b s t r a c t  p i c t u r e  

s t i m u l i  ta sk*  g iv e n  a d d i t i o n a l  t i m e .  A b s t r a c t  p i c t u r e s  were constructed 

f ro m  a n a m e a b le  p i c t u r e  by  p r e s e r v i n g  t h e  b a s i c  form and d e t a i l s  but  

by r e a r r a n g i n g  f e a t u r e s  as  n e c e s s a r y  t o  make th e  p i c t u r e  u n i d e n t i f i a b l e  

and t h u s  u n n a m e a b l e .  He p re s u m ed  t h a t  t h e  c o m p l e x i t y  ( o f  l i n e s  

and a n g l e s )  o f  t h e  a b s t r a c t  p i c t u r e s  he used e f f e c t e d  th e  d i f f e r e n c e  

i n  p e r f o r m a n c e .  A d d i t i o n a l  t i m e  p e r m i t t e d  encoding  o f  more a s p e c t s  

o f  t h e  p r i m a r y  i m a g i n a l  c o d e .  R igh t  hemisphere  damaged p a t i e n t s  d id  

n o t  p r o f i t  from th e  e x t r a  t i m e .  Th is  f i n d i n g  might  be more a f u n c t i o n  

o f  w o r k i n g  w i t h  b r a i n  damaged p a t i e n t s *  who h a v e  d i f f i c u l t i e s  w i th  

c o n c e p t u a l  “ a b s t r a c t n e s s “ and p r o c e s s i n g  o f  i n f o r m a t i o n  i n  gene ra l*  

no m a t t e r  w h ic h  h e m i s p h e r e  i s  i n v o l v e d ,  and who may have compensated 

f o r  t h e i r  d e f i c i t s  i n  a n o t h e r  way.

A n o t h e r  e x p l a n a t i o n  r e s t s  w i t h  t h e  p o s s i b i l i t y  t h a t  h i s  s t i m u l i  

w e re  n o t  t r u l y  ' " a b s t r a c t .** P a i v i o  (1971) d e s c r i b e d  c o n c r e t e  s t i m u l i  

a s  more  f e a t u r a l l y  d i s t i n c t  and d e t a i l e d  t h a n  a b s t r a c t  s t i m u l i .  The 

more  c o n c r e t e  a s t i m u l u s  i s *  t h e  more d e t a i l  i s  n o te d - - a n d  t h e r e f o r e  

t h e  more e a s i l y  p r o c e s s e d .  Thus add i t iona l  time would al low fo r  processing 

o f  s p a t i a l  d e t a i l s  t o  o c c u r  ( i n  l e f t  h e m i s p h e r e  damaged  p a t i e n t s ,  

who s t i l l  had t h e i r  r i g h t  hemisphere  a b i l i t y  i n t a c t ) .  Thus, Whitehouse's 

p i c t u r e s  w e r e  s i m p l y  more  s p a t i a l l y  c o m p l e x ,  n o t  n e c e s s a r i l y  more 

" " a b s t r a c t  . *’ I t  i s  t h e  e s s e n c e  o f  a b s t r a c t n e s s  t h a t  t h e r e  i s  a 

" " t h r i f t i n e s s * *  of  d e t a i l .  For example ,  a p h o to g r a p h ,  w i th  more d e t a i l ,  

i s  more  c o n c r e t e  th a n  a l i n e  drawing ( P a i v i o ,  1971) .  The “complexity**
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in v o lv ed  in  a b s t r a c t n e s s ,  t h e r e f o r e ,  i s  not com plexity  o f l in e  and 

a n g l e ,  b u t c o n c e p t u a l  c o m p l e x i t y .  To cap tu re  th e  d im ension  of  

abstractness one has to look further than complexity of l in e .  

Synchronous and Sequential Processing in  the Dual Coding Model

S y n c h r o n o u s  ( s i m u l t a n e o u s )  and s e q u e n t i a l  p r o c e s s i n g  a r e  b a s i c  

a s s u m p t i o n s  of  t h e  d u a l  cod ing  model .  P a i v i o  (1971;  P a i v i o  and Csapo,  

1969)  e q u a t e d  s p e c i f i c  t a s k s  w i t h  e a c h  o f  t h e s e  two p r o c e s s e s .  He 

d e s i g n a t e d  memory s p a n  and  s e r i a l  l e a r n i n g  t a s k s  as  s e q u e n t i a l  o rd e r  

t a s k s ,  and  e q u a t e d  them w i t h  t h e  v e r b a l  s e q u e n t i a l  c o d i n g  s y s tem .  

R e c o g n i t i o n  memory and f r e e  r e c a l l  t a s k s  a r e  d e s ig n a t e d  as  synchronous  

( s i m u l t a n e o u s )  p r o c e s s i n g  t a s k s  w h ic h  do n o t  i n v o l v e  s e q u e n c i n g .  

These t a s k s  a r e  equa ted  w i th  t h e  synchronous  coding  sys tem.

Problems w i th  t h e  Dual Coding Research

P a i v i o  ( P a i v i o  and C s a p o ,  1969) d i d  n o t  t e s t  f o r  t h e  “verbal*" 

s e q u e n t i a l  code p r i m a r i l y  by u s in g  v e r b a l  s t i m u l i  and v e r b a l  r e s p o n s e s ,  

and m a n i p u l a t i n g  t h e s e  v a r i a b l e s .  I n s t e a d ,  he  o p e r a t i o n a l i z e d  the  

two ty p e s  o f  p r o c e s s i n g  i n  te rm s  of  the type of  t a s k .  He seems, the re fo re ,  

t o  be  d e f i n i n g  t h e  concep t  by t h e  p r o c e d u r e s ,  and not  by t h e  s t im u lu s  

and r e s p o n s e  v a r i a b l e s .  By u s i n g  one  t o  d e f i n e  t h e  o t h e r ,  he seem6 

t o  be  c o n f u s i n g  h i s  d e p e n d e n t  w i th  h i s  in dependen t  v a r i a b l e .  Having 

i tems  remembered i n  sequence  seems a s i m p l i s t i c  method of  opera t ional iz ing  

a c o n c e p t  a s  c o m p lex  a s  s e q u e n t i a l  p r o c e s s i n g .  H is  d e f i n i t i o n  of  

th e  concep t  seems to  be confused  w i t h  how i t  was measured .

In  o r d e r  t o  measure v e r b a l  s e q u e n t i a l  processing of  verbal  m a te r ia l s ,  

s t i m u l u s  and r e s p o n s e  modes s h o u l d  b e  m a n i p u l a t e d .  P a i v i o  seemed 

t o  f o c u s  on  t h e  p r o d u c t  r a t h e r  t h a n  th e  p r o c e s s  by e q u a t in g  th e  t a s k
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w i t h  t h e  k i n d  o f  p r o c e s s i n g  t o  o p e r a t i o n a l l y  d e f i n e  s e q u e n t i a l  and 

synchronous  p r o c e s s i n g .

P a iv io  e x p e r i m e n t a l l y  ad d re s s e d  th e  im por tance  o f  v a r y in g  s t im u lu s  

t y p e  o n l y  i n d i r e c t l y  by i n v e s t i g a t i n g  th e  a b s t r a c t / c o n c r e t e  d imens ion  

( P a i v i o  and C s a p o ,  1 9 6 9 ) .  He e q u a t e d  “ a b s t r a c t "  w i t h  v e r b a l *  and 

“ c o n c r e t e "  w i t h  n o n v e r b a l .  I n  t h i s  o r i g i n a l  s tudy* which t e s t e d  the  

d u a l  c o d i n g  model*  P a i v i o  was p r i m a r i l y  c o n c e r n e d  w i t h  t h e  v e r b a l  

s e q u e n t i a l  c o d i n g  s y s t e m  ( P a i v i o  and  Csapo* 1 9 6 9 ) .  I t  i s  o n l y  in  

p a s s i n g  t h a t  he  f o c u s e d  on  t h e  ty p e  o f  code and s t im u lu s  i n f o r m a t io n  

i t s e l f  ( P a i v i o ,  1971) .  He o p e r a t i o n a l i z e d  t h i s  by a n a l y z in g  performance 

on a r e c o g n i t i o n  memory t a s k  a s  a f u n c t i o n  o f  s t im u lu s  a t t r i b u t e  and 

r a t e  o f  p r e s e n t a t i o n .

A nother  problem w i th  P a i v i o ’ s methodology i s  t h a t  requ ir ing  subjects  

t o  v e r b a l l y  name i t e m s  a s  t h e i r  r e s p o n s e  on  t h e  d e p e n d e n t  measure  

seems t o  b e  c o n f o u n d i n g  r e s u l t s .  By a s k i n g  s u b j e c t s  t o  “name" the  

v i s u a l l y  p r e s e n t e d  p i c t u r e s ,  P a i v i o  w a s ,  i n  e s s e n c e *  f o r c i n g  them 

t o  “ d u a l l y ” code  t h a t  i n f o r m a t i o n .  S i n c e  i t  was s p e c i f i c a l l y  dua l  

c o d i n g  w h ic h  he  was a t t e m p t i n g  t o  m e a s u r e  ( P a i v i o  and Csapo* 1969)* 

t h i s  p ro c e d u re  r e n d e r s  h i s  r e s u l t s  somewhat ambiguous.

E r n e s t ,  who conduc ted  s t u d i e s  which focused  p r i m a r i l y  on perceptual  

p r o c e s s i n g  and im a g e r y  a b i l i t y *  seemed t o  be  p e r i p h e r a l l y  aware of  

t h i s  prob lem ( P a iv i o  and E r n e s t ,  1971; E r n e s t ,  1983) .  She noted (Ernest ,  

1 983 )  t h a t  i n  h e r  w o r k ,  s t i m u l u s  mode ,  p e r  s e ,  d i d  n o t  seem t o  be 

t h e  p r i m a r y  s o u r c e  o f  i n c o n s i s t e n c y  i n  t h e  d i f f e r e n t i a l  p a t t e r n  of  

e f f e c t s  f o u n d  b e t w e e n  i m a g e r y / p i c t u r e  and im agery /w ords . The c o n t e x t  

w i t h i n  w h ich  th e  s t i m u l i  were p r e s e n t e d  was viewed as a more im por tan t  

v a r i a b l e  t h a n  th e  mode o f  s t i m u l u s  p r e s e n t a t i o n .  “ Conte x ts  t h a t  perm i t
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t h e  ' e x p e c t e d 1 p r o c e s s i n g  s t r a t e g y  t o  be  p r im ed— ' e x p e c t e d '  meaning 

c o n g r u e n t  w i t h  s t i m u l u s  mode** ( E r n e s t *  1983* p . 4)  y i e l d e d  th e  most 

u n a m b ig u o u s  r e s u l t s .  Im a g e ry  a b i l i t y / p i c t u r e  e f f e c t s  emerged when 

a n o n v e r b a l  p r o c e s s i n g  s t r a t e g y  was prompted by t h e  t a s k  r e q u i r e m e n t s .  

E r n e s t  (1983) b e l i e v e d  **context** should  be considered from the perspective 

o f  e x p e r i m e n t a l  d e s i g n .  T h i s  v ie w  t h a t  **context** c a n  modify o n e ' s  

p r o c e s s i n g  s t r a t e g y  has  been  s u p p o r te d  by many o t h e r s  a s  w e l l  (Gooden 

and Baddeley* 1980; S tan o v ich  and West* 1979) .

To s t u d y  s p a t i a l  p r o c e s s i n g  one  s h o u l d  “ prime** t h e  p r o c e s s i n g  

s t r a t e g y  by k e e p i n g  t h e  s t i m u l u s  mode* c o n t e x t*  and presumably* th e  

r e s p o n s e  mode* c o n g r u e n t .  This  was not  t h e  c a s e  i n  P a i v i o ' s  o r i g i n a l  

d u a l  c o d i n g  s t u d y  ( P a i v i o  and C s a p o * 1 9 6 9 ) .  I n t e r e s t i n g l y *  t h i s  was 

a l s o  t r u e  o f  some o f  E r n e s t ' s  work ( P a i v i o  and E rnes t*  1969; E r n e s t .  

1 9 8 3 ) .  I n  a 6 t u d y  i n v o l v i n g  r i g h t  v i s u a l  f i e l d  (RVF) and l e f t  v i s u a l  

f i e l d  (LVF) p r e s e n t a t i o n  o f  n o n v e r b a l  s t i m u l i *  E r n e s t  found a b i a s  

f a v o r i n g  t h e  RVF ( l e f t  hem isphere)  among s e v e r a l  h ig h  s p a t i a l  im agers .  

T h i s  was q u i t e  t h e  o p p o s i t e  o f  what one would e x p e c t ,  g iv e n  th e  body 

o f  b r a i n  l a t e r a l i z a t i o n  l i t e r a t u r e  (E rn e s t*  1983) .  E r n e s t  i n d i c a t e d  

an  a w a r e n e s s  t h a t  s h e  may h a v e  “m i x e d “ c o n t e x t s  ( d i d  n o t  k e e p  the  

s t i m u l u s  mode c o n s t a n t  w i t h  t h e  r e s p o n s e  mode) when s h e  n o t e d  the  

f o l l o w i n g :

. . . w e  know t h a t  t h e  language  p r o d u c t i o n  sys tems  a r e  l o c a l i z e d  
i n  t h e  l e f t  hemisphere  o f  r i g h t  handed i n d i v i d u a l s .  Because 
a l l  t a s k s  d e s c r i b e d  h e r e  r e q u i r e  some form o f  v e r b a l  ou tpu t*  
i t  s e e m s  r e a s o n a b l e  t o  i n f e r  t h a t  t h e  r e a d i e r  a c c e s s  o f  
l e f t  h e m i s p h e r e  e n c o d i n g s  t o  t h e  l e f t  h e m is p h e re  language  
p r o d u c t i o n  c e n t e r  r e s u l t e d  i n  t h e  ' f a v o r i n g '  o f  RVF 
p r e s e n t a t i o n ,  ( p . 25)

Because E rn e s t  (1983) u sed  a v e r b a l  r e s p o n s e  mode i n  h e r  RVF/LVF model*

t h i s  “prob lem” may c a l l  i n t o  q u e s t i o n  many o f  h e r  c o n c l u s i o n s .
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A nother  d i f f i c u l t y  w i th  P a i v i o ' s  o r i g i n a l  d u a l  cod ing  study (Paivio 

and Csapo* 1969)  i s  t h a t  a l l  i n d e p e n d e n t  v a r i a b l e s  w e re  p r e s e n t e d  

to  s e p a r a t e  groups  o f  s u b j e c t s ;  t h e r e f o r e *  i n t r a - i n d i v i d u a l  d i f f e r e n c e s  

a c r o s s  t h e  s e v e r a l  t a s k s *  and t h e  e f f e c t  o f  s e v e r a l  t a s k  v a r i a b l e s  

w e re  n o t  i n v e s t i g a t e d .  S t a t e m e n t s  made a bou t  t h e  r e s u l t s  cannot  be 

w id e ly  g e n e r a l i z e d  beca use  th e  groups were in d e p e n d e n t .  The d if ferences  

fo u n d  c o u l d  t h e o r e t i c a l l y  be  a t t r i b u t e d  t o  i n d i v i d u a l  d i f f e r e n c e s  

among g ro u p  m e m b ers .  Although he d id  c o n s i d e r  i n d i v i d u a l  d i f f e r e n c e s  

i n  a s u b s e q u e n t  s t u d y *  i n  t h e  fo rm  o f  imagery  a b i l i t y  (h ig h  and low 

i m a g e r s ) *  t h i s  s t u d y  d i d  n o t  em ploy  a d u a l  c o d i n g  pa radigm ( P a iv i o  

and E r n e s t *  1971) .  The same c r i t i c i s m ,  u s i n g  in dependen t  t e s t  g ro u p s ,  

c a n  a l s o  be  a p p l i e d  t o  E r n e s t ’ s work ( P a i v i o  and E rnes t*  1971; E rnes t*  

1 9 8 3 ) .  She c o n c l u d e d  t h a t  by u s in g  on ly  one ty p e  o f  s t i m u l i  f o r  each 

s t u d y  w i t h  i n d e p e n d e n t  g r o u p s *  s h e  was a v o i d i n g  ’‘p r i m i n g ’* o r  c a r r y  

o v e r  e f f e c t s  f r o m  o t h h r  s t i m u l u s  t y p e s .  F o r  e a c h  o f  h e r  s t u d i e s ,  

t h e r e f o r e ,  s h e  t o o  u s e d  d i f f e r e n t  s t i m u l i ,  d i f f e r e n t  s u b j e c t s  (w i th  

o n l y  two g r o u p s  o v e r l a p p i n g ) ,  and d i f f e r e n t  r e s p o n s e  modes ( E r n e s t ,  

1983)  . A w i t h i n - s u b j e c t  r e s e a r c h  d e s ig n  would c o n t r o l  more a d e q u a te l y  

f o r  i n d i v i d u a l  d i f f e r e n c e s  w h i l e  a l s o  c o n t r o l l i n g  f o r  sequence  e f f e c t s  

( o r d e r  e f f e c t s  [Tuckman, 1 9 7 2 ] ) .  S ta t em en t s  made about  t a s k  d if fe rences  

c a n  be  s t r o n g e r  and more  g e n e r a l i z a b l e  when t a s k s  a r e  p r e s e n t e d  to  

t h e  same group of  i n d i v i d u a l s .

A l t h o u g h  t h e r e  a r e  d i f f i c u l t i e s  i n  t h e  m e t h o d o l o g i e s  employed 

by  E r n e s t *  she*  n e v e r t h e l e s s ,  a t t e m p t e d  t o  e x a m in e  sex  d i f f e r e n c e s  

and h e m i s p h e r i c  f u n c t i o n i n g  w i t h i n  t h e  f r a m e w o rk  o f  a d u a l  cod ing  

parad igm.
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Ernest *s Framework of Hemispheric Functioning

E r n e s t ’ s work i n v o l v e d  t h e  s t u d y  o f  p e r c e p t u a l  p r o c e s s i n g  o f  

i n f o r m a t i o n .  I n  an  a r t i c l e  d e a l i n g  w i t h  s p a t i a l  i m a g e r y  a b i l i t y ,  

s e x  d i f f e r e n c e s  and h e m i s p h e r i c  f u n c t i o n i n g ,  E r n e s t  (1983) a t tem pted  

t o  i n t e g r a t e  i m a g e r y  a b i l i t y  w i t h  v i s u a l  p e r c e p t i o n  o f  bo th  v e r b a l  

and n o n v e r b a l  s t i m u l i .  She r e p o r t e d  th e  r e s u l t s  o f  a s e r i e s  of  f o u r  

u n p u b l i s h e d  s t u d i e s  w h ic h  w e re  a n  o u t g r o w t h  o f  a n  o r i g i n a l  s t u d y  

p e r f o r m e d  w i t h  P a i v i o  ( P a i v i o  and E r n e s t ,  1971) .  From th e  c o l l e c t i v e  

d a t a  o f  t h e s e  s t u d i e s ,  E r n e s t  (1983) c o n s t r u c t e d  a proposed  framework 

o f  h e m i s p h e r i c  f u n c t i o n i n g  f o r  m a l e s  and f e m a l e s ,  b a s e d  p r i m a r i l y  

on  t h e  r e s u l t s  o b t a i n e d  f ro m  r e s e a r c h  w h ic h  i n f e r r e d  h e m i s p h e r i c  

d i f f e r e n c e s  from v i s u a l  p e r c e p t u a l  f i e l d  s t i m u l a t i o n .

I n t e r e s t i n g l y ,  E r n e s t  ( 1 9 8 3 )  p r e s u m e d  a b r o a d e r  s c o p e  t o  h e r  

f i n d i n g s  t h a n  s i m p l y  p e r c e p t u a l  p r o c e s s i n g .  She d i s c u s s e d  h e r  

f i n d i n g s ,  c o m p a r i n g  P a i v i o ' s  s y m b o l i c  s y s t e m s  w i t h  c o u n t e r p a r t s  i n  

t h e  n e u r o p s y c h o l o g i c a l  l i t e r a t u r e  on l a t e r a l i z a t i o n  o f  b r a i n  f u n c t i o n .  

E r n e s t  c i t e d  s t u d i e s  u s i n g  b o t h  b r a i n  damaged and normal p o p u la t i o n s  

a s  s u g g e s t i n g  t h a t  " t h e  l e f t  h e m i s p h e r e  o f  t h e  b r a i n  i s  s p e c i a l i z e d  

f o r  v e r b a l / l i n g u i s t i c / a n a l y t i c  f u n c t i o n s  whereas  t h e  s p e c i a l  s k i l l s  

a s s o c i a t e d  w i t h  t h e  r i g h t  h e m i s p h e r e  p e r t a i n  t o  n o n v e r b a l / s p a t i a l  

i n f o r m a t i o n  p r o c e s s i n g  a s  w e l l  as  g l o b a l / h o l i s t i c  modes of  a n a l y s i s  

( E r n e s t ,  1983) .

W h i le  E r n e s t  s t a t e d  t h a t  i m a g e r y  and p e r c e p t i o n  t a p  " s i m i l a r  

u n d e r l y i n g  p r o c e s s e s ,  s h e  d i d  no t  c a r r y  t h i s  d i s t i n c t i o n  f a r  enough.  

She seems t o  a ssum e  t h a t  p e r c e p t i o n  and encoding  c a p t u r e  one and th e  

same p r o c e s s .  E r n e s t  ( 1 9 8 3 )  e x p e r i m e n t a l l y  s t u d i e d  p e r c e p t i o n  u s in g  

a r i g h t  v i s u a l  f i e l d  (RVF) and  a l e f t  v i s u a l  (LVF) model .  She,  i n
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t u r n ,  made a s su m p t io n s  about the " p r o c ess in g "  and "encoding** o f  

in fo rm a tio n  based on her ob serva t ion s  of p erception . Perception and 

encoding are undoubtedly  r e l a t e d ,  but p erception  does not encompass 

th e  encoding process a6 a whole, and cannot be assumed to be id e n t ic a l  

to encoding.

I n  h i s  o r i g i n a l  d u a l  c o d i n g  s t u d y  ( P a i v i o  and C s a p o ,  1 9 6 9 ) ,  

P a i v i o ' 6  d e s i g n  m a n i p u l a t e d  d u a l  c o d i n g  by  v a r y i n g  t h e  r a t e  o f  

p r e s e n t a t i o n  o f  v i s u a l  s t i m u l i .  D ua l  c o d i n g  was assumed u nab le  to  

o c c u r  a t  t h e  f a s t  r a t e  because  i t  p r e v e n te d  th e  a r o u s a l  o f  r e f e r e n t i a l  

o r  a s s o c i a t i v e  i m a g e s .  These images a r e  assumed t o  p l a y  an im por tan t  

p a r t  i n  t h e  encoding  p r o c e s s  as a whole .

E r n e s t ' s  work  l a c k e d  some b a s i c  e l e m e n t s  p r e s e n t  i n  P a i v i o ' s  

d u a l  c o d i n g  m o d e l ,  and t h e r e f o r e  f a i l e d  t o  t a p  t h e  encoding  p r o c e s s  

a s  a w h o l e .  Her  d e s i g n  f a i l e d  t o  do so  b y :  a )  d e a l i n g  w i t h  o n ly

p e r c e p t u a l  p r o c e s s i n g  o f  i n f o r m a t io n ;  b)  no t  employing a v a r y i n g  r a t e  

o f  p r e s e n t a t i o n  o f  s t i m u l i  (which i s  how P a i v i o  o p e r a t i o n a l l y  d e f in e d  

d u a l  c o d i n g ) ;  and c) u s i n g  r e c o g n i t i o n  t a s k s  i n s t e a d  o f  memory t a s k s .

E r n e s t ' s  work d e a l t  on ly  w i th  p e r c e p t i o n ,  which does no t  invo lve  

e i t h e r  t h e  r e f e r e n t i a l  o r  a s s o c i a t i v e  l e v e l s  o f  p r o c e s s i n g .  She was 

t h e r e f o r e  u n a b l e  t o  c a p t u r e  encod ing  a t  t h e s e  l e v e l s ;  nor d id  E rn es t  

v a r y  t h e  r a t e  o f  p r e s e n t a t i o n  o f  s t i m u l i .  In  a d d i t i o n ,  a l l  o f  E r n e s t ' s  

s t u d i e s  ( E r n e s t ,  1983; P a iv i o  and E r n e s t ,  1971) used  r e c o g n i t i o n  t a s k s  

a s  o p p o s e d  t o  r e c a l l  t a s k s .  T h i s  p r o c e d u r e  f a l l s  s h o r t  o f  t a p p in g  

t h e  t r u e  " f u l l "  p r o c e s s i n g  o f  i n f o r m a t i o n  ( n o  t r a n s f o r m a t i o n  o f  

s t i m u l i  o c c u r s ) .  P a i v i o ' s  o r i g i n a l  d u a l  cod ing  model employed memory 

t a s k s  i n  o r d e r  t o  t a p  i n t o  t h e  e n c o d i n g  p r o c e s s .  S ince  E rn e s t  used



26

t a s k s  w h ic h  i n v o l v e d  t h e  s i m p l e  p e r c e p t u a l  r e c o g n i t i o n  o f  s t i m u l i ,

h e r  work d id  no t  d e a l  w i th  t h e  encoding  p r o c e s s  a6 a whole .

C o g n i t i v e  S t r a t e g i e s  P r e f e r e n c e  and C e re b ra l  Hemispher ic F u n c t io n in g

A m a j o r  d i f f i c u l t y  w i t h  E r n e s t ’ s work  (1983)  i s  t h a t  she seems

t o  d e f i n e  h e m i s p h e r i c  c o d i n g  p r e f e r e n c e  by  h e m i s p h e r i c  e f f i c i e n c y

f o r  p r o c e s s i n g  o f  p e r c e p t u a l  d a t a ;  a parad igm which p r e c l u d e s  " c h o ic e .

R i c h a r d s o n  (1978) s t r o n g l y  emphasized th e  im por tance  o f  e x p e r i m e n t a l l y

c a p t u r i n g  p r e f e r e n c e  f o r  c o d i n g  i n  h i s  d i s c u s s i o n  on menta l  imagery

and s p a t i a l  a b i l i t y  r e s e a r c h .  He s t a t e s :

A p o s s i b l e  c o n c l u s i o n  i s  t h a t  n e i t h e r  s u b j e c t i v e  nor object ive 
t e s t s  o f  im a g e r y  a b i l i t y  a r e  a p p r o p r i a t e  m e a s u r e s  o f  the  
c r i t i c a l  d i m e n s i o n s  on  w h ic h  s u b j e c t s  v a r y  i n  t h e i r  u s e  
o f  d i f f e r e n t  modes o f  symbolic r e p r e s e n t a t i o n .  In  s tu d y in g  
i n d i v i d u a l  d i f f e r e n c e s  i n  memory c o d i n g ,  I  wou ld  s u g g e s t  
t h a t  t h e  c r u c i a l  q u e s t i o n  i s  n o t  how w e l l  s u b j e c t s  employ 
a g i v e n  mode o f  s y m b o l i c  r e p r e s e n t a t i o n  b u t  w h ic h  i s  th e  
p r e f e r r e d  mode o f  r e p r e s e n t a t i o n .  We should  t h e r e f o r e  not  
be  i n t e r e s t e d  i n  t h e  a b i l i t y  t o  c o n s t r u c t  and m a n i p u l a t e  
m e n t a l  i m a g e s ,  b u t  i n  t h e  p r e f e r e n c e  f o r  m e n t a l  im a g e r y  
as a mnemonic code (Richardson* 1978,  p . 133 ) .

E rn e s t  (1983) has  not  i n c lu d e d  encoding " p r e f e r e n c e "  i n  h e r  experimental 

d e s i g n .  The p r e s e n t a t i o n  o f  s t i m u l i  to  the RVF or  LVF in  i t s e l f  determines 

which hemisphere  a n d / o r  encoding  method w i l l  p re d o m in a te .

E r n e s t  6eemed aw a re  o f  t h i s  p r o b l e m  h e r s e l f  when s h e  s t a t e d :  

g e n e r a l  modes o f  c o g n i t i v e  f u n c t i o n i n g  may p r o v e  t o  be  an  o v e r ­

s i m p l i f i c a t i o n  o f  r e a l i t y .  I n d i v i d u a l  d i f f e r e n c e s  must be c o n s id e re d  

b e c a u s e  a l l  i n d i v i d u a l s  do n o t  a p p r o a c h  t h e  same t a s k  i n  t h e  same 

way .  S e c o n d l y ,  a r e l a t i o n s h i p  e x i s t s  b e tw ee n  a b i l i t y  and s t r a t e g y .  

That i s ,  t h e  e f f e c t i v e n e s s  o f  a g iv e n  s t r a t e g y  depends on o n e ' s  p a t t e r n  

o f  a b i l i t i e s "  ( p . 8 ) .

B r y d e n  ( 1 9 7 9 )  s u g g e s t s  t h a t  m a l e s  and f e m a l e s  u s e  d i f f e r e n t  

s t r a t e g i e s  i n  p e r f o r m i n g  " l a t e r a l i z a t i o n "  t a s k s .  There  i s  ev idence
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f rom  o t h e r  s o u r c e s *  a s  w e l l *  t h a t  t h e  sexes  d i f f e r  i n  t h e i r  approach 

t o  t h e  same t a s k  ( A l l e n  and H oge land*  1978 ;  F reedm a n  and Rovegno,  

19 8 1 ;  K a i l *  C a r t e r  and P e l l e g r i n o *  1 9 7 9 ;  McGlone* 1981;  Tapley and 

B ryden*  1 9 7 7 ) .  T h e s e  d i f f e r e n t  a p p r o a c h e s  and s t r a t e g i e s  have been 

l i n k e d  t o  c e r e b r a l  h e m i s p h e r i c  l a t e r a l i z a t i o n  ( r i g h t  hem pisphere— 

s p a t i a l *  n o n v e r b a l *  g l o b a l / h o l i s t i c  p ro c e s s in g *  and l e f t  hem isphere— 

v e r b a l *  l i n g u i s t i c *  a n a l y t i c a l  p r o c e s s i n g ) .  I t  has been  argued t h a t  

a s y m m e t r i e s  i n  p e r f o r m a n c e  on h e m i s p h e r i c  t a s k s  may be r e f l e c t i o n s  

o f  a t t e n t i o n  ( K i n s b o u r n e *  19 7 0 ;  Young and E l i e s *  1981) and s t r a t e g y  

c h o i c e s  ( M c G l o n e ,  1980)  r a t h e r  t h a n  "true** d i f f e r e n c e s  i n  b r a i n  

s p e c i a l i z a t i o n .  While E rn e s t  mentions  t h e s e  cons truc ts  in  her discuss ion ,  

s h e  e x p e r i m e n t a l l y  i g n o r e s  them by  p r e c l u d i n g  an  e lement o f  cho ice  

and l i m i t i n g  h e r  focus  t o  t h e  s tu d y  o f  p e r c e p t u a l  p r o c e s s i n g .

In summary, encoding p r e f e r e n c e  may be c a p t u r e d  by allowing subjects  

t o  " c h o o s e "  t h e  p r o c e s s i n g  s t r a t e g y  which i s  most e f f i c i e n t  f o r  them 

by e m p l o y i n g  a d u a l  c o d i n g  m o d e l .  A model which a l lo w s  f o r  t h e  dua l  

c o d i n g  o f  s t i m u l i  p r e s e n t s  an o p p o r t u n i t y  f o r  e i t h e r  o r  bo th  encoding 

" s t r a t e g i e s * "  t o  be  u s e d .  Although E rn e s t  a t t em p ted  to  p l a c e  h e r  work 

w i t h i n  t h e  c o n t e x t  of  P a i v i o ’ s d u a l  p r o c e s s i n g  t h e o r y ,  h e r  work d i f fe red  

i n  s e v e r a l  im p o r ta n t  ways from P a i v i o ' s  o r i g i n a l  d u a l  cod ing  paradigm.  

E r n e s t ' s  work  d i d  n o t  t r u l y  c a p t u r e  t h e  d u a l  c o d i n g  paradigm s in c e  

s h e :  1)  d e a l t  o n l y  w i t h  p e r c e p t i o n ;  2)  d i d  n o t  v a r y  t h e  r a t e  o f

p r e s e n t a t i o n ;  and 3) d id  not  u se  a memory t a s k .

Simultaneous and Sequential Processing and the Cerebral Hnmi flpharaft

O t h e r  a u t h o r s  h a v e  a t t e m p t e d  t o  l i n k  c o g n i t i v e  s t r a t e g i e s  w i th  

c e r e b r a l  h e m i s p h e r i c  d i f f e r e n c e s  and t h e i r  s p e c i f i c  p r o c e s s i n g  modes. 

Most  o f  t h e  l i t e r a t u r e  d e s c r i b e d  t h e  two d i s t i n c t  modes o f  cod ing
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o p e r a t i o n  i n  te rms of  a s s i g n i n g  each  s p e c i f i c a l l y  t o  a s i n g l e  hemisphere 

o f  t h e  b r a i n  (Bogen.  1969; L ev y -A g res t i  and Sperry* 1968; Nebes,  1974; 

R u s s e l l*  1979; Z a n g w i l l ,  1960) .

The l e f t  hemisphere  i s  s a i d  t o  o p e r a t e  i n  a more l o g i c a l *  a n a l y t i c  

c o m p u t e r - l i k e  fa s h io n *  a n a l y z in g  s t im u lu s  i n f o r m a t i o n  input  sequential ly* 

a b s t r a c t i n g  ou t  t h e  r e l e v a n t  d e t a i l s  t o  which i t  a t t a c h e s  v e rb a l  labe ls .  

The r i g h t  h em isphere ,  on t h e  o t h e r  hand, i s  seen p r im ar i ly  as a syn thes is t ,  

more  c o n c e r n e d  w i th  t h e  o v e r a l l  s t im u lu s  c o n f i g u r a t i o n ,  and o rg a n iz in g  

and p r o c e s s i n g  i n f o r m a t i o n  i n  t e r m s  o f  g e 6 t a l t s  o r  w h o le s  (Bogen,  

1969,  L e v y -A g re s t i  and S p e r r y ,  1968; Z a n g w i l l ,  1960) .

Das,  K irby  and Jarmon (1979) d e s c r i b e d  th e  two ty p e s  o f  p ro c e s s in g  

as f o l l o w s :

S i m u l t a n e o u s  i n t e g r a t i o n  r e f e r s  t o  t h e  s y n t h e s i s  o f  s e p a r a t e  
e l e m e n t s  i n t o  g r o u p s .  These groups  o f t e n  t a k i n g  on s p a t i a l  
o v e r t o n e s .  This  e s s e n t i a l  n a t u r e  o f  t h i s  s o r t  o f  p r o c e s s i n g  
i s  t h a t  any p o r t i o n  o f  t h e  r e s u l t  i s  a t  once s u r v e y a b l e . . .  
S u c c e s s i v e  i n f o r m a t i o n  p r o c e s s i n g  r e f e r s  t o  p r o c e s s i n g  
i n f o r m a t i o n  i n  a s e r i a l  o r d e r . . . I n  s u c c e s s i v e  p r o c e s s i n g  
t h e  s y s t e m  i s  n o t  t o t a l l y  s u r v e y a b l e  a t  any p o i n t  i n  t im e .
( p p . 49 ,  5 0 ) .

I n f o r m a t i o n  c a n  u n d o u b t e d l y  be  coded  i n  memory e i t h e r  v e r b a l l y  

o r  v i s u a l l y  ( e . g . ,  Bow er ,  1 9 7 2 ;  Conrad ,  1964; P o s n e r ,  e t  a l . ,  1969).  

S t u d i e s  o f  hem isp h e r ic  f u n c t i o n s  have a l s o  shown th a t  the  same information 

c a n  be  p r o c e s s e d  e i t h e r  th rough  a l e f t  o r  r i g h t  h e m is p h e r i c  mode ( v i a  

s e q u e n t i a l  o r  s i m u l t a n e o u s  p r o c e s s i n g ) ,  depend ing  on th e  p r e s e n t a t i o n  

o f  t h e  m a t e r i a l  ( B r y d e n  and  A l l a r d ,  1 9 7 6 ) ,  o r  t h e  i n s t r u c t i o n s  to  

t h e  s u b j e c t s  ( G e f f e n ,  e t  a l . ,  1 9 7 2 ;  Seamon and  G a z z a n i g a ,  1 9 7 3 ) .  

O t h e r  r e s e a r c h e r s  h a v e  s t r e s s e d  t h a t  v e r b a l  c o d i n g  and v e r b a l  r u l e  

l e a r n i n g  p l a y  an im p o r tan t  r o l e  i n  g e n e r a l  c o g n i t i v e  a n a l y s i s  ( B e i l i n ,  

1971).
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L e v y - A g r e s t i  and S p e r r y  ( 1 9 6 8 )  p r o p o s e d  e v e n  f u r t h e r  a “b a s i c  

i n c o m p a t a b i l i t y  o f  l a n g u a g e  f u n c t i o n s  on  th e  one hand and s y n t h e t i c  

p e r c e p t u a l  f u n c t i o n s  on  t h e  o t h e r “ ( p . 1 1 5 1 ) .  From an e v o l u t i o n a r y  

p e r s p e c t i v e ,  th e y  p roposed  t h a t  t h e  l e f t  hemisphere  would be “inadequate 

f o r  t h e  more  r a p i d  complex s y n t h e s i s  ach ieved  by th e  r i g h t  hem isphere"  

( p .  1 1 5 1 ) .  I t  i s  on t h i s  s u p p o s i t i o n  t h a t  th e y  fo rm u la te d  a p o s s i b l e  

b a s i s  f o r  c e r e b r a l  l a t e r a l i z a t i o n  i n  h u m a n s .  T h e i r  h y p o t h e s i z e d  

c o n s e q u e n c e  o f  a n  a n a l y t i c  a n d  s y n t h e t i c  g e s t a l t  p e r c e p t u a l  

i n c o m p a t a b i l i t y  i s  t h a t  d u r in g  th e  e v o l u t i o n  o f  th e  hom in id s .  g e s t a l t  

p e r c e p t i o n  l a t e r a l i z e d  i n t o  t h e  “mute"  ( r i g h t )  hem isphere .  R eg a rd le s s  

o f  t h e  b a s i s  f o r  c e r e b r a l  l a t e r a l i z a t i o n  o f  f u n c t i o n ,  t h e r e  i s  a 

s i g n i f i c a n t  body o f  l i t e r a t u r e  s u p p o r t in g  i t s  ex is tence .  This d i s t i n c t i o n  

i n  l a t e r a l i z a t i o n  o f  f u n c t i o n i n g  h a s  b e e n  a s s o c i a t e d  w i t h  t h e  two 

t y p e s  o f  p r o c e s s i n g  ( s im u l t a n e o u s  and s e q u e n t i a l ) .  In  a d d i t i o n ,  bo th  

c e r e b r a l  l a t e r a l i z a t i o n  o f  f u n c t i o n i n g  and p r e f e r r e d  mode o f  information 

p r o c e s s i n g  h a v e  b e e n  l i n k e d  t o  per fo rmance  d i f f e r e n c e s  be tween males 

and f e m a le s .

C l i n i c a l  Evidence f o r  C e r e b r a l  L a t e r a l i z a t i o n  o f  F u n c t i o n in g

Most o f  t h e  ev id en ce  g a t h e r e d  to  s u p p o r t  l a t e r a l i z a t i o n  of ce rebra l  

f u n c t i o n  h a s  i n v o l v e d  s t u d y i n g  p a t i e n t s  w i t h  b r a i n  i n j u r y  o r  o t h e r  

c e r e b r a l  t r a u m a .  T h e s e  d a t a  have  p ro v id e d  a p i c t u r e  which d e s c r i b e s  

damage t o  t h e  l e f t  hem isphere  ( e s p e c i a l l y  i n  r i g h t  h a n d e r s )  p r i m a r i l y  

a s  d i s t u r b i n g  l i n g u i s t i c  f u n c t i o n s .  D e p e n d in g  on  t h e  s i t e  o f  the  

l e s i o n ,  i t  m i g h t  i n c l u d e  one  o r  a l l  o f  t h e  f o l l o w i n g :  d i f f i c u l t i e s

i n  l a n g u a g e  c o m p r e h e n s i o n ;  d i f f i c u l t i e s  i n  e x p r e s s i v e  language  (such  

a s  a p h a s i a ) ;  r e a d i n g  d i f f i c u l t i e s ;  word  f i n d i n g  p rob lem s  (anomia) ;  

d i f f i c u l t i e s  w i t h  m a t h e m a t i c a l  o p e r a t i o n s  ( d y s c a l c u l i a ) ; w r i t i n g
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d i f f i c u l t i e s  ( d y s g r a p h i a ) ; a n d  s e n s o r y  m o t o r  p r o b l e m s  on t h e  

c o n t r a l a t e r a l  s i d e  of  t h e  body ( P a i v i o  and deL inde ,  1983) .

Damage t o  t h e  r i g h t  h e m is p h e re ,  on t h e  o t h e r  hand ,  i s  character ized  

a s  m a n i f e s t i n g  d e f i c i t s  i n  v i s u a l  a g n o s i a ;  som a ta g n o s ia ,  u n i l a t e r a l  

n e g l e c t ,  p r o s o p a g n o s i a  ( n o n r e c o g n i t i o n  o f  f a c e s ) ;  and c o n s t r u c t i o n a l  

a p r a x i a  ( P a i v i o  and d e L i n d e ,  1 9 8 3 ) .  A d d i t i o n a l l y ,  s t u d i e s  of  r i g h t  

b r a i n  damaged p a t i e n t s  have d e t e c t e d  problems i n  i n t e g r a t i n g  fragmented 

s h a p e s  ( N e b e s ,  197 2 ) ;  f a i l u r e  a t  maze l e a r n i n g  (C o rk in ,  1965; M i lne r ,  

1965);  d i f f i c u l t i e s  w i t h  t h e  d e d u c t io n  o f  s p a t i a l  r e l a t i o n s h ip s  u t i l i z i n g  

a s e r i e s  o f  complex p a t t e r n s  (Carmon, 1978) ;  prob lems w i th  r e c o g n i t i o n  

o f  m e lod ie s  and e m o t io n a l ,  n o n v e rb a l  human sounds (Carmon and Nochshon, 

1 9 7 1 ;  K im u ra ,  1964; S h a n k w e i l e r ,  1966) ;  problems i n  d e t e c t i o n  of  depth  

( B e n t o n  and H e c a e n ,  1 9 7 0 ) ;  f a i l u r e  t o  d i s t i n g u i s h  l i n e  o r i e n t a t i o n  

and d i r e c t i o n a l i t y  ( B e n t o n ,  e t  a l . ,  1973)  and  p o o r  r e c o g n i t i o n  of  

a b s t r a c t  fo rm s  ( R u b i n o ,  1970) .  However, some r e s e a r c h e r s  have argued 

t h a t  t h i s  p a t t e r n  o f  d e f i c i t s  ( a n d  a b i l i t i e s )  may n o t  be  t h e  same 

f o r  m a l e s  and f e m a l e s  ( B r y d e n ,  1979 ;  H a r r i s ,  1 9 7 8 ;  M cGlone ,  1980; 

W i te l s o n ,  1976) .

Sex D i f f e r e n c e s  i n  C e r e b r a l  Hemispher ic  F u n c t i o n in g

To b r i e f l y  sum u p ,  s e x  r e l a t e d  d i f f e r e n c e s  i n  b r a i n  asymmetry 

stemmed from ev idence  t h a t ,  by a d o l e s c e n c e ,  t h e  sexes  a p p a r e n t l y  d i f f e r  

i n  c e r t a i n  c o g n i t i v e  a b i l i t i e s .  Males t y p i c a l l y  d e m o n s t r a te  s u p e r io r  

s p a t i a l  m a n i p u l a t i o n  s k i l l s  ( B u r s t e i n ,  e t  a l . ,  1980 ;  H a r r i s ,  1978; 

Maccoby and J a c k l i n ,  1974) and fem a les  e x c e l  i n  l i n g u i s t i c  t a s k s  such 

as v e r b a l  f l u e n c y  ( B u r s t e i n ,  e t  a l . ,  1980; F a i r w e a t h e r ,  1976; Freedman,  

1 9 7 9 ;  H a r r i s ,  1 9 7 8 ;  M a c a u l a y ,  1978 ;  Maccoby and J a c k l i n .  1 9 7 4 ) .  

S p e c u l a t i o n  c o n ce rn in g  t h e  s o u rc e s  o r  d e t e r m in a n t s  o f  t h e s e  d i f f e r e n c e s
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l ed  to  an exam ina t ion  o f  sex d i f f e r e n c e s  i n  b r a i n  o r g a n i z a t i o n .  Various 

o t h e r  e x p l a n a t i o n s ,  w h ic h  a r e  not  m u t u a l l y  e x c l u s i v e ,  have a l s o  been 

o f f e r e d  t o  a c c o u n t  f o r  t h e  d i f f e r e n c e s  t h a t  e x i s t  be tween male and 

female  per formance  i n  t h e  two s k i l l  a r e a s .

A rev iew  which examined th e  c u r r e n t  t h i n k i n g  would have to  in c lu d e  

some c o m b i n a t i o n  o f  t h e  f o l l o w i n g :  a g e n e t i c  e x p l a n a t i o n  which sees

s p a t i a l  a b i l i t y  a s  i n h e r i t e d  t h r o u g h  a r e c e s s i v e  s e x - l i n k e d  gene;  

an  e x p l a n a t i o n  i n v o l v i n g  th e  i n f l u e n c e  by v a r i o u s  sex  hormones,  which 

a r e  t h o u g h t  t o  a c t  a s  r e l e a s i n g  m e c h a n i s m s ,  w h ich  d i f f e r e n t i a l l y  

i n f l u e n c e  t h e  n e u r a l  s u b s t r a t e  o f  t h e  c e r e b r a l  h e m i s p h e r e s ,  and an 

e x p l a n a t i o n  w h ic h  l o o k s  t o  e n v i r o n m e n t a l  f a c t o r s  a s  p l a y i n g  a r o l e  

i n  t h e  e n h a n c e m e n t  o r  s u p p r e s s i o n  o f  t h e  m a n i f e s t a t i o n  o f  t h e  two 

s k i l l s  ( B u r s t e i n .  e t  a l . ,  1980 ;  H a r r i s ,  1975; Maccoby and J a c k l i n ,  

1 9 7 4 ) .  The p r e s e n t  d i s c u s s i o n  w i l l  a d d r e s s  c e r e b r a l  o r g a n i z a t i o n  

(h e m is p h e r ic  f u n c t i o n i n g )  o n ly .

The  s t u d y  o f  c e r e b r a l  o r g a n i z a t i o n  and s e x  d i f f e r e n c e s  i n  

h e m i s p h e r i c  f u n c t i o n i n g  n e c e s s i t a t e d  t h e  u s e  o f  v a r i o u s  t e c h n iq u e s  

(M cG lone ,  1 9 8 0 ) .  The f i n d i n g s  o f  s u c h  a wide range  o f  s t u d i e s  have 

b e e n  r e v i e w e d  by Bryden  (1979) and McGlone ( 1 9 8 0 ) ,  who concluded  t h a t  

when s e x  d i f f e r e n c e s  a r e  f o u n d ,  m a l e s  t e n d  t o  be  more  l a t e r a l i z e d  

f o r  v e r b a l  and s p a t i a l  f u n c t i o n s  t h a n  f e m a l e s .  H ow e ve r ,  “more  i s  

known o f  s e x  d i f f e r e n c e s  i n  l a n g u a g e  r e p r e s e n t a t i o n  t h a n  t h o s e  i n  

s p a t i a l  r e p r e s e n t a t i o n ” (McGlone,  1980) .  B a s i c a l l y ,  t h i s  view seems 

c o n s i s t e n t  w i t h  t h e  v i e w  t h a t  b i l a t e r a l  r e p r e s e n t a t i o n  o f  language 

( e s p e c i a l l y  i n  women) i n t e r f e r e s  w i t h  s p a t i a l  p r o c e s s i n g  ( H a r r i s ,  

1 9 7 5 ,  1978 ;  L e v y ,  1 9 6 9 ,  1 9 7 4 ) .  S p a t i a l  p r o c e s s i n g  i s  p r e s u m e d  to  

be t h e  p r o v in c e  o f  t h e  r i g h t  h em isphere .  The v a r i o u s  r e s e a r c h  f i n d i n g s
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i n  t h i s  a r e a  have g e n e r a t e d  s e v e r a l  models  w i t h i n  a n eu ro p s y c h o lo g ic a l  

framework to  e x p l a i n  t h e s e  sex d i f f e r e n c e s .

N eu ro p sy ch o lo g ic a l  T h eo r i e s  o f  Sex D i f f e r e n c e s

To com prehend  t h e  n a t u r e  o f  d i f f e r e n c e s  b e t w e e n  n o rm a l  m a le s

and f e m a l e s  i n  h e m i s p h e r i c  f u n c t i o n i n g *  s e v e r a l  n e u r o p s y c h o lo g i c a l

m o d e l s  h a v e  b e e n  p r o p o s e d  ( H a r r i s *  1 9 7 8 ) .  T h e s e  m o d e l s  a r e  o f t e n

c o m p le m e n t a r y  t o  one  ano the r*  b u t  a t  t imes  d i f f e r  p r i m a r i l y  i n  p o in t s

o f  e m p h a s i s  r a t h e r  t h a n  b e i n g  m u t u a l l y  e x c l u s i v e .  There a r e  t h r e e

b a s i c  models  which c o n s i s t  o f :  1) e a r l i e r  r i g h t  hemisphere l a t e r a l i z a t io n

o f  s p a t i a l  f u n c t i o n  i n  m a l e s ;  2)  e a r l i e r *  g r e a t e r  l e f t  hem ispher ic

language  l a t e r a l i z a t i o n  i n  females  and b i l a t e r a l  s p a t i a l  r e p r e s e n t a t i o n

i n  m a l e s ;  3 )  g r e a t e r  l a t e r a l i z a t i o n  o f  f u n c t i o n  i n  m a l e s  and

b i l a t e r a l i z a t i o n  r e p r e s e n t a t i o n  o f  v e r b a l  f u n c t i o n  i n  f e m a le s .

G r e a t e r  L a t e r a l i z a t i o n  o f  F u n c t i o n ,  i n  Mai e s .  and-Bi.1 n f p r a  l.i ? a t  i.na 
R e p r e s e n t a t i o n  o f  Verbal  F u n c t io n  i n  Females

Although th e  l i t e r a t u r e  i s  somewhat eq u iv o ca l*  one wide ly  suppor ted  

m ode l  p r o p o s e s  t h a t *  i n  a d u l t h o o d *  l a n g u a g e  f u n c t i o n  i n  females  i s  

b i l a t e r a l l y  r e p r e s e n t e d  w h i l e  t h e  m a le  b r a i n  becom es  e v e n  f u r t h e r  

l a t e r a l i z e d  f o r  l a n g u a g e  and s p a t i a l  f u n c t i o n s .  T h i s  t h i r d  model 

a s c r i b e s  f e m a l e  s p a t i a l  d i s a d v a n t a g e  t o  b i l a t e r a l i z a t i o n  o f  language  

f u n c t i o n .

Levy ( 1 9 6 9 ;  1972)  and S p e r r y  ( L e v y - A g r e s t i  and  S p e r r y .  1968)  

a r e  among th e  c h i e f  p roponen ts  o f  t h i s  mode l .  A ccord ing  t o  t h i s  model* 

t h e r e  i s  a b a s i c  i n c o m p a t a b i l i t y  i n  l e f t  and r i g h t  hemispheric functioning 

( a n a l y t i c a l *  language  f u n c t i o n  v e r s u s  s y n t h e t i c *  p e r c e p t u a l  functioning) 

w h ic h  a c c o u n t s  f o r  l a t e r a l i z a t i o n .  H a r r i s  (1978) no te d  t h a t  g e n e t i c  

f a c t o r s *  d u r i n g  t h e  p r e  and p o s t n a t a l  development p e r iod*  p r e d i s p o s e
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e a c h  n e u r a l  b l u e p r i n t  t o  s e e k  c o n t r o l  o f  o r g a n i z a t i o n  f o r  i t s  own 

hemisphere  and th e  o t h e r .  He quo te s  Levy as  e x p l a i n i n g :

I f  t h e  v e r b a l  b l u e p r i n t  w ins*  t h e n  t h e  l a n g u a g e  dominant  
h e m i s p h e r e  i s  f u l l y  and a p p r o p r i a t e l y  o rg a n iz e d  f o r  v e r b a l  
f u n c t i o n *  b u t  t h e  n o n d o m i n a n t  hemisphere  a l s o  i s  p a r t i a l l y  
o r g a n i z e d  f o r  v e r b a l  f u n c t i o n s *  so  t h a t  t h i s  h e m is p h e re ’ s 
o r g a n i z a t i o n  i s *  t o  some e x t e n t *  m i s a p p r o p r i a t e l y  d es igned  
f o r  s p a t i a l  f u n c t i o n s .  Such peo p le  w i l l  m a n i f e s t  p e r c e p t u a l  
s p a t i a l  d e f i c i t s . . . b e c a u s e  t h e  n e u r a l  o r g a n i z a t i o n  w i t h i n  
t h i s  h e m i s p h e r e  i s  i n c o m p l e t e l y  deve loped  t o  s e rv e  s p a t i a l  
f u n c t i o n s ,  ( p . 464)

Levy’s n e u r o p s y c h o lo g i c a l  model o f  sex  d i f f e r e n c e s  r e a l l y  c o n s i s t s  

o f  two p a r t s .  The f i r s t  p a r t  a s s e r t s  b i l a t e r a l  v e r b a l  f u n c t i o n  i n  

f e m a l e s .  The s e c o n d  p a r t  i n v o lv e s  g r e a t e r  l a t e r a l i z a t i o n  o f  f u n c t i o n  

i n  m a le s .

B i l a t e r a l i z a t i o n  of  language  f u n c t i o n  i n  females

The l a r g e s t  body o f  ev idence  seems to  suppo r t  t h i s  model. According 

t o  Lake and B ryden  ( 1 9 7 6 )  t h e r e  i s  l i t t l e  e v i d e n c e  i n d i c a t i n g  t h a t  

l a n g u a g e  d i s t u r b a n c e  a f t e r  l e f t  hemisphere  i n j u r y  i s  le6S s e v e re  and 

o f  s h o r t e r  d u r a t i o n  i n  f e m a l e s  t h a n  i n  m a l e s .  N e v e r t h e l e s s *  they  

n o t e d  f u r t h e r  t h a t  t h e  o v e r a l l  number o f  r e p o r t e d  c a s e s  o f  profound 

a p h a s i a  i n  females  i s  v e ry  s m a l l .  Th is  would i n d i c a t e  tha t* fo r  females* 

l a n g u a g e  f u n c t i o n  i s  b i l a t e r a l l y  l o c a t e d  s i n c e  e v e n  w i t h  l e f t  ( o r  

r i g h t )  h e m i s p h e r i c  damage females  do not  seem t o  p ro fo u n d ly  l o s e  t h e i r  

l a n g u a g e  a b i l i t y .  I n  h e r  s t u d y *  which found a p h a s i a  a s s o c i a t e d  w i th  

l e f t  h e m i s p h e r e  damage o c c u r i n g  t h r e e  t im es  more f r e q u e n t l y  i n  males  

t h a n  f e m a l e s *  McGlone ( 1 9 7 7 )  c o n c l u d e d  t h a t  s e x  d i f f e r e n c e s  e x i s t  

i n  t h e  d e g r e e  o f  b i l a t e r a l i z a t i o n  o f  language  fu n c t i o n *  and t h a t  males  

were more l a t e r a l i z e d  ( f o r  language  f u n c t i o n )  t h a n  f e m a le s .

In a d d i t i o n ,  ev id en ce  i n d i c a t i n g  d i f f e r e n t i a l  p a t t e r n s  o f  d e f i c i t s  

i n  m a l e s  and f e m a l e s  a f t e r  b r a i n  i n j u r y  (L a n s d e l l*  1961,  1962; Bogen,
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1969 ;  Bogen* D e Z u re ,  T e n h o u t e n  and Marsh* 1972; McGlone and Ker tesz*  

1973)  h a v e  s u p p o r t e d  t h i s  model*  a s  h a v e  d i c h o t i c  l i s t e n i n g  s t u d i e s  

( B r y d e n ,  1966 ;  Harshman and R e m in g to n ,  1976; Lake and Bryden,  1976) 

and t a c h i s t o s c o p i c  m e a s u r e s  ( E h r l i c h m a n ,  19 7 1 ;  Hannay and Malone* 

1 9 7 6 ) .  Hannay and M alone  ( 1 9 7 6 )  p r e s e n t e d  a v e r b a l  memory t a s k  to  

b o t h  s e x e s  and found no v i s u a l  f i e l d  d i f f e r e n c e s  i n  females* but  r i g h t  

v i s u a l  f i e l d  ( l e f t  h e m i s p h e r e )  s u p e r i o r i t y  i n  m a le s .  They concluded 

t h a t *  i n  f e m a le s ,  b o th  hem ispheres  “r e c e i v e  and r e t a i n  verbal  information 

e q u a l l y  w e l l . ’"

G r e a t e r  L a t e r a l i z a t i o n  o f  F u n c t io n  i n  Males

A c o r o l l a r y  t o  L e v y ' s  ( 1 9 7 2 )  p o s i t i o n  ( b i l a t e r a l  r e p r e s e n t a t i o n  

o f  l a n g u a g e  f u n c t i o n  i n  fem a le s )  would be t h a t ,  i n  males* f u n c t i o n i n g  

i s  more  l a t e r a l i z e d  t h a n  i n  f e m a l e s *  a l t h o u g h  Levy d id  not  d i r e c t l y  

e m p h a s i z e  r i g h t  h e m i s p h e r i c  s p a t i a l  f u n c t i o n i n g  i n  h e r  w o r k .  She 

d i d  n o t  c o n s i d e r  s e x  d i f f e r e n c e s  i n  l a t e r a l i z a t i o n  o f  v i s u a l  s p a t i a l  

f u n c t i o n i n g  pe r  s e .  I n s tead *  she assumed t h a t *  i n  f e m a l e s ,  t h e  s p a t i a l  

h o l i s t i c  p r o c e s s i n g  o f  t h e  r i g h t  hem isphere was i n t e r f e r e d  w i th  because  

l a n g u a g e  f u n c t i o n  was p a r t i a l l y  l o c a t e d  t h e r e ,  as  w e l l  as  i n  the  l e f t  

hem isphere .  C l i n i c a l  e v id en ce  w i th  b r a i n  damaged p a t i e n t s  has  p rov ided  

a good d e a l  o f  su p p o r t  f o r  g r e a t e r  male l a t e r a l i z a t i o n  o f  bo th  functions 

i n  g e n e r a l *  and s p a t i a l  f u n c t i o n s  s p e c i f i c a l l y  ( e . g . ,  Bogen, 1969; 

B ogen ,  D e Z u re ,  T e n h o u t e n *  and Marsh* 1972 ;  L a n s d e l l*  1962; McGlone* 

1977; McGlone and K er te s z*  1973).

I n t r a -H e m is n h e r ic  D i f f e r e n c e s  i n  Males and Females

One p o s s i b l e  e x p l a n a t i o n  f o r  f i n d i n g  g r e a t e r  l a t e r a l i z a t i o n  i n  

m a l e s  may be t h a t ,  a s  McGlone (1977) and Kimura (1966) have s u g g e s t e d ,  

i n t r a - h e m i s p h e r i c  d i f f e r e n c e  may e x i s t  a s  w e l l  as  i n t e r -hem isp h e r ic
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d i f f e r e n c e s .  Two s t u d i e s  w e re  c o n d u c t e d  which employed a n a l y s i s  of  

EEG ( e l e c t r o e n c e p h a l o g r a p h i c )  a c t i v i t y  d u r i n g  th e  per formance  of  several  

t a s k s  ( R a y ,  M o r r e l l .  F r e d i a n i  and T u c k e r .  1976; T ucke r ,  1976) .  Ray 

e t  a l . , <( 1 9 7 6 )  com pared  m a l e / f e m a l e  EEG r e c o r d i n g s  w h i l e  s u b j e c t s  

p e r f o r m e d  f o u r  l e f t  h e m i s p h e r e  t a s k s  ( add ing  numbers,  co u n t in g  v e rb s  

i n  s e n t e n c e s ,  c o n s t r u c t i n g  s e n t e n c e s ,  m u l t i p l i c a t i o n )  and f o u r  r i g h t  

hemisphere  t a s k s  ( v i s u a l i z a t i o n  i n  two d i f f e r e n t  a c t i v i t i e s ,  and l i s t e n in g  

t o  two k i n d s  o f  m u s i c ) .  R e s u l t s  suppor ted  g r e a t e r  male l a t e r a l i z a t i o n  

o f  f u n c t i o n .  M a le s  t e n d e d  t o  u s e  t h e i r  l e f t  h e m i s p h e r e s  f o r  l e f t  

h e m i s p h e r i c  t a s k s ,  and t h e i r  r i g h t  hemispheres  f o r  r i g h t  h em isphe r ic  

t a s k s ;  fem a les  d id  not  d e m o n s t r a te  s i g n i f i c a n t  l a t e r a l i z a t i o n  of  function .

T u c k e r  ( 1 9 7 6 )  exam ined  sex  d i f f e r e n c e s  on two v i s u o s p a t i a l  t a s k s  

( G o t t s c h a l d t  Embedded F i g u r e s  T e s t  and Mooney C l o s u r e  F a c e s  T e s t )  

and  a v o c a b u l a r y  t a s k .  T u c k e r  p r o p o s e d  t h a t  t h e  Embedded F i g u r e s  

T e s t  r e q u i r e d  an a n a l y t i c ,  p a r t - w h o l e  u n d e r s t a n d i n g  o f  r e l a t i o n s h i p s  

more  c h a r a c t e r i s t i c  o f  l e f t  h em is p h e r ic  p r o c e s s i n g ,  w h i l e  th e  C losure  

F a c e s  T e s t  was a ssum ed  t o  c a p t u r e  t h e  s y n t h e t i c ,  g l o b a l  p r o c e s s i n g  

c h a r a c t e r i s t i c  o f  t h e  r i g h t  h e m i s p h e r e .  O v e ra l l  f i n d i n g s  i n d i c a t e d  

s e x  d i f f e r e n c e s  on a l l  t h r e e  t a s k s .  Males showed s i g n i f i c a n t l y  more 

a c t i v i t y  i n  t h e  p o s t e r i o r  r e g i o n  when p e r f o r m i n g  t h e  C losu re  Faces  

T e s t  ( s y n t h e t i c ,  r i g h t  h e m is p h e r i c  ty p e  p r o c e s s i n g ) .  For th e  Embedded 

F i g u r e s  T e s t  ( a n a l y t i c ,  l e f t  h e m is p h e r i c  ty p e  p r o c e s s i n g )  males  r e l i e d  

a s  much on  t h e i r  l e f t  h e m i s p h e r e  as  th e y  d id  on th e  v o c a b u la ry  t e s t .  

F i n a l l y ,  m a l e s  and f e m a l e s  d i d  n o t  u s e  t h e  same r e g i o n s  w i t h i n  a 

h e m i s p h e r e  f o r  s o l v i n g  t h e  Embedded F i g u r e s  T e s t  o r  t h e  v o c a b u la ry  

t e s t s .
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T u c k e r  co n c lu d e d  t h a t  males  a r e  more l a t e r a l i z e d  f o r  some s p a t i a l  

t a s k s  a n d  f o r  some v e r b a l  t a s k s .  He n o t e d :  A p p a r e n t l y  i t  i s

p r e d o m i n a n t l y  s y n t h e t i c  v i s u o s p a t i a l  f u n c t i o n s  f o r  which th e  r i g h t  

h e m i s p h e r e  i s  s p e c i a l i z e d  i n  m a l e s . . . a n d  th e  l e f t  hem isphere i s  more 

s p e c i a l i z e d  i n  m a l e s  t h a n  f e m a l e s  f o r  a t  l e a s t  some k in d s  o f  v e r b a l  

p r o c e s s in g * *  ( 1 9 7 6 ,  p . 4 5 2 ) .  T h u s ,  t h e  a u t h o r  co n c lu d e d ,  a l though  the 

Embedded F i g u r e s  T e s t  i s  c o n s id e r e d  b a s i c a l l y  a s p a t i a l  t a s k ,  u s u a l l y  

a s s o c i a t e d  w i t h  r i g h t  h em is p h e r ic  f u n c t i o n i n g ,  t h e  k in d  o f  p ro c e s s in g  

r e q u i r e d  b y  t h e  t a s k  i s  more  c h a r a c t e r i s t i c  o f  a n a l y t i c a l ,  l e f t  

h e m is p h e r i c  p r o c e s s i n g .

T h i s  c o n c l u s i o n  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  O r n s t e i n ,  

J o h n s t o n e ,  Her ron & Swencionis  ( 1 9 7 9 ) .  They concluded tha t  the complexity 

o f  t h e  t a s k  i s  a c r u c i a l  f a c t o r ,  and t h a t  when t h e  t a s k  becomes  

s u f f i c i e n t l y  c o m p le x ,  a v e r b a l  a n a l y t i c  s t r a t e g y  becomes s i g n i f i c a n t  

r e g a r d l e s s  o f  w he ther  t h e  prob lem i s  v e r b a l  o r  n o n v e r b a l .  

I n t r a - H e m is p h e r i c  D i f f e r e n c e s .  Cognit ive. .Strf l tpg. ipfi  and-Jlnnl findi ng.

As h a s  b e e n  p o i n t e d  o u t  by Madden and Nebes (1 9 8 0 ) ,  hem ispher ic  

s p e c i a l i z a t i o n  o f  f u n c t i o n s  c a n  be  v ie w e d  a s  a com plex  phenomenon 

t h a t  i s  i n f l u e n c e d  by a number o f  v a r i a b l e s  such as  ty p e  o f  s t i m u l i ,  

t y p e  o f  r e s p o n s e  r e q u i r e d ,  and d e l a y  i n  r e s p o n s e .  Another  p o s s i b l e  

i n t e r p r e t a t i o n  o f  t h e  above f i n d i n g s  i s  t h a t ,  f o r  f e m a l e s ,  t h e  Embedded 

F i g u r e s  T e s t  (which i n v o l v e s  m en ta l  r o t a t i o n )  a l low ed  v e r b a l  m e d ia t io n  

t o  o c c u r  i n  t h e  s o l u t i o n  o f  t h e  t a s k ,  and th e y  th u s  used  a d i f f e r e n t  

k i n d  o f  p r o c e s s i n g  t o  s o lv e  t h e  t a s k  t h a n  d id  m a l e s .  Mental  r o t a t i o n  

( u s u a l l y  c o n s id e re d  a s p a t i a l  t a s k )  may be simply  more v e r b a l  in  females 

t h a n  m a l e s ,  a n d ,  a s  F re e d m a n  ( 1 9 7 9 )  c o n c l u d e d ,  no t  n e c e s s a r i l y  l e s s  

e f f i c i e n t .
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The k i n d  o f  p r o c e s s i n g  r e q u i r e d  o r  a l lowed  by a t a s k  may be the

m os t  i m p o r t a n t  d e t e r m i n a n t  i n  p e r f o r m a n c e  d i f f e r e n c e s  be tween males

and f e m a l e s .  T h i s  v ie w  i s  n o t  i n c o n s i s t e n t  w i th  a model o f  c e r e b r a l

h e m i s p h e r i c  f u n c t i o n i n g  w h ic h  a s c r i b e s  d i f f e r e n t i a l  l a t e r a l i z a t i o n

p a t t e r n s  f o r  m a l e s  and  f e m a l e s .  B o th  o f  t h e s e  a r e  c o n s i s t e n t  w i th

P a i v i o ’s model of  d u a l  c o d in g .

C e r t a i n  co n c lu s io n s *  r e g a r d i n g  hem isp h e r ic  f u n c t i o n i n g  i n  gene ra l*

can  be drawn. As P a i v i o  (1983) s t a t e d  in  a recent  review of the l i t e r a t u r e

on d u a l  cod ing  th e o r y :

Even a l l o w i n g  f o r  t h e  t e n t a t i v e n e s s  o f  some o f  th e  f a c t s *  
h o w e v e r ,  t h e  n e u r o p s y c h o l o g i c a l  o b s e r v a t i o n s  a r e  g e n e r a l l y  
c o n s i s t e n t  w i th  t h e  d u a l  coding  i d e a  o f  two s e p a r a t e  cognit ive 
s y s t e m s  t h a t  a r e  s p e c i f i c a l l y  f o r  d e a l i n g  w i t h  d i f f e r e n t  
c l a s s e s  o f  i n f o r m a t i o n  i n  a m o d a l i t y  s p e c i f i c  f a s h i o n .
( p . 323)
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Purpose of Study

The p u r p o s e  o f  t h i s  s tu d y  i s  t o  use  P a i v i o ' s  model o f  d u a l  coding 

t o  i n v e s t i g a t e  s e x  d i f f e r e n c e s  i n  s p a t i a l  and v e r b a l  l e a r n i n g .  The 

P a iv i o  model assumes t h r e e  ty p e s  o f  p r o c e s s i n g  in fo rmation:  simultaneous

p r o c e s s i n g  o f  " s p a t i a l * *  o r  n o n v e r b a l  m a t e r i a l *  s e q u e n t i a l  p r o c e s s i n g  

o f  “v e r b a l "  m a t e r i a l *  and d u a l  processing* which involves both simultaneous 

and s e q u e n t i a l  p r o c e s s i n g  o f  m a t e r i a l  which lends  i t s e l f  to  b o th  types  

o f  c o d in g .  S im ul taneous  p r o c e s s i n g  i s  defined as the p a r a l l e l  organizat ion 

and s y n t h e s i s  o f  u n l i k e  e l e m e n t s .  S e q u e n t i a l  p r o c e s s i n g  i s  d e f i n e d  

as  a n a l a y z i n g  i n f o r m a t i o n  by  a b s t r a c t i n g  o u t  r e l e v a n t  d e t a i l s  i n  a 

l o g i c a l *  s t e p - b y - s t e p  f a s h i o n  (P a iv io *  1971) .

The p r o p o s e d  s t u d y  r e p r e s e n t s  an i n i t i a l  a t t e m p t  to  d e m o n s t r a te  

t h a t  s e x  d i f f e r e n c e s  can  be e x p l a in e d  by th e  d u a l  cod ing  mode l .  Th is  

s t u d y  w i l l  a t t e m p t  t o  show t h a t  sex d i f f e r e n c e s  i n  s p a t i a l  and v e r b a l  

a b i l i t i e s  c a n  be  e x p l a i n e d  i n  t e r m s  o f  v a r i a t i o n s  i n  t h e  n a t u r e  of  

t h e  t a s k s  and t i m e  a l l o w e d  f o r  i n f o r m a t i o n  p r o c e s s i n g  by males  and 

f e m a l e s .  M a le s  a r e  e x p e c t e d  t o  pe r fo rm  b e t t e r  th a n  females  on t a s k s  

which r e q u i r e  s im u l tan e o u s  p r o c e s s i n g  o f  n o n v e rb a l  o r  6 p a t i a l  m a te r ia l s .  

Females a r e  expec ted  to  p e r fo rm  b e t t e r  t h a n  males  on t a s k s  which require 

s e q u e n t i a l  p r o c e s s i n g  o f  v e r b a l  m a t e r i a l s .  I t  i s  contended  t h a t  th e  

f e m a l e  “d i s a d v a n t a g e "  on  s p a t i a l  t a s k s  c a n  be  “overcome*" p r o v id i n g  

t h e s e  t a s k s  and m a t e r i a l s  a l low  f o r  d u a l  coding  o f  i n f o r m a t i o n .  Females 

a r e  h y p o th e s i z e d  t o  pe r fo rm  b e t t e r  on t a s k s  which a l lo w  f o r  d u a l  coding  

b e c a u s e  t h e y  ( u n l i k e  m a l e s )  a r e  a ssum ed  t o  l a c k  l a t e r a l i z a t i o n  o f  

p r o c e s s i n g  f u n c t i o n .
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I n  a n  i n i t i a l  s t u d y  o f  d u a l  c o d i n g *  P a i v i o  and Csapo ( 1 9 6 9 )  

i n v e s t i g a t e d  th e  a v a i l a b i l i t y  o f  t h e  t h r e e  ty p e s  o f  p r o c e s s i n g .  T h e i r  

s t i m u l i  v a r i e d  on  a d i m e n s i o n  o f  c o n t e n t  and c o n c r e t e n e s s :  v i s u a l l y

c o n c r e t e  ( c o n c r e t e  p i c t u r e s ) ,  v e r b a l l y  c o n c r e t e  ( c o n c r e t e  words)*  

o r  v e r b a l l y  a b s t r a c t  ( a b s t r a c t  w o rd s ) .  P a iv i o  d id  not  i n c lu d e  s t i m u l i  

which were v i s u a l l y  o r  "’s p a t i a l l y "  a b s t r a c t .

A c c o r d i n g  t o  P a i v i o ,  a n o t h e r  m a j o r  v a r i a b l e  w h ic h  d e t e r m i n e d  

t h e  t y p e  o f  p r o c e s s i n g  h y p o t h e s i z e d  t o  o c c u r  was t h e  r a t e  a t  which 

s t i m u l i  w e re  p r e s e n t e d .  D ua l  c o d i n g  was h y p o th e s i z e d  to  occur  only  

a t  t h e  s lo w  r a t e  b e c a u s e  s p a t i a l  and v e r b a l  i n f o r m a t io n  invo lved  two 

s e p a r a t e  r e p r e s e n t a t i o n a l  s y s t e m s ,  a c c o rd in g  t o  P a i v i o  (1 9 7 1 ) .

The p r o p o s e d  s t u d y  w i l l  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  o f  s e x  

d i f f e r e n c e s  i n  s p a t i a l  a b i l i t y  t o  d u a l  c o d i n g .  T h i s  w i l l  be  

a c c o m p l i s h e d  by v a r y i n g  t h e  a b s t r a c t n e s s / c o n c r e t e n e s s  o f  s t i m u l i  and 

t h e  r a t e  o f  t h e i r  p r e s e n t a t i o n .  Both v e r b a l  and v i s u a l  s t i m u l i  w i l l  

b e  u s e d .  The a b s t r a c t n e s s / c o n c r e t e n e s s  d im ens ion  w i l l  be  v a r i e d  u s in g  

v i s u a l  s t i m u l i  o n l y .  Accord ing  to  P a i v i o ,  d u a l  cod ing  can occu r  w i th  

c o n c r e t e  b u t  n o t  a b s t r a c t  s t i m u l i .  T h e r e f o r e ,  by  m a n i p u l a t i n g  the  

a b s t r a c t n e s s / c o n c r e t e n e s s  o f  th e  s t i m u l i ,  one can c o n t ro l  the p o s s i b i l i t y  

o f  d u a l  c o d i n g  o c c u r r i n g .  P a i v i o ' s  s t u d y  ( P a i v i o  and Csapo,  1969) 

was p r i m a r i l y  c o n c e r n e d  w i t h  t h e  c o n c r e t e n e s s / a b s t r a c t n e s s  o f  v e r b a l  

s t i m u l i .  In  t h e  p r e s e n t  s t u d y ,  t h e  a b s t r a c t n e s s / c o n c r e t e n e s s  d im ens ion  

o f  s p a t i a l  m a t e r i a l s  w i l l  be e x p l o r e d .  Geometric  forms w i l l  be added 

a s  t a s k  s t i m u l i  t o  l o o k  a t  p o s s i b l e  d i f f e r e n t i a l  per fo rmance  on 

e a s i l y  " n a m e a b l e "  and "nonnameable** g e o m e t r i c  s t i m u l u s  m a t e r i a l s .  

N onnam eab le  g e o m e t r i c  forms a r e  h y p o th e s i z e d  to  be  more a b s t r a c t  th a n  

n a m e a b le  g e o m e t r i c  f o r m s .  Nameable geom e t r ic  forms a r e  h y p o th e s i z e d
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to  be s i m i l a r  to  c o n c r e t e  p i c t u r e s  i n  t h e i r  c o n c r e t e n e s s ,  and t h e r e f o r e  

b o t h  l e n d  t h e m s e l v e s  t o  d u a l  c o d i n g .  A l l  s t i m u l i  w i l l  be p r e s e n te d  

a t  b o th  a f a s t  r a t e  and a slow r a t e .
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Hypotheses

With  r e g a r d  t o  t h e  p r e s e n t  s tu d y *  th e  f o l l o w i n g  h y p o th e se s  have 

been  fo r m u l a t e d :  1

H : F e m a le s  w i l l  h a v e  h i g h e r  r e c a l l  memory s c o r e s  t h a n  males on
1

a  t a s k  r e q u i r i n g  s e q u e n t i a l  p r o c e s s i n g  o f  v e r b a l  m a t e r i a l  ( a b s t r a c t  

words)* r e g a r d l e s s  o f  t im e  p e r m i t t e d  f o r  e n c o d in g .

H : M ales  w i l l  h a v e  h i g h e r  r e c o g n i t i o n  memory s c o r e s  th a n  females
2

on a t a s k  r e q u i r i n g  s i m u l t a n e o u s  p r o c e s s i n g  o f  s p a t i a l  m a t e r i a l s  

( n o n n a m e a b l e  g e o m e t r i c  f o r m s ) *  r e g a r d l e s s  o f  t ime p e r m i t t e d  f o r  

encod ing .

H : Males w i l l  d i s p l a y  h i g h e r  r e c o g n i t i o n  memory s c o r e s  than  females
3

on  t a s k s  a l l o w i n g  f o r  s e q u e n t i a l  p r o c e s s i n g  o f  s p a t i a l  m a t e r i a l s  

( c o n c r e t e  p i c t u r e s ,  and n a m e a b le  g e o m e t r i c  f o r m s )  e x c e p t  when 

s u f f i c i e n t  t i m e  i s  p r o v i d e d  f o r  d u a l  c o d i n g  t o  o c c u r .  When 

s u f f i c i e n t  t i m e  i s  p r o v i d e d ,  m a le  and  f e m a l e  s c o r e s  w i l l  be  

s i m i l a r .
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Method

Subjects

The s a m p le  c o n s i s t e d  o f  205 s u b j e c t s ,  99 males  and 106 fe m a le s .  

S u b j e c t s  were  u n d e r g r a d u a t e s  o f  New York T e c h n ic a l  C o l l e g e ,  and ranged 

i n  a g e s  f rom  17 t o  3 0 .  A dolescence  has  been th e  acc ep ted  e s t a b l i s h e d  

m i n i m a l  age  f o r  s e x  d i f f e r e n c e s  i n  b o t h  s p a t i a l  and v e r b a l  a b i l i t i e s  

t o  be  d e m o n s t r a t e d ,  w i t h  c o n s i s t e n t  d i f f e r e n c e s  i n  s p a t i a l  a b i l i t i e s  

a p p e a r i n g  a r o u n d  17 o r  18 ( B u r s t e i n ,  e t  a l . ,  1980 ;  H a r r i s ,  1978;  

Maccoby and J a c k l i n ,  1974) .  C o l lege  ( u n d e r g r a d u a t e ,  t e c h n i c a l  c o l l e g e )  

s t u d e n t s  were used t o  h e lp  c o n t r o l  f o r  in d iv id u a l  d i f fe rences  by providing 

a more homogeneous sample .  No s u b j e c t  was c u r r e n t l y  enro lled  in  remedial 

c l a s s e s .

M a t e r i a l s

S t im u l i  -  Four type s  of  s t i m u l i  were u s e d :

1) a b s t r a c t  words (n o u n s )

2) c o n c r e t e  p i c t u r e s

3) nameable geom etr i c  forms

4) nonnameabl.e_.geometric forms

Ten i t e m s  o f  e a c h  t y p e  of  s t i m u l i  were p r e s e n t e d  ( t e n  a b s t r a c t  words,  

t e n  c o n c r e t e  p i c t u r e s ,  e t c . )  w i th  a t o t a l  o f  s t im u lu s  i t em s  presented 

i n  a l l .

The i tems  i n  each  c a t e g o r y  ty p e  were as  f o l l o w s :

1) a b s t r a c t  w o rd s : 1.  a b i l i t y

2 .  a b d u c t io n

3 .  a p t i t u d e

4 .  competence

5.  inc lem en t
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6 . d i s t i n c t i o n

7 . e x h a u s t i o n

8. j e a l o u s y

9. q u a l i t y

10. s e n s a t i o n

T h e s e  i t e m s  w e r e  c h o s e n  f ro m  P a i v i o *  Y u i l l e *  and Madigan (1968) and 

w ere  m a tc h e d  f o r  f r e q u e n c y *  word l e n g t h  and c o n c r e t e n e s s *  as  c l o s e l y  

a s  p o s s i b l e .  C o n c r e t e n e s s  s c o r e s  r a n g e d  from 1.77 t o  3 .40  w i th  the  

h i g h e r  s c o r e s  i n d i c a t i n g  a h i g h e r  l e v e l  o f  c o n c r e t e n e s s .  I n v e r s e l y ,  

a l o w e r  s c o r e  i n d i c a t e s  a h i g h e r  l e v e l  o f  a b s t r a c t n e s s .  No i tem had 

a c o n c r e t e n e s s  s c o re  o f  o ve r  3 . 4 0 ,  r e s u l t i n g  in  a l l  items being r e l a t i v e l y  

h igh  i n  a b s t r a c t n e s s .

2) c o n c r e t e  p i c t u r e s : 1 .  l o b s t e r

2 .  g i r l

3 .  p e n c i l

4 .  c i g a r

5.  v e s t

6 .  b u t t e r f l y

7 .  a p p le

8 .  boy

9.  spoon 

10.  dog

T h ese  i t e m s  w e re  c h o s e n  f ro m  P a i v i o *  Y u i l l e *  and Madigan (1968) and 

c o n s i s t e d  o f  b l a c k  and w h i t e  l i n e  draw ings  o f  t h e  above o b j e c t s  rendered 

by an a r t i s t .

3) nameable geom e t r ic  f o r m s ; 1.  t r i a n g l e

2 .  an x.



44

3. r e c t a n g l e

4 . hexagon

5. rhombus

6 . a s t e r i s k

7 . s e m i c i r c l e

8 . o v a l

9. oc tagon

10. t r i a n g l e  i n s i d e  c i r c l e

These forms were chosen  from P i a g e t  and I n h e l d e r  (1967) and were matched 

f o r  l e v e l  o f  com plex i ty  as c l o s e l y  as p o s s i b l e .

4) n o n n a m e a b l e  g e o m P t r i r  f o r m a :  See Appendix A.

These forms were chosen  from th e  P r imary  Menta l  A b i l i t i e s  Tes t*  Thurston 

( 1 9 6 2 ) *  and s e l e c t e d  by  an  a r t i s t  a s  " a b s t r a c t * *  ( f i v e  o p e n  fo rm s ,  

and f i v e  c lo s e d  f o r m s ) .

P rnp .pH iirp

S u b j e c t s  w e re  t e s t e d  i n  s m a l l  g r o u p s .  T he re  was a t o t a l  o f  22 

g r o u p s .

S u b j e c t s  w e re  t o l d  t h a t  t h e y  would be shown s e v e r a l  i t em s  which 

t h e y  would be asked  to  remember.

S u b j e c t s  w e re  p r e s e n t e d  w i t h  f o u r  b l o c k s  (one o f  each  ty p e )  of  

s t i m u l u s  i t e m s .  Each  b l o c k  o f  s t im u lu s  i tems  c o n s i s t e d  o f  t e n  i t ems 

o f  t h e  same s t im u l u s  ty p e  ( a b s t r a c t  w ords ,  c o n c r e t e  p i c t u r e s ,  nameable 

g e o m e t r i c  f o r m s ,  n o n n a m e a b le  g e o m e t r i c  f o r m s ) .  I tems were p r e s e n t e d  

one a t  a t ime by use  o f  a c a r o u s e l  s l i d e  p r o j e c t o r .

The  f o u r  b l o c k s  w e re  p r e s e n t e d  i n  random o r d e r .  An A. and & 

p r e s e n t a t i o n  o r d e r  o f  i t e m s  w i t h i n  e a c h  b l o c k  was u s e d  t o  c o n t r o l
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f o r  o r d e r  e f f e c t s  and b a l a n c e d  f o r  p r i m a c y  and r ecency  e f f e c t s  ( s e e  

b e lo w ) .  Groups were randomly aum'gnpd t o  t h e  4  and fi. o r d e r .

W i th in  each  block* f i v e  i t ems were p resen ted  a t  the slow presen ta t ion  

r a t e  ( 3 . 5  seconds  be tween each  i tem)*  fo l low ed  by t h e  f i n a l  f i v e  i t ems 

a t  a f a s t e r  r a t e  ( . 6  seconds  between each  i tem) . Each item was presented 

f o r  .23  s e c o n d s .  The f a s t  r a t e  was a c h i e v e d  by  p l a c i n g  a s l i d e  in  

e a c h  s u c c e s s i v e  s l o t  o f  t h e  c a r o u s e l  s l i d e  t r a y .  The slow r a t e  was 

ach ieved  by a l lo w in g  t h r e e  s l o t s  between s l i d e s .  The r a t e s  of p resen ta t ion  

u s e d  h e r e  w ere  a d j u s t e d  and a r e  s l i g h t l y  f a s t e r  t h a n  th o s e  used  by 

W h i t e h o u s e  ( 1 9 8 1 ) *  whose s u b j e c t s  were b r a i n  damaged p a t i e n t s .  P i l o t  

t e s t i n g  d e t e r m i n e d  t h a t  t h e s e  r a t e s  r e s u l t e d  i n  a p p r o p r i a t e  e r r o r  

r a t e s  f o r  t h e  " n o r m a l ” sa m p le  U 6 e d . 4  and £. p r e s e n t a t i o n  o r d e r

a t  th e  slow and f a s t  r a t e s  were as f o l l o w s :

Order 4  Order JL

1 3

2 4 slow
or

f a s t  3 9 f a s t
or
slow 4 2

 ________5____________  7
5 1

f a s t  7 8
o r
slow 8 10 f a s t

o r
9 5 slow

10 6

A f t e r  each  b lo c k  was p r e s e n te d *  a r e s p o n s e  ( t e s t )  period immediately 

f o l l o w e d .  P a i v i o ' s  o r i g i n a l  d e s i g n  ( P a i v i o  and Csapo* 1969) r e q u i r e d  

s u b j e c t s  t o  v e r b a l l y  name i t e m s  a s  t h e  r e s p o n s e  mode t o  t h e  t a s k  

p e r f o r m e d .  By r e q u i r i n g  s u b j e c t s  t o  "name"  i t e m s ,  e i t h e r  o r a l l y  or
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i n  w r i t i n g *  he» i n  e s s e n c e *  u n i n t e n t i o n a l l y  fo r c e d  “d u a l "  cod ing and 

t h e r e f o r e ,  c o n f u s e d  h i s  r e s u l t s  to  some e x t e n t .  The same can  be s a id  

o f  E r n e s t ' s  ( 1 9 8 3 )  p i c t u r e  i d e n t i f i c a t i o n  t a s k .  I t  was our  i n t e n t i o n  

t o  a v o i d  t h i s  p i t f a l l *  by  n o t  r e q u i r i n g  "dual** coding  by th e  n a t u r e  

o f  t h e  t a s k  i t s e l f .  T here fo re*  s i n c e  a l l  m a te r ia l  was v i s u a l ly  presented* 

and i n v o l v e d  v i s u o s p a t i a l  m a t e r i a l s  ( e x c e p t  f o r  a b s t r a c t  words)*  a 

r e s p o n s e  w h ic h  d i d  n o t  i n v o l v e  t h e  v e r b a l  mode f o r  th o s e  i tems  was 

c h o s e n .  A r e s p o n s e  mode t h a t  i s  " v i s u a l* *  and n o n v e r b a l  i n  n a t u r e  

was p r e f e r r e d ,  s i n c e  i t  d id  not  “mix** co d es .

I n  a d d i t i o n ,  a cc o rd in g  t o  P a i v i o  (1 9 7 1 ) ,  r e c o g n i t i o n  memory t a s k s  

a r e  t h e  l e a s t  complex o f  t h e  t e s t s  o f  memory. Although some d if fe rences  

do e x i s t  b e t w e e n  r e c a l l  and r e c o g n i t i o n  memory t a s k s *  th e  r e l a t i v e  

e f f e c t s  o f  t h e  d i f f e r e n t  meaning a t t r i b u t e s  i n  f r e e  r e c a l l  are s t r i k i n g ly  

s i m i l a r  t o  t h e i r  e f f e c t s  i n  r e c o g n i t i o n  memory .  C o n c r e t e n e s s  has 

a p o s i t i v e  e f f e c t  on  bo th  r e c a l l  and r e c o g n i t i o n  memory. The p r e s e n t  

s tudy  v a r i e d  s t im u lu s  c o n c r e t e n e s s .  P a iv i o  (1971) f u r t h e r  h y p o th e s i z e d  

t h a t  f o r  h i s  d u a l  c o d i n g  s t u d y  i t  was e x p e r i m e n t a l l y  more im p o r ta n t  

t o  d i s t i n g u i s h  b e t w e e n  memory t a s k s  t h a t  i n v o l v e d  s e r i a l  l e a r n i n g  

and t h o s e  w h ic h  d i d  n o t  (memory s p a n  t a s k s ) ,  and between s h o r t  te rm  

and l o n g  t e r m  memory t a s k s .  F r e e  r e c a l l *  a c c o r d i n g  t o  P a i v i o *  i s  

m os t  a p p r o p r i a t e  f o r  v e r b a l  s t i m u l i .  There fo re*  i n  t h e  p r e s e n t  s t u d y ,  

f o r  v e r b a l  s t i m u l i  ( a b s t r a c t  words)  a f r e e  r e c a l l  t a s k  was employed,  

as  i n  P a i v i o ' s  o r i g i n a l  d u a l  coding  s tu d y  ( P a i v i o  & Csapo,  1969) .

The  f o l l o w i n g  t e s t  m a t e r i a l s  and p r o c e d u r e s  w e re  d e s i g n e d  t o  

b e  u s e d  i n  t h i s  s tu d y  f o r  t h e  r e c o g n i t o n  memory t a s k  which was adap ted  

from W h i teh o u se ' s  v e r s i o n  o f  P a i v i o ' s  d u a l  coding  s tu d y  (1 9 8 1 ) .
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T e s t  m a t e r i a l s  and  p r o c e d u r e s .  S u b j e c t s  w e re  p r e s e n t e d  w i t h  

a s h e e t  o f  p a p e r  c o n t a i n i n g  t h e  o r i g i n a l  t e n  s t im u l u s  i tems  p l u s  an 

e q u a l  number o f  d i s t r a c t o r  i tems  i n  each  c a t e g o r y  ( e x c e p t  f o r  a b s t r a c t  

w o r d s ) .  S u b je c t s  were asked  t o  s e l e c t  t h e  c o r r e c t  10 i t em s  by c i r c l i n g  

them o n  t h e  p a g e .  P o s i t i o n  o f  t h e  i tems  on t h e  page were randomized 

i n  rows  o f  f o u r  ( f i v e  i t e m s  p e r  row ) .  P i l o t  t e s t i n g  de te rm ined  t h a t  

d i s t r a c t o r s  p r o d u c e d  a n  a p p r o p r i a t e  e r r o r  r a t e .  D i s t r a c t o r 6  were 

chosen  a c c o rd in g  to  t h e  f o l l o w i n g  c r i t e r i a  i n  each  c a t e g o r y :

1) c o n c r e t e  p i c t u r e s : d i s t r a c t o r  p i c t u r e s  were chosen  a c c o rd in g

t o  p e r c e p t u a l  s i m i l a r i t y  t o  t h e  o r i g i n a l  s t i m u l u s  i t e m s  ( e . g . *  

l o b s t e r - - o r i g i n a l  s t im u l u s  i tem* and c r a b —d i s t r a c t o r  i t e m ) .  I tems 

and d i s t r a c t o r s  were as f o l l o w s  (See Appendix B ) :

O r i g i n a l  s t im u lu s  D i s t r a c t o r  i t em

1) l o b s t e r 1) c rab

2) spoon 2) shove l

3) a p p le 3) b a s e b a l l

4) v e s t 4) d r e s s

5) c i g a r 5) candycane

6) b u t t e r f l y 6) b i r d

7) shove l 7) broom

8) boy 8) man

9) g i r l 9) woman

10) dog 10) c a t

B e c a u s e  i t e m  d i f f i c u l t y  on p i l o t  t e s t i n g  d id  n o t  y i e l d  a s u f f i c i e n t l y  

h i g h  e r r o r  r a t e  w i t h  c o n c r e t e  p i c t u r e s *  P a i v i o ' s  o r i g i n a l  s t i m u l i
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were m o d i f ied  t o  i n c l u d e  v i s u a l  "background and n o i s e "  and p i l o t  t e s t e d  

t o  a s s u r e  a s u f f i c i e n t l y  h ig h  e r r o r  r a t e .

2) n a m e a b le  g e o m e t r i c  f o r m s . D i s t r a c t o r s  were chosen  from P ia g e t  

knd I n ' n e l d e r  ( 1 9 6 7 )  and m a t c h e d  a c c o r d i n g  t o  l e v e l  o f  complexity  

and p e r c e p t u a l  s i m i l a r i t y  t o  t h e  o r i g i n a l  s t i m u l u s  i t e m s .  D is t rac to r  

i t e m s  w e re  c h o s e n  t o  be  s i m i l a r  i n  shape t o  t h e  o r i g i n a l  s t im u lu s  

i t e m s ,  b u t  have a n o t h e r  l a b e l  (name) ,  f o r  example ,  rhombus—o r i g i n a l  

s t i m u l u s  i t e m ,  s q u a r e - - d i s t r a c t o r  i t e m .  I t e m s  and d i s t r a c t o r s  

were as fo l l o w s  (See  Appendix C ) :

Ori ginfl] stimulus Distrartnr it-Pin

1) t r i a n g l e 1) cone

2) an 2L 2) a c r o s s

3) r e c t a n g l e 3) t r a p e z o i d

4) hexagon 4) diamond

5) rhombus 5) square

6) a s t e r i s k 6) s t a r

7) s e m i c i r c l e 7) quar te rmoon

8) o v a l 8) e l i p s e

9) oc tagon 9) c i r c l e

10) t r i a n g l e  i n s i d e  c i r c l e 10) c i r c l e  i n s i d e  t r i a n g l e

3) n o n n a m e a b le  g e o m e t r i c  f o r m s . D i s t r a c t o r  i tems  f o r  nonnameable 

g e o m e t r i c  fo rm s  w e r e  t a k e n  f ro m  o t h e r  c h o i c e s  i n  P r im a ry  Mental  

A b i l i t i e s  T e s t  ( T h u r s t o n e ,  1 9 6 2 ) ,  w h ic h  a p p e a r  t o  be  s i m i l a r  i n  

p e r c e p t u a l  a t t r i b u t e s  t o  t h e  o r i g i n a l  s t im u lu s  i t e m s .  (See Appendix 

A) .

4) a b s t r a c t  w o r d s . S u b j e c t s  w e re  asked t o  w r i t e  as  many o f  the  

10 w o rd s  a s  th e y  cou ld  remember,  im media te ly  f o l l o w i n g  p r e s e n t a t i o n
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o f  t h e  s t i m u l i .  T h i s  p r o c e d u r e  r e p l i c a t e d  P a i v i o  and C s a p o '6  

( 1 9 6 9 )  o r i g i n a l  d u a l  c o d i n g  s t u d y » and does  n o t  p r e s e n t  t h e  same 

d i f f i c u l t y  w i th  "mixing** codes  as do t h e  s p a t i a l  s t i m u l i .

S c o r i n g . S u b j e c t s  r e c e i v e d  o n e  p o i n t  f o r  each  c o r r e c t  s t im u lu s  i tem 

i d e n t i f i e d *  y i e l d i n g  a p o s s i b l e  s c o r e  o f  10 f o r  each  s t im u l u s  ca tegory*  

y i e l d i n g  a t o t a l  range  from 0 to  40 .

Des ign

The e f f e c t  o f  v a r i o u s  s t i m u l i  and  t i m e  p e r m i t t e d  f o r  encoding

on m a l e / f e m a l e  p e r f o r m a n c e  d i f f e r e n c e s  on s p a t i a l  and v e r b a l  t a s k s

were i n v e s t i g a t e d  u s i n g  a s e r i e s  o f  2 x 2 d e s i g n s  as f o l l o w s :

1) Sex by Rate  u s i n g  A b s t r a c t  Words

8 low f a s t

female

male

2) Sex by Rate  u s i n g  Concre te  P i c t u r e s

slow f a s t

female

male

3) Sex by Rate  u s i n g  Nameable Geometr ic  Forms

slow f a s t

female

male
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4) Sex by Rate  u s i n g  Nonnameable Geometr ic  Forms

slow f a s t

female

male

I t  i s  p o s s i b l e  t o  r e s t a t e  t h e  h y po the ses  i n  t h e  f o l l o w i n g  symbolic 

fo rm:*

Hj : For d e s ig n  I I :  Mp; £ a s t > ^ , ; f M t  . Mj.. aloB s l o „

H2 : For d e s ig n  U :  ^  s low
—F: slow

: For designs #2 and 3:
fast — F: fast ; slow —F: slow

* The f o l l o w i n g  c o n v e n t i o n  was adopted  t o  r e p r e s e n t  t h e  independen t  
v a r i a b l e s .  The f i r s t  v a r i a b l e  r e p r e s e n t s  s e x  ( m a l e / f e m a l e ) .  The 
second v a r i a b l e  r e p r e s e n t s  r a t e  ( f a s t / s l o w ) .
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R e s u l t s

The  d a t a  w ere  a n a l y z e d  i n  two s e p a r a t e  p h a s e s .  I n  t h e  f i r s t  

p h a s e *  t h e  h y p o t h e s e s  w ere  t e s t e d  d i r e c t l y  u s in g  o n e - t a i l e d  £. t e s t s .  

D u r i n g  t h e  s e c o n d  p h a s e *  summary a n a l y s e s  were conducted  s e p a r a t e l y  

f o r  e a c h  d e p e n d e n t  m e a s u r e .  The e f f e c t  o f  s t i m u l i  and encoding  t ime 

( f a s t  and s lo w  r a t e s )  on m a l e / f e m a l e  p e r f o r m a n c e  d i f f e r e n c e s  were 

m e a s u r e d  u s i n g  2 ( s e x )  x 2 ( r a t e )  a n a l y s e s  o f  v a r i a n c e  f o r  each  type  

o f  s t i m u l u s  ( a b s t r a c t  w ords*  n o n n a m e a b le  g e o m e t r i c  forms* nameable 

geom et r ic  fo rm s ,  c o n c r e t e  p i c t u r e s ) .

P rim ary A n a lysn s.

H y p o t h e s i s  1 d e a l t  w i th  m a le / fem ale  d i f f e r e n c e s  i n  th e  p r o c e s s i n g

o f  v e r b a l  m a t e r i a l .  S p e c i f i c a l l y ,  h y p o th e s i s  1 s t a t e d :

F e m a l e s  w i l l  h a v e  h i g h e r  s c o r e s  t h a n  m a l e s  on a t a s k  
r e q u i r i n g  s e q u e n t i a l  p r o c e s s i n g  o f  v e r b a l  m a t e r i a l  ( a b s t r a c t  
w o rd s ) ,  a t  t h e  f a s t  r a t e  and a t  t h e  6low r a t e  o f  p r e s e n t a t i o n .

A c o m p a r i s o n  o f  m a l e / f e m a l e  p e r f o r m a n c e  on a r e c a l l  memory t a s k  a t

t h e  f a s t  and s lo w  r a t e  on a b s t r a c t  w o rd s  r e v e a l e d  t h a t  f emales  (M

= 1 . 7 3 )  w e r e  s i g n i f i c a n t l y  b e t t e r  th a n  males  (M = 1 .42 )  when s t i m u l i

was p r e s e n t e d  a t  t h e  f a s t  r a t e *  J l  ( 2 0 3 )  = -1 .42*  p . <.01* b u t  not  a t

t h e  s lo w  r a t e  o f  p r e s e n t a t i o n *  Jl (203) = - 1 . 3 4 ,  p. < .0 9 .  At th e  slow

r a t e  o f  p r e s e n t a t i o n ,  the mean score for  female performance waB 2 . 0 4 ,

and th e  mean f o r  male per formance  was 1 . 8 2 .  This  s t a t i s t i c a l  comparison

f o r  t h e  8 low r a t e  o f  p r e s e n t a t i o n  d i d  n o t  a c h i e v e  th e  c o n v e n t io n a l

s i g n i f i c a n c e  l e v e l s .  There  was ,  however,  a d i r e c t i o n a l  t endency  toward

t h e  p r e d i c t e d  h y p o t h e s i s .  I n  a d d i t i o n ,  f e m a l e ' s  memory (M = 3 .76 )

was s i g n i f i c a n t l y  b e t t e r  t h a n  m a l e ' s  (M = 3 .2 4 )  a t  t h e  combined r a t e ,

JL (203) = - 2 . 4 3 ,  p. < .008 .  T h e r e f o re ,  hypothesis  1 was p a r t i a l l y  confirmed,

i n d i c a t i n g  th e  s u p e r i o r i t y  o f  female  r e c a l l  memory o ve r  male performance
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on v e r b a l  s t i m u l i  a t  t h e  f a s t  and t h e  combined r a t e *  b u t  not  a t  th e

slow r a t e .  However, a t  t h e  slow r a t e ,  th e  d a t a  approached s i g n i f i c a n c e

i n  th e  p r e d i c t e d  d i r e c t i o n .

H y p o t h e s i s  2 p r o v i d e d  a t e s t  o f  m a l e / f e m a l e  d i f f e r e n c e s  i n  th e

p r o c e s s i n g  o f  s p a t i a l  m a t e r i a l .  S p e c i f i c a l l y ,  h y p o t h e s i s  2 s t a t e d :

M a le s  w i l l  h a v e  h i g h e r  r e c o g n i t i o n  s c o r e s  th a n  females  on 
t a s k s  r e q u i r i n g  s im u l tan e o u s  p r o c e s s i n g  o f  s p a t i a l  m a t e r i a l s  
( n o n n a m e a b le  g e o m e t r i c  f o r m s ) ,  a t  th e  f a s t  and a t  t h e  slow 
r a t e  o f  p r e s e n t a t i o n .

A c o m p a r i s o n  o f  m a le  (M = 3 . 0 )  v e r s u s  fem a le  (M = 2 .98)  r e c o g n i t i o n

memory f o r  nonnameable geom e t r ic  forms r e v e a l e d  no s ig n i f i c a n t  d if ference

i n  p e r f o r m a n c e  a t  t h e  f a s t  p r e s e n t a t i o n  r a t e ,  Jl (203) = 0 . 1 2 ,  p. > .05 .

Nor was t h e  d i f f e r e n c e  b e t w e e n  male (M = 3 .5 7 )  and female  (M = 3 .54)

r e c o g n i t i o n  memory s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  slow r a t e ,  JL. (203)

= 0 . 2 0 ,  p  > .0 5 .  Thus ,  t h i s  h y p o th e s i s  was no t  suppor ted .  On nonnameable

geom etr ic  fo rm s ,  male r e c o g n i t i o n  memory was no t  s u p e r i o r  s t a t i s t i c a l l y

t o  f e m a l e  p e r f o r m a n c e  a t  e i t h e r  p r e s e n t a t i o n  r a t e  o r  a t  th e  combined

r a t e .

H y p o t h e s i s  3 p r o v i d e d  a t e s t  o f  m a l e / f e m a l e  d i f f e r e n c e s  i n  t h e

p r o c e s s i n g  o f  m a t e r i a l s  which p o s s i b l y  le nd  them se lves  t o  d u a l  co d in g .

More s p e c i f i c a l l y ,  h y p o th e s i s  3 s t a t e d :

M ales  w i l l  d i s p l a y  h i g h e r  r e c o g n i t i o n  s c o r e s  memory th a n  
f e m a l e s  on t a s k s  a l lo w in g  f o r  s e q u e n t i a l  m a t e r i a l s  ( c o n c r e t e  
p i c t u r e s  and n a m e a b le  g e o m e t r i c  f o r m s ) ,  a t  t h e  f a s t  r a t e  
o f  p r e s e n t a t i o n .  When s u f f i c i e n t  t ime i s  p ro v id ed  f o r  dua l  
c o d i n g  t o  o c c u r  ( a t  t h e  s lo w  r a t e  o f  p r e s e n t a t i o n )  m a le  
and female  s c o re s  w i l l  be s i m i l a r .

A compar ison o f  m a le / f e m a le  per formance  a t  t h e  f a s t  and slow p resen ta t ion

r a t e s  on nameable geom e t r ic  forms r e v e a l e d  t h a t  male r e c o g n i t i o n  memory

(M = 3 . 6 3 )  was s i g n i f i c a n t l y  b e t t e r  t h a n  female  per formance  (M = 3 .37)

a t  t h e  f a s t  r a t e ,  £. ( 2 0 3 )  = 1 . 7 4 ,  p  < . 0 4 .  At t h e  s lo w  r a t e ,  male
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(M = 4 . 0 0 ) / f e m a l e  (M = 3 . 9 0 )  r e c o g n i t i o n  memory was c o m p a r a b l e  

s t a t i s t i c a l l y ,  J l  ( 2 0 3 )  = 0 . 3 9 .  p . > . 0 5 .  T h i s  ev id en ce  conf i rm s  t h a t  

p a r t  o f  h y p o t h e s i s  3 ,  i n v o l v i n g  nameable geom e t r ic  forms as s t i m u l i .  

M a le s  d i d  remember  s t i m u l i  p r e s e n t e d  a t  t h e  f a s t  p r e s e n t a t i o n  b e t t e r  

t h a n  f e m a l e s ,  b u t  a t  t h e  s l o w  r a t e ,  m a le / f e m a le  s c o r e s  were s i m i l a r .  

H o w e v e r ,  on  c o n c r e t e  p i c t u r e s ,  a compari son  o f  m a le / f e m a le  performance  

a t  t h e  f a s t  r a t e  r e v e a l e d  t h a t  m a le  r e c o g n i t i o n  memory (M = 3 .50)  

was riot s i g n i f i c a n t l y  b e t t e r  t h a n  f e m a l e ' s  (M = 3 . 5 7 ) .  £. (203) = - 0 . 4 7 .  

j>. > . 0 5 .  I n t e r e s t i n g l y ,  a t  t h e  s lo w  r a t e  o f  p r e s e n t a t i o n ,  f e m a l e  

r e c o g n i t i o n  memory (M = 4 . 0 7 )  was s i g n i f i c a n t l y  hptt#>r t h a n  m a l e ' s  

(M = 3 . 8 2 ) ,  J l  ( 2 0 3 )  = - 1 . 7 4 ,  j l  < . 0 4 .  A l t h o u g h  t h i s  d i f f e r e n c e  was 

no t  s p e c i f i c a l l y  p r e d i c t e d ,  r e l a t e d  e v id e n c e  ( p r e s e n t e d  below) p rov ided  

s u p p o r t  f o r  t h e  g e n e r a l  h y p o th e s i s  t h a t  m a le / f e m a le  per formance  would 

be  s i m i l a r  a t  t h e  f a s t  r a t e ,  b u t  w i t h  f e m a le  per fo rm ance  overcoming 

male pe r fo rm ance  a t  t h e  slow r a t e  (when d u a l  coding  could  o c c u r ) .  

Summary S t a t i s t i c a l  A nalyses

The mean and s t a n d a r d  d e v i a t i o n  f o r  each  c e l l  i n  t h e  s t a t i s t i c a l  

d e s i g n s  a r e  p r e s e n t e d  i n  T a b l e  1 .  As c a n  be  s e e n  i n  T a b l e  1 ,  th e  

a b s o l u t e  mean d i f f e r e n c e s  b e t w e e n  m a le  and f e m a l e  per formance  were 

s m a l l .  S e p a r a t e  a n a l y s e s  were perfo rmed on each  o f  t h e  f o u r  dependent  

m e a s u r e s .
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Table 1

Mean and S tandard  D e v i a t i o n  Scores  f o r  Male/Female Performance  a t  

t h e  F a s t . _ Slow and Combined Rate  f o r  Four Dependent Measures ( A b s t r a c t  

W ords .  Nonnameable Geometri c  Forms.  Nameable Geometric  Forms. Concrete 

P i c t u r e s ) .

Summary S t a t i s t i c s  
Dependent  ____________________________

Measure n M S.D.

A b s t r a c t  Words 

F a s t  

Male 

Female 

Slow 

Male 

Female 

Comb ined 

Male 

Female

Nonnameable Geometr ic  Forms 

F a s t  

Male 

Female 

Slow 

Male 

Female

99 1.42 0.91

106 1 .73 1.10

99 1.82 1.21

106 2 .04  1 .14

99 3 .24  1.46

106 3 .76 1.60

99 3 .00  1.13

106 2 .98  1.11

99 3 .57 1 .05

106 3 .5 4  0 .99



Table 1 (continued)

Summary S t a t i s t i c s

Dependent

Measure n M S. D.

Nonnameable Geometr ic  Forms ( c o n t in u e d )

Combined

Male

Female

Nameable Geometr ic  Forms 

F a s t  

Male 

Female 

Slow 

Male 

Female 

Combined 

Male 

Female 

C oncre te  P i c t u r e s  

F a s t  

Male 

Female 

Slow 

Male 

Female

99 6 .57  1.53

106 6 .52  1.46

99 3 .63  1.07

106 3 .37 1.06

99 3 .96  0 .93

106 3 .91  1.03

99 7 .56  1 .49

106 7 .27  1.32

99 3 .50  0.97

106 3 .57 1.16

99 3 .82  1.09

106 4 .07 0 .95



Table 1 (continued)

Summary S t a t i s t i c s  
Dependent  ______________________________

Measure n M S. D.

Concre te  P i c t u r e s  ( c o n t i n u e d )

Comb ined

Male 99 7.31 1.56

Female 106 7 .63  1.60
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F i r s t *  a 2 ( s e x )  x 2 ( r a t e )  r e p e a t e d  measure a n a l y s i s  o f  v a r i a n c e  

was c o n d u c t e d  w i t h  a b s t r a c t  w o r d s .  T a b l e  2 su m m a r ize s  th e  r e s u l t s  

o f  t h a t  a n a l y s i s  and i n d i c a t e s  a s i g n i f i c a n t  m a i n  e f f e c t  f o r  6ex,  

w i t h  f e m a l e s ’ p e r f o r m a n c e  (M = 3 . 7 6 )  s u r p a s s i n g  m a l e s '  (M = 3 .24)  

r e g a r d l e s s  o f  r a t e  o f  p r e s e n t a t i o n .  T h e r e  was a l s o  a s i g n i f i c a n t  

m a in  e f f e c t  f o r  r a t e  o f  p r e s e n t a t i o n *  w i th  th e  mean o f  t h e  slow r a t e

( 1 . 9 3 )  e x c e e d i n g  t h a t  o f  t h e  f a s t  r a t e  ( 1 . 5 7 ) .  The r a t e  by  s e x  

i n t e r a c t i o n  d id  not  a c h ie v e  s t a t i s t i c a l  s i g n i f i c a n c e .

Tab le 2

A n a ly s i s  o f  V ar iance  f o r  Sex and Rate  on A b s t r a c t  Word S c o r e s .

Sum o f  Degrees o f  Mean F

Source Squares Freedom Square Ra t io

Sex (Male/Female) 6.97 1 6.97 5.90*

E r ro r 239.64 203 1 .18

Rate (F a s t /S lo w ) 12.73 1 12.73 10.41**

I n t e r a c t i o n 0.17 1 0.17 0 .1 4

E r r o r 248.18 203 1.22

* p <.01

** p <.001

Second,  a 2 ( r a t e )  x 2 ( s e x )  r e p e a t e d  measure a n a l y s i s  o f  v a r i a n c e  

was per formed on nameable geom et r ic  form sco res .  Table 3 which summarizes 

t h e  r e s u l t s  o f  t h o s e  f i n d i n g s *  r e v e a l e d  no s i g n i f i c a n t  main e f f e c t
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f o r  Bex (mean s c o r e  f o r  m a l e s  was 7 . 5 9  and mean s c o r e  f o r  f em a le s  

was 7 . 2 7 ) .  However* a s i g n i f i c a n t  main e f f e c t  f o r  p r e s e n t a t i o n  r a t e  

was fo u n d *  w i t h  t h e  mean o f  s t u d e n t s  g i v e n  s t i m u l i  a t  t h e  slow r a t e

( 3 . 9 3 )  e x c e e d i n g  t h e  mean o f  t h o s e  g i v e n  a t  t h e  f a s t  r a t e  ( 3 . 5 0 ) .  

The r a t e  by sex  i n t e r a c t i o n  d id  no t  ach i e v e  s t a t i s t i c a l  s i g n i f i c a n c e .

Table 3

A n a ly s i s  o f  V ar iance  f o r  Sex and Rate on Nameable Geometric  Form Scores .

Source

Sum o f  

Squares

Degrees o f  

Freedom

Mean

Square

F

R at io

Sex (Male/Female) 2.50 1 2.50 2 .5

E r ro r 201.54 203 0 .9 9

Rate  (F a s t /S lo w ) 19.42 1 19.42 17.6**

I n t e r a c t i o n 1.07 1 1.07 0 . 9

E r r o r 223.17 203 1 .09

** p <.001

T h i r d *  a 2 ( s e x )  x  2 ( r a t e )  r e p e a t e d  measure a n a l y s i s  o f  v a r i a n c e  

was per formed on nonnameable geom et r ic  form s c o r e s .  Tab le  4 summarizes 

t h e  r e s u l t s .  The a n a l y s i s  s i m i l a r l y  r e v e a l e d  no s i g n i f i c a n t  main 

e f f e c t  f o r  sex  (mean s c o re  f o r  males  was 6 .57  and mean s c o re  fo r  females 

was 6 . 5 2 ) .  However* a s i g n i f i c a n t  main e f f e c t  f o r  r a t e  was a l s o  found ,  

w i th  t h e  mean o f  s t u d e n t s  g iv e n  s t i m u l i  a t  t h e  slow r a t e  (3.55) exceeding 

t h e  mean o f  t h o s e  g i v e n  a t  t h e  f a s t  r a t e  ( 2 . 9 9 ) .  The r a t e  by  sex
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The r a t e  by sex i n t e r a c t i o n  d id  no t  a c h i e v e  s t a t i s t i c a l  s i g n i f i c a n c e .  

Tab le 4

A n a l y s i s  o f  V a r i a n c e  f o r  Sex and R a t e  on  Nonnameable Geometric  Form 

S c o re s .

Source

Sum of 

Squares

Degrees o f  

Freedom

Mean

Square

F

R a t io

Sex (Male/Female) 0.06 1 0.06 0 .05

E r r o r 226.39 203 1.11

Rate (F a s t /S lo w ) 32.23 1 32.23 27.24**

I n t e r a c t i o n 0.00 1 0 .00 0 .00

E r r o r 240.24 203 1 .18

** p <.001

Fourth*  a 2 ( s e x )  x 2 ( r a t e )  r e p e a t e d  measure a n a l y s i s  o f  v a r i a n c e  

was p e r f o r m e d  on  c o n c r e t e  p i c t u r e s  s c o r e s .  The r e s u l t s  w h ic h  a re  

su m m a r ized  i n  T a b l e  5 i n d i c a t e d  no s i g n i f i c a n t  m a in  e f f e c t  f o r  sex 

(mean s c o r e  f o r  m a l e s  was 7 . 3 1 *  mean s c o r e  f o r  f e m a l e s  was 7 . 6 3 ) .  

H o w e v e r ,  a s i g n i f i c a n t  m a in  e f f e c t  f o r  r a t e  was fo u n d ,  w i th  th e  mean 

o f  t h e  s lo w  r a t e  ( 3 . 9 4 )  e x c e e d i n g  t h e  mean o f  t h e  f a s t  r a t e  ( 3 . 0 3 ) .  

The r a t e  by sex  i n t e r a c t i o n  d id  n o t  a c h i e v e  s t a t i s t i c a l  s i g n i f i c a n c e .
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Tab le  5

A n a ly s i s  o f  V ar iance  f o r  Sex and Rate on Concre te  P i c t u r e s  S c o r e s .

Source

Sum of  

Square8

Degrees o f  

Freedom

Mean

Square

F

R at io

Sex (Male/Female) 2 .60 1 2.60 2 .08

E r ro r 253.97 203 1.25

Rate  (F a s t /S lo w ) 17.34 1 17 .34 18.33**

I n t e r a c t i o n 0 .79 1 0.79 0.85

E r r o r 192.07 203 0 .9 4

** p <.001
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D is c u s s io n

Support for HypnfhfiaaA

The p r e s e n t  s t u d y  r e p r e s e n t s  an  i n i t i a l  a t t e m p t  t o  e x p l a i n  sex 

d i f f e r e n c e s  i n  s p a t i a l  a b i l i t i e s  u s in g  a d u a l  cod ing  model .  S evera l  

h y p o t h e s e s  were advanced r e g a r d i n g  p r e v i o u s l y  r e p o r t e d  sex  d i f f e r e n c e s  

i n  te rms o f  P a i v i o ' s  d u a l  cod ing  model .  S p e c i f i c a l l y ,  i t  was p r e d i c t e d  

t h a t  sex  d i f f e r e n c e s  i n  s p a t i a l  and v e r b a l  a b i l i t i e s  cou ld  be ex p la in e d  

i n  t e r m s  o f  v a r i a t i o n s  i n  t h e  n a t u r e  o f  t h e  t a s k  and t i m e  a l low ed  

f o r  i n f o r m a t i o n  p r o c e s s i n g  by males  and f e m a le s .  The p r e s e n t  f i n d i n g s  

w i l l  be  d i s c u s s e d  a c c o r d i n g  t o  t h e  p r o p o s e d  h y p o t h e s e s  f o r  each of  

t h e  dependent  v a r i a b l e s .

P a i v i o ' s  ( 1 9 7 1 )  m o d e l  a s s u m e s  t h r e e  t y p e s  o f  p r o c e s s i n g  o f  

i n f o r m a t i o n :  s i m u l t a n e o u s  p r o c e s s i n g  o f  “ s p a t i a l "  o r  n o n v e r b a l

m a t e r i a l ,  s e q u e n t i a l  p r o c e s s i n g  o f  “v e r b a l "  m a t e r i a l ,  and d u a l  

p r o c e s s i n g  o f  m a t e r i a l  w h ic h  l e n d s  i t s e l f  t o  b o t h  ty p e s  o f  co d in g .  

P a i v i o ' s  i n i t i a l  d u a l  c o d i n g  exper im en t  ( P a i v i o  and Csapo,  1969) d id  

n o t  a d d r e s s  t h e  i s s u e  o f  s e x  d i f f e r e n c e s  i n  p e r fo rm a n ce .  S e q u e n t i a l  

and s i m u l t a n e o u s  p r o c e s s i n g  s t r a t e g i e s  were assumed t o  be de te rm ined  

o n l y  by  t h e  t y p e  o f  s t i m u l u s  m a t e r i a l  t h a t  was p r e s e n t e d  and by the  

p r e s e n t a t i o n  r a t e  o f  t h e s e  m a t e r i a l s .

A c c o r d i n g  t o  P a i v i o ' s  d u a l  coding  model ( P a i v i o  and Csapo,  1969) 

a b s t r a c t  v e r b a l  s t i m u l i  ( a b s t r a c t  words)  can o n ly  be  coded s e q u e n t i a l l y  

( l i n g u i s t i c a l l y ) ,  r e g a r d l e s s  o f  t h e  t i m e  a v a i l a b l e .  H y p o t h e s i s  1 

p r e d i c t e d  t h a t  f e m a l e  p e r f o r m a n c e  on  a t a s k  i n v o l v i n g  th e  cod ing  of  

v e r b a l  s t i m u l i  ( a b s t r a c t  words)  would be s u p e r i o r  t o  male pe r fo rm a n ce ,  

r e g a r d l e s s  o f  t i m e  p e r m i t t e d  f o r  encoding  ( a t  b o th  t h e  f a s t  and slow 

r a t e s  o f  p r e s e n t a t i o n )  . The d a t a  p r o v i d e d  s u p p o r t  f o r  h y p o t h e s i s
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1 .  As p r e d i c t e d *  th e  a n a l y s i s  o f  v a r i a n c e  per formed on a b s t r a c t  words 

i n d i c a t e d  f e m a l e  p e r f o r m a n c e  was s i g n i f i c a n t l y  h i g h e r  t h a n  m a le  

p e r f o r m a n c e *  r e g a r d l e s s  o f  r a t e  o f  p r e s e n t a t i o n .  In  a d d i t i o n *  females  

p e r f o r m e d  b e t t e r  t h a n  m a l e s  on a b s t r a c t  w ords  a t  t h e  f a s t  r a t e  and 

t h e  com bined  r a t e .  T h i s  f i n d i n g  s u p p o r t s  h y p o t h e s i s  1 .  However* 

a l t h o u g h  t h e  s e x  d i f f e r e n c e s  i n  per fo rmance  a t  th e  slow r a t e  d id  not  

d i f f e r  s i g n i f i c a n t l y *  t h e  d a t a  w e re  i n  t h e  p r e d i c t e d  d i r e c t i o n  ( a  

< . 0 9 ) .  These f i n d i n g s  t h u s  p r o v id e  some i n d i c a t i o n  t h a t  sex d if ferences  

i n  c o d i n g  o c c u r r e d  b a s e d  on t h e  t y p e  o f  s t i m u l i  p r e s e n t e d  and the  

am ount o f  t i m e  a v a i l a b l e .  F e m a le  p e r f o r m a n c e  r e m a in e d  s u p e r i o r  to  

m a le  p e r f o r m a n c e  on  a b s t r a c t  w o rd s  a t  b o t h  r a t e s  o f  p r e s e n t a t i o n *  

a n d  t h e  o v e r a l l  a n a l y s i s  d i d  p r o v i d e  s t a t i s t i c a l  s u p p o r t  f o r  t h e  

h y p o t h e s i s *  s u g g e s t i n g  t h a t  f e m a l e  p e r f o r m a n c e  i s  s u p e r i o r  to  male 

pe r fo rm ance  when t a s k s  a r e  “purely** v e r b a l  i n  n a t u r e .

I n  P a i v i o ' s  i n i t i a l  d u a l  c o d i n g  e x p e r i m e n t  ( P a i v i o  and Csapo* 

1969)  • d u a l  c o d i n g  was t h e o r i z e d  t o  o c c u r  when s u f f i c i e n t  t ime was 

p e r m i t t e d  f o r  t h e  e n c o d i n g  o f  m a t e r i a l  w h ic h  c o u l d  be  p ro c e s s e d  i n  

b o t h  m o d e s .  The c o n c r e t e n e s s  o f  t h e  s t i m u l i  was h y p o t h e s i z e d  t o  

d e t e rm in e  t h e  p o s s i b i l i t y  o f  d u a l  co d in g .  P a i v i o  used  c o n c r e t e  p ic tu res  

a s  s t i m u l i  to  t e s t  t h i s  p r e d i c t i o n .  H y p o th es i s  3 i n  t h e  p r e s e n t  s tudy  

p r e d i c t e d  t h a t  male pe r fo rm ance  would be  s u p e r i o r  t o  female  performance  

on  a d u a l  c o d i n g  t a s k  t h a t  i s  f u n d a m e n ta l ly  " s p a t i a l ” i n  n a tu re *  b u t  

cou ld  be v e r b a l l y  encoded (nameable geometric forms and concrete p i c t u r e s ) ,  

i f  cod ing  t ime was r e s t r i c t e d .  However* sex  d i f f e r e n c e s  i n  r e c o g n i t i o n  

memory cou ld  be e l i m i n a t e d  by p r o v id i n g  a d d i t i o n a l  t im e  f o r  dual  coding. 

The d a t a  p r o v i d e d  some s u p p o r t  f o r  h y p o t h e s i s  3 .  As p r e d i c t e d *  when 

n a m e a b le  g e o m e t r i c  f o r m s  w e re  u s e d  a s  s t i m u l i  a com par i son  o f  male
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and female  per formance  a t  t h e  f a s t  r a t e  r e v e a l e d  a s i g n i f i c a n t l y  h i g h e r  

r e c o g n i t i o n  memory by m a l e s .  At the  slow ra te*  however* no sex d if ferences  

w ere  f o u n d  i n  r e c o g n i t i o n  memory .  T h i s  outcome s u p p o r t s  h y p o th e s i s

3 .  Thus* th e  i n i t i a l  female  d i s a d v a n t a g e  on a t a s k  seemingly  " s p a t i a l *  

i n  n a t u r e  seemed t o  d i m i n i s h  when a d d i t i o n a l  t ime was p e r m i t t e d  f o r  

f e m a l e s  t o  e n c o d e  t h e  i n f o r m a t i o n  i n  a "verbal** o r  s e q u e n t i a l  manner 

as  w e l l .  P r e s e n t a t i o n  r a t e *  a c c o rd in g  t o  t h e  d u a l  coding  model (Paivio* 

1 971 ) .  i s  im p o r tan t  o n ly  when l e a r n e r s  view s t i m u l i  which are appropriate 

f o r  more  t h a n  one  t y p e  o f  p r o c e s s i n g  t o  o c c u r ,  i . e . ,  s t i m u l i  t h a t  

a r e  c o n c r e t e  i n  n a t u r e .

W h i le  t h e  d a t a  on  c o n c r e t e  p i c t u r e s  a s  s t i m u l i  d id  not  suppor t  

h y p o t h e s i s  3 as o r i g i n a l l y  s t a t e d ,  r e l a t e d  ev id en ce  o f f e r e d  some support 

f o r  a more  g e n e r a l  h y p o t h e s i s .  Male p e r f o r m a n c e  was n o t  f o u n d  to  

b e  s i g n i f i c a n t l y  b e t t e r  t h a n  f e m a l e  p e r fo rm a n c e  a t  t h e  f a s t  r a t e  as 

p r e d i c t e d .  However,  a t  t h e  slow r a t e ,  female performance was s ig n i f i c a n t l y  

b e t t e r  t h a n  m a le  p e r f o r m a n c e ,  s u g g e s t i n g  t h a t  when d u a l  coding  could  

o c c u r  ( w i t h  a d d i t i o n a l  t i m e ) ,  f em a les  were a b l e  t o  u t i l i z e  d u a l  coding  

and s u rp a s se d  male per formance  on t h i s  t a s k .  Th is  f i n d i n g  i s  in  keeping 

w i t h  t h e  n o t i o n  t h a t  s e x  d i f f e r e n c e s  i n  r e c o g n i t i o n  memory a r e  found 

t o  v a r y  b a s e d  on t h e  t y p e  o f  s t i m u l i  u s e d  and t i m e  r e s t r i c t i o n s .  

Such d a t a  p r o v id e  su p p o r t  f o r  t h e  presence of  sex d i f fe rences  in  processing 

s t r a t e g y  ( a  d u a l  cod ing  e x p l a n a t i o n ) .

The r e s u l t s  o f  l e a r n i n g  o t h e r  s t i m u l i  d id  no t  conform to  p red ic t ion .  

P a i v i o ’s i n i t i a l  d u a l  cod ing  s tu d y  ( P a i v i o  and Csapo,  1969) inves t iga ted  

c o n c r e t e  i m a g e r y  and v e r b a l  c o d i n g .  The p r e s e n t  s tu d y  a t tem p ted  to  

e x t e n d  h i s  m ode l  by a p p l y i n g  i t  t o  t h e  s t u d y  o f  n n n v p r h a l  c o d i n g  

( s i m u l t a n e o u s  p r o c e s s i n g ) :  i . e . ,  t h e  p r o c e s s i n g  o f  a b s t r a c t  nonverba l
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o r  “ p u r e l y  s p a t i a l ” i n f o r m a t i o n .  H y p o t h e s i s  2 p r e d i c t e d  t h a t  male 

p e r f o r m a n c e  on a t a s k  i n v o l v in g  th e  coding  o f  a b s t r a c t  s p a t i a l  s t i m u l i  

( n o n n a m e a b le  geom etr ic  forms) would be s u p e r i o r  t o  female  performance* 

r e g a r d l e s s  o f  t i m e  p e r m i t t e d  f o r  encoding  t o  occu r  ( a t  b o th  t h e  f a s t  

and s lo w  r a t e s  o f  p r e s e n t a t i o n ) .  H y p o t h e s i s  2 was not  s u p p o r te d  by 

t h e  d a t a .

C onc lus ions

T h i s  s t u d y  was a f i r s t  e f f o r t  t o  app ly  P a i v i o ’s d u a l  coding  model 

t o  t h e  s tudy  o f  sex d i f f e r e n c e s  i n  im ag ina l  r e l a t i o n s  and v e rb a l  coding. 

How w e l l  d i d  t h i s  m ode l  work?  The p r e s e n t  e v i d e n c e  i n d i c a t e d  t h a t  

t h e  d u a l  c o d i n g  mode l  d o e s  seem t o  e x p l a i n  s e x  d i f f e r e n c e s  i n  the  

p r o c e s s i n g  o f  v e r b a l  i n f o r m a t i o n  o r  i n f o r m a t i o n  w hich  i s  a v a i l a b l e  

t o  v e r b a l  coding  ( c o n c r e t e  p i c t u r e s  and nameable geom et r ic  f o r m s ) .

The d a t a  in v o l v in g  t h e  cod ing  o f  “p u r e l y  v e r b a l ”  m a t e r i a l  ( abs t rac t  

w o r d s ) *  i . e . *  i n f o r m a t i o n  w h ic h  p r e s u m a b l y  c o u l d  o n l y  be  coded  in  

t h e  v e r b a l  s e q u e n t i a l  mode* p r o d u c e d  t h e  e x p e c t e d  sex  d i f f e r e n c e s .  

F e m a le s  w e re  s u p e r i o r  t o  m a l e s  i n  t h e  p e r f o r m a n c e  o f  t h i s  t y p e  of  

t a s k ,  r e g a r d l e s s  o f  t h e  r a t e  o f  p r e s e n t a t i o n .  T h i s  f i n d i n g  le nds  

s u p p o r t  t o  t h e  a l r e a d y  e x i s t i n g  body  o f  l i t e r a t u r e  ( e . g . *  H a r r i s ,  

1978 ;  Maccoby and J a c k l i n ,  1974; O etze l*  1966) which i n d i c a t e s  females  

a r e  s u p e r i o r  t o  m a l e s  on t a s k s  presumably  v e r b a l  i n  n a t u r e .  The dua l  

coding  model seems to  have a d e q u a te l y  d e s c r i b e d  t h e s e  sex d i f f e r e n c e .

The d a t a  i n v o l v in g  th e  cod ing  o f  i n f o r m a t i o n  which cou ld  be d u a l l y  

coded  ( s e q u e n t i a l l y  o r  s i m u l t a n e o u s l y )  a l s o  p roduced  sex d i f f e r e n c e s  

i n  t h e  expec ted  d i r e c t i o n .  This  ev idence  in v o lv e d  “ s p a t i a l ” information 

w h ich  was a l s o  a v a i l a b l e  t o  t h e  “v e r b a l ” ( s e q u e n t i a l )  mode o f  coding 

( c o n c r e t e  p i c t u r e s  and n a m e a b le  f o r m s ) .  S ince  sex  d i f f e r e n c e s  were
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fo u n d  t o  v a r y  based  on b o th  th e  type  o f  s t i m u l i  and th e  t ime p e r m i t t e d  

f o r  e n c o d i n g  t o  o c c u r  • t h e  e v i d e n c e  s u g g e s t s  t h a t  s e x  d i f f e r e n c e s  

c o u l d  be  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  p r o c e s s i n g  s t r a t e g y .  Although  

t h e  r e s u l t s  w e re  n o t  e n t i r e l y  s u p p o r t i v e  o f  t h e  o r i g i n a l  h y p o t h e s i s ,  

t h e  s p i r i t  and d i r e c t i o n  o f  t h e  t h e o r y  was s u p p o r t e d .  T h u s ,  w i th  

n a m e a b le  g e o m e t r i c  f o r m s ,  t h e  i n i t i a l  f e m a le  d i s a d v a n t a g e  on a t a s k  

s e e m i n g l y  s p a t i a l  i n  n a t u r e  was d i m i n i s h e d  g iv e n  t a s k  m o d i f i c a t i o n s  

w h ic h  p e r m i t t e d  f e m a l e s  t o  e n c o d e  t h i s  “ s p a t i a l  i n f o r m a t i o n  i n  a 

v e r b a l  o r  s e q u e n t i a l  mode.  Females d id  no t  e v in ce  p o o re r  perfo rmance  

on  c o n c r e t e  p i c t u r e s .  H ow e ve r ,  w i t h  b o t h  n a m e a b le  geom e t r ic  forms 

a.nd c o n c r e t e  p i c t u r e s  as  s t i m u l i ,  female  per formance  improved compared 

t o  m a le  p e r f o r m a n c e  when a d d i t i o n a l  t im e  was a l low ed  f o r  d u a l  coding  

t o  o c c u r .  This  s u g g e s t s  t h a t  when females  a r e  a b l e  t o  employ a v e r b a l  

( s e q u e n t i a l )  mode o f  c o d i n g  w i t h  s p a t i a l  m a t e r i a l ,  t h e i r  pe rfo rmance  

improved i n  r e l a t i o n  to  male pe r fo rm a nce .

In t h e  p r e s e n t  s t u d y ,  per fo rmance  on a t a s k  UBing nameable geometric 

f o rm s  was p r e d i c t e d  t o  be  p a r a l l e l  t o  p e r f o r m a n c e  on  a t a s k  u s in g  

c o n c r e t e  p i c t u r e s  b e c a u s e  f e m a l e  per fo rm ance  ( w i t h  b o th  s t i m u l i )  was 

p r e d i c t e d  t o  g a i n  ad v a n ta g e  when a d d i t i o n a l  t ime was a l lowed f o r  d u a l  

c o d i n g .  The f i n d i n g s  on c o n c r e t e  p i c t u r e s  and n a m e a b l e  g e o m e t r i c  

fo rm s  a p p e a r e d  t o  s u p p o r t  t h i s  h y p o t h e s i s .  There  was a s i g n i f i c a n t  

im p ro v em en t  i n  f e m a l e  p e r f o r m a n c e  r e l a t i v e  t o  t h a t  o f  males  a t  the  

6 low r a t e  w i t h  b o t h  t y p e s  o f  s t i m u l i .  A l t h o u g h  a s  e x p e c t e d ,  male 

p e r f o r m a n c e  a t  t h e  f a s t  r a t e  d e m o n s t r a t e d  a r e l a t i v e  advan tage  over  

f e m a l e  p e r f o r m a n c e  on  n a m e a b le  g e o m e t r i c  f o rm s ,  u n e x p e c te d ly  no sex 

d i f f e r e n c e s  w e re  f o u n d  w i t h  c o n c r e t e  p i c t u r e s  a t  t h i s  p r e s e n t a t i o n  

r a t e .  An a d d i t i o n a l  u n e x p e c t e d  f i n d i n g  w i t h  c o n c r e t e  p i c t u r e s  as
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s t i m u l i  was t h a t  f e m a l e s  p e r f o r m e d  s i g n i f i c a n t l y  b e t t e r  th a n  males 

a t  t h e  s l o w r a t e . T h i s  ou tcom e*  n o n e t h e l e s s *  cohere s  w i th  P a i v i o ' s  

t h e o r y *  b e c a u s e  f e m a l e  per formance  improved on c o n c r e t e  p i c t u r e s  when 

g iv e n  th e  o p p o r t u n i t y  t o  d u a l l y  code th e  “ spatial** in f o r m a t i o n .

A c c o r d i n g  t o  P a i v i o  ( 1 9 7 1 )  i t  i s  t h e  c o n c r e t e n e s s  o f  s t i m u l i  

w h ic h  d e t e r m i n e d  t h e i r  d u a l  c o d a b i l i t y .  T here fo re*  th e  l a b e l a b i l i t y  

o f  b o th  ty p e s  o f  “ s p a t i a l ” s t i m u l i  made them s u i ta b le  fo r  dual processing.  

A n o t h e r  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  f i n d i n g s  i s  t h a t  one  t y p e  of 

s t i m u l u s  ( c o n c r e t e  p i c t u r e s )  i s  more  e a s i l y  l a b e l l e d  t h a n  th e  o t h e r  

(nameable  geom e t r ic  forms)*  i . e . *  c o n c r e t e  p i c t u r e s  a r e  more c o n c r e t e  

i n  n a t u r e  th a n  nameable geom e t r ic  fo rm s .

The l a t t e r  e x p l a n a t i o n  f i n d s  s u p p o r t  i n  a l a t e r  s tudy  by P a iv i o  

and E rn e s t*  (1971) which used v e r b a l  and n o n v e rb a l  s t im ul i  to  inves t iga te  

i m a g e r y  a b i l i t y  and v i s u a l  p e r c e p t i o n .  Three  ty p e s  o f  s t i m u l i  were 

u s e d :  s i n g l e  c a p i t a l  l e t t e r s  ( v e r b a l  s t i m u l i ) *  p i c t u r e s  o f  f a m i l i a r

o b j e c t s ,  and g e o m e t r i c  forms (n o n v e rb a l  s t i m u l i ) .  Comparisons showed 

t h a t  t h e  two t y p e s  o f  s t i m u l i  ( p i c t u r e s  and g e o m e t r i c  f o r m s )  were 

s i m i l a r  i n  a l l  r e s p e c t s ,  e x c e p t  f o r  mean l a b e l i n g  l a t e n c y .  P i c t u r e s  

were s i g n i f i c a n t l y  more q u i c k l y  l a b e l e d  t h a n  g eo m e t r ic  fo rm s .

I n  a d d i t i o n ,  P a i v i o  ( 1 9 7 1 )  p r e s u m e d  t h a t  even  a t  th e  f a s t  r a t e  

( i n  h i s  d u a l  c o d i n g  m o d e l ) ,  t h e  a p p r o p r i a t e  l a b e l s  f o r  p i c t u r e s  could  

be  r e t r i e v e d  f ro m  c o n c r e t e  memory im a g e s  a f t e r  t h e  s t im u lu s  s e r i e s  

was p r e s e n t e d .  Thus* P a i v i o  h y p o th e s i z e d  t h a t  even i f  c o n c r e t e  s t i m u l i  

s u c h  a6 p i c t u r e s  c o u l d  n o t  be  v e r b a l l y  co d ed  a t  t h e  f a s t  r a t e  when 

p r e s e n t e d *  t h e y  c o u l d  p o s s i b l y  b e  co d ed  v e r b a l l y  d u r i n g  r e t r i e v a l  

i f  t h e  v i s u a l  im age  c o u l d  b e  r e t a i n e d .  P r e s u m a b l y *  t h e r e f o r e *  the  

more  “ i m a g a b l e ” and c o n c r e t e  t h e  s t i m u l i *  t h e  more  e a s i l y  l a b e l e d .
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I t  i s  p o s s i b l e  t h a t  b e c a u s e  c o n c r e t e  p i c t u r e s  a r e  more e a s i l y  

" i m a g e d "  and  " l a b e l e d * "  and  t h e r e f o r e  more  c o n c r e t e  t h a n  nameable 

g e o m e t r i c  f o r m s ,  t h e y  w e re  a l s o  more e a s i l y  d u a l l y  coded even a t  th e  

f a s t  r a t e  o f  p r e s e n t a t i o n .  A c c o r d i n g  t o  P a i v i o  ( 1 9 7 1 )  i t  i s  b o th  

c o n c r e t e n e s s  o f  s t i m u l i  and. t im e  r e s t r i c t i o n s  which d e t e rm in e  whether  

o r  n o t  d u a l  c o d i n g  c a n  o c c u r .  I t  seems t o  f o l l o w *  t h e r e f o r e *  t h a t  

t h e  more c o n c r e t e  th e  s t im u lu s *  t h e  more e a s i l y  i t  can be coded d u a l l y .  

T h i s  c o u l d  h y p o t h e t i c a l l y  h a v e  g i v e n  m a le s  a g r e a t e r  advan tage  over  

f e m a l e s  when n a m e a b le  g e o m e t r i c  f o r m s  w e re  p r e s e n t e d  as  s t i m u l i  a t  

t h e  f a s t  r a t e  (when th e y  cou ld  on ly  be e a s i l y  coded i n  t h e  s im ul taneous  

m o d e ) .  At t h e  s lo w  r a t e *  when more t ime was a l lowed and d u a l  coding  

c o u l d  e a s i l y  o c c u r  f o r  b o t h  t y p e s  o f  s t i m u l i  ( c o n c r e t e  p i c t u r e s  and 

n a m e a b l e  g e o m e t r i c  f o r m s )  n a m e a b l e  g e o m e t r i c  f o r m s  cou ld  a l s o  th e n  

be  e a s i l y  d u a l l y  c o d e d .  T h i s  a l l o w e d  f e m a l e s  t o  " o v e r c o m e "  t h e i r  

d i s a d v a n t a g e  on  a t a s k  u s i n g  s p a t i a l  m a t e r i a l  by  d u a l l y  coding  th e  

i n f o r m a t i o n .  The e v id en ce  seems to  suppo r t  t h i s  p o s s i b i l i t y .

A l t h o u g h  P a i v i o ' s  d u a l  c o d i n g  m ode l  d o e s  seem a d e q u a t e  f o r  

d e s c r i b i n g  t h e  p r o c e s s i n g  o f  i n f o r m a t i o n  a v a i l a b l e  t o  v e r b a l  encoding* 

th e  d u a l  cod ing  model seems t o  f a l l  s h o r t  w i th  t h e  p r o c e s s i n g  of  "purely 

s p a t i a l "  i n f o r m a t i o n *  i . e . *  i n f o r m a t i o n  n o t  a v a i l a b l e  t o  a v e r b a l  

( s e q u e n t i a l )  mode o f  c o d i n g .

The p r e s e n t  s t u d y  a t t e m p t e d  t o  ex tend  P a i v i o *8 d u a l  coding  model 

t o  t h e  p r o c e s s i n g  o f  " p u r e l y  s p a t i a l "  m a t e r i a l *  i . e . *  m a t e r i a l  which 

was a s sum ed  t o  be  " s p a t i a l l y  a b s t r a c t "  and t h e r e f o r e  on ly  a v a i l a b l e  

t o  t h e  n o n v e r b a l  o r  s i m u l t a n e o u s  c o d i n g  mode .  S i n c e  t h i s  m a t e r i a l  

was a s sum ed  n o t  t o  b e  a v a i l a b l e  d u r i n g  v e r b a l  ( s e q u e n t i a l )  coding* 

i t  was e x p e c t e d  t h a t  m a l e  p e r f o r m a n c e  would r e t a i n  an advan tage  over
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f e m a l e  p e r f o r m a n c e  on  a t a s k  u s i n g  t h i s  m a t e r i a l *  The e v id en ce  d id  

n o t  s u p p o r t  t h i s  h y p o t h e s i s .  The d u a l  c o d i n g  m o d e l  d o e s  n o t  seem 

t o  a d e q u a t e l y  d e s c r i b e  t h e  p r o c e s s e s  u n d e r l y i n g  sex  d i f f e r e n c e s  w i th  

p u r e l y  s p a t i a l  m a t e r i a l .

The h y p o t h e s i s  t h a t  m a l e s  wou ld  p e r f o r m  s i g n i f i c a n t l y  b e t t e r  

t h a n  f e m a l e s  w i t h  * * s p a t i a l l y  abs trac t**  s t i m u l i  (nonnameable geom et r ic  

f o r m s )  was n o t  c o n f i r m e d .  T h i s  f i n d i n g  i s  p a r t i c u l a r l y  s u r p r i s i n g  

i n  v ie w  o f  l i t e r a t u r e  on  s e x  d i f f e r e n c e s  i n  w h ic h  m a l e s  h a v e  been 

f o u n d  t o  h a v e  s u p e r i o r  s p a t i a l  a b i l i t i e s  when com pared  t o  fe m a le s  

( e . g . *  H a r r i s ,  1 9 7 8 ;  H accoby  and J a c k l i n *  1 9 7 4 ;  O e t z e l ,  1966) .  I t  

i s  a l s o  s u r p r i s i n g  i n  v ie w  o f  t h e  f i n d i n g s  o f  t h e  p r e s e n t  s tu d y  and 

t h e  r e s u l t a n t  s e x  d i f f e r e n c e s  y i e l d e d  when nameable g e o m e t r i c  forms 

w e re  u s e d  a s  s t i m u l i .  The f i n d i n g  t h a t  w i t h  nameable g e o m e t r i c  forms 

( e s s e n t i a l l y  s p a t i a l  i n f o r m a t i o n  w h i c h  cou ld  be d u a l l y  coded) males 

e x h i b i t e d  s u p e r i o r  p e r f o r m a n c e  o v e r  f e m a l e s  ( a t  t h e  f a s t  r a t e )  i s  

i n  k e e p i n g  w i t h  t h e  v a s t  body  o f  l i t e r a t u r e  on sex  d i f f e r e n c e s .  One 

w ou ld  e x p e c t  a t  l e a s t  a s i m i l a r  f i n d i n g  f o r  n o n n a m e a b le  g e o m e t r i c  

forms ( h y p o th e s i z e d  t o  be  “’p u r e l y  spa ti a l**  i n  n a t u r e ) .

T h e s e  f i n d i n g s  may i n d i c a t e  a s h o r t c o m i n g  o f  P a i v i o ' s  t h e o r y  

(1 9 7 1 ) .  I t  i s  p o s s i b l e  t h a t  t h e  d u a l  cod ing  model a d e q u a te l y  d e s c r i b e s  

t h e  p r o c e s s e s  u n d e r l y i n g  v e r b a l  f u n c t i o n i n g  b u t  does no t  a d e q u a te l y  

d e s c r i b e  t h e  p r o c e s s e s  u n d e r l y i n g  p u r e l y  n o n v e r b a l  f u n c t i o n i n g  

( s i m u l t a n e o u s  p r o c e s s i n g ) .  Fur therm ore*  t h e  model may be  b e s t  s u i t e d  

f o r  d e s c r i b i n g  t h e  p r o c e s s i n g  o f  e i t h e r  v e r b a l  m a t e r i a l s  o r  m a t e r i a l s  

w h ic h  l e n d  t h e m s e l v e s  t o  d u a l  c o d i n g  ( a  v e r b a l  mode o f  c o d i n g  and 

a  n o n v e r b a l  c o d i n g  m o d e ) ,  b u t  i s  n o t  s u i t e d  f o r  e x p l a i n i n g  p u r e l y  

n o n v e rb a l  o r  s im u l ta n e o u s  f u n c t i o n i n g .  T h i s  i n t e r p r e t a t i o n  i s  supported
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by t h e  f a c t  t h a t  P a i v i o  d i d  n o t  u se  th e  same e x p e r i m e n t a l  p ro ced u res

t o  s tudy  th e  p r o c e s s i n g  o f  s p a t i a l  m a t e r i a l s  ( P a i v i o  and E rnes t*  1971) .

In d e e d *  C a r o l e  E r n e s t  (1983)* who con t in u ed  w i th  t h i s  work* developed

d i f f e r e n t  p r o c e d u r e s  f o r  a s s e s s i n g  n o n v e r b a l  f u n c t i o n i n g .  She

h y p o t h e s i z e d  t h a t  more  f a c t o r s  n e e d e d  t o  be t a k e n  i n t o  account  when

s t u d y i n g  t h e  p r o c e s s i n g  o f  “ s p a t i a l ” m a t e r i a l .  Although p l a c i n g  he r

r e s e a r c h  w i t h i n  t h e  f r a m e w o rk  o f  P a i v i o ' s  d u a l  c o d i n g  a p p r o a c h  to

memory and c o g n i t i o n ,  E r n e s t  (1983)  d i s t i n g u i s h e d  th e  imagery system

fro m  t h e  v e r b a l  s y s t e m  a s  one  s p e c i a l i z e d  f o r  p r o c e s s i n g  “c o n c r e t e -

p e r c e p t u a l ” i n f o r m a t i o n  such as  nonverba l  o b j e c t s  o r  e v e n t s .

I n  h e r  s t u d y  o f  s e x  d i f f e r e n c e s  i n  s p a t i a l  imagery a b i l i t y ,  she

f e l t  i t  n e c e s s a r y  t o  d i s c u s s  t h e s e  d i f f e r e n c e s  i n  t e r m s  o f  t h e

n e u r o p s y c h o l o g i c a l  l i t e r a t u r e  on l a t e r a l i z a t i o n  o f  b r a i n  f u n c t i o n

beca use  P a i v i o ’ s two symbolic systems seemed t o  have t h e i r  c o u n t e r p a r t s

i n  t h a t  body  o f  l i t e r a t u r e .  E r n e s t  ( 1 9 8 3 )  d e v e l o p e d  a hem ispher ic

f u n c t i o n i n g  model  w h ic h  d e s c r i b e s  m a l e / f e m a l e  d i f f e r e n c e s  i n  terms

o f  i n d i v i d u a l  d i f f e r e n c e s  as w e l l .  She concluded  t h a t :

. . . i n d i v i d u a l  d i f f e r e n c e s  i n  s p a t i a l  im agery  a b i l i t y  must 
be  e x am in ed  w i t h i n  t h e  c o n t e x t  o f  s e x  d i f f e r e n c e s .  Male 
and f e m a l e  h i g h  s p a t i a l s  do n o t  a l w a y s  b e h a v e  s i m i l a r l y *  
n o r  do  m a le  and f e m a l e  low s p a t i a l s .  I n s t e a d  t h e  s e x e s  
w i t h i n  t h e s e  tw o  a b i l i t y  g r o u p s  a p p e a r  t o  d i f f e r  i n  an  
u n e x p e c t e d  f a s h i o n  i n  t h e  ' l a t e r a l i z a t i o n  o f  t h e i r  v e r b a l  
f u n c t i o n s '  ( p g . 2 ) .

What E r n e s t  ( 1 9 8 3 )  f o u n d  i n  c a r r y i n g  o u t  h e r  s t u d i e s  i n v o l v in g  sex 

d i f f e r e n c e s  i n  s p a t i a l  i m a g e r y  a b i l i t y  was t h a t  i t  was n o t  enough 

t o  d e s c r i b e  b e t w e e n  g r o u p  d i f f e r e n c e s  (m a le  and f e m a l e ) ,  one had to  

l o o k  a t  w i t h i n  g r o u p  d i f f e r e n c e s  a s  w e l l  ( h i g h  and low s p a t i a l s ) .  

However,  an even more unexpec ted  f i n d i n g  f o r  E r n e s t  was t h a t  in  add i t ion  

t o  w i t h i n  g r o u p  d i f f e r e n c e s ,  s t r a t e g i e s  o t h e r  t h a n  th o s e  a s s o c i a t e d
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w i t h  o n e ' s  s p a t i a l  a b i l i t y  c o u l d  p o s s i b l y  a c c o u n t  f o r  t h e  r e s u l t s  

o f  h e r  s t u d i e s .  T hose  o t h e r  f a c t o r s  i n v o l v e d  v e r b a l  f u n c t i o n i n g .  

Thus t h e  p r o c e s s i n g  o f  “ spat ia l** i n f o r m a t i o n  seemed q u i t e  c o m p l ic a te d .  

I t  seemed to  be in v o lv ed  w i th  and in t e r d e p e n d e n t  upon verbal  functioning.  

T h i s  was i n  a d d i t i o n  t o  o t h e r  f a c t o r s  w h ic h  i n v o l v e  t h e  p e r c e p t i o n  

and p r o c e s s i n g  o f  “p u r e l y ” s p a t i a l  i n f o r m a t i o n  ( i n f o r m a t i o n  u n a v a i l a b l e  

t o  a v e r b a l  c o d i n g  mode and d e v o i d  o f  v e r b a l  e l em en t s )  , and perhaps  

more  c o m p l i c a t e d  p r o c e s s e s  as w e l l .  While P a i v i o ' s  d u a l  coding  model 

i s  s u f f i c i e n t  t o  a d e q u a t e l y  d e s c r i b e  t h e  fo rmer  ( v e r b a l  f u n c t i o n i n g ) ,  

i t  f a l l s  s h o r t  o f  adequacy f o r  t h e  l a t t e r  ( n o n v e r b a l ) .

I n  s u b s e q u e n t  r e s e a r c h  E r n e s t  ( 1 9 8 3 )  d e c i d e d  i t  was n e c e s s a ry

t o  c o n s i d e r  w i t h i n  s e x  g r o u p s  d i f f e r e n c e s  i n  s p a t i a l  im agery ,  i . e . ,

“ low s p a t i a l * ’ imagery p e r f o r m e r s ,  and “h ig h  s p a t i a l ” imagery performers.

A l t h o u g h  s h e  d i d  n o t  s p e c u l a t e  c o n c e rn in g  t h e  “ c a u s e ” o f  w i t h i n  group

d i f f e r e n c e s  i n  s p a t i a l  im agery ,  she c a u t i o n e d :

I n d i v i d u a l  d i f f e r e n c e s  must be c o n s id e r e d  because  
a l l  i n d i v i d u a l s  do n o t  a p p r o a c h  t h e  same t a s k  
i n  t h e  same w ay .  S e c o n d l y ,  a r e l a t i o n s h i p  e x i s t s  
b e t w e e n  a b i l i t y  a n d  s t r a t e g y .  T h a t  i s ,  t h e  
e f f e c t i v e n e s s  o f  a g iv e n  s t r a t e g y  depends on o n e ’s 
p a t t e r n  o f  a b i l i t i e s  ( E r n e s t ,  1983,  p g . 8 ) .

E rn es t  (1983) s t a t e d  t h a t  imagery and p e r c e p t i o n  t a p  s i m i l a r  u n d e r ly i n g

p r o c e s s e s .  T h i s  may h a v e  p a r t i c u l a r  c o n s e q u e n c e s  f o r  t h e  coding  of

“ p u r e l y  s p a t i a l ” i n f o r m a t i o n ,  w h ic h  c a n  o n l y  b e  p r o c e s s e d  i n  t h e

n o n v e r b a l  coding  mode ( s im u l t a n e o u s  p r o c e s s i n g ) ,  which has  no v e r b a l

e lements  a t  a l l ,  and i s  t h e r e f o r e  u n a v a i l a b l e  t o  th e  verbal  or  sequential

p r o c e s s i n g  mode.

E r n e s t ’ s ( 1 9 8 3 )  f i n d i n g s  and i n t e r p r e t a t i o n  i n  te rms of  “b r a i n  

l a t e r a l i z a t i o n ” l e n d  f u r t h e r  s u p p o r t  t o  and p r o v id e  some e x p l a n a t i o n  

f o r  p r e s e n t  d a t a  on  n a m e a b le  g e o m e t r i c  form s t i m u l i  ( h y p o t h e s i s  3 ) .
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E r n e s t ' s  model l i n k s  imagery a b i l i t y  t o  sex  d i f f e r e n c e s  i n  th e  c e r e b r a l  

l a t e r a l i z a t i o n  of  v e r b a l  f u n c t i o n i n g  ( w i th  female  h ig h  s p a t i a l s '  v e r b a l  

a b i l i t i e s  l o c a t e d  i n  b o t h  h e m i s p h e r e s ) .  H ypo thes i s  3 p r e d i c t e d  t h a t  

f e m a l e s  c a n  “ overcome** t h e i r  d i s a d v a n t a g e  i n  p r o c e s s i n g  some s p a t i a l  

i n f o r m a t i o n  i f  s u f f i c i e n t  t i m e  i s  p e r m i t t e d  f o r  d u a l  coding  t o  occur  

( w h i c h  i n v o l v e s  b o t h  t h e  n o n v e r b a l  and v e r b a l  mode o f  p r o c e s s i n g  

i n f o r m a t i o n ) .  I t  i s  p o s s i b l e  t h a t  f em a les  who p e r fo rm  w e l l  on imagery 

a b i l i t y  t a s k s  a r e  e s s e n t i a l l y  e n c o d i n g  “ s p a t i a l “ i n f o r m a t i o n  i n  a 

v e r b a l  o r  s e q u e n t i a l  manner .  The a v a i l a b i l i t y  o f  language f u n c t i o n i n g  

i n  b o t h  h e m i s p h e r e s  may make t h i s  e a s i e r ,  s i n c e  i t  was p r e v i o u s l y  

b e l i e v e d  t h a t  th e  two ty p e s  o f  p r o c e s s i n g  were l a t e r a l i z e d  i n  d i f f e r e n t  

hem ispheres  ( s e q u e n t i a l  p r o c e s s i n g  in  the l e f t ,  and simultaneous processing 

i n  t h e  r i g h t ) .

I n  s u m ,  d u a l  c o d i n g  seems t o  p r o v i d e  an  a d e q u a t e  m ode l  f o r  

e x p l a i n i n g  s e x  d i f f e r e n c e s  i n  t h e  p r o c e s s i n g  o f  “ p u r e l y  v e r b a l  

i n f o r m a t i o n .  I t  a l s o  seems a d e q u a t e  f o r  e x p l a i n i n g  sex d i f f e r e n c e s  

i n  s p a t i a l  a b i l i t i e s  a s  l o n g  as  v e r b a l  p r o c e s s i n g  can  o c c u r .  When 

s t i m u l i  d o e s  n o t  p e r m i t  v e r b a l  ( s e q u e n t i a l )  e n c o d in g ,  t h e  d u a l  coding  

mode l  seems i n s u f f i c i e n t  t o  e x p l a i n  sex  d i f f e r e n c e s  i n  t h e  p r o c e s s i n g .  

I n  t h e  p r e s e n t  s t u d y ,  t h e  d u a l  c o d i n g  m o d e l  was u n a b l e  t o  e x p l a i n  

t h e  p r o c e s s i n g  o f  “ p u r e l y ” s p a t i a l  i n f o r m a t i o n .  Such o t h e r  f a c t o r s  

m us t  b e  t a k e n  i n t o  c o n s i d e r a t i o n ,  a s  i n d i v i d u a l  d i f f e r e n c e s  and t h e i r  

concom itan t  hem ispher ic  f u n c t i o n i n g  c o u n t e r p a r t s .

Recommendations f o r  F u t u r e  Research

S i n c e  t h i s  s t u d y  r e p r e s e n t s  an i n i t i a l  a t t e m p t  a t  u s i n g  t h e  d u a l  

cod ing  model to  e x p l a i n  sex  d i f f e r e n c e s  i n  s p a t i a l  and v e r b a l  a b i l i t i e s ,  

i t  o p e n s  many q u e s t i o n s  f o r  i n q u i r y  by f u t u r e  r e s e a r c h .  A l th o u g h
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t h e  model ap p ea r s  t o  have promise* t h e r e  a r e  some s ig n i f i c a n t  shortcomings 

t h a t  must be  ad d re s s e d  i n  f u t u r e  r e s e a r c h .  A l though most of  the evidence 

on  “pure ly**  v e r b a l  m a t e r i a l  ( a b s t r a c t  w ords)  s u p p o r te d  t h e  o r i g i n a l  

h y p o t h e s i s *  some o f  t h e  e v i d e n c e  a t  t h e  s lo w  r a t e  o n l y  a p p ro a c h e d  

s i g n i f i c a n c e  (p. < . 0 9 ) .  I t  i s  p o s s i b l e  t h a t  w i t h  f u t u r e  r e s e a r c h *  

more  r e l i a b l e  r e s u l t s  c o u l d  be  a c h i e v e d  by u s i n g  a l a r g e r  sample of  

s u b j e c t s .

One r e a s o n  o f f e r e d  f o r  th e  d i f f e r e n t i a l  r e s u l t s  o f  u s in g  c o n c r e t e  

p i c t u r e s  and nameable g eo m e t r ic  forms (b o th  d u a l l y  co d ab le )  as  s t i m u l i  

was t h e  r e l a t i v e  c o n c r e t e n e s s  o f  t h e  s t i m u l i .  I t  i s  p o s s i b l e  t h a t  

t h e  p i c t u r e s  w e re  more  c o n c r e t e *  and t h e r e f o r e  more  e a s i l y  d u a l l y  

coded  t h a n  n a m e a b le  g e o m e t r i c  fo rm s ,  even a t  t h e  f a s t  r a t e *  b u t  bo th  

were e q u a l l y  amenable t o  d u a l  coding  a t  t h e  slow r a t e .

I t  i s  a l s o  recommended t h a t  f u t u r e  s t u d i e s  use  t h e  d u a l  cod ing 

model  t o  f o c u s  f u r t h e r  upon  t h e  r e l a t i o n s h i p  o f  “ c o n c r e t e n e s s "  of  

s t i m u l i  t o  s e x  d i f f e r e n c e s  found  on “ s p a t i a l "  t a s k s  which a r e  d u a l l y  

c o d a b l e .  S ince  t h e  p r e s e n t  s tu d y  y i e ld e d  v a r i o u s  r e s u l t s  u s in g  nameable 

g e o m e t r i c  f o rm s  and c o n c r e t e  p i c t u r e s  a s  s t i m u l i *  i t  i s  recommended 

t h a t  f u t u r e  s t u d i e s  i n v e s t i g a t e  t h i s  q u e s t i o n  by s e l e c t i n g  p i c t u r e s  

t h a t  v a ry  i n  c o n c r e t e n e s s  as  e s t a b l i s h e d  d u r in g  a p i l o t  s t u d y .  Perhaps  

t h e  p i l o t  s t u d y  c o u l d  have s u b j e c t s  r a t e  t h e  s t i m u l i  on th e  d imens ion  

o f  c o n c r e t e n e s s . Th is  would e n a b le  a d i r e c t  t e s t  o f  t h i s  h y p o t h e s i s .

I t  s h o u l d  b e  n o t e d  t h a t  P a i v i o ' s  r e s e a r c h  m e th o d o lo g y  d i d  no t  

d i r e c t l y  a s s e s s  t h e  u s e  o f  c o d i n g  s t r a t e g i e s .  I n s t e a d  he r e l i e d  on 

e x t e r n a l  m a n ip u la t i o n s  t h a t  were t h e o r i z e d  t o  a f f e c t  v e r b a l  and imaginal 

c o d i n g .  I n  f u t u r e  r e s e a r c h *  i t  might  be d e s i r a b l e  t o  d i r e c t l y  measure 

t h e  t y p e  o f  c o d i n g  i n  o p e r a t i o n .  One m e th o d  w ou ld  be  t h r o u g h  the
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u s e  o f  a q u e s t i o n n a i r e  which ask6 th e  s u b j e c t  t o  d e s c r i b e  t h e  s t r a t e g y  

o r  p r o c e s s i n g  u s e d .  A n o t h e r  m e thod  o f  t a p p i n g  t h e  p r o c e s s  i t s e l f  

w ou ld  be  t o  u s e  p r e t e s t  d a t a  i n  t h e  two a b i l i t y  a r e a s  ( s p a t i a l  and 

v e r b a l )  a s  C a ro le  E r n e s t  (1983)  d id  w i t h  h ig h  and low s p a t i a l  a b i l i t y .  

T h i s  m i g h t  p r o v i d e  some c o n c r e t e  e v i d e n c e  as  t o  t h e  p r o c e s s  i t s e l f *  

s i n c e  a s  E r n e s t  (1983) assumed* a r e l a t i o n s h i p  e x i s t s  between a b i l i t y  

and s t r a t e g y .

F i n a l l y *  i t  i s  recommended  t h a t  w h i l e  t h e  d u a l  cod ing  model d id  

n o t  seem an  a p p r o p r i a t e  model f o r  e x p l a i n i n g  sex  d i f f e r e n c e s  on t a s k s  

h y p o t h e s i z e d  t o  be  **purely s p a t i a l * *  i n  n a t u r e *  i t  may prove  u s e f u l  

i n  com bina t ion  w i th  o t h e r  f a c t o r s .  I t  may be n e c e s s a ry  to  use a paradigm 

w h ic h  i s  i n f o r m e d  by  c e r e b r a l  h e m i s p h e r i c  c o n s i d e r a t i o n s *  s i n c e  the  

tw o  t y p e s  o f  c o d i n g  seem t o  h a v e  t h e i r  c o u n t e r p a r t s  i n  c e r e b r a l  

h e m i s p h e r i c  f u n c t i o n i n g  l i t e r a t u r e .  T h i s  i s  t h e  model advoca ted  by 

C aro le  E rn e s t  (1 9 8 3 ) .

E d u c a t io n a l  I m p l i c a t i o n s

By a p p l y i n g  a d u a l  c o d i n g  mode l  t o  s e x  d i f f e r e n c e s  i n  s p a t i a l  

and v e r b a l  a b i l i t i e s *  a b e t t e r  o p e r a t i o n a l  d e f i n i t i o n  o f  t h e  c o g n i t i v e  

s t r a t e g i e s  t h a t  u n d e r l i e  t h e s e  a b i l i t i e s  i s  made a v a i l a b l e .  The condit ions 

u n d e r  w h ic h  t h e s e  c o g n i t i v e  s t r a t e g i e s  and t h e i r  u n d e r l y i n g  p ro c e s s e s  

o c c u r  i s  a l s o  made a v a i l a b l e *  t h u s  making i t  p o s s i b l e  f o r  e d u c a t i o n a l  

i n t e r v e n t i o n s  t o  o c c u r .  T h e s e  i n t e r v e n t i o n s  might  s eek  t o  e l i m i n a t e  

o r  m a n i p u l a t e  s e x  d i f f e r e n c e s .  I n  o t h e r  w o rd s *  b y  r e d e f i n i n g  sex 

d i f f e r e n c e s  i n  t e r m s  o f  P a i v i o * s  d u a l  c o d i n g  m ode l*  one can  change 

a s e e m i n g l y  **spatial** t a s k  by  v a r y i n g  t h e  t a s k  c o n d i t i o n s *  i n t o  a 

**verbal** t a s k *  and  i n  t h a t  way " e l i m i n a t e * *  t h e  f e m a l e  d i s a d v a n t a g e  

on such t a s k s .
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One c a n  a l s o  v a r y  t h e  s t u d e n t s ’ u s e  o f  c o g n i t i v e  p r o c e s s e s  by 

means o f  t r a i n i n g  s tu d y  i n t e r v e n t i o n s .  A s p e c i f i c  rou te  fo r  the possib le 

e d u c a t i o n a l  u t i l i t y  o f  t h e  f i n d i n g s  o f  t h i s  s t u d y  i n  " o v e rc o m in g "  

sex  d i f f e r e n c e s  i n  s p a t i a l  a b i l i t i e s  i s  t o  app ly  them to  what i s  commonly 

know a s  "m a th  a n x i e t y  i n  w om en ."  The p r e s e n t  s t u d y  l e n d s  s u p p o r t  

t o  t h e  n o t i o n  t h a t  i t  may n o t  be  t h e  s u b j e c t  m a t t e r  i t s e l f  t h a t  i s  

p e d a g o g i c a l l y  d i f f i c u l t  f o r  f e m a l e s ,  b u t  i n s t e a d  t h e  manner i n  which 

th e  s u b j e c t  m a t t e r  i s  c o n c e p t u a l i z e d  and presen ted .  Spa t ia l  and nonverbal 

s k i l l s  a r e  an i n t e g r a l  p a r t  o f  what i s  i n c lu d e d  i n  mathematic  c u r r i c u l a  

i n  s c h o o l s .  Females cou ld  be t augh t  to  r e in t e r p r e t  s p a t i a l  or  mathematical 

problems i n  a v e r b a l  manner ,  th e r e b y  u s in g  a d i f f e r e n t  problem s o lv in g  

s t r a t e g y :  one  w h ic h  i s  more  s u i t e d  t o  t h e i r  p r o c e s s i n g  p r e f e r e n c e s .

By u s i n g  a v e r b a l  mode t o  t e a c h  o r  e x p l a i n  s p a t i a l  s k i l l s ,  i t  would 

be p o s s i b l e  to  enab le  females  t o  overcome t h e i r  math a n x i e t y .  Computers 

may be  one  m e thod  o f  i n t e g r a t i n g  th e  v i s u a l  w i th  t h e  v e r b a l  i n  o r d e r  

t o  accom pl i sh  t h i s  and i n  t h i s  way u t i l i z e  a v e r b a l  node to  conceptualize 

a s p a t i a l  o r  v i s u a l  t a s k .

F u r t h e r m o r e ,  i f  s p a t i a l  a b i l i t y  p roves  t o  be  im p o r ta n t  i n  h ig h e r  

e d u c a t i o n ,  and  c e r t a i n  male dominated a d u l t  o c c u p a t i o n s ,  t h e s e  6 k i l l s  

could  be  " r e m e d i a t e d "  i n  t h e  manner d e s c r i b e d  above:  i . e . ,  by  changing

t h e  t a s k ,  o r  by c h a n g i n g  t h e  p r o c e s s .  More s p e c i f i c a l l y ,  c o u r s e  work 

i n  t h e  m a le  d o m i n a t e d  f i e l d s  s u c h  a s  a r c h i t e c t u r e ,  e n g i n e e r i n g ,  and 

m e c h a n i c s  c o u l d  be  made more  a c c e s s i b l e  t o  fe m a le s  by r e s t r u c t u r i n g  

t h e  i n f o r m a t i o n  and  c o n c e p t s  i n  t h e  c u r r i c u l a .  One p o s s i b l e  way of  

a c c o m p l i s h i n g  t h i s  w o u ld  be  t o  employ  f e m a l e  i n s t r u c t o r s  i n  t h e s e  

c o u r s e s  on  a w i d e r  s c a l e .  T h e s e  female  i n s t r u c t o r s  would presumably  

r e e n c o d e  t h e  m a t e r i a l  t o  be  l e a r n e d  i n  a manner more cong ruen t  w i th
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t h e  f e m a l e  s t u d e n t s '  p r o c e s s i n g  s t r a t e g y  (more  v e r b a l l y ) .  Having 

b e e n  r e i n t e r p r e t e d * t h e  i n f o r m a t i o n  and c o u r s e  work wou ld  b e  more 

e a s i l y  i n t e g r a t e d  and l e a rn e d  by female  s t u d e n t s .  Females cou ld  t h e n  

b e c o m e  more  p r o f i c i e n t  i n  t h e  a r e a  o f  s t u d y *  and e v e n t u a l l y *  t h e  

o c c u p a t io n s  t h a t  might  have been  o th e rw i s e  u n a v a i l a b l e  t o  th e m . '
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