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ABSTRACT

THE EFFECTS OF DEI AY, SIGNAL PLACEMENT AND HOU SELIGHT 
ILLUMINATION CN SIGNALLED REVERSAL LEARNING

by

PETER YARENSKY

U n i v e r s i t y  o f  New H a m p s h i r e  
May, 1983

The c o n t r o l  o f  b e h a v i o r  by p r i o r  r e s p o n s e s  a nd  s t i m u l i  

was  s t u d i e d  u s i n q  p i g e o n s  i n  a  s i g n a l l e d  r e v e r s a l  l e a r n i n g  

p r o c e d u r e .  D u r i n g  r e q u l a r  t r i a l s ,  an i n t e r t r i a l  i n t e r v a l  

was  f o l l o w e d  by i l l u m i n a t i o n  of  two k e y s .  I n i t i a l l y  o n e  key 

was d e s i g n a t e d  c o r r e c t .  A p e c k  t o  e i t h e r  key  t u r n e d  o f f  

b o t h  k e y s  a n d ,  i f  c o r r e c t ,  p r o d u c e d  f o o d .  A f t e r  a c r i t e r i o n  

number  o f  c o n s e c u t i v e  c o r r e c t  r e s p o n s e s  o c c u r r e d ,  a

r e v e r s a l / n o n r e v e r s a l  s e q u e n c e  was i n i t i a t e d .  E i t h e r  t h e  

r e v e r s a l  o r  n o n r e v e r s a l  s i g n a l  was  p r e s e n t e d  b r i e f l y  d u r i n g  

t h e  n e x t  i r t e r t r i a l  i n t e r v a l .  F o l l o w i n g  a r e v e r s a l  s i g n a l  

o n l y ,  t h e  c o r r e c t  a n d  i n c o r r e c t  k e y s  w e r e  r e v e r s e d .  A

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

r e i n f o r c e r .  R e s p o n d i n g  on  t h i s  t r i a l  t y p e  p r o v i d e d  t h e

x x



manor  d e p e n d e n t  mea s o r e s  of  b e h a v i o r .  F o l l c w i n q  t h i s ,  t h e  

r e q u l a r  s e q u e n c e  was  r e i n s t a t e d .

The d u r a t i o n  o f  t h e  i n t e r t r i a l  i n t e r v a l  was v a r i e d  f ro m  

0 t o  30 s e c  on r e v e r s a l / n c n r e  v e r s a l  t r i a l s ,  an d  t h e  

r e  v e r s a l / n o n r e v e r s a l  s i q n a l  c o u l d  o c c u r  e i t h e r  a t  t h e  

b e q i n n i n q  c r  e r d  o f  t h e  i n t e r v a l .  A c c u r a c y  was i n v e r s e l y  

r e l a t e d  t o  d e l a y  a n d  was q r e a t e r  on l a t e - s i q n a l  t r i a l s .  

F i n a l l y ,  d u r i n q  b a s e l i n e ,  t h e  h o u s l i q h t  was on f o r  some 

b i r d s  and o f f  f o r  o t h e r s  d u r i n q  t h e  i n t e r v a l .  I n  a l a t e r  

p h a s e ,  a l l  b i r d s  we r e  e x p o s e d  t o  b o t h  c o n d i t i o n s .  B a s e l i n e  

i l l u m i n a t i o n  d i d  n o t  a f f e c t  a c c u r a c y ,  b u t  a c c u r a c y  was 

l o w e r e d  by c h a n q e s  i n  i l l u m i n a t i o n .

The r e s u l t s  w e r e  e x a m i n e d  w i t h  r e s p e c t  t o  t w c  c o q n i t i v e  

a c c o u n t s  c f  memory c c d i n q .  H o w e v e r ,  a b e h a v i o r a l  a c c o u n t  

b a s e d  on t h e  e f f e c t s  o f  d e l a y s  on  s t i m u l u s  c c n t r o l  was 

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

x



INTEO DUCT ION 

A n Ove r v i e  w

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

was t h e  s t u d y  o f  memory.  I t  was  b e l i e v e d  by  many 

A s s o c i a t i o n i s t s  i n  t h e  1 8 0 0 ' s  t h a t  c o n s c i o u s n e s s  was 

composed  o f  a number  o f  e l e m e n t s  t h a t  c o u l d  b e  c o m b i n e d  t o  

p r o d u c e  t h e  p e r c e p t u a l  a n d  c o g n i t i v e  phenomena  t h a t  make up 

c o n s c i o u s n e s s  ( E o r i n g ,  1 9 5 0 ) .  The  f i r s t  e x p e r i m e n t a l  s t u d y  

o f  memory was c o n d u c t e d  b y  E b b i n g h a u s  i n  t h e  1 8 7 0 ' s -  In  t h e  

A s s o c i a t i o n i s t  t r a d i t i o n ,  he  i n v e n t e d  t h e  n o n s e n s e  s y l l a b l e  

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

p r e v i o u s l y  l e a r n e d  a s s o c i a t i o n s .  H i s  work was i m p o r t a n t  n o t  

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

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

p r o c e s s e s  [ E o r i n g ,  1 9 5 0 ) .

Wi th  t h e  r i s e  o f  B e h a v i o r i s m ,  a t t e m p t s  a t  s t u d y i n g  

m e n t a l  p r o c e s s e s  w e r e  l a r g e l y  a b a n d o n e d .  Watson (19 13) 

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

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

s h o u l d  be  a b a n d o n e d .  In  t h e  f o l l o w i n g  y e a r s ,  t h e  e m p h a s i s  

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

1
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s t i m u l i  a n d  r e s p o n s e s .  B e h a v i o r a l  p s y c h o l o g i s t s  p u t  l e s s  

e m p h a s i s  on t h e  s t u d y  o f  memory,  t h e  r a t i o n a l e  and  

m e t h o d o l o g y  f o r  w h i c h  s e e m e d  c l o s e l y  t i e d  t o  t h e  

i n t r o s p e c t i v e  p s y c h o l o g y  of  t h e  p a s t .  S k i n n e r  (1950)  a r g u e d  

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

e x p r e s s e d  a t  a l e v e l  e t h e r  t h a n  t h a t  o f  t h e  o b s e r v a b l e  

b e h a v i o r  on which i t  i s  b a s e d  i s  c o u n t e r p r o d u c t i v e .  Due t o  

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

i n t o  d i s f a v o r  among b e h a v i o r i s t s .

The new b e h a v i o r a l  p s y c h o l o g y  was c o n c e r n e d  w i t h  

o b s e r v a b l e  b e h a v i o r  and i t s  d e t e r m i n a n t s .  One o f  t h e  

e a r l i e s t  s t a t e m e n t s  o f  s u c h  a r e l a t i o n s h i p  was made by  

T h o r n d i k e  ( 1 S 1 1 ) .  H i s  Law of  E f f e c t  s t a t e d  t h a t  t h o s e  

a c t i o n s  i n  a s i t u a t i o n  t h a t  p r o d u c e  s a t i s f a c t i c n  become  

a s s o c i a t e d  w i t h  t h a t  s i t u a t i o n  and  a r e  more l i k e l y  t o  be 

r e p e a t e d  when t h e  s i t u a t i o n  r e c u r s .  Much s u b s e q u e n t  work 

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

Law of  E f f e c t ,  a n d  w i t h  p r o v i d i n q  o b j e c t i v e  means f o r  

p r e d i c t i n g  w h a t  s o r t  o f  e v e n t s  ’' p r o d u c e  s a t i s f a c t i o n "  t o  an 

o r q a n i  sm.

E a r l y  a p p r o a c h e s  t o  t h e  c c n t r o l  o f  b e h a v i o r  by i t s  

c o n s e q u e n c e s ,  p e r h a p s  as a h o l d o v e r  f r o m  A s s o c i a t i o n i s m ,  

t e n d e d  t o  be  q u i t e  m o l e c u l a r .  F o r  e x a m p l e ,  G u t h r i e  b e l i e v e d  

t h a t  e v e r y  a s s o c i a t i o n  i s  l e a r n e d  f rom a s i n g l e  i n s t a n c e  o f  

c o n t i g u i t y  o f  a s t i m u l u s  and  a r e s p o n s e .  The  a p p a r e n t



3

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

v iew o f  s t i m u l i  and r e s p o n s e s .  T h e s e  may b e  b r o k e n  down 

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

o c c u r r i n q  r e l i a b l y  o n l y  a f t e r  a s s o c i a t i o n s  h a v e  b e e n  fo rm ed  

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

( S c h u l t z ,  1 9 6 0 ) .

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

t h i s  m o l e c u l a r  a n a l y s i s  on s e v e r a l  q r o u n d s  ( S k i n n e r ,  1 935 ,  

1953:  S c h o e n f e l d  a n d  F a r m e r ,  1 9 7 0 ) .  F o r  o n e ,  i t  i s

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

i d e n t i c a l  on d i f f e r e n t  o c c a s i o n s ;  t h u s ,  t h e  n o t i o n  o f  

s t i m u l u s  and  r e s p o n s e  c l a s s e s  s eems  more a p p r o p r i a t e  

( S k i n n e r ,  1 9 3 5 ) .  The  c o n c e p t  o f  t h e  o p e r a n t  emerqed  f r o m  

t h i s  t y p e  c f  c o n s i d e r a t i o n .  The o p e r a n t  i s  v i e w e d  as  a u n i t  

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

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

a c l a s s  o f  s t i m u l i .  Two t o p o q r a p h i c a l l y  d i s s i m i l a r  

r e s p o n s e s  may be i n s t a n c e s  o f  t h e  s ame  o p e r a n t  i f  t h e y  a r e  

b o t h  c o n t r o l l e d  by t h e  same c l a s s e s  o f  a n t e c e d e n t  and  

c o n s e q u e n t  s t i m u l i - .

A n o t h e r  ma j o r  a d v a n c e  i n  t h e  s t u d y  o f  b e h a v i o r  was t h e  

c l e a r  s t a t e m e n t  by S k i n n e r  (1938)  o f  t h e  t h r e e - t e r m  

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

and c o n s e q u e n t  s t i m u l i .  C e r t a i n  c o n s e q u e n c e s  o f  b e h a v i o r  

may be s e e n  e i t h e r  t o  i n c r e a s e  o r  d e c r e a s e  t h e  f r e q u e n c y  o f
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t h a t  b e h a v i o r .  C o n s e q u e n c e s  t h a t  i n c r e a s e  t h e  f r e q u e n c y  of  

a r e s p o n s e  a r e  c a l l e d  r e i n f o r c e r s ;  t h o s e  t h a t  d e c r e a s e  i t  

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

d e p e n d s  on t h e  n a t u r e  o f  t h e  c o n s e q u e n c e ,  an d  on t h e  n a t u r e  

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

of  t h e  c o n s e q u e n c e .  I n  a d d i t i o n ,  t h e  o c c u r r e n c e  c f  b e h a v i o r  

d e p e n d s  cn a n t e c e d e n t  ( o r  d i s c r i m i n a t i v e )  s t i m u l i .  

A n t e c e d e n t  s t i m u l i  s i q n a l  t h a t  c e r t a i n  r e s p o n s e s  w i l l  hav e  

c e r t a i n  c o n s e q u e n c e s .  A s t i m u l u s  s i g n a l l i n g  t h a t  a r e s p o n s e  

w i l l  p r o d u c e  r e i n f c r c e m e n t  may be  s a i d  t o  s e t  t h e  o c c a s i o n  

f o r  t h e  o c c u r r e n c e  c f  t h a t  r e s p o n s e .  The r a t e  a nd  p a t t e r n  

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

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

T h u s ,  i t  may be  s e e n  t h a t  a m e a n i n q f u l  a n a l y s i s  o f  o p e r a n t  

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

c o n s e g u e n t  s t i m u l i .  The  r e c o g n i t i o n  o f  t h e  t h r e e - t e r m  

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

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

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

f o r  t h i s  d i s s e r t a t i o n  was t h e  r e a l i z a t i o n  o f  t h e  i m p o r t a n c e  

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

The r e c o g n i t i o n  o f  c o n t r o l  o f  o p e r a n t  b e h a v i o r  by  

a n t e c e d e n t  a s  w e l l  a s  c o n s e q u e n t  e v e n t s  c o n t r i b u t e d  t o  an 

e v e n  more m o l a r  v i ew  o f  b e h a v i o r  i n  a p a p e r  by S c h o e n f e l d  

and  F a r m e r  (1 9 7 0 ) .  B e h a v i o r  was c o n c e p t u a l i z e d  a s  a
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c o n t i n u o u s  s t r e a m  o f  e v e n t s .  f l h i l e  r e c o q n i z i n q  t h a t  i t  

c o u l d  be b r o k e n  down i n t o  m o l e c u l a r  u n i t s ,  t h e y  e m p h a s i z e d  

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

c o n t e x t  i n  wh ic h  b e h a v i o r  o c c u r s .

Some c l a r i f i c a t i o n  of  t h e  r o l e  o f  s t i m u l i  i n  t h e  

b e h a v i o r  s t r e a m  w ou l d  be  u s e f u l .  I f  t h e  s t r e a m  i s  b r o k e n  

i n t o  u n i t s  f c r  a n a l y t i c a l  p u r p o s e s ,  c e r t a i n  r e s p o n s e s  may be 

s e e n  t o  p r o d u c e  c o n s e q u e n c e s  i n  t h e  fo rm o f  a c h a n q e  i n  

s t i m u l u s  c o n d i t i o n s .  T h i s  s t i m u l u s  c h a n q e  may a c t  as  a 

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

b e h a v i o r  i n  t h e  s t r e a m ,  o r  a s  a r e i n f o r c e r ,  s t r e n q t h e n i n q  

p r e c e d i n q  b e h a v i o r .  T h u s ,  t h e  b e h a v i o r  s t r e a m  may b e  v i ewed  

a s  a s t r e a m  c f  r e s p o n s e s  an d  s t i m u l i :

R . . . S . . . R . . . R . . . S . . .

S i n c e  some s t i m u l i  an d  r e s p o n s e s  may be  more  r e a d i l y  

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

which  e a c h  r e s p o n s e  p r o d u c e s  s t i m u l u s  c o n s e q u e n c e s  

p r e s u m a b l y  d e p e n d s  on t h e  way i n  which t h e  b e h a v i o r  s t r e a m  

i s  a r b i t r a r i l y  d i v i d e d  i n t o  u n i t s .  T h i s  v i ew c o n t r a s t s  w i t h  

t h e  a p p r o a c h  t a k e n  by  S k i n n e r  an d  o t h e r s  which  v i e w s  t h e  

d i v i s i o n  i n t o  u n i t s  a s  b e i n q  l e s s  a r b i t r a r y .  I n  k e e p i n g  

w i t h  t h e  c o n c e p t  c f  t h e  t h r e e - t e r m  c o n t i n g e n c y ,  t h i s  

a p p r o a c h  e m p h a s i z e s  t h e  a l t e r n a t i o n  o f  r e s p o n s e s  and  s t i m u l i
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t o  a g r e a t e r  e x t e n t .  W hi c h e v e r  a p p r o a c h  i s  t a k e n ,  i t  s h o u l d  

be  n o t e d  t h a t  b o t h  S k i n n e r  (1950)  and  S c h o e n f e l d  and  F a r m e r  

[ 1970) c a u t i o n  a q a i n s t  a r b i t r a r i l y  d i v i d i n q  b e h a v i o r  i n t o  

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

B e h a v i o r  a t  a g i v e n  p o i n t  i n  t h e  s t r e a m  i s  p r e s u m a b l y  

c o n t r o l l e d  - j o i n t l y  by e a r l i e r  s t i m u l i  ( b o t h  d i s c r i m i n a t i v e  

an d  r e i n f o r c i n q )  a n d  p r i o r  b e h a v i o r .  The c o n t r o l  o f

b e h a v i o r  by  e a r l i e r  e v e n t s  i n  t h e  s t r e a m  may be r e f e r r e d  t o  

a s  memory.  I n  t h i s  p a p e r  no  f u r t h e r  m ean in g  w i l l  be  g i v e n  

t o  t h i s  c o n c e p t .  The  c u r r e n t  r e s e a r c h  w i l l  f o c u s  on memory 

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

R e c e n t  b e h a v i o r a l  r e s e a r c h  on  memory f o r  s t i m u l i  h a s

made c o n s i d e r a b l e  u s e  of  t h e  d e l a y e d  m a t c h i n g - t o - s a m p l e  

(DMTS) p a r a d i q m .  T he  g e n e r a l  m a t c h i n q - t o - s a m p l e  (MTS) 

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

t h e  o r g a n i s m ,  f o l l o w i n g  w h i c h  t h e  o r g a n i s m  mus t  c h o o s e  which  

o f  two ( o r  mere) c o m p a r i s o n  s t i m u l i  m a t c h e s  t h e  s a m p l e .  A 

c o r r e c t  c h o i c e  i s  g e n e r a l l y  f o l l o w e d  by r e i n f o r c e m e n t .  

T h e r e  a r e  s e v e r a l  f o r m s  o f  t h e  MTS p a r a d i g m .  In

s i m u l t a n e o u s  MTS, t h e  s a m p l e  an d  c o m p a r i s o n  s t i m u l i  a r e

p r e s e n t e d  t o g e t h e r .  In  DMTS t h e  o n s e t  o f  t h e  c o m p a r i s o n  

s t i m u l i  f e l l o w s  t h e  o f f s e t  of  t h e  s t a n d a r d  s t i m u l u s  by a 

s p e c i f i e d  d e l a y .  Z e r o - d e l a y  MTS s i m p l y  means  t h a t  t h e  

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

wi th  no d e l a y  b e t w e e n  t he m .
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The DMTS p a r a d i g m  a l l o w s  f o r  t h e  s t u d y  o f  memory a s  i t  

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

an e a r l y  s t u d y  w i t h  p i g e o n s ,  B e r r y m a n ,  Cumminq and Nevin  

(1963) s t u d i e d  s i m u l t a n e o u s  and  z e r o - d e l a y  MTS and  DMTS. 

The  a c c u r a c y  c f  MTS p e r f o r m a n c e  was f o u n d  t o  d e c r e a s e  

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

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

p e r f o r m a n c e  a t  d e l a y s  o f  up t o  10 s e c .  T h u s ,  a l t h o u g h  o t h e r

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

p e r f o r m a n c e ,  t h e  DMTS p r o c e d u r e  may be  s e en  t o  b e  u s e f u l  i n  

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

B e c a u s e  t h e  c o r r e c t  t e s t  s t i m u l u s  d e p e n d s  on t h e  s a m p l e  

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

s t u d y  o f  memory f o r  s t i m u l i :  v e r y  l i t t l e  r e s e a r c h  h a s  been  

done  on memory f o r  r e s p o n s e s .  E v i d e n c e  f o r  t h e  c o n t r o l  o f  

b e h a v i o r  by p r i o r  r e s p o n s e s  may be  t r a c e d  t o  work by H u n t e r  

i n  1913 on d e l a y e d  r e s p o n s e s  i n  a n i m a l s  (Ma ie r  and

S c h n e i r l a ,  1 S 6 4 ) .  A more r e c e n t  e x a m p l e  may be  s e e n  i n  a 

r e p o r t  b y  H e a r s t  (1962)  o f  d e l a y e d  a l t e r n a t i o n  i n  p i q e o n s  

w i t h  d e l a y s  c f  up t o  10 s e c .  F o l l o w i n g  a peck  a t  one  o f  t w o  

k e y s ,  a v a r i a b l e  d e l a y  was p r e s e n t e d  i n  which t h e  c h am be r  

was d a r k e n e d .  A f t e r  t h e  d e l a y  t h e  k e y s  w e re  i l l u m i n a t e d  and  

r e i n f o r c e m e n t  was c o n t i n g e n t  upon p e c k i n g  t h e  k e y  n o t  p e c k e d  

e a r l i e r  i n  t h e  t r i a l .  The  r e l a t i o n s h i p  b e t w e e n  d e l a y  v a l u e  

a n d  p e r f o r m a n c e  was s i m i l a r  t o  t h a t  o b t a i n e d  by  Ber ryman e t



a l .  ( 1 9 6 3 ) ,  a l t h o u g h  t h e r e  was  some e v i d e n c e  f o r  g r e a t e r  

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

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

o c c u r r i n g  e a r l i e r  i n  t h e  b e h a v i o r  s t r e a m .  S i n c e  r e s p o n s e s  

a s  w e l l  a s  s t i m u l i  a r e  p a r t  o f  t h e  b e h a v i o r  s t r e a m ,  memory 

f o r  r e s p o n s e s  and  s t i m u l i  may be  e x p e c t e d  t o  be  f u n c t i o n a l l y  

s i  mi l a  r .

T h i s  d i s s e r t a t i o n  i s  c o n c e r n e d  w i th  t h e  c o n t r o l  o f  

b e h a v i o r  by  p r i o r  s t i m u l i  and  r e s p o n s e s  i n  t h e  b e h a v i o r  

s t r e a m ,  an d  w i t h  t h e  d i s r u p t i o n  of  t h i s  c o n t r o l  by t h e  

i n t r u s i o n  o f  a s t i m u l u s  i n t o  t h e  b e h a v i o r  s t r e a m .  A 

r e v e r s a l - l e a r n i n g  p r o c e d u r e ,  which may be s a i d  t o  i n v o l v e  

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

i s  u s e d .  I n  a r e v e r s a l - l e a r n i n g  p r o c e d u r e ,  o n e  o f  two 

r e s p o n s e s  i s  d e s i g n a t e d  a s  c o r r e c t ,  and  i s  r e i n f o r c e d .  

A f t e r  a c r i t e r i o n  f o r  a c c u r a c y  i s  r e a c h e d ,  t h e  c o r r e c t  and  

i n c o r r e c t  r e s p o n s e s  a r e  r e v e r s e d .  A c r o s s  a w ide  v a r i e t y  of  

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

w i th  p r a c t i c e  s u b j e c t s  come t o  r e v e r s e  t h e i r  r e s p o n d i n g  

a f t e r  a s  few a s  a s i n g l e  e r r o r  [ B i t t e r m a n ,  1965) . Th i s  

b e h a v i o r  h a s  been  i n t e r p r e t e d  ( e . g .  W a r r e n ,  196b) a s  an 

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

s t r a t e g y :  i f  a r e s p o n s e  i s  r e i n f o r c e d ,  k e e p  e m i t t i n g  i t ;  i f

n o t ,  s h i f t  t o  t h e  o t h e r  r e s p o n s e .



I n  t h e  u s u a l  r e v e r s a l - l e a r n i n g  p r o c e d u r e ,  a s t r a t e g y  

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

t o  p r o d u c e  a c c u r a t e  p e r f o r m a n c e .  I n  t h e  p r e s e n t  r e s e a r c h ,  

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

c o n t r o l  by e x t e r n a l  s t i m u l i  a n d  p r i o r  b e h a v i o r  by p r e s e n t i n g  

a s i g n a l  d u r i n g  t h e  i n t e r t r i a l  i n t e r v a l  ( IT I )  f o l l o w i n g  t h e  

c o m p l e t i o n  c f  t h e  c r i t e r i o n  f o r  a r e v e r s a l .  S o m e t i m e s  t h e  

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

b e e n  a r r a n g e d .  A t  e t h e r  t i m e s  i t  i n d i c a t e s  a n o n r e v e r s a l  

t r i a l ,  i n  which  t h e  c o r r e c t  r e s p o n s e  r e m a i n s  u n c h a n g e d .  

T h u s ,  a c c u r a t e  p e r f o r n a n c e  on t he  f o l l o w i n g  t r i a l  r e f l e c t s  

j o i n t  c o n t r o l  by (memory o f )  t h e  p r i o r  r e s p o n s e  a n d  t h e  

s i g n a l .

De l aye d  - H a t e h i n q - f e o - S a m p l e - a n d - H emory;  - 

A - S e l e c t ! y e - R e v i a  w-

I n  t h e  s t u d y  o f  memory t h r o u g h  DHTS p e r f o r m a n c e ,  t h e  

m a j o r  v a r i a b l e s  o f  i n t e r e s t  h a v e  b e e n  t h e  e f f e c t s  o f  v a r y i n g  

t h e  d e l a y  i n t e r v a l  a nd  t h e  e f f e c t s  o f  s t i m u l u s  c h a n q e  w i t h i n  

t h e  d e l a y  i n t e r v a l  cn  m a t c h i n g  a c c u r a c y .  As was m e n t i o n e d  

e a r l i e r ,  Ber ryman e t  a l .  (1963)  f o u n d  a m o n o t o n i c  

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

d e l a y .  T h i s  was c o n f i r m e d  by R o b e r t s  and  G r a n t  ( 1 S 7 8 ) ,  who 

a l s o  u s e d  p i g e o n s  a s  s u b j e c t s  and  f o u n d  t h a t  a c c u r a c y
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d e c r e a s e d  f ro i r  e v e r  90% c o r r e c t  a t  z e r o  d e l a y  t o  u n d e r  80%

c o r r e c t  w i t h  a 1 2 - s e c  d e l a y .

A m a i o r  f o c u s  o f  DMTS r e s e a r c h  h a s  b e e r  on t h e

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

d u r i n g  p a r t  o r  a l l  o f  t h e  d e l a y  p e r i o d -  T h i s  t y p e  of  

e x p e r i m e n t  i s  f r e q u e n t l y  r e f e r r e d  t o  a s  a r e t r o a c t i v e  

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

a s sume d  t o  i n t e r f e r e  w i t h  t h e  memory of  a p r i o r  s t i m u l u s  

e v e n t ,  t h e  s a m p l e .  W h i l e  r e t r o a c t i v e  i n t e r f e r e n c e  h a s  b e e n  

e x p l a i n e d  i r  many ways i n c l u d i n g  t h e  i n t e r f e r e n c e  w i t h  a 

memory t r a c e  o r  a  r e h e a r s a l  p r o c e s s ,  I  b e l i e v e  t h a t  on t h e  

b a s i s  o f  t h e  s h o r t  l i f e - s p a n s  o f  t h e s e  t h e o r i e s  i t  i s  

p r e m a t u r e  t o  p r o p o s e  any  s p e c i f i c  m e c h a n i s m s .  I n  t h i s  p a p e r  

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

d e s c r i b e  t h e  c h a n g e  i n  b e h a v i o r  r e s u l t i n q  f ro m  a c l a s s  o f  

e x p e r i m e n t a l  n a r i p u l a t i e n s .

I n  a d d i t i o n  t o  v a r y i n q  t h e  d e l a y  i n t e r v a l ,  R o b e r t s  and  

G r a n t  (1978)  a l s o  s t u d i e d  t h e  e f f e c t s  o f  an i n t e r p o l a t e d  

s t i m u l u s  d u r i n g  t h e  d e l a y  w i t h  p i q e o n s .  D u r i n q  mos t  

s e s s i o n s ,  t h e  c h a m b e r  was  d a r k  d u r i n q  d e l a y  i n t e r v a l s .  

D ur in g  t e s t i n g  t h e  h o u s e l i q h t  (HL) was t u r n e d  on t h r o u g h o u t  

t h e  d e l a y  p e r i o d .  A t  z e r o  d e l a y ,  n o t  s u r p r i s i n g l y ,  t h e r e  

was no d i f f e r e n c e  b e tw e e n  HI on and  HL o f f  s e s s i o n s .  

Howeve r ,  a t  a 0 . 5 - s e c  d e l a y ,  a c c u r a c y  d e c r e a s e d  f rom 90% i n  

t h e  H L - o f f  c o n d i t i o n  t c  75% i n  t h e  HL-on c o n d i t i o n .  At
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d e l a y s  o f  h s e c  o r  l o n g e r ,  a c c u r a c y  i n  t h e  HL-on c o n d i t i o n  

was u n d e r  60 $ .  T h u s ,  w h e r e a s  no  c h an ge  i n  t h e  f u n c t i o n  form 

r e s u l t e d ,  t h e  o v e r a l l  l e v e l  o f  a c c u r a c y  was m a r k e d l y  r e d u c e d  

by t h e  a d d i t i o n  c f  t h e  HL d u r i n g  t h e  d e l a y .

A nu m ber  o f  s t u d i e s  h a v e  f o c u s s e d  on t h e  r e l a t i o n s h i p  

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

m a g n i t u d e  o f  t h e  r e t r o a c t i v e  i n t e r f e r e n c e  e f f e c t .  U s in g  

e i t h e r  HL c r  c e n t e r - k e y  i l l u m i n a t i o n  a s  i n t e r f e r i n g  s t i m u l i .  

G r a n t  a n d  R o b e r t s  ( 1976)  f o u n d  t h a t  p i g e o n s ’ a c c u r a c y  was a 

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

i n t e n s i t y ;  a c c u r a c y  d e c r e a s e d  f rom 90% t o  s l i g h t l y  a b o v e  

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

I t  seemed n o t  t o  m a t t e r  w h e t h e r  t h e  a d d e d  i l l u m i n a t i o n  was 

l o c a l i z e d  (key l i g h t )  o r  n o n l o c a l i z e d  (HL) .

I n  m o s t  s t u d i e s ,  t h e  t r a i n i n g  an d  i n t e r f e r i n g  s t i m u l i  

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

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

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

a c r o s s  s t i m u l u s  m o d a l i t i e s .  I n  on e  o f  t h e  few 

c r o s s - m o d a l i t y  i n v e s t i g a t i o n s ,  Worsham and  D’ Amato (1 973) 

s t u d i e d  t h e  i n t e r f e r e n c e  w i t h  v i s u a l  DMTS i n  monkeys  by  

v i s u a l  a nd  a u d i t o r y  s t i m u l i .  U s i n g  d e l a y s  o f  up  t c  120 s e c ,  

t h e  HL was f c u n d  t o  be  a mago r  d i s r u p t o r  o f  p e r f o r m a n c e ,  

w h e r e a s  t h e  e f f e c t s  o f  w h i t e  n o i s e  w e r e  i n c o n s i s t e n t .  T ape s  

o f  monkey v o c a l i z a t i o n s  and  c o l o n y  room n o i s e s  w e r e
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d i s r u p t i v e  o n l y  a t  t h e  l o n g e s t  d e l a y s -  T h u s ,  i n  a t  l e a s t  

one  c a s e ,  t h e  s t i m u l u s  m o d a l i t y  was f o u n d  t o  be  a r e l e v a n t  

v a r i a b l a .

W i t h i n  t h e  v i s u a l  m o d a l i t y ,  a number  o f  s t u d i e s  h a v e  

e x am in e d  t h e  i m p o r t a n c e  o f  t h e  s i m i l a r i t y  b e t w e e n  t r a i n i n g  

an d  i n t e r f e r i n g  s t i m u l i .  J a r v i k ,  G o l d f a r b  a n d  C a r l e y  [1969)  

p r e s e n t a d  c o l o r e d  i n t e r f e r i n g  s t i m u l i  t o  monk eys  t h a t  were  

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

s t i m u l i .  The s t i m u l i  w e re  p r e s e n t e d  f o r  3 s e c  a t  e i t h e r  t h e  

b e g i n n i n g ,  m i d d l e  o r  end  o f  1 2 - s e c  d e l a y  p e r i o d s .  They 

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

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

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

i n  t h e  e x t r e m e  c a s e  i n  wh ich  t h e  c o m p a r i s o n  s t i m u l i  

t h e m s e l v e s  were  u s e d  as  i n t e r p o l a t e d  s t i m u l i ,  s i m i l a r i t y  

a p p e a r s  t o  have  b e e n  a f a c t o r .  Z e n t a l l  ( 197 3) r a i s e d  t h e  

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

w e l l  a s  s i m i l a r i t y .  Us ing  r e d  an d  g r e e n  t r a i n i n g  s t i m u l i  

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

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

l i n e .  I t  was p o i n t e d  o u t  t h a t  t h i s  c o u l d  b e  due  t o  e i t h e r  

s a l i e n c e  o r  s i m i l a r i t y .

G r a n t  and  R o b e r t s  (1976)  c o n d u c t e d  a s e r i e s  o f  

e x p e r i m e n t s  w i t h  p i g e o n s  t o  i n v e s t i g a t e  t h e s e  i s s u e s  i n  more  

d e p t h .  I n  one  e x p e r i m e n t ,  b o t h  c o l o r s  and  b l a c k - a n d - w h i t e
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p a t t e r n s  were  u s e d  as  s a m p l e s .  I t  was  p r o p o s e d  t h a t  i f  

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

f r o m  t h e  same c l a s s  wou ld  be more e f f e c t i v e ;  i f  s a l i e n c e  i s  

more i m p o r t a n t ,  one  c l a s s  o f  d i s r u p t o r s  [most  l i k e l y  c o l o r s )  

w o u l d  b e  mere  e f f e c t i v e  w i t h  e i t h e r  s a m p l e  t y p e .  I n  o r d e r  

t o  a s s e s s  t h e  r o l e  o f  s t i m u l u s  n o v e l t y  a s  w e l l ,  on e  new and 

one  o l d  s t i m u l u s  was u s e d  a s  a d i s r u p t o r  i n  e a c h  c l a s s .  

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

e q u a l  d i s r u p t i o n ,  e x c e p t  t h e  f a m i l i a r  p a t t e r n ,  which  

p r o d u c e d  s l i g h t l y  l e s s  d i s r u p t i o n ;  h o w e v e r ,  t h i s  s t i m u l u s  

may h a v e  been  d a r k e r  t h a n  t h e  o t h e r s .  I n  a s e c o n d  

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

were s t u d i e d .  U s i n q  r e d  a n d  q r e e n  l i q h t s  a s  s a m p l e s ,  t h e  

d i s r u p t o r s  we r e  two w h i t e  l i n e s  an d  two w h i t e  c r o s s e s  on 

b l a c k  b a c k g r o u n d s ,  o n e  o f  e a c h  b e i n q  l a r g e  an d  t h e  o t h e r  

s m a l l .  The  l a r g e  s t i m u l i  p r o d u c e d  more d i s r u p t i o n  t h a n  t h e  

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

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

c r u c i a l  v a r i a b l e  i n  t h i s  e x p e r i m e n t .

W i t h i n  t h e  v i s u a l  m o d a l i t y ,  s i m i l a r i t y  b e t w e e n  t r a i n i n g  

a nd  i n t e r f e r i n g  s t i m u l i  a p p e a r s  n o t  t o  be  a m a j o r  f a c t o r  

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

e i t h e r  t h e  c o r r e c t  o r  i n c o r r e c t  c o m p a r i s o n  s t i m u l u s .  

O t h e r w i s e ,  t h e  i n t e n s i t y  of  t h e  s t i m u l u s  i s  t h e  m a j o r  f a c t o r  

i n  d e t e r m i n i n g  t h e  d e g r e e  o f  i n t e r f e r e n c e .
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One o f  t h e  m os t  i n t e r e s t i n g  a r e a s  o f  r e s e a r c h  on 

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

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

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

t o  t h e  s t i m u l u s .  Most  e a r l y  s t u d i e s  o f  t h e  l o c u s  o f  t h e  

i n t e r f e r i n g  s t i m u l u s  f o u n d  t h a t  a t  b e s t  i t  was a m i n o r  

v a r i a b l e .  I n  s t u d i e s  w i t h  monkeys ,  J a r v i k  e t  a l .  ( 1 9 6 9 ) ,  

u s i n g  i n c o r r e c t  c o m p a r i s o n  s t i m u l i  a s  d i s r u p t o r s ,  and  E t k i n  

( 1972) , u s i n g  HL and  w h i t e  key i l l u m i n a t i o n ,  f o u n d  a t  b e s t  

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

d i s r u p t i n g  s t i m u l u s .  E t k i n  f o u n d  t h a t  w h e r e a s  t h e  l o c u s  was 

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

s i g n i f i c a n t .  T h i s  f i n d i n g  was c o n f i r m e d  b y  Maki , Moe and  

B i e r l e y  (1977)  f o r  s a m p l e s  t h a t  w e r e  r e s p o n s e -  and  

r e i n f o r c e r -  r e l a t e d  a s  w e l l  a s  s t i m u l u s - r e l a t e d  (a f u l l e r  

a c c o u n t  o f  t h i s  e x p e r i m e n t  w i l l  a p p e a r  l a t e r ) .  A p p a r e n t l y  

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

i t s  i n t e n s i t y  (G ra n t  and  R o b e r t s ,  1 9 7 6 ) .

I n  a mere r e c e n t  s e r i e s  of  e x p e r i m e n t s ,  R o b e r t s  and  

G r a n t  ( 1978) f o u n d  t h a t  u n d e r  c e r t a i n  c i r c u m s t a n c e s  t h e  

l o c u s  of  t h e  i n t e r f e r i n g  s t i m u l u s  may be  i m p o r t a n t .  They 

s y s t e m a t i c a l l y  r e p l i c a t e d  E t k i n ’ s  (1972)  e x p e r i m e n t  w i t h  

p i g e o n s  t o  i n v e s t i g a t e  h i n t s  i n  t h e  E t k i n  and Maki  e t  a l .  

e x p e r i m e n t s  t h a t  i n t e r f e r i n g  s t i m u l i  m i g h t  be more  e f f e c t i v e  

a t  t h e  end  o f  t h e  d e l a y  t h a n  n e a r  t h e  b e g i n n i n g .  The HL was



L

1 5

i l l u m i n a t e d  f o r  1, 2 ,  4 o r  8 s e c  a t  e i t h e r  t h e  b e g i n n i n q  o r  

t h e  end  o f  1 0 - sec  d e l a y s .  I l l u m i n a t i o n  a t  t h e  end  was fo und

t o  be  more  d i s r u p t i v e ,  e s p e c i a l l y  w i t h  s h o r t e r  HL

p r e s e n t a t i o n s .  The l a c k  o f  t h i s  b e q i n n i n q - 4 end  e f f e c t ,  a s  i t

was t e r m e d ,  w i t h  l c r g e r  HL p r e s e n t a t i o n s  was t h o u q h t  t o  be

due  t o  t h e  p r e s e n c e  o f  t h e  HL c l o s e r  t o  t h e  end  o f  t h e  d e l a y  

i n  t h e s e  c o n d i t i o n s ,  which  would o b s c u r e  a n y  d i f f e r e n c e s .

A l t h o u q h  t h e  o v e r a l l  amoun t  o f  i l l u m i n a t i o n  d u r i n q  t h e  

d e l a y  h a s  b e e n  one o f  t h e  m os t  i m p o r t a n t  v a r i a b l e s  i n  t h e  

e x p e r i m e n t s  t h a t  h a v e  be en  c i t e d ,  i t s  i m p o r t a n c e  ha s  b e e n  

q u e s t i o n e d  i n  t h r e e  s t u d i e s  which h a v e  a s k e d  w h e t h e r  

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

s h e e r  a m o u n t  c f  i l l u m i n a t i o n  o r  c h a n q e s  i n  i l l u m i n a t i o n .  

D1 Amato and  C’ N e i l l  (1971)  a s k e d  w h e t h e r  t h e  i m p o r t a n t  

v a r i a b l e  was a d i f f e r e n c e  i n  t h e  i l l u m i n a t i o n  l e v e l  b e t w e e n  

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

p e r i o d s .  U s i n q  m o n ke ys ,  t h e y  f o u n d  t h a t  p e r f o r m a n c e  was 

w o r s e  when t h e  HL was  on d u r i n q  t h e  d e l a y  p e r i o d  r e q a r d l e s s  

o f  w h e t h e r  i t  was on o r  o f f  d u r i n g  t h e  s a m p l e  and  c o m p a r i s o n  

p e r i o d s .  Thus i t  a p p e a r e d  t h a t  a b s o l u t e  l e v e l  o f  

i l l u m i n a t i o n  was t h e  c r u c i a l  v a r i a b l e .

The i s s u e  o f  r e l a t i v e  v s .  a b s o l u t e  i l l u m i n a t i o n  l e v e l  

was r e s t a t e d  by T r a n b e r q  a n d  R i l l i n q  ( 1 9 8 0 ) .  R a t h e r  t h a n  

c o m p a r i n g  I T I  and  d e l a y  i l l u m i n a t i o n ,  t h e y  a s k e d  w h e t h e r  t h e  

r e l e v a n t  v a r i a b l e  m i g h t  be  a c h a n g e  i n  d e l a y  i l l u m i n a t i o n
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f r o m t h e  t r a i n i n g  t o  t e s t i n g  s i t u a t i o n .  A s u c c e s s i v e  DMTS 

p r o c e d u r e  was u s e d ,  i n  wh ich  f o l l o w i n g  t h e  d e l a y ,  one 

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

s a m p l e ,  r e s p o n d i n g  p r o d u c e d  f o o d  on a f i x e d - i n t e r v a l  5 - s e c  

s c h e d u l e .  I f  i t  was a n o n m a t c h i n g  s t i m u l u s ,  a b l a c k o u t  

o c c u r r e d  a f t e r  5 s e c .  The d e p e n d e n t  v a r i a b l e  was a r a t i o  o f  

r e s p o n s e  r a t e s  t o  m a t c h i n g  and  n o n m a t c h i n g  c o m p a r i s o n

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

e i t h e r  on o r  o f f  d u r i n g  t h e  I T I  and  d u r i n g  t h e  d e l a y  

i n t e r v a l .  T e s t i n g  was done  b y  c h a n g i n g  t h e  HL c o n d i t i o n

d u r i n g  t h e  d e l a y  i n t e r v a l .  T h u s ,  i n  two  c o n d i t i o n s  t h e r e  

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

i n  two c o n d i t i o n s  i l l u m i n a t i o n  i n  t h e  t e s t  s e s s i o n s  was

d e c r e a s e d  d u r i n g  t h e  d e l a y  i n t e r v a l .  I n  e a c h  c a s e ,  m a t c h i n g  

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

D u r i n g  t r a i n i n g  a t  l e a s t  75% of  t h e  r e s p o n s e s  were t o  t h e  

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

b e s t  s l i g h t l y  a b o v e  c h a n c e .  T r a i n i n g  a n d  t e s t i n g  

p e r f o r m a n c e  were  u n a f f e c t e d  by t h e  i n i t i a l  HL c o n d i t i o n s  

d u r i n g  t h e  d e l a y  p e r i o d .  The o n l y  i m p o r t a n t  v a r i a b l e  was 

t h e  c h a n g e  i n  d e l a y  i l l u m i n a t i o n .

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

f u r t h e r  by  Cook (1980) u s i n g  more c o n v e n t i o n a l  DMTS

p r o c e d u r e s  w i t h  p i g e c r s .  I n  a d d i t i o n  t o  r e p l i c a t i n g  t h e  

f i n d i n g  t h a t  p e r f o r m a n c e  was d i s r u p t e d  by t u r n i n g  o f f  t h e  HL
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d u r i n q  t h e  d e l a y  f o l l o w i n g  t r a i n i n g  w i t h  t h e  HI on,  Cook 

exam ine d  t h e  e f f e c t s  o f  d u r a t i o n  o f  H L - o f f  p e r i o d s  and  of  

d i f f e r e n t  l e v e l s  o f  d e c r e a s e  i n  HI  i n t e n s i t y .  T h e  e f f e c t s  

were f o u n d  t o  p a r a l l e l  t h o s e  g e n e r a l l y  f o u n d  when t h e  HL i s  

t u r n e d  on d u r i n g  d e l a y s  f o l l o w i n g  a H L - o f f  b a s e l i n e .  L o n g e r  

HL o f f  p e r i o d s  a n d  g r e a t e r  d e c r e a s e s  i n  HL i n t e n s i t y  

r e s u l t e d  i n  q r e a t e r  d i s r u p t i o n  of p e r f o r m a n c e .  T h u s ,  

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

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

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

u n i m p o r t a n  t .

Many o f  t h e  f i r d i r g s  t h a t  ha v e  b e e n  d i s c u s s e d  a r e  known 

t o  o c c u r  o v e r  a w ide  r a n g e  o f  e x p e r i m e n t a l  c o n d i t i o n s .  Many 

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

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

e f f e c t .  T h e s e  i n c l u d e ,  among o t h e r s ,  t h e  r e s p o n s e  

r e q u i r e m e n t  t o  t h e  s a m p l e  s t i m u l u s ;  w h e t h e r  r e t r o a c t i v e  

i n t e r f e r e n c e  t e s t i n q  was c o n d u c t e d  w i t h i n  s e s s i o n s  

c o n t a i n i n g  r e g u l a r  t r i a l s  o r  i n  s p e c i a l  s e s s i o n s  c o n t a i n i n g  

o n l y  t e s t  t r i a l s ;  a n d  w h e t h e r  t h e  HI  was on o r  o f f  d u r i n g  

t h e  p r e s e n t a t i o n  o f  s a m p l e  and  c o m p a r i s o n  s t i m u l i .  The 

e x p e r i m e n t s  hav e  u s e d  a number  of  s p e c i e s  a nd  s t i m u l u s  

t y p e s .  T h u s ,  t h e  b a s i c  f i n d i n g s  t h a t  ha v e  b e e n  d i s c u s s e d  

h a v e  a f a i r  d e g r e e  c f  g e n e r a l i t y .
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As was  m e n t i o n e d  e a r l i e r ,  a number  o f  t h e o r e t i c a l  

a c c o u n t s  h a v e  been  p r o p o s e d .  A l t h o u g h  t h e y  ha v e  had  r a t h e r  

s h o r t  l i f e s p a n s ,  much o f  t h e  work  u n d e r  c o n s i d e r a t i o n  was

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

t h e o r y  o f  DMTS p e r f o r m a n c e  i s  i n  o r d e r .  A common a c c o u n t  

s t a t e s  t h a t  i n  DMTS t h e  s u b g e c t  c o m p a r e s  t h e  c o m p a r i s o n  

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

memory (STM). A r e s p o n s e  i s  made t o  t h e  s t i m u l u s  m a t c h i n g  

t h a t  memory t r a c e  m o s t  c l o s e l y .  The STM t r a c e  i s  a s sume d  t o  

d e ca y  f a i r l y  r a p i d l y .  At  some p o i n t  t h e  STM t r a c e  i s

p r e s u m e d  t o  be  c o n s o l i d a t e d  i n t o  a l o n g - t e r m  memory t r a c e .  

T h i s  a c c o u n t  e x p l a i n s  t h e  d e l a y - ' a c c u r a c y  f u n c t i o n ,  wh ich

t e n d s  t o  f a l l  r a p i d l y  a t  s h o r t  d e l a y s  and  b e  some wha t  

f l a t t e r  a t  l o n g e r  d e l a y s  ( P e t e r s o n ,  1966;  R o b e r t s  and  G r a n t ,  

1 9 7 8 ) .  R e t r o a c t i v e  i n t e r f e r e n c e  may be e x p l a i n e d  i n  t e r m s  

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

i n t e r f e r i n g  w i t h  c o n s o l i d a t i o n .  T h i s  a c c o u n t  ha s  r u n  i n t o  

c o n s i d e r a b l e  t r o u b l e  w i t h  t h e  f i n d i n g  ( R o b e r t s  and G r a n t ,  

1978 )  t h a t  a b r i e f  s t i m u l u s  n e a r  t h e  end  o f  t h e  d e l a y  p e r i o d  

i s  more d i s r u p t i v e  t h a n  a t  t h e  b e g i n n i n g .  P r e s u m a b l y  a 

s t i m u l u s  n e a r  t h e  b e g i n n i n g  w o u l d  d e g r a d e  t h e  STM t r a c e ,  

t h u s  p r e v e n t i n g  c o n s o l i d a t i o n ;  l a t e r  on i  t  would  h a v e  t o  

d i s r u p t  t h e  more p e r m a n e n t  l o n g - t e r m  t r a c e .  T h u s ,  a c c o r d i n g  

t o  R o b e r t s  and  G r a n t  (1 978) , t h e  t h e o r y  p r e d i c t s  t h a t  a 

b r i e f  s t i m u l u s  wou l d  be  more  d i s r u p t i v e  i f  p r e s e n t e d  n e a r
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t h e  b e g i n n i n q  o f  t h e  i n t e r v a l  t h a n  n e a r  t h e  e n d ;  h o w e v e r ,

t h e i r  d a t a  r e v e a l e d  t h e  o p p o s i t e  p a t t e r n  o f  d i s r u p t i o n .

The r e s e a r c h  t h a t  h a s  b e e n  c o n s i d e r e d  up t o  t h i s  p o i n t  

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

How eve r ,  i t  i s  c l e a r  t h a t  p r i o r  b e h a v i o r  may s e r v e  a s  a 

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

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

R e y n o l d s  (1 5 6 6 ) .  He was i n t e r e s t e d  i n  t h e  c o n t r o l  o f

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

F o l l o w i n g  twc p e c k s  a t  a r e d  k e y ,  t h e  k e y  became  b l u e  f o r  30 

s e c .  R e i n f o r c e m e n t  was a v a i l a b l e  on a v a r i a b l e - i n t e r v a l  

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

w e r e  s e p a r a t e d  by a t  l e a s t  18 s e c .  I t  was f o u n d  t h a t ,  

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

r a t h e r  p o o r ,  t h e r e  was f a i r l y  good c o n t r o l  o f  r e s p o n s e  r a t e  

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

r e d - k e y  p e c k s .

A magor  e f f o r t  a t  s t u d y i n q  d i f f e r e n t  t y p e s  c f  memory 

u n d e r  c o m p a r a b l e  c i r c u m s t a n c e s  was c o n d u c t e d  b y  Maki ,  Moe 

and  B i e r l e y  ( 1 9 7 7 ) .  A DMTS p r o c e d u r e  was e m p l o y e d  t o  s t u d y  

memory f o r  s t i m u l i ,  r e s p o n s e s  a n d  r e i n f o r c e r s .  S t i m u l u s  

memory was s t u d i e d  t h r o u g h  t h e  u s e  o f  c o l o r e d  s a m p l e  and 

c o m p a r i s o n  s t i m u l i .  R e s p o n s e  memory was s t u d i e d  i n  a 

n o n i d e n t i t y  MIS p r o c e d u r e  (Co he n ,  B r a d y  a nd  Lowry ,  198 1) i n  

which  t h e  s a m p l e s  a n d  c o r r e c t  c o m p a r i s o n  s t i m u l i  a r e  r e l a t e d
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a r b i t r a r i l y  r a t h e r  t h a n  b e i n g  i d e n t i c a l .  The s a m p l e s  were 

d i f f e r e n t  f i x e d -  r a t i c  (FR) r e q u i r e m e n t s .  I n  t h e  p r e s e n c e  o f  

a w h i t e  k e y ,  t h e  o c c u r r e n c e  o f  e i t h e r  one r e s p o n s e  (FR 1) o r  

t w e n t y  r e s p o n s e s  (FR 20) p r o d u c e d  a d e l a y  p e r i o d ,  f o l l o w i n g  

w h i c h  t h e  c o m p a r i s o n  s t i m u l i  ( r e d  a n d  g r e e n  k e y  l i g h t s )  we re  

p r e s e n t e d .  R e s p o n s e s  t o  t h e  c o m p a r i s o n  s t i m u l i  were 

d e s i g n a t e d  c o r r e c t  d e p e n d i n g  cn t h e  p r i o r  r e s p o n s e  

r e g u i r e m e n t .  R e i n f o r c e r  memory was s t u d i e d  i n  a s i m i l a r  

f a s h i o n .  I n  t h e  p r e s e n c e  o f  a w h i t e  k e y  a r e s p o n s e  t u r n e d  

o f f  t h e  k e y  l i g h t  and  r e s u l t e d  i n  a 2 - s e c  s a m p l e  c f  f o o d  o r  

no f o o d .  A q a i n ,  t h e  c o m p a r i s o n  s t i m u l i  were r e d  and g r e e n  

key  l i g h t s ,  e a c h  o f  wh ich  was r e l a t e d  a r b i t r a r i l y  t o  one  o f  

t h e  s a m p l e  t y p e s .  F o r  e a c h  t y p e  of  p r o c e d u r e ,  Maki e t  a l .  

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

d e l a y  i n t e r v a l ,  t h e  s i g n i f i e s  nee of t h e  l o c u s  o f  b r i e f  HL 

i l l u m i n a t i o n  and  t h e  d i s r u p t i v e  e f f e c t s  o f  v e r y  s h o r t  I T I s .  

I t  was f o u n d  i n  e a c h  c a s e  t h a t  HL i l l u m i n a t i o n  r e d u c e d  DMTS 

a c c u r a c y  f ro m  a p p r o x i m a t e l y  9 0 % t o  s l i g h t l y  a b o v e  c h a n c e ;  

t h a t  2 - s e c  p e r i o d s  o f  HL i l l u m i n a t i o n  a t  t h e  e n d  o f  t h e  

d e l a y  w e r e  s l i g h t l y  more d i s r u p t i v e  t h a n  a t  t h e  b e g i n n i n g  

and l e s s  d i s r u p t i v e  t h a n  c o n t i n u o u s  HL i l l u m i n a t i o n  ( t h e  

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

and t h a t  s h o r t  I T I s  r e d u c e d  a c c u r a c y  by c o m p a r a b l e  a m o u n t s  

f o r  e a c h  t a s k .  I n  t h e  Maki  e t  a l .  s t u d y  t h e r e  was no 

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

Maki  e t  a l .  p r o p o s e d  t h a t  a common STM p r o c e s s  may u n d e r l i e  

e a c h  t y p e  o f  memory.  They p r o p o s e d  two  p o s s i b l e  m e c h a n i s m s :  

one b a s e d  on t h e  i d e a  o f  r e h e a r s a l  o f  a r e p r e s e n t a t i o n  of

t h e  s a m p l e  t h r o u g h o u t  t h e  d e l a y ;  t h e  o t h e r  b a s e d  on

i d e n t i c a l  memory t r a c e s  t h a t  w o u l d  r e s u l t  i f  t h e  s a m p l e  were 

e n c o d e d  i n  t e r m s  o f  t h e  r e s p o n s e  t o  be  e x e c u t e d  f o l l o w i n g  

t h e  d e l a y .

Maki  e t  a l .  (1977)  d e m o n s t r a t e d  t h a t  b e h a v i o r  may be

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

p r e v i o u s  e x t e r n a l  s t i m u l a t i o n .  C o h e n ,  l o o n e y ,  E rady  and  

A u c e l l a  ( 1 9 7 6 ) ,  U r c u i o l i  and  Hon ig  (1 9 8 0 ) ,  a n d  C o h e n ,  B r a d y  

and  Lowry (1981) h a v e  e x t e n d e d  t h i s  i n  a s e r i e s  o f

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

and  s t i m u l u s  memory u n d e r  c i r c u m s t a n c e s  i n  w h i c h  e i t h e r  

c o u l d  be  u s e d  t c  p e r f o r m  a c c u r a t e l y  on a t a s k .

Cohen e t  a l .  (1976)  s t u d i e d  s i m u l t a n e o u s  MTS i n  

p i g e o n s  u s i n g  b o t h  v i s u a l  s t i m u l i  and  b e h a v i o r  a s  s a m p l e s .  

The v i s u a l  s t i m u l i  w e r e  o r a n g e  a n d  g r e e n  key  c o l o r s  and

h o r i z o n t a l  an d  v e r t i c a l  l i n e s .  The b e h a v i o r a l  s a m p l e s  w e r e  

p e r f o r m a n c e s  c o n t r o l l e d  by FR 16 o r  d i f f e r e n t i a l  

r e i n f o r c e m e n t  o f  l ew r a t e  (DEL) 3 - s e c  s c h e d u l e s ,  i n  w h i ch  

r e s p o n s e s  m u s t  be s e p a r a t e d  by a minimum of  3 s e c  t o  be

r e i n f o r c e d .  The MTS t a s k  c o u l d  be e i t h e r  i d e n t i t y  o r

n o n i d e n t i t y ,  a s  e x p l a i n e d  e a r l i e r .  I t  c o u l d  be e i t h e r
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d i f f e r e n t i a l  c r  n o n d i f f e r e n t i a l  w i t h  r e s p e c t  t o  t h e  r e s p o n s e  

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

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

d i f f e r e n t i a l  t a s k ,  a t i r d  m i q h t  be  r e q u i r e d  t o  f u l f i l l  t h e  

FR 16 r e c u i r e m e n t  i n  t h e  p r e s e n c e  o f  o r a n q e ,  o r  t o  f u l f i l l  

t h e  DHL 3 - s e c  s c h e d u l e  i n  t h e  p r e s e n c e  o f  q r e e n ,  i n  o r d e r  t o  

p r o d u c e  l i n e  c o m p a r i s o n  s t i m u l i .  The c o r r e c t  c o m p a r i s o n  

s t i m u l u s  would be  a r b i t r a r i l y  r e l a t e d  t o  t h e  s a m p l e  c o l o r  

and  r e s p o n s e  r e q u i r e m e n t .

The r a t e  o f  a c q u i s i t i o n  was  f o u n d  t o  b e  u n i f o r m  and  

more r a p i d  when a d i f f e r e n t i a l  r e s p o n s e  r e q u i r e m e n t  was i n  

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

an i d e n t i t y  c r  n c n i d e n t i t y  t a s k  was u s e d .  On t h e  o t h e r  

h a n d ,  w i t h  a n o n d i f f e r e n t i a l  r e s p o n s e  r e q u i r e m e n t ,  t h e  r a t e  

o f  a c q u i s i t i o n  was  s l o w e r  a n d  o r d e r e d  w i th  r e s p e c t  t o  t h e  

t y p e  o f  s t i m u l i .  A c q u i s i t i o n  was most  r a p i d  i n  t h e  hue 

i d e n t i t y  t a s k ,  s l o w e s t  i n  t h e  l i n e  i d e n t i t y  t a s k ,  and 

i n t e r m e d i a t e  f o r  t h e  n o n i d e n t i t y  t a s k s .  T h e s e  f i n d i n q s  

s u q q e s t  t h a t  c h o i c e  i n  a n  MTS t a s k  may be  c o n t r o l l e d  by 

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

r e q u i r e m e n t s  when d i f f e r e n t i a l  r e s p o n d i n q  i s  r e q u i r e d .  In 

t h e  e x a m p l e  m e n t i o n e d  a b o v e ,  t h e  b i r d s  m i q h t  l e a r n  t o  peck  

v e r t i c a l  a f t e r  FR a n d  h o r i z o n t a l  a f t e r  DHL.



23

T h e s e  f i n d i n q s  w e r e  e x t e n d e d  by U r u c i o l i  and Hon i g  

(1980) i n  a s e r i e s  c f  e x p e r i m e n t s  u s i n q  p r o c e d u r e s  s i m i l a r  

t o  t h o s e  o f  Cohen  e t  a l .  ( 1 9 7 6 ) .  I n  one e x p e r i m e n t  p i g e o n s  

were t r a i n e d  on a d i f f e r e n t i a l  i d e n t i t y  MTS p r o c e d u r e  u s i n q  

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

t h o s e  o f  Cohen e t  a l .  ( 1 9 7 6 ) .  F o l l o w i n g  t r a i n i n q ,  t h e  

r e i n f o r c e m e n t  s c h e d u l e s  a s s o c i a t e d  w i th  t h e  two s t i m u l i  we re  

r e v e r s e d  f o r  some h i r d s .  I f  r e t r a i n e d  on t h e  MTS t a s k  

i n i t i a l  m a t c h i n g  a c c u r a c y  was b e l o w  t h e  c h a n c e  l e v e l  and  

r e a c q u i s i t i o n  was s l o w e r  t h a n  t h e  o r i g i n a l  a c q u i s i t i o n .  I f  

r e t r a i n e d  cn an  o d d i t y  t a s k ,  i n  which  t h e  n o n m a t c h i n g  

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

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

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

s t i m u l u s  was t h e  c ne  t h a t  had o r i g i n a l l y  b e e n  c o r r e c t  

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

s a m p l e  p r e s e n t a t i o n .  T h u s ,  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  

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

c o m p a r i s o n  s t i m u l u s  was more c r u c i a l  t h a n  t h e  r e l a t i o n s h i p  

b e t w e e n  t h e  v i s u a l  s t i m u l i .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  

v i s u a l  r e l a t i o n s h i p  was r e l e v a n t  t o  p e r f o r m a n c e .  The o d d i t y  

g r o u p ,  w i t h  t h e  b e h a v i o r a l  r e l a t i o n s h i p  i n t a c t ,  d i d  n o t  show 

t h e  l e v e l  c f  a c c u r a c y  c f  t h e  c o n t r o l  g r o u p  which  was s i m p l y  

g i v e n  a b r e a k  f ro m  t h e  e x p e r i m e n t  w i t h  no r e t r a i n i n g  f o r  

s a m p l e - r e s p o n s e  r e q u i r e m e n t  r e l a t i o n s h i p s .
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The r e l a t i v e  c c n t r i b u t i o n s  of  e x t e r n a l  s t i m u l i  and  

b e h a v i o r a l  c u e s  w e r e  s t u d i e d  f u r t h e r  by Cohen  e t  a l .  

(198  1) . P i g e o n s  we re  q i v e n  t r a i n i n q  on e i t h e r  i d e n t i t y  o r

n o n i d a n t i t y  MTS p r o c e d u r e s .  C o m p a r i s o n  s t i m u l i  were  

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

Cohen e t  a l .  ( 1 9 7 6 ) .  Some b i r d s  we re  q i v e n  d i f f e r e n t i a l  

r e s p o n s e  r e q u i r e m e n t s  and  o t h e r s  were  e x p o s e d  t o  

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

d i f f e r e n t i a 1, MTS p e r f o r m a n c e  would be l e a r n e d  on t h e  b a s i s  

o f  e i t h e r  e x t e r n a l  s t i m u l i  o r  b e h a v i o r a l  c u e s ;  i n  t h e  

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

F o l l o w i n g  t r a i n i n q  t h e y  w e r e  q i v e n  t r a n s f e r  t e s t s  w i t h  t h e  

t y p e  o f  v i s u a l  c u e s  ( i d e n t i t y  o r  n o n i d e n t i t y )  r e v e r s e d ,  and  

t h e  b e h a v i o r a l  c o m p o n e n t  u n c h a n g e d .  T h u s ,  i f  a b i r d  was 

t r a i n e d  on a d i f f e r e n t i a l  i d e n t i t y  t a s k  i t  wou l d  be t e s t e d  

on a d i f f e r e n t i a l  n o n i d e n t i t y  t a s k ,  w i t h  t h e  same

c o r r e l a t i o n  be twe en  a q i v e n  r e s p o n s e  r e q u i r e m e n t  a n d  t h e  

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

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

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

t e s t s .  T h e s e  f i n d i n q s  i n d i c a t e  t h a t ,  i f  a v a i l a b l e ,  a

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

e v e n  whan v i s u a l  c u e s  a r e  a v a i l a b l e  s i m u l t a n e o u s l y .
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The  mere  r a p i d  r a t e  of  l e a r n i n q  w i t h  a n y  d i f f e r e n t i a l  

i d e n t i t y  o r  n o n i d e n t i t y  p r o c e d u r e  t h a n  w i t h  n o n d i f f e r e n t i a l  

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

m i g h t  be  more  e f f e c t i v e  f o r  p i g e o n s  t h a n  v i s u a l  s a m p l e s .  

When d e l a y s  we re  g r a d u a l l y  i n t r o d u c e d  i t  was f o u n d  t h a t  

p e r f o r m a n c e  on a n o n i d e n t i t y  t a s k  was  d i s r u p t e d  by  

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

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

t o  55 s e c .

The r e s e a r c h  c o n d u c t e d  by Maki  e t  a l .  [1 977) s u g g e s t s  

t h a t  t h e r e  a r e  common p r o c e s s e s  g o v e r n i n g  memory f o r  

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

e x p e r i m e n t s  by T o h e n  e t  a 1.  (1981) and  U r c u i o l i  and  Honig

(1980) c l e a r l y  i n d i c a t e  t h a t ,  when b o t h  s t i m u l u s  and  

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

b e h a v i o r a l  c u e s  e x e r t  more c o n t r o l  o v e r  b e h a v i o r .  C h a n g i n g  

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

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

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

However ,  w i t h  a l l  v i s u a l  r e l a t i o n s h i p s  l e f t  i n t a c t ,  

r e v e r s i n g  t h e  r e s p o n s e - c o m p a r i s o n  s t i m u l u s  r e l a t i o n s h i p  

r e s u l t e d  i n  t o t a l  d i s r u p t i o n  o f  p e r f o r m a n c e .
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Rev e r s a l  l e a r n i n g .  R e s p o n s e  S t r a t e g i e s  and  Memory

W i t h i n  t h e  c o n t e x t  o f  t h e  MTS p r o c e d u r e ,  i t  h a s  been  

shown t h a t  an o r g a n i s m ’ s  p r e v i o u s  b e h a v i o r ,  a s  w e l l  a s  

e x t e r n a l  s t i m u l i ,  may s e r v e  a s  d i s c r i m i n a t i v e  s t i m u l i  (Cohen 

e t  a l . , 1976 ; U r c u i o l i  and  H o n i g ,  1980 ;  Cohen e t  a l .  , 1981 ;  

Maki  e t  a l .  , 1977 ) .  Howeve r ,  t h e  MTS p a r a d i g m  may n o t  be 

t h e  one  b e s t  s u i t e d  f o r  t h e  s t u d y  o f  r e s p o n s e  memory.  The 

b e h a v i o r a l '  s a m p l e  o c c u r s  u n d e r  c o n d i t i o n s  t h a t  a r e  s p e c i a l l y  

a r r a n g e d  and  d i f f e r e n t  f r o m  t h e s e  of  o t h e r  b e h a v i o r  i n  t h e  

c o n t e x t .  I n  a l e s s  c o n s t r a i n e d  b e h a v i o r  s t r e a m  i t  i s  l i k e l y  

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

b e h a v i o r ,  t h a t  o c c u r  i n  a l e s s  s e p a r a t e d  c o n t e x t .  I n  t h e  

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

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

s ame  p o i n t  i n  t h e  t e m p o r a l  s e g u e n c e  o f  a t r i a l .  T h u s ,  t h e  

use of  t h i s  p a r a d i g m  may f i t  i n  b e t t e r  w i t h  t h e  c o n c e p t  of  

b e h a v i o r  a s  a c o n t i n u o u s  s t r e a m .

The r e v e r s a l  l e a r n i n g  p a r a d i g m  h a s  b e e n  u s e d  w i d e l y  i n  

e x p e r i m e n t a l  p s y c h o l o g y .  One m a j o r  use  was b y  B i t t e r m a n  and  

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

l e a r n i n g  ( s e e  B i t t e r m a n ,  1 965 f o r  a d i s c u s s i o n  o f  t h i s  

r e s e a r c h )  . I t  was f o u n d  t h a t  w i t h  s u c c e s s i v e  r e v e r s a l s  some 

s p e c i e s  wou ld  l e a r n  more r a p i d l y  w h e r e a s  o t h e r s  would show 

no  i m p r o v e m e n t  w i th  p r a c t i c e .  I t  was  t h o u g h t  t h a t  t h e
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p r o c e d u r e  was r e v e a l i n g  f u n d a m e n t a l  d i f f e r e n c e s  i r  l e a r n i n g  

m ec h a n i s m s  a c r o s s  s p e c i e s .  H o w e v e r ,  t h i s  f i e l d  h a s  qrown 

more c o m p l i c a t e d  w i t h  t h e  f i n d i n q  t h a t  e v e n  w i t h i n  a s i n q l e  

s p e c i e s  t h e  o c c u r r e n c e  an d  n t e  c f  i m p r o v e m e n t  d e p e n d  on 

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

r e l a t e d  p r o c e d u r e s  e m p l o y i n q  e x t e r n a l  d i s c r i m i n a t i v e

s t i m u l i ,  t h e  s e n s o r y  m o d a l i t y  ( N i q r o s h ,  S l o t n i c k  and N e v i n ,  

1975,  S l o t n i k  and  K a t z ,  197 4) .

A n o t h e r  l i n e  o f  r e s e a r c h ,  w h i c h  qrew o u t  c f  an  o l d e r  

c o n t r o v e r s y  i r  e x p e r i m e n t a l  p s y c h o l o q y  o v e r  w h e t h e r  l e a r n i n q  

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

s t u d y  o f  r e s p o n s e  memory as i t  i s  b e i n g  c o n s i d e r e d  i n  t h i s  

p a p e r .  The c c n t i n u i t y  a p p r o a c h  s t r e s s e d  t h e  i d e a  t h a t  

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

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

t h e  q r a d u a l  w e a k e n i n q  o f  o t h e r  b e h a v i o r  t h r o u q h  

n o n r e i n f o r c e n e n t .  A c c c r d i n q  t o  t h e  n o n c o n t i n u i t y  t h e o r y ,  

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

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

b e h a v i o r  b y  r e i n f o r c e m e n t .

H a r l o w  (1949) , u s i n g  b o t h  r e  v e r s a l - l e a r n i n g  and  

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

t h e s e  two  a p p r o a c h e s  c o u l d  be  c o m b i n e d  t o  some e x t e n t .  

Monkeys  were  t r a i n e d  t o  c h o o s e  one  o f  two o b j e c t s .  A 

c o r r e c t  c h o i c e  p r o d u c e d  f o o d .  A f t e r  some number  o f  t r i a l s ,
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t h e  p r o b l e m  c h a n q e d .  I n  t h e  r e v e r s a l - l e a r n i n q  p r o c e d u r e ,  

t h e  c o r r e c t  a r d  i n c o r r e c t  r e s p o n s e s  we r e  r e v e r s e d ;  i n  t h e  

o b j e c t - q u a l i t y  p r o b l e m s ,  two new o b j e c t s  were p r e s e n t e d ,  

w i t h  one  a r b i t r a r i l y  d e s i q n a t e d  c o r r e c t .  E a r l y  i n  t r a i n i n q ,  

t h e  monkeys  d e m o n s t r a t e d  b e h a v i o r  c o n s i s t e n t  w i t h  t h e  

c o n t i n u i t y  a p p r o a c h :  many e r r o r s  w e r e  made,  w i t h  a q r a d u a l  

i n c r e a s e  i n  a c c u r a c y  o v e r  t r i a l s .  As t r a i n i n q  p r o g r e s s e d ,  

i t  t o o k  f e w e r  t r i a l s  t o  l e a r n  e a c h  new p r o b l e m .  F i n a l l y ,  a 

p a t t e r n  emerqed  w h i ch  c o u l d  e a s i l y  be  s e e n  t o  f i t  a 

n o n c o n t i n u i t y  model  o f  b e h a v i o r .  A s i n g l e  u r r e i n f o r c e d  

r e s p o n s e  was s u f f i c i e n t  t o  p r o d u c e  a s w i t c h  i n  t h e  c h o i c e  on 

t h e  n e x t  t r i a l .  T h u s ,  Harlow had  d e m o n s t r a t e d  t h e  e m e r g e n c e  

o f  n o n c o n t i n u i t y - l i k e  b e h a v i o r  f r o m  a g r a d u a l  l e a r n i n g  

p r o c e s s .  The d e v e l o p m e n t  o f  t h i s  p a t t e r n  o f  r a p i d  l e a r n i n g  

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

l e a r n i n g  s e t .

The p r o g r e s s i v e  i m p r o v e m e n t  i n v o l v e d  i n  t h e  r e v e r s a l  

a n d  o b j e c t - q u a l i t y  l e a r n i n g  s e t  t a s k s  h a s  b e e n  c h a r a c t e r i z e d  

a s  t h e  l e a r r i n q  o f  a r e s p o n s e  s t r a t e g y  (W a r r e n ,  196 6 ) :  a

q e n e r a i  r u l e  t h a t  t e l l s  w h a t  r e s p o n s e  t o  make g i v e n  t h e  

ou t c om e  o f  t h e  p r e v i o u s  r e s p o n s e .  The a p p r o p r i a t e  r e s p o n s e  

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

l o s e - s h i f t  s t r a t e g y .  A n o t h e r  s t r a t e g y  t h a t  h a s  b e e n  s t u d i e d  

t o q e t h e r  w i t h  t h i s  o n e  a t  t i m e s  i s  t h e  w i n - s h i f t ,  l o s e - s t a y  

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

t h e  same r e s p o n s e  f o l l o w i n g  n o n r e i n f o r c e m e n t .

T h e s e  s t r a t e g i e s  were  s t u d i e d  b y  Shimp [ 1 S76) w i t h

p i g e o n s .  U n l i k e  many o t h e r  e x p e r i m e n t s ,  t h e  s t r a t e g i e s  were  

i n  e f f e c t  c r  a t r i a  1-b y - t r i a l  b a s i s  r a t h e r  t h a n  a

p r o b l e m - b y - p r o b l e m  b a s i s .  A l s o  u n l i k e  many e x p e r i m e n t s ,  t h e  

s t r a t e g i e s  we re  i n  e f f e c t  on a p r o b a b i l i s t i c  b a s i s .  D u r i n g  

a t r i a l  t h e  HL and  two k e y s  were  i l l u m i n a t e d .  A peck  t o  t h e  

k e y  f o r  wh ich  r e i n f o r c e m e n t  was a r r a n g e d  t u r n e d  o f f  t h e  

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

r e s p o n s e  t u r n e d  o f f  t h e  key  l i g h t s  b u t  n o t  t h e  HL.

F o l l o w i n g  a 5 - s e c  i n t e r v a l ,  t h e  t r i a l  was r e c y c l e d .  Th is  

c o n t i n u e d  u n t i l  a c o r r e c t  r e s p o n s e  was  e m i t t e d .  The I T I

b e t w e e n  t r i a l s  f o l l o w i n g  a c o r r e c t  r e s p o n s e  was e i t h e r  2 . 5 ,

4 . 0  o r  6 . 0  s e c ,  i n c l u d i n g  t h e  t i m e  of  t h e  r e i n f o r c e r .  An 

e g u a l  a m o u n t  o f  r e i n f o r c e m e n t  was  s c h e d u l e d  cn e a c h  key  

o v e r a l l ,  a c c o r d i n g  t o  t h e  f o l l o w i n g  r u l e s .  F o r  g r o u p  A, t h e  

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

t h e  l a s t  r e i n f o r c e r  was 0 . 8 ,  a n d  t h e  p r o b a b i l i t y  o f  

r e i n f o r c e m e n t  f o r  s w i t c h i n g  s i d e s  was 0 . 2 .  A w i n - s t a y ,  

l o s e - s h i f t  s t r a t e g y  would  b e  o p t i m a l .  F o r  g r o u p  B ,  a 

w i n - s h i f t ,  l o s e - s t a y  s t r a t e g y  was o p t i m a l .  F o r  p a r t  o f  t h e  

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

r e v e r s e  o f  t h e s e  f o r  g r o u p  A; a t  a n o t h e r  p o i n t  t h e  

p r o b a b i l i t i e s  o f  r e i n f o r c e m e n t  f o r  s t a y i n g  a n d  s h i f t i n g  were
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0 . 0  and 1 . 0  r e s p e c t i v e l y .

The  r e s u l t s  c f  t h e  e x p e r i m e n t  i n d i c a t e d  t h a t  t h e

a p p r o p r i a t e  r e s p o n s e  s t r a t e g i e s  were  l e a r n e d :  r e s p o n d i n g  was 

c o n t r o l l e d  by  l o c a l  r e i n f o r c e m e n t  p r o b a b i l i t i e s .  The 

a p p r o p r i a t e  r e s p o n s e  s t r a t e g i e s  were l e a r n e d .  The 

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

0 . 9 6  a t  t h e  2 . 5 - s e c  d e l a y  t o  0 . 7 4  a t  t h e  6 . 0 - s e c  d e l a y  f o r  

g r o u p  A, and  f rom 0 . 8 8  t o  0 . 5 5  f o r  t h e  same  d e l a y s  f o r  g r o u p  

B. Shimp c o n c l u d e d  t h a t  a n  o p t i m a l  s t r a t e g y  was 

a p p r o x i m a t e d  t o  t h e  e x t e n t  a l l o w e d  by t h e  p i g e o n s *  STM. The 

l e v e l  o f  a c c u r a c y  was l o w e r  f o r  g r o u p  B t h a n  f o r  g r o u p  A. 

T h i s  i s  c o n s i s t e n t  w i t h  S c h u s t e r m a n ’ s  [1962)  f i n d i n g s  t h a t  

ch im ps  do  n e t  l e a r n  t h e  w i n - s h i f t ,  l o s e - s t a y  s t r a t e g y  a s  

r e a d i l y  a s  t h e  r e v e r s e  s t r a t e g y .

One i n t e r e s t i n g  i s s u e  i s  t h e  d e g r e e  t o  wh ich  a n

o r g a n i s m  l e a r n s  a g e n e r a l i z e d  r e s p o n s e  s t r a t e g y  a s  o p p o s e d  

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

p r o b l e m s .  War r en  [1966)  t r a i n e d  c a t s  a nd  monk eys  on a 

s e r i e s  o f  r e v e r s a l - l e a r n i n g  p r o b l e m s .  F o r  some a n i m a l s  t h e  

c o r r e c t  o b j e c t  was  r e v e r s e d  a f t e r  a c r i t e r i o n  o f  10

c o n s e c u t i v e  c o r r e c t  r e s p o n s e s  was  r e a c h e d ;  f o r  o t h e r s  t h e  

r e v e r s a l  was s p a t i a l  i n  n a t u r e  [ l e f t  v s .  r i g h t ) .  F o l l o w i n g  

60 r e v e r s a l  p r o b l e m s ,  a l l  a n i m a l s  were  t r a n s f e r r e d  t o  a s e t  

o f  80 o b j e c t - g u a l i t y  d i s c r i m i n a t i o n  p r o b l e m s .  B e t h  g r o u p s  

o f  monkeys  we re  f o u n d  t o  l e a r n  t he  o b j  e c t - q u a l i t y
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d i s c r i m i n a t i e r s  more r a p i d l y  t h a n  d i d  a c o n t r o l  g r o u p  g i v e n  

no p r i o r  t r a i n i n g .  Among t h e  c a t s ,  t h e r e  was v e r y  l i t t l e

d i f f e r e n c e  b e tw e e n  g r o u p s .  T h u s ,  i t  a p p e a r s  t h a t  monkeys  

l e a r n e d  a more g e n e r a l  s t r a t e g y  t h a n  c a t s  wh i ch  was

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

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

I n  summary ,  i t  may b e  s e e n  t h a t  r e s p o n s e  s t r a t e g i e s  may 

b e  t a u g h t  by  p r o c e d u r e s  s u c h  as  r e v e r s a l  l e a r n i n g  i n  wh ich  

t h e y  a r e  o p t i m a l  s o l u t i o n s  t o  t h e  c o n t i n g e n c i e s  i n  e f f e c t . ’ 

They  a r e  l i m i t e d  by  t h e  o r g a n i s m ' s  s e n s i t i v i t y  t o  (STM f o r )  

i t s  p r e v i o u s  b e h a v i o r .  V a r i a t i o n s  i n  t h e  I T I  seem t o  a c t  

s i m i l a r l y  t o  v a r i a t i o n s  i n  d e l a y  i n  t h e  DMTS p a r a d i g m ;  t h u s ,  

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

r e s p o n s e  memory.

The C u r r e n t • Bes e a r c h :  - Gene r a l  Go a l s - a n d - Me t h o d o l ogy -

The c u r r e n t  r e s e a r c h  was c o n c e r n e d  w i t h  t h e  s t u d y  of  

r e s p o n s e  memory,  a n d  t h e  j o i n t  c o n t r o l  o f  b e h a v i o r  by b o t h  

p r i o r  r e s p o n s e s  and s t i m u l i .  As was m e n t i o n e d  e a r l i e r ,

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

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

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

t o p o g r a p h y  and  i n  t h e i r  t e m p o r a l  r e l a t i o n s h i p s  t c  t h e  r e s t  

o f  t h e  p r o c e d u r e .  T h u s ,  a m o d i f i e d  r e v e r s a l - l e a r n i n g
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p r o c e d u r e  was u sed .  I t  d i f f e r s  f r o m  o t h e r  r e v e r s a l - l e a r n i n g  

p r o c e i u r e s  i n  t h a t  a f t e r  t h e  c r i t e r i o n  number  o f  c o n s e c u t i v e  

c o r r e c t  r e s p o n s e s  was r e a c h e d ,  o n e  o f  two s i g n a l  was 

p r e s e n t e d .  The s i g n a l ,  whi ch  u s u a l l y  r e p l a c e d  t h e  l a s t

r e i n f o r c e r ,  was f o r  e i t h e r  a r e v e r s a l  o r  a n o n r e v e r s a l  o f  

t h e  c o r r e c t  s i d e  cn t h e  n e x t  t r i a l .  A c o r r e c t  r e s p o n s e  on 

t h e  t r i a l  f o l l o w i n g  a s i g n a l  d e p e n d e d  on memory f c r  b o t h  t h e  

p r i o r  r e s p o n s e  a n d  t h e  s i g n a l :  n e i t h e r  was a d e g u a t e  i n

i t s e  I f .

The  g e n e r a l  p r o c e d u r e ,  shown i n  d i a g r a m  fo rm  i n  F i g u r e  

1 ,  i s  a s  f o l l o w s .  T he  s u b g e c t s  w e r e  w h i t e  C a r n e a u x  p i g e o n s .  

I n  t h e  r e g u l a r  t r i a l  s e q u e n c e ,  f o l l o w i n g  an  I T I  o f  6 s e c  t h e  

HL and two r e s p o n s e  k e y s  w e r e  i l l u m i n a t e d  by w h i t e  l i q h t s .

At  t h e  b e q i n n i i g  c f  a s e s s i o n  one s i d e  was r a n d o m l y

d e s i g n a t e d  c o r r e c t .  A p e c k  t o  e i t h e r  key t u r n e d  o f f  t h e  HL 

and  key l i q h t s  a rd i n i t i a t e d  t h e  n e x t  I T I .  I f  t h e  r e s p o n s e  

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

s o m e t i m e s  f e e d  was p r e s e n t e d .  A f t e r  a c r i t e r i o n  number  o f  

c o n s e c u t i v e  c o r r e c t  r e s p o n s e s  e i t h e r  t h e  r e v e r s a l  o r  

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

f o l l o w i n g  I T I ,  w h i c h  was s o m e t i m e s  v a r i a b l e  i n  d u r a t i o n .  

T h i s  I T I  w i l l  be  r e f e r r e d  t o  a s  t h e  r e v e r s a l / n o n r e v e r s a l  

(E/NR) I T I .  Fed l i q h t s  on  t h e  r e s p o n s e  k e y s  s i q n a l l e d  a 

r e v e r s a l ,  and  g r e e n  l i q h t s  s i g n a l l e d  a n o n r e v e r s a l .  On t h e  

n e x t  t r i a l ,  a  c o r r e c t  r e s p o n s e  p r o d u c e d  a l o n g e r  f o o d
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r e i n f o r c e r ,  and  an  i n c o r r e c t  r e s p o n s e  r e s u l t e d  i n  a l o n g e r  

I T I .  At t h i s  p o i n t  t h e  r e g u l a r  s e q u e n c e  was r e p e a t e d .  Some 

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

a n o t h e r .  The d a t a  on w h i c h  m o s t  a n a l y s e s  a r e  b a s e d  a r e  f r om  

t h e  t r i a l s  i m m e d i a t e l y  f o l l o w i n g  t h e  s i g n a l s .

T h e r e  were  t h r e e  m a j o r  i n d e p e n d e n t  v a r i a b l e s .  A m a j o r  

i n t e r e s t  was  i n  t h e  l c c u s  o f  t h e  s i g n a l  w i t h i n  t h e  E/NR I T I :  

i t  c o u l d  o c c u r  e i t h e r  a t  t h e  b e q i n n i n g  o r  t h e  e n d .  I f  t h e  

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

b i r d  t o  r emember  b o t h  i t s  p r e v i o u s  r e s p o n s e  a nd  t h e  s i g n a l  

a c r o s s  t h e  I T I .  I f  t h e  s i g n a l  o c c u r r e d  a t  t h e  end o f  t h e  

I T I ,  t h e  b i r d  had t o  r eme mbe r  i t s  l a s t  r e s p o n s e  a c r o s s  t h e  

e n t i r e  I T I ,  b u t  t h e  r e l a t i o n s h i p  of  t h e  s i g n a l  t o  t h e  n e x t  

r e s p o n s e  was e q u i v a l e n t  t o  t h a t  o f  a z e r o - d e l a y  MTS 

p r o c e d u r e  r e g a r d l e s s  c f  t h e  I T I  l e n g t h .  T h u s ,  i t  was 

e x p e c t e d  t h a t  p e r f o r m a n c e  w o u l d  be  more  a c c u r a t e  w i t h  t h e  

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

v a r i a b l e  was  t h e  R/NE I T I  l e n g t h .  S e v e r a l  d i f f e r e n t  I T I  

v a l u e s  were  s y s t e m a t i c a l l y  e x p l o r e d ,  r a n q i n g  f rom z e r o  t o  20 

s e c ,  e x c l u d i n g  t h e  t i m e  d u r i n g  which  t h e  s i g n a l  was p r e s e n t .  

V a r y i n g  t h e  I T I  i n  a r e v e r s a l - l e a r n i n g  e x p e r i m e n t  i s  

e q u i v a l e n t  t c  v a r y i n g  t h e  d e l a y  i n  a DMTS p r o c e d u r e .  I t  i s  

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

on t h e  l o c u s  c f  t h e  s i g n a l  i n  t h e  d e l a y .  The t h i r d  v a r i a b l e  

was s t i m u l u s  c h a n g e  d u r i n g  t h e  R/NR I T I .  D u r i n q  t r a i n i n g
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t h e  HI was o f f  d u r i n g  t h e  I T I  f o r  some b i r d s ,  a n d  on  f o r  

o t h e r s .  The  b i r d s  we re  t e s t e d  w i t h  HL i l l u m i n a t i o n  

c o n d i t i o n s  r e v e r s e d .  The r a t e  o f  a c q u i s i t i o n  w i t h  t h e  HL on 

o r  o f f  was s t u d i e d  as w e l l  a s  t h e  r e l a t i o n s h i p  b e t w e e n  

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

The d i f f e r e n t i a l  d i s r u p t a b i l i t y  o f  s t i m u l u s  a n d  r e s p o n s e  

memory w a s  c f  i n t e r e s t .  A l t h o u q h  Maki e t  a l .  (1977)  f o u n d  

no d i f f e r e n c e  i n  d i s r u p t a b i l i t y  b e t w e e n  s t i m u l u s  and 

r e s p o n s e  memory u s i n q  a D MTS p r o c e d u r e  w i th  s e p a r a t e  q r o u p s  

o f  s u b j e c t s ,  t h e  p r e s e n t  m e t h od  r e q u i r e s  j o i n t  c o n t r o l  

w i t h i n  a s i r q l e  p r o c e d u r e  a n d  c o u l d  r e s u l t  i n  a more  

s e n s i t i v e  c o m p a r i s o n ,  a s  i n  t h e  r e s e a r c h  by C oh en  e t  a l .  

(1976,  1 981)  and  U r c u i o l i  and  Hcn iq  ( 1980) .

A p a l y  s i  s  o f  t h e  Da ta,

I t  would  be r e a s o n a b l e  t o  e x p e c t  t h a t ,  i n  a p r o c e d u r e  

w h i ch  a l l o w s  a c h o i c e  b e t w e e n  c o n t i n u i n q  t o  e m i t  t h e  same 

r e s p o n s e  an d  s w i t c h i n g  r e s p o n s e s ,  t h e r e  m i q h t  be  a b u i l t - i n  

b i a s  t o w a r d s  p e r s e v e r a t i o n  w i t h  t h e  r e s p o n s e  t h a t  h a s  b e e n  

r e i n f o r c e d  e v e r  t h e  l a s t  s e v e r a l  t r i a l s .  I f  s o ,  a s i m p l e  

me a su re  su c h  a s  t h e  p e r c e n t a g e  o f  c o r r e c t  r e s p o n s e s  would 

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

a c c u r a c y  o f  n o t  r e v e r s i n g .  A m e a s u r e  o f  p e r f o r m a n c e  t h a t  i s  

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

o t h e r  i s  n e e d e d .  S uc h  a m e a s u r e  may be dr awn f r c m  s i q n a l  

d e t e c t i o n  t h e o r y .  C l a s s i c a l  s i q n a l  d e t e c t i o n  t h e o r y  

p r o p o s e s  t h a t  a g i v e n  s t i m u l u s ,  up on  r e p e a t e d  p r e s e n t a t i o n ,  

p r o d u c e s  somewhat  d i f f e r e n t  s e n s o r y  e f f e c t s  upon t h e  

o r q a n i s m  a t  d i f f e r e n t  t i m e s .  T h e s e  s e n s o r y  e f f e c t s  a r e  

a s s u m e d  t c  be  n o r m a l l y  d i s t r i b u t e d  a r o u n d  some mean v a l u e .  

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

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

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

mean .  The  a b i l i t y  c f  a n  o r q a n i s m  t o  d i s c r i m i n a t e  b e tw ee n  

t h e  s t i m u l i  ( t he  o r g a n i s m ’ s  s e n s i t i v i t y )  d e p e n d s  on t h e  

s e p a r a t i o n  b e t w e e n  t h e  d i s t r i b u t i o n s .  S e n s i t i v i t y  i s  

c o n s i d e r e d  t o  be i n d e p e n d e n t  o f  any b i a s  w h i c h  may be  

i n t r o d u c e d  ( f o r  e x a m p l e ,  by  r e i n f o r c i n g  one c o r r e c t  c h o i c e  

more f r e q u e n t l y  t h a n  t h e  o t h e r ) .  I n  s u c h  an e x p e r i m e n t ,  i n  

w h i c h  o n e  c f  two s t i m u l i  i s  p r e s e n t e d  and t h e  s u b j e c t  mus t  

r e s p o n d  t o  i n d i c a t e  w h i c h  s t i m u l u s  i t  was e x p o s e d  t o ,  t h e r e  

a r e  f o u r  p o s s i b l e  t r i a l  o u t c o m e s  w h i c h  may be  d e s c r i b e d  by  

t h e  f o l l o w i n g  p a y o f f  m a t r i x .
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STIKU1US 

S 1 S2

H1

RESPONSE

R 2

G e n e r a l l y ,  t h e  o c c u r r e n c e  o f  R 1 i n  t h e  p r e s e n c e  o f  S1 

o r  R2 i n  t h e  p r e s e n c e  o f  S2 i s  r e i n f o r c e d ,  w h e r e a s  t h e  o t h e r  

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

A c c o r d i n g  t c  c l a s s i c a l  s i g n a l  d e t e c t i o n ,  w i t h  i t s  

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

p r o b a b i l i t i e s  o f  R1 g i v e n  S1 (R1/S1)  and  R1 /S2  a r e  

t r a n s f o r m e d  t c  n o r m a l  d e v i a t e s  [ 2- s c o r e s ) ,  t h e  d i f f e r e n c e  

b e t w e e n  x - s c o r e s  f o r  h i t s  and  f a l s e  a l a r m s  s h o u l d  r em a in  

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

r e g a r d l e s s  c f  any b i a s  i n t r o d u c e d  t o w a r d  one r e s p o n s e  o r  t h e  

o t h e r .  T h i s  c o n s t a n t  m e a s u r e  o f  s e n s i t i v i t y  i s  c a l l e d  d ' .

The  p i g e o n ' s  t a s k  i n  t h e  c u r r e n t  r e s e a r c h  may be  v i e w e d  

a s  t h e  d e t e c t i o n  o f  r e v e r s a l s .  A l t h o u g h  a r b i t r a r y ,  i t  

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

an d  g r e e n  s t i m u l i  a s  i n d i c a t e d  i n  t h e  f o l l o w i n g  m a t r i x .

Hi t
1
I F a l s e  
I A la rm
!

M i s s

---1--------------------------------
1
I C o r r e c t  
I R e i e c t i o n  
1
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SIGNAL 

RED GREEN

SHIFT

RESPONSE

STAY

+-----
1
1 Hi t

1
| F a l s e

I
i

1
1

j A l a rm  
1

1
1

1
1
I H i s s

1
1 C o r r e c t

1
1

1
1
+ - —

I R e j e c t i o n  
1

1
I

T h e r e  i s  no r e a s o n  t o  a s su m e  n o r m a l  d i s t r i b u t i o n s  of  

s e n s o r y  e f f e c t s  i n  t h i s  r e s e a r c h .  I n  f a c t ,  t h e r e  i s  no 

r e a s o n  t o  a s sume  an y  d i s t r i b u t i o n s  a t  a l l .  Y e t ,  t h e  i d e a  o f  

s e p a r a t i n q  s e n s i t i v i t y  f r om  b i a s  i s  c r u c i a l .  A c c o r d i n g l y ,  a 

s e t  o f  s t a t i s t i c s  d e s c r i b e d  by N e v i n ,  J e n k i n s ,  W h i t t a k e r  and  

Y a r e n s k y  (1982) was e m p l o y e d .  T hes e  s t a t i s t i c s  make no 

a s s u m p t i o n s  a b o u t  d i s t r i b u t i o n s .  F u r t h e r m o r e ,  t h e s e  

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

f o r m ,  s h a r e  t h e  p r o p e r t y  of  b e i n q  unbo un de d  w i t h  t h e  

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

m e a s u r e  o f  s e n s i t i v i t y  i s  d ,  a n d  t h e  m e a s u re  f o r  b i a s  i s  b .  

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

d i s c u s s e d  i r  c o n s i d e r a b l e  d e t a i l  by  Nev in  e t  a l .  ( 1 9 8 2 ) ,  

and  t h e  s e n s i t i v i t y  m e a s u r e  i s  d i s c u s s e d  by D a v i s o n  and 

T u s t i n  ( 1 9 7 8 ) .  I t  s h o u l d  be  n o t e d  t h a t ,  a l t h o u g h  no 

a s s u m p t i o n s  o f  u n d e r l y i n g  d i s t r i b u t i o n s  a r e  neede d  t o
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e s t i m a t e  d ,  l o q  d i s  l i n e a r l y  r e l a t e d  t o  d ’ . Tbe e q u a t i o n s  

f o r  a and  fc a r e  a s  f e l l o w s .

\

H_ . C R .  
H  F A

b  = \

H . FA 
/ A  C R

The  r a n e e  c f  d i s  f r c m  i n f i n i t y  when d i s c r i m i n a t i o n  i s  

p e r f e c t  t o  0 . 0  when r e s p o n s e s  a r e  a l w a y s  i n c o r r e c t  w i t h  

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

o f  1 . 0 .  The r a n q e  o f  b i s  a l s o  f rom 0 . 0  t o  i n f i n i t y ,  w i t h

1 .0  i n d i c a t i r q  no b i a s .  I n  t h e  f o l l o w i n g  e x p e r i m e n t s ,  

v a l u e s  o f  b l e s s  t h a n  1 .0  i n d i c a t e  a b i a s  t o w a r d s

p e r s  e v e r a t  i c r  cn t h e  same k e y ,  w h e r e a s  v a l u e s  g r e a t e r  t h a n

1 . 0  i n d i c a t e  a b i a s  t o w a r d s  r e v e r s a l .  As i s  t h e  c a s e  w i t h

t h e  m e a s u r e  d ' ,  f o r  b o t h  d and  b t h e  e x t r e m e  v a l u e s  ( 0 . 0 ,

i n f i n i t y )  a r e  o b t a i n e d  f o r  any s a m p l e  o f  b e h a v i o r  i n  wh ich  

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

exampLe ,  a b i a s  t o w a r d s  n o n r e v e r s a l  m i g h t  r e s u l t  i n  a s m a l l  

numbe r  o f  f a l s e  a l a r m s .  I f ,  due  t o  t h e  u s e  o f  f i n i t e  s a m p l e  

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

d would b e  i n f i n i t e  a n d  b w o u l d  be e q u a l  t o  0 - 0 ,  e v e n  t h o u g h  

a l a r q e r  s a m p l e  m i g h t  r e s u l t  i n  l e s s  e x t r e m e  v a l u e s .  T h u s ,  

o c c a s i o n a l  e x t r e m e  v a l u e s  o f  d a nd  fc a r e  g e n e r a l l y  d u e  t o  

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

d i f f e r e n t  f r o m t h a t  r e p r e s e n t e d  by i n t e r m e d i a t e  v a l u e s -
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The s e n s i t i v i t y  and  b i a s  m e a s u r e s  i n v o l v e  r a t i o s  o f  

r e s p o n s e  f r e q u e n c i e s .  & s i s  f r e q u e n t l y  t h e  c a s e  -with r a t i o

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

t h r o u g h o u t .  I n  t h e  c a s e  o f  s e n s i t i v i t y ,  a  l o g a r i t h m i c  p l o t  

c a u s e s  p o i n t s  t h a t  r e p r e s e n t  e q u a l  s e n s i t i v i t y  l e v e l s  t o  be  

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

r e p r e s e n t  a b o v e - c h a n c e  o r  b e l o w - c h a n c e  p e r f o r m a n c e .  A 

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

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

t o  be d i s p l a y e d  e q u i d i s t a n t  f r om t h e  n o - b i a s  l i n e .  B e c a u s e  

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

s a m p l e s  f o r  s t a b i l i t y ,  a l l  c a l c u l a t i o n s  were  done on a t  

l e a s t  t h e  l a s t  h u n d r e d  t r i a l s  i n  a c o n d i t i o n .  I n  many c a s e s  

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



I .  EXPERIMENT I

The f i r s t  e x p e r i m e n t  was  d e s i q n e d  p r i m a r i l y  t c  e x p l o r e  

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

I t  was a l s o  d e s i g n e d  t o  p r o v i d e  p r e l i m i n a r y  d a t a  c o n c e r n i n g  

some o f  t h e  v a r i a b l e s  r e l e v a n t  t o  such  c o n t r o l ,  and  t o  

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

c o n t r o l  p e r f o r m a n c e .  B e c a u s e  o f  t h e  e x p l o r a t o r y  n a t u r e  o f  

t h i s  e x p e r i m e n t ,  some p r o c e d u r a l  d e t a i l s  w e r e  m o d i f i e d  a s  

t h e  n e ed  became  a p p a r e n t .

Met h o d-

Su b j e c t s -

The s u b j e c t s  w e re  t h r e e  w h i t e  C a r n e a u x  p i g e o n s .  B i r d s  

8 and  227 had  p r i o r  e x p e r i e n c e  w i th  a u t o s h a p i n g  p r o c e d u r e s  

and  b i r d  85 had  p r i o r  e x p e r i e n c e  w i t h  f i x e d -  and  v a r i a b l e -  

i n t e r v a l  s c h e d u l e s .

41



42

A p p a r a t u s  -

A s t a n d a r d  t w o - k e y  p i g e o n  c h a m b e r  was u s e d .  The 

e x p e r i m e n t  was c o n t r o l l e d  by e l e c t r o m e c h a n i c a l  p r og ramm ing  

e q u i p m e n t .

P r oc ed  u r e -

B e c a u s e  c f  t h e  p i l o t  n a t u r e  o f  t h i s  r e s e a r c h ,  some 

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

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

d e s c r i b e d .  A d i s c r e t e - t r i a I s  p r o c e d u r e  was u s e d .  S e s s i o n s  

l a s t e d  f o r  40 min t h r o u g h o u t  mos t  o f  t h e  e x p e r i m e n t .  The HL 

was on  t h r o u g h o u t  t h e  s e s s i o n  e x c e p t  a s  n o t e d .  F o l l o w i n g  a 

6 - s e c  I T I ,  b o t h  k e y s  we re  i l l u m i n a t e d  w h i t e .  I n i t i a l l y ,  one 

key was r a n d o m l y  d e s i g n a t e d  c o r r e c t .  A s i n g l e  p e c k  t o  

e i t h e r  k e y  i n i t i a t e d  t h e  n e x t  I T I .  A c o r r e c t  r e s p o n s e  

p r o d u c e d  r e i n f o r c e m e n t ,  t h e  d u r a t i o n  o f  which was  i n c l u d e d  

i n  t h e  I T I  t i m e .  The  r e i n f o r c e m e n t  d u r a t i o n  was g r a d u a l l y  

d e c r e a s e d  f rom 2 . 2 5  s e c  t o  1 . 2 5  s e c .  An i n c o r r e c t  r e s p o n s e  

r e s e t  t h e  c r i t e r i o n  c o u n t e r .  T h i s  p r o c e d u r e  c o n t i n u e d  u n t i l  

t h e  c r i t e r i o n  number  o f  c o n s e c u t i v e  c o r r e c t  r e s p o n s e s  

o c c u r r e d .  T h r o u g h o u t  mos t  o f  t h e  e x p e r i m e n t  t h e  c r i t e r i o n  

was 5 r e s p o n s e s ,  a l t h o u g h  t h e  c r i t e r i o n  was 10 r e s p o n s e s  

e a r l y  i n  t r a i n i n g .  D u r i n g  much o f  t h e  e x p e r i m e n t  a
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c o r r e c t i o n  p r o c e d u r e  was i n  e f f e c t  f o l l o w i n g  an  i n c o r r e c t  

r e s p o n s e .  On t h e  n e x t  t r i a l ,  o n l y  t h e  c o r r e c t  hey was l i t .  

A r e s p o n s e  p r o d u c e d  r e i n f o r c e m e n t  and  a n  I T I ,  b u t  was n o t  

c o u n t e d  a nd  d i d  n o t  a d v a n c e  t h e  c r i t e r i o n  c o u n t e r .  The  

r e q u l a r  p r o c e d u r e  t h e n  r e s u m e d .

When t h e  c r i t e r i o n  was  m e t ,  t h e  r e v e r s a l  o r  n o n r e v e r s a l  

(R/NB) s e q u e n c e  b e q a n .  The  I T I  f o l l o w i n q  t h e  c r i t e r i o n  

r e s p o n s e  ( t h e  E/WE I T I )  was v a r i e d  a c r o s s  s e s s i o n s  i n  t h e  

f o l l o w i n q  s e q u e n c e :  6 s e c  (41-48  s e s s i o n s ) ,  30 s e c  (25 -28

s e s s i o n s )  , 12 s ec  (25 -26  s e s s i o n s )  and 6 s e c  ( 3 7 -4 3

s e s s i o n s )  . D u r i n g  t h i s  p h a s e  o f  t h e  e x p e r i m e n t  t h e  

c o r r e c t i o n  p r o c e d u r e  was i n  e f f e c t .  F o l l o w i n q  t h e  I T I ,  t h e  

k e y s  w e r e  i l l u m i n a t e d  r ed  o r  g r e e n .  I f  b o t h  k e y s  were  r e d ,  

t h e  c o r r e c t  s i d e  was r e v e r s e d ;  q r e e n  k e y s  s i g n a l l e d  a 

n o n r e v e r s a l .  A peck  t c  a c o l o r e d  k e y  p r o d u c e d  r e i n f o r c e m e n t  

and a d v a n c e d  t h e  c r i t e r i o n  c o u n t e r  i f  c o r r e c t  and  t e q a n  t h e  

r e q u l a r  s e q u e n c e  a g a i n .  F o l l o w i n q  t h i s  p h a s e  o f  t h e  

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

f o l l o w i n g  a c o r r e c t  r e v e r s a l  o r  n c n r e v e r s a l  was i n c r e a s e d  t o  

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

b i a s i n g  o p e r a t i o n .  B e c a u s e  o f  p o o r  p e r f o r m a n c e  on E/NE 

t r i a l s ,  a number  o f  a s p e c t s  o f  t h e  p r o c e d u r e  were t h e n  

m o d i f i e d .  R e i n f o r c e m e n t  d u r a t i o n  f o l l o w i n g  r e g u l a r  t r i a l s  

was d e c r e a s e d  t o  1 s e c ,  an d  t h e  d u r a t i o n  f o l l o w i n g  R/NR 

t r i a l s  was  i n c r e a s e d  t o  5 s e c .  Then o v e r  a s e r i e s  o f  80
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s e s s i o n s  t h e  El  was t u r n e d  o f f  d u r i n q  I T I s  p r e c e d i n g  R/NR 

t r i a l s  f o r  b l o c k s  c f  3 s e s s i o n s ,  r e m a i n i n g  on  d u r i n q  

a l t e r n a t e  3 - s e s s i o n  b l o c k s .  As t h i s  work p r e c e d e d  t h e  

p u b l i c a t i o n  o f  T r a n b e r g  an d  R i l l i n q  ( 1 9 8 0 ) ,  i t  was  e x p e c t e d  

t h a t  p e r f o r m a n c e  w o u l d  be more a c c u r a t e  wi th  t h e  Eli o f f .

R e s u l t s

I n i t i a l  a c q u i s i t i o n  was f a i r l y  r a p i d .  A c c u r a c y  on R/NR 

t r i a l s  was  above  c h a n c e  w i t h i n  20 s e s s i o n s  f o r  a l l  b i r d s .  

The  v a l u e  c f  d was g r e a t e r  t h a n  7 . 0  f o r  a l l  b i r d s  by t h e  end  

o f  t h e  b a s e l i n e  c o n d i t i o n .  As s o o n  a s  t h e  R/NR I T I  was 

l e n g t h e n e d  t c  30 s e c ,  a c c u r a c y  d e c r e a s e d  t o  n e a r  t h e  c h a n c e  

l e v e l  f o r  a l l  b i r d s .  I t  r e m a i n e d  low f o r  t h e  1 2 - s e c  I T I  

c o n d i t i o n ,  b u t  when t h e  R/NR I T I  was d e c r e a s e d  t o  6 s e c ,  

b a s e l i n e  p e r f o r m a n c e  was r e c o v e r e d .  Da ta  f o r  t h e  l a s t  200 

t r i a l s  o f  e a c h  c o n d i t i o n  a r e  d i s p l a y e d  i n  F i q u r e  2 .  I t  

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

f o r  b i r d  8 i s  due  i n  p a r t  t o  t h e  h i g h  s e n s i t i v i t y  o f  d t o  

s m a l l  v a r i a t i o n s  i n  p e r f o r m a n c e  when d i s c r i m i n a t i o n  i s  a t  a 

h i g h  l e v e l  o f  a c c u r a c y .

F i g u r e  3 shews  r e s p o n s e  b i a s  a s  a f u n c t i o n  o f  d e l a y  f o r  

t h e  same e x p e r i m e n t a l  s e s s i o n s .  Two t r e n d s  may b e  s e e n  f rom 

t h e  d a t a .  F i r s t ,  t h e r e  was a t r e n d  t o w a r d s  p e r s e v e r a t i o n  on 

t h e  same k e y .  I n c o r r e c t  r e s p o n s e s  w e r e  more  l i k e l y  t o
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i n v o l v e  s t a y i n g  i n c o r r e c t l y  r a t h e r  t h a n  i n c o r r e c t  r e s p o n s e  

r e v e r s a l s .  S e c o n d ,  w i t h  i n c r e a s i n g  d e l a y ,  r e s p o n s e  b i a s  

t e n d e d  t o  d e c r e a s e .  Wi th  l o n g e r  d e l a y s  t h e r e  was a t  mos t  a 

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

The e l i m i n a t i o n  o f  c o r r e c t i o n  t r i a l s  r e s u l t e d  i n  a t  

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

B i r d s  8 a n d  85 r e c o v e r e d  c o m p l e t e l y ,  b u t  b i r d  227 showed 

o n l y  p a r t i a l  r e c o v e r y  a t  t h e  end of t h a t  c o n d i t i o n ,  w i t h  a 

s t r o n g  b i a s  a g a i n s t  r e v e r s i n g .  At  t h i s  p o i n t  t h e  

p r o b a b i l i t y  c f  an E/NE t r i a l  b e i n g  a r e v e r s a l  was  i n c r e a s e d  

t o  0 . 8 .  A l t h o u g h  t h i s  was e x p e c t e d  t o  b i a s  t h e  b i r d s  

t o w a r d s  r e v e r s i n g  on  t e s t  t r i a l s ,  a t  mos t  m i n o r  s h i f t s  i n  

b i a s  w e r e  o b s e r v e d .

The m o s t  i n t e r e s t i n g  f i n d i n q s  o f  t h e  f i r s t  e x p e r i m e n t  

c o n c e r n  t h e  HL m a n i p u l a t i o n .  F o r  r e a s o n s  t h a t  a r e  no l o n g e r  

c l e a r  t o  t h e  e x p e r i m e n t e r ,  b a s e l i n e  t r a i n i n g  was c o n d u c t e d  

w i t h  t h e  HL on d u r i n g  a l l  I T I s ,  i n c l u d i n g  t h e  B/NB I T I .  

T h u s ,  when t h e  HL m a n i p u l a t i o n  was c o n d u c t e d ,  i t  was t h e  

b i r d s '  f i r s t  e x p o s u r e  t o  d a r k n e s s  d u r i n g  a n  I T I ,  t h e  r e v e r s e  

o f  t he  u s u a l  p r o c e d u r e  i n  DMTS e x p e r i m e n t s .  F o r  a l l  t h r e e  

b i r d s ,  a c c u r a c y  d e c r e a s e d  when t h e  HL was o f f ,  a n d  r e c o v e r e d  

when i t  was on .  T h i s  e f f e c t  p e r s i s t e d  t h r o u g h o u t  t r a i n i n g  

f o r  b i r d  85 ,  r e m a i n e d  s t r o n g  f o r  o v e r  20 H L -o f f  s e s s i o n s  f o r  

b i r d  8 ,  a n d  weakened  c o n s i d e r a b l y  f o r  227 a f t e r  18 H L - o f f  

s e s s i o n s .
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T h e s e  t r e n d s  w e r e  n o t  r e f l e c t e d  i n  t h e  r e s p o n s e  b i a s  

d a t a  i n  a l l  c a s e s .  E i r d s  8 an d  85 s t a r t e d  w i t h  an  i n c r e a s e d  

b i a s  t o w a r d s  p e r s e v e r a t i o n  i n  t h e  H i - o f f  c o n d i t i o n ,  w h i l e  

b i r d  227 showed t h e  r e v e r s e  t e n d e n c y .  The d i f f e r e n c e

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

8 t h a n  d i d  s e n s i t i v i t y  d i f f e r e n c e s .  F o r  b i r d  8 5 ,  w h e r e a s  

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

d i f f e r e n c e s  d i s a p p e a r e d  a f t e r  9 H L - o f f  s e s s i o n s .  F o r  b i r d  

2 2 7 ,  t h e  c o n v e r g e n c e  o f  s e n s i t i v i t y  f u n c t i o n s  was n o t  

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

a  f a i r l y  c o n s t a n t  amount  t h r o u g h o u t .  T h e s e  d a t a  a r e

d i s p l a y e d  i n  F i g u r e s  4 a n d  5.

§ c u s s i o n -

Most  r e p o r t e d  r e s e a r c h  h a s  d e m o n s t r a t e d  t h a t  HL

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

d i s r u p t i o n  o f  DMTS p e r f o r m a n c e .  At t h e  t i m e  t h i s  e x p e r i m e n t  

was  c o n d u c t e d  t h e r e  was  no r e a s o n  t o  b e l i e v e  t h e  r e s u l t s  o f  

t h i s  e x p e r i m e n t  would  d e p a r t  f rom t h a t  p a t t e r n  d e s p i t e  t h e  

u n u s u a l  b a s e l i n e  c f  HL on d u r i n g  t h e  R/NR I T I s .  T h u s ,  i t  

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

w i t h  t h e  i n t r o d u c t i o n  of  H L - o f f  I T I s .  I n  l i g h t  o f  r e s e a r c h  

by  T r a n b e r g  and  R i l l i n g  (1980)  and o t h e r s ,  t h e s e  f i n d i n g s  

a r e  l e s s  s u r p r i s i n g .  H o w e v e r ,  t h e y  a r e  s t i l l  s i g n i f i c a n t  i n
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t h a t  t h e y  s u p p o r t  t h e  n o t i o n  t h a t  t h e  c r i t i c a l  v a r i a b l e  i s  

c h a n g e  i n  s t i m u l a t i o n  r a t h e r  t h a n  t h e  a b s o l u t e  l e v e l  o f  

s t i m u l a t i o n  d u r i n g  t h e  d e l a y  p e r i o d -  T h ey  a l s o  e x t e n d  t h i s  

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

u s u a l  DHTS p r o c e d u r e .

The d a t a  on r e s p o n s e  b i a s  a r e  i n t e r e s t i n g  a s  w e l l  a s  

t h e  s e n s i t i v i t y  d a t a .  The a d v a n t a g e  o f  a s i g n a l  d e t e c t i o n  

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

o f  s e n s i t i v i t y  and  b i a s .  The d a t a  f r o m  th e  HL m a n i p u l a t i o n  

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

a s e p a r a t i o n ,  a s  i t  was s e e n  t h a t  a m a n i p u l a t i o n  may a f f e c t  

one a s p e c t  o f  b e h a v i o r  d i f f e r e n t l y  f rom t h e  o t h e r .  H o w e v e r ,  

a s  may be  s e e n  by c o m p a r i s o n  o f  F i g u r e s  2 and  3 ,  s e n s i t i v i t y  

and  b i a s  may n o t  a l w a y s  be  i n d e p e n d e n t .  I n  t h i s  e x p e r i m e n t  

t h e r e  was  a c l e a r  c o v a r i a t i o n  b e t w e e n  t h e  two m e a s u r e s :  a s  

s e n s i t i v i t y  d e c r e a s e d ,  t h e  d e g r e e  of  r e s p o n s e  b i a s  a l s o  

d e c r e a s e d .  T h i s  i s  du e  t o  an u n u s u a l  p r o p e r t y  o f  a r e v e r s a l  

p r o c e d u r e :  u n l i k e  many s i g n a l  d e t e c t i o n  p r o c e d u r e s  t h e

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

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

d i s c r i m i n a t i o n  e x p e r i m e n t  t h e  r i g h t  key m i a h t  be p e c k e d  i f  a 

b r i g h t  l i g h t  i s  p r e s e n t e d  an d  t h e  l e f t  k ey  g i v e n  a dim 

l i g h t .  I f  t h e  l i g h t s  become l e s s  d i s t i n g u i s h a b l e  

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

r e s p o n s e  t o  r e l a t i v e  b r i g h t n e s s  r e m a i n s  c o n s t a n t .  I n  a
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r e v e r s a l  p r o c e d u r e  s u c h  a s  t h e  one  i n  t h i s  e x p e r i m e n t ,  a 

l e f t - k e y  r e s p o n s e  may be  a r e v e r s a l  o r  a n o n r e v e r s a l ,  

d e p e n d i n g  on t h e  p r e v i o u s  r e s p o n s e .  With i n c r e a s i n g  d e l a y ,  

s e n s i t i v i t y  (memory) d e c r e a s e s .  As t h e  b i r d  b e c o m e s  l e s s  

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

r e l a t i o n s h i p  o f  t h e  two a v a i l a b l e  r e s p o n s e s  t c  t h e  R/NR 

s i q n a l  b e co m es  l e s s  d e f i n e d  t c  t h e  b i r d .  I n  t h e  a b s e n c e  o f  

memory f o r  t h e  p r e v i o u s  r e s p o n s e ,  a c o n s i s t e n t  r e s p o n s e  b i a s  

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

o b s e r v e d  c o v a r i a t i o n  o f  s e n s i t i v i t y  and  b i a s  i s  an  e x p e c t e d  

r e s u l t .

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

o v e r  a w i n - s t a y ,  l o s e - s h i f t  s t r a t e g y  c o u l d  be  e s t a b l i s h e d .  

I t  a l s o  d e l i n e a t e d  t h e  r a n g e  o f  d e l a y  v a l u e s  t h a t  would 

c o n t r o l  a w i de  r a n g e  c f  s e n s i t i v i t y ,  t h u s  s e t t i n g  t h e  s t a g e  

f o r  an a n a l y s i s  o f  memory i n  t h e  r e m a i n i n g  e x p e r i m e n t s .



I I . EXPERIMENT I I

R a t h e r  t h a n  c o n t i n u e  w i th  t h e  f i r s t  e x p e r i m e n t ,  i t  was 

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

s y s t e m a t i c  f a s h i o n  w i t h  new s u b j e c t s .  The p r o c e d u r e  o f  t h e  

s e co n d  e x p e r i m e n t  was s i m i l a r  t o  t h a t  u s e d  i n  E x p e r i m e n t  I  

w i t h  tw o  m a j o r  e x c e p t i o n s .  F i r s t ,  R/NR s i q n a l s  w e r e  

p r e s e n t e d  d u r i n q  t h e  R/NR I T I ,  w i t h  t r i a l  s t i m u l i  a l w a y s  

b e i n q  w h i t e  key l i q h t s .  S e c o n d ,  d e l a y s  were v a r i a b l e  w i t h i n  

s e s s i o n s .  A n o t h e r  s i q n i f i c a n t  d i f f e r e n c e  was  i n  t h e  

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

d e l a y s  we re  i n t r o d u c e d  s u d d e n l y ,  c h a n q i n q  f r o m  6 s e c  t o  30 

s e c  i n  o n e  s t e p .  A l l  t r i a l s  i n  a s e s s i o n  had  t h e  same 

d e l a y .  The s u d d e n  i n c r e a s e  i n  d i f f i c u l t y  may h a v e  been  

u n n e c e s s a r i l y  d i s r u p t i v e  t o  R/NR t r i a l  a c c u r a c y .  T h u s ,  i n  

t h e  s e c o n d  e x p e r i m e n t ,  t h e  v a l u e s  of  R/NR I T I s  w e re  

q r a d u a l l y  i n c r e a s e d  f r o m  z e r o  t o  i n s u r e  t h a t  no s u d d e n  

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

At a l l  t i m e s ,  a t  l e a s t  25% o f  t h e  R/NR t r i a l s  had z e r o  

d e l a y s ,  so  t h e r e  would be some e a s y  p r o b l e m s  i n  a l l  

s e s s i o n s .

53
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The s e c c n d  e x p e r i m e n t  i n v o l v e d  t h e  s y s t e m a t i c  

e x p l o r a t i o n  o f  p e r f o r m a n c e  w i t h  E/NR I T I s  r a n q i n q  f rom 0 t o  

20 s e c ,  e x c l u d i n g  t h e  1 . 5 - s e c  s i q n a l  t i m e s .  Du r i ng  t h e  

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

f o l l o w i n q  t h e  c r i t e r i c n  r e s p o n s e ;  d u r i n q  t h e  s e c o n d  h a l f ,  i t  

o c c u r r e d  i m m e d i a t e l y  p r e c e d i n q  t h e  R/NR t r i a l .  I n  e a c h  h a l f  

o f  t h e  e x p e r i m e n t ,  t h e  e f f e c t s  of  HI  i l l u m i n a t i o n  d u r i n g  t h e  

R/NR I T I  were  s t u d i e d .  The  b a s e l i n e  was  t h e  H L - o f f  

c o n d i t i o n .

Method-

S u b j e c t  s  •

B i r d s  48 1,  482 and  483 s e r v e d .  B i r d  481 was e l i m i n a t e d  

f rom t h e  s e c c n d  h a l f  cf  t h e  e x p e r i m e n t  due  t o  b l i n d n e s s .  

A l l  b i r d s  had  e x t e n s i v e  h i s t o r i e s  o f  e x p o s u r e  t o  s i q n a l  

d e t e c t i o n  and  e t h e r  p r o c e d u r e s .

The e x p e r i m e n t a l  c h a m b e r  was a s  i n  E x p e r i m e n t  I .  The 

f i r s t  h a l f  c f  t h e  e x p e r i m e n t  was c o n d u c t e d  w i t h  s t a n d a r d  

e l e c t r o m e c h a n i c a l  e q u i p m e n t .  The s e q u e n c e  o f  e v e n t s  w i t h i n  

a s e s s i o n  was c o n t r o l l e d  b y  a n  8 - c h a n n e l  t a p e  r e a d e r .  The
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s e c o n d  h a l f  was r u n  by  a MINC c o m p u t e r .

P r o c e d u r e  •

G e n e r a l  p r o c e d u r e . F e l l  owing a 6 - s e c  I T I ,  b o t h  

k e y s  and  t h e  HL w e r e  l i t  w i t h  w h i t e  l i q h t s .  A s i n g l e  peck 

t o  e i t h e r  k e y  t u r n e d  o f f  t h e  k e y s  and  t h e  HL and  i n i t i a t e d  

t h e  n e x t  I T I .  I f  c o r r e c t ,  a s h c r t  r e i n f o r c e r  was p r e s e n t e d  

d u r i n g  t h e  I T I  [ s e e  be low f o r  a c t u a l  d u r a t i o n s  o f  

r e i n f o r c e r s ) .  F o l l o w i n g  f i v e  c o n s e c u t i v e  c o r r e c t  r e s p o n s e s ,  

t h e  R/NR s e q u e n c e  was i n i t i a t e d .  D u r i n q  t h e  I T I  f o l l o w i n g  

t h e  c r i t e r i o n  r e s p o n s e ,  t h e  HL was o f f  d u r i n g  t h e  b a s e l i n e  

c o n d i t i o n .  D u r i n g  t h i s  I T I  r e i n f o r c e m e n t  was n o t  p r e s e n t e d ;  

i n s t e a d  t h e  r e d  o r  g r e e n  s i g n a l  was  p r e s e n t e d  a t  e i t h e r  t he  

b e g i n n i n g  o r  t h e  e nd  c f  t h e  I T I .  The r e s t  o f  t h e  I T I  was 

s p e n t  i n  d a r k n e s s  f o r  a v a r i a b l e  amoun t  o f  t i m e  r a n g i n g  f ro m 

0 t o  20 s e c .  F o l l o w i n g  t h e  I T I  t h e  HL and  k e y s  were  w h i t e  

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

p a r t  o f  a 6 - s e c  I T I  a n d  a n  i n c o r r e c t  r e s p o n s e  p r o d u c e s  a 

1 5 - s e c  I T I .  Then t h e  r e g u l a r  t r i a l  s e g u e n c e  was c o n t i n u e d .

2 -  P h a s e ■ I .  I n  t h i s  p h a s e  t h e  R/NR s i g n a l s  o c c u r r e d  

a t  t h e  b e g i n n i n g  o f  t h e  I T I s .  The s e g u e n c e  o f  c o n d i t i o n s  i s  

o u t l i n e d  in  T a b l e  1 .  I n i t i a l l y  a l l  R/NR I T I s  were  o f  0 - s e c  

d u r a t i o n ,  e x c l u d i n g  t h e  t i m e  o f  t h e  R/NR s i g n a l s .  The s h o r t  

r e i n f o r c e r s  were  2 s e c  and  t he  l on g  o n e s  were  6 s e c .
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F o l l o w i n q  i n i t i a l  v a r i a t i o n  i n  l e n q t h ,  s e s s i o n s  c o n s i s t e d  of  

32 R/NR t r i a l s .  A f t e r  a p p r o x i m a t e l y  80 s e s s i o n s ,  t h e  R/NR 

I T I s  w e r e  g r a d u a l l y  l e n g t h e n e d  o v e r  a p e r i o d  o f  

a p p r o x i m a t e l y  110 s e s s i o n s  t o  t h e i r  f i n a l  v a l u e s .  E ach  t a p e  

had  f o u r  I T I  v a l u e s  i n c l u d i n g  z e r o  o c c u r r i n g  i n  a n  i r r e g u l a r  

o r d e r ,  b a l a n c e d  b e t w e e n  r e v e r s a l  and  n o n r e v e r s a l  t r i a l s .  

T h u s ,  e a c h  b i r d  was e x p o s e d  t o  s e v e n  d e l a y  v a l u e s .  The 

d e l a y  v a l u e s  were 0,  C .5 ,  1 ,  2 ,  4 ,  7 and  12 s e c  f o r  b i r d

4 8 1 ,  and  0 ,  1 ,  2 ,  4 ,  7 ,  12 and  16 s e c  f o r  b i r d s  482 a n d  48 3 .  

A f t e r  a p p r c x i n a t e l y  8C s e s s i o n s ,  t h e  p r o c e d u r e  was c h a n g e d  

t o  a l l o w  s e s s i o n s  o f  64 R/NR t r i a l s .  A f t e r  a p p r o x i m a t e l y  10 

more s e s s i o n s  r e i n f o r c e m e n t  d u r i n g  r e g u l a r  t r i a l s  was made 

i n t e r m i t t e n t  t o  k e e p  t h e  b i r d s  f r om g a i n i n g  w e i g h t .  S h o r t  

r e i n f o r c e r s  we re  d e l i v e r e d  a f t e r  o n l y  20?? o f  t h e  c o r r e c t  

r e s p o n s e s .  Cn o t h e r  t r i a l s  a c o r r e c t  r e s p o n s e  p r o d u c e d  a 

2 - s e c  h o p p e r  l i g h t  b u t  no f o o d .  Long r e i n f o r c e r s  we re  

d e c r e a s e d  t o  4 . 0  and  t h e n  t o  3 . 5  s e c .  A f t e r  a p p r o x i m a t e l y  

40 s e s s i o n s ,  t h e  HL was t u r n e d  on d u r i n g  R/NR I T I s  f o r  h a l f  

t h e  s e s s i o n s  i n  an i r r e g u l a r  s e q u e n c e .  T h i s  p r o c e d u r e  

c o n t i n u e d  f o r  56 s e s s i o n s  f o r  a l l  b i r d s .

3 .  P h a s e  - I I .  I n  t h e  s e c o n d  p h a s e  o f  t h e  e x p e r i m e n t ,  

t h e  R/NR s i g r a l s  o c c u r r e d  a t  t h e  end  o f  t h e  I T I s .  Wi th  t h e  

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

p rog ram  a l l  I T I  v a l u e s  i n  e a c h  s e s s i o n .  On 25^ o f  t h e  R/NR 

I T I s ,  t h e  z e r c - d e l a y  c o n d i t i o n  was i n  e f f e c t .  Due t o
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TAB IE- 1

S e q u e n c e  c f  c o n d i t i o n s  i n  E x p e r i m e n t  I I .  See  t e x t
f o r  a d d i t i o n a l  d e t a i l s .

E x p e r i m e n t  a l  Con d i t i o n - N u m t e r -^of S e s s i o n s

481 482  483 -

PHASE I :  F a r l y  S i q n a l .

A. I n i t i a l  t r a i n i n q :  Z e r o  79 S3 72
d e l a y

B. G r a d u a l  i n t r o d u c t i o n  o f  116 1CS 112
d e l a y s

C. F i n a l  d e l a y  v a l u e s :  96 8 8 90
I r r e g u l a r  t a p e  a l t e r n a t i o n

D. M o d i f i e d  p r o c e d u r e :  41 41 43
I n t e r m i t t e n t  r e i n f o r c e m e n t  
on r e q u l a r  t r i a l s

E.  H o u s e l i g h t  v a r i a t i o n :  96 96 96
I r r e q u l a r  a l t e r n a t i o n  o f  
HI cn a n d  HI o f f  d u r i n g  
B/HE I T I

PHASE I I :  l a t e  S i q n a l .

A. B a s e l i n e :  HI o f f  d u r i n g  1CS 111
E/NF. I T I

B. H o u s e l i g h t  v a r i a t i o n :  49 46
I r r e g u l a r  a l t e r n a t i o n  of 
HI on a n d  HI o f f  d u r i n g  
E/NE I T I  .



58

i m p r o v e m e n t  i n  a c c u r a c y ,  t h e  l o n g e s t  I T I  was i n c r e a s e d  t o  20 

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

i n  which t h e  HL was n o t  on  d u r i n q  R/NR I T I s ,  f o l l o w e d  b y  a 

t e s t  p h a s e  i n  which  h a l f  t h e  R/NR I T I s  i n  e a c h  s e s s i o n  h ad  

t h e  HL i l l u m i n a t e d  a nd  h a l f  w e r e  d a r k .

Re s u i t s

As a l l  b i r d s  ha d  e x t e n s i v e  p r i o r  e x p e r i e n c e ,  

a c q u i s i t i o n  was r a p i d .  A l l  b i r d s  w e r e  r e s p o n d i n q  a t  a b o v e  

t h e  c h a n c e  l e v e l  w i t h i n  t h e  f i r s t  t e n  s e s s i o n s .  The 

i n t r o d u c t i o n  o f  d e l a y s  b e t w e e n  s i q n a l s  a n d  R/NR t r i a l s  

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

z e r o - d e l a y  c o n d i t i o n .  T h u s ,  i t  a p p e a r s  t h a t  q r a d u a l l y  

i n t r o d u c i n q  l o n g e r  R/NR I T I  v a l u e s  w h i l e  k e e p i n q  some s h o r t  

I T I s  i n  e a c h  s e s s i o n  was  e f f e c t i v e  f o r  m a i n t a i n i n g  

p e r f  c r m a n c e .

D u r i n q  t h e  f i r s t  p h a s e  o f  t h e  e x p e r i m e n t  t h e  s i q n a l s  

o c c u r r e d  a t  t h e  b e g i n n i n g  o f  t h e  R/NR I T I .  The m a j o r  

v a r i a b l e s  o f  i n t e r e s t  i n  t h i s  p h a s e  o f  t h e  e x p e r i m e n t  were  

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

HL d u r i n q  t h e  d e l a y  on  a c c u r a c y .  As t h e  HL was  t u r n e d  on 

and  o f f  d u r i n q  t h e  d e l a y s  o v e r  a  p e r i o d  of  96 s e s s i o n s ,  i t  

i s  o f  i n t e r e s t  t o  e x a m i n e  t h e  c h a n q e s  i n  t h e  e f f e c t s  o f  HL 

i l l u m i n a t i o n  w i t h  e x t e n d e d  a d a p t a t i o n .
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The e f f e c t s  o f  d e l a y  v a l u e  and  HL i l l u m i n a t i o n  on

s e n s i t i v i t y  may b e  s e e n  i n  F i q u r e s  6 a nd  7 ,  which d i s p l a y

d a t a  f o r  e a c h  b i r d  f o r  t h e  f i r s t  t h i r d  o f  t h e  p e r i c d  o f  HL 

v a r i a t i o n .  S i n c e  t h i s  m a n i p u l a t i o n  h a s  t y p i c a l l y  be en  done  

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

f rom t h i s  p o r t i o n  c f  t h e  HL v a r i a t i o n  p h a s e  a r e  mos t  

c o m p a r a b l e  t o  d a t a  f r om o t h e r  r e s e a r c h .

I n  a s i g n a l - d e t e c t i c n  e x p e r i m e n t  i t  i s  common t o  p l o t  

t h e  two i n d e p e n d e n t  r e s p o n s e  p r o b a b i l i t i e s  p (R1/S1) and

p (R 1/S 2) a q a i n s t  e a c h  o t h e r .  Such a p l o t  i s  shown i n  F i g u r e

6.  A l t h o u q h  d i f f i c u l t  t o  i n t e r p r e t  i n  t h i s  f o r m ,  i t  may be

s e e n  t h a t  i n  q e n e r a l  t h e  p o i n t s  f o r  H L - o f f  t e n d  t o  be

f u r t h e r  i n t o  t h e  u p p e r - l e f t  c o r n e r  t h a n  t h o s e  f o r  t h e  HL-on 

c o n d i t i o n ,  i n d i c a t i n g  g r e a t e r  s e n s i t i v i t y  i n  t h e  H L - o f f  

c o n d i t i o n .  The m a j o r i t y  o f  p o i n t s  a r e  t o  t h e  l e f t  o f  t h e  

m i n o r  d i a g o n a l ,  i n d i c a t i n g  a t e n d e n c y  t o w a r d s  r e s p o n s e  

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

T h e s e  t r e n d s  may he s e e n  more c l e a r l y  i n  F i q u r e  7 i n

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

HL-on an d  o f f  c o n d i t i o n s .  A c c u r a c y  was  v e r y  h i g h  f o r  a l l  

b i r d s  i n  t h e  z e r c - d e l a y  c o n d i t i o n  w i t h  t h e  HL o f f .  H i t h  

m i n o r  e x c e p t i o n s ,  a c c u r a c y  d e c r e a s e d  w i t h  l o n g e r  R/NR I T I s ,  

a l t h o u g h  t h e  e x t e n t  t c  which p e r f o r m a n c e  d e t e r i o r a t e d  v a r i e d  

w i d e l y  a c r o s s  b i r d s .
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W i t h o u t  e x c e p t i o n ,  t h e  i n t r o d u c t i o n  o f  HL i l l u m i n a t i o n  

d u r i n g  t h e  E/NB I T l  c a u s e d  s u b s t a n t i a l  d e c r e a s e s  i n  a c c u r a c y  

a t  a l l  d e l a y  v a l u e s .  B i r d  481 e x h i b i t e d  an  u n u s u a l  c h a n g e  

i n  t h e  r e l a t i o n s h i p  b e t w e e n  d e l a y  and  a c c u r a c y  w i t h  t h e  HL 

on:  p e r f o r m a n c e  was a c t u a l l y  more a c c u r a t e  a t  2 t o  4 s e c  

t h a n  a t  s h o r t e r  d e l a y s .

F i g u r e  8 d i s p l a y s  r e s p o n s e  b i a s  a s  a f u n c t i o n  o f  d e l a y  

and  HL c o n d i t i o n .  P a r t i c u l a r l y  f o r  b i r d s  482 a n d  4 8 3 ,  t h e  

t r e n d  t o w a r d  d e c r e a s e d  b i a s  w i t h  d e c r e a s e d  s e n s i t i v i t y  was 

c o n t i n u e d .  T h e r e  was no  c l e a r  r e l a t i o n s h i p  b e t w e e n  t h e  HL 

c o n d i t i o n  and  r e s p o n s e  b i a s .

F i g u r e s  5 and 10 d i s p l a y  s e n s i t i v i t y  d a t a  f r o m t h e  

s econd  a n d  l a s t  t h i r d s  o f  t h e  HL a l t e r n a t i o n  p h a s e .  With 

f u r t h e r  e x p o s u r e  t o  t h e  HL d u r i n g  t h e  I T l ,  i t s  

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

e x t e n d e d  e x p o s u r e ,  b i r d s  481 ( F i g u r e s  9 and  10) and  483 

( F i g u r e  10) show r e v e r s a l s  a t  l o n g e r  d e l a y s ,  w i t h  t h e  

g r e a t e r  a c c u r a c y  o c c u r r i n g  w i t h  t h e  HL o n .

S e n s i t i v i t y  d a t a  f r om t h e  HL v a r i a t i o n  p o r t i o n  o f  t h e  

s econd  p h a s e  o f  t h e  e x p e r i m e n t  a r e  d i s p l a y e d  i n  F i g u r e  11 .  

The  d a t a  f r om t h i s  p h a s e  a r e  s i m i l a r  t o  t h o s e  o b t a i n e d  i n  

t h e  l a s t  p o r t i o n  o f  P h a s e  I  i n  t h a t  t h e r e  i s  v e r y  l i t t l e  

d i s r u p t i o n  by t h e  HL i l l u m i n a t i o n .
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D i s c u s s  i o n -

The  d e c l i n e  i n  a c c u r a c y  w i th  t h e  o n s e t  o f  HL 

i l l u m i n a t i o n  d u r i n g  E/NR I T I s  was e x p e c t e d  on t h e  b a s i s  o f  

p r e v i o u s  r e s e a r c h -  The  n o n m o n o t o n i c  f o rm  o f  t h e  HL-on 

f u n c t i o n  f o r  b i r d  481 was u n e x p e c t e d .  A l t h ou q h  H e a r s t  

(1962) n o t e d  a s i m i l a r  n o n m o n o t o n i c  d e l a y  f u n c t i o n  i n  a 

d e l a y e d  a l t e r n a t i o n  t a s k ,  i t  i s  n o t  c l e a r  why t h i s  p a t t e r n  

o c c u r r e d .  However ,  i t  s h o u l d  be  n o t e d  t h a t  u n t i l  p a r t i a l  

r e i n f o r c e m e n t  was i n t r o d u c e d  on r e q u l a r  t r i a l s ,  481 h a d  

e x h i b i t e d  a s i m i l a r  n o n m o n o t o n i c  p a t t e r n  o f  r e s p o n d i n g  w i th  

t h e  HL o f f .

Most  r e s e a r c h  h a s  i n v o l v e d  o n l y  s h o r t  p e r i o d s  o f  

t e s t i n q  w i t h  t h e  HL on d u r i n q  d e l a y  i n t e r v a l s .  T h u s ,  t h e  

a d a p t a t i o n  t o  t h e  HL-on c o n d i t i o n  i s  o f  i n t e r e s t .  The 

d e c l i n e  i n  d i s r u p t i o n  by  HL i l l u m i n a t i o n  i s  c o n s i s t e n t  w i t h  

T r a n b e r q  and  H i l l i n g ' s  (1980)  s u c q e s t i o n  t h a t  i t  i s  t h e  

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

t h a n  a b s o l u t e  i l l u m i n a t i o n  l e v e l .  I t  i s  n o t  c l e a r  why, w i t h  

e x t e n d e d  p r a c t i c e ,  two b i r d s  had  g r e a t e r  a c c u r a c y  w i t h  t h e  

HL on t h a n  o f f  a t  l o n g e r  d e l a y s .  One p o s s i b i l i t y  i s  t h a t  

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

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

t h e  t e n d e n c y  o f  p i q e o n s  t c  be  more a c t i v e  i n  a l i g h t e d  

c h a m b e r  t h a n  i n  d a r k n e s s  m i g h t  h a v e  f a c i l i t a t e d  t h e
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o c c u r r e n c e  o f  t h i s  b e h a v i o r  when t h e  HI was on.

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

l e s s  i n f o r m a t i v e  t h a n  t h o s e  o f  t h e  f i r s t  p h a s e .  The  

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

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

p e r f o r m a n c e  was o b s e r v e d  as a f u n c t i o n  o f  HL i l l u m i n a t i o n .  

Th e  c r o s s o v e r s  o f  t h e  H I - o n  and  H L - o f f  f u n c t i o n s  o b s e r v e d  

w i th  l o n g e r  d e l a y s  i n  P h a s e  I  we re  n o t  r e p e a t e d .

B e c a u s e  o f  o r d e r  e f f e c t s  due t o  t h e  a d a p t a t i o n  t o  HL 

i l l u m i n a t i o n  w i th  e x t e n d e d  e x p o s u r e ,  an d  t h e  n e e d  f o r  a 

l a r g e  num ber  o f  s e s s i o n s  i n  e a c h  c o n d i t i o n  i n  o r d e r  t o  

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

e x p e r i m e n t  s h o u l d  be  r e p e a t e d  w i t h  e a r l y  and  l a t e  s i g n a l s  

o c c u r r i n g  i n  t h e  same s e s s i o n .  T h u s ,  a t h i r d  e x p e r i m e n t  was 

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



I I I .  EXPERIMENT I I I

I n  t h e  e a r l i e r  e x p e r i m e n t s ,  some v a r i a b l e s  w e r e

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

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

d a t a .  I n  t h e  t h i r d  e x p e r i m e n t  mo s t  o f  t h e  e x p e r i m e n t a l  

m a n i p u l a t i o n s  were  c o n d u c t e d  on a w i t h i n - s e s s i o n  b a s i s ,  t h u s  

c i r c u m v e n t i n g  t h e s e  p r o b l e m s .

T r a n b e r g  an d  R i l l i n g  [1980)  a n d  Cook ( 1 9 8 0 ) ,  u s i n g  DMTS 

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

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

s t i m u l u s  i n t e n s i t y  was i n c r e a s e d  o r  d e c r e a s e d .  T h i s  h a s  

be en  e x t e n d e d  t c  t h e  r e v e r s a l  l e a r n i n g  p a r a d i g m  i n  t h e

c u r r e n t  s e r i e s  o f  e x p e r i m e n t s .  B o t h  t u r n i n g  o f f  t h e  HL

d u r i n g  t h e  R/NR I T l  f o l l o w i n g  a b a s e l i n e  w i t h  t h e  HL on

{ E x p e r i m e n t  I) an d  i l l u m i n a t i n g  i t  d u r i n g  t h e  R/NR I T l  

f o l l o w i n g  a H L - o f f  b a s e l i n e  ( E x p e r i m e n t  I I )  p r o d u c e d  

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

e x p e r i m e n t  a t t e m p t e d  t o  s t u d y  t h i s  i s s u e  q u a n t i t a t i v e l y .  

F o l l o w i n g  a b a s e l i n e  i n  w h i c h  t h e  HL was on d u r i n g  t h e  E/NR 

I T l  f o r  h a l f  t h e  b i r d s  an d  o f f  f o r  t h e  o t h e r s ,  a l l  b i r d s  

e x p e r i e n c e d  aE e q u a l  p r o p o r t i o n  of HL-on a n d  H L - o f f  t r i a l s

6 9
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d u r i n g  t e s t i n g .  The s y m m e t r y  o f  e x p e r i m e n t a l  c o n d i t i o n s  

s h o u l d  a l l o w  f o r  c o m p a r i s o n s  o f  b o t h  a c q u i s i t i o n  and  

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

c o n d i t i o n s .  U n f o r t u n a t e l y ,  a s  w i l l  be  d i s c u s s e d  s h o r t l y ,  a 

c o m p u t e r  p r og r am m ing  e r r o r  i n t e r f e r e d  w i th  t h i s  c o m p a r i s o n .

C o n c e p t u a l l y ,  t h i s  e x p e r i m e n t  was  a l s o  somewhat  

d i f f e r e n t .  I t  was  d e s i g n e d  t o  be  more  l i k e  S h i m p ' s  (19 76) 

e x p e r i m e n t  t h a n  a c o n v e n t i o n a l  r e v e r s a l  l e a r n i n g  e x p e r i m e n t .  

R a t h e r  t h a n  r e q u i r i n g  f i v e  c o n s e c u t i v e  c o r r e c t  r e s p o n s e s  f o r  

a n  R/NR t r i a l  t o  o c c u r ,  a s i n g l e  c o r r e c t  r e s p o n s e  s u f f i c e d .  

The  a d v a n t a g e  t o  u s i n g  t h i s  p r o c e d u r e  i s  t h a t  t h e  p r o p o r t i o n  

o f  t r i a l s  on w h i c h  u s e f u l  d a t a  may be c o l l e c t e d  was 

i n c r e a s e d .

Met hod-

S u b j e c t s  •

F o u r  w h i t e  C a r n e a u x  p i g e o n s  s e r v e d .  B i r d s  4 7 6 ,  495 and  

496 h a d  l i m i t e d  p r i c r  e x p e r i e n c e  w i t h  a u t o s h a p i n g  

p r o c e d u r e s .  B i r d  7 2 h a d  e x p e r i e n c e  w i t h  m u l t i p l e  s c h e d u l e s  

o f  r e i n f o r c e m e n t .
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Ap p a r a t u s

As i n  E x p e r i m e n t  I I  p h a s e  I I .

P r o c e d u r e •

The p r o c e d u r e  was s i m i l a r  t o  t h a t  u se d  i n  E x p e r i m e n t  

I I ,  p h a s e  I I ,  e x c e p t  t h a t  t h e  c r i t e r i o n  f o r  r e v e r s a l  was one 

c o r r e c t  r e s p c r . s e ,  a n d  a l l  t r i a l  t y p e s  were p r e s e n t e d  i n  e a c h  

s e s s i o n  d u r i n q  p a r t  o f  t h e  e x p e r i m e n t .

The p i q e c n s  we re  i n t r o d u c e d  t o  t h e  e x p e r i m e n t a l  

p r o c e d u r e  i n  much t h e  s a m e  way a s  i n  E x p e r i m e n t  I I .  A 

summary o f  e x p e r i m e n t a l  c o n d i t i o n s  i s  d i s p l a y e d  i n  T a b l e  2 .  

I n i t i a l  t r a i n i n q  u s e d  a c r i t e r i o n  o f  f i v e  c o n s e c u t i v e  

c o r r e c t  r e s p o n s e s  f o r  a r e v e r s a l .  I n  t h i s  e x p e r i m e n t  

r e s p o n s e s  on R/NR t r i a l s  d i d  n o t  a d v a n c e  t h e  c r i t e r i o n  

c o u n t e r .  R e i n f o r c e m e n t  o c c u r r e d  on a l l  t r i a l s  i n  w h i ch  a 

c o r r e c t  r e s p o n s e  o c c u r r e d ,  e x c e p t  f o r  t h e  one which  

c o m p l e t e d  t h e  c r i t e r i o n .  R/NR s i q n a l s  o c c u r r e d  a t  t h e  

b e q i n n i n q  o f  t h e  R/NE I T l  h a l f  t h e  t i m e ,  and a t  t h e  e n d  t h e  

r e s t  o f  t h e  t i m e .  Two b i r d s  ( 4 7 6 ,  495) were  r u n  w i th  t h e  HL 

o f f  d u r i n q  B/NB I T I s ,  and  t h e  o t h e r s  (496,  72 ) we re  r u n  on a 

HL-on b a s e l i n e .  T h e r e  were 16 R/NR t r i a l s  p e r  s e s s i o n .
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TABLE 2

S e q u e n c e  o f  c o n d i t i o n s  i n  E x p e r i m e n t  I I I .  Se e  t e x t
f o r  a d d i t i o n a l  d e t a i l s .

E x p e r i a e n t a 1 C c n d i t i o n Number o f  S e s s i o n s  -

B33- 1 9 6  72

PHASE I :  B a s e l i n e .

A. I n i t i a l  t r a i n i n q  30 31 28 15

B. G r a d u a l  i n t r o d u c t i o n  o f  36 35 33 27
d e l a y s

C. G r a d u a l  r e d u c t i o n  o f  49 44 44 46
c r i t e r i o n

D. B a s e l i n e  w i t h  p r o q r a m m i n q  62 61 62 62
e r r o r

E. C o r r e c t e d  b a s e l i n e  92  93 93 92

PHASE I I :  E x p e r i m e n t a l  C o n d i t i o n .

A. E x p e r i m e n t a l  P h a s e  58 61 60 61
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A f t e r  a p p r o x i m a t e l y  2 0 s e s s i o n s  (8 f o r  72) 

r e i n f o r c e m e n t  was d e l i v e r e d  f o r  o n l y  20% o f  t h e  c o r r e c t  

r e s p o n s e s  on r e g u l a r  t r i a l s  a s i n  E x p e r i m e n t  I I .  S e s s i o n s  

were i n c r e a s e d  t o  24 E/NR t r i a l s .  T h i s  c o n d i t i o n  was i n  

e f f e c t  f o r  7 t c  10 s e s s i o n s .

F o l l o w i n g  t h i s ,  o v e r  a p e r i o d  o f  2 7 - 3 6  s e s s i o n s ,  d e l a y  

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

f a s h i o n  a s  i n  E x p e r i m e n t  I I .  The  same f i n a l  s e r i e s  o f  

d e l a y s  was u s ed  a s  i n  t h e  s e co nd  p h a s e  o f  E x p e r i m e n t  I I .  

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

f o r  a r e v e r s a l  was d e c r e a s e d  q r a d u a l l y  t o  1 o v e r  a p e r i o d  of  

4 4 - 4 S  s e s s i o n s .  At t h e  same t i m e ,  s e s s i o n s  were  i n c r e a s e d  

t o  64 E/NE t r i a l s .

A f t e r  t h e  f i n a l  b a s e l i n e  c o n d i t i o n  had  b e e n  i n  e f f e c t  

f o r  6 1 - 6 2  s e s s i o n s ,  i t  was d i s c o v e r e d  t h a t  an  a c c i d e n t a l  

m o d i f i c a t i o n  o f  t h e  c o m p u t e r  p r o g r am  had  b e en  made e a r l y  i n  

t h e  p e r i o d  o f  r e d u c i n g  t h e  c r i t e r i o n ,  r e m a i n i n q  i n  e f f e c t  

f o r  120 s e s s i o n s .  D u r i n g  t h i s  p e r i o d ,  a l l  b i r d s  r e c e i v e d  

t h e  H L - o f f  c o n d i t i o n  w i t h  e a r l y  s i q n a l s  and  n o n r e v e r s a l s  on 

a l l  e v e n - n u m b e r e d  t r i a l s .  Odd -numbered  t r i a l s  we re  n o r m a l .  

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

p i q e o n s  g i v e r  t h e  HL-cn  b a s e l i n e ,  a l t h o u g h  i t  may n o t  h a v e  

a f f e c t e d  t h e  b i r d s  g i v e n  t h e  H L -o f f  b a s e l i n e  v e r y  s e r i o u s l y .



74

T h i s  e r r c r  was  c o r r e c t e d ,  and  t h e  b i r d s  we re  r u n  

c o r r e c t l y  f o r  92- S3 s e s s i o n s  on t h e  c o r r e c t e d  b a s e l i n e  

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

i n t r o d u c e d ,  i n  wh ic h  f o r  a l l  b i r d s  t h e  HI  was on f o r  50% o f  

t h e  E/NR I T I s ,  and  o f f  on t h e  r e m a i n i n g  t r i a l s .  T h i s  

c o n d i t i o n  was i n  e f f e c t  f o r  5 8 - 6 1  s e s s i o n s .

R e s u l t s

The p r o c e d u r e  i n  t h i s  e x p e r i m e n t  was more c o m p l e x  t h a n  

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

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

d e g r e e  i n  t h e  d a t a .  S e n s i t i v i t y  l e v e l s  f o r  t i e  b i r d s  i n

t h i s  e x p e r i m e n t  t e n d e d  t o  be  l o w e r  t h a n  i n  t h e  s e c o n d  

e x p e r i m e n t  f o r  e g u i v a l e n t  d e l a y  v a l u e s .

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

shown i n  F i g u r e  12.  As was u s u a l l y  t h e  c a s e  i n  p r e v i o u s

e x p e r i m e n t s ,  s e n s i t i v i t y  was a m c n o t o n i c  d e c r e a s i n g  f u n c t i o n

o f  t he  R/NF I T l  v a l u e .  E x c l u d i n g  t h e  z e r o - d e l a y  c o n d i t i o n  

f o r  w h i c h  b o t h  c o n d i t i o n s  a r e  i d e n t i c a l  a nd  t h e  l o n g e r - d e l a y  

c o n d i t i o n s  f o r  wh ic h  p e r f o r m a n c e  was n e a r  t h e  c h a n c e  l e v e l ,  

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

b e t w e e n  t h e  e a r l y  and  l a t e  s i g n a l  c o n d i t i o n s .  A l l  b i r d s  

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

t h a n  d u r i n g  t h e  e a r l y - s i g n a l  c o n d i t i o n .  The b i a s  d a t a  a r e



A  E a r l y  - H L  o n  
9  E a r l y  - H L  o f f

A  Late  - HL on
O Late - HLoff

75

b i r d  4 7 6

0 . 5  L

100 •

6 4 b i r d  4 9 6

0 . 5
62 1 0  14  18

b i r d  4 9 5

b i r d  7 2

6 1 0  14  182
I T l  ( s e c )

u re  12 . SENSITIVITY AS A FUNCTION OF R / N R  ITl  

DURING T H E  F IRST  PH AS E OF  EXPERIMENT 111 .



76

d i s p l a y e d  i n  F i q u r e  1 3 .  The d i f f e r e n c e s  i n  s e n s i t i v i t y  a r e  

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

l a t e - s i g n a l  c o n d i t i o n s ,  a l l  b i r d s  e x h i b i t  c o n s i d e r a b l e  b i a s  

t o w a r d s  n o n r e v e r s a l s .  I n  t h e  e a r l y - s i q n a l  c o n d i t i o n s ,  t h e  

b i a s e s  a r e  l e s s  p r o n o u n c e d ,  w i t h  t h r e e  b i r d s  d i s p l a y i n q  

m o d e r a t e  b i a s e s  t o w a r d s  r e v e r s a l s  a t  some o r  most  d e l a y  

v a l u e s .

a n o t h e r  way o f  v i e w i n q  t h e  d a t a  i s  t o  p l o t  s e n s i t i v i t y  

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

p l o t  i s  shown i n  F i q u r e  14 f o r  e a c h  b i r d .  S e v e r a l  t r e n d s  

a r e  e v i d e n t .  I n  e a c h  c a s e  t h e r e  i s  a c o n v e r g e n c e  on no b i a s  

a s  s e n s i t i v i t y  a p p r o a c h e s  t h e  c h a n c e  l e v e l .  I n  t h e  

e a r l y - s i q n a l  c o n d i t i o n ,  t h e  c o n d i t i o n  a s s o c i a t e d  w i t h  t h e  

h i q h e s t  s e n s i t i v i t y  i s  a l s o  a s s o c i a t e d  w i t h  t h e  g r e a t e s t  

b i a s  t o w a r d  n c n r e v e r s a l s  i n  e a c h  c a s e .  F o r  t h r e e  b i r d s  t h e  

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

i n  b i a s  t o w a r d s  r e v e r s a l s  b e f o r e  c o n v e r g i n g  on no b i a s  a t  

l ow s e n s i t i v i t y  l e v e l s .  The  b a s e l i n e  HL c o n d i t i o n  s eems  n o t  

t o  ha ve  been  a f a c t o r .  I n  t h e  l a t e  s i q n a l  c o n d i t i o n ,  t h e  

q r e a t e s t  d e g r e e  o f  s e n s i t i v i t y  was a s s o c i a t e d  w i t h  a n  

i n t e r m e d i a t e  l e v e l  of  b i a s  t o w a r d s  n o n r e  v e r s a l s - .  At 

i n t e r m e d i a t e  s e n s i t i v i t y  l e v e l s ,  a l l  b i r d s  showed  i n c r e a s e d  

b i a s  t o w a r d s  n c n r e v e r s a l s ,  f i n a l l y  c o n v e r g i n g  on no b i a s  as  

s e n s i t i v i t y  a p p r o a c h e d  c h a n c e .  T h u s ,  t h e  r e l a t i o n s h i p  

b e t w e e n  s e n s i t i v i t y  and  b i a s  was q u i t e  r e g u l a r ,  a l t h o u g h  t h e
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p l o t s  f o r  t h e  e a r l y -  a nd  l a t e - s i g n a l  c o n d i t i o n s  a r e  c u r v e d  

i n  o p p o s i t e  d i r e c t i o n s .  T h i s  i s  mos t  c l e a r l y  s e e n  i n  t h e  

d a t a  f o r  b i r d s  476 a nd  7 2 .

The d a t a  f rom t h e  s e c o n d  p h a s e  a r e  more c o m p l e x ,  

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

g i v e n  a H l - o n  b a s e l i n e  r e c e i v e d  c o n s i d e r a b l e  e x p o s u r e  t o  t h e  

H L - o f f  c o n d i t i o n  ( a l t h o u g h  n o t  when a r e v e r s a l  was t o  

oc cu r )  . S e n s i t i v i t y  d a t a  f o r  t h e  s e c o n d  p h a s e  a r e  d i s p l a y e d  

i n  F i g u r e  15.  A summary o f  t h e s e  d a t a  a n d  o f  t h e  b i a s  d a t a  

i s  p r e s e n t e d  i n  T a b l e  3 .  The a d d e d  c o m p l e x i t y  o f  t h e  

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

s e n s i t i v i t y  l e v e l s .  The d i f f e r e n c e s  i n  s e n s i t i v i t y  b e t w e e n  

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

t h r e e  o f  t h e  f o u r  b i r d s .  T h i s  stay be  s e e n  m o s t  c l e a r l y  by 

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

f o r  t h e  HL-cn and  H L - o f f  c o n d i t i o n s .  As i n  t h e  f i r s t  p h a s e ,  

t h e  d a t a  f o r  i n t e r m e d i a t e  d e l a y  v a l u e s  a r e  mos t  i n f o r m a t i v e .  

Fo r  t h r e e  b i r d s ,  t h e r e  were c o n s i s t e n t ,  and  f r e g u e n t l y  

r a t h e r  l a r g e  s e p a r a t i o n s  b e t w e e n  t h e  e a r l y -  and  l a t e - s i g n a l  

c o n d i t i o n s  f o r  b o t h  HL c o n d i t i o n s ,  w i t h  g r e a t e r  a c c u r a c y  

o c c u r r i n g  i n  t h e  l a t e - s i g n a l  c o n d i t i o n s .  B i r d  72 sh o w ed  a 

s i m i l a r  p a t t e r n  i n  t h e  H L - o f f  c o n d i t i o n ,  b u t  n o t  i n  t h e  

HL-on c o n d i t i o n .
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TABLE 3

A summary o f  t h e  s e n s i t i v i t y  and b i a s  d a t a  f o r  t h e  s e c o n d  
ph a se  of  E x p e r i m e n t  3.  S e e  F i g u r e s  15 and 17 f o r  a  more 
c o m p l e t e  p r e s e n t a t i o n  of  t h e s e  d a t a .  The l e f t  h a l f  o f  
t h e  t a b l e  c o m p a r e s  d a t a  f o r  t h e  e a r l y  (E) a n d  l a t e  (L) 
c o n d i t i o n s  f c r  b o t h  t h e  HL - cn  an d  H L - o f f  c o n d i t i o n s .  The 
r i g h t  h a l f  c o m p a r e s  HL-on w i t h  H L - o f f  f o r  b o t h  t h e  e a r l y  
and  l a t e  c o n d i t i o n s .

BIRD- BASELINE - EARLY VS., LATE HL-ON VS. HL-OFF -

SENSI TIVITL

476 HL-CFF OFF-E < OFF-L E-CN F-OFF
CN-E < ON-L L-ON < L-OFF

49 5 HL-OFF OFF-E < OFF-L E-CN = F-OFF
ON-E < ON-L L-ON < L-OFF

49 6 HL-ON OFF-E < OFF-L E-ON > E-OFF
ON-E < ON-L L-ON r: L-OFF

72 HL-ON OFF-E < OFF-L E-ON > F-OFF
ON-E ON-L L-ON > L-OFF

BIAS

476 HI-OFF OFF-E > OFF-L E-ON < F-OFF
ON-E > ON-L L-ON L-OFF

49 5 HL-OFF OFF-E > OFF-L E-CN < F-OFF
ON-E > ON-L L-ON = L-OFF

496 HL-ON OFF-E > OFF-L E-ON F-OFF
ON-E > ON-L L-ON > L-OFF

72 HL-ON OFF-E > OFF-L E-ON > F-OFF
ON-E > ON-L L-ON > L-OFF
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The e f f e c t s  o f  HI i l l u m i n a t i o n  on s e n s i t i v i t y  were  n o t  

s o  s i m p l e .  B o t h  b i r d s  g i v e n  t h e  H L -o f f  b a s e l i n e  show ed  

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

l a t e - s i g n a l  c o n d i t i o n ,  b u t  v e r y  l i t t l e  e f f e c t  o f  HL 

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

g i v e n  t h e  HL-on b a s e l i n e ,  b o t h  b i r d s  showed s u b s t a n t i a l  

d e c r e m e n t s  i n  p e r f o r m a n c e  w i t h  t h e  HL o f f  i n  t h e  

e a r l y - s i g n a l  c o n d i t i o n . I n  t h e  l a t e - s i g n a l  c o n d i t i o n ,  b i r d  72 

a l s o  showed  a s u b s t a n t i a l  e f f e c t  o f  HL i l l u m i n a t i o n ,  b u t  

b i r d  496 showed v e r y  l i t t l e  c o n s i s t e n t  d i f f e r e n c e  i n  

p e r f o r m a n c e  due  t o  HL i l l u m i n a t i o n .

I n  F i g u r e  15 i t  was s e e n  t h a t  s e n s i t i v i t y  was g e n e r a l l y  

g r e a t e r  when t h e  s i g n a l  o c c u r r e d  a t  t h e  end  o f  t h e  B/NE I T l .  

I t  was a l s o  shown t h a t ,  i n  g e n e r a l ,  c h a n g e s  i n  HL 

i l l u m i n a t i o n  f rom t h a t  of  t h e  b a s e l i n e  c o n d i t i o n  t e n d e d  t o  

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

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

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

F i g u r e  16.  The d e p e n d e n t  m e a s u r e  i s  t h e  r a t i o  o f  

s e n s i t i v i t y  i n  t h e  c h a n g e d  HL c o n d i t i o n  t o  s e n s i t i v i t y  i n  

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

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

e a r l y -  an d  l a t e - s i g n a l  c o n d i t i o n s  f o r  e a c h  d e l a y  v a l u e .  A 

r a t i o  o f  1 . 0  i n d i c a t e s  no e f f e c t  o f  HL i l l u m i n a t i o n  on 

p e r f o r m a n c e .  A r a t i o  o f  l e s s  t h a n  one i n d i c a t e s  d i s r u p t i o n
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by t h e  c h a n q e d  HL c o n d i t i o n s ,  and  a r a t i o  o f  g r e a t e r  t h a n  

1 . 0  i n d i c a t e s  f a c i l i t a t i o n .  As i n  mos t  o f  t h e  f i g u r e s ,  t h e  

d a t a  f r o m  t h e  i n t e r m e d i a t e  d e l a y  v a l u e s  a r e  t h e  mos t  

i n f o r m a t i v e .  Two c f  t h e  f o u r  b i r d s  showed  g r e a t e r  

d i s r u p t i o n  by c h a n g e s  i n  HL i l l u m i n a t i o n  i n  t h e  l a t e - s i g n a l  

c o n d i t i o n ,  and  two showed g r e a t e r  d i s r u p t i o n  i n  t h e  e a r l y  

c o n d i t i o n .  T h u s ,  t h e r e  i s  no c o n s i s t e n t  r e l a t i o n s h i p  

b e tw ee n  s i q n a l  l o c a t i o n  an d  d i s r u p t a b i l i t y  by  c h a n g e s  i n  HL 

i l l u m i n a t i o n .  A some wha t  d i f f e r e n t  p i c t u r e  would  emerge  i f  

a l l  s e n s i t i v i t y  r a t i o s  were of  HL on t o  HL o f f ,  r e g a r d l e s s  

o f  b a s e l i n e  c o n d i t i o n .  T h i s  w o u l d  h a v e  t h e  e f f e c t  o f  

i n v e r t i n g  t h e  f u n c t i o n  f o r  b i r d s  496 and  72 .  Fo r  a l l  b i r d s ,  

a c c u r a c y  i n  t h e  e a r l y - s i g n a l  c o n d i t i o n  was t h e  same o r  

g r e a t e r  w i t h  t h e  HL on t h a n  wi th  i t  o f f .  F o r  t h r e e  o f  t h e  

f o u r  b i r d s ,  a c c u r a c y  i n  t h e  l a t e - s i q n a l  c o n d i t i o n  was l o w e r  

w i t h  t h e  HL o n .  F o r  a l l  f o u r  b i r d s  t h e  r a t i o  o f  

s e n s i t i v i t i e s  f o r  HL on t o  HL o f f  was g r e a t e r  i n  t h e  

e a r l y - s i g n a l  c o n d i t i o n  t h a n  i n  t h e  l a t e - s i g n a l  c o n d i t i o n -  

T h u s ,  i n  g e n e r a l ,  i t  s e ems  t h a t  t h e  HL-on c o n d i t i o n  f a v o r s  

t h e  e a r l y - s i q n a l  c o n d i t i o n ,  and  t h e  H L - o f f  c o n d i t i o n  f a v o r s  

t h e  l a t e - s i q n a l  c o n d i t i o n .

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

F i g u r e  1 7 .  As was  t h e  c a s e  d u r i n g  b a s e l i n e ,  t h e r e  was 

g r e a t e r  b i a s  t o w a r d s  n o n r e v e r s a l s  i n  t h e  l a t e - s i g n a l  

c o n d i t i o n  t h a n  i n  t h e  e a r l y - s i g n a l  c o n d i t i o n  f o r  a l l  f o u r
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b i r d s .  T h i s  f i n d i n g  h e l d  up f o r  b o t h  HI c o n d i t i o n s .  

A l t h o u g h  t h e r e  was l e s s  b i a s  t o w a r d s  n o n r e v e r s a l s  i n  t h e  

e a r l y - s i g n a l  c o n d i t i o n ,  t h e  s w i t c h  t o  a r e v e r s a l  b i a s  

o b s e r v e d  i n  t h e  b a s e l i n e  c o n d i t i o n  was n o t  p r e s e n t  i n  t h i s  

p h a s e ;  r a t h e r ,  t h e  p e r f o r m a n c e  s i m p l y  showed  l i t t l e  b i a s  i n  

mos t  c a s e s  e x c e p t  a t  t h e  s h o r t e s t  d e l a y  v a l u e s .

The e f f e c t s  o f  HL on b i a s  w e r e  more c o m p l e x .  F o r  b i r d s  

g i v e n  t h e  H l - c f f  b a s e l i n e ,  t h e r e  was no e f f e c t  o f  HL on b i a s  

ini t h e  l a t e - s i g n a l  c o n d i t i o n ,  a n d  i n  t h e  e a r l y - s i g n a l  

c o n d i t i o n  t h e r e  was more  b i a s  t o w a r d s  n o n r e v e r s a l s  i n  t h e  

HL-on c o n d i t i o n .  F o r  b i r d s  g i v e n  t h e  H i - o n  b a s e l i n e ,  i n  t h e  

l a t e - s i g n a l  c o n d i t i o n  t h e r e  was more  b i a s  t o w a r d s  

n o n r e v e r s a l s  w i t h  t h e  HL o f f ;  i n  t h e  e a r l y - s i g n a l  c o n d i t i o n  

t h i s  h e l d  f o r  o n e  b i r d  w i t h  t h e  o t h e r  b i r d  show ing  no 

d i f f e r e n c e .  Thus ,  i f  a n y  e f f e c t  was p r e s e n t ,  c h a n g i n g  t h e  

HL c o n d i t i o n  r e s u l t e d  i n  i n c r e a s e d  p e r s e v e r a t i o n  on t h e  

p r e v i o u s l y - p e c k e d  k e y .

Dis c u s s  i on -

The  t h i r d  e x p e r i m e n t  p r o d u c e d  a s u b s t a n t i a l  amount  of  

d a t a  t h a t  g e e s  b e y e n d  t h a t  o b t a i n e d  i n  t h e  f i r s t  two 

e x p e r i m e n t s .  T h r e e  m a i o r  v a r i a b l e s  w e r e  s t u d i e d :  d e l a y ,  HL

i l l u m i n a t i o n ,  and  t h e  l o c u s  of  t h e  R/NR s i g n a l  w i t h i n  t h e  

R/NR I T I .  As i n  t h e  e a r l i e r  r e s e a r c h ,  s e n s i t i v i t y  was a
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m o n o t o n i c a l l y  d e c r e a s i n g  f u n c t i o n  o f  t h e  R/NE I T I .  A l so  

r e p l i c a t i n g  e a r l i e r  f i n d i n g s ,  b i a s  was g e n e r a l l y  g r e a t e r  a t  

I T I  v a l u e s  f o r  w h i c h  s e n s i t i v i t y  was w e l l  a b o v e  t h e  c h a n c e  

l e v e l ,  w i t h  v e r y  l i t t l e  b i a s  a t  l o n g e r  I T I  v a l u e s -

3 ne o f  t h e  m a j o r  i s s u e s  b e i n g  a d d r e s s e d  by t h i s  

e x p e r i m e n t  was t h a t  o f  t h e  e f f e c t s  o f  HL i l l u m i n a t i o n .  

T r a n b e r g  and  R i l l i n g  (1 980) a n d  Cook (1S80) h a v e  

d e m o n s t r a t e d  t h a t ,  i n  a DMTS p r o c e d u r e ,  i t  i s  t h e  c h a n g e  i n  

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

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

A l t h o u q h  t h e  d a t a  i n  E x p e r i m e n t s  I  and  I I  o f  t h i s  s e r i e s  

w e r e  s u g g e s t i v e ,  t h e y  were n o t  c o n c l u s i v e  i n  t h e m s e l v e s .  

The d a t a  f r om E x p e r i m e n t  I I I  a r e  c o n s i d e r a b l y  s t r o n g e r .  

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

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

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

i l l u m i n a t i o n  b e i n g  t h e  d e t e r m i n i n g  f a c t o r -  B i r d s  g i v e n  t h e  

HL-o f f  b a s e l i n e  showed  d e c r e m e n t s  i n  p e r f o r m a n c e  when t h e  HL 

was i l l u m i n a t e d  d u r i n g  R/ER I T I s ,  and  b i r d s  g i v e n  t h e  HL-on 

b a s e l i n e  shewed d e c r e m e n t s  i n  p e r f o r m a n c e  when t h e  HL was 

t u r n e d  o f f  d u r i n g  t h e s e  p e r i o d s .  T h u s ,  d e s p i t e  t h e  f a c t  

t h a t  HL e f f e c t s  may h a v e  b e e n  weakened  b y  t h e  p r o g r a m m in g  

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

t h e  r e l a t i v e  i l l u m i n a t i o n  a p p r o a c h .
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C h a n g e s  i n  HL i l l u m i n a t i o n  a l s o  a f f e c t e d  r e s p o n s e  b i a s  

i n  a way t h a t  s u q q e s t s  t h a t  r e l a t i v e  i l l u m i n a t i o n  was t h e  

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

B i r d s  g i v e n  t h e  H L - o f f  b a s e l i n e  showed g r e a t e r  b i a s  t o w a r d s  

n o n r e v e r s a l s  when t h e  HL was i l l u m i n a t e d ,  and b i r d s  g i v e n  

t h e  HL-on b a s e l i n e  showed i n c r e a s e d  b i a s  t o w a r d s  

n o n r e v e r s a l s  when t h e  HL was t u r n e d  o f f .  T h u s ,  i n  e a c h  c a s e  

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

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

p e r s e v e r a t i o n  cn t h e  same k e y ;  a b s o l u t e  i l l u m i n a t i o n  was n o t  

a f a c t o r .

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

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

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

w i th  e a c h  b i r d .  Both  b i r d s  g i v e n  t h e  H L - o f f  b a s e l i n e  showed 

s e n s i t i v i t y  c h a n g e s  o n l y  i n  t h e  l a t e - s i g n a l  c o n d i t i o n s  and  

b i a s  s h i f t s  o n l y  i n  t h e  e a r l y - s i g n a l  c o n d i t i o n s .  Of t h e  

b i r d s  g i v e n  t h e  HL-on b a s e l i n e  one  showed s e n s i t i v i t y  and  

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

a n d  one  showed s e n s i t i v i t y  c h a n g e s  i n  t h e  e a r l y - s i g n a l  

c o n d i t i o n  and b i a s  s h i f t s  i n  t h e  l a t e - s i g n a l  c o n d i t i o n -  I t  

i s  n o t  c l e a r  why t h i s  p a t t e r n  s h o u l d  e m e r g e ;  h o w e v e r ,  i t  

p o i n t s  o u t  t h e  n e e d  f o r  a n a l y z i n g  s e n s i t i v i t y  an d  b i a s  

s e p a r a t e l y  i n  t h i s  t y p e  o f  s t u d y .
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The d e l a y  and  HL v a r i a b l e s  t h a t  h a v e  b e e n  c o n s i d e r e d  up 

t o  t h i s  p o i n t  ha v e  d i r e c t  a n a l o q s  i n  t h e  DMTS p a r a d i g m .  The 

t h i r d  m a j o r  v a r i a b l e ,  t h e  l o c u s  of  t h e  E/NR s i g n a l  w i t h i n  

t h e  E/NE I T I ,  d o e s  n o t  h a v e  a d i r e c t  a n a l c q .  The mos t  

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

s t i m u l u s  c h a n q e  ( e . g .  HL i l l u m i n a t i o n  o r  d a r k e n i i g )  w i t h i n  

t h e  d e l a y .  R o b e r t s  a n d  G r a n t  ( 1978) f o u n d  t h a t  HL 

i l l u m i n a t i o n  was m or e  d i s r u p t i v e  a t  t h e  en d  o f  t h e  d e l a y  

i n t e r v a l  t h a n  a t  t h e  b e g i n n i n g .  The E/NE s i q n a l ,  a l t h o u g h  

i n s e r t e d  i n t o  t h e  t r i a l  s e q u e n c e  i n  t h e  same  f a s h i o n ,  

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

f u n c t i o n s  a s  a d i s c r i m i n a t i v e  s t i m u l u s .  How eve r ,  i t  may,  a t  

l e a s t  i n i t i a l l y ,  h a v e  some d i s r u p t i v e  p r o p e r t i e s  a s  w e l l ,  

w h i c h  w o u l d  p r e s u m a b l y  f o l l o w  the  same p a t t e r n  t h a t  was 

f o u n d  by  R o b e r t s  a nd  G ra n t  ( 1 9 7 8 ) .

Dne o f  t h e  c l e a r e s t  f i n d i n g s  i n  t h i s  e x p e r i m e n t  was

t h a t  t h e  l o c u s  o f  t h e  E/NR s i g n a l  ha d  m a j o r  e f f e c t s  on b o t h

s e n s i t i v i t y  and b i a s .  A l l  b i r d s  showed c l e a r  d i f f e r e n c e s  i n  

s e n s i t i v i t y  e x c e p t  b i r d  72 i n  t h e  HL-on c o n d i t i o n ,  w i t h

s e n s i t i v i t y  b e i n g  h i g h e r  i n  t h e  l a t e - s i g n a l  c o n d i t i o n .  T h i s  

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

d i s r u p t i n q  s t i m u l u s  i s  s t u d i e d  i n  a DMTS p r o c e d u r e .

Howeve r ,  t h e  p r e s e n t  f i n d i n g s  wo u l d  b e  e x p e c t e d  b a s e d  on t h e  

i d e a  t h a t  i n  t h e  e a r l y - s i q n a l  c o n d i t i o n s  t h e  b i r d s  h a d  t o  

r emember  b o t h  t h e i r  own p r e v i o u s  b e h a v i o r  an d  t h e  s i q n a l .
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b u t  i n  t h e  l a t e - s i q n a l  c o n d i t i o n  t h e  b i r d s  n e e d  o n l y  hav e  

r em e m b e r ed  t h e i r  p r e v i o u s  b e h a v i o r  a c r o s s  t h e  d e l a y  b e c a u s e  

t h e  s i q n a l  o c c u r r e d  j u s t  p r i o r  t o  t h e i r  making  t h e  r e q u i r e d  

r e s p o n  s a .

The  e f f e c t s  o f  s i g n a l  l o c u s  on b i a s  were e q u a l l y  c l e a r :  

i n  a l l  c a s e s  t h e r e  was q r e a t e r  b i a s  t o w a r d s  t h e  n c n r e v e r s a l  

r e s p o n s e  f c l l c w i n q  t h e  l a t e  s i q n a l .  I n  p a r t ,  t h i s  may 

r e f l e c t  t h e  n e c e s s a r y  d e c r e a s e  i n  b i a s  a s  s e n s i t i v i t y  

d e c l i n e s  i n  t h i s  t y p e  c f  p r o c e d u r e .  H ow ev e r ,  a s  was s e e n  i n  

F i q u r e  1 4 ,  t h e  f u n c t i o n  f o r m s  r e l a t i n g  s e n s i t i v i t y  t o  b i a s  

d i f f e r e d  b e t w e e n  t h e  e a r l y -  and  l a t e - s i g n a l  c o n d i t i o n s  

d u r i n g  b a s e l i n e .  S i n c e  t h e r e  w e re  no o b v i o u s  d i f f e r e n c e s  i n  

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

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

f o u n d .

A l t h o u q h  t h e  e f f e c t s  o f  s i q n a l  l o c a t i o n  and  c h a n q e s  i n  

HL i l l u m i n a t i o n  on s e n s i t i v i t y  were q u i t e  c l e a r ,  t h e  

r e s i s t a n c e  o f  s e n s i t i v i t y  i n  t h e  e a r l y -  a n d  l a t e - s i q n a l  

c o n d i t i o n s  t o  d i s r u p t i o n  by  c h a n q e s  i n  HI i l l u m i n a t i o n  was 

more c o m p l e x .  Chanqes  i n  HL i l l u m i n a t i o n  had  no s i m p l e  

e f f e c t  on s e n s i t i v i t y  a s  a f u n c t i o n  of  t h e  l o c u s  o f  t h e  

s i q n a l  w i t h i n  t h e  R/N5 I T I .  Howeve r ,  i t  was c l e a r  t h a t  t h e  

HL-on c o n d i t i o n  f a v o r e d  t h e  e a r l y - s i q n a l  c o n d i t i o n  a n d  t h e  

H L - o f f  c o n d i t i o n  f a v o r e d  l a t e - s i q n a l  p e r f o r m a n c e ,  r e q a r d l e s s  

o f  t h e  b a s e l i n e  HL i l l u m i n a t i o n .  T h i s  i s  t h e  o n l y  i n s t a n c e
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o f  an e f f e c t  c f  a b s o l u t e  HL i l l u m i n a t i o n  r a t h e r  t h a n  c h a n g e  

i n  i l l u m i n a t i o n  r e l a t i v e  t o  b a s e l i n e ,  A l t h o u q h  t h i s  f i n d i n g  

was g u i t e  c l e a r  i n  e v e r y  b i r d ,  i t  i s  n o t  c l e a r  why i t  s h o u l d  

ha v e  o c c u r r e d .  T h e r e  i s  n o t h i n g  i n  t h e  c o n c e p t  o f  r e l a t i v e  

i l l u m i n a t i o n  a s  t h e  i n p o r t a n t  v a r i a b l e  t h a t  wou l d  s u g g e s t  

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

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

r e s u l t s  i n  i n c r e a s e d  v i s u a l  s t i m u l a t i o n  d u r i n g  a r e t e n t i o n  

i n t e r v a l ,  and t h u s  f u r t h e r  d i s r u p t i o n  o f  v i s u a l  memory .  

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

p e r f o r m a n c e  by HL i l l u m i n a t i o n  i n  t h e  e a r l y - s i g n a l  c o n d i t i o n  

t h a n  i n  t h e  l a t e - s i g n a l  c o n d i t i o n ,  as  t h e  p i q e o n  ne ed  o n l y  

r emember  i t s  p r e v i o u s  r e s p o n s e  i n  t h e  l a t e - s i g n a l  c o n d i t i o n ,  

b u t  i t  m u s t  r em em be r  t h e  s i q n a l  c o l o r  a s  w e l l  i n  t h e  

e a r l y - s i g n a l  c o n d i t i o n .  T h u s ,  t h e  d a t a  c l e a r l y  c o n t r a d i c t  

c o n v e n t i o n a l  a c c o u n t s  r e l y i n g  on a b s o l u t e  i l l u m i n a t i o n .

I n  summary ,  a l t h o u g h  r e l a t i v e  r e s i s t a n c e  t o  d i s r u p t i o n  

b y  c h a n g e s  i n  HL i l l u m i n a t i o n  was n o t  o r d e r l y  wth r e s p e c t  t o  

s i g n a l  l o c u s ,  s e v e r a l  p a t t e r n s  e m e rg ed  q u i t e  c l e a r l y  f r om 

t h i s  e x p e r i m e n t .  Bo th  s e n s i t i v i t y  and b i a s  w e r e  fo un d  t o  be  

d e p e n d e n t  o r  r e l a t i v e ,  r a t h e r  t h a n  a b s o l u t e ,  HL 

i l l u m i n a t i o n .  Ch an g es  i n  i l l u m i n a t i o n  r e s u l t e d  i n  d e c r e a s e d  

s e n s i t i v i t y  a nd  g r e a t e r  t e n d e n c i e s  t o w a r d s  p e r s e v e r a t i o n  on 

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

a l s o  f o u n d  t c  hav e  c l e a r  e f f e c t s .  S e n s i t i v i t y  was g r e a t e r



92

when t h e  s i q n a l  o c c u r r e d  a t  t h e  end  o f  t h e  d e l a y ,  an d  

b i a s  was f o u n d  t o w a r d s  r e s p o n s e  p e r s e v e r a t i o n  i n  

c ond i t i o n .

more

t h i s



I V . GENERAL DISCUSSICN

The m a i o r  f i n d i n g s  o f  t h i s  s e r i e s  o f  e x p e r i m e n t s  may be 

o r g a n i z e d  a r c u n d  t h e  e f f e c t s  o f  t h e  t h r e e  mago r  i n d e p e n d e n t  

v a r i a b l e s  on p e r f o r m a n c e :  d u r a t i o n  o f  t h e  R/NR I T I ,  c h a n q e s  

i n  HL i l l u m i r a t i o n ,  a n d  l c c u s  o f  t h e  R/NR s i g n a l .  The f i r s t  

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

d u r a t i o n  o f  t h e  R/NR I T I .

Pur  a t  i o n  o f  R/NR I T I

I n  e a c h  e x p e r i m e n t ,  w i t h  m i n o r  i r r e g u l a r i t i e s ,  a 

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

I T I  d u r a t i o n  and  s e n s i t i v i t y .  T h i s  f i n d i n g  i s  i n  a g r e e m e n t  

w i t h  e a r l i e r  f i n d i n g s  u s i n g  DMTS p r o c e d u r e s  ( e . g .  B e r r y m a n  

e t  a l . ,  1 9 6 3 ) .  A l t h o u g h  p r o c e d u r a l  d i f f e r e n c e s  p r e v e n t  any 

d i r e c t  c o m p a r i s o n ,  t h e  d a t a  s u q q e s t  t h a t  t h e  manner  o f  

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

e x p e r i m e n t a l  p r o c e d u r e  may a f f e c t  t h e  d e g r e e  t o  which 

s e n s i t i v i t y  f a l l s  o f f  w i t h  i n c r e a s i n g  d e l a y .  T h i s  may be 

exam ined  t h r o u g h  c o m p a r i s o n  o f  p e r f o r m a n c e  a t  a 1 2 - s e c  d e l a y  

i n  d i f f e r e n t  c o n d i t i o n s ,  a s  t h i s  d e l a y  v a l u e  was u s e d  i n
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e a c h  e x p e r i n e r t .  I n  E x p e r i m e n t  I ,  w i t h  s u d d e n  i n t r o d u c t i o n  

o f  l o n g e r  d e l a y s ,  a t  12 s e c  t h e  s e n s i t i v i t y  m e a s u r e  d r a n g e d  

f r o m  1 . 0 2  t o  1 . 3 3 .  I n  E x p e r i m e n t  I I ,  w i t h  more g r a d u a l  

i n t r o d u c t i o n  c f  d e l a y ,  d r a n g e d  f r o m  1 .4 1  t o  8 . 6 1  f o r  t h e  

same d e l a y  i n  t h e  H l - o f f  c o n d i t i o n  d u r i n g  t h e  f i r s t  t h i r d  o f  

t h e  t e s t  f o r  HI e f f e c t s .  T h u s ,  i t  i s  p o s s i b l e  t h a t  g r a d u a l  

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

d e l a y - s e n s i t i v i t y  g r a d i e n t  t h a n  d o e s  s u d d e n  i n t r o d u c t i o n .  

I n  E x p e r i m e n t  I I I  P h a s e  1,  d r a n g e d  f rom 1 .1 3  t o  2 . 5 3  f o r  

t h e  1 2 - s e c  d e l a y .  As t h e  m an ne r  of  i n t r o d u c t i o n  o f  d e l a y s  

was n e a r l y  i d e n t i c a l  f o r  t h e  t w o  e x p e r i m e n t s ,  t h e  g r e a t e r  

c o m p l e x i t y  o f  t h e  p r o c e d u r e  may b e  r e s p o n s i b l e  f o r  s t e e p e r  

s e n s i t i v i t y  g r a d i e n t s  i n  t h e  l a t t e r .

The e f f e c t s  o f  d e l a y  v a l u e  on b i a s  w e r e  a l s o  g u i t e  

r e g u l a r  a c r o s s  e x p e r i m e n t s .  I n  g e n e r a l  t h e r e  was a b i a s  

t o w a r d s  n o n r e v e r s a l  o f  r e s p o n d i n g  ( p e r s e v e r a t i o n ) . T h i s  

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

d e c r e a s i n g  t o  n e a r  z e r o  as  d e l a y  i n c r e a s e d .  As s e n s i t i v i t y  

d e c r e a s e d  w i t h  i n c r e a s i n g  d e l a y ,  i t  s e e m e d  l i k e l y  t h a t  t h e  

d e c r e a s e  i n  b i a s  was r e l a t e d  t c  t h e  d e c r e a s e  i n  s e n s i t i v i t y .  

T h i s  f i n d i n g  a t  f i r s t  was r a t h e r  d i s t u r b i n g ,  a s  a m a j o r  

r e a s o n  f o r  u s i n g  a s i g n a  1 - d e t e c t i o n  a n a l y s i s  was t o  o b t a i n  

i n d e p e n d e n t  m e a s u r e s  o f  s e n s i t i v i t y  and  b i a s .  H o w e v e r ,  i n  

t h e  t y p e  c f  p r o c e d u r e  u s ed  i n  t h e s e  e x p e r i m e n t s ,  w h e r e a s  

s e n s i t i v i t y  and  b i a s  may be  m e a s u r e d  i n d e p e n d e n t l y ,  t h e y  a r e



95

n o t  b e h a v i o r a l l y  i n d e p e n d e n t .  I n  t h i s  s e r i e s  of  

e x p e r i m e n t s ,  b i a s  i m p l i e s  s w i t c h i n g  r e s p o n s e s  o r  

p e r s e v e r a t i n g  i n d e p e n d e n t  o f  t h e  R/NB s i q n a l .  As t h e  ITT 

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

d i s c r i m i n a t i n g  ( r eme mber inq )  i t s  own p r e v i o u s  b e h a v i o r ,  

d e c r e a s e d .  As t h e  b i r d  beca me  l e s s  a b l e  t o  e m i t  a r e s p o n s e  

b a s e d  on i t s  own p r i o r  b e h a v i o r ,  i t  n e c e s s a r i l y  became  l e s s  

a b l e  t o  m a i n t a i n  a c o n s i s t e n t  r e s p o n s e  b i a s .  T h u s ,  

c o v a r i a t i o n  c f  s e n s i t i v i t y  and  b i a s  i s  s i m p l y  a b u i l t - i n  

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

i n  t h e  s i q n a l - d e t e c t i c n  a n a l y s i s -

C h a n q e s - in-  HL - I l l u m i n a t i on -

F o r  r e a s o n s  t h a t  h a v e  b e e n  l e s t  t o  h i s t o r y ,  t h e  f i r s t  

e x p e r i m e n t  was r u n  w i t h  a H i - o n  b a s e l i n e .  As t h i s  

e x p e r i m e n t  was r u n  b e f o r e  t h e  a p p e a r a n c e  o f  T r a c b e r q  and  

R i l l i n q ’ s  (1980) p a p e r ,  i t  was e x p e c t e d  t h a t  t u r n i n g  o f f  t h e  

HL would r e s u l t  i n  i n c r e a s e d  s e n s i t i v i t y .  T h e r e f o r e  i t  was 

a s u r p r i s e  when a c c u r a c y  i n  t h i s  c o n d i t i o n  was l o w e r  t h a n  i n  

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

was r u n  w i t h  a m o r e  c o n v e n t i o n a l  H L - o f f  b a s e l i n e  i n  t h e  

h o p e s  o f  q e t t i n g  t h e  e x p e c t e d  d i s r u p t i o n  o f  p e r f o r m a n c e  by 

t u r n i n g  on t h e  HL. The  d a t a  f rom t h i s  e x p e r i m e n t  were  q u i t e  

c l e a r :  f o r  a l l  b i r d s ,  and  a t  a l l  d e l a y s ,  p e r f o r m a n c e  was



96

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

i l l u m i n a t i o n  d u r i n g  t h e  R/NR I T I ,  w i t h  o n l y  g r a d u a l  r e c o v e r y  

o v e r  t i m e .  Cu r i ng  t h e  p e r i o d  i n  w h i c h  t h e  s e c o n d  e x p e r i m e n t  

was  b e i n g  r u n ,  t h e  p a p e r s  by  T r a n b e r g  and  R i l l i n g  {19 80) and  

Cook ( 19 80) were  p u b l i s h e d ,  and  i t  b ecame  c l e a r  t h a t  t h e  

r e s u l t s  c f  t h e  p r e s e n t  r e s e a r c h  were  c o n s i s t e n t  w i t h  t h e i r

f i n d i n g s .  The t h i r d  e x p e r i m e n t  was d e s i g n e d  t o  e x t e n d  t h e i r

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

Two b i r d s  were  g i v e n  a HL-on  b a s e l i n e ,  and  two  a H L - o f f  

b a s e l i n e .  I n  t h e  s e c o n d  p h a s e ,  e a c h  HL c o n d i t i o n  was

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

p r o g r am m in g  e r r o r  m e n t i o n e d  e a r l i e r ,  t h e  e x p e c t e d  e f f e c t s  

may h a v e  b e e n  w e a k e n e d ;  h o w e v e r ,  a l l  b i r d s  showed  c l e a r  

e f f e c t s  o f  HI i l l u m i n a t i o n  i n  a t  l e a s t  one c f  two c o n d i t i o n s  

{ e a r l y  a n d  l a t e  s i g r . a l )  , a n d  i n  e a c h  c a s e  a n y  o b s e r v e d  

e f f e c t  was i n  a c c o r d a n c e  w i t h  a p r e d i c t i o n  b a s e d  on c h a n g e  

i n  i n t e n s i t y  a s  t h e  r e l e v a n t  v a r i a b l e .  B i r d s  g i v e n  a HL-on 

b a s e l i n e  showed d e c r e m e n t s  i n  t h e  H L - o f f  c o n d i t i o n ,  and

b i r d s  g i v e n  a H L - o f f  b a s e l i n e  showed d e c r e m e n t s  i n  t h e  HL-on 

c o n d i t i o n .  T h u s ,  t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t ,  t a k e n

t o q e t h e r  w i t h  t h e  r e s u l t s  c f  t h e  f i r s t  two e x p e r i m e n t s ,  

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

R/NR I T I  b e i n c  t h e  c o n t r o l l i n g  v a r i a b l e  r a t h e r  t h a n  a b s o l u t e  

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

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

t h e  c o r r e c t  r e s p o n s e  on a g i v e n  t r i a l  d e p e n d s  on t h e  

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

I n  E x p e r i m e n t  I I  t h e  i r r e g u l a r  a l t e r n a t i o n  o f  HL-on and 

H L - o f f  s e s s i o n s  was c o n t i n u e d  f o r  96 s e s s i o n s  t o  e x p l o r e  t h e  

e f f e c t s  o f  p r c l c n g e d  e x p o s u r e  t c  t h e  new HI c o n d i t i o n .  The 

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

t i m e ,  a s  w c u l d  be  e x p e c t e d  i f  s t i m u l u s  c h a n g e  we re  t h e  

r e l e v a n t  f a c t o r .  Wi th  p r o l o n g e d  e x p o s u r e ,  n e i t h e r  HL 

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

i n  e a r l i e r  s e s s i o n s ,  so  n e i t h e r  s h o u l d  be  d i s r u p t i v e .  

I n t e r e s t i n g l y ,  t h e r e  was a t e n d e n c y  i n  2 of  3 b i r d s  t o  be 

more a c c u r a t e  i n  t h e  HL-on c o n d i t i o n ,  p a r t i c u l a r l y  a t  l o n g e r  

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

some s e q u e n c e  of  b e h a v i o r  d e v e l o p e d  d u r i n g  t h e  d e l a y  wh ic h  

m a i n t a i n e d  a c c u r a t e  r e s p o n d i n g  o v e r  l o n g  d e l a y s .  Such 

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

r e q u i r e  t h e  e m i s s i o n  o f  t e m p o r a l  i n t e r v a l s  ( e . g .  L a t i e s ,  

W e i s s  a n d  W e i s s ,  1 9 6 9 ) ,  a n d  m i g h t  s e r v e  a s i m i l a r  f u n c t i o n  

i n  t h i s  p r o c e d u r e .  as p i q e o n s  t e n d  t o  be  more  a c t i v e  i n  a 

l i g h t e d  c h a m b e r ,  t h i s  b e h a v i o r  m i g h t  be f a c i l i t a t e d  by t h e  

i l l u m i n a t i o n  o f  t h e  HL.

The  e f f e c t s  o f  HL i l l u m i n a t i o n  on r e s p o n s e  b i a s  we re  

c o n s i d e r a b l y  l e s s  c o n s i s t e n t .  I n  E x p e r i m e n t s  I  a n d  I I ,  

t h e r e  was  l i t t l e  e v i d e n c e  f o r  c o n s i s t e n t  e f f e c t s  o f  c h a n g i n g
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HL i l l u m i  r a t i c n  on r e s p o n s e  b i a s .  I n  t h e  t h i r d  e x p e r i m e n t ,  

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

e a c h  b i r d ,  t h o s e  d i f f e r e n c e s  t h a t  d i d  o c c u r  were  i n  t h e  

d i r e c t i o n  c f  r c n r e v e r s a l  c f  r e s p o n d i n q  i n  t h e  c o n d i t i o n s  

wi th  c h a n q e d  HL i l l u m i n a t i o n .  A l t h o u q h  n o t  a s t r o n q  e f f e c t ,  

i t  may r e p r e s e n t  a t e n d e n c y  t o w a r d s  r e s p o n s e  p e r s e v e r a t i o n  

u n d e r  n o v e l  s t i m u l u s  c o n d i t i o n s .  P e r h a p s  more i m p o r t a n t l y ,  

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

a b s o l u t e  i l l u m i n a t i o n ,  a f i n d i n q  t h a t  s t r e n g t h e n s  t h e  

p a t t e r n  o b s e r v e d  w i t h  s e n s i t i v i t y  m e a s u r e s .

L oc u s  • o f  - t h e  - B/NR - S i e jna l -

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

l o c u s  o f  t h e  R/NR s i g n a l  cn p e r f o r m a n c e  were o b t a i n e d  i n  t h e

t h i r d  e x p e r i m e n t .  The  p a t t e r n  was q u i t e  c l e a r :  s e n s i t i v i t y

was g r e a t e r  i n  t h e  l a t e - s i g n a l  c o n d i t i o n  t h a n  i n  t h e  

e a r l y - s i g n a l  c o n d i t i o n ,  an d  t h e r e  was  a l s o  a s t r o n g e r  b i a s  

t o w a r d s  p e r s e v e r a t i o n  i n  t h e  l a t e - s i g n a l  c o n d i t i o n .

The s e n s i t i v i t y  d i f f e r e n c e s  w e r e  c o n s i s t e n t  w i t h  

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

r emember  t h e i r  p r e v i o u s  r e s p o n s e s  a c r o s s  t h e  d e l a y  i n t e r v a l .  

I n  t h e  e a r l y - s i g n a l  c a s e  t h e y  had  t o  r emember  t h e  s i g n a l  as  

w e l l ,  w h e r e a s  i n  t h e  l a t e - s i q n a l  c o n d i t i o n  t h e  s i g n a l

o c c u r r e d  i m m e d i a t e l y  b e f o r e  t h e  a v a i l a b i l i t y  o f  t h e  n e x t
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r e s p o n s e .  T h u s ,  t h e  e a r l y - s i g n a l  c o n d i t i o n  was e x p e c t e d  t o  

be  t h e  more  d i f f i c u l t  o f  t h e  t w o .

A l t h o u g h  s e n s i t i v i t y  was g r e a t e r  i n  t h e  l a t e - s i g n a l  

c o n d i t i o n ,  h e h a v i o r  i n  b o t h  c o n d i t i o n s  a p p e a r e d  t o  be 

e g u a l l y  d i s r u p t a b l e  by c h a n q e s  i n  HL i l l u m i n a t i o n .  

I n i t i a l l y  t h i s  a p p e a r s  t o  be  c o n t r a r y  t o  what  m ig h t  h a v e  

b e e n  e x p e c t e d .  How eve r ,  w h e r e a s  d i f f e r e n c e s  i n  t h e  

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

s e n s i t i v i t y  l e v e l s ,  t h e  d i s r ' u p t a b i l i t y  o f  e s t a b l i s h e d  

d i s c r i m i n a t i o n  p e r f o r m a n c e s  may be  more c l o s e l y  r e l a t e d  t o  

t h e  c o n t i n g e n c i e s  o f  r e i n f o r c e m e n t .  I n  b o t h  c o n d i t i o n s  a 

s i n g l e  c o r r e c t  r e s p o n s e  on t h e  E/NE t r i a l  was s u f f i c i e n t  t o  

p r o d u c e  r e i n f o r c e m e n t ;  t h u s  i t  m i g h t  be e x p e c t e d  t h a t  

b e h a v i o r  i r  t h e  two c o n d i t i o n s  would be e q u a l l y  r e s i s t a n t  t o  

d i s r u p t i o n .

T h e o r e t i c a l •I m p l i c a  t i o n s :  What i s  E em em be re d -

A l t h o u g h  e v e r y  a t t e m p t  h a s  b e e n  made t o  d i s c u s s  t h e  

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

c e r t a i n  a s s u m p t i o n s  h a v e  b e e n  made t h a t  h a v e  much i n  common 

wi th  r e l a t e d  c o g n i t i v e  t h e o r i e s  o f  memory.  A l t h o u g h  t h i s  

r e s e a r c h  was r e t  c o n d u c t e d  t o  t e s t  a n y  o f  t h e s e  t h e o r i e s ,  i t  

i s  wor th e x a m i n i n g  t h e  a s s u m p t i o n s  t h a t  h a v e  b e e n  made,  and  

any i m p l i c a t i o n s  o f  t h e  c u r r e n t  r e s e a r c h  f o r  t h e s e  t h e o r i e s .
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The m a i o r  p o i n t  o f  i n t e r s e c t i o n  b e t w e e n  t i e  c u r r e n t  

r e s e a r c h  and  t h e  mere c o g n i t i v e  s i d e  o f  t h e  a n i m a l  memory 

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

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

t h i s  r e s e a r c h  i n  t e r m s  o f  s t i m u l u s  c o n t r o l  o f  s w i t c h i n g  and  

s t a y i n g ;  t h e  d e l a y  v a r i a b l e  may be  v i ewed  a s  s i m p l y  a  means  

o f  d e g r a d i n g  c o n t r o l  by a n t e c e d e n t  s t i m u l i .  H o w ev e r ,  when 

t h e  e f f e c t s  c f  t h e  l o c u s  o f  t h e  E/NE s i g n a l  a r e  e x a m i n e d ,  

t h e  r o l e  o f  t h e  d e l a y  p e r i o d  be comes  more s i g n i f i c a n t .  

T h e r e  i s  s t i l l  n c  p r o b l e m  wi th  m a i n t a i n i n g  a b e h a v i o r a l  

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

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

more c o g n i t i v e  memory v o c a b u l a r y .  Use  o f  t h i s  v o c a b u l a r y  i s  

a c c e p t a b l e  f rom a b e h a v i o r a l  p e r s p e c t i v e  a s  l o n g  a s  t h e  

w o r d s  a r e  u sed  w i t h  c o n s i s t e n t ,  b e h a v i o r a l  m e a n i n g s ;  

h o w e v e r ,  t h a t  may n e t  a l w a y s  b e  t h e  c a s e .

On s e v e r a l  o c c a s i o n s  i n  t h i s  p a p e r ,  t h e  f o l l o w i n g  

a n a l y s i s  was g i v e n  o f  t h e  e f f e c t s  o f  l o c u s  o f  t h e  E/NE 

s i g n a l  on p e r f o r m a n c e .  I n  t h e  e a r l y - s i g n a l  c a s e ,  i t  was 

s t a t e d  t h a t  t h e  b i r d  mus t  r eme mber  b o t h  i t s  own p r e v i o u s  

r e s p o n s e  a nd  t h e  s i g n a l  a c r o s s  t h e  I T I  i n  o r d e r  t c  r e s p o n d  

c o r r e c t l y  cn t h e  n e x t  t r i a l .  I n  t h e  l a t e - s i g n a l  c a s e ,  t h e  

b i r d  need  o n l y  r emember  i t s  l a s t  r e s p o n s e  a c r o s s  t h e  e n t i r e  

i n t e r v a l ,  t h e  r e l a t i o n s h i p  o f  t h e  s i g n a l  t o  t h e  n e x t  

r e s p o n s e  b e i n g  e g u i v a l e n t  t o  a z e r o - d e l a y  MTS s i t u a t i o n
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r e q a r d l e s s  o f  d e l a y  l e n q t h .  Cn t h e  b a s i s  c f  s u c h  an

a n a l y s i s ,  t h e  c o r r e c t  p r e d i c t i o n  was made t h a t  s e n s i t i v i t y

would  b e  q r e a t e r  a t  a n  e q u i v a l e n t  d e l a y  v a l u e  i n  t h e  

l a t e - s i q n a l  c o n d i t i o n ,  a s  l e s s  n e e d e d  t o  be  r emembered  

a c r o s s  t h e  d e l a y  p e r i o d .

As w i l l  be  shown l a t e r ,  t h i s  d i s c u s s i o n  o f  memory c o u l d  

be  s t a t e d  i r  t h e  more e x p l i c i t l y  b e h a v i o r a l  t e r m i n o l o q y  o f  

s t i m u l u s  c o n t r o l  o f  b e h a v i o r  by a n t e c e d e n t  e v e n t s ;  I  do n o t  

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

c a s e  by  t h e  u s e  o f  memory t e r m i n o l o q y .  Ho w eve r ,  t h e  u s e  c f  

memory t e r m i n o l o g y  d o e s  p o i n t  t c  a more c o q n i t i v e l y  o r i e n t e d  

i s s u e  t h a t  i s  wor th  a d d r e s s i n q :  w h a t  i s  a c t u a l l y  r em e m b e r ed ?  

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

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

a p p r o a c h  w i l l  p r o v i d e  a f r e s h  v i ew  of t h e  q u e s t i o n .

The a n a l y s i s  o f  what  was r e m e m b e r e d  p r e s e n t e d  a b o v e  

c a r r i e s  t h e  a s s u m p t i o n  t h a t  p i q e o n s  r emember  wha t  h a s  

h a p p e n e d :  what  was t h e  s i q n a l ,  and  w ha t  was t h e  b i r d ' s

p r e v i o u s  r e s p o n s e .  T h i s  h a s  b e e n  l a b e l l e d  t h e  t r a c e ,  o r

r e t r o s p e c t i v e  t h e o r y  o f  memory ( G r a n t ,  1 981 , 1 982 , R o i t b l a t ,  

1 980 ,  1982)  b e c a u s e  i t  i m p l i e s  t h a t  p i q e o n s  r emember  a t r a c e  

o f  t h e  a n t e c e d e n t  s t i m u l i ,  o r  t h a t  t h e y  r eme mbe r  "what  h a s  

h a p p e n e d " .  An a l t e r n a t i v e  v i e w p o i n t  i s  t h a t  p i q e o n s  

r ememb er  " w h a t  t c  d o " ,  w i t h o u t  n e c e s s a r i l y  r e m e m b e r i n g  much 

a b o u t  a n t e c e d e n t  c o n d i t i o n s .  T h i s  h a s  b e e n  t e r m e d  t h e
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p r o s p a c t i v e  t h e o r y  o f  memory.  G r a n t  (1 981 , 1 9 8 2 ) ,  R o i t b l a t  

(1980,  1982)  and e t h e r s  h a v e  p r o p o s e d  t h a t  t h e  p r o s p e c t i v e

v i ew  may be mere v a l i d  t h a n  t h e  r e t r o s p e c t i v e  v i e w  o f  

memory.

I t  i s  w c r t h  p r e s e n t i n g  a c o u p l e  o f  e x a m p l e s  o f  t h e  t y p e  

o f  work t h a t  may p e r m i t  t h i s  d i s t i n c t i o n  t o  be  made,  a s  t h e  

b a s i c  r e s e a r c h  i s  c l e a r l y  b e h a v i o r a l  i n  n a t u r e .  Cne c l e a r  

e x a m p le  was p r e s e n t e d  by R o i t b l a t  (1980)  i n  an e x p e r i m e n t  

u s i n q  a s y m b o l i c  DMTS p r o c e d u r e .  C o l o r  s a m p l e s  we r e

c o r r e l a t e d  w i t h  l i n e - o r i e n t  a t  i o n  t e s t  s t i m u l i  f o r  two b i r d s ,  

t h e  r e v e r s e  c o r r e l a t i o n  h o l d i n q  f o r  t h e  o t h e r  t w o .  T h e r e  

were t h r e e  s t i m u l i  f rom e a c h  d i m e n s i o n ,  two t e i n q  v e r y

s i m i l a r  a n d  t h e  t h i r d  q u i t e  d i f f e r e n t .  A l l  t h r e e  t e s t  

s t i m u l i  were  p r e s e n t e d  on e a c h  t r i a l .  One i n c o r r e c t  t e s t  

s t i m u l u s  c l o s e l y  r e s e m b l e d  t h e  c o r r e c t  o n e ;  t h e  o t h e r  was 

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

a c t u a l l y  p r e s e n t e d .  The i d e a  was t h a t ,  i f  p i g e o n s  r emember  

r e t r o s p e c t i v e l y  (wha t  h a s  h a pp en e d )  , e r r o r s  s h o u l d  i n v o l v e  

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

s i m i l a r  s a m p l e .  I f  p i g e o n s  remember  p r o s p e c t i v e l y  (wha t  t o  

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

c l o s e l y  r e s e m b l i n g  t h e  c o r r e c t  c n e .  The r e s u l t s  i n d i c a t e d  

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

c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  p i g e o n s  i n  t h i s  e x p e r i m e n t  

r eme mbe red  p r o s p e c t i v e l y .
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F u r t h e r  e v i d e n c e  was p r e s e n t e d  by G r a n t  [1982) i n  a 

DMTS p r o c e d u r e  w i t h  m u l t i p l e  s a m p l e  p r e s e n t a t i o n s -  One ,  two 

o r  t h r e e  s a m p l e s  were  p r e s e n t e d  on e a c h  t r i a l .  

M u l t i p l e - s a m p l e  t r i a l s  w e r e  o f  e i t h e r  same- o r  

d i f f e r e n t - s a m p l e  t y p e .  On s a m e - s a m p l e  t r i a l s ,  t h e  same 

s amp le  was s i m p l y  r e p e a t e d  s u c c e s s i v e l y .  On

d i f f e r e n t - s a m  p i e  t r i a l s ,  t h e  s a m p l e s  were p h y s i c a l l y  

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

t h a t  t h e  same r e s p o n s e  wou ld  be  r e i n f o r c e d .  Both t h e  

p r o s p e c t i v e  and  r e t r o s p e c t i v e  t h e o r i e s  s h o u l d  p r e d i c t  t h a t  a 

s i n q l e  m e m o r i a l  r e p r e s e n t a t i o n  would  be a c t i v a t e d  on 

s a m e - s a m p l e  t r i a l s .  T h e r e  w o u l d  p r e s u m a b l y  be  s u m m a t i o n  o f  

memory t r a c e  s t r e n g t h  w i t h  r e p e t i t i o n  o f  t h e  s a m p l e s .  On 

d i f f e r e n t - s a m p l e  t r i a l s ,  t h e  p r o s p e c t i v e  a c c o u n t  wculd  a g a i n  

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

t h e  same i m p l i c a t i o n s  o f  wha t  t c  do .  How eve r ,  t h e  

r e t r o s p e c t i v e  a c c o u n t  would p r e d i c t  m u l t i p l e  memory t r a c e s  

o f  we ake r  s t r e n g t h ,  as  t h e  a n i m a l  w o u l d  r emember  a t r a c e  o f  

e a c h  s a m p l e  s t i m u l u s -  T h u s ,  t h e  p r o s p e c t i v e  t h e o r y  p r e d i c t s  

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

w o u l d  p r e d i c t  g r e a t e r  a c c u r a c y  on  s a m e - s a m p l e  t r i a l s ,  as  

t h e y  would  h a v e  a s i n g l e ,  s t r o n q e r  memory t r a c e  t h a n  t h e  

m u l t i p l e  memory t r a c e s  i n  t h e  d i f f e r e n t - s a m p l e  t r i a l s . .  The 

r e s u l t s  o f  t h e  e x p e r i m e n t  w e r e  q u i t e  c l e a r :  a l t h o u g h

p e r f o r m a n c e  i m p r o v e d  w i t h  m u l t i p l e  s a m p l e  p r e s e n t a t i o n s ,
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t h e r e  was no d i f f e r e n c e  b e t w e e n  p e r f o r m a n c e  on s am e-  and 

d i f f e r e n t - s a n p i e  t r i a l s .  T h u s r a g a i n  i t  was f cu nd  t h a t  

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

p r o s p e c t i v e  a c c o u n t  o f  memory.

I n  l i g h t  c f  t h i s  r e c e n t  e v i d e n c e  f o r  t h e  p r o s p e c t i v e  

v i ew o f  memory,  i t  i s  w o r t h  e x a m i n i n g  t h e  d a t a  i n  t h e  

c u r r e n t  r e s e a r c h  i n  t h e  c o n t e x t  of t h e s e  o p p o s i n g  v i e w s  o f  

what  i s  r em e m b e re d .  A c c o r d i n g  t o  t h e  r e t r o s p e c t i v e  v i e w ,  

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

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

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

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

some r u l e  j u s t  p r i o r  t o  e m i t t i n g  i t s  n e x t  r e s p o n s e  t o  

d e t e r m i n e  which  c h o i c e  w i l l  b e  made.  The p r o s p e c t i v e  v i ew 

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

r em e m b e r s  wh ich  r e s p o n s e  i s  t o  b e  made on t h e  n e x t  t r i a l .  

T h e r e  a r e  t h r e e  t y p e s  o f  t r i a l s  i n  t h e  c u r r e n t  r e s e a r c h :  

r e g u l a r  t r i a l s ,  e a r l y - s i g n a l  t r i a l s ,  and l a t e - s i q n a l  t r i a l s .  

On r e g u l a r  t r i a l s ,  t h e  r e t r o s p e c t i v e  t h e o r y  would s a y  t h a t  

t h e  p i g e o n  r em e m b e r s  i t s  p r e v i o u s  r e s p o n s e ,  a n d  t h e n  when 

t h e  n e x t  t r i a l  b e g i n s  i t  a p p l i e s  a w i n - s t a y ,  l o s e - s h i f t  

r u l e .  The p r o s p e c t i v e  t h e o r y  w ou l d  d i f f e r  o n l y  i n  t h a t  t h e  

r u l e  w o u l d  be  a p p l i e d  e a r l i e r  and  t h e  p i g e o n  would  r emember  

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

no m a j o r  a d v a n t a g e  o f  one t y p e  cf  memory o v e r  t h e  o t h e r .
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I n  t h e  c a s e  o f  e a r l y -  and  l a t e - s i q n a l  t r i a l s ,  t h e r e  a r e  

c l e a r  d i f f e r e n c e s  i n  t h e  p r e d i c t i o n s  made by  t h e  two 

t h e o r i e s .  On e a r l y - s i q n a l  t r i a l s ,  t h e  r e t r o s p e c t i v e  t h e o r y  

would s a y  t h a t  two  memory r e p r e s e n t a t i o n s  a r e  n e e d e d :  t h e  

p i q e o n ' s  l a s t  r e s p o n s e ,  a n d  t h e  c o l o r  o f  t h e  s i q n a l .  Both 

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

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

n e x t  t r i a l .  On l a t e - s i q n a l  t r i a l s ,  a c c o r d i n g  t o  t h e  

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

i t s  p r e v i o u s  r e s p o n s e  a c r o s s  t h e  d e l a y ;  t h e  s i q n a l  wo u ld  

o c c u r  i n  a z e r o - d e l a y  r e l a t i o n s h i p  t o  t h e  n e x t  t r i a l .  The 

s h o r t  r e s p o n s e  l a t e n c i e s  t h a t  t y p i c a l l y  o c c u r  t o  t r i a l  o n s e t  

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

w o u l d  be  a p p l i e d  e i t h e r  d u r i n g  t h e  s i q n a l  o r  i m m e d i a t e l y  

f o l l o w i n q  i t s  o f f s e t .  T h u s ,  t h e  r e t r o s p e c t i v e  t h e o r y  makes  

a c l e a r  p r e d i c t i o n  o f  more a c c u r a t e  p e r f o r m a n c e  i n  t h e  

l a t e - s i q n a l  c o n d i t i o n .
\

A c c o r d i n q  t c  t h e  p r o s p e c t i v e  t h e c / c y ,  on e a r l y - s i q n a l  

t r i a l s  t h e r e  would  be  o n l y  one  t h i n q  t o  r emember :  t h e  

r e s p o n s e  t c  make on t h e  n e x t  t r i a l - .  T h i s  would be

d e t e r m i n e d  i m m e d i a t e l y  f o l l o w i n g  t h e  t r i a l  by t h e  b i r d s ' s  

p r e v i o u s  r e s p o n s e  a n d  t h e  s i q n a l  c o l o r .  On l a t e - s i q n a l  

t r i a l s ,  t h e  b i r d ' s  t a s k  w o u l d  be more c o m p l e x .  The re

w o u l d n ' t  be  encugh  i n f o r m a t i o n  f o l l o w i n q  a t r i a l  t o  make a 

f i n a l  d e t e r m i n a t i o n  o f  t h e  c o r r e c t  r e s p o n s e  o r  t h e  n e x t
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t r i a l .  Memory would  be  c od ed  p r o s p e c t i v e l y  i n  t h e  f o r m  of 

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

c o r r e c t  r e s p c r s e  we re  l e f t ,  t h e  p i g e o n  m i g h t  r emember  " i f  

g r e e n ,  p e c k  l e f t ;  i f  r e d ,  p e c k  r i g h t " .  T h i s  i s  c l e a r l y  more 

complex  t h a n  i n  t h e  e a r l y - s i g n a l  c a s e ,  and a r e a s o n a b l e  

p r e d i c t i o n  would be t h a t  t h e  b i r d s  wou l d  p e r f o r m  more 

a c c u r a t e l y  o r  e a r l y - s i g n a l  t r i a l s .

The t h i r d  e x p e r i m e n t  p r o v i d e s  v e r y  c l e a r  d a t a ;  w i t h  

o n l y  one  e x c e p t i o n ,  i n  b o t h  p h a s e s  of  t h e  e x p e r i m e n t  a l l  

b i r d s  d i d  s u b s t a n t i a l l y  b e t t e r  i n  t h e  l a t e - s i g n a l  c o n d i t i o n .  

T h u s ,  a l t h o u q h  t h i s  r e s e a r c h  was n o t  d e s i g n e d  t o  a d d r e s s  

t h i s  i s s u e  i t  p r o v i d e s  c l e a r  e v i d e n c e  t h a t ,  i n  t h e  l a n g u a g e  

o f  t h e s e  two t h e o r i e s  o f  memory,  t h e  b i r d s  we re  b e h a v i n g  i n  

a manne r  c o n s i s t e n t  w i t h  a r e t r o s p e c t i v e  c o d i n g  h y p o t h e s i s .

I t  i s  r e a s o n a b l e  t c  a s k  why, g i v e n  t h e  r e c e n t  e v i d e n c e  

f o r  p r o s p e c t i v e  c o d i n g  i n  DMTS p r o c e d u r e s ,  t h e  p r e s e n t  

r e s e a r c h  on r e v e r s a l  l e a r n i n q  p r o v i d e s  e q u a l l y  c l e a r  

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

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

may b e  h e l p f u l .  The c o g n i t i v e  a p p r o a c h  a p p e a r s  t o  be 

c o n c e r n e d  p r i m a r i l y  w i t h  i d e n t i f y i n g  and s t u d y i n g  (by 

i n f e r e n c e )  i n t e r n a l  m ec h an i sm s  t h a t  may e x p l a i n  o b s e r v a b l e  

b e h a v i o r .  The b e h a v i o r a l  a p p r o a c h  i s  more  c o n c e r n e d  w i t h  

e x p l a i n i n g  o b s e r v a b l e  b e h a v i o r  i n  t e r m s  o f  o b s e r v a b l e  

a n t e c e d e n t  and  c o n s e q u e n t  e v e n t s .  I f  i t  d e a l s  w i t h



107

h y p o t h e t i c a l  i n t e r n a l  p r o c e s s e s  a t  a l l ,  i t  t r i e s  t o  c o n n e c t  

t h em q u i t e  e x p l i c i t l y  t c  e n v i r o n m e n t a l  d e t e r m i n a n t s .  T h u s ,  

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

c o d i n g ,  t h e  g o a l  o f  a c o g n i t i v e  p s y c h o l o g i s t  wo u ld  b e  t o  

i d e n t i f y  p o s s i b l e  memory m e c h a n i s m s ,  and  t o  a sk  wh ich  on e  

a c t u a l l y  e x p l a i n s  o b s e r v a b l e  b e h a v i o r .  A b e h a v i o r i s t  would 

v i ew  t h e  i s s u e  o f  w h a t  i s  r eme mbe red  a s  b e i n g  e q u i v a l e n t  t o  

t h e  i s s u e  o f  wha t  d i s c r i m i n a t i v e  e v e n t s  { s t i m u l i  o r  

r e s p o n s e s )  c o n t r o l  b e h a v i o r ,  and  what  r e i n f o r c e m e n t  

p a r a m e t e r s  d e t e r m i n e  t h i s  c o n t r o l .  The  b e h a v i o r i s t  wou ld  be  

u n l i k e l y  t c  p r o p o s e  t h e s e  i n t e r n a l  m e c h a n i s m s .  H o w e v e r ,  

g i v e n  t h a t  t h e y  h a v e  b e e n  p r o p o s e d ,  a b e h a v i o r i s t  i n t e r e s t e d  

i n  t h i s  i s s u e  w o u l d  b e  more  l i k e l y  t o  i n g u i r e  i n t o  t h e  

e n v i r o n m e n t a l  d e t e r m i n a n t s  o f  memory c o d i n g :  u n d e r  wha t

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

I n  f a c t .  G r a n t  (198 1 , 1982) m e n t i o n e d  t h e  i s s u e  o f  s t i m u l u s  

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

b e i n g  w o r t h y  o f  f u t u r e  s t u d y .

I f  p r o s p e c t i v e  a n d  r e t r o s p e c t i v e  c o d i n g  may be  a c c e p t e d  

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

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

t h a t  h a v e  been  o b t a i n e d  f rom t h e  b e h a v i o r a l  p o i n t  o f  v iew.  

I n  a DMTS p r o c e d u r e ,  p r o s p e c t i v e  c o d i n g  would work w e l l ,  as  

a l l  i n f o r m a t i o n  i s  a v a i l a b l e  t o  a l l o w  f o r  memory c f  wha t  t o  

do.  P r o s p e c t i v e  c o d i r g  would  p r o b a b l y  be more  e f f i c i e n t ,  a s
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d e c i s i o n - m a k i n g  wo u l d  o c c u r  b e f o r e  any memory t r a c e  f o r  t h e  

s a m p l e  s t i m u l u s  had  t i m e  t o  d e c a y ,  and  no d e c i s i o n - m a k i n g  

ne ed  o c c u r  a t  t h e  t i m e  o f  m a k i n g  t h e  r e s p o n s e -  I n  t h e  G r a n t  

( 1982) e x p e r i m e n t ,  p r o s p e c t i v e  c o d i n g  would be  p a r t i c u l a r l y  

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

r e p r e s e n t a t i o n  whe re  r e t r o s p e c t i v e  c o d i n g  wou l d  r e g u i r e  

s e v e r a l .  The  s i t u a t i o n  i s  d i f f e r e n t  i n  t h e  p r e s e n t  

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

would a g a i n  be  more  e f f i c i e n t ,  s i n c e  o n l y  one  t h i n g  n e e d  be  

r e m e m b e r e d  a s  op po se d  t o  two w i t h  r e t r o s p e c t i v e  c o d i n g .  

Howeve r ,  i n  t h e  l a t e - s i g n a l  c a s e ,  t h e  r e v e r s e  i s  t r u e :  

r e t r o s p e c t i v e  c o d i n g  would be more  e f f i c i e n t  t h a n  

p r o s p e c t i v e  c o d i n g .  From a b e h a v i o r a l  p e r s p e c t i v e ,  two 

p o s s i b i l i t i e s  m ig h t  b e  e x p e c t e d .  T h e  b i r d s  m i g h t  a d o p t  a 

r e t r o s p e c t i v e  c o d i n g  p r o c e s s  i n  t h e  l a t e - s i g n a l  c o n d i t i o n  

and  a p r o s p e c t i v e  c o d i n g  p r o c e s s  i n  t h e  e a r l y - s i g n a l  

c o n d i t i o n .  T h i s  wou l d  r e s u l t  i n  l i t t l 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 s  a  f u n c t i o n  o f  s i g n a l  l o c u s .  H o w e v e r ,  i t  

w o u l d  r e s u l t  i n  t h e  ne ed  t o  a p p l y  an  a d d i t i o n a l  r u l e  t o  

d e t e r m i n e  which  c o d i n g  p r o c e s s  t o  u s e  on a g i v e n  t r i a l ;  t h i s  

m ig h t  make t h e  o v e r a l l  l e v e l  of  c o m p l e x i t y  g r e a t e r  t h a n  i f  

one r u l e  were  a d o p t e d  t h r o u g h o u t .  The  r e s u l t s  o f  E x p e r i m e n t  

I I I  i n d i c a t e  t h a t  t h e  b i r d s  r e s p o n d e d  i n  a manne r  c o n s i s t e n t  

w i th  t h e  r e t r o s p e c t i v e  c o d i n g  h y p o t h e s i s  t h r o u g h o u t .  From a 

b e h a v i o r a l  p e r s p e c t i v e  t h i s  i s  g u i t e  r e a s o n a b l e .  I n  t h e
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u n f a v o r a b l e  c o n d i t i o n  w i t h  b o t h  r e t r o s p e c t i v e  and

p r o s p e c t i v e  c e d i n g  t h e r e  a r e  two t h i n g s  t o  r eme mbe r .

However ,  i n  t h e  p r o s p e c t i v e  c a s e  b o t h  o f  t h e s e  a r e

c o n d i t i o n a l  r e p r e s e n t a t i o n s ;  t h u s  t h e r e  m i g h t  be  

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

c o d i n g .

From t h e  l i n e  c f  r e a s o n i n g  s u g g e s t e d  h e r e ,  i t  may be  

s e e n  t h a t ,  r a t h e r  t h a n  l o o k i n g  f o r  how memory w o r k s  i n  a n  

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

be to s t u d y  how memory i s  c o n t r o l l e d  by r e i n f o r c e m e n t  

c o n t i n g e n c i e s .  a p p a r e n t l y  i t  i s  p o s s i b l e  t o  a r r a n g e  

c o n t i n g e n c i e s  t h a t  f a v o r  e i t h e r  r e t r o s p e c t i v e  o r  p r o s p e c t i v e  

c o d i n g ;  n e i t h e r  s h o u l d  be  v i ewed  a s  p r o p e r t i e s  i n h e r e n t  i n  

t h e  w o r k i n g s  o f  t h e  e x p e r i m e n t a l  o r g a n i s m .  A l o g i c a l  

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

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

I n  o r d e r  t o  o b t a i n  r e t r o s p e c t i v e  c o d i n g  i n  one  c o n d i t i o n  of 

an  e x p e r i m e n t  and  p r o s p e c t i v e  c o d i n g  i n  a n o t h e r ,  c o n d i t i o n s  

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

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

a d o p t i n g  on e  s t r a t e g y  t h r o u g h o u t .

A l t h o u g h  t h e  a b o v e  a r g u m e n t  d e m o n s t r a t e s  t h a t  a 

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

o r i e n t e d  i s s u e s  i n  t h e  memory l i t e r a t u r e ,  t h e  r e s u l t s  o f  t h e  

t h i r d  e x p e r i m e n t  may be  e x p l a i n e d  g u i t e  e a s i l y  w i t h o u t  g o i n g
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beyond  e s t a b l i s h e d  p r i n c i p l e s  o f  s t i m u l u s  c o n t r o l .  B e h a v i o r  

i n  an R/N5 t r i a l  may be  s e e n  a s  b e i n q  c o n t r o l l e d  by  two 

p r i o r  d i s c r i m i n a t i v e  e v e n t s :  t h e  p i g e o n ’ s  r e s p o n s e  on t h e  

p r e v i o u s  t r i a l ,  and  t h e  R/NE s i q n a l .  C o n t r o l  o f  b e h a v i o r  by  

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

m o n o t o n i c a l l y  as  a f u n c t i o n  o f  t h e  d e l a y  b e t w e e n  s i q n a l  

p r e s e n t a t i o n  and  t h e  o p p o r t u n i t y  t o  e m i t  t h e  r e s p o n s e  

(Berryman e t  a l .  , 1 9 6 3 ) .  C o n t r o l  o f  b e h a v i o r  by a p r i o r

r e s p o n s e  ha s  b e e n  shewn  t o  d e c r e a s e  s i m i l a r l y  a t  l o n g e r  

d e l a y s  ( H e a r s t ,  1 9 6 2 ) ,  a l t h o u g h  some e v i d e n c e  e x i s t e d  f o r  

q r e a t e r  a c c u r a c y  a t  i n t e r m e d i a t e  d e l a y s  t h a n  a t  t h e  s h o r t e s t  

d e l a y s .  S i n c e  b e h a v i o r  i n  E x p e r i m e n t  I I I  was  c o n t r o l l e d  by  

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

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

r e s p o n s e  g r a d i e n t s .  C o n t r o l  b y  t h e  p r i o r  r e s p o n s e  wou ld  

a l w a y s  b e  t h e  same f o r  a g i v e n  d e l a y  v a l u e .  C o n t r o l  by  t h e  

E/NR s i g n a l  wou ld  d e p e n d  on t h e  s i g n a l  l o c u s .  I n  t h e  

e a r l y - s i g n a l  c o n d i t i o n ,  t h e  d e l a y  w o u l d  be  e q u a l  t o  t h e  I T I  

d u r a t i o n .  I n  t h e  l a t e - s i g n a l  c o n d i t i o n ,  t h e  d e l a y  wou l d  be 

z e r o .  Any p l a u s i b l e  c o m b i n a t o r i a l  r u l e  wou ld  t h u s  p r e d i c t  

g r e a t e r  a c c u r a c y  i n  t h e  l a t e - s i g n a l  c o n d i t i o n ,  a s  was 

o b s e r v e d  i n  t h e  t h i r d  e x p e r i m e n t .



T h e r e  h a s  b e e n  a d i s t u r b i n g  t r e n d  r e c e n t l y  i n  t h e  s t u d y  

o f  comp lex  d i s c r i m i n a t i o n  phenomena t o  r e s o r t  t o  b o t h  t h e  

v o c a b u l a r y  and  t h e  t h e o r e t i c a l  o r i e n t a t i o n  o f  c o q n i t i v e  

p s y c h o l o g y .  I n  a c e r t a i n  s e n s e  t h i s  i s  n o t  h a r d  t o  

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

o f t e n  e a s i e r  t o  a p p l y  t o  t h e s e  s i t u a t i o n s  t h a n  t h e  

b e h a v i o r a l  t e r m i n o l o q y  w h i c h  was  o f t e n  d e s i q n e d  f o r  u se  i n  

much s i m p l e r  s i t u a t i o n s .  Hav inq  a d o p t e d  t h e  c o q n i t i v e  

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

t h e o r e t i c a l  a s s u m p t i o n s  t h a t  qo  w i th  i t .  Howeve r ,  t h e  

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

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

same a s  t h e y  were  a r o u n d  t h e  t u r n  o f  t h e  c e n t u r y  when t h e y  

c a u s e d  p e o p l e  l i k e  T h o r n d i k e  and  Wat son  t o  a d o p t  a 

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

I n  t h i s  p a p e r  I  h av e  p r e s e n t e d  some r e s e a r c h  on f a i r l y  

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

m a i n t a i n i n g  a b e h a v i o r a l  a p p r o a c h .  A l th o u gh  i t  was 

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

t e r m i n o l o q y  was n o t  q i v e n  a d d e d ,  n o n b e h a v i o r a l  m e a n i n q .  The 

p a p e r  e n d e d  w i th  a d i s c u s s i o n  o f  a c o q n i t i v e  i s s u e  w h i c h  i s  

r e l a t e d  t o  t h i s  r e s e a r c h .  A l t h o u g h  t h e  i s s u e  i s  c l e a r l y  

c o q n i t i v e  i n  n a t u r e ,  I  h a v e  shown t h a t  a b e h a v i o r a l  a p p r o a c h
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was a b l e  t o  d e a l  w i t h  i t  i n  a p r o d u c t i v e  manne r .

I  do r e t  w i sh  t o  s u g g e s t  t h a t  b e h a v i o r i s t s  i g n o r e  t h e

c o g n i t i v e  f i e l d .  The  d i f f e r e n c e s  i n  t l e o r e t i c a l

o r i e n t a t i o n s  l e a d  t o  t h e  l i k e l i h o o d  t h a t  e a c h  a p p r o a c h  w i l l  

r a i s e  i s s u e s  r e l e v a n t  t o  t h e  o t h e r s *  i n t e r e s t s  t h a t  would 

n o t  hav e  b e e r  c o n s i d e r e d  o t h e r w i s e .  H o w ev e r ,  i t  d o e s  n o t  

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

b e h a v i o r a l  p o i n t  o f  v i ew  s i m p l y  b e c a u s e  some i n t e r e s t i n g  

i s s u e s  a r e  more c o n v e n i e n t l y  d i s c u s s e d  i n  c o g n i t i v e  t e r m s ,  

a s  I  h a v e  shown,  t h e  b e h a v i o r a l  p e r s p e c t i v e  h a s

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

b e e n  v i e w e d  a s  g u i t e  c o g n i t i v e  i n  n a t u r e .
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