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INTRODUCTION

I n  h i s  1938 d e s c r i p t i o n  o f  o p e r a n t  b e h a v i o r ,  S k i n n e r  

p r e s e n t e d  t h e  Law o f  C o n d i t i o n i n g  o f  Type R. The law  

s t a t e d  ‘t h a t  " i f  t h e  o c c u r r e n c e  o f  an o p e r a n t  i s  f o l l o w e d  

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

i s  i n c r e a s e d ” ( p g .  2 1 ) .  S in c e  t h e  o p e r a n t  d e f i n e d  by 

S k i n n e r  was n o t  c o r r e l a t e d  w i t h  any i d e n t i f i a b l e  e l i c i t 

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

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

such  a s  l a t e n c y  o r  m a g n i tu d e ,  were  o f  l i t t l e  u s e  when 

a p p l i e d  t o  o p e r a n t  b e h a v i o r .  I n  o r d e r  to  e s t a b l i s h  t h e  

n o t i o n  o f  s t r e n g t h  o f  o p e r a n t  b e h a v i o r ,  S k i n n e r  s u g g e s t e d  

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

u n i t  t im e )  a s  t h e  d e p e n d e n t  v a r i a b l e .  R e in f o r c e m e n t  was 

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

s t r e n g t h e n i n g  e f f e c t  was e v i d e n t  i n  an i n c r e a s e  i n  t h e  

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

( 1953» 1961 ,  1969)  i d e n t i f i e d  r a t e  o f  r e s p o n s e  a s  t h e  

o n l y  a p p r o p r i a t e  d e p e n d e n t  v a r i a b l e  from w hich  t o  i n f e r  

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

Response  r a t e  h a s  been  shown t o  be a  r e l i a b l e  dep

e n d e n t  v a r i a b l e  which  v a r i e s  i n  an o r d e r l y  m anner  w i t h  

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

and immediacy  o r  d e l a y  o f  r e i n f o r c e m e n t .  More r e c e n t l y ,  

how ever ,  a  number o f  e x p e r i m e n t s  have  c a l l e d  i n t o  q u e s t i o n  

the  a d equ acy  o f  r e s p o n s e  r a t e  a s  a s e n s i t i v e  m e a su re  o f

1
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2

t h e  e f f e c t s  o f  r e i n f o r c e m e n t  on b e h a v i o r .  C a t a n i a  (1963)» 

f o r  i n s t a n c e ,  t r a i n e d  p i g e o n s  t o  k e y  pe ck  on a  v a r i a b l e -  

i n t e r v a l  2 - m in u t e  s c h e d u l e  o f  r e i n f o r c e m e n t  (VI 2 - m in u t e s )  

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

g r o u p s  o f  e x p e r i m e n t a l  s e s s i o n s .  R e in f o r c e m e n t  d u r a t i o n s  

were  4*5 s e c o n d s ,  6 . 0  s e c o n d s ,  3*0 s e c o n d s ,  and i f .5 s e c 

onds  i n  t h a t  o r d e r ,  w i t h  t r a i n i n g  a t  e ach  d u r a t i o n  c o n d u c ted  

f o r  a  minimum o f  10 s e s s i o n s .  C a t a n i a  found t h a t  a change 

i n  g r a i n  d u r a t i o n  from 3*0 t o  6 . 0  s e c o n d s  had  no o r d e r l y  

e f f e c t  on t h e  r a t e  o f  k e y - p e c k i n g  when t h e  r a t e s  o f  k e y -  

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

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

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

I n  a n o t h e r  e x p e r i m e n t  i n  which r e i n f o r c e m e n t  magni

t u d e  was t h e  i n d e p e n d e n t  v a r i a b l e ,  P o w e l l  (1969)  t r a i n e d  

p i g e o n s  t o  k e y  p e c k  on f i x e d - r a t i o  (FR) s c h e d u l e s  o f  r e i n 

fo r c e m e n t  f o r  g r a i n  r e i n f o r c e m e n t .  I n  t h e  p r e s e n c e  o f  a 

w h i t e  r e s p o n s e  key  r e s p o n d i n g  p ro d u c e d  2 . 5  s e c o n d s  o f  

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

r e s p o n d i n g  p r o d u c e d  4*0 s e co n d s  o f  g r a i n  r e i n f o r c e m e n t .  

D u r in g  t r a i n i n g  t h e  key  c o l o r s  and r e s p e c t i v e  r e i n f o r c e 

ment d u r a t i o n s  were  a l t e r n a t e d  w i t h  each  s e s s i o n .  T r a i n 

i n g  was c o n t i n u e d  and t h e  FR r e s p o n s e  r e q u i r e m e n t  i n c r e a s e d  

a c r o s s  s e s s i o n s  u n t i l  each  p ig e o n  showed c o n s i s t e n t  d i f 

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

t h e  two d u r a t i o n s  o f  g r a i n  p r e s e n t a t i o n .  D u r in g  t h e  n e x t
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20 s e s s i o n s  t h e  k e y  c o l o r s  and r e s p e c t i v e  r e i n f o r c m e n t  

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

s t u d y .  The n e x t  20 s e s s i o n s  were  d i v i d e d  i n t o  g r o u p s  o f  

f o u r  s e s s i o n s .  I n  each  g roup  o f  f o u r  s e s s i o n s ,  one s e s s i o n  

was c o n d u c te d  i n  which t h e  r e i n f o r c e m e n t  d u r a t i o n  was 

e i t h e r  2 , 5  o r  4 . 0  s e c o n d s ;  t h e  o t h e r  two s e s s i o n s  were  

a r r a n g e d  so t h a t  t h e  f i r s t  h a l f  o f  t h e  c o m p le ted  FR1s  

were  fo l lo w e d  by e i t h e r  2 , 5  or  4»0 s e c o n d s  o f  g r a i n .

Po w e l l  found t h a t  t h e  p o s t - r e i n f o r c e m e n t  p a u se  was c o n s i s 

t e n t l y  s h o r t e r  f o r  a l l  b i r d s  when k e y - p e c k i n g  was r e i n 

f o r c e d  w i t h  if.O v e r s u s  2 . 0  s e c o n d s  o f  g r a i n .  F o r  t h r e e  o f  

t h e  f o u r  p i g e o n s ,  how ever ,  mean r e s p o n s e  r a t e ,  c a l c u l a t e d  

a f t e r  s u b t r a c t i o n  o f  p o s t - r e i n f o r c e m e n t  p a u se  and g r a i n  

p r e s e n t a t i o n  t i m e ,  was found  n o t  t o  i n c r e a s e  u n d e r  c o n d i 

t i o n s  where  g r a i n  p r e s e n t a t i o n  was if.O s e c o n d s .  R e s u l t s  

s i m i l a r  t o  t h o s e  o f  C a t a n i a  and P o w e l l  have  been  found by 

Keesey and K l i n g  ( 1 9 6 1 ) .

The v a l i d i t y  o f  r e s p o n s e  r a t e  a s  a  d e p en d e n t  v a r i a b l e  

h a s  a l s o  been q u e s t i o n e d  on g ro u n d s  o t h e r  t h a n  i t s  i n s e n s i 

t i v i t y  t o  t h e  m ag n i tud e  o r  amount o f  r e i n f o r c e m e n t .  Nevin 

(1974)  p o i n t e d  o u t  t h a t  f r e q u e n t l y  t h e r e  i s  f a i l u r e  to  f i n d  

an o r d e r l y  r e l a t i o n s h i p  be tw een  r e s p o n s e  r a t e  and r e s i s 

t a n c e  t o  e x t i n c t i o n ,  even though  b o t h  m e a su re s  s h o u l d  c o r 

r e l a t e  due t o  t h e  s t r e n g t h e n i n g  e f f e c t  o f  r e i n f o r c e m e n t .  

A n o th e r  c r i t i c i s m  o f  r e s p o n s e  r a t e  was r a i s e d  by Hodos and 

Kalman (1963)  who a rg u e d  t h a t  s i n c e  r e s p o n s e  r a t e  i s  t im e
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d e p e n d e n t ,  i n j u r y ,  d r u g s ,  o r  s u r g i c a l  p r e p a r a t i o n  may 

l i m i t  an  o r g a n i s m ' s  a b i l i t y  t o  r e s p o n d  a t  h i g h  r a t e s  and 

t h u s  r e f l e c t  a  l i m i t e d  o r  i m p a i r e d  m o to r  sys tem  more t h a n  

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

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

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

b e h a v i o r .  F o r  exam p le ,  on a  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 o w - r a t e  s c h e d u l e  (DEL), r e s p o n d i n g  i s  o b s e r v e d  t o  

o c c u r  a t  a  low s t e a d y  r a t e  p re s u m a b ly  b e c a u s e  i n t e r r e 

sp on se  t im e s  ( I E T ' s )  g r e a t e r  t h a n  a  c o n t i n g e n c y  s p e c i f i e d  

v a l u e  a r e  f o l lo w e d  by r e i n f o r c e m e n t .  On t h e  o t h e r  h a n d ,  

on a v a r i a b l e - r a t i o  (VE) s c h e d u l e  o f  r e i n f o r c e m e n t  t h e r e  

i s  a  d i r e c t  p r o p o r t i o n  be tw een  r e s p o n s e  r a t e  and t h e  numbe 

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

I E T ' s  a r e  r e i n f o r c e d  and a  h i g h  s t e a d y  r a t e  o f  r e s p o n d i n g  

i s  o b s e r v e d .  Even th o u g h  r a t e  o f  r e s p o n d i n g  must  a l s o  be 

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

ment i n  each  c a s e ,  i t  i s  c l e a r  t h a t  r e s p o n s e  r a t e  do e s  n o t  

p r o v i d e  a  v a l i d  m ea su re  o f  t h e  s t r e n g t h  o f  b e h a v i o r  g e n e r 

a t e d  by t h e  DEL s c h e d u l e .

A number o f  d i f f e r e n t  m ethods  and d e p e n d e n t  v a r i a b l e s  

h ave  been  p ro p o s e d  a s  a l t e r n a t i v e s  t o  r e s p o n s e  r a t e  a s  a  

m easu re  o f  t h e  s t r e n g t h e n i n g  e f f e c t  o f  r e i n f o r c e m e n t .  

Uzunoz ( 1979) i d e n t i f i e d  t h r e e  such  b a s i c  p r o c e d u r e s ,  each  

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

s t r e n g t h e n i n g  e f f e c t  o f  r e i n f o r c e m e n t .  The p r o c e d u r e s
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were  c a t a g o r i z e d  a s :  1)  r e s i s t a n c e - t o - c h a n g e  p r o c e d u r e s ,

2) c o n c u r r e n t  r e i n f o r c e m e n t  p r o c e d u r e s ,  and  3)  p r o g r e s s i v e  

r a t i o  p r o c e d u r e s ,

N e v i n ' s  (1 97 4 )  e x p e r i m e n t s  u s i n g  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  t y p i f y  a  r e s i s t a n c e - t o - c h a n g e  a p p ro a c h  

t o  t h e  m easu rem en t  o f  r e s p o n s e  s t r e n g t h .  I n  m u l t i p l e  

s c h e d u l e s ,  two s u c c e s s i v e  s t i m u l u s  c o n d i t i o n s ,  su c h  a s  

d i f f e r e n t  k e y  c o l o r s  i n  a  p ig e o n  cham ber ,  a r e  c o r r e l a t e d  

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

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

a  component i n  su c h  a s c h e d u l e .  A f t e r  e x t e n d e d  t r a i n i n g  

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

component w i l l  s t a b i l i z e  a t  a  l e v e l  t h a t  i s  c o n t r o l l e d  by 

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

c o n d i t i o n s  p r e v a i l i n g  i n  t h e  a l t e r n a t e d  com p on en t .  N e v i ^ s  

a rgum ent  was t h a t  i f  a  r e s p o n s e  w e ak e n in g  o p e r a t i o n  were  

a p p l i e d  e q u a l l y  and u n i f o r m l y  t o  b o t h  com ponen ts  o f  t h e  

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

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

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

p e r f o r m a n c e s .

To t e s t  t h i s  n o t i o n ,  Nevin  ( 1 9 7 4 ) ,  t r a i n e d  p i g e o n s  

t o  r e s p o n d  on tw o-com ponen t  m u l t i p l e  s c h e d u l e s  u n t i l  

r e s p o n d i n g  i n  eac h  component had s t a b i l i z e d .  He t h e n  i n t r o 

duced  a  known r e s p o n s e - w e a k e n i n g  o p e r a t i o n ,  d e l i v e r y  o f  f r e e -  

f c o d ,  d u r i n g  a  p e r i o d  b e tw ee n  t h e  c o m p o n e n ts .  He found
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t h a t  t h e  a v e r a g e  r a t e  o f  r e s p o n d i n g  d u r i n g  t h e  component 

a s s o c i a t e d  w i t h  a  v a r i a b l e - i n t e r v a l  1 - m i n u t e  (VI 1 - m in u t e )  

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

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

3 - m i n u t e  s c h e d u l e .  Thus ,  a c c o r d i n g  t o  N e v in ,  t h e  b e h a v i o r  

m a i n t a i n e d  on t h e  VI 1 - m in u t e  s c h e d u l e  was t o  be c o n s i d 

e r e d  t h e  " s t r o n g e r "  o f  t h e  two.  S i m i l a r  e x p e r i m e n t s  

were  c o n d u c te d  i n  which r e i n f o r c e m e n t  d e l a y ,  f r e q u e n c y  

o f  r e i n f o r c e m e n t ,  and m a g n i tu d e  o f  r e i n f o r c e m e n t  were  t h e  

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

Nevin  t o  r a n k - o r d e r  t h e  s t r e n g t h  o f  r e s p o n d i n g  i n  d i f 

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

t h e  r e l a t i v e  change  i n  r a t e  o f  r e s p o n d i n g  from b a s e l i n e  

l e v e l s .  N e v in 1s  p r o c e d u r e  i s  r e l a t i v e l y  s i m p l e  and o r d e r l y  

r e l a t i o n s  were  found i n  t h e  d a t a  from each  o f  h i s  e x p e r i 

m e n t s .  However, a s  S n ap p e r  (1979)  n o t e d ,  t h e  p r o c e d u r e  and 

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

i n  each  component o f  t h e  m u l t i p l e  s c h e d u l e s  i s  b a s e d  on 

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

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

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

o t h e r  w o rd s ,  one must  assum e,  f o r  exam ple ,  t h a t  a  t e n  p e r 

c e n t  (10%) r e d u c t i o n  i n  r e s p o n d i n g  on a  VI 3 - mi ^ u 'te s c h e d u l e  

i s  t w i c e  a s  g r e a t  a s  a  f i v e  p e r c e n t  (5%) r e d u c t i o n  i n  t h e  

r a t e  o f  r e s p o n d i n g  on a  VI 1 - m in u te  s c h e d u l e .  Hodos (1961)  

and Hodos and Kalman (1963)  p r o p o s e d  t h e  p r o g r e s s i v e  r a t i o  

(PH) s c h e d u l e  a s  a means t o  m easu re  t h e  s t r e n g t h e n i n g  e f f e c t
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o f  r e i n f o r c e m e n t .  Cn a  PS s c h e d u l e ,  t h e  amount o f  work 

o r  t h e  number o f  r e s p o n s e s  an o rg an ism  must  em i t  t o  o b t a i n  

r e i n f o r c e m e n t  i n c r e a s e s  a f t e r  each  d e l i v e r y  o f  r e i n f o r c e 

m en t .  F o r  i n s t a n c e ,  on a  PS ;  s c h e d u l e ,  t h e  s u b j e c t  must  

e m i t  f i v e  r e s p o n s e s  t o  o b t a i n  t h e  f i r s t  r e i n f o r c e m e n t ,  10 

r e s p o n s e s  to  o b t a i n  t h e  s e co n d  r e i n f o r c e m e n t ,  15 r e s p o n s e s  

t o  o b t a i n  t h e  t h i r d ,  and so on u n t i l  t h e  s u b j e c t  c e a s e s  

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

u s u a l l y  iO o r  15 m i n u t e s .  The m easu re  o f  r e s p o n s e  s t r e n g t h  

on such  a s c h e d u l e  i s  t h e  f i n a l  co m p le te d  r a t i o  t h e  s u b j e c t  

c o m p le t e s  b e f o r e  " b r e a k i n g ” f o r  t h e  10 m in u te  p e r i o d .

Hodos ( l 9 6 l )  and Hodos and Kalman (1963)  examined t h e  

b e h a v i o r  u n d e r  a  number o f  PP s c h e d u l e s  and have  o b t a i n e d  

o r d e r l y  r e s u l t s  r e l a t i n g  t h e  f i n a l  c o m p le ted  r a t i o  to  such  

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

m en t .  P e c e n t  r e s e a r c h  by Usuncz (1979)  i l l u s t r a t e d  a m a jo r  

p ro b lem  w i t h  t h e  ?P s c h e d u l e  and f i n a l  c o m p le ted  r a t i o  a s  

a  s e n s i t i v e  d e p e n d e n t  v a r i a b l e ,  how ever .  Uzunoz o b se rv e d  

t h a t  when t h e  p r o g r e s s i v e  r a t i o  was i n c r e a s e d  a r i t h m e 

t i c a l l y  t h e  s c h e d u l e  became i n c r e a s i n g l y  l i k e  an FP s c h e d u l e  

o f  r e i n f o r c e m e n t .  As s u c h ,  t h e  f i n a l  c o m p le te d  r a t i o  may 

be more a  m easu re  o f  r a t i o  s t r a i n ,  a s  t h e  ?P i s  i n c r e a s e d ,  

t h a n  a m easu re  o f  t h e  amount o f  work e m i t t e d  t o  o b t a i n  

r e i n f o r c e m e n t .  When Uzunoz i n c r e a s e d  t h e  r a t i o  r e q u i r e 

ment by a  f i n e d  p e r c e n t a g e  f o l l o w i n g  each  r e i n f o r c e m e n t  

( g e o m e t r i c  p r o g r e s s i v e  r a t i o ) ,  i n s t e a d  o f  a f i x e d  number o f
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r e s p o n s e s ,  he  found  t h a t  t h e  a c q u i s i t i o n  o f  PR p e r f o r m a n c e  

was p o o r  compared t o  an a r i t h m e t i c  PR. The depend en ce  o f  

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

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

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

The most  r e c e n t  and w e l l  r e s e a r c h e d  a t t e m p t  t o  p r o v i d e  

an a l t e r n a t i v e  t o  r e s p o n s e  r a t e  a s  t h e  p r im a r y  d e p e n d e n t  

v a r i a b l e  i n  o p e r a n t  p s y c h o lo g y  comes from t h e  s t u d y  o f  

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

m ent .  On a c o n c u r r e n t  s c h e d u l e ,  two o r  more r e i n f o r c e m e n t  

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

c o n t r o l l i n g  a  s e p a r a t e  o p e r a n t  r e s p o n s e .  F o r  i n s t a n c e ,  

i n  a tw o-key  p i g e o n  cham ber ,  t h e  s c h e d u l e  on t h e  l e f t  key  

m igh t  be a  VI 1 - m in u t e  s c h e d u l e  w h i l e ,  s i m u l t a n e o u s l y ,  a 

VI 3 -n i .n u te  s c h e d u l e  i s  i n  e f f e c t  f o r  r e s p o n d i n g  on t h e  

r i g h t  k e y .  U s u a l l y ,  a  c h a n g e - o v e r  d e l a y  (COD) component 

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

f o r  t h e  b e h a v i o r  o f  s w i t c h i n g  from one r e s p o n s e  k e y  t o  t h e  

o t h e r .  The COD r e q u i r e s  t h a t  a  minimum p e r i o d  o f  t im e  

e l a p s e s  be tw een  r e s p o n d i n g  on one key  and r e i n f o r c e m e n t  

d e l i v e r y  on t h e  o t h e r .

U s in g  p i g e o n s  and c o n c u r r e n t  VI s c h e d u l e s  s i m i l a r  t o  

t h a t  d e s c r i b e d  a b o v e ,  H e r r n s t e i n  (1961)  found a m athem at

i c a l  r e l a t i o n s h i p  be tw een  t h e  r e l a t i v e  r e s p o n s e  r a t e  on a 

g iv en  key  and t h e  o b t a i n e d  r e l a t i v e  r e i n f o r c e m e n t  r a t e  on 

t h a t  k e y .  When t h e  d a t a  from t h o s e  e x p e r i m e n t s  were p l o t t e d
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i n  su c h  t e r m s ,  a  l i n e a r  r e l a t i o n s h i p  was fo u n d .  I n  o t h e r  

w o rd s ,  t h e  number o f  r e s p o n s e s  made on a  k e y  was found  t o  

be i n  d i r e c t  p r o p o r t i o n  t o  t h e  number o f  r e i n f o r c e m e n t s  

o b t a i n e d  f o r  r e s p o n d i n g  on t h a t  k e y .  H e r r n s t e i n  r e f e r r e d  

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

r e l a t i v e  r a t e  o f  r e s p o n d i n g  a s  t h e  m ost  s e n s i t i v e  m ea su re  

o f  t h e  s t r e n g t h e n i n g  e f f e c t  o f  r e i n f o r c e m e n t .

de V i l l i e r s  (1977)  r e v i e w e d  much o f  t h e  l i t e r a t u r e  

r e l a t i n g  to  H e r r n s t e i n ’ s p r o p o s a l .  The r e s e a r c h  i n c l u d e d  

i n  h i s  r e v ie w  i n d i c a t e s  t h e  g e n e r a l i t y  o f  t h e  m a tc h in g  

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

a s  amount ,  q u a l i t y  and im m ed iacy .  N e v e r t h e l e s s ,  de V i l l i e r s  

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

” unambiguous" m easu re  o f  s t r e n g t h .  I t  a p p e a r s  t h a t  t h e  

m a tc h in g  r e l a t i o n s h i p  d o e s  n o t  e x i s t  i n  any s im p le  form i n  

o t h e r  th a n  c u r r e n t  VI s c h e d u l e s  em ploy ing  a  COD r e q u i r e 

m en t .  T h is  c o n s e q u e n t l y  l i m i t s  t h e  g e n e r a l i t y  o f  t h e  

p r o c e d u r e .  A l s o ,  r e s e a r c h  by Bovin  (1978)  and de l a  Garza  

(1978)  d e m o n s t r a t e d  t h e  d e p en dency  o f  t h e  m a tc h in g  r e l a t i o n 

s h i p  on t h e  manner  i n  w hich  t h e  t i m e r s  c o n t r o l l i n g  t h e  VI 

s c h e d u l e s  were  a r r a n g e d .  I n  summary, t h e s e  l i m i t a t i o n s  

a rg u e  a g a i n s t  r e l a t i v e  r e s p o n s e  r a t e  a s  a d e p e n d e n t  v a r i a b l e  

from which t o  i n f e r  t h e  s t r e n g t h e n i n g  e f f e c t  o f  r e i n f o r c e m e n t  

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

re v ie w e d  above  h ave  a l l  b e en  q u e s t i o n e d  r e g a r d i n g  t h e  d e g r e e  

t o  which t h e y  p r o v i d e  s e n s i t i v e  m e a s u r e s  o f  t h e  s t r e n g t h e n i n g
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e f f e c t  o f  r e i n f o r c e m e n t .  I t  i s  i n t e r e s t i n g  t o  n o t e  i n  t h i s  

r e g a r d  t h a t  eac h  o f  t h e  p r o c e d u r e s  r e v i e w e d  e m p h a s iz e s  t h e  

s t u d y  o f  m a i n t a i n e d  r e s p o n d i n g .  Nevin  (1974)  n o t e d  t h e  

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

m a i n t a i n e d  b e h a v i o r  and  s u g g e s t e d  t h a t  i t  may be  d ue ,  i n  

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

s t r e n g t h e n i n g  e f f e c t  o f  r e i n f o r c e m e n t .

I n  a  s i m i l a r  v e i n ,  S n a p p e r  (1979)  s u g g e s t e d  t h a t  

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

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

" t h r e s h o l d 11 q u a n t i t i e s  o f  r e i n f o r c e m e n t  n e c e s s a r y  t o  m a in 

t a i n  b e h a v i o r .  R esp o nse  r a t e ,  f o r  i n s t a n c e ,  i s  a  m e a su re  

o f  b e h a v i o r  from w hich  one  can  i n f e r  w h e t h e r  o r  n o t  a  s t i m 

u l u s  change  i s  f u n c t i o n i n g  a s  r e i n f o r c e m e n t .  Y/hat i s  n e e d e d ,  

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

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

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

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

d a t a .  Such a  c h o i c e  p r o c e d u r e  r e s t s  on t h e  a s s u m p t io n  t h a t  

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

f o r c e r  o f  two a l t e r n a t i v e s  w i l l  a lw ay s  be 1 . 0 ,  p r o v i d e d  

t h a t  t h e  r e s p o n d i n g  o rg a n i s m  h a s  had  c o n t a c t  w i t h  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  a s s o c i a t e d  w i t h  t h e  p r e 

s e n t a t i o n  o f  each  r e i n f o r c e r .

J o h a n s o n  (1 9 7 1 ,  1975)  and J o h a n s o n  and S c h u s t e r  ( 1 9 7 5 9 

1977) u s e d  a  s i m i l a r l y  d e s c r i b e d  d i s c r e t e - t r i a l  c h o i c e
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p r o c e d u r e  t o  s t u d y  d r u g  and do sag e  p r e f e r e n c e s  i n  monkeys.

I n  -Johanson1 s  1971 s t u d y ,  t h e  p r o c e d u r e  c o n s i s t e d  o f  two 

p a r t s :  a  s a m p l i n g  p e r i o d  and a  c h o ic e  p e r i o d .  Monkeys

w ere  t r a i n e d  on a  p r o c e d u r e  i n  which  a  r e d  s t i m u l u s  l i g h t  

was a s s o c i a t e d  w i t h  one dosage  o f  c o c a i n e  and  a  g r e e n  s t i m 

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

I n  t h e  f i r s t  s a m p l in g  p e r i o d  o f  t h e  s t u d y ,  one o f  t h e  two 

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

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

r e s p o n s e  l e v e r s  i t  s i g n a l l e d  from t r i a l  t o  t r i a l .  F i v e  

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

one d o sa g e  o f  c o c a i n e .  I n  t h e  second  s a m p l in g  p e r i o d  

t h e  o t h e r  s t i m u l u s  was p r e s e n t e d  i n  t h e  same m anner ,  

b u t  was a s s o c i a t e d  w i t h  a d i f f e r e n t  amount o f  c o c a i n e  r e i n 

f o r c e m e n t .  The s a m p l in g  p e r i o d s  were  f o l lo w e d  by a s e r i e s ,  

" b l o c k " ,  o f  c h o i c e  t r i a l s .  On a  c h o i c e  t r i a l ,  t h e  l e f t -  

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

b o t h  s t i m u l i  w ere  p r e s e n t e d  a t  t h e  same t i m e .  The s u b j e c t s  

were  r e q u i r e d  t o  em i t  f i v e  r e s p o n s e s  on one o f  t h e  l e v e r s  

t o  p r o d u c e  t h e  a s s o c i a t e d  c o c a i n e  r e i n f o r c e m e n t .  Jo h a n so n  

found t h a t  t r a i n i n g  w i t h  0 . 1  mg/kg and 0 . 5  m g/kg  c o c a in e  

d o s a g e s  r e s u l t e d  i n  a lm o s t  e x c l u s i v e  p r e f e r e n c e  f o r  t h e  0 . 5  

mg/kg d o s a g e s  on c h o i c e  t r i a l s .  The p r o c e d u r e  was a l s o  

u s e d  by  J o h a n s o n  and S c h u s t e r  (1975> 1977) t o  compare 

p r e f e r e n c e s  be tw een  c o c a i n e  and m e t h y l p h e n i d a t e  and be tw een  

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

Jo h a n s o n  (1975)  a l s o  s t u d i e d  a  number o f  v a r i a b l e s  

w hich  a f f e c t e d  do sage  p r e f e r e n c e  i n  t h e  above  p r o c e d u r e .

I n  an  e x p e r i m e n t  e x am in in g  t h e  e f f e c t s  o f  r e s p o n s e  r e q u i r e 

ment  on d o sa g e  p r e f e r e n c e ,  t h e  FR f o r  one a l t e r n a t i v e  

d o s a g e  r e m a in e d  c o n s t a n t  a t  FR 5» The FR f o r  t h e  o t h e r  

a l t e r n a t i v e  was p e r i o d i c a l l y  i n c r e a s e d  by f i v e ,  how ever .  

J o h a n s o n  s u g g e s t e d  t h a t  i f  t h e  r e s p o n s e  r e q u i r e m e n t  f o r  

t h e  p r e f e r r e d  do sag e  was i n c r e a s e d  t o o  much t h a t  p r e f e r e n c e  

would r e v e r s e  and t h e  l o w e r  o f  t h e  two d ru g  d o s a g e s  v/ould 

be  p r e f e r r e d  i n s t e a d .  Jo h a n so n  h y p o t h e s i z e d  f u r t h e r  t h a t  

t h e  d i f f e r e n c e  be tw een  r e s p o n s e  r e q u i r e m e n t s  n e c e s s a r y  f o r  

p r e f e r e n c e  r e v e r s a l  t o  o c c u r  would v a r y  a s  a  f u n c t i o n  o f  

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

and o f  l i m i t e d  g e n e r a l i t y  due t o  d i f f e r e n c e s  b e tw een  t h e  

s u b j e c t s .  The r e s u l t s  from two o f  f o u r  monkeys s u p p o r t e d  

J o h a n s o n 1s  h y p o t h e s e s ;  t h e  r e s u l t s  from t h e  o t h e r  two 

monkeys d i d  n o t .

The p r o c e d u r e  u se d  i n  t h e  p r e s e n t  e x p e r i m e n t  fo l lo w e d  

d i r e c t l y  from S n a p p e r ' s  (1979)  d e s c r i p t i o n  o f  a  s y m m e t r i c a l  

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

s e v e r a l  r e s p e c t s  t o  J o h a n so n * s  (1975)  e x p e r i m e n t  i n v e s t i 

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

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

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

s a m p l in g  t r i a l s  w ere  e q u a l l y  s p a c e d  t h r o u g h o u t  a  s e s s i o n .
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A lb ino  r a t s  and w a t e r  r e i n f o r c e m e n t  were  u s e d  i n  t h e  p r e 

s e n t  e x p e r i m e n t ,  w h e re a s  Jo h a n so n  u se d  monkeys a s  s u b j e c t s  

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

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

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

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

ment r e m a in e d  f i x e d  i n  l o c a t i o n  a c r o s s  t r i a l s .  F i n a l l y ,  

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

d i f f e r e d  be tw een  e x p e r i m e n t s .  I n  t h e  Jo h a n so n  e x p e r im e n t  

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

e x p e r i m e n t ,  t h e  FR r e q u i r e m e n t  was i n c r e a s e d  by one o r  two,  

and o n l y  a f t e r  s t r i n g e n t  s t a b i l i t y  c r i t e r i a  had  been  m e t .

I n  summary, t h e  p r e s e n t  e x p e r im e n t  was an e x a m in a t io n  

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

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

t r i a l  c h o ic e  p r o c e d u r e .  The e x p e r im e n t  was d e s i g n e d  t o  

s t u d y  c h o ic e  f o r  a  g i v e n  a l t e r n a t i v e  a s  t h e  FR r e q u i r e m e n t  

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

c r e a s e d ,  and i n c r e a s e d  a g a i n  a c r o s s  e x p e r i m e n t a l  s e s s i o n s .

The need  f o r  t h e  p r e s e n t  s t u d y  was i n d i c a t e d  by t h e  f a c t  

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

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

one d e s c r i b e d  h e r e .  F u r t h e r m o r e ,  i n  o r d e r  f o r  t h e  p r e s e n t  

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

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

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

r e s p o n s e  r e q u i r e m e n t s ,  need  t o  be i n i t i a l l y  exam ined .
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METHOD

S u b j e c t s

F i v e ,  e x p e r i m e n t a l l y  n a i v e ,  male  a l b i n o  r a t s  s e r v e d  

a s  s u b j e c t s .  The r a t s  were  o b t a i n e d  from t h e  Upjohn 

Company o f  K a lam azoo ,  M ich igan  and were a p p r o x i m a t e l y  90 

days  o l d  a t  t h e  s t a r t  o f  e x p e r i m e n t a t i o n .  The s u b j e c t s  

were  i n d i v i d u a l l y  h o u se d  and were m a i n t a i n e d  a t  a p p r o x 

i m a t e l y  83% o f  t h e i r  f r e e - f e e d i n g  body w e ig h t  by r e s t r i c  

i n g  t h e i r  d a i l y  a c c e s s  to  w a t e r .  W ate r ,  o c c a s i o n a l l y  

su p p le m e n te d  w i t h  m u l t i - v i t a m i n s ,  was made a v a i l a b l e  f o r  

10 to  15 m i n u t e s  each  d ay .  The a n im a l s  a lw ay s  had f r e e  

a c c e s s  to  P u r i n a  L a b o r a t o r y  Chow i n  t h e  home c a g e s .

A p p a r a tu s

F iv e  i d e n t i c a l  chambers  were u s e d .  The i n t e r i o r  

d im e n s io n s  ox each  chamber were 20 cm. l o n g ,  13 cm. wide 

and I p  cm, d e ep .  The c e i l i n g  and w a l l s  were  composed o f  

P l e x i g l a s  and t h e  i n t e r i o r  w a l l  s u r f a c e s  were  c o v e re d  wi 

aluminum s h e e t s .  The f l o o r  o f  each  chamber c o n s i s t e d  o f  

f o u r  t u b u l a r  r o d s ,  1 . 9  cm. i n  d i a m e t e r .  The t u b u l a r  r o d  

were  sp a ce d  3 . 5  cm. a p a r t ,  c e n t e r  t o  c e n t e r .

On t h e  r i g h t  w a l l ,  a p p r o x i m a t e l y  midway be tw een  t h e  

s i d e s  and 2 . 5 ^  cm. above t h e  f l o o r ,  a  2 , 3 k  cm. d i a m e t e r  

c i r c u l a r  o p e n in g  was l o c a t e d .  The o p e n in g  p r o v i d e d  o c c a  

s i o n a l  a c c e s s  to  a d i p p e r  which n o r m a l ly  r e s t e d  i n  a

U
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r e s e r v o i r  c o n t a i n i n g  w a t e r .  When o p e r a t e d ,  t h e  d i p p e r  con

t a i n e d  a  d ro p  o f  w a t e r .  L o c a t e d  a p p r o x i m a t e l y  9 cm. above 

t h e  f l o o r  two a d d i t i o n a l  o p e n in g s  were  l o c a t e d .  Each was 

2 . 5 4  cm. i n  d i a m e t e r  and s p a c e d  6 cm. a p a r t ,  c e n t e r  t o  

c e n t e r .  F l a t  r e s p o n s e  l e v e r s  (Compound R o den t  L e v e r ,

Model 1 2 1 -0 5  BRS-LVE) c o u ld  be i n s e r t e d  t h r o u g h  t h e s e  

h o l e s .  When i n s e r t e d ,  t h e  r e s p o n s e  l e v e r s  w e re  d e s i g n e d  

t o  c l o s e  a  m i c r o s w i t c h  when a  minimum downward f o r c e  o f  

.211 was a p p l i e d .  When t h e  l e v e r ( s )  w ere  n o t  i n  u s e  t h e  

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

p l a t e .  Two a d d i t i o n a l  c i r c u l a r  o p e n i n g s ,  e a c h  1 . 8 5  cm. 

i n  d i a m e t e r  and  l o c a t e d  5 cm. a p a r t ,  c e n t e r  t o  c e n t e r ,  

were  l o c a t e d  1 2 . 5  cm. above t h e  f l o o r .  B e h in d  each  h o l e  

an i n d e p e n d e n t l y  o p e r a t e d  l i g h t  was l o c a t e d  which  was 

c o v e r e d  w i t h  an  amber l e n s  c a p .

The f r o n t  w a l l  o f  each  chamber  was h i n g e d  t o  s e r v e  

a s  a  d o o r .  The l e f t  w a l l  o f  eac h  cham ber  was f e a t u r e l e s s .  

On t h e  b a c k  w a i l ,  a  c i r c u l a r  o p e n in g ,  2 . 5  cm. i n  d i a m e t e r ,  

was l o c a t e d  7*5 cm. above t h e  f l o o r  and  7 . 5  cm. from t h e  

l e f t  w a l l .  B eh ind  t h e  o p e n in g  an i n d e p e n d e n t l y  o p e r a t e d  

l i g h t ,  c o v e r e d  w i t h  a  r e d  l e n s  c a p ,  was l o c a t e d .  Also  

m ounted  b e h in d  t h e  b a c k  w a l l  was an a u d i t o r y  s t i m u l u s  

s o u r c e  ( S o n a l e r t  Model SC 628) which c o u l d  d e l i v e r  on e  o f  

f o u r  i n t e n s i t i e s  o f  a  2900 Hz t o n e .

Each e x p e r i m e n t a l  chamber was e n c l o s e d  i n  a  s o u n d -  

a t t e n u a t i n g  c a b i n e t .  Each c a b i n e t  c o n t a i n e d  a  h o u s e -
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l i g h t  and f a n .  E x t r a n e o u s  sou n ds  were masked by w h i t e  

n o i s e  p r e s e n t e d  t h r o u g h  a  s p e a k e r  c o n n e c te d  t o  a  G ra so n -  

S t a d l e r  (Model 901 B) w h i t e  n o i s e  g e n e r a t o r .

P rogram ming  o f  e x p e r i m e n t a l  c o n d i t i o n s  and r e c o r d i n g  

o f  d a t a  was c o n t r o l l e d  by a  D i g i t a l  Equipment  C o r p o r a t i o n  

PDP 8 /E  c o m p u te r .  The c o n t r o l l i n g  s o f t w a r e ,  SUPERSKED 

( S n a p p e r  and I n g l i s ,  1 9 7 9 ) ,  a l l o w e d  f o r  p rogramming and 

d a t a  a n a l y s i s  w h i l e  e x p e r i m e n t a t i o n  was i n  p r o g r e s s .  The 

c o m p u te r  was l o c a t e d  i n  a  room a d j a c e n t  t o  t h e  e x p e r i 

m e n t a l  c h am b ers .  The e x p e r i m e n t a l  cham bers  were  i n t e r 

f a c e d  t o  t h e  c o m p u te r  v i a  an i n t e r f a c e  p r o v i d e d  by  S t a t e  

S y s te m s ,  I n c ,  o f  K a lam azoo ,  M ic h ig a n .

P r o c e d u r e

The s u b j e c t s  were  i n i t i a l l y  d i p p e r - t r a i n e d .  E v e ry  

90 s e c o n d s  t h e  d i p p e r  d ro pp ed  i n t o  t h e  w a t e r  r e s e r v o i r  f o r  

one  se co n d  and t h e n  r e t u r n e d  t o  t h e  "up"  p o s i t i o n  which  

p r o v i d e d  t h e  s u b j e c t s  w i t h  a c c e s s  t o  a  d rop  o f  w a t e r  on 

t h e  end o f  t h e  d i p p e r  arm. C o i n c i d e n t  w i t h  d i p p e r  o p e r 

a t i o n  and f o r  f o u r  s e c o n d s  a f t e r w a r d s ,  a  t o n e  was p r e s e n t e d .  

Also  a t  t h e  t im e  o f  d i p p e r  o p e r a t i o n  and f o r  f o u r  s e c o n d s  

a f t e r w a r d s ,  t h e  amber l i g h t  above t h e  r i g h t  r e s p o n s e  l e v e r ,  

w h ich  was n o r m a l l y  i l l u m i n a t e d ,  went o u t .  T h i s  s e q u e n c e  

o f  e v e n t s  o c c u r r e d  e v e r y  90 seconds o r  f o l l o w i n g  a  l e v e r  

p r e s s .  I n  t h e  e v e n t  t h a t  l e v e r  p r e s s i n g  d e v e lo p e d  so t h a t  

10 r e s p o n s e s  o c c u r r e d  be tw een  f r e e  d i p p e r - p r e s e n t a t i o n s ,  

t h e  r e m a i n d e r  o f  t h e  d i p p e r  p r e s e n t a t i o n s  were t h e n  r e s p o n s e -
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c o n t i n g e n t .  D i p p e r - t r a i n i n g  s e s s i o n s  t e r m i n a t e d  a f t e r  

100 d i p p e r  p r e s e n t a t i o n s .

R e sp o n d in g  was t h e n  h a n d - s h a p e d  by t h e  method o f  

s u c c e s s i v e  ap p ro x im a t io n s®  The amber l i g h t  above t h e  

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

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

t h e  amber l i g h t  above  t h e  r i g h t  l e v e r  was e x t i n g u i s h e d ,  

t h e  d i p p e r  d ro p p ed  i n t o  t h e  w a t e r  r e s e r v o i r  f o r  one s e c 

ond,  and t h e n  r e t u r n e d  t o  t h e  o r i g i n a l  "up"  p o s i t i o n .

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

a f t e r w a r d s ,  a  t o n e  was p r e s e n t e d .  R e s p o n s e - s h a p in g  s e s s i o n s  

t e r m i n a t e d  a f t e r  100 d i p p e r  p r e s e n t a t i o n s .

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

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

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

t h e  manner  i n  which  t h e  d i p p e r  was p r e s e n t e d .  I n  t h e  

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

r em a in e d  be low  t h e  s u r f a c e  o f  t h e  w a t e r  i n  t h e  r e s e r v o i r .  

When a  l e v e r  p r e s s  o c c u r r e d ,  t h e  l e v e r  l i g h t  was e x t i n 

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

s e c o n d s ;  and t h e  d i p p e r  was r a i s e d  t o  t h e  "up"  p o s i t i o n  

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

T h e r e a f t e r ,  t h e  amber l i g h t  and d i p p e r  r e t u r n e d  t o  t h e  

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

t i n u o u s - r e i n f o r c e m a n t  s e s s i o n s  t e r m i n a t e d  f o l l o w i n g  100 

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

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

g r a d u a l l y  i n c r e a s e d  from f i x e d - r a t i o  one (FR 1)  t o  FR 3 

w i t h i n  t h e  same s e s s i o n .  The f i r s t  and se co n d  r e s p o n s e s  

w i t h i n  t h e  FR p r o d u c e d  a  0 , 5  seco nd  " b l i p "  o f  a  t o n e ,  

o t h e r w i s e  t h e  p r o c e d u r e  was t h e  same a s  t h e  c o n t i n u o u s -  

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

was i n  e f f e c t  f o r  a  minimum o f  two s e s s i o n s  o r  u n t i l  p e r 

fo rm ance  was s a t i s f a c t o r y  a s  e v id e n c e d  by s h o r t  l a t e n c i e s  

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

s h o r t  i n t e r - r e s p o n s e - t i m e s  ( I R ^ s )  w i t h i n  t h e  FR,

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

D u r ing  t r i a l - t r a i n i n g  an i n t e r - t r i a l - i n t e r v a l  ( I T I )  and a  

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

i n t r o d u c e d .  At t h e  b e g i n n i n g  o f  t r i a l - t r a i n i n g ,  t h e  I T I  

was v e r y  s h o r t  and amounted t o  o n l y  few s e c o n d s  i n  which  

t h e  chamber was d a r k e n e d .  The IT I  was a l s o  i n i t i a t e d  

a f t e r  a  p e r i o d  o f  two m i n u t e s  d u r i n g  which no r e s p o n d i n g  

o c c u r r e d .  A c ro ss  s e s s i o n s ,  t h e  l e n g t h  o f  t h e  I T I  was 

g r a d u a l l y  i n c r e a s e d  up t o  a  f i n a l  l e n g t h  o f  30 s e c o n d s .  

I n c r e a s e s  i n  I T I  l e n g t h  were b a s e d  on t h e  a b s e n c e  o f  ex

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

o f  t h e  IT I  and t h e  e m i s s i o n  o f  few r e s p o n s e s  d u r i n g  t h e  I T I ,  

D u r in g  t r i a l - t r a i n i n g  t h e  l e f t  r e s p o n s e  l e v e r  was i n 

t r o d u c e d  f o r  t h e  f i r s t  t i m e .  A ccess  t o  t h e  r i g h t  and l e f t  

r e s p o n s e  l e v e r s  was a l t e r n a t e d  be tw een  s e s s i o n s ;  f o r
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i n s t a n c e ,  d u r i n g  t h e  f i r s t  s e s s i o n  o f  t r i a l - t r a i n i n g ,  

t h e  r i g h t  l e v e r  was p r e s e n t  t h r o u g h o u t  t h e  s e s s i o n ,  d u r 

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

t h r o u g h o u t  t h e  s e s s i o n  and so on*

I n  t h e  f i n a l  p h a se  o f  t r a i n i n g  b o t h  r e s p o n s e  l e v e r s  

w ere  p r e s e n t  a t  t h e  same t i m e .  On each  t r i a l ,  how ever ,  

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

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

p h a s e  o f  t r i a l - t r a i n i n g ,  t h e  se q u e n c e  o f  e v e n t s  was a s  

f o l l o w s .  A l i g h t  was i l l u m i n a t e d  above one o f  t h e  r e s p o n s e  

l e v e r s  a t  t h e  b e g i n n i n g  o f  a t r i a l .  R e sp o n se s  on t h a t  

l e v e r  p r o d u c e d  a  0 . 5  second  " b l i p "  o f  a  t o n e ,  a n d ,  a f t e r  

c o m p l e t i o n  o f  t h e  FR, w a t e r  p r e s e n t a t i o n .  R e sp o n se s  t o  

t h e  i n a c t i v e  l e v e r  had no e f f e c t  b u t  were  r e c o r d e d .  When 

t h e  l e f t  l e v e r  was a c t i v a t e d  on a  t r i a l ,  t h e  l i g h t  above  

t h e  l e f t  r e s p o n s e  l e v e r  f l a s h e d  on and o f f  a t  a  r a t e  o f  

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

on and o f f  a t  a  r a t e  o f  f i v e  c y c l e s  p e r  s e c .  I f  t h e  

r i g h t  l e v e r  was a s s i g n e d  on a  t r i a l ,  t h e n  t h e  l i g h t  above 

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

W a te r  p r e s e n t a t i o n  a t  t h e  end o f  t h e  t r i a l  was accom pan ied  

by  a  c o n t i n u o u s  t o n e  p r e s e n t a t i o n .  S i n c e  t h e  r e s p o n s e  

r e q u i r e m e n t s  on t h e  l e v e r s  were  t o  be u n e q u a l  d u r i n g  t h e  

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

t r i a l  t r a i n i n g  were  a l s o  u n e q u a l ,  w i t h  FR 2 and FR 5 f o r

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



t h e  l e f t  and r i g h t  l e v e r s ,  r e s p e c t i v e l y .  T h i s  t y p e  o f  

t r i a l ,  i n  which o n l y  one r e s p o n s e  l e v e r  was a c t i v a t e d ,  

was c a l l e d  a  s i n g l e - a l t e r n a t i v e  t r i a l .

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

i s  p r e s e n t e d  i n  F i g .  1 .  D u r in g  t h e  e x p e r i m e n t a l  p h a s e  o f  

t h e  s t u d y ,  a  s e s s i o n  was d i v i d e d  i n t o  10 b l o c k s  o f  f i v e  

t r i a l s  e a c h .  The f i r s t  f o u r  t r i a l s  o f  e a c h  b l o c k  were  

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

l e v e r  a l t e r n a t e d  be tw een  t h e  l e f t  and r i g h t  r e s p o n s e  l e v e r s  

b o t h  o f  which were  p r e s e n t .  The f i f t h  t r i a l  o f  eac h  

f i v e - t r i a l  b l o c k  was a  c h o ic e  t r i a l  i n  which  b o t h  r e s p o n s e  

l e v e r s  and r e s p e c t i v e  l i g h t s  were  i n i t i a l l y  a c t i v a t e d  and 

i l l u m i n a t e d .  When a  r e s p o n s e  was made on one l e v e r ,  t h e  

o t h e r  l e v e r  was i m m e d i a t e l y  d e a c t i v a t e d  and t h e  s u b j e c t  

was r e q u i r e d  t o  c o m p le te  t h e  FR s c h e d u l e  on t h e  l e v e r  

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

l e v e r s  v a r i e d  from s e s s i o n  t o  s e s s i o n ,  b u t  r e m a in e d  f i x e d  

w i t h i n  a  s e s s i o n .

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

w ere  FR 2 on t h e  l e f t  l e v e r  and FR 5 on t h e  r i g h t  l e v e r .  

Changes i n  t h e  r e s p o n s e  r e q u i r e m e n t  on t h e  l e f t  v a r i a b l e  

l e v e r  were  made on t h e  b a s i s  o f  d a i l y  i n s p e c t i o n  o f  t h e  p ro  

p o r t i o n  o f  c h o i c e  t r i a l s  i n  which  t h e  l e f t  l e v e r  was c h o sen  

The FR on t h e  l e f t  r e s p o n s e  l e v e r  was c h an g ed  by a  v a l u e  o f  

one a c c o r d i n g  t o  t h e  f o l l o w i n g  c r i t e r i a :  1)  I f  e x c l u s i v e

p r e f e r e n c e  on t h e  c h o i c e  t r i a l s  was shown f o r  e i t h e r
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r e s p o n s e  l e v e r .  E x c l u s i v e  p r e f e r e n c e  was d e f i n e d  a s  

r e s p o n d i n g  on e i t h e r  l e v e r  on n i n e  o f  10 c h o i c e  t r i a l s  

w i t h i n  a  s e s s i o n .  2)  I f  e x c l u s i v e  p r e f e r e n c e  was n o t  

o b s e r v e d  b u t  s t a b i l i t y  be tw een  s e s s i o n s  was s a t i s f a c t o r y .  

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

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

c h o i c e s  a c r o s s  s e s s i o n s  a t  t h e  same FR v a l u e .  The FR 

on t h e  l e f t  l e v e r  was n e v e r  changed  f o l l o w i n g  a  s e s s i o n  

i n  w h ich  r e s p o n s e s  w e re  n o t  made on a l l  c h o i c e  t r i a l s .

The r a t i o  v a l u e s  on t h e  l e f t  l e v e r  w ere  i n c r e a s e d  by one 

when a p p r o p r i a t e ,  u n t i l  t h e  p r o p o r t i o n  o f  l e f t  l e v e r  

c h o i c e s  d e s c r e a s e d  t o  0 . 1 ;  i n  o t h e r  w ord s ,  u n t i l  e x c l u s i v e  

p r e f e r e n c e  f o r  t h e  r i g h t  r e s p o n s e  l e v e r  was o b s e r v e d  on 

t h e  10 c h o i c e  t r i a l s  w i t h i n  a  s e s s i o n .  At t h a t  p o i n t ,  t h e  

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

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

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

e x c l u s i v e  p r e f e r e n c e  f o r  t h e  l e f t  r e s p o n s e  l e v e r  on c h o i c e  

t r i a l s ,  A f i n a l  s e r i e s  o f  r a t i o  i n c r e a s e s  by o n e ,  on t h e  

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

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

o b s e r v e d  w i t h i n  a  s e s s i o n .  At t h a t  p o i n t ,  t h e  f i r s t  

e x p e r i m e n t a l  c o n d i t i o n  was t e r m i n a t e d .

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

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

d i f f e r e n c e s  w ere  p r e s e n t ,  how ever .  The i n i t i a l  FR v a l u e s
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on t h e  l e f t  r e s p o n s e  l e v e r  were  s e l e c t e d  i n  su ch  a  manner  

a s  t o  r e s u l t  i n  few r a t i o  i n c r e a s e s  on t h e  l e f t  l e v e r  

b e f o r e  e x c l u s i v e  p r e f e r e n c e  f o r  t h a t  l e v e r  was no l o n g e r  

p r e s e n t .  The change  was made i n  o r d e r  t o  e l i m i n a t e  un 

n e c e s s a r y  s e s s i o n s  a t  FR v a l u e s  where  e x c l u s i v e  p r e f e r e n c e  

f o r  t h e  l e f t  l e v e r  was h i g h l y  l i k e l y .  The r a t i o  v a l u e  on 

t h e  r i g h t  l e v e r  was c o n s t a n t  t h r o u g h o u t  t h e  s e co n d  con

d i t i o n  o f  t h e  s t u d y  a t  FR 1 0 .  I n  an e f f o r t  t o  make t h e  

p r o c e d u r e  more e f f i c i e n t ,  t h e  f o l l o w i n g  c h an g e s  i n  p r o 

c e d u r e  were  made: The c r i t e r i a  f o r  c h a n g in g  t h e  FR v a l u e

on t h e  l e f t  ( v a r i a b l e )  l e v e r  were m o d i f i e d  so t h a t  t h e  FR 

was i n c r e a s e d  by two d u r i n g  t h e  i n i t i a l  i n c r e a s i n g  s e r i e s ,  

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

t i o n  A l s o ,  t h e  s t a b i l i t y  c r i t e r i a  were  c h a n g e d .  D u r in g  

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

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

c o n s e c u t i v e  s e s s i o n s  a t  t h e  same FR v a l u e  which  d i f f e r e d  

by no more t h a n  20%. For  exam ple ,  a  l e f t  l e v e r  c h o i c e  

p r o p o r t i o n  o f  0 . 5  on day one f o l l o w e d  by a  l e f t  l e v e r  

c h o i c e  p r o p o r t i o n  0 . 7  on day  two was c o n s i d e r e d  s t a b l e  and 

t h e  l e f t  l e v e r  FR was i n c r e a s e d / d e c r e a s e d  t h e  f o l l o v / i n g  

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

s e co n d  c o n d i t i o n  o f  t h e  s t u d y  7/as t h e  same a s  i n  t h e  

f i r s t  c o n d i t i o n .
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RESULTS

D a ta  from an i n d i v i d u a l  s e s s i o n  i n  t h e  f i r s t  con

d i t i o n  a r e  p r e s e n t e d  i n  T a b le  I ,  The d a t a  were ob

t a i n e d  from R at  262 and were  s e l e c t e d  from t h e  i n i t i a l  

a s c e n d i n g  s e r i e s  o f  s e s s i o n s  i n  which  t h e  r a t i o  on t h e  

l e f t  r e s p o n s e  l e v e r  was i n c r e a s e d  by one a c r o s s  s e s s i o n s .

The d a t a  were  o b t a i n e d  when t h e  l e f t  and r i g h t  l e v e r s  

were  FR 4 and FR 5» r e s p e c t i v e l y .  The l a t e n c i e s  p r e 

s e n t e d  a r e  t h e  l e n g t h  o f  t i m e ,  i n  s e c o n d s ,  from vhe on

s e t  o f  a  l e v e r  l i g h t ( s )  to  t h e  f i r s t  r e s p o n s e  on a  t r i a l .

As c an  be s e e n  i n  T a b le  I ,  t h e  l a t e n c i e s  t o  t h e  f i r s t  

r e s p o n s e  a r e  g e n e r a l l y  s h o r t e r  on t h e  l e f t  l e v e r  s i n g l e -  

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

f o r  t h e  s e s s i o n ,  how ev er ,  shows t h a t  t h e  a v e r a g e  l a t e n c y  

t o  t h e  f i r s t  r e s p o n s e  on l e f t  l e v e r  s i n g l e - a l t e r n a t i v e  

t r i a l s  was 7 . 5 3  s e c o n d s  compared t o  6 . 2 5  s e c o n d s  f o r  

r i g h t  l e v e r  s i n g l e - a l t e r n a t i v e  t r i a l s .  The mean l a t e n c y  

f o r  t h e  l e f t  l e v e r  t r i a l s  was i n f l a t e d  by a  l a t e n c y  o f  

79*4 s e c o n d s  on T r i a l  37* The m edian  l a t e n c i e s  were 2 . 2  

and 4 . 6  s e c o n d s  f o r  t h e  l e f t  and r i g h t  l e v e r s ,  r e s p e c t i v e l y .  

A s e q u e n t i a l  i n s p e c t i o n  o f  t h e  l a t e n c i e s  i n  T ab le  I  shows 

a  t e n d e n c y  to w a r d s  l o n g e r  l a t e n c i e s  on s i n g l e - a l t e r n a t i v e  

t r i a l s  a s  t h e  number o f  t r i a l s  c o m p le te d  i n c r e a s e d .  On 

c h o i c e  t r i a l s ,  Rat  262 r e s p o n d e d  t o  t h e  l e f t  l e v e r  e x c l u 

s i v e l y  d u r i n g  t h e  s e s s i o n .  The mean l a t e n c y  on t h e  10 

c h o i c e  t r i a l s  was 6 .0 1  s e c o n d s .  The m edian  l a t e n c y  on t h e  

c h o i c e  t r i a l s  was 2 . 6  s e c o n d s .

24
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TABLE I

LATENCIES TO THE FIRST RESPONSE FOR RAT 26 2

E x c l u s i v e P r e f e r e n c  
FR 4 L e f t

e F o r  
, FR 5

The L e f t  L 
R ig h t

e v e r :

B lo c k s  o f  
5 T r i a l s S i n g l e  A l t e r n a t i v e T r i a l s

C ho ice
T r i a l s

1
2 . 4

L e f t
4 . 4

R i g h t
1 . 7

L e f t
4 . 1

R ig h t
0 . 9  

L e f t  C h o ice

2
1 . 8

R ig h t
2 . 1

L e f t
5 .7

R ig h t
1 . 6

L e f t L e f t  C h o ice

3
1 . 6

L e f t
5 . 3

R i g h t
3 . 4

L e f t
1 . 4

R ig h t
2 . 6  

L e f t  C h o ice

4
1 . 6

L e f t
6 . 6

R ig h t
7 . 2

L e f t
4 . 3

R ig h t
2 . 6  

L e f t  C h o ice

5
1 <3 i . . o

L e f t
3 . 9

R i g h t
1 .9

L e f t
2 .  6 

R ig h t
1 . 9  

L e f t  C ho ice

6
1 . 8

L e f t
2 . 7

R ig h t
2 .1

L e f t
4 .0

R ig h t
3 . 5  

L e f t  C h o ice

7
2

L e f t
6 .0

R ig h t
5 .2

L e f t
5 .0

R ig h t
6 . 1  

L e f t  C h o ice

8
2 . 1

L e f t
4 . 7

R ig h t
7 9 . 4
L e f t

3 . 8
R ig h t

2 . 6  
L e f t  C ho ice

9
1 9 . 7

R ig h t
3 . 3

L e f t
1 1 .9
R ig h t

2 .9
L e f t

1 0 .8  
L e f t  C h o ice

10
5 .0

R ig h t
7 . 3

L e f t
2 2 .1
R ig h t

1 8 .9
L e f t

3 . 1  
L e f t  C h o ice
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A s e r i e s  o f  c o n d i t i o n a l  p r o b a b i l i t i e s  f o r  Rat  262 

f o r  t h e  same s e s s i o n  a r e  p r e s e n t e d  a t  t h e  t o p  o f  T a b le  

I I I .  S i n c e  t h e  l e f t  l e v e r  was r e s p o n d e d  t o  f i r s t  on each  

o f  t h e  10 c h o i c e  t r i a l s ,  i t  i s  n o t  p o s s i b l e  t o  d e t e r m i n e  

w h e t h e r  o r  n o t  l e v e r  p r e f e r e n c e  on t h e  c h o i c e  t r i a l s  was 

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

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

T a b le  I I  shows d a t a  f o r  Rat  262 when t h e  l e f t  and 

r i g h t  l e v e r s  were  FR 7 and FR 5 9 i n  t h a t  o r d e r .  These  

d a t a  were  o b t a i n e d  from a  s e s s i o n  i n  which n e i t h e r  l e v e r  

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

on s e v e n  o f  t h e  10 c h o i c e  t r i a l s .  The l a t e n c i e s  t o  t h e  

f i r s t  r e s p o n s e  on l e f t  l e v e r  s i n g l e - a l t e r n a t i v e  t r i a l s  

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

t a i n e d  on r i g h t  l e v e r  s i n g l e - a l t e r n a t i v e  t r i a l s .  The 

m ed ian  l a t e n c y  f o r  l e f t  l e v e r  t r i a l s  was 3«0 s e c o n d s  com

p a r e d  t o  4*6 s e c o n d s  f o r  r i g h t  l e v e r  s i n g l e - a l t e r n a t i v e  

t r i a l s .  F o r  t h e  s e v e n  c h o i c e  t r i a l s  i n  which t h e  l e f t  

l e v e r  was s e l e c t e d ,  t h e  m edian  l a t e n c y  was 3»4 s e c o n d s .

The mean l a t e n c y  f o r  t h e  t h r e e  r i g h t  l e v e r  c h o i c e s  was 4 . 2 3  

s e c o n d s .  T a b l e  I I  a g a i n  shows t h a t  t h e  l a t e n c i e s  f o r  b o th  

l e f t  and r i g h t  s i n g l e - a l t e r n a t i v e  t r i a l s  t e n d e d  t o  become 

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

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

tom p a r t  o f  T a b le  I I I  were  o b t a i n e d  u s i n g  t h e  same d a t a  p r e 

s e n t e d  i n  T a b le  I I .  T a b l e  I I  and t h e  a s s o c i a t e d  c o n d i -
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TABLE I I

LATENCIES TO THE FIRST RESPONSE FOE RAT 2 6 2

N o n e x c l u s i v e  P r e f e r e n c e  For  The L e f t  L e v e r :
FR 7 L e f t ,  FR 5 R ig h t

B lo ck s  o f  Choice
5 T r i a l s  S i n g l e  A l t e r n a t i v e  T r i a l s  T r i a l s

1
3 . 0

L e f t
4 . 1

R igh t
1 . 3

L e f t
f . 5

R ig h t
1 .1  

L e f t  Choice

?
•— % ^

L e f t
5 .9

n i g h t
1 .0

L e f t
1 .7

R igh t
2 .1  

L e f t  Choice

3
1 .1

L e f t
2 .9

R igh t
1 .0

L e f t
7 .7

R ig h t
4 .8  

L e f t  Choice

L
s0 #'J

L ig h t
L. 1 

L e f t
7

F i g h t
4 . 4

L e f t
5 .0

id  g h t  Choice

7
4 . 3

LQlt
2 . 5

R ig h t
2 .0

L e f t
2 .2

R ig h t
-p

L e f t  Choice

6
3 . 2

L e iv
2 0 .0
Righ t

1 .5
L e f t

5 .3
R ig h t

•  0

L e f t  Choice

7
-  4 . 5  
L e i  t

5 .0
R ig h t

2 .7
L e f t

p .o
R ig h t

5 . 4
R ig h t  Choice

5
3 3 .5
L e f t

2 7 ? 
L e f t

1 0 .2
j-d g h t

2 . 3
R ig h t  Choice

p

4 . 1
L e f t

; p c
-J- 1- •  .P

Righ t
2 V • 6 
L e f t

1 9 .7
Si rrht

7 o/ •  p

L e f t  Choice

U
2 .6

L e f t
5 .3"h r* vn f --o** ^

2 .6
T r+ -c'±-
1 j 0  1 O

7 -7 /
R igh t

1 .9  
L e f t  Choice
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TABLE I I I

CONDITIONAL PROBABILITIES FOR RAT 262

E x c l u s i v e  P r e f e r e n c e  F o r  The L e f t  L e v e r :  
FR L L e f t ,  FR 5 R ig h t

p ( R ig h t  C ho ice :  P r e c e d i n g  R ig h t  T r i a l ) = 0 / 7 a 0 .0 0

p ( L e f t  C ho ice :  P r e c e d i n g  R ig h t  T r i a l ) - 7 /7 — 1 .0 0

p ( R i g h t  C ho ice :  P r e c e d i n g  L e f t  T r i a l ) - 0 / 3 = 0 .0 0

p ( L e f t  C ho ice :  P r e c e d i n g  L e f t  T r i a l ) = 3 / 3 - 1 .0 0

p ( P r e c e d i n g  R ig h t  T r i a l :  L e f t  C h o ice ) - 7/10= 0 .7 0

p ( P r e c e d i n g  L e f t  T r i a l :  L e f t  C h o ic e ) - 3/10= 0 .3 0

p ( P r e c e d i n g  R ig h t  T r i a l :  R ig h t  C h o ice ) - 0 / 0 0 .0 0

p ( P r e c e d i n g  L e f t  T r i a l :  R ig h t  C h o ice ) - 0 /0 - 0 .0 0

N o n e x c lu s iv e  P r e f e r e n c e  F o r  The L e f t  
FR 7 L e f t ,  FR 5 R ig h t

Lev<er:

p ( R i g h t  C ho ice :  P r e c e d i n g  R ig h t  T r i a l ) 2 /9 = 0 .2 2

7) ( L e f t  C ho ice :  P r e c e d i n g  R ig h t  T r i a l ) — 7 /9 - 0 .7 8

P ( R i g h t  C hoice :  P r e c e d i n g  L e f t  T r i a l ) = 1 /1 - 1 .0 0

P ( L e f t  C h o ice :  P r e c e d i n g  L e f t  T r i a l ) = 0 /1 - 0 .0 0

P ( P r e c e d i n g  R ig h t  T r i a l :  L e f t  C h o ice ) - 7 /7 - 1 .0 0

P ( P r e c e d i n g  L e f t  T r i a l :  L e f t  C h o ice ) - 0 / 7 0 .0 0

P ( P r e c e d i n g  R ig h t  T r i a l :  R ig h t  C h o ice ) - 2 / 3 - 0 .6 6

P ( P r e c e d i n g  L e f t  T r i a l :  R ig h t  C h o ice ) — 1 / 3 = 0 . 3 3
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2 9

t i o n a l  p r o b a b i l i t y  v a l u e s  i n  T a b le  I I I  show t h a t  a r i g h t  

s i n g l e - a l t e r n a t i v e  t r i a l  was p r e s e n t e d  on n i n e  o f  t h e  10 

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

t r i a l s .  The t a b l e s  show t h a t  t h e  c o n d i t i o n a l  p r o b a b i l i t y  

o f  a  l e f t  c h o ic e  f o l l o w i n g  a  r i g h t  l e v e r  s i n g l e - a l t e r n a t i v e  

t r i a l  was 0 . 7 8 .  Of t h e  t h r e e  r i g h t  l e v e r  c h o i c e s ,  two 

o c c u r e a  im m e d ia t e l y  f o l l o w i n g  a  r i g h t  l e v e r  s i n g l e - a l t e r 

n a t i v e  t r i a l .  I t  i s  n o t  c l e a r  from t h e s e  d a t a  to  what 

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

a l t e r n a t i v e  t r i a l  a f f e c t e d  l e v e r  p r e f e r e n c e  on c h o ic e  

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

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

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

r e q u i r e m e n t  on t h e  l e f t  l e v e r  i n  F i g u r e  2 .  The f i g u r e  

shov;s d a i l y  d a t a  f o r  Hat 262 i n  30 c o n s e c u t i v e  s e s s i o n s  

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

r e p r e s e n t s  t h e  p r o p o r t i o n  o f  t i m e s  t h e  l e f t  l e v e r  was 

c h o sen  d u r i n g  t h e  10 c h o i c e  t r i a l s  p r e s e n t e d  t h a t  s e s s i o n .  

F i g u r e  2 shows t h a t  t h e  number o f  t im e s  t h e  l e f t  l e v e r  

was chosen  d u r i n g  a  s e s s i o n  d e c l i n e d  a s  t h e  r a t i o  on 

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

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

r a t i o  was f r e q u e n t l y  met w i t h i n  two s e s s i o n s .  E x c e p t i o n s  

o c c u r r e d  when t h e  l e f t  l e v e r  was FR 7* FR 8 ,  and FR 9»

A t o t a l  o f  13 s e s s i o n s  were  r e q u i r e d  t o  i n c r e a s e  t h e  

r a t i o  from FR 7 t o  FR 1 0 .  Of t h o s e  13 s e s s i o n s ,  s i x  were
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r e q u i r e d  i n  o r d e r  t o  m eet  t h e  s t a b i l i t y  c r i t e r i a  a t

FR 8 .  The p r o p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  l e v e r  r a n g e d

from 0 o8 t o  0 . 2 .

I n  F i g u r e  3 t h e  p r o p o r t i o n s  o f  c h o i c e  f o r  t h e  l e f t  

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

r e q u i r e m e n t  f o r  t h e  e n t i r e  f i r s t  c o n d i t i o n  o f  t h e  s t u d y  

f o r  Rat 262 .  Each d a t a  p o i n t  r e p r e s e n t s  t h e  a v e r a g e  

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

tv;o s e s s i o n s  a t  each  r a t i o  v a l u e .  D a ta  p o i n t s  i n d i c a t i n g  

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

r e p r e s e n t s  t h e  d a t a  from one s e s s i o n  o n l y  s i n c e  t h e  

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

was met i n  t h a t  s e s s i o n .  F i g u r e  3 shows c l e a r l y  t h a t  

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

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

ment was i n c r e a s e d  a c r o s s  s e s s i o n s .  D ur in g  t h e  i n i t i a l  

( a s c e n d i n g )  s e r i e s  o f  s e s s i o n s  i n  which t h e  l e f t  l e v e r  

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

d e c l i n e d  i n  a  n e a r  l i n e a r  m anner .  The d e c l i n e  i n  p r e f 

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

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

c l i n e  i n  p r e f e r e n c e  o b s e r v e d  from FR 7 to  FR 8 .  I t  s h o u ld  

be  n o t e d  i n  t h i s  r e g a r d  t h a t  F i g u r e  2 shows a  g r e a t  d e a l  

o f  be tw een  s e s s i o n  v a r i a b i l i t y  i n  p r o p o r t i o n  o f  c h o i c e s  f o r  

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

r e q u i r e m e n t s  on t h e  l e v e r s  were  e q u a l  a t  FR t h e  p r o -
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p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  l e v e r  was 0 . 8 5 .  E x c l u s i v e  

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

was FR 10 and t h e  r i g h t  l e v e r  was FR 5 .

The seco n d  p a n e l  o f  F i g u r e  3 shows d a t a  from t h e  

s e r i e s  o f  s e s s i o n s  i n  which t h e  l e f t  l e v e r  r a t i o  was de

c r e a s e d  by one be tween  s e s s i o n s .  Again t h e  p r o p o r t i o n  

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

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

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

l e f t  l e v e r  i n c r e a s e d  a c r o s s  s e s s i o n s .  As i n  t h e  i n i t i a l  

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

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

f e r e n t  r a t i o  v a l u e s .  Once a g a i n ,  however ,  a  l a r g e  change 

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

t i o n  o f  a u n i t  change i n  FR. T h i s  o c c u r r e d  be tw een  FR 6 

and FR 5 when t h e  p r o p o r t i o n  o f  c h o ic e  f o r  t h e  l e f t  l e v e r  

changed  from 0 . 2 5  a t  FR 6 to  0 . 7 0  a t  FR 5.

The d a t a  p r e s e n t e d  i n  t h e  t h i r d  p a n e l  o f  F i g u r e  3 

were  o b t a i n e d  d u r i n g  t h e  second  s e r i e s  o f  s e s s i o n s  i n  which 

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

d a t a  i n  t h a t  s e r i e s  o f  s e s s i o n s  were  more v a r i a b l e .  Ex

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

t h e  r e s p o n s e  r e q u i r e m e n t s  were FR 7 and FR 5 f o r  t h e  l e f t  

and r i g h t  l e v e r s ,  r e s p e c t i v e l y .  At FR 8 and FR 9 t h e  

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

0 . 8 5 .  When t h e  l e f t  l e v e r  was changed  to  FR 10 ,  t h e
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p r o p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  l e v e r  a g a i n  i n c r e a s e d  

t o  1 . 0 .  Between FR 10 and FR 11 t h e  p r o p o r t i o n  o f  c h o i c e s  

f o r  t h e  l e f t  l e v e r  d e c l i n e d  from 1 . 0  t o  0 . 4 .  "The p r o 

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

from 0 . 4  when t h e  l e f t  l e v e r  r a t i o  was changed  t o  FR 12 ,  

b u t  d i d  d e c r e a s e  t o  0 . 0 5  when t h e  l e f t  l e v e r  r e s p o n s e  

r e q u i r e m e n t  was FR 13 .

Averaged l a t e n c i e s  t o  t h e  f i r s t  r e s p o n s e  on l e f t  and 

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

a r e  p r e s e n t e d  i n  F i g u r e  4 and p l o t t e d  a s  a  f u n c t i o n  o f  

t h e  r a t i o  on t h e  l e f t  l e v e r  f o r  R a t  262 .  Each d a t a  

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

r e s p o n s e  f o r  t h e  20 l e f t  and r i g h t  s i n g l e - a l t e r n a t i v e  

t r i a l s  i n  each  s e s s i o n .  D u r in g  t h e  f i r s t  s e r i e s  o f  i n 

c r e a s e s  i n  t h e  l e f t  l e v e r  r a t i o ,  F i g u r e  4 shows t h a t  t h e  

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

n a t i v e  t r i a l s  were q u i t e  v a r i a b l e .  I n  g e n e r a l ,  t h e  

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

a l t e r n a t i v e  t r i a l s  were  l o n g e r  t h a n  l e f t  l e v e r  s i n g l e 

a l t e r n a t i v e  t r i a l s .  The second  p a n e l  o f  F i g u r e  4 p r e s e n t s  

d a t a  from t h e  s e r i e s  o f  s e s s i o n s  i n  which t h e  l e f t  l e v e r  

r a t i o  was d e c r e a s e d  be tw een  s e s s i o n s .  The l a t e n c i e s  

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

much l e s s  v a r i a b l e .  The l a t e n c i e s  f o r  l e f t  l e v e r  s i n g l e 

a l t e r n a t i v e  t r i a l s  t e n d e d  t o  d e c r e a s e  a c r o s s  s e s s i o n s  a s  

t h e  l e f t  l e v e r  r a t i o  was d e c r e a s e d  from FR 9 t o  FR 3»
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I n c r e a s i n g  o r  d e c r e a s i n g  t r e n d s  i n  l a t e n c y  l e n g t h  were 

n o t  o b s e r v e d  f o r  r i g h t  l e v e r  s i n g l e - a l t e r n a t i v e  t r i a l s  

a c r o s s  t h e  same r a t i o  v a l u e s .  The l a t e n c y  v a l u e s  i n  t h e  

t h i r d  p a n e l  o f  F i g u r e  k  a r e  from t h e  se co n d  s e r i e s  o f  

s e s s i o n s  i n  w hich  t h e  l e f t  l e v e r  r a t i o  was i n c r e a s e d .

The l a t e n c i e s  o b t a i n e d  d u r i n g  t h o s e  s e s s i o n s  were  more 

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

L e f t  l e v e r  l a t e n c i e s  were  c l e a r l y  s h o r t e r  t h a n  r i g h t  

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

o b t a i n e d  a t  FR 13*

L a t e n c i e s  t o  t h e  f i r s t  r e s p o n s e  on c h o i c e  t r i a l s  

d u r i n g  t h e  f i r s t  c o n d i t i o n  a r e  p r e s e n t e d  f o r  Rat  262 

i n  F i g u r e  5* A m i s s i n g  d a t a  p o i n t  f o r  t h e  l e f t  o r  r i g h t  

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

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

s e s s i o n .  The p a t t e r n  o f  l e n g t h s  and v a r i a b i l i t y  i n  t h e  

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

f o r  s i n g l e - a l t e r n a t i v e  t r i a l s ,  ' t fh i le  t h e  l e n g t h  o f  c h o ic e  

t r i a l  l a t e n c i e s  d i d  n o t  a p p e a r  t o  b e  r e l a t e d  i n  any s y s 

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

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

5 shows t h a t  b o th  l e f t  and r i g h t  l a t e n c i e s  on c h o ic e  

t r i a l s  d e c r e a s e d  a s  t h e  l e f t  l e v e r  r a t i o  was d e c r e a s e d .

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

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

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

c r e a s e d .
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O v e r a l l ,  ho w ev er ,  t h e r e  d i d  n o t  a p p e a r  t o  be any  c l e a r  

o r d e r l y  r e l a t i o n  be tw een  c h an ges  i n  t h e  l e f t  l e v e r  r a t i o  

and l a t e n c y  l e n g t h  on s i n g l e - a l t e r n a t i v e  o r  c h o i c e  t r i a l s  

f o r  Rat 262 i n  C o n d i t i o n  I*

Averaged  c h o i c e  p r o p o r t i o n s  f o r  t h e  l e f t  l e v e r  

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

r e s p o n s e  r e q u i r e m e n t  f o r  a t  260 i n  F i g u r e  6 .  I n  g e n e r a l ,  

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

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

vri.thout r e a d i l y  o b s e r v a b l e  v a r i a b i l i t y  be tween  s e s s i o n s  

a t  d i f f e r e n t  l e f t  l e v e r  r a t i o s .  D ur in g  t h e  s e r i e s  o f  

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

( s e c o n d  p a n e l  o f  t h e  f i g u r e ) ,  a  s w i t c h  from e x c l u s i v e  

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

on c h o ic e  t r i a l s  was n o t  o b s e r v e d  even when t h e  l e f t  

l e v e r  was FR 1 and t h e  r i g h t  l e v e r  was FR 5. '.Vhen t h e  

l e f t  l e v e r  was changed  to  FR 2 ( t h i r d  p a n e l )  a  l e f t  l e v e r  

c h o ic e  p r o p o r t i o n  o f  0 . 5  was s e e n .  At FR 4 , n e a r  e x c l u s i v e  

p r e f e r e n c e  f o r  t h e  r i g h t  l e v e r  was o b s e r v e d  even th o ug h  

t h e  r a t i o  on t h e  r i g h t  l e v e r  was FR 5»

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

v a r i o u s  l e f t  l e v e r  r a t i o  v a l u e s  i n  C o n d i t i o n  I  a r e  

p r e s e n t e d  i n  F i g u r e s  7 ,  8 ,  and 9 f o r  R a t s  261,  266 ,  and 

267,  r e s p e c t i v e l y .  F o r  each  s u b j e c t  i n  C o n d i t i o n  I ,  

t h e  r e l a t i o n s h i p  be tw een  l e f t  l e v e r  c h o i c e  p r o p o r t i o n s  

and t h e  l e f t  l e v e r  r a t i o  was s i m i l a r  t o  t h a t  d e s c r i b e d  

f o r  R a t s  262 and 260.  F o r  each r a t ,  e x c e p t  262 ,  e x c l u s i v e

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



39-

O53c

cC oo

CVJ

rev
-a-
UN
o

C 3 £  
<

o  ~

*- X

N"\
CVJ

CO

VO
ry*

o

SEAS'! J^ E I S O i SSOIOHO iO  gOIIEOdOHd

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .

42



¥>

o

rj

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

l,
m

’ 
J.K

VK
R 

FI
Xl

'l)
 

KA
TJ

O



if1

CO

o

oo

H S A S ' I  E O S  S 3 C I 0 K 0  J O  M O L L f i O c O H d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

IiK
l'T

 
LK

VK
R 

FI
X 

HI)
 

RA
TI

O



k z .

ĉ
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p r e f e r e n c e  f o r  t h e  r i g h t  l e v e r  was o b s e r v e d  when t h e  

l e f t  l e v e r  FR was i n c r e a s e d  t o  FR 8 .  E x c l u s i v e  p r e f 

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

f o r  any r a t  u n t i l  t h e  r a t i o  on t h e  l e f t  l e v e r  was r e d u c e d  

t o  FR 2 o r  FR 1 .  The s u b j e c t s  were  a l s o  s i m i l a r  i n  r e g a r d  

t o  t h e  amount o f  i n c r e a s e  i n  t h e  l e f t  l e v e r  FR n e c e s s a r y  

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

l e f t  t o  r i g h t  l e v e r s  on c h o ic e  t r i a l s .  The change t o  

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

a s c e n d i n g  r a t i o s ,  u s u a l l y  o c c u r r e d  a t  a  r a t i o  v a lu e  lo w e r  

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

r a t i o  i n c r e a s e s .

The second  c o n d i t i o n  o f  t h e  s t u d y  was a s y s t e m a t i c  

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

was t h a t  t h e  r e s p o n s e  r e q u i r e m e n t  on t h e  r i g h t  l e v e r  was 

i n c r e a s e d  from FR 5 to  FR 10 .  Changes i n  t h e  c r i t e r i a  

from i n c r e a s i n g  t h e  r a t i o  on t h e  l e f t  l e v e r  were d e s c r i b e d  

e a r l i e r .

I n  g e n e r a l ,  t h e  r e s u l t s  o b t a i n e d  i n  t h e  second  con

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

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

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

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

when t h e  r a t i o  on t h e  l e f t  l e v e r  was d e c r e a s e d .  The d a t a  

p r e s e n t e d  i n  F i g u r e s  10 and 11 f o r  R a t s  266 and 267s 

r e s p e c t i v e l y ,  were  most  r e p r e s e n t a t i v e  i n  t h i s  r e g a r d .
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The f i g u r e s  p l o t  t h e  a v e r a g e d  p r o p o r t i o n  o f  c h o i c e s  f o r  

t h e  l e f t  l e v e r  on c h o ic e  t r i a l s  a s  a f u n c t i o n  o f  t h e  r a t i o  

on t h e  l e f t  r e s p o n s e  l e v e r .  The r a t i o  on t h e  l e f t  l e v e r  

was i n c r e a s e d  by two,  a c r o s s  s e s s i o n s ,  from an i n i t i a l  

FR 5 t o  FR 21 b e f o r e  a b r e a k  i n  e x c l u s i v e  p r e f e r e n c e  f o r  

t h e  l e f t  l e v e r  was o b s e r v e d  f o r  266.  At FR 23 p r e f e r e n c e  

f o r  t h e  l e f t  l e v e r  on c h o i c e  t r i a l s  d e c r e a s e d  to  0 . 1 ,  

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

s e s s i o n  a t  FR 25 r e s u l t e d  i n  10 c h o i c e s  f o r  t h e  r i g h t  

l e v e r .  When t h e  l e f t  l e v e r  was t h e n  d e c r e a s e d  a c r o s s  

s e s s i o n s ,  e x c l u s i v e  p r e f e r e n c e  f o r  t h e  r i g h t  l e v e r  was 

o b s e r v e d  a t  each  r a t i o  down to  FR 7» which v;as t h r e e  

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

ment on t h e  r i g h t  l e v e r .  E x c l u s i v e  p r e f e r e n c e  f o r  t h e  

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

was r e d u c e d  t o  FR 5 .  The d a t a  o b t a i n e d  d u r i n g  t h e  se c o n d  

s e r i e s  o f  s e s s i o n s  i n  which t h e  l e f t  l e v e r  r e s p o n s e  r e q u i r e  

ment was i n c r e a s e d  d id  n o t  r e p l i c a t e  t h e  f i n d i n g s  from 

t h e  f i r s t  s e r i e s  o f  s i m i l a r  i n c r e a s e s .  D u r in g  t h e  f i r s t  

such  s e r i e s ,  e x c l u s i v e  p r e f e r e n c e  f o r  t h e  l e f t  l e v e r  on 

c h o i c e  t r i a l s  was o b s e r v e d  up to  a l e f t  l e v e r  r a t i o  o f  

FR 21.  D u r in g  t h e  se co n d  s e r i e s ,  e x c l u s i v e  p r e f e r e n c e  

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

l e f t  l e v e r  was FR 9,  a  d i f f e r e n c e  o f  11 r e s p o n s e s .

The r a t i o  on t h e  l e f t  l e v e r  was i n c r e a s e d  t o  FR 14 

b e f o r e  Rat 267 d i s p l a y e d  l e s s  t h a n  an a v e r a g e d  l e f t  l e v e r
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c h o i c e  p r o p o r t i o n  o f  0 . 8 .  At FR 16 p r e f e r e n c e  sw i t c h e d  

c o m p l e t e l y  from t h e  l e f t  l e v e r  t o  t h e  r i g h t  l e v e r  on 

c h o i c e  t r i a l s .  D u r in g  t h e  s e r i e s  o f  s e s s i o n s  i n  which 

t h e  r a t i o  on t h e  l e f t  l e v e r  was d e c r e a s e d ,  e x c l u s i v e  

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

l e v e r  was FR 1 1 .  E x c l u s i v e  l e f t  l e v e r  p r e f e r e n c e  was 

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

to  FR 7 .  The t h i r d  p a n e l  o f  F i g u r e  11 shows t h a t  S a t  267 

d id  n o t  c o m p le te  t h e  second  c o n d i t i o n  o f  t h e  s t u d y .  Durin  

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

c h o i c e s  f o r  t h e  l e f t  l e v e r  was o b s e r v e d  a t  l o w e r  l e f t  

l e v e r  r a t i o s ,  FR 1 0 ,  FR 11 and FR 12 ,  t h a n  had been  r e 

c o r d e d  e a r l i e r .  Ra t  267 d i e d  s h o r t l y  a f t e r  s t a b i l i t y  o f  

r e s p o n d i n g  was o b t a i n e d  a t  FR 13.

F i g u r e  12 shows a v e r a g e  c h o i c e  p r o p o r t i o n s  f o r  Rat  

261 i n  t h e  seco n d  c o n d i t i o n .  With t h e  e x c e p t i o n  o f  p ro 

p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  l e v e r  a t  FR 8 ,  t h e  i n i t i a l  

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

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

o b s e r v e d  f o r  R a t s  266 and 267 .  E x c l u s i v e  p r e f e r e n c e  f o r  

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

r e s p o n s e  r e q u i r e m e n t  on t h e  l e f t  l e v e r  was FR 12 .  At 

FR 1 6 ,  t h e  p r o p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  l e v e r  had 

d e c r e a s e d  t o  0 . 0 .  U n l ik e  R a t s  266 and 2 6 7 9 t h e  t r a n s i t i o n  

o f  l e v e r  p r e f e r e n c e  from r i g h t  t o  l e f t  l e v e r s  was more 

g r a d u a l  f o r  261 .  E x c l u s i v e  r i g h t  l e v e r  p r e f e r e n c e  was
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o b s e r v e d  u n t i l  t h e  l e f t  l e v e r  r a t i o  was FR 11 .  The i n 

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

t h e  r a t i o  was d e c r e a s e d  from FI? 10 t o  FR 3 .  The t h i r d  

p a n e l  o f  F i g u r e  12 shows t h a t  a  r e t u r n  to  e x c l u s i v e  r i g h t  

l e v e r  p r e f e r e n c e  was n o t  o b t a i n e d  f o r  R a t  261.  The l e f t  

l e v e r  r a t i o  was i n c r e a s e d  t o  FR 10 and t h e  p r o p o r t i o n  

o f  c h o i c e s  f o r  t h e  l e f t  l e v e r  d id  n o t  d e c r e a s e  below 

0 . 8 0 .  The second  c o n d i t i o n  was n o t  c o m p le ted  a s  t h e  

r a t  a p p a r e n t l y  d e v e lo p e d  an i n n e r  e a r  i n f e c t i o n  and c o u ld  

n o t  c o n t i n u e ,

The c h o i c e  p r o p o r t i o n  d a t a  p r e s e n t e d  i n  F i g u r e  13 

f o r  R a t  260 show t h a t  e x c l u s i v e  p r e f e r e n c e  f o r  t h e  l e f t  

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

r e q u i r e m e n t  ex ce ed e d  FR 4 .  I n t e r e s t i n g l y ,  e x c l u s i v e  

p r e f e r e n c e  f o r  t h e  r i g h t  l e v e r  on c h o ic e  t r i a l s  was ob

s e r v e d  when t h e  r e s p o n s e  r e q u i r e m e n t  on t h e  l e f t  l e v e r  

was s t i l l  two r e s p o n s e s  l e s s ,  FR 8 ,  t h a n  r e q u i r e d  t o  

p ro d u c e  r e i n f o r c e m e n t  on t h e  r i g h t  l e v e r .  At FR 10 ,  t h e  

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

c r e a s e d  t o  0 . 4 0 ,  b u t  from FR 12 th r o u g h  FR 18 and down 

a g a i n  t o  FR 12 t h e  p r o p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  

l e v e r  was a lw ay s  0 . 1  o r  l e s s .  P r e f e r e n c e  f o r  t h e  r i g h t  

l e v e r  began t o  d e c r e a s e  a t  FR 11 i n  a  n e a r  l i n e a r  manner 

t o  FR 7 a t  which p o i n t  e x c l u s i v e  l e f t  l e v e r  p r e f e r e n c e  

v;as a g a i n  o b t a i n e d .  The seco n d  t r a n s i t i o n  from e x c l u s i v e  

l e f t  t o  r i g h t  l e v e r  p r e f e r e n c e  was much more a b r u p t  f o r
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R a t  260 .  From FR S t o  FR 1 0 ,  e x c l u s i v e  l e f t  l e v e r  p r e 

f e r e n c e  was m a i n t a i n e d ,  a t  FR 11 an a v e r a g e d  l e f t  l e v e r  

c h o i c e  p r o p o r t i o n  n e a r  0 .5 0  was o b t a i n e d .  At FR 12 l e f t  

l e v e r  p r e f e r e n c e  was 0 . 1 ,  a s  i n  t h e  i n i t i a l  s e r i e s .

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

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

p r e s e n t e d  i n  F i g u r e  I k  f o r  Ra t  262 .  The r e s p o n s e  r e 

q u i r e m e n t  on t h e  l e f t  l e v e r  was i n i t i a l l y  FR 7 .  I t  was 

n e c e s s a r y  t o  i n c r e a s e  t h e  r a t i o  t o  FR 15 b e f o r e  e x c l u s i v e  

l e f t  l e v e r  p r e f e r e n c e  on c h o i c e  t r i a l s  was no l o n g e r  

o b s e r v e d .  An i n c r e a s e  to  FR 55 was r e q u i r e d  b e f o r e  t h e  

r i g h t  l e v e r  was p r e f e r r e d  e x c l u s i v e l y  on t h e  c h o i c e  t r i a l s .  

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

r a t i o s  were  v a r i a b l e ;  each  l e f t  l e v e r  r a t i o  i n c r e a s e  was 

n o t  a lw ay s  accom pan ied  by a  s u b s e q u e n t  d e c r e a s e  i n  t h e  

p r o p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  l e v e r .  I t  s h o u ld  be 

n o t e d  t h a t  no o t h e r  s u b j e c t  r e q u i r e d  such  a  l a r g e  i n 

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

s w i t c h  from l e f t  t o  r i g h t  l e v e r  p r e f e r e n c e .  A f t e r  t h e  

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

FR 35» R a t  262 r e q u i r e d  s e v e r a l  s e s s i o n s  i n  o r d e r  t o  meet 

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

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

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

a l t e r n a t i v e  t r i a l s .  F i g u r e s  15 and 16 show t h e  mean 

number o f  s i n g l e - a l t e r n a t i v e  and c h o i c e  t r i a l s  w i t h o u t  a
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r e s p o n s e  a s  a  f u n c t i o n  o f  t h e  l e f t  l e v e r  r e s p o n s e  r e q u i r e 

ment  f o r  R a t  2 62 .  As can  be s e e n  i n  F i g u r e  1 5 ,  a t  FR 35 

an a v e r a g e  o f  n e a r l y  n i n e  l e f t  l e v e r  s i n g l e - a l t e r n a t i v e  

t r i a l s  t im e d  o u t  p e r  s e s s i o n .  The mean number  o f  r i g h t  

l e v e r  s i n g l e - a l t e r n a t i v e  t r i a l s  w i t h o u t  a  r e s p o n s e  was 

l e s s  t h a n  f i v e .  F i g u r e  16 shows t h a t ,  on t h e  a v e r a g e ,  

more t h a n  one c h o ic e  t r i a l  p e r  s e s s i o n  went  w i t h o u t  any 

r e s p o n s e  a t  FR 5 5 .  The mean number o f  c h o i c e  t r i a l s  

w i t h o u t  a r e s p o n s e  d e c r e a s e d  a t  FR 34 t h r o u g h  FR 32 b u t  

i n c r e a s e d  to  an a v e r a g e  o f  t h r e e  a t  FR 31* The mean 

number o f  l e f t  and r i g h t  l e v e r  s i n g l e - a l t e r n a t i v e  t r i a l s  

w i t h o u t  a r e s p o n s e  i n c r e a s e d  a t  FR 3-  t o  a p p r o x i m a t e l y  15 

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

t h e  secon d  c o n d i t i o n  was t e r m i n a t e d  f o r  R a t  262 .

I n  summary, t h e  r e s u l t s  from t h e  f i r s t  and second  

c o n d i t i o n s  o f  t h e  s t u d y  showed an o r d e r l y  r e l a t i o n  be tw een  

t h e  r e s p o n s e  r e q u i r e m e n t  on t h e  l e f t  l e v e r  and t h e  p r o 

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

The l a t e n c i e s  p r e s e n t e d  f o r  R a t  262 i n  t h e  f i r s t  c o n d i t i o n  

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

r e q u i r e m e n t  on t h e  l e f t  l e v e r .  As would be e x p e c t e d ,  

when t h e  r i g h t  l e v e r  was changed t o  FR 10 d u r i n g  t h e  s e c 

ond c o n d i t i o n  t h e  amount o f  i n c r e a s e  i n  t h e  l e f t  l e v e r  

r a t i o  r e q u i r e d  i n  o r d e r  to  change  p r e f e r e n c e  from l e f t  

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

d uce  t h e  same change  i n  t h e  f i r s t  c o n d i t i o n .  I n  g e n e r a l ,
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i t  was found t h a t  t h e  t r a n s i t i o n s  i n  p r e f e r e n c e  from 

l e f t  t o  r i g h t  o r  r i g h t  t o  l e f t  l e v e r s  on c h o i c e  t r i a l s  

d i d  n o t  r e l i a b l y  o c c u r  a t  t h e  same l e f t  l e v e r  r a t i o s .
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The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  showed t h a t  p r o f -  

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

c h o ic e  p r o c e d u r e  was a f f e c t e d  by t h e  r e s p o n s e  r e q u i r e 

ment a s s o c i a t e d  w i t h  eac h  a l t e r n a t i v e .  I n  o t h e r  w o rd s ,  

g iv e n  an e q u a l  amount o f  r e i n f o r c e m e n t  f o r  r e s p o n d i n g  

on e i t h e r  a l t e r n a t i v e ,  p r e f e r e n c e  on c h o i c e  t r i a l s  depended  

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

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

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

duce r e i n f o r c e m e n t  on t h e  o t h e r  a l t e r n a t i v e .

The p r o c e d u r e  u se d  i n  t h e  p r e s e n t  s t u d y  made a  number 

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

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

and b e t v / e e n - s u b j e c t  c o m p a r i s i o n s  o f  t h e  e f f e c t s  o f  t h e  

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

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

were a lw ay s  made a c r o s s  s e s s i o n s  a t  t h e  v a r i o u s  r a t i o  

v a l u e s .  I t  was a l s o  p o s s i b l e  t o  compare t h e  e f f e c t s  o f  

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

l e v e r  c h o i c e  p r o p o r t i o n s  be tw een  c o n d i t i o n s  o f  t h e  s t u d y ,  

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

q u i r e m e n t .

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

w i t h i n  and be tw een  s u b j e c t s  a c r o s s  t h e  two c o n d i t i o n s ,  i t  

s h o u ld  be n o t e d  t h a t  t h e  s u b j e c t s  d i f f e r e d  i n  r e g a r d  t o
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t h e  l e f t  l e v e r  r a t i o  v a l u e s  a t  which e x c l u s i v e  p r e f e r e n c e  

f o r  e i t h e r  l e v e r  was o b t a i n e d  and i n  t h e  p r o p o r t i o n  o f  

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

l e f t  l e v e r  r a t i o  v a l u e s .  The d i f f e r e n c e s  w ere  o b s e r v e d  

b o t h  w i t h i n  and  b e tw een  s u b j e c t s .  R a r e l y  was t h e  same 

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

each  p r e s e n t a t i o n  o f  a  g i v e n  l e f t  l e v e r  r a t i o .  F o r  i n 

s t a n c e ,  F i g u r e  3 shows t h a t  Rat  262*s  p r o p o r t i o n  o f  

c h o i c e s  f o r  t h e  l e f t  l e v e r  a t  FR 7 (FR 5 on t h e  r i g h t )  

was 0 . 6 5  d u r i n g  t h e  i n i t i a l  s e r i e s  o f  s e s s i o n s  i n  which 

t h e  l e f t  l e v e r  r a t i o  was i n c r e a s s a .  D ur in g  t h e  n e x t  

s e r i e s  o f  s e s s i o n s  where  t h e  r a t i o  on t h e  l e f t  l e v e r  was 

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

was 0 . 1 5  a t  FR 7 .  D u r in g  t h e  f i n a l  s e r i e s  o f  s e s s i o n s ,  

i n  t h e  f i r s t  c o n d i t i o n ,  t h e  p r o p o r t i o n  o f  c h o i c e s  f o r  t h e  

l e f t  l e v e r  was 1 . 0  a t  FR 7*

T h e re  a r e  s e v e r a l  f a c t o r s  which may h a v e  c o n t r i b u t e d  

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

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

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

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

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

p r e f e r e n c e  was o b t a i n e d  a t  any l e f t  l e v e r  r a t i o ,  t h e  r a t i o  

was i n c r e a s e d  ( o r  d e c r e a s e d )  t h e  f o l l o w i n g  s e s s i o n .  At 

l e s s  t h a n  e x c l u s i v e  p r e f e r e n c e ,  a  minimum o f  two s e s s i o n s  

were  r e q u i r e d  i n  o r d e r  t o  meet  t h e  s t a b i l i t y  c r i t e r i a .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59

T h i s  r e s u l t e d  i n  more e x p o s u r e ,  a s  d e f i n e d  by number o f  

v r i a l s ,  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  a s s o c i a t e d  

w i t h  t h e  l e f t  and r i g h t  l e v e r s .  Assuming t h a t  t h e  d i f f e r 

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

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

o f  su c h  e x p o s u r e ,  one v/ould e x p e c t  a  d i f f e r e n c e  b e tw een  

t h e  c h o i c e  p r o p o r t i o n  o b t a i n e d  a f t e r  one s e s s i o n  a t  a  

g iv e n  r a t i o  compared t o  t h a t  o b t a i n e d  a f t e r  s e v e r a l  s e s -  

s io r fs  e x p o s u r e  to  t h e  s a n e  l e f t  l e v e r  r a t i o ,  p a r t i c u l a r l y  

i f  t h e  d i f f e r e n c e  b e tw een  t h e  l e f t  and r i g h t  l e v e r  r e 

s p o n s e  r e q u i r e m e n t s  was n o t  l a r g e .

A n o th e r  p o s s i b i l i t y  c o n c e r n s  t h e  manner  i n  which 

t h e  l e f t  l e v e r  r e s p o n s e  r e q u i r e m e n t  was changed  be tw een  

s e s s i o n s .  The one o r  two u n i t  change  i n  t h e  r a t i o  on th e  

l e f t  l e v e r  be tw een  s e s s i o n s  may n o t  ha v e  p ro d u c e d  a 

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

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

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

when t h e  r a t i o s  on t h e  l e f t  and r i g h t  l e v e r s  v/ere s i m i l a r .  

T h i s  p o s s i b i l i t y  does  n o t  seem p a r t i c u l a r l y  c o n v i n c i n g ,  

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

t h e  s t u d y  where  t h e  r i g h t  l e v e r  r e s p o n s e  r e q u i r e m e n t  was 

F2 5 .

A t h i r d  f a c t o r  which  may ha v e  a f f e c t e d  t h e  p r e c i s i o n  

w i t h  which t h e  r e s u l t s  were  r e p l i c a t e d  i n v o l v e s  t h e  r e c e n t  

h i s t o r y  o f  r e s p o n d i n g  on c h o ic e  t r i a l s .  S e v e r a l  r a t s
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showed a  t e n d e n c y  to  p r e f e r  a l e v e r  e x c l u s i v e l y  on c h o ic e  

t r i a l s  even th o u g h  t h e  r e s p o n s e  r e q u i r e m e n t  on t h a t  l e v e r  

was g r e a t e r  t h a n  t h a t  on t h e  o t h e r  l e v e r .  Examples a r e  

E a t  266 i n  t h e  f i r s t  c o n d i t i o n  and R a t s  266 and 267 i n  t h e  

seco n d  c o n d i t i o n .  When t h e s e  s u b j e c t s  s w i t c h e d  from 

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

a s c e n d i n g  s e r i e s  o f  r a t i o s ,  t h e  change  o c c u r r e d  q u i c k l y .  

The p r o p o r t i o n  o f  c h o i c e s  f o r  t h e  l e f t  l e v e r  a p p e a re d  to  

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

Such an e f f e c t  h a s  been  c a l l e d  h y s t e r e s i s  acid may be ex

p l a i n e d  by a ssu m ing  t h a t  i n  t h e  r e c e n t  h i s t o r i e s  o f  

t h e  s u b j e c t s  t h e  l e f t  l e v e r  was a s s o c i a t e d  w i th  more 

r e i n f o r c e m e n t  t h a n  t h e  r i g h t  l e v e r  due to  t h e  s m a l l e r  

r a t i o  on t h e  l e f t  l e v e r .  Given such  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  r e s p o n d i n g  on t h e  l e f t  l e v e r ,  i t  i s  n o t  

u n l i k e l y  t h a t  t h e  s u b j e c t s  would c o n t i n u e  to  r e sp o n d  on 

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

r e s u l t  i n  t h e  l e f t  l e v e r  b e i n g  i n c r e a s e d  even more.  Even

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

each  l e v e r  was l a r g e  enough t o  p ro d u c e  a  cu ic l :  change in- 

l e v e r  p r e f e r e n c e .

The l a t e n c y  d a t a  p r e s e n t e d  f o r  E a t  262 i n  t h e  f i r s t  

c o n d i t i o n  were q u i t e  v a r i a b l e .  As was se en  i n  T a b l e s  I 

and I I ,  t h e  l a t e n c i e s  t e n d e d  t o  become l o n g e r  a s  t h e  s e s 

s i o n  p r o g r e s s e d .  T h is  t e n d e n c y  may have  been  p a r t l y  due 

t o  s a t i a t i o n  a n d / o r  f a t i g u e  a s  t h e  s e s s i o n  p r o g r e s s e d .
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A n o th e r  c o n s i d e r a t i o n  i n  t h i s  r e g a r d  i s  t h a t  e ac h  I T I  

was o f  v a r i a b l e  l e n g t h .  F o l l o w i n g  r e i n f o r c e m e n t  on any- 

g i v e n  t r i a l ,  t h e  s u b j e c t s  f r e q u e n t l y  groomed o r  changed  

p o s i t i o n s  i n  t h e  c h am b er .  Such b e h a v i o r s  would ha v e  

i n c r e a s e d  t h e  l a t e n c y  t o  r e s p o n d  on a  t r i a l  i f  t h e  sub

j e c t  were  n o t  i n  an  o p t i m a l  p o s i t i o n  a t  t h e  b e g i n n i n g  

o f  t h e  n e x t  t r i a l .  The b e tw een  s e s s i o n  l a t e n c i e s  were 

q u i t e  p o s s i b l y  a f f e c t e d  by c h ang es  i n  t h e  d e g r e e  o f  w a t e r  

d e p r i v a t i o n  w hich  c o u ld  n o t  a lw ays  be c o n t r o l l e d  w i t h  

p r e c i s i o n .

The r e s u l t s  o f  t h e  seco nd  c o n d i t i o n  o f  t h e  s t u d y  

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

F o r  a t  l e a s t  t h r e e  s u b j e c t s ,  261 ,  266 and 267j  a  g r e a t e r  

d i f f e r e n c e  b e tw een  l e f t  and r i g h t  l e v e r  r e s p o n s e  r e q u i r e 

m en ts  was n e c e s s a r y  t o  p ro d u c e  a  c o m p le te  s w i t c h  i n  p r e f e r 

ence  t h a n  7/as r e q u i r e d  i n  t h e  f i r s t  c o n d i t i o n .  Such a 

f i n d i n g  was n o t  u n e x p e c t e d .  S in c e  t h e  r i g h t  l e v e r  was 

FR 10 d u r i n g  t h e  s e c o n d  c o n d i t i o n ,  i t  seems l i k e l y  t h a t  a  

l a r g e r  d i f f e r e n c e  b e tw e e n  l e f t  and r i g h t  l e v e r  r a t i o s  was 

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

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

The r e s u l t s  from R a t  262 d u r i n g  t h e  se co n d  c o n d i t i o n  

v/ere n o t  e a s i l y  a c c o u n t e d  f o r .  Given a  r i g h t  l e v e r  r e 

sp o n s e  r e q u i r e m e n t  o f  FR 1 0 ,  i t  v/as n e c e s s a r y  t o  i n c r e a s e  

t h e  r a t i o  on t h e  l e f t  l e v e r  t o  FR 35 b e f o r e  e x c l u s i v e  

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

s e r v e d ,  T h a t  t h e  s u b j e c t  c o n t i n u e d  t o  r e s p o n d  a t  a l l  on
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t h e  l e f t  l e v e r  a t  r a t i o s  above FR 30 was s u r p r i s i n g  

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

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

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

i n  t h e  l e f t  l e v e r  r e s p o n s e  r e q u i r e m e n t  from FR 7 t o  FR 35 

o c c u r r e d  o v e r  many s e s s i o n s  and t h e  r e l a t i v e  i n c r e a s e  

b e tw ee n  s e s s i o n s  became s m a l l e r  and s m a l l e r  a s  h i g h  

r a t i o s  were  programmed (Uzunoz,  1979)*

Even i f  t h e  above a n a l y s i s  c o u ld  a c c o u n t  f o r  t h e  

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

r a t i o s ,  i t  d o e s  n o t  e x p l a i n  why a  s w i t c h  i n  p r e f e r e n c e  

was n o t  o b s e r v e d  a t  l o w e r  r a t i o s .  One p o s s i b i l i t y  i s  

t h a t  t h e r e  was a  s t r o n g  l e f t  s i d e  b i a s  f o r  Ra t  26 2 .  The 

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

t h e  l o c a t i o n  o f  t h e  l i g h t s ,  t o n e s ,  and r a t i o s ;  n o n e t h e 

l e s s ,  i t  r e m a in s  a p u z z le m e n t  a s  t o  why such  a  l a r g e  

d i f f e r e n c e  i n  r a t i o s  was n e c e s s a r y  b e f o r e  a  s w i t c h  i n  

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

d i d  o c c u r ,  i t  a p p e a re d  t h a t  t h e  amount o f  r e i n f o r c e m e n t  

p r o d u c e d  was no l o n g e r  s u f f i c i e n t  t o  m a i n t a i n  r e s p o n d i n g  

w i t h  any c o n s i s t e n c y .

The p r o c e d u r e  was n o t  w i t h o u t  d i f f i c u l t i e s .  A m a jo r  

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

c o m p le t e  a  c o n d i t i o n .  An a t t e m p t  was made a t  t h e  b e g i n 

n i n g  o f  t h e  se co n d  c o n d i t i o n  t o  h a s t e n  t h e  a c q u i s i t i o n  

o f  d a t a  by  m o d i f y i n g  t h e  s t a b i l i t y  c r i t e r i a  and  by i n -
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c r e a s i n g  t h e  amount by  which t h e  l e f t  l e v e r  r a t i o  was 

i n c r e a s e d .  Those  c h an g e s  made i t  p o s s i b l e  t o  com ple te  

t h e  i n i t i a l  s e r i e s  o f  s e s s i o n s  i n  t h e  se co n d  c o n d i t i o n  

s o o n e r ,  b u t  n o t  by a  l a r g e  amount .

T h e re  a r e  s e v e r a l  ways i n  which  t h e  p r o c e d u r e  c ou ld  

p o s s i b l y  be made more e f f i c i e n t .  One way would be  t o  

s im p ly  ru n  o n l y  two s e s s i o n s  a t  e ac h  l e f t  l e v e r  r a t i o .

I f  t h a t  were  done i n  a d d i t i o n  t o  a d d in g  a n o t h e r  c h o ic e  

t r i a l  a t  t h e  end o f  each  f i v e  t r i a l  b l o c k ,  t h e  e q u i v a l e n t  

o f  t h e  two s e s s i o n s ’ d a t a ,  i n  t e r m s  o f  t h e  number o f  c h o ic e  

t r i a l s ,  would  be  a c q u i r e d  i n  one s e s s i o n .  Two s e s s i o n s  

on su c h  a  m o d i f i e d  p r o c e d u r e  would g e n e r a t e  t h e  e q u iv 

a l e n t  o f  f o u r  s e s s i o n s ’ d a t a  from t h e  p r e s e n t  p r o c e d u r e .  

S a r e l y  was i t  n e c e s s a r y  t o  r u n  more t h a n  f o u r  s e s s i o n s  

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

A n o th e r  a p p ro a c h  would be  t o  model  more d i r e c t l y  

J o h a n s o n ’ s 1971 p r o c e d u r e  d e s c r i b e d  e a r l i e r .  T ha t  p r o 

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

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

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

v/ere a l s o  p r e s e n t e d  a s  a s i n g l e  b l o c k  o f  t r i a l s  and th e  

l o c a t i o n  o f  each  a l t e r n a t i v e  was ra n d o m iz e d  w i t h i n  t h e  

b l o c k .  The su pp o sed  b e n e f i t s  o f  s u c h  p r o c e d u r a l  mod

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

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

A more e f f i c i e n t  p r o c e d u r e  would be  d e s i r a b l e  o n ly  i f
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o r d e r l y  r e l a t i o n s  i n  t h e  d a t a  were  a l s o  o b t a i n e d .

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

show t h a t  p r e f e r e n c e  f o r  one o f  two r e i n f o r c e m e n t  a l 

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

ment a s s o c i a t e d  w i t h  one  o f  t h e  a l t e r n a t i v e s .  Given 

t h i s  f i n d i n g  and t h e  f a c t  t h a t  t h e  s u b j e c t s  were  e a s i l y  

t r a i n e d  t o  r e s p o n d  on t h e  p r o c e d u r e ,  i t  would seem t h a t  

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

p ro m is e  f o r  f u t u r e  r e s e a r c h  i n v e s t i g a t i n g  a  number o f  

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

r e g a r d  i s  3 n a p p e r Ts ( 1979) o b s e r v a t i o n  t h a t  f o r  t h e  s c i e n c e  

o f  b e h a v i o r  t o  become a  t r u e  s c i e n c e  i t  must  e v e n t u a l l y  

be  i n  a  p o s i t i o n  t o  make a u a n t i t i a t i v e  s t a t e m e n t s  r e 

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

q u a n t i t y ,  a s  w e l l  a s  q u a l i t y .  The p r o c e d u r e  p r e s e n t e d  

h e r e  a p p e a r s  t o  be a  s t e p  i n  t h a t  d i r e c t i o n .  F u t u r e  

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

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

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

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

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