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ABSTRACT

Two P a r a m e t e r s  o f  R e in f o r c e m e n t  De lay  i n  
T e m p o r a l ly  D ef ined  S c h e d u le s

b y

Thomas W. G a r r e t t

The p r e s e n t  i n v e s t i g a t i o n  u n d e r t o o k  t h e  e x p l o r a t i o n  o f  t h e  
b e h a v i o r a l  e f f e c t s  o f  p r e s e n t i n g  d e la y e d  r e i n f o r c e r s  a f t e r  an  
o r d i n a l l y  and  t e m p o r a l l y ,  a s  w e l l  a s  t o p o g r a p h i c a l l y  d e f i n e d  
c l a s s  o f  r e s p o n s e .  T o p o g r a p h i c a l l y ,  r e s p o n s e s  p rod u ced  s t a t e  
c h a n g e s  i n  a  m i c r o s w i t c h  which  was p o s i t i o n e d  b e h in d  an  i l l u m i ­
n a t e d  d i s c .  T e m p o r a l l y ,  r e s p o n s e s  o c c u r r e d  d u r i n g  a  f i x e d  p o r ­
t i o n ,  t D, o f  a  r e p e a t i n g  t i m e - c y c l e ,  T .  F i n a l l y ,  o n l y  t h e  f i r s t  
o f  t h e s e  r e s p o n s e s  was l a b e l e d  R^ ( i d e n t i f i e d  r e s p o n s e ) ,  and
e a c h  R. was f o l l o w e d  a f t e r  a  maximum d e l a y ,  D , by one r e i n -

Rf o r c i n g  s t i m u l u s ,  S , i n  t h e  same t i m e - c y c l e .

D i f f e r e n t  v a l u e s  o f  t h e  r e i n f o r c e m e n t  s c h e d u l e  v e c t o r  (T ,
D ) ,  where  T = t D/ T ,  were p r e s e n t e d  t o \  f o u r  g r o u p s  o f  p i g e o n s .
Each g ro u p  o f  f o u r  p i g e o n s  was exposed  t o  a  d i f f e r e n t  s e q u e n c e  o f  
v e c t o r  v a l u e s .  Some o f  t h e  v a l u e s  were p r e s e n t e d  t o  more t h a n  
one g ro u p  f o r  c o m p a r i s o n  p u r p o s e s .  Some v a l u e s  were a l s o  p r e ­
s e n t e d  t o  t h e  same g r o u p  more t h a n  once t o  o b t a i n  a  m easu re  o f  
t h e  r e c o v e r a b i l i t y  o f  t h e  o r i g i n a l  b e h a v i o r a l  e f f e c t s .  Fo r  a l l  
g r o u p s  o f  p i g e o n s ,  T was 60 s e c o n d s .

Groups  1 and  2 were  f i r s t  exposed  t o  t h e  v e c t o r  v a l u e  ( 0 . 1 OT,
0’'D ) .  They w ere  t h e n  s h i f t e d  a f t e r  2 0  s e s s i o n s  t o  ( 0 . 1 0 T ,  6"D )mx mx
f o r  30  s e s s i o n s ,  and  t h e n  r e t u r n e d  t o  t h e  f i r s t  v e c t o r  v a l u e  f o r  
a n o t h e r  10 s e s s i o n s .  The v a l u e  o f  T f o r  Group 1 was t h e n  changed  
t o  0 . 0 5  a n d ,  f o r  15 s e s s i o n s  a t  each  v a l u e ,  D was z e r o ,  t h e n

lu  A

1 , 2 ,  4 , 6 ,  12 ,  2.1f,  Zf8, and  a g a i n  z e r o  s e c o n d s .  For  Group 2 t h e  
v a l u e  o f  T was m a i n t a i n e d  a t  0*10 w h i l e  D was changed  t o  1 , 2 ,



If, 6 ,  12,  2 4 , 48 and  t h e n  a g a i n  r e t u r n e d  t o  z e r o  s e c o n d s  f o r  15 
s e s s i o n s  a t  e ac h  v a l u e .  The o t h e r  e i g h t  b i r d s  (G roups  3 and if) 
beg an  w i t h  t h e  s c h e d u l e  ( 1 . 0 0 T ,  0"D ) f o r  15 s e s s i o n s  and t h e n

DlX
were s h i f t e d  t o  ( 0 . 8 0 T ,  6"D ) f o r  a n o t h e r  15 s e s s i o n s .  Thenul A
Group 3 f i r s t  had T h e l d  c o n s t a n t  a t  0 . 8 0  w h i l e ,  f o r  15 s e s s i o n s  
a t  each  v a l u e ,  D i n c r e a s e d  t o  12 ,  2if,  and if8 s e c o n d s ,  i n  t h a tulA _

o r d e r ;  t h e n  w h i l e  D was h e l d  c o n s t a n t  a t  48 s e c o n d s ,  T wasmx *
changed t o  0 . 4 0 ,  0 . 2 0 ,  0 . 1 0 ,  and  0 . 0 5 ,  i n  t h a t  o r d e r .  F i n a l l y ,  
t h i s  g ro u p  was r e t u r n e d  t o  i t s  f i r s t  v e c t o r  v a l u e ,  ( 1 . 0 0 T ,  0"D ) .

ITIA

Group 4 , a f t e r  e x p o s u r e  t o  t h e  f i r s t  two v e c t o r  v a l u e s ,  f i r s t  had 
D h e ld  c o n s t a n t  a t  6 s e c o n d s  w h i l e  T was changed  t o  0 . 4 0 ,  0 . 2 0 ,Qa
0 . 1 0 ,  and 0 . 0 5 ,  i n  t h a t  o r d e r ;  t h e n ,  w h i l e  T was m a i n t a i n e d  c o n -  
s t a n t  a t  0 . 0 5 , D was i n c r e a s e d  t o  12 ,  2 4 , and 48 s e c o n d s ,  15 
s e s s i o n s  a t  e ach  v a l u e .  F i n a l l y ,  t h i s  g ro u p  was a l s o  r e t u r n e d  to  
i t s  f i r s t  v e c t o r  v a l u e ,  ( 1 . 0 0 T ,  0"D ) .

DlX

I n  g e n e r a l ,  t h e  r e s u l t s  o f  t h e  s t u d y  were:  1) a s  T was r e ­
duced and D i n c r e a s e d ,  o v e r a l l  r e s p o n s e  r a t e s  went  down and

DlX
a v e r a g e  p o s t - r e i n f o r c e m e n t  p a u s e  t i m e  and i n t e r - r e i n f o r c e m e n t  
t im e  went u p ;  2 )  g e n e r a l l y ,  t h e  t e m p o r a l  c l a s s e s  o f  r e s p o n s e  t h a t

p
most c l o s e l y  p r e c e d e d  S s  were  t h e  s t r o n g e s t ;  3 ) where c o m p a r a t i v e  
d a t a  were a v a i l a b l e ,  t h e  g r o u p s  were  q u i t e  s i m i l a r  q u a n t i t a t i v e l y ,  
i n  s p i t e  o f  h a v in g  b e e n  e x p osed  t o  d i f f e r e n t  s e q u e n c e s  o f  v e c t o r  
v a l u e s ;  4 ) when e x p e r i m e n t a l  c o n d i t i o n s  were r e p e a t e d  f o r  a  g r o u p ,  
t h e  v a l u e s  o f  t h e  d e p e n d e n t  v a r i a b l e s  g e n e r a l l y  were s i m i l a r  t o  t h e  
o r i g i n a l  v a l u e s ;  5 )  e v en  a  few i n s t a n c e s  o f  p r e s e n t i n g  S s  a f t e r  
l o n g e r  t h a n  t h e  c u s to m a ry  t i m e s  s i n c e  t h e  l a s t  r e s p o n s e  was s u f f i ­
c i e n t  t o  r e d u c e  t h e  o v e r a l l  r a t e s  o f  t h a t  r e s p o n s e  p e r  s e s s i o n .



DEDICATION

T h i s  work i s  d e d i c a t e d  t o  S i b y l l e  K lo tz  G a r r e t t  

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



A c k n o w l e d g e m e n t s  

S p e c i a l  t h a n k s  a r e  g i v e n  t o  P r o f e s s o r s  W.N. 

S c h o e n f e l d  a n d  B .K .  C o l e  f o r  t h e i r  e n c o u r ­

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

s e a r c h .  C r i t i c i s m s  w e r e  a l w a y s  c o n s t r u c ­

t i v e  a n d ,  s o o n  o r  l a t e ,  w e r e  much v a l u e d .  

T h a n k s  a r e  a l s o  d u e  t o  D r .  Thom V e r h a v e  f o r  

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

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

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

go t o  D r s .  D.M. Sussm ar i ,  W.N. S c h o e n f e l d  

a n d  B .K .  C o l e .  Much a p p r e c i a t e d  a l s o  was  

t h e  a i d  p r o v i d e d  me b y  D r .  R .N .  L a n s o n .

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

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

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

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

I  t h e r e f o r e  t h a n k  th e m  c o l l e c t i v e l y .



TWO PARAMETERS OF REINFORCEMENT DELAY IN 
TEMPORALLY DEFINED SCHEDULES

INTRODUCTION---------------------------------------------------------------------------------1
METHOD------------------------------------------------------------------------------------------13

F i g u r e  1--------------------------------------------  1?
T a b l e s  1 t h r o u g h  4-------------------------------------------------------------- 19
F i g u r e  2 — ---------------- — ----------------------  -25

RESULTS---------------------------------------------- .-------------------   27
F i g u r e  3— ---------        28
F i g u r e s  4 t h r o u g h  11— — —  ------- — — — -----— — ------- -31

F i g u r e s  12 t h r o u g h  2 0 -------------------------------------------------------4 9
T a b le  5 ---------------------------- — -------------------------------------------------68
F i g u r e s  21 t h r o u g h  2 9 ---------------------------------  70
T a b le  6— — ----------------- ---------------------— — — --------- — ------ 89
F i g u r e s  30 t h r o u g h  3 8 ---------------     91

F i g u r e  39 ---------------- ---------- ------------------------------------------------ 111
F i g u r e s  40 t h r o u g h  43-----------------------------------------  114
F i g u r e s  44 t h r o u g h  47------------------------------------------------------123

DISCUSSION---------------------------------------------------------------------------------131
F i g u r e s  48 t h r o u g h  51----------------------------------------------- :-------140

T a b l e  7 ---------------------------------------   148
APPENDIX A---------------------------------------------------------------------------------149

T a b l e s  A1 and A2 ---------------------------------------------------------------152
F i g u r e  A1—  ------------------------------------------------------------------------156
F i g u r e s  A2 t h r o u g h  A5------------------------------------------------------159
F i g u r e s  A6 t h r o u g h  A9--------------------------------------------------— 168
F i g u r e s  A10 t h r o u g h  A13------------------   177

• REFERENCES---------------------------------------------------------------------------------188



INTRODUCTION

p
When r e i n f o r c i n g  s t i m u l i  (S  s )  a r e  p r e s e n t e d  t o  o r g a n i s m s ,  

d i f f e r e n t  r e s p o n s e  r a t e s  and p a t t e r n s  o f  r e s p o n s e  r a t e s  may 

d e v e l o p  u n d e r  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 .  The te rm  

" s c h e d u l e  o f  r e i n f o r c e m e n t "  a s  u s e d  by F e r s t e r  and S k i n n e r  (1957)  

r e f e r s  t o  t h e  r u l e s  by w h ich  e x p e r i m e n t e r s  have  i d e n t i f i e d  

r e s p o n s e s  and t im e d  t h e  d e l i v e r y  o f  r e i n f o r c e r s .  S c h o e n f e l d  

and  C ole  (1 9 7 5 )  have o b s e r v e d  t h a t  most  " s c h e d u l e s  o f  r e i n ­

f o r c e m e n t "  a r e  r e a l l y  r u l e s  f o r  i d e n t i f y i n g  r e s p o n s e s  to  be  

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

i d e n t i f i c a t i o n  r u l e s  u n d e r  t h e  h e a d i n g  o f  " 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 s  i n c o r r e c t ,  and t h a t  t h e  term sh o u ld  r e f e r  o n l y  t o

r e s p o n s e - i n d e p e n d e n t  r e s t r i c t i o n s  on  t h e  t e m p o ra l  d i s t r i b u t i o n s  
Ro f  S s .  D e f i n i t i o n a l  c o n s i d e r a t i o n s  a s i d e ,  r e p e a t e d  p r e s e n t a -  

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

a  p o w e r f u l  method i n  t h e  i n v e s t i g a t i o n  o f  t h e  b e h a v i o r  o f  

o r g a n i s m s .

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

to m iz e d  i n t o  two m a jo r  c a t e g o r i e s :  r a t i o  s c h e d u l e s ,  i n v o l v i n g  

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

i n v o l v i n g  r e s t r i c t i o n s  on  t h e  t i m e s  between r e i n f o r c e d  r e s p o n -
Rs e s  ( S k i n n e r ,  1 9 3 8 ) .  T y p i c a l l y ,  i n  b o th  c a s e s ,  whenever  a n  S 

was p r e s e n t e d  t o  t h e  o r g a n i s m ,  i t  was im m e d ia te ly  p r e c e d e d  by 

a  p r e s p e c i f i e d  r e s p o n s e  i d e n t i f i e d  f i r s t  by i t s  m em bersh ip  i n



a p a r t i c u l a r  t o p o g r a p h i c a l  r e s p o n s e  c l a s s  and seco nd  by  i t s  

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

p r e v i o u s  S ( t h e  r a t i o  s c h e d u l e s ) , o r  by i t s  t e m p o r a l  p o s i t i o n  

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

( t h e  i n t e r v a l  s c h e d u l e s ) .  B e c a u se  o f  t h e  c l o s e  t e m p o r a l  r e l a ­

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

R^ ( t h e  i d e n t i f i e d  r e s p o n s e )  and t h e  s u b s e q u e n t  s , t h e  S was 

s a i d  t o  b e  " c o n t i n g e n t "  on t h a t  r e s p o n s e .  Any s u b s e q u e n t  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  r e s p o n s e  and t o p o g r a p h i c a l l y  

s i m i l a r  r e s p o n s e s  was assumed t o  be a t t r i b u t a b l e  t o  t h e  con­

t i n g e n c y  r e l a t i o n s h i p ,  and t o  i n d u c t i o n  e f f e c t s  from R^.

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

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

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

assumed t o  p ro d u ce  c h a r a c t e r i s t i c a l l y  d i f f e r e n t  p a t t e r n s  o f  

r e s p o n d i n g  ( s e e  S c h o e n fe ld  and C o l e ,  1972, p .  5 ) .  The r a t i o  

s c h e d u l e s  were supposed  t o  p r o d u c e  a  " b r e a k - r u n "  p a t t e r n ,  a  

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

fo l lo w e d  by  a  r a t h e r  su d d en  chan g e  t o  a  c o n s t a n t  r e s p o n s e  r a t e  

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

s u b s e q u e n t  r e i n f o r c e r .  I n t e r v a l  s c h e d u l e s  were s u p p o s e d  to  

p ro d u ce  a  " s c a l l o p e d "  r e s p o n s e  p a t t e r n ,  c o n s i s t i n g  o f  a n  i n i t i a l  

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

r e s p o n s e  r a t e  u n t i l  r e s p o n d i n g  was i n t e r r u p t e d  by t h e  s u b s e q u e n t  

r e i n f o r c e r  (h o w e v e r ,  s e e  Cumming and S c h o e n f e l d ,  1958, f o r  f u r ­

t h e r  d a t a  on t h i s  p o i n t ) .  The p r o d u c t i o n  o f  two c h a r a c t e r i s t i c



p a t t e r n s  o f  r e s p o n s e  r a t e s  by t h e s e  two s c h e d u l e  p r o c e d u r e s ,  t h e  

one  c o n t r o l l i n g  t h e  number o f  r e s p o n s e s  b e tw e e n  r e i n f o r c e d  r e ­

s p o n s e s ,  t h e  o t h e r  c o n t r o l l i n g  t h e  minimum t im e  b e tw e e n  r e i n f o r c e d  

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

i n  t h e  e x p e r i m e n t a l  a n a l y s i s  o f  b e h a v i o r .  G iven  t h e  se em in g  

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

o p e r a n t  c o n d i t i o n i n g  i n v e s t i g a t o r s  gave  t h e m s e l v e s  o v e r  t o  th e  

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

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

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

t o r s  have  f e l t  c o m p e l led  t o  go a g a i n s t  t h i s  t r e n d  and t o  q u e r y  

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

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

I n  1956 ,  S c h o e n f e l d ,  Cumming and  H e a r s t  p ro p o s e d  t h a t  th e  

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

" r a t i o  b e h a v i o r "  ( i . e . ,  t h e  b e h a v i o r  o b s e r v e d  on r a t i o  s c h e d ­

u l e s ) ,  and  p r e s e n t e d  d a t a  show ing  t h a t  t i m e - b a s e d  s c h e d u l e s  

o f  r e i n f o r c e m e n t  c o u ld  p roduce  t h e  " r a t i o  b e h a v i o r "  a s  w e l l  

a s  t h e  " i n t e r v a l  b e h a v i o r "  ( i . e . ,  t h e  b e h a v i o r  o b s e r v e d  on 

i n t e r v a l  s c h e d u l e s ) .  The h e a r t  o f  t h e  new sys tem  o f  s c h e d u l i n g  

r e i n f o r c e r s ,  t h e  ^ t - s y s t e m ,  was t h e  d i v i s i o n  o f  t im e  i n t o  i n d e ­

p e n d e n t ,  r e p e a t i n g  t im e  u n i t s  c a l l e d  " t - c y c l e s "  d u r i n g  which  
' ' Rs i n g l e  S c o u ld  be  p r e s e n t e d  t o  t h e  o r g a n i s m .  T h ese  t - c y c l e s

were  s u b d i v i d e d  i n t o  two s e g m e n t s ,  t h e  f i r s t  c a l l e d  t*5, t h e  second  
A Rc a l l e d  t  • The S , when th e  sy s te m  was f i r s t  f o r m u l a t e d ,



a p p e a r e d  o n l y  d u r i n g  t h e  t D se g m e n t ,  and t h e n  o n ly  im m e d ia te ly

a f t e r  t h e  f i r s t  R ( t h e  R- )  i n  t h e  t - c y c l e #  The r a t i o  o f  t D t o
D A  D D A  -  ^T (w h e re  T = t  + t  ) ,  e x p r e s s e d  a s  t  / t  + t  = T was a n  e a r l y

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

t im e  b a s e d  sy s te m  c o u ld  p r o d u c e  " r a t i o  b e h a v i o r "  ( S c h o e n f e l d ,  

Cumming and  H e a r s t ,  1956; S c h o e n f e l d  and  Cumming, 1957)« These  

k e y n o t e  p a p e r s ,  by t a k i n g  T t o  low v a l u e s ,  q u i c k l y  l e d  to  t h e  

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

l i s t i c  when T i s  v e r y  s h o r t .  I f  e v e r y  r e s p o n s e  i s  e l i g i b l e  f o r  

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

ment  when T i s  v e r y  s h o r t  and no s y n c h r o n i z a t i o n  be tw een  r e s p o n s e  

t i m e s  and  t - c y c l e s  e x i s t s .  The r e s u l t a n t  "random r a t i o "  s c h e d u l e  

o f  r e i n f o r c e m e n t  ( B r a n d a u e r ,  1958) l e d  to  a  d e e p e r  u n d e r s t a n d i n g  

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

v a r i a b l e  r a t i o  s c h e d u l e s .

The n e x t  s t e p  i n  t h e  s y s te m  d e v e lo pm en t  was t h e  s y n t h e s i s  o f
_ p;

v a r i a b l e - i n t e r v a l  s c h e d u l e s .  W ith  r e d u c t i o n  i n  T ,  t h e  d i s t r i b u -
R Dt i o n  o f  S s  i n  t i m e  had  become v a r i a b l e ,  b u t  when t h e  t  s i z e  was

*
a ro u n d  t h e  m ed ian  i n t e r - r e s p o n s e  t i m e ,  t h e  o b t a i n e d  i n t e r - r e ^ n -  

f o r c e m e n t  t i m e s  o r  IS  Ts ( F a r m e r  and S c h o e n f e l d ,  196^) were

h i g h l y  d e p e n d e n t  upon  i n d i v i d u a l  r e s p o n s e  r a t e s  e x t a n t  a t  t h e
D Ri n i t i a t i o n  o f  t  s .  T h a t  i s ,  S s  were  l e s s  l i k e l y  when t h e s e

r e s p o n s e  r a t e s  were  lo w .  T h i s  c h a r a c t e r i s t i c  o f  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  h i g h  momentary r e s p o n s e  r a t e s  i s  p o s s i b l y  r e ­

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

s c h e d u l e s .  *



M i l l e n s o n  (1 9 5 9 )  was t h e  f i r s t  t o  a t t e m p t  t h e  c o n t r o l l e d  

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

t i o n  o f  t h e  t - s y s t e m  v a r i a b l e s .  As a  f i r s t  a p p r o x i m a t i o n  to  

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

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

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

d i f f e r e n t  s i z e s ,  c h o se  two v a l u e s  o f  t - c y c l e  l e n g t h  a s  a  l i m i t ­

i n g  c a s e  and a l t e r n a t e d  them p r o b a b i l i s t i c a l l y .  T h i s  a p p ro a c h  

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

when, t h e  sys tem  p a r a m e t e r  ( p r o b a b i l i t y )  was a p p l i e d  t o  t h e  

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

f o r c e m e n t  and t h e  r e m a i n d e r  f o r  n o n - r e i n f o r c e m e n t  ( F a r m e r ,  1962, 

1963; M i l l e n s o n ,  1963)* The r e s u l t  was a  s p e c i a l  v a r i a b l e -  

i n t e r v a l  s c h e d u l e ,  t h e  r a n d o m - i n t e r v a l  s c h e d u l e .  The s u b s t i ­

t u t i o n  o f  jg m a n i p u l a t i o n s  f o r  T m a n i p u l a t i o n s ,  b r o u g h t  m a jo r
p

c o n t r o l  o f  t h e  S d i s t r i b u t i o n  b a c k  i n t o  t h e  hand s  o f  t h e
Re x p e r i m e n t e r .  No l o n g e r  were  S s  more p r o b a b l e  when h i g h e r  

r e s p o n s e  r a t e s  o c c u r r e d  i n  t h e  v i c i n i t y  o f  T j  one r e s p o n s e  p e r
p

t - c y c l e  was s u f f i c i e n t  t o  r a i s e  t h e  o v e r a l l  S r a t e  t o  i t s  maximum.

At t h e  same t i m e ,  c e r t a i n  c h a r a c t e r i s t i c s  s p e c i a l  t o  T m a n i p u l a -
Rt i o n s ,  su c h  a s  p r o d u c t i o n  o f  IS  T s  w h ich  a r e  c l o s e  m u l t i p l e s  o f  

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

how ever ,  were no l o n g e r  p r o d u c e d .  W ith  t® now e q u a l  t o  T ,  r e s p o n s e  

r a t e s  i n  e x c e s s  o f  one  r e s p o n s e  p e r  t - c y c l e  no l o n g e r  r e c e i v e d
I

more p r o b a b l e  r e i n f o r c e m e n t  and  r e s p o n s e  p a t t e r n s  and r a t e s



became v e r y  s i m i l a r  t o  t h o s e  p ro d u ce d  by t h e  c l a s s i c a l  v a r i a b l e -  

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

The power o f  t h e  t ; - sys tem  f o r  t h e  a n a l y s i s  o f  t h e  c l a s s i c a l  

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

t e d  s c h e d u l e s  u s i n g  t h e s e  same e l e m e n t s  h a s  more r e c e n t l y  begun 

t o  b e  b r o u g h t  t o  b e a r  on two more c l a s s i c a l  t o p i c s ,  r e i n f o r c e ­

ment c o n t i g u i t y  and r e i n f o r c e m e n t  c o n t i n g e n c y  ( S c h o e n f e l d  and 

F a rm e r ,  1970; L a c h t e r ,  1970; L a c h t e r ,  C o le  and S c h o e n f e l d ,  1971; 

S c h o e n f e l d  and C o le ,  1973)* When S k i n n e r  (1 9 4 8 )  e x p e r i m e n t a l l y  

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

w i t h  r e s p o n s e - i n d e p e n d e n t  p r e s e n t a t i o n s  o f  S s ,  and o b s e r v e d  

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

t y p i c a l l y  p re c e d e d  t h e  S s  w i t h  s h o r t  d e l a y s  ( a t  l e a s t  to w ard  t h e  

end o f  t r a i n i n g ) ,  he a p p e a l e d  t o  " c o n t i n g e n c y "  t o  e l a b o r a t e  upon 

t h i s  a d m i t t e d  a c c i d e n t a l  r e l a t i o n s h i p .  He s t a t e d ,  "To sa y  t h a t  

a  r e i n f o r c e m e n t  i s  c o n t i n g e n t  upon  a  r e s p o n s e  may mean n o t h i n g  

more t h a n  t h a t  i t  f o l l o w s  t h e  r e s p o n s e . "  ( S k i n n e r ,  1 9 4 8 ) .

Thus c o n t i g u i t y  ( t e m p o r a l  p r o x i m i t y )  b e tw ee n  r e s p o n s e s  and 

s u b s e q u e n t  S s  became a  c h a r a c t e r i s t i c  by which  " c o n t i n g e n c i e s "  

were d e t e c t e d .  T h i s  a d u l t e r a t i o n  o f  t h e  t e r m ' s  meaning  h a s  been  

a  s o u r c e  o f  much c o n f u s i o n  among many s t u d e n t s  o f  o p e r a n t  con­

d i t i o n i n g .  A c c o rd in g  to  S c h o e n f e l d  and Fa rm er  (1 9 7 0 )  c o n t i n g e n c y  

means " t h e  d i s t r i b u t i o n  i n  t im e  o f  R d e t e r m i n e s  t h e  d i s t r i b u t i o n  

i n  t im e  o f  r e i n f o r c e m e n t ,  w h i l e  . . .  n o n c o n t i p g e n c y  means t h a t  t h e  

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

m



t e m p o r a l  d i s t r i b u t i o n  o f  r e s p o n s e s * ” Note- t h a t  d i s p l a c e m e n t  i n  

t im e  ( i . e . ,  d e l a y )  o f  one  d i s t r i b u t i o n  r e l a t i v e  t o  t h e  o t h e r  

would n o t ,  a c c o r d i n g  t o  F a rm er  and S c h o e n f e l d ,  d i s q u a l i f y  t h e  

r e l a t i o n s h i p  a s  b e i n g  a  c o n t i n g e n t  one# D i s p la c e m e n t  i n  t im e
D

o f  t h e  S d i s t r i b u t i o n ,  even  th ough  d e te rm in e d  by t h e  r e s p o n s e  

d i s t r i b u t i o n  s h o u l d ,  f o r  S k i n n e r ’s  u s e  o f  t h e  term " c o n t i n g e n t "  

t o  be c o n s i s t e n t  w i t h  h i s  1948 u s a g e ,  d i s q u a l i f y  t h e  r e l a t i o n ­

s h i p  a s  b e i n g  a  c o n t i n g e n t  o n e .  However, S k i n n e r  a l s o  u s e s  t h e  

t e rm  when n o t  r e f e r r i n g  t o  c o n t i g u o u s  r e l a t i o n s h i p s  a s  when he 

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

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

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

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

d e l a y ,  n o m in a l ly  z e r o .  S k i n n e r  e a r l y  no ted  (1 9 38 ,  p .  73)  t h a t  

where  t h e  p e r m i t t e d  d e l a y  i s  g r e a t e r  t h a n  z e r o ,  t h e r e  may 

i n t e r v e n e  t o p o g r a p h i c a l l y  s i m i l a r  r e s p o n s e s  (Rs)  b e tw een  t h e  

r e s p o n s e  i d e n t i f i e d  f o r  r e i n f o r c e m e n t  ( t h e  R^) and i t s  r e i n f o r ­

c e r .  T h ese  i n t e r v e n i n g  r e s p o n s e s  have  p roduced  one  o f  two 

e f f e c t s  on t h e  IS  T d i s t r i b u t i o n .  E i t h e r  each  i n t e r v e n i n g  R 

r e s e t s  t h e  d e l a y  t i m e r ,  t h e r e b y  l e n g t h e n i n g  t h e  mean i n t e r ­

r e i n f o r c e m e n t  t i m e ,  o r  R o c c u r r e n c e s  i n  t h e  i n t e r i m  do n o t  

r e s e t  t h e  d e l a y  t i m e r  and do n o t  t h e m s e lv e s  d e te r m in e  t h e  r e i n ­

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

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

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



i t  do es  have a  d e f i n i t e  maximum, t h e  d e l a y  t im e  o f  t h e  c o n t i n ­

g e n t l y  r e i n f o r c e d  r e s p o n s e .  The f i r s t  p r o c e d u r e  h a s  b een  c a l l e d
R" f i x e d  d e la y "  b e c a u s e  t h e  t im e  b e tw e e n  any  S and t h e  im m e d ia te ly  

p r e c e d i n g  R i s  f i x e d ;  t h e  second  p r o c e d u r e  may be  c a l l e d  " v a r i a b l e
p

d e l a y "  b e c a u s e  t h e  t im e  b e tw een  a n y  S and  t h e  im m e d ia t e l y  p r e ­

c e d i n g  R i s  v a r i a b l e .

A l l  o f  t h e  r e s p o n s e - c o n t i n g 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  

p e r m i t  d e la y e d  r e i n f o r c e m e n t  o f  a l l  Rs w h i l e  a t  t h e  same t im e  

f o r c i n g  d i f f e r e n t  d e g r e e s  o f  im m e d ia te  r e i n f o r c e m e n t  o f  s e l e c t e d  

r e s p o n s e s .  Fo r  exam ple ,  u n d e r  t h e  c o n d i t i o n  o f  c o n t i n g e n t  r e i n ­

f o r c e m e n t  w i th  z e r o  d e l a y ,  t h e  R^s a r e  f o l lo w e d  i m m e d ia t e l y  by
g

an  S , b u t  t h e  r e m a in i n g  Rs a r e  n e v e r  i m m e d i a t e l y  fo l lo w e d  by 
Rany S ; t h e y  a r e  fo l lo w e d  a f t e r  some d e l a y .  N o n c o n t in g 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  p e r m i t  d e l a y e d  r e i n f o r c e m e n t  o f  Rs 

b u t  p l a c e  no r e s t r i c t i o n s  upon t h e  d e g r e e  o f  r e m o t e n e s s  o f  any
g

S from any r e s p o n s e .  Under  a l l  s c h e d u l e s  o f  r e i n f o r c e m e n t  a l l

RRs may be  f o l lo w e d  by one o r  more S s ,  a l b e i t  w i t h  g r e a t e r  o r  

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

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

e x c e p t i o n s  b e in g  t h o s e  Rs t h a t  f o l l o w  t h e  v e ry  l a s t  S i n  t h e  

e x p e r i m e n t .  I f  a  p e r i o d  o f  e x t i n c t i o n  i s  g i v e n ,  t h e n  an  R which

p r e c e d e s  t h a t  e x t i n c t i o n  p e r i o d  may b e  s a i d  t o  be  f o l lo w e d  by
* * Rt h e  f i r s t  S i n  t h e  p o s t - e x t i n c t i o n  p e r i o d .  S i m i l a r l y ,  w h i l e  

a  DRO ( 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  o t h e r  b e h a v i o r )  s c h e d u l e  

( R e y n o ld s ,  1961) s p e c i f i e s  t h a t  a  g i v e n  p e r i o d  o f  t im e  which 

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



f o r c e r ,  t h o s e  r e s p o n s e s  which p r e c e d e d  t h e  t im e  p e r i o d  a r e  none­

t h e l e s s  fo l lo w e d  by t h a t  same r e i n f o r c e r .  I t  i s  p o s s i b l e ,  how­

e v e r  t h a t  t h i s  t e c h n i c a l i t y  may be  o f  no p r a c t i c a l  i m p o r t a n c e ,

t h a t  no r e i n f o r c i n g  power i s  e x e r t e d  o v e r  t h e  r e s p o n s e .  The
Rd e g r e e  t o  which  S s  may r e i n f o r c e  a n  e n t i r e  R - c l a s s  t h r o u g h  

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

R ^ s ,  i s  examined i n  t h e  p r e s e n t  s t u d y .

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

b e tw e e n  some Rs and s u b s e q u e n t  S s .  However, t h e  u s u a l  s c h e d u l e
Rs p e c i f i c a t i o n s  f o c u s  on e i t h e r  t h e  r a t i o  o f  t o t a l  Rs t o  t o t a l  S s 

o r  on t h e  a v e r a g e  ( o r  a v e r a g e  minimum) i n t e r - r e i n f o r c e m e n t  t im e  

p e r m i t t e d .  Very o f t e n  t h e  l i m i t s  o f  d e l a y s  t h a t  a r e  p e r m i t t e d
p

b e tw e e n  Rs and S s  a r e  n o t  e x p l i c i t l y  s p e c i f i e d ;  i t  i s  t h e n

u n d e r s t o o d  t h a t  once  t h e  s p e c i f i e d  c o n d i t i o n s  have  b e e n  met t h e
RR^ i s  v e r y  p ro m p t ly  f o l lo w e d  by a n  S .  The p r e v i o u s  r e s p o n s e s

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

d e l a y s .  A c c o rd in g  t o  Dews ( 1 9 7 0 ,  p .  k7 )» a l l  t h e  r e s p o n s e s
Rp r e v i o u s  t o  a n  S s h o u l d  be c o n s i d e r e d  r e i n f o r c e d  r e s p o n s e s  s i n c e  

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

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

d i f f e r e n t  l e n g t h .  As s t a t e d  by Dews and p a r a p h r a s e d  h e r e ,  t h e  

abov e  v iew i s  p o s s i b l y  m i s l e a d i n g .  As S c h o e n f e l d  h a s  p o i n t e d  

o u t  ( p e r s o n a l  c o m m u n ic a t io n ) ,  e v e r y  r e s p o n s e  i s  u n i q u e  i n  t h e  

s e n s e  t h a t  no r e s p o n s e  can  be  e m i t t e d  t w i c e .  T h e r e f o r e ,  a  r e i n ­

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

r e s p o n s e  i n  any s e n s e .  I t  seems t h a t  Dews i s  r e f e r r i n g  t o  t h e
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s t r e n g t h e n i n g  o f  one o r  more r e s p o n s e  c l a s s e s ,  r a t h e r  t h a n  t o  t h e  

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

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

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

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

f o r c e r  s*

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

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

i n g  i t ,  we need  t o  s p e c i f y  t h e  l i m i t s  o f  d e l a y s  t h a t  a r e  t o  be
p

p e r m i t t e d  b e tw ee n  s p e c i f i c  Rs and  s p e c i f i c  S s* I f  we c h o o se
R RS s  a s  r e f e r e n c e  p o i n t s ,  l a b e l i n g  some o f  them ( i d e n t i f i e d

r e i n f o r c e r )  and t h e i r  p r e c e d i n g  Rs a s  R ^ , R_2 , • • • »  R_ n

t h e  o r d e r  o f  t h e i r  p r e c e d e n c e ,  d e l a y  l i m i t s  m ig h t  t h e n  be  s p e c i -  
Rf i e d  b e tw e e n  and any  one o f  t h e  p r e c e d i n g  Rs* I f  we c h o o se

Rs a s  r e f e r e n c e  p o i n t s ,  l a b e l i n g  some o f  them R^ and t h e i r  s u b -
R R R R R

s e q u e n t  S s  a s  S+  ̂ , S+ 2 , ^+3 * • • • »  *^+n o r d e r  o f  t h e i r

a p p e a r a n c e ,  t h e n  d e l a y  l i m i t s  m ig h t  be s p e c i f i e d  b e tw ee n  t h e s e
p

R^s and  a n y  f o l l o w i n g  S •

B o th  Rs and S s  have  b e e n  u se d  a s ‘p o i n t s  o f  r e f e r e n c e  i n  

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

o r i e n t a t i o n  seems c o m p e l l i n g  a t  f i r s t  g l a n c e *  I f  we p r e s e n t
p

e x a c t l y  t - s e c o n d s  a f t e r  R_^ we sh o u ld  have a  d i r e c t  m ea su re
• Ro f  t h e  r e i n f o r c i n g  power o f  a n  5 a t  t h a t  t e m p o r a l  d i s t a n c e .  

U n f o r t u n a t e l y ,  a s  S k i n n e r  p o i n t e d  o u t  i n  1938, one c a n n o t  d e c i d e  

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

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



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

p o s s i b i l i t y  t h a t  t h e  lo w e re d  o v e r a l l  r e s p o n s e  r a t e  i s  due t o  t h e  

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

^with  R f o r  e x p r e s s i o n .  A n o t h e r  p rob lem  i s  t h a t  when a  r e s p o n s e  

i s  n e c e s s a r y  b e tw ee n  r e i n f o r c e r s ,  one  c a n n o t  i n c r e a s e  t h e  

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

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

may a l s o  p ro d u c e  l o w e r i n g  o f  t h e  o v e r a l l  r a t e  o:f r e s p o n d i n g .  I n

t h e  p r e s e n t  s t u d y ,  t h e  s e c o n d  o r i e n t a t i o n  i s  c h o s e n .  The f i r s t
D RR i n  each  t  i s  t h e  Ri  and  i s  f o l l o w e d  by  an  S w i t h  a  maximum

d e l a y  (D ) s p e c i f i e d  by t h e  s c h e d u l e .ulVv
When an  e x p e r i m e n t e r  m a n i p u l a t e s  o n l y  one s t i m u l u s  ( t h e  

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

w i t h  o n l y  one b e h a v i o r  ( t h e  r e s p o n s e ,  R ^ ) ,  a n y t h i n g  he m igh t

a r r a n g e  may be  e x p r e s s e d  i n  t e r m s  o f  i n t e r - r e i n f o r c e m e n t  t i m e s
R R( I S  T s)  and r e s p o n s e - r e i n f o r c e m e n t  t i m e s  (RS T s ) .  P r o c e d u r e s

which d i r e c t l y  o r  i n d i r e c t l y  have  a f f e c t e d  t h e  r a t i o  b e tw ee n
R Rnumber o f  Rs and  number o f  S s  ( a n d  t h e r e b y  t h e  IS  T d i s t r i b u -

%
t i o n )  have  come t o  be  known a s  " i n t e r m i t t e n t "  r e i n f o r c e m e n t

Rs c h e d u l e s ;  t h o s e  which  hav e  m a n i p u l a t e d  RS T d i s t r i b u t i o n s  

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

n o t  be  " i n t e r m i t t e n t "  d e p e n d in g  on t h e  RS T d i s t r i b u t i o n  l i m i t s .
RI f  no r e s t r i c t i o n s  a r e  p l a c e d  on RS Ts t h a t  a r e  p e r m i t t e d  t o

occux?, t h e n  t h e  e x p e r i m e n t e r  may s p e c i f y  b o t h  u p p e r  and lo w e r
Rl i m i t s o f  t h e  d i s t r i b u t i o n  o f  I S  Ts i n  a d v an c e  o f  a n  e x p e r i m e n t a l



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

r e s t r i c t i o n s  upon RS T s ,  t h e n  t h e  l i m i t s  o,f t h e  IS  T d i s t r i b u ­

t i o n  a r e  a f f e c t e d  i n  a:~number o f  ways by t h e  d i s t r i b u t i o n  o f  Rs*
RF i r s t ,  s i n c e  an  R^ must  be  d e t e c t e d  b e f o r e  each  S+1 i s  d e l i v e r e d ,  

£
t h e  PS Ps C p o s t - r e i n f o r c e m e n t  p a u s e  t i m e s )  l i m i t  t h e  lo w e r  s i d e

R Ro f  t h e  d i s t r i b u t i o n  o f  IS  Ts* The IS  Ts may n o t  be  l e s s  t h a n  t h e
Ri m m e d i a t e l y  p r e c e d i n g  PS Ps* S e c o n d ,  i f  t h e  e x p e r i m e n t e r ' s

d e f i n i t i o n  o f  R.  ̂ i n c l u d e s  some d u r a t i o n a l  p r o p e r t y  t h i s  d u r a t i o n
Rs e t s  a n  a b s o l u t e  lo w e r  l i m i t  f o r  t h e  s i z e  o f  IS  Ts* T h i r d ,  t h e

R Rr e s t r i c t i o n  o f  RS Ts means t h a t  t h e  v a r i b i l i t y  i n  IS Ts i s  a

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

i s  a  f u n c t i o n  o f  t h e  v a r i a b i l i t y  i n  PS^Ps ,  and  IRTs ( i n t e r ­

r e s p o n s e  t i m e s ) *

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

s c h e d u l i n g  d e l a y e d  r e i n f o r c e r s  ■•within t h e  t e m p o r a l  sy s tem  

p r o p o s e d  by S c h o e n f e l d ,  Cumming and H e a r s t  (1 9 5 6 )*  The two

a n a l y t i c  v a r i a b l e s  m a n i p u l a t e d  i n  t h e  s t u d y  w ere  T and t h e
Rmaximum t im e  b e tw ee n  an  R. and i t s  S L. ( h e r e a f t e r  c a l l e d  D )*l  +1 mx
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METHOD

S u b j e c t s

The s u b j e c t s  were  16 White  C arneaux  hen p i g e o n s .  They 

were  a b o u t  6 y e a r s  o l d  and were  r e t i r e d  b r e e d e r s  from t h e  

P a l m e t t o  P ig e o n  P l a n t  ( S u m te r ,  S o u th  C a r o l i n a ) .  None o f  t h e  

b i r d s  had b e en  u s e d  i n  p r e v i o u s  r e s e a r c h .  They were  housed  

i n  i n d i v i d u a l  l i v i n g  c a g e s  i n  rooms s e p a r a t e  from t h a t  con­

t a i n i n g  t h e  e x p e r i m e n t a l  ch am ber .  A l l  rooms were a i r - c o n ­

d i t i o n e d  and  a  t e m p e r a t u r e  o f  68 t o  72 d e g r e e s  F a h r e n h e i t  

(2 0  t o  23  d e g r e e s  C e l s i u s )  was m a i n t a i n e d  e x c e p t  f o r  a  few d a y s  

when t h e  a i r - c o n d i t i o n i n g  sy s te m  was s h u t  down f o r  s e r v i c i n g  

and  t h e  t e m p e r a t u r e  r o s e  t o  a b o u t  80 d e g r e e s  F a h r e n h e i t  (27  

d e g r e e s  C e l s i u s ) .

I m m e d ia t e ly  upon a r r i v a l  t h e  s u b j e c t s  were  p l a c e d  on a  

f r e e - f e e d i n g  and w a t e r i n g  s c h e d u l e ,  and weighed a t  t h e  same 

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

f o r  a n  i n d i v i d u a l  b i r d  was l e s s  t h a n  3% o f  t h e  l o w e s t  w e ig h t  

f o r  t h a t  s e r i e s  o f  d a y s .  T h ese  w e i g h t s  were t h e n  a v e r a g e d  and 

t h e  a v e r a g e  t a k e n  a s  t h e  ad  l i b i t u m  w e ig h t  f o r  t h a t  s u b j e c t .

The s u b j e c t s  were  t h e n  r e d u c e d  t o  80% o f  t h e i r  ad l i b i t u m  

w e i g h t s  by rem o v in g  a l l  food  from t h e i r  food cups  f o r  two d a y s  

( g r i t  and  w a t e r  c o n t i n u e d  t o  b e  p r o v i d e d  ad l i b i t u m ) .  t h e n  

g i v i n g  them t h r e e  grams o f  t h e  l a b o r a t o r y  g r a i n  m i x t u r e  ( p r i ­

m a r i l y  k a f i r  c o r n ,  v e t c h  and  hemp s e e d )  p e r  day u n t i l  t h e  80% 

w e i g h t  was r e a c h e d .  The w e ig h t  r e d u c t i o n  p r o c e s s  t o o k  b e tw ee n



H  '

two and t h r e e  weeks p e r  s u b j e c t .  F o r  t h e  r e s t  o f  t h e  e x p e r i ­

ment t h e  w e ig h t  f o r  a n  i n d i v i d u a l  s u b j e c t  was r e q u i r e d  t o  be 

w i t h i n  15 grams o f  h e r  80% w e i g h t ,  h e r  " r u n n i n g  w e i g h t " ,  a t  

t h e  s t a r t  o f  an  e x p e r e m e n ta l  s e s s i o n  o r  t h e  s u b j e c t  was n o t  

r u n .  I n  c a s e s  where  t h e  w e i g h t  e x c e e d e d  t h e  c r i t e r i o n ,  t h e  

s u b j e c t  was r u n  o u t  o f  t u r n  a  few h o u r s  l a t e r ,  i f  t h e  w e ig h t  

was t h e n  i n  t o l e r a n c e ;  o t h e r w i s e ,  she  was r u n  t h e  f o l l o w i n g  

d a y .  I f  t h e  w e ig h t  was b e lo w  c r i t e r i o n ,  a  few graims o f  g r a i n  

were f e d  t o  t h e  s u b j e c t  and a f t e r  a b o u t  an  hour  t h e  s u b j e c t  was 

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

r u n .

The above p r o c e d u r e  was m a i n t a i n e d  t h r o u g h o u t  t h e  e n t i r e  

e x p e r im e n t  f o r  a l l  b u t  two s u b j e c t s .  One b i r d  from Group 1 

(B04)» b e c a u s e  o f  a  v e ry  e r r a t i c  and  low r a t e  o f  r e s p o n d i n g  

i n  c o m p a r is o n  t o  t h e  o t h e r  s u b j e c t s  i n  h e r  g r o u p ,  was,  a f t e r  

S e s s i o n  411 ( s e e  T a b l e  1 ) ,  f u r t h e r  r e d u c e d  t o  75% o f  h e r  ad 

l i b i t u m  w e ig h t  and t h e r e a f t e r  r u n  a t  t h a t  w e i g h t .  The o t h e r  

a n im a l  (B225) was from Group 3« T h i s  a n im a l  b e g a n  t o  l o s e  

w e ig h t  to w ard  t h e  end o f  t h e  e x p e r i m e n t  ( f ro m  S e s s i o n  1101) 

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

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

t e r m i n a t i o n  o f  t h e  e x p e r i m e n t  sh e  d i e d .
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A p p a r a tu s

One e x p e r i m e n t a l  chamber was u s e d  i n  t h i s  e x p e r im e n t#  The 

cham b er ,  a  L eh ig h  V a l l e y  E l e c t r o n i c s  p i g e o n  cham ber ,  Model 1519* 

had a  t h r e e  key i n t e l l i g e n c e  p a n e l  c o n t a i n i n g  a  h o u se  l i g h t ,  a  

g r a i n  f e e d e r  (Model 1347)* and t h r e e  p e c k i n g  k e y s  (Model 1348) 

mounted s y m m e t r i c a l l y  above  t h e  f e e d e r ,  2#5  i n c h e s  a p a r t  a t  

t h e i r  c e n t e r s ,  w i t h  a  s t i m u l u s  p r o j e c t i o n  u n i t  (Model 1348Q) 

mounted b e h in d  e ac h  key# Only t h e  c e n t e r  k e y ,  which  r e q u i r e d  

a  l a t e r a l  p r e s s u r e  o f  a b o u t  20  grams t o  o p e r a t e ,  was o p e r a t i v e #

Programming and r e c o r d i n g  e q u ip m en t  w ere  l o c a t e d  i n  t h e  same 

room a s  t h e  e x p e r i m e n t a l  chamber# Programming was a c c o m p l i s h e d  

w i t h  s o l i d  s t a t e  l o g i c  m odules  (BRS D i g i b i t s ) .  R e c o r d i n g  was 

done w i t h  e l e c t r o m e c h a n i c a l  c o u n t e r s  (S o d e c o )  and  a  c u m u l a t i v e  

r e c o r d e r  ( G e r b r a n d s ,  Model C - S ) .  A G ra so n  S t a d l e r  n o i s e  g e n e r ­

a t o r  (Model 901-B )  was u s e d  t o  p r o v i d e  0 . 1 5  v o l t s  RMS ( i . e . ,  - 2 0  

db r e  1#5 v o l t s  RMS) o f  w h i t e  n o i s e  t o  t h e  4 ohm s p e a k e r  mounted 

on  t h e  i n t e l l i g e n c e  p a n e l .  From t h e  e x p e r i m e n t e r ' s  s u b j e c t i v e  

s t a n d p o i n t ,  t h i s  i n t e n s i t y  p rod u ce d  a  n o i s e  l e v e l  i n  t h e  chamber  

t h a t  was l o u d ,  b u t  n o t  so  lo u d  a s  t o  be  a v e r s i v e .

P r e l i m i n a r y  t r a i n i n g

When t h e  s u b j e c t s  had r e a c h e d  t h e i r  80% w e i g h t s ,  t h e y  were 

p l a c e d  one a t  a  t im e  i n  t h e  e x p e r i m e n t a l  chamber  and s u b j e c t e d  

t o  one  o f  two s h a p i n g  p r o c e d u r e s .  I n  b o t h  p r o c e d u r e s  t h e  t -  

sy s te m  r e s t r i c t i o n  o f  a  maximum o f  one  r e i n f o r c e m e n t  p e r  t - c y c l e
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was m a i n t a i n e d ,  b u t  t h e  r e s p o n s e  r e q u i r e m e n t s  were r e l a x e d *  

D e t a i l s  o f  t h e s e  p r o c e d u r e s ,  which  m ig h t  be c l a s s i f i e d  a s  " a u t o ­

s h a p i n g "  p r o c e d u r e s ,  may be  found  i n  Appendix  A.

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

The e x p e r i m e n t  p r o p e r  b e g a n  a f t e r  S e s s i o n  020 f o r  Groups 

1 and 2 ,  and  a f t e r  S e s s i o n  003 f o r  Groups 3 and T h a t  i s ,

Groups 1 and  2 had  2 0  p r e t r a i n i n g  s e s s i o n s  and Groups 3 and  4 

had 3 p r e t r a i n i n g  s e s s i o n s .  A l l  g r o u p s  r e c e i v e d  r e i n f o r c e m e n t  

i n  a  t - c y c l e  o n l y  i f  t h e r e  was a n  R^ i n  t h a t  same t - c y c l e *

B o th  b e f o r e  and a f t e r  t h e  s e s s i o n s ,  a l l  l i g h t s  were o f f  i n  t h e  

chamber* D u r in g  t h e  s e s s i o n s ,  t h e  h o u s e l i g h t  was on c o n t i n u o u s l y ,  

and  t h e  c e n t e r - k e y  l i g h t  was on e x c e p t  d u r i n g  r e i n f o r c e m e n t .  

R e i n f o r c e m e n t s  were t h r e e  s e c o n d s  l o n g  and d u r i n g  e ac h  r e i n f o r c e ­

ment t h e  t - c y c l e  t i m e r  was h a l t e d *

The s u b j e c t s  were  r u n  a t  a p p r o x i m a t e l y  t h e  same t i m e s  

d a i l y  and  w i t h  few e x c e p t i o n s  were  r u n  s e v e n  days  a  week*

Each o f  t h e  f o u r  g r o u p s  was exposed  t o  a  d i f f e r e n t  non-random 

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

i n  F i g u r e  1 ( s e e  T a b l e s  1 ,  2 ,  3 f  and  ^  f o r  t h e  a c t u a l  s e q u e n c e s  

f o r  e a c h  g r o u p  o f  s u b j e c t s ) .  More t h a n  one g rou p  r e c e i v e d  ex­

p o s u r e  t o  some o f  t h e  m a t r i x  v a l u e s .  F o r  exam ple ,  two g r o u p s

(G ro u ps  1 and  2 )  were  e x p o sed  t o  ( 0 . 1 0 T ,  0"D ) ,  t h r e e  g r o u p smx
.(Groups  1 ,  2 and  4)  were  e xposed  t o  ( 0 .1 0 T ,  6"D ) ,  and t h r e emx
g r o u p s  (G ro up s  1 ,  3 and U) were  e x p o sed  t o  ( 0 .0 5 T ,  Zf8"D ) .

mx
E x p o su re  t o  some o f  tfce m a t r i x  v a l u e s  was a l s o  r e p e a t e d  f o r  each



F i g u r e  1• F i e l d  o f  i n v e s t i g a t i o n .  P o i n t s  w i t h i n  t h e  b i v a r i a t e  

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

T was c o n s t a n t  a t  s i x t y  s e c o n d s .
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T a b l e  1

S c h e d u l e s  o f  r e i n f o r c e m e n t  f o r  Group 1• 

S u b j e c t s :  B62, B75,  B96, B04

P o i n t S e s s i o n T I Dmx SD C y c le s

0 0 0 1 -  006 30 0 . 2 0 • Normal 50 -150
0 0 0 7 -  020 30 0 . 2 0 0 Normal 50
1 101-  113 60 0 . 1 0 0 Gold 50
1 114-  120 60 0 . 1 0 0 Gold 25
2 2 0 1 -  230 60 0 . 1 0 6 P u r p l e 25
3 3 0 1 -  310 60 0 . 1 0 0 Gold 25
4 4 0 1 -  415 60 0 . 0 5 0 Gold 25
5 501-  515 60 0 . 0 5 1 B lue 25
6 6 0 1 -  615 60 0 . 0 5 2 Bed 25
7 7 0 1 -  715 60 0 . 0 5 4 Aqua 25
8 8 0 1 -  815 60 0 . 0 5 6 P u r p l e 25
9 901-  915 60 0 . 0 5 12 O l iv e 25

10 1001-1015 60 0 . 0 5 2 4 Yel low 25
11 1101-1115 60 0 . 0 5 48 W hite 25
12 1201-1202 60 0 . 1 0 ** Gold 25
13 1301-1315 60 0 . 0 5 0 Gold 25

Note :  From S e s s i o n  411* B04 was r u n  a t  75# o f  h e r  ad  l i b i t u m  w e i g h t .

When D „  = * t h e  f i r s t  s h a p i n g  p r o c e d u r e  was u s e d  ( s e e  Appendix  A ) ,  mx
When D = ** t h e  s e c o n d  s h a p i n g  p r o c e d u r e  was u s e d  ( s e e  AppendixUIJW
A ) .
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T a b l e  2

S c h e d u l e s  o f  R e i n f o r c e m e n t  f o r  Group 2 

S u b j e c t s :  B84> B30 ,  B49,  B6l

P o i n t S e s s i o n T T ^mx SD C y c le s

0 0 01 -  005 30 0 . 2 0 * Normal 5 0 -1 5 0

0 0 06 -  020 30 0 . 2 0 0 Normal 50

1 101-  113 60 0 . 1 0 0 Gold 50

1 114-  120 60 0 . 1 0 0 Gold 25

2 2 0 1 -  230 60 0 . 1 0 6 P u r p l e 25

3 301-  310 60 0 . 1 0 0 Gold 25

4 4 01 -  415 60 0 . 1 0 1 B lu e 25

5 501-  515 60 Q.10 2 Red 25

6 6 0 1 -  615 60 0 . 1 0 4 Aqua 25

7 7 0 1 -  715 60 0 . 1 0 6 P u r p l e 25

6 8 01 -  815 60 0 . 1 0 12 Grn-Gold 25

9 9 0 1 -  915 60 0 . 1 0 2 4 O l i v e 25

10 1001-1015 60 0 . 1 0 4 8 Y el low 25

11 1101 60 0 . 1 0 ** Gold 25

12 1201-1215 60 0 . 1 0 0 Gold 25

Note:  When Dfflx = *  t h e  f i r s t  s h a p i n g  p r o c e d u r e  was u s e d  ( s e e  Appendix  

A ) .  When Dfflx = ** t h e  s e c o n d  s h a p i n g  p r o c e d u r e  w a s .u s e d  ( s e e  

A ppend ix  A ) .
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T a b l e  3

S c h e d u l e s  o f  r e i n f o r c e m e n t  f o r  Group 3 

S u b j e c t s :  B3 ^2 , B785* B390,  B225

P o i n t S e s s i o n T

0 001-  002 60

0 003 60

1 101-  115 60

2 2 0 1 -  215 60

3 301-  315 60

4 401-  415 60

5 501-  515 60

6 6 0 1 -  615 60

7 7 0 1 -  715 60

8 8 0 1 -  815 60

9 9 0 1 -  915 60

10 1001 60

11 1101-1115 60

Note :  When D = ** t h e  s e co n d  mx
A p pe n d ix  A ) .

T Dmx SD C y c le s

0 .1 0 *« Gold 50

0 .2 0 *# Gold 25

1 .0 0 0 . Gold 25

0 . 8 0 6 B lu e 25

0 . 8 0 12 Bed 25

0 . 8 0 24 P u r p l e 25

0 . 8 0 48 Aqua 25

0 . 4 0 48 Aqua 25

0 .2 0 48 Aqua 25

0 .1 0 48 Aqua 25

0 .0 5 4 8 ' Aqua 2 5 -

0 .1 0 •  • Gold 25

OO• 0 Gold 25

s h a p i n g  p r o c e d u r e  was u s e d  ( s e e
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T a b l e  b

S c h e d u l e s  o f  r e i n f o r c e m e n t  f o r  Group b 

S u b j e c t s :  B3 2 , B2i,2, B264, B341

P o i n t . S e s s i o n T T Dmx SD Cycl

0 001- 002 60 0 .1 0 ** Gold $0

0 003 60 0 ,2 0 # • Gold 25

1 101- 115 60 1 .0 0 0 Gold 25

2 2 01 - 215 60 0 . 8 0 6 . B lu e 25

3 301- 315 60 0 . 4 0 6 B lu e 25

b lf 01 - ky 5 60 0 .2 0 6 B lu e 25

5 501- 515 60 0 .1 0 6 B lu e 25

6 601- 615 60 0 .0 5 6 B lu e 25

7 701- 715 60 0 .0 5 12 O l iv e 25

8 8 01 - 815 60 0 . 0 5 Zb Y ellow 25

9 901- 915 60 0 . 0 5 bS Aqua 25

10 1001 60 0 .1 0 ** Gold 25

11 1101-1115 60 1 .0 0 0 Gold 25

Note :  When.D = ** t h e  s e c o n d  r e s p o n s e  s h a p i n g  p r o c e d u r e  was u se dUlA

( s e e  Appendix  A ) .
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g r o u p .  Group 1 was exposed  two t i m e s  t o  ( 0 . 1 0 T ,  0"D ) and twomx
t i m e s  t o  ( 0 . 0 5 T ,  °"Drax)« Group 2 was e x po sed  t h r e e  t i m e s  t o

( 0 . 1 0 T ,  0"D ) and t w i c e  t o  ( 0 . 1 0 T ,  6 "D ) •  Groups 3 and 4mx 9 mx
were  each  exposed  t w i c e  t o  t h e  m a t r i x  v a l u e  ( 1 . 0 0 T ,  0"D ) .mx

F o l l o w i n g  e x p o s u r e  t o  ( 0 . 0 5 T ,  48MD ) and p r i o r  t o  t h e  r e -mx
t u r n  t o  ( 0 . 0 5 T ,  0"D ) ,  Group 1 was g i v e n  two s e s s i o n s  o f  t h efUA
se co n d  s h a p i n g  p r o c e d u r e  d e s c r i b e d  i n  Appendix  A. Some o f  t h e

s u b j e c t s  had made no r e s p o n s e s  f o r  many s e s s i o n s -  and f a i l u r e  t o

r e - e s t a b l i s h  p e c k i n g  would have r e s u l t e d  i n  an  u n p r e d i c t a b l y

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

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

t h o s e  s u b j e c t s  which  had c e a s e d  r e s p o n d i n g ,  Groups 3 and 4 were

a l s o  e xposed  t o  t h e  second  s h a p i n g  p r o c e d u r e  ( f o r  one  s e s s i o n )

p r i o r  t o  b e i n g  r e t u r n e d  t o  t h e  m a t r i x  v a l u e  ( 1 . 0 0 T ,  0 " Dmx)> and

Group 2 was s i m i l a r l y  exposed  f o r  one s e s s i o n  t o  t h e  s e co n d

s h a p i n g  p r o c e d u r e  p r i o r  to  b e i n g  r e t u r n e d  f o r  t h e  secon d  t im e  t o

( 0 . 1 OT, 0"D ) .  The number o f  s e s s i o n s  o f  e x p o s u r e  o f  e a c h  g ro upmx
t o  t h e  m a t r i x  v a l u e s  i s  a l s o  g i v e n  i n  T a b l e s  1, 2 ,  3 , and 4 a l o n g  

w i t h  t h e  c o l o r  ( b r o a d  s p e c t r u m )  o f  t h e  h o u s e l i g h t  c o v e r .  As a  

p resum ed a i d  t o  r a p i d  t r a n s i t i o n  t o  t h e  b e h a v i o r  which  would 

e v e n t u a l l y  d o m in a t e  a f t e r  a  change  t o  a  new s c h e d u l e  v a l u e ,  t h e  

c o l o r  o f  t h e  h o u s e l i g h t  c o v e r  ( t h e  SD) was changed  e ac h  t im e  Dmx
was c hanged  t o  a  new v a l u e .  F o r  a  g i v e n  g r o u p ,  e a c h  D wasmx
p a i r e d  w i t h  a  u n i q u e  c o l o r  o f  h o u s e l i g h t  c o v e r .



F i g u r e  2 i s  p r e s e n t e d  a s  a n  a i d  t o  u n d e r s t a n d i n g  t h e  p r o ­

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

some o f  t h e  p o s s i b l e  r e l a t i o n s  when t h e  s c h e d u l e  v a l u e  i s  (6 0 "T ,

0,1 OT, 48"D ) ,  I n  e a c h  t - c y c l e  o f  s i x t y  s e c o n d s ,  t h e  t e s t  f o rmx
t h e  o c c u r r e n c e  o f  a n  R^ i n  t h a t  t - c y c l e  comes 48" a f t e r  t h e  b e ­

g i n n i n g  o f  t h a t  t - c y c l e .  I f  t h e  maximum d e l a y  o f  r e i n f o r c e m e n t  

were 4 s e c o n d s ,  t h e n  a t  t h e  end o f  e a c h  4 second  p e r i o d  from t h e

b e g i n n i n g  o f  t h e  t - c y c l e  t h e r e  would be  a  t e s t  f o r  R.^, Only one
R RS p e r  t - c y c l e  i s  g i v e n ,  so t e s t s  f o r  R^ a f t e r  one S h a s  b een

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

While  t h e  minimum t im e  p e r m i t t e d  b e tw ee n  a n  S and t h e  im m e d ia t e l y  

p r e c e d i n g  R ( i . e . ,  t h e  minimum d e l a y ,  o r  DmR) i s  a lw a y s  z e r o ,  t h e  

a c t u a l  t im e  t h e  (RS^T) may v a r y  b e tw ee n  z e r o  and D . The minimum
m a

Rt im e  b e tw ee n  a n  S and  t h e  i m m e d i a t e l y  p r e c e d i n g  R. i s  d e te r m in e d  

by t h e  t im e  b e tw e e n  t h e  t r a i l i n g  edge  o f  t D and t h e  f i r s t  t e s t  f o r  

R^ i n  a  t - c y c l e .  I f  t h i s  v a l u e  i s  n e g a t i v e  o r  z e r o ,  t h e n  t h e  

minimum d e l a y  o f  r e i n f o r c e m e n t  o f  R^ i s  z e r o  s e c o n d s .  I f  t h i s  

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

i s  e q u a l  t o  t h i s  v a l u e .  I n  F i g u r e  2 t h e  minimum d e l a y  

o f  r e i n f o r c e m e n t  o f  R^ i s  48 " minus 6 " ,  o r  4 2 " ,



Figure 2. A schematic representation of possible relations
between one schedule (T = 0.10, D = 48 sec.),  responses

illA

and reinforcing stim uli.- R̂  is  the response identified  
for reinforcement. .■ R is  the ultimate response before 
a reinforcing stimulus presentation.
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The c o u r s e  o f  p r e t r a i n i n g  and t h e  a c q u i s i t i o n  o f  k e y - p e c k  

p e r fo rm a n c e  a r e  d e s c r i b e d  i n  Appendix  A, The e f f e c t s  o f  mani­

p u l a t i n g  T and D . were  m easured  i n  t e r m s  o f :  l )  o v e r a l l  c o r -
mX

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

s p o n d in g  was c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o r m u la  R/(T^. -  T^gRj)  

where  R i s  t h e  number o f  k e y - p e c k s  r e c o r d e d ,  T̂ . i s  t h e  t o t a l  

s e s s i o n  t i m e ,  and T ( g R) i s  t h e  t o t a l  r e i n f o r c e m e n t  a c c e s s  t i m e ;

2 ) l o c a l  c o r r e c t e d  r a t e  o f  r e s p o n d i n g  —  e a c h  t - c y c l e  was d i v i ­

ded i n t o  t e n  s ix , - s e c o n d  © u b i n t e r v a l s  and  t h e  a v e r a g e  c o r r e c t e d  

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

t e r v a l  o f  t h e  t - c y c l e ;  3 ) o v e r a l l  r u n n i n g  r a t e  o f  r e s p o n d i n g  —  

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

mula  R / ( T t  -  T ( SR) -  T( p s Rp)^  where  R» and T (S R) a r e  de f ine (J  

a s  b e f o r e ,  and T (p g Rp)  *s t h e  t o t a l  p o s t - r e i n f o r c e m e n t  p a u se  

t im e  p e r  s e s s i o n ;  Z».) mean p o s t - r e i n f o r c e m e n t  p a u s e  t im e  p e r  

s e s s i o n ;  5 ) mean number o f  r e s p o n s e s  p e r  r e i n f o r c e m e n t ;  and 

6 ) mean number o f  r e i n f o r c e m e n t s  p e r  t - c y c l e  ( o r  p e r  m in u te )*  

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

p e r  m in u te  o f  m a n i p u l a t i o n s  o f  T and  D * The v a l u e s  r e p r e -mx
s e n t e d  a r e  a v e r a g e s  a c r o s s  a l l  i n d i v i d u a l s  and a l l  s e s s i d n s  o f

a group* No s i m p l e  e q u a t i o n  was found which  would  r e p r e s e n t  w e l l

t h e s e  d a t a  b u t  a s  a  g e n e r a l  r u l e ,  when T d e c r e a s e d  and D i n -mx
c r e a s e d ,  t h e  r a t e  o f  r e i n f o r c e m e n t  d e c r e a s e d *  W ith  D a t  z e r o



Figure 3. Reinforcement rate as a function of schedule values
for each group of subjects. Note that D is  on a loga-mx
rithmic scale. Data are the averages over a ll the ses­
sions for each experimental point for each group. Data 
values for vector values which were presented multiple 
times are shown as short horizontal lines for a ll but one 
of the repeated values. Shown as horizontal lines are 
Point 1 and Point 13 for Group 1, Points 1, 2 and 12 for 
Group 2, Point 11 for Group 3, and Point 11 for Group 4.
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ow csnds ,  a  d e c r e a s e  i n  T b e g i n s  t o  show an  e f f e c t  when t ^  f a l l s

be low s i x  s e c o n d s .  A p p a r e n t l y ,  w i t h  a- D o f  z e r o ,  su c h  h ig hmx
r e s p o n s e  r a t e s  a r e  g e n e r a t e d  t h a t  few IRTs ( i n t e r - r e s p o n s e

timoe) exceed  s i x  s e c o n d s  and PS^Ps a r e  t y p i c a l l y  t e r m i n a t e d

d u r i n g  t h e  same t - c y c l e  i n  which  t h e y  a r e  i n i t i a t e d .  A l a r g e

^mx ^a s  a  s ^ rai l a r l y s m a l l  e f f e c t  upon r e i n f o r c e m e n t  r a t e  when

T i §  l a r g e  ( e . g . ,  0 . 8 0 ) .  Even i f  t h e  r e s p o n s e  r a t e  was r e d u c e d

s u b s t a n t i a l l y  by a  l a r g e r  D , when T i s  0 . 8 0  IRTs would havemx
t o  e x ceed  Zf8 s e c o n d s  i n  o r d e r  f o r  a  t - c y c l e  o f  60 s e c o n d s  n o t

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

by i h c r e a s e s  i n  D „  and  t h e  lo w e r  p r o b a b i l i t y  o f  r e i n f o r c e m e n tmx
o f  a g i v e n  d i s t r i b u t i o n  o f  IRTs a s  T i s  r e d u c e d  com b ine ,  h o w ev er ,  

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

u l e  ( 0 . 0 5 T ,  O T  ) .mx
The mean r e i n f o r c e m e n t s  p e r  t - c y c l e  f o r  each  c o n s e c u t i v e  

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

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

F i g u r e s  l±9 5 , 6 , and  7* F i g u r e s  8 , 9» 10 , and 11 p r e s e n t  t h e  

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

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

" p o i n t s "  a r e  s e p a r a t e d  by v e r t i c a l  l i n e s .  The c o n d i t i o n s  ob­

t a i n i n g  a t  e a c h  p o i n t  f o r  e a c h  g ro u p  may be  found i n  T a b l e s  1 

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

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

I n  F i g u r e s  Z». and  8 , which  p r e s e n t  d a t a  from Group 1,



F i g u r e  4* Mean r e i n f o r c e m e n t s  p e r  t - c y c l e  f o r  e a c h  s e s s i o n  and

s u c c e s s i v e  e x p e r i m e n t a l  c o n d i t i o n  ( i . e . ,  " p o i n t " )  f o r  Group 1.  

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

c o n d i t i o n s  o b t a i n i n g  a t  e a c h  p o i n t  may be  found  i n  T a b l e  1•
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F i g u r e  5* Mean r e i n f o r c e m e n t s  p e r  t - c y c l e  f o r  each  s e s s i o n  and 

c o n s e c u t i v e  e x p e r i m e n t a l  c o n d i t i o n  ( i . e . ,  " p o i n t " ) f o r  Group

2 .  The c o n s e c u t i v e  p o i n t s  a r e  s e p a r a t e d  by  v e r t i c a l  l i n e s *  

The c o n d i t i o n s  o b t a i n i n g  a t  e ac h  p o i n t  may be found  i n  T ab le  2



R
E

IN
FO

R
C

E
M

E
N

TS
 

PE
R 

T
-C

Y
C

L
E

G 2
P O I N T

i-o
••  •••

2

CONSECUTIVE SESSIONS



F i g u r e  6 . Mean r e i n f o r c e m e n t s  p e r  t - c y c l e  f o r  e ac h  s e s s i o n  and 

c o n s e c u t i v e  e x p e r i m e n t a l  c o n d i t i o n  ( i . e . ,  " p o i n t " )  f o r  Group

3 .  The c o n s e c u t i v e  p o i n t s  a r e  s e p a r a t e d  by v e r t i c a l  l i n e s .

The c o n d i t i o n s  o b t a i n i n g  a t  e a c h  p o i n t  may be  found  i n  T a b l e  3*
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F i g u r e  7» Mean r e i n f o r c e m e n t s  p e r  t - c y c l e  f o r  e ac h  s e s s i o n  and

s u c c e s s i v e  e x p e r i m e n t a l  c o n d i t i o n  ( i . e . ,  " p o i n t " )  f o r  Group 4 * 

The c o n s e c u t i v e  p o i n t s  a r e  s e p a r a t e d  by v e r t i c a l  l i n e s *  The 

c o n d i t i o n s  o b t a i n i n g  a t  e ac h  p o i n t  may be  found i n  T a b le  4 *
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F i g u r e  8* R e i n f o r c e m e n t s  p e r  t - c y c l e .  P r e s e n t e d  a r e  c o n s e c u t i v e  

f i v e - s e s s i o n  means f o r  e ac h  i n d i v i d u a l  s u b j e c t  o f  Group 1 and 

t h e  c o n s e c u t i v e  f i v e - s e s s i o n  means f o r  Group 1 a s  a  w h o le .  

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

mean o f  t h e  a c t u a l  number o f  s e s s i o n s  i s  p r e s e n t e d .  Condi­

t i o n s  o b t a i n i n g  a t  e a c h  p o i n t  may be  found i n  T a b l e  1•
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Figure 9. Reinforcements per t-cycle. Presented are consecu­
tive five session means for each individual subject and 
the means of the group for Group 2. When a point consis­
ted of less than five sessions then the mean of the actual 
number of sessions is  presented. Conditions obtaining at 
each point may be found in Table 2.
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Figure 10. Reinforcements per t-cycle. Presented are consecu­
tive five session means for each individual subject and 
the means of the group for Group 3. When a point consis­
ted of less than five sessions then the mean of the actual 
number of sessions is  presented. Conditions obtaining at 
each point may be found in Table 3.



R
E

IN
FO

R
C

E
M

E
N

TS
 

PE
R 

T
-C

Y
C

L
E

6 3  —
B 3 4 2  • 
B 7 8 5  *  
B 3 9 0  O 
B 2 2 5  a P O I N T

"°1 ^*4

8 -

6 -

4  -

2 -

C O N S E C U T IV E  m e a n s
■p*

a 
o



Figure 11. Reinforcements per t-cycle. Presented are consecu­
tive five session means for each individual subject and 
the means of the group for Group 4. When a point consis­
ted of less than five sessions then the mean of the actual 
number of sessions is  presented. Conditions obtaining at 
each point may be found in Table 4.
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P o i n t s  1 and  3 a r e  r e p e t i t i o n s  o f  t h e  m a t r i x  v a l u e  ( 0 . 1 0 T ,

0MD ) w h i l e  P o i n t s  Zf and 13 a r e  r e p e t i t i o n s  o f  ( 0 .0 5 T ,  0"D ) .mx mx
I t  c an  h a r d l y  be  s a i d  t h a t  a s y m p t o t i c  p e r f o r m a n c e  was o b t a i n e d  

a t  each  p o i n t  b e f o r e  c o n d i t i o n s  were  changed* The t r e n d  i s

d i s t i n c t l y  downward f o r  P o i n t s  8 t h r o u g h  11 f o r  t h i s  g r o u p .  I t
i

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

a s s o c i a t e d  m a t r i x  v a l u e s  i s  z e r o  r e i n f o r c e m e n t s  p e r  t - c y c l e .  I t  

may a l s o  b e  t h a t  t h e  r a t e  a t  which  t h e  r a t e  o f  r e i n f o r c e m e n t  

a p p r o a c h e s  z e r o  i s  g r e a t e r  f o r  t h e  l a r g e r  v a l u e s  o f  T h a t

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

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

t h e  r e i n f o r c e m e n t  r a t e  r e c o v e r y  a t  P o i n t  13.

The comments c o n c e r n i n g  t h e  f i g u r e s  f o r  Group 1 ( F i g u r e s  

Z* and  8)  a p p l y  i n  g e n e r a l  t o  t h e  f i g u r e s  f o r  Group 2 ( F i g u r e s  

5 and  9 ) .  The s c h e d u l e  c o n d i t i o n s  f o r e a c h  s e s s i o n  and p o i n t

a r e  l i s t e d  i n  T a b l e  2 .  F o r  t h i s  g ro u p  t h e  D „  must  be l a r g e rmx
f o r  a  c o m p a ra b le  r e d u c t i o n  i n  r e i n f o r c e m e n t  r a t e .  I t  i s  n o t  a s

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

end o f  t h e  f i f t e e n  s e s s i o n s  a t  e ac h  p o i n t .  P o i n t s  1 ,  3 and 12

a r e  c o n s e c u t i v e  r e p e t i t i o n s  o f  t h e  same m a t r i x  v a l u e  ( 0 . 1 0 T ,

0"D „ ) ,  and  P o i n t s  2 a n d  7 a r e  c o n s e c u t i v e  r e p e t i t i o n s  o f  mx
( 0 . 1 0 T ,  6"D ) •  F o r  Group 3 ( F i g u r e s  6 and 10) t h e r e  was amx
s h a r p  d e c r e a s e  i n  r e i n f o r c e m e n t  r a t e  when t h e  s c h e d u l e

v a l u e  c hanged  from ( 0 . 8 0 T ,  Zf8"D ) t o  (O.ZfOT, Zf8"D ) ,  i n d i c a -mx mx
t i n g  a  su d d e n  i n t e r a c t i o n  w i t h  t h e  p r e v a i l i n g  IRT d i s t r i b u t i o n .



P e c u l i a r  i s  t h e  p o s i t i v e  t r e n d  shown d u r i n g  P o i n t  ? •  As c a n  be 

s e e n  from F i g u r e  10, t h i s  t r e n d  c a n n o t  s o l e l y  be  a t t r i b u t e d  t o  

t h e  p e c u l i a r i t i e s  o f  a n y  one a n im a l  s i n c e  t h r e e  o f  t h e  f o u r  

s u b j e c t s  show t h i s  same t r e n d .  However,  one s u b j e c t ,  (B390) i s  

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

T h i s  same s u b j e c t  a l s o  showed a  v e r y  l a r g e  i n c r e a s e  i n  o v e r a l l  

c o r r e c t e d  r e s p o n s e  r a t e  d u r i n g  t h i s  p o i n t .  F o r  t h i s  s u b j e c t ,  

t h e  t h i r d  f i v e - s e s s i o n  mean was 3*5 t i m e s  t h e  s i z e  o f  t h e  f i r s t  

f i v e - s e s s i o n  mean c o r r e c t e d  r a t e .

The o v e r a l l  c o r r e c t e d  r e s p o n s e  r a t e s  (R /m in )  f o r  e ach  

g ro u p  a r e  shown i n  F i g u r e  12 f o r  e a c h  m a t r i x  v a l u e  p r e s e n t e d .

The g e n e r a l  t r e n d  i s  f o r  r e s p o n s e  r a t e s  t o  d e c r e a s e  a s  T d e ­

c r e a s e s  and D i n c r e a s e s .  F i g u r e s  13» 15 and  16 p r e s e n t
m a

t h e  c o r r e c t e d  r e s p o n s e  r a t e s  ( R / s e c )  p e r  c o n s e c u t i v e  s e s s i o n  and 

p o i n t .  F i g u r e s  17» 1 8 ,  19 and  2 0  p r e s e n t  t h e  mean c o r r e c t e d  

r e s p o n s e  r a t e s  f o r  s u c c e s s i v e  f i v e  s e s s i o n  b l o c k s .  F o r  

Group 3 ( F i g u r e s  15 and  19) t h e r e  i s  a n  a p p a r e n t -  c y c l e  w i t h  a 

p e r i o d  o f  some 28  s e s s i o n s  d u r i n g  t h e  f i r s t  h a l f  o f  t h e  e x p e r i ­

m en t .  At l e a s t  t h r e e  f u l l  c y c l e s  may b e  d i s c e r n e d .  I n s p e c t i o n  

o f  F i g u r e  19» which p r e s e n t s  i n d i v i d u a l  d a t a ,  s u g g e s t s  t h a t  t h i s  

p e r i o d i c i t y  i s  p u r e l y  c o i n c i d e n t a l .  I t  does  n o t  a p p e a r  i n  any 

s i n g l e  i n d i v i d u a l  o f  Group 3 .  Nor i s  t h i s  p e r i o d i c i t y  shown by 

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

r e c t e d  r e s p o n s e  r a t e s  shown by  Group 3 i n  P o i n t s  2 t h r o u g h  8 

a r e  a lm o s t  c o m p l e t e ly  a t t r i b u t a b l e  t o  t h e  a b n o r m a l l y  h ig h



Figure 12. Corrected rate of responding (R/rain) as a function 
of the value of the schedule vector for each group of sub­
jects. Data are the averages of a ll  the sessions for each 
experimental point for each group. Data values for sched­
ules which were presented multiple times are shown as 
short horizontal lines for a ll but one of the repeated 
schedules. Shown as short horizontal lines are Points 1 
and 13 for Group 1, Points 1 , ;2 and 12 for Group .2, Point 
11 for Group 3, and Point 11 for Groû  4. Note that D^ 
is  on a logarithmic scale.
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Figure 13. Overall corrected rate of responding (R/sec) per
session for Group 1. The consecutive points are separated 
by vertical lines. The conditions obtaining at each point 
may be found in Table 1.
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Figure 14. Overall corrected rate of responding (R/sec) per
session for Group 2. The consecutive points are separated 
by vertical lines. The conditions obtaining at each point 
may be found in Table 2.
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Figure 15. Overall corrected rate of responding (R/sec) per
session for Group 3. The consecutive points are separated 
by vertical lines. The conditions obtaining at each point 
may be found in Table 3.
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Figure 16. Overall corrected rate of responding (R/sec) per 
session for Group 4. The consecutive points are separated 
"by vertical lines. The conditions obtaining at each point 
may be found in Table 4.
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Figure 17. Overall corrected rate of responding (R/sec) for
Group 1 and the individual subjects of Group 1. Presented 
are consecutive five-session means for each individual and 
the group. For points consisting of less than five ses­
sions, the means are of the sessions presented. Conditions 
obtaining at each point may be found in Table 1
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Figure 18. Overall corrected rate of responding (R/sec) for 
Group 2 and its  individual subjects. Presented are con­
secutive five-session means for each individual and the 
group. For points consisting of less than five sessions, 
the means are of the sessions presented. Conditions ob­
taining at each point may be found in Table 2. .
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Figure 19. Overall corrected rate of responding (R/sec) for 
Group 3 and its  individual subjects. Presented are con­
secutive five-session means for each individual and the 
group. For points consisting of less than five sessions, 
the means are of the sessions presented. Conditions ob­
taining at each point may be found in Table 3.
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Figure 20. Overall corrected rate of responding (R/sec) for 
Group 4 and its  individual subjects. Presented are con­
secutive five-session means for each individual and the 
group. For points consisting of less than five sessions, 
the means are of the sessions presented. Conditions ob­
taining at each point may be found in Table 4.
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r e s p o n s e  r a t e s  o f  a  s i n g l e  i n d i v i d u a l ,  B342, F o r  t h e  o t h e r  

g r o u p s ,  t h e  g ro u p  means a r e  q u i t e  r e p r e s e n t a t i v e  o f  i n d i v i d u a l  

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

The l o c a l  c o r r e c t e d  r e s p o n s e  r a t e s  (R /m in )  f o r  e ac h  g ro u p

a r e  p r e s e n t e d  i n  T a b l e  5» E x cep t  f o r  P o i n t  1 f o r  Groups 1 and

2 ,  t h e s e  d a t a  a r e  a v e r a g e s  a c r o s s  a l l  t h e  s e s s i o n s  o f  a  p o i n t ,
RB ecau se  o f  t h e  l a c k  o f  PS P d a t a  p e r  s u b i n t e r v a l  f o r  t h e  f i r s t  

t h r e e  s e s s i o n s  o f  P o i n t  1 f o r  t h e s e  two g r o u p s ,  a v e r a g e s  o f  t h e  

l a s t  17 s e s s i o n s  a r e  p r e s e n t e d  so  t h a t  c o m p a r i s o n s  m igh t  be 

made w i t h  t h e  r u n n i n g  r a t e s  p e r  s u b i n t e r v a l ,  l a t e r  t o  be  p r e ­

s e n t e d ,  I n  g e n e r a l ,  t h e  l o w e s t  r e s p o n s e  r a t e s  a r e  o b s e rv e d  i n  

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

h i g h e s t  r e s p o n s e  r a t e s  i n  t h e  f i r s t  s u b i n t e r v a l  im m e d ia te ly  

p r i o r  t o  r e i n f o r c e m e n t .  N o t a b le  e x c e p t i o n s  a r e  P o i n t s  k* 5 i  and 

6 f o r  Group 3 ,  F o r  P o i n t s  k and 5> t h e  p eak  r e s p o n s e  r a t e  was 

i n  t h e  f o u r t h  s u b i n t e r v a l  p r i o r  t o  r e i n f o r c e m e n t .  Fo r  P o i n t  6 ,  

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

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

n o t  due t o  a b n o rm a l  r e s p o n d i n g  by one  o r  two s u b j e c t s ;  a l l  su b ­

j e c t s  o f  t h i s  g ro u p  d e m o n s t r a t e d  t h e  same phenomenon.

One o t h e r  p o i n t  o f  i n t e r e s t  c o n c e r n i n g  T a b l e  5 i s  t h a t  

when a  r e i n f o r c e m e n t  c o u ld  o c c u r  w i t h i n  a  s u b i n t e r v a l ,  a s  f o r  

B- s  o f  0 ,  1 ,  2 ,  o r  4 s e c o n d s ,  r a t h e r  t h a n  a t  t h e  end o f  a
OX .

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

be tw ee n  t h e  h i g h e s t  and  t h e  l o w e s t  r e s p o n s e  r a t e s .  When D



T a b l e  5 ,68
C o r r e c t e d  R a t e  ( R / t a i n )

P o i n t _2_ _3_ J L _5_ _6_ _8_ J L I Q
1 10 3 7 15 25 36 ' 46 52 57 60
2 33 • 2 4 8 12 17 21 25 28 31
3 11 5 9 16 25 37 47 53 57- 6 0
4 9 4 7 12 19 30 4 0 49 54 58
5 11 4 7 10 14 2 0 , 29 35 41 44
6 19 6 9 13 19 26 33 36 39 43
7 23 5 7 10 12 17 21 . 26 29 3 0
8 26 9 • 8 10 13 17 2 0 23 24 24
9 18 18 6 6 7 9 12 14 15 17

10 7 7 8 8 • 3 4 4 5 5 6
11 4 3 4 4 4 4 4 4 . 2 3
12 32 8 8 9 10 11 10 10 11 10
13 12 8 12 18 26 36 45 53 58 61

1 10 4 10 21 33 44 54 61 66 7 0
2 38  • 1 2 6 11 17 23 2 8 32 36
3 10 4 10 19 32 46 59 67 73 77
4 13 2 5 11 2 0  ' 31 41 5 0 56 6 0
5 18 1 4 10 17 26 35 4 0 44 47
6 31 2 2 5 11 2 0 3 0 38 42 45
7 . 36 2 2 5 9 17 24 31 36 36
8 19 18 2 3 5 8 11 14 17 18
9 22 24 27 28 5 6 9 12 16 19

10 11 12 13 15 15 16 17 18 8 9
11 4 0 15 12 14 12 13 16 16 18 18
12 12 7 14 26 38 50 61 7 0 75 8 0

1 9 6 12 17 20 25 28 31 32 33
2 37 3 7 13 21 26 3 0 32 34 36
3 35 36 5 10 14 23 29 31 33 34
4 29 27 26 25 1 •5 14 21 26 29
5 14 24 31 35 35 33 31 29 1 6
6 10 14 17 19 18 18 17 16 3 5
7 12 16 18 18 17 17 17 17 5 8
8 8 8 9 9 9 8 9 8 4 5
9 5 6 5 6 6 6 6 5 3 4

10 49 12 12 14 14 12 14 14 12 13
11 12 11 17 25 32 38 48 51 53 56

1 11 9 15 20 25 28 31 32 33 33
2 22 2 6 8 12 14 17 19 2 0 21
3 15 3 4 7 9 11 12 12 14 15
4 15 3 3 5 8 10 12 13 14 1.4
5 21 3 5 9 11 15 17 19 18 19
6 18 7 8 10 13 14 16 16 16 16
7 16 16 6 8 10 11 12 13 15 14
8 12 11 11 11 7 8 8 10 10 10
9 10 9 10 11 11 11 11 12 7 8

10 45 3 1 2 2 3 2 1 1 1
11 15 9 13 18 24 29 35 38 4 0 4 0

10 C r o u p
G1

G2

G3

G4



was 0 seconds, the response rate was depressed the most; when 
Dmx was 4 seconds, the response rate was the least depressed.

The running rates of responding (R/min) for each group 
are shown in Figure 21. The forms are the same as for the 
overall corrected rates. The overall levels however average 
76% higher than the corrected rates for Group 1, 70% higher 
for Group 2, 50% higher for Group 3 and 41% higher for Group 4« 
Figures 22 through 25 present the running rates (R/sec) per 
consecutive session for each of the four groups. Figures 26 
through 2 9 present consecutive five-session means for each of 
the groups and the individuals of each group. Group 1 's run­
ning rates of responding go from 70% higher than the corrected
rate at Point 1 to 40% higher at Point 11 (0.05T, 48"D ),mx
peaking at 122% higher at Point 6 (0.05T, 2 "Drax)« The running
rate at the last point, Point 13 (matrix value (0.05T, 0"D )),mx
was again higher than the corrected rate by 61%.

Group 2's running rates of responding go from 55% higher 
than the corrected rate at Point 1 to 55% higher at Point 10 
(0.1OT, 48"D ), peaking at 91% higher at Point 7 (matrix value

ulA

(0.10T, 6"Dm x )). The running rate at the last point, Point 12, 
was only 48% higher than the corrected rate at that point. 
Except for the shaping sessions, which were not used in com­
puting the average increases, this was the lowest increase for 
any point for this group.

Group 3's running rates went from 42% higher than the



Figure 21. Runnirtg rates of responding (R/min) as a function of
schedule value for each group of subjects. Data are the aver­
ages of all the sessions for each experimental point for each 
group. Data values for schedules which were presented multiple 
times are shown as short horizontal lines for all but one of 
the repeated schedules. Shown as short horizontal lines are 
Points 1 and 13 for Group 1, Points 1, 2 and 12 for Group 2, 
Point 11 for Group and Point 11 for Group 4* Data values 
for the remaining repeated schedules are shown connected to 
the data values of the unrepeated schedules. Note that Dmx
is on a logarithmic scale.
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figure 22. Overall running rate of responding (R/sec) per 
session for G-roup̂ l. The consecutive points are sepa­
rated by vertical lines. The conditions obtaining at 
each point may be found in Table 1.
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Figure 23. Overall running rate of responding (R/sec) per 
session for Group 2. The consecutive points, are sepa­
rated by vertical lines. The conditions obtaining at 
each point may be found in Table 2.
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Figure 24. Overall running rate of responding (R/sec) per 
session for Group 3. The consecutive points are sepa­
rated by vertical lines. The conditions obtaining at 
each point may be found in Table 3.
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Figure 25. Overall running rate of responding (R/sec) per 
session for Group 4. The consecutive points are sepa­
rated by vertical lines. The conditions obtaining at 
each point may be found in Table 4.
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Figure 26. Overall running rates of responding (R/sec) for 
Group 1 and its  individual subjects. Presented are 
consecutive five-session means. For points consisting 
of less than five sessions, the means are of the sessions 
actually presented. Conditions obtaining at each point 
may be found in Table 1.
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Figure 27# Overall running rates of responding (R/sec) for 
Group 2 and it s  individual subjects. Presented are 
consecutive five-session means. For points consisting 
of less than five sessions, the means are of the ses­
sions actually presented. Conditions obtaining at each 
point may be found in Table 2.
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Figure 28. Overall running rates of responding (R/sec) for 
Group 3 and its  individual subjects. Presented are 
consecutive five-session means. For points consisting 
of less than five sessions, the means are of the ses­
sions actually presented. Conditions obtaining at each 
point may be found in Table 3.
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Figure 29. Overall running rates of responding (R/sec) for 
Group 4 and it s  individual subjects. Presented are 
consecutive five-session means. For points consisting 
of less than five sessions, the means are of the ses­
sions actually presented. Conditions obtaining at each 
point may be found in Table 4.
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c o r r e c t e d  r e s p o n s e  r a t e s  a t  P o i n t  1 ( m a t r i x  v a lu e  ( 1 . 0 0 T ,  0"D ) )mx
t o  13% h i g h e r  a t  P o i n t  9 ( 0 .0 5 T ,  Zf8"D ) .  Group V s  r u n n i n gmx
r a t e s  went from 28% h i g h e r  t h a n  t h e  c o r r e c t e d  r a t e s  a t  P o i n t  1

t o  26% h i g h e r  a t  P o i n t  9« Group 3 peaked a t  P o i n t  6 ( m a t r i x

v a l u e  (O.JfOT, w i t h  a  76% r a t e  i n c r e a s e ,  w h i l e  Group ^

peaked  a t  P o i n t  /f ( m a t r i x  v a l u e  ( 0 . 2 0 T ,  6"D ) )  w i t h  a  ?2% r a t emx
i n c r e a s e *

The r u n n i n g  r a t e s  o f  Group 3 do n o t  show t h e  p e r i o d i c i t y  

a p p a r e n t  f o r  t h e  c o r r e c t e d  r a t e s  o f  r e s p o n d i n g  by t h i s  same 

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

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

ment pau se  t im e s*

T a b le  6 g i v e s  t h e  d i s t r i b u t i o n s  o f  r u n n i n g  r e s p o n s e  r a t e s  

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

t e r v a l *  As n o te d  f o r  T a b l e  5» t h e s e  d a t a  a r e  a v e r a g e s  o f  a l l

s e s s i o n s  a t  a  p o i n t  e x c e p t  f o r  Groups  1 and 2 a t  P o i n t  1• These
Rd a t a  c l e a r l y  i n d i c a t e  t h a t  v a r i a b i l i t y  i n  t h e  PS Ps  a c c o u n t s  

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

r e s p o n s e  r a t e s  p e r  s u b i n t e r v a l  f o l l o w i n g  r e i n f o r c e m e n t .  How-
)

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

f i r s t  IRTs a f t e r  r e i n f o r c e m e n t  a r e  on t h e  a v e r a g e  somewhat 

l o n g e r  t h a n  l a t e r  IR T s .

W hile  some r e s e m b l a n c e  e x i s t s  b e tw ee n  t h e  se g m e n ts  o f  cumu­

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

o f  mean r e s p o n s e  r a t e s  a s  a  f u n c t i o n  o f  t - c y c l e  s u b i n t e r v a l ,  

t h e  mean r e s p o n s e  r a t e s  a r e  n o t  t r u l y  r e p r e s e n t a t i v e  o f  t h e  

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



T a b l e  6 
R u n n i n g  R a t e  ( R / i l i n )

P o i n t _1_ _2_ JL

oOc-W
I

S u b i n t e r v a l
JL JL J3_ JL 1 2

1 76 25 31 39 44 49 53 57 60 63
2 37 • 17 23 29 32 33 34 35 36 36
3 77 3 8 4 0 44 47 51 56 59 61 63
4 64 33 34 39 44 49 55 60 62 64
5 44 29 38 42 44 45 48 51 54 54
6 45 32 40 43 44 45 46 45 46 48
7 35 2 0 23 27 27 29 31 35 36 36
8 31 27 25 27 29 30 30 31 30 30
9 22 22 14 13 15 17 19 21 20 21

10 11 11 12 11 • 7 8 8 9 9 10
11 5 5 5 5 5 6 6. 6 • 4 4
12 8 0 11 10 11 12 14 12 12 13 12
13 61 3 0 34 38 . 44 49 54 59 62 64

1 94 31 35 40 47 52 60 65 69 73
2 4 0  • 18 21 26 29 31 34 35 37 39
3 • 99 32 37 42 49 56 . 64 7 0 75 78
4 63 34 36 37 41 44 48 54 58 61
5 50 29 33 36 38 4 0 44 45 46 48
6 45 24 28 33 36 4 0 43 45 46 46
7 37 • 17 21 24 29 34 35 37 39 38

• 8 23 21 12 13 16 19 20 21 22 22
9 28 28 3 0 32 21 23 24 24 26 27

10 2 0 2 0 2 0 21 21 21 22 22 18 2 0
11 97 21 15 17 15 16 18 19 21 21
12 96 35 4 0 48 52 58 •65 72 76 8 0

1 36 25 25 26 27 30 32 33 34 35
2 38  • 35 37 38 38 37 36 36 36 37
3 39 3 8 22 34 45 47 47 43 41 39
4 35 31 29 27 19 26 35 38 41 40
5 43 • 48 48 46 42 3 8 35 32 41 40
6 25 28 29 29 25 23 21 19 • 14 18
7 2 0 24 25 23 21 21 20 19 13 16
8 11 10 10 11 10 9 9 9 7 8
9 6 6 6 6 6 6 6 6 - 4 5

10 106 18 18 20 19 16 19 18 16 17
11 63 42 38 41 43 45 53 54 55 57

1 4 0 26 23 25 28 3 0 31 32 33 33
2 ’ 22 24 24 20 20 2 0 21 21 22 22
3 ” 16 12 20 20 19 18 16 15 16 16
4 16 13 19 18 18 18 18 17 16 15
5 21 18 •21 24 22 21 21 21 19 19
6 18 15 16 . 18 20 19 19 18 17 16
7 16 16 11 13 14 15 15 15 16 15
8 ‘ 13 12 11 12 11 12 12 12 12 12
9 15 12 13 14 12 12 12 13 11 12

10 82 3 2 2 3 3 3 1 2 1
11 51 27 26 29 32 34 38 39 40 4 0

G1

G2

G3

G4



f a l l s  be low  1*00 p e r  t - c y c l e ,  t h e  mean r e s p o n s e  r a t e s  p e r  s u b ­

i n t e r v a l  become even  l e s s  l i k e  t h e  c u m u l a t i v e  r e s p o n s e  p a t t e r n s  

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

r e i n f o r c e r  comes i n  a  t - c y c l e  i s  r e l a t i v e l y  c o n s t a n t ,  b o t h  PS P 

t im e  and  r u n  t im e  become more e v e n l y  d i s t r i b u t e d  among t h e  d i f ^  

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

t a i n  no r e i n f o r c e r .

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

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

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

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

r e s p o n s e s .

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

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

found i n  t h e  s u b i n t e r v a l s  which  may c o n t a i n  a  r e i n f o r c e r  ( i . e . ,

D = 0 ,  1 ,  2 ,  o r  ^  s e c o n d s ) .  T h i s  i s  e s p e c i a l l y  t r u e  when
U1A

D „  = 0 s e c o n d s ,  mx
The o v e r a l l  mean p o s t - r e i n f o r c e m e n t  p a u s e s  showed a  much 

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

o r d e r  t o  p r e s e n t  t h e s e  d a t a  i n  a  compact  fo rm , t h e  r e c i p r o c a l s
p

o f  t h e  mean PS P s ,  a s  m easu red  i n  t - c y c l e  u n i t s  ( i . e . ,  t  d i v i d e d  
£

by mean PS P ) ,  a r e  p r e s e n t e d  i n  F i g u r e s  30 t h r o u g h  3 8 .  I n  a d d i t i o n ,
Rp r e s e n t a t i o n  o f  t h e  r e c i p r o c a l  PS Ps h a s  t h e  a d v a n t a g e  o f  

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

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

v a r i a b l e s  a l r e a d y  d i s c u s s e d .  F i g u r e  30  shows t h e  T /  pgRp d a t a



Figure 30. Reciprocals of the mean post-reinforcement pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) as a func­
tion of the vector value for each group of subjects.
Data are the averages of a ll the sessions for each ex­
perimental point for each group. Data values for sched­
ules which were presented multiple times are shown as 
horizontal lines for a ll but one of the repeated sched­
ules. Shown as short horizontal lines are Points 1 and 
13 for Group 1, Points 1, 2 and 12 for Group 2, Point 11
for Group 3* and Point 11 for Group 4. Note that D ismx
on a logarithmic scale.
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Figure 31. Reciprocals of the mean post-reinforcement pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) per session 
for Group 1. The consecutive points are separated by ver­
tica l lines. The conditions obtaining at each point may 
be found in Table 1.
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Figure 32. Reciprocals of the mean post-reinforcement pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) per session 
for Group 2. The consecutive points are separated by ver­
tica l lines. The conditions obtaining at each point may 
be found in Table 2.
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F i g u r e  3 3 .  R e c i p r o c a l s  o f  t h e  m ean  p o s t - r e i n f o r c e m e n t  p a u s e s  

a s  m e a s u r e d  i n  t - c y c l e  u n i t s  ( i . e . ,  T /  pgRp ) p e r  s e s s i o n  

f o r  G ro u p  3 .  The c o n s e c u t i v e  p o i n t s  a r e  s e p a r a t e d  b y  v e r ­

t i c a l  l i n e s .  The c o n d i t i o n s  o b t a i n i n g  a t  e a c h  p o i n t  may 

b e  f o u n d  i n  T a b l e  3 .
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Figure 34. Reciprocals of the mean post-reinforcement pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) per session 
for Group 4. The consecutive points are separated by ver­
tical. lines. The conditions obtaining at each point may* ' •»

be found in Table 4.
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Figure 35. Reciprocals of the mean post-reinforceraent pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) for each 
individual of Group 1. Presented are Consecutive five- 
session means. ..For points consisting of less than five 
sessions, the means are of the sessions presented. Con­
ditions obtaining at each point may he found in Table.1.

%
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Figure 36. Reciprocals of the mean post-reinforcement pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) for each 
individual of Group 2. Presented are consecutive five- 
session means. For points consisting of less than five 
sessions, the means are of the sessions presented. Con­
ditions obtaining at each point may be found in Table 2.
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Figure 37. Reciprocals of the mean post-reinforcement pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) for each 
individual of Group 3. Presented are consecutive five- 
session means. For points consisting of less than five 
sessions, the.-.means are of the sessions presented. Con­
ditions obtaining at each point may be found in Table 3.
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Figure 38. Reciprocals of the mean post-reinforcement pauses 
as measured in t-cycle units ( i . e . ,  T/ pgRp ) for each 
individual of Group 4. Presented are consecutive five- 
session means. For points consisting of less than five 
sessions, the means are of the sessions presented. Con- 
ditions obtaining at each point may be found in Table 4.
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f o r  e a c h  g r o u p  a s  a  f u n c t i o n  o f  t h e  m a t r i x  v a l u e s .  Of a l l  t h e
p

g r o u p s  and p o i n t s ,  t h e  r e c i p r o c a l  PS P was h i g h e s t  f o r  Group if

a t  P o i n t  1 ,  and  l o w e s t  f o r  Group 1 a t  P o i n t  11 ( m a t r i x  v a lu e

( 0 . 0 5 T ,  ^8"Dmx) ) *  Group if a t  P o i n t  1 had a  T /  "pgRp v a l u e  o f

if .67 ( c o r r e s p o n d i n g  t o  a  mean PS P o f  0 .21  t - c y c l e s ) .  Group 1

a t  P o i n t  11 had a  T /  pgRp v a l u e  o f  0 . 3 9  ( c o r r e s p o n d i n g  t o  a

mean PS P o f  2 .5 6  t - c y c l e s ) .  The T /pgRp d a t a  p e r  s e s s i o n  f o r

each  g r o u p  and p e r  c o n s e c u t i v e  b l o c k  o f  f i v e  s e s s i o n s  f o r  t h e

I n d i v i d u a l s  o f  e a c h  g r o u p  a r e  p r e s e n t e d  i n  F i g u r e s  31 t h r o u g h

3if and  F i g u r e s  35 t h r o u g h  38 r e s p e c t i v e l y .  T h ese  d a t a  d i s p l a y

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

m eans .  F o r  t h i s  r e a s o n  a  l o g a r i t h m i c  s c a l e  was used  i n  p l o t -
Rt i n g  t h e  r e c i p r o c a l  PS P d a t a  f o r  t h e s e  f i g u r e s .  I t  i s  i n t e r ­

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

r a t h e r  t h a n  d e c r e a s e d  a s  t h e  m a t r i x  v a l u e  ( 0 . 0 5 T ,  Zf8"D ) was
fllA

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

p
m a t r i x  v a l u e  a  PS P o f  b e tw e e n  12 and 15 s e c o n d s  ( i . e . ,  a  

T /  pgRp o f  b e tw e e n  k and 5 ) would r e s u l t  i n  a n  R^ i n  t h e  s u c ­

c e e d i n g  t - c y c l e .  T h i s  method o f  d i f f e r e n t i a l l y  r e i n f o r c i n g
R Rt h e  s h o r t e r  PS Ps d o e s  n o t ,  h ow ever ,  r e s u l t  i n  s h o r t  PS P s .

REven g r a n t i n g  t h a t  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  s h o r t e r  PS Ps
, , D
may be  s u c c e s s f u l ,  PS P l e n g t h  seems t o  be much more s t r o n g l y  

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

I n  h i s  c h a p t e r  on p e r i o d i c  r e c o n d i t i o n i n g ,  t h e  number o f  

r e s p o n s e s  p e r  r e i n f o r c e m e n t  (R /S  ) i s  a  m easure  t h a t  r e c e i v e d



some a t t e n t i o n  from S k i n n e r  i n  h i s  1938 d i s c u s s i o n  o f  t h e  t h e o r e ­

t i c a l  c o n c e p t  o f  " r e f l e x  r e s e r v e " .  A c c o r d i n g  t o  t h i s  c o n c e p t ,  a  

r e i n f o r c e r  was sup p o sed  t o  b u i l d  up t h e  s t r e n g t h  o f  a  r e f l e x  

w h i l e  u n r e i n f o r c e d  r e s p o n s e s  were su p po sed  t o  t e a r  down t h e  

s t r e n g t h  o f  t h e  same r e f l e x .  The number o f  r e s p o n s e s  e m i t t e d  p e r  

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

f o r c e  h i g h  ( o r  low) r e s p o n s e  r a t e s  was su p p o s e d  to  p r o d u c e  a  

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

T h a t  i s ,  t h e  number o f  u n r e i n f o r c e d  r e s p o n s e s  needed  t o  t e a r  

down a  c o n d i t i o n e d  r e f l e x  was more t h a n  t h e  number o f  r e i n f o r c e d  

r e s p o n s e s  which had b u i l t  up  t h a t  c o n d i t i o n e d  r e f l e x ,  A c o r o l l a r y  

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

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

weak r e i n f o r c e r s .  D e layed  r e i n f o r c e r s  have  b e e n  assum ed t o  be 

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

d e c r e a s e d  w i th  i n c r e a s e s  i n  r e i n f o r c e m e n t  d e l a y .  I n  t h i s  c o n t e x t ,  

i t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  i n  t h i s  e x p e r i m e n t  t h e  change  

i n  r e s p o n s e s  p e r  r e i n f o r c e m e n t  i s  not  m o n o t o n i c a l l y  d e c r e a s i n g  

a s  D i n c r e a s e s .
ZQX

F i g u r e  39 shows t h e  o v e r a l l  r e s p o n s e s  p e r  r e i n f o r c e m e n t  f o r  

e a c h  g ro u p  a s  a  f u n c t i o n  o f  s c h e d u l e  v a l u e .  At P o i n t  1 ,  Group 1 

e m i t t e d  a  mean o f  33*6 R/SR. While  t h i s  mean f e l l  t o  2 3 .5  f o r  

P o i n t  2 ,  o f  a l l  t h e  e x p e r i m e n t a l  p o i n t s  t h i s  was t h e  l o w e s t  

number o f  r e s p o n s e s  p e r  r e i n f o r c e m e n t  f o r  t h i s  g r o u p .  At P o i n t
P

1,  Group 2 e m i t t e d  a n  a v e r a g e  o f  39«1 K/S • F o r  Group 2



Figure 39. Responses per reinforcement as a function of
schedule vector value for each group of subjects. Rata 
are the averages over a ll the sessions for* each point of 
each group. Values which were repeated are presented as 
short horizontal lines for a ll but one of the repeated 
schedules. Shown as short horizontal lines are Points 1 
and 13 for Group 1, Points 1, 2 and 12 for Group 2, Point 
11 for Group 3, and Point 11 for Group 4. Note that Dmx
is  on a logarithmic scale.
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t h e .  R/SR f e l l  t o  1 8 ,6  a t  P o i n t  8 ( 0 . 1 0 T ,  12"D ) .  However.mx
t h e  number o f  r e s p o n s e s  p e r  r e i n f o r c e m e n t  a t  P o i n t  10, where 

t h e  maximum d e l a y  o f  r e i n f o r c e m e n t  was 48 s e c o n d s ,  was 3 8 . 0 ,
p

o n l y  1.1 R /S  l e s s  t h a n  t h a t  e m i t t e d  a t  P o i n t  1 w i t h  z e r o  s e c ­

o nd s  d e l a y  o f  r e i n f o r c e m e n t .  The d a t a  f o r  Groups 3 and 4 s u p ­

p o r t  even  l e s s  t h e  t h e o r y  t h a t  d e l a y e d  r e i n f o r c e r s  have  l e s s  

power t o  g e n e r a t e  a  l a r g e  number o f  r e s p o n s e s  p e r  r e i n f o r c e ­

ment t h a n  do im m e d ia te  r e i n f o r c e r s .  E x ce p t  f o r  t h e  second  t im e

t h e  m a t r i x  v a l u e  ( 1 . 0 0 T ,  0"D ) i s  p r e s e n t e d  t o  Group 3» t h i sRise
m a t r i x  v a l u e  p ro d u c e d  fe w e r  r e s p o n s e s  p e r  r e i n f o r c e m e n t  t h a n  

d i d  ( 0 . 0 5 T ,  48"Dmx) .

F i g u r e s  40 t h r o u g h  43 show t h e  mean number o f  r e s p o n s e s  p e r  

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

s p e c t i o n  o f  t h e  d a t a  from each  p o i n t  and g ro u p  does  no t  r e v e a l  

a n y  n o t a b l e  c o n s i s t e n c y .  The d a t a  from Group 1 a r e  e s s e n t i a l l y  

f l a t  a c r o s s  s e s s i o n s ,  show ing  o n l y  a  s l i g h t  i n c r e a s e  i n  v a r i a ­

b i l i t y  a c r o s s  s e s s i o n s .  P o i n t  1 shows an  i n i t i a l  i n c r e a s e  o v e r  

P o i n t  0 ,  b u t  i t s  f i n a l  v a l u e  i s  o n l y  s l i g h t l y  h i g h e r .  Group 2 ,  

which  was e x p o sed  t o  i d e n t i c a l  e x p e r i m e n t a l  c o n d i t i o n s  u n t i l  

P o i n t  5 a l s o  showed t h e  i n c r e a s e  i n  r e s p o n s e s  p e r  r e i n f o r c e m e n t  

a t  t h e  b e g i n n i n g  o f  P o i n t  1 ,  b u t  t h i s  r a t e  was m a i n t a i n e d  

t h r o u g h o u t  t h a t  p o i n t .  When Groups 1 and 2 beg an  P o i n t  3

( '0.1 OT, 6"D ) t h e  number o f  r e s p o n s e s  p e r  r e i n f o r c e m e n t  f o rmx

Group 1 c o n t i n u e d  a t  a b o u t  t h e  same l e v e l  w h i l e  t h e  number f o r



Figure 40. Mean number of responses per reinforcement for
I

each consecutive session for Group 1. The consecutive 
points are separated by vertical lines. The conditions 
obtaining at each point may be found in Table 1.
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Figure 41. Mean number of responses per reinforcement for 
each consecutive session for Group 2. The consecutive 
points are separated by vertical lines. The conditions 
obtaining at each point may be found in Table 2.
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Figure 42, Mean number of responses per reinforcement for 
each consecutive session for Group 3, The consecutive 
points are separated by vertical lines. The conditions 
obtaining at each point may be found in Table 3.
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Figure 45. Mean number of responses per reinforcement for 
each consecutive session for Group 4. The consecutive 
points are separated hy vertical lines. The conditions 
obtaining at each point may be found in Table 4.
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Group 2 showed a  su d d e n  d r o p .  F o r  t h e s e  two g r o u p s ,  however ,  

t h e  mean R/S f o r  P o i n t  2 i s  v e r y  s i m i l a r  (23*5  f o r  Group 1, 

and 2 2 . 2  f o r  Group 2 ) .  When e a c h  g ro u p  was r e t u r n e d  t o  ( 0 .1 0 T ,  

0"D ) ( P o i n t  3 )  t h e  o r i g i n a l  b e h a v i o r  o f  each  g ro u p  was r e c o v -UlA
e r e d .  I n s p e c t i o n  o f  F i g u r e s  44 and  4 5 ,  which  g i v e  t h e  c o n s e c u ­

t i v e  f i v e - s e s s i o n  means f o r  t h e  i n d i v i d u a l s  o f  e ach  g ro u p  does  

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

a n i m a l .  The c a u s e  6 f  t h e s e  d i f f e r e n c e s  among t h e  two g ro u p s  i s  

unknown. The r e m a i n i n g  d a t a  f o r  Group 2 show a  s lo w  s t e a d y  de ­

c l i n e  i n  t h e  number o f  r e s p o n s e s  p e r  r e i n f o r c e m e n t  u n t i l  t h e

b e g i n n i n g  o f  P o i n t  9 ( 0 . 1 0 T ,  24"D ) a f t e r  which t h e r e  i s  amx
s t e a d y ,  r e l a t i v e l y  r a p i d  r i s e  i n  t h e  number o f  r e s p o n s e s  p e r  

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

I n  t h e  number o f  r e s p o n s e s  p e r  r e i n f o r c e m e n t ,  Group 3 

a g a i n  shows p e r i o d i c i t y  ( 6 e e  F i g u r e  Jj2) a s  a  f u n c t i o n  o f  con­

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

t o  a  s i n g l e  s u b j e c t ,  B342 ( s e e  F i g u r e  4 6 ) .  Group 4 ( s e e  F i g u r e s  

43 and 47)  r e a c h e s  a  minimum number o f  r e s p o n s e s  p e r  r e i n f o r c e ­

ment ( I O . 5 ) a t  P o i n t  3  and t h e r e a f t e r  t h e  number o f  r e s p o n s e s  

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

b i l i t y  a c r o s s  s e s s i o n s .  The number o f  r e s p o n s e s  p e r  r e i n f o r c e ­

ment i s  h i g h e s t  (3 8 *8  R /SR) a t  P o i n t  9 ( 0 . 0 5 T ,  48"D ) f o r  t h i smx
g r o u p .



Figure 44. Mean responses per reinforcement for each indivi­
dual of Group 1. Presented are consecutive five-session  
means. For points consisting of less than five sessions, 
the means are of the sessions presented. Conditions ob­
taining at each point may be found in Table 1.



B 6 2  • 
B 7 5  A 
B 9 6 o  
B4 □

100 -I

8 0  -

6 0 -

R /S '

4 0  -

20  -

O

P O I N T
5 6 8 10 II 12 13

•

• •

•

A

A
•

•

•

•
•

•

•

•
•

•

•

•
•

• •

•

•

•
%

o

o g a

8

°  0  • 
o  °  •  □ 

2 °

•
• •

• •

•  0

0  “  8  n  D 
°  o °  8  A

a *

8

A

0  □  

. • *

□ 8  u 
o ° o  

A

fl  f l  A

o
□ S g f l

£  6  a  
0  □ o

□

•

•

□

s  8
A

o

4  A

D A 

•
H

D D
I

O L a  C*

o
V

o
o

U

□

j

CO N SE C U T IV E  MEANS



125

Figure 45. Mean responses per reinforcement for each indivi­
dual of Group 2. Presented are consecutive five-session  
means. For points consisting of less than five sessions, 
the means are of the sessions presented. Conditions ob­
taining at each point may he found in Table 2.
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Figure 46. Mean responses per reinforcement for each indivi­
dual of Group 3. Presented are consecutive five-session  
means. For points consisting of less than five sessions, 
the means are of the sessions presented. Conditions ob­
taining at each point may be found in Table 3.
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Figure 47. Mean responses per reinforcement for each indivi­
dual of Group 4. Presented are consecutive five-session  
means. For points consisting of less than five sessions, 
the means are of the. sessions presented. Conditions ob­
taining at each point may be found in Table 4.
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DISCUSSION

D e la y  s t u d i e s  have  i n  t h e  p a s t  t a k e n  a  number o f  f o r m s .  

R enn er  (1964)  h a s  r e v i e w e d  t h e  d e l a y  o f  r e i n f o r c e m e n t  s t u d i e s  

c o n d u c t e d  up  t o  1964* Most o f  t h e s e  were  s t u d i e s  o f  t h e  e f f e c t  

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

t i o n s .  T a rp y  and S a w a b in i  (1974)  have r e v i e w e d  t h e  d e l a y  o f  

r e i n f o r c e m e n t  l i t e r a t u r e  from 1964 t o  1973* However,  t h e y  l i m ­

i t e d  t h e i r  r e v i e w  t o  d i s c r e t e  t r i a l  s t u d i e s  which  e m p has ized  

t h e  i s s u e  o f  cue  u t i l i z a t i o n .  Reviews o f  f r e e  o p e r a n t  s t u d i e s  

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

b e c a u s e  o f  t h e  r e l a t i v e  d e a r t h  o f  such  s t u d i e s .  A l i t t l e  o v e r  

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

o n l y  e i g h t  c o u ld  be  found  which  do n o t  p r o v i d e  s t i m u l u s  c h a n g e s  

w i t h  t h e  o n s e t  o f  t h e  d e l a y  p e r i o d s  ( i . e . ,  S k i n n e r ,  1938; Dews, 

I9 6 0 ;  A z z i ,  F i x ,  K e l l e r  and Rocha e S i l v a ,  1964; Morgan, 1970; 

S c h o e n f e l d  and F a rm er ,  1970; S c h o e n f e l d ,  C o l e ,  Lang and M ankoff ,  

1973; W i l l i a m s ,  1976; and da S i l v e i r a  D i a s ,  1 9 7 6 ) .

I n  t h e  p r e s e n t  s t u d y ,  no cued d e l a y s  were  u s e d  b e c a u s e  

p a s t  f r e e  o p e r a n t  s t u d i e s  u s i n g  ’’c h a i n ” s c h e d u l e s  ( F e r s t e r  and 

S k i n n e r ,  1957) have  shown t h a t  t h e  a p p e a r a n c e  o f  t h e  s t i m u l u s  

a s s o c i a t e d  w i t h  t h e  se co n d  component i s  a  s e c o n d a r y  r e i n f o r c e r  

fo r -  t h e  b e h a v i o r  i n  t h e  f i r s t  com ponen t .  T h a t  i s ,  r e s p o n d i n g  

i n  t h e  f i r s t  component i s  r e i n f o r c e d  by t h e  p r e s e n t a t i o n  o f  

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



p r im a r y  r e i n f o r c e m e n t , .  I n  a  way, a c h a i n  s c h e d u l e  i s  a  s p e c i a l  

k i n d  o f  " m u l t i p l e "  s c h e d u l e  ( F e r s t e r  and S k i n n e r ,  1957)* d i f f e r i n g  

from t h e  u s u a l  m u l t i p l e  s c h e d u l e  o n l y  i n  t h a t  each  component i s  

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

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

components  o f  a  c h a i n  s c h e d u l e  i n d e p e n d e n t l y  depend on t h e  r e i n ­

fo rc e m e n t  s c h e d u l e s  i n  t h e  s e p a r a t e  com p o n e n ts ,  and  i n  a d d i t i o n  

depend on  t h e  c l a s s  o f  r e i n f o r c i n g  s t i m u l u s .  When a r e s p o n s e  i s  

f o l lo w e d  by a  p r i m a r y  r e i n f o r c i n g  s t i m u l u s  a f t e r  a  cued d e l a y ,  

t h e  s c h e d u l e  i s ,  i n  F e r s t e r  and  S k i n n e r ' s  t e r m i n o l o g y ,  a  c h a i n  

s c h e d u l e .  When t h e  d e l a y  t im e  i s  u n c u e d ,  how ever ,  t h e  s c h e d u l e  

i s  c h a r a c t e r i z e d  a s  " tan d e m "  by F e r s t e r  and  S k i n n e r  r a t h e r  t h a n  

" c h a in " ,  and t h e  b e h a v i o r  p a t t e r n s  i n  each  component a r e  depend­

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

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

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

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

e i t h e r  c h a i n  o r  tandem s c h e d u l e s  may be a  " f i x e d  t im e "  o r  "FT" 

s c h e d u l e  ( Z e i l e r ,  1 9 6 8 ) ,  o r  a  " v a r i a b l e  t i m e "  o r  "VT" s c h e d u l e ,
p

a s  when r e s p o n s e s  d u r i n g  t h i s  component have  no i n f l u e n c e  on S 

p r o b a b i l i t y ,  o r  i t  may be  a  "DRO" s c h e d u l e  ( R e y n o ld s ,  1961)  i n
p

which  r e s p o n s e s  w i l l  t e m p o r a r i l y  r e d u c e  S p r o b a b i l i t y  t o  z e r o .  

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

f o r e  a  r e i n f o r c e r  c o n s i s t s  o f  a n  R f o l lo w e d  by t - s e c o n d s  o f  

b e h a v i o r s  which  do n o t  i n c l u d e  a n  R may t h e n  be c h a r a c t e r i z e d



a a  e i t h e r  c h a i n  o r  tandem FR1, DRO-t. V a r i a b l e  d e l a y  s t u d i e s  

have  b e e n  o f  two t y p e s .  F i r s t ,  t h e r e  was t h e  v a r i a b l e  d e l a y  ex­

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

c o n s i s t e d  o f  a n  R^ f o l l o w e d  by t - s e c o n d s  o f  any b e h a v i o r ,  n o t  

e x c l u d i n g  R, T h i s  s c h e d u l e  may be c h a r a c t e r i z e d  a s  e i t h e r  

c h a i n  o r  tandem FR1, F T - t ,  d e p e n d in g  on t h e  p r e s e n c e  o r  a b s e n c e  

o f  d e l a y  c u e i n g .  S e c o n d ,  t h e r e  was t h e  v a r i a b l e  d e l a y  e x p e r i ­

ment i n  which  t h e  b e h a v i o r  im m e d ia t e l y  b e f o r e  a  r e i n f o r c e r  con ­

s i s t e d  o f  t - s e c o n d s  c o n t a i n i n g  one  o r  more R s ,  T h i s  s c h e d u l e  

may be c h a r a c t e r i z e d  a s  a  c o n j u n c t i v e  s c h e d u l e  ( F e r s t e r  and 

S k i n n e r ,  1957)* Morgan (1970)  c h a r a c t e r i z e d  h i s  v a r i a b l e  d e l a y  

s c h e d u l e  a s  " c o n j u n c t i v e  FT31" ,  FR1 " ,

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

s e n t  s t u d y  w i t h i n  t h e  F e r s t e r  and  S k i n n e r  t r a d i t i o n  i s  a l s o  

p o s s i b l e ,  b u t  so on  becomes cumbersome. When t Di s  e q u a l  t o ,  o r  

l a r g e r  t h a n ,  D , t h e  p r o c e d u r e  seems t o  b e lo n g  to  t h e  se co n d
YD3C

v a r i a b l e  d e l a y  s c h e d u l e  t y p e  d e s c r i b e d  a b o v e .  When t °  i s  

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

d e l a y  s c h e d u l e  t y p e  d e s c r i b e d  a b o v e .  However, when t D i s  

s m a l l e r  t h a n  D y e t  s t i l l  o f  m o d e r a te  s i z e ,  t h e  p r o c e d u r e  h a s
• u lA

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

M a n i p u l a t i o n  o f  t h e  v a r i a b l e s  T and D , a l l o w s  a smooth t r a n s i -mx
t i o n  from one d e l a y  s c h e d u l e  t o  a n o t h e r .

I t  i s  t h i s  a b i l i t y  t o  p ro c e e d  s i m p ly  and sm o o th ly  from one 

n o m in a l  c l a s s  o f  d e l a y  o f  r e i n f o r c e m e n t  s c h e d u l e  t o  a n o t h e r
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t h a t  makes t h e  p r e s e n t  sy s te m  o f  e x p e r i m e n t a l  m a n i p u l a t i o n s  o f  

s p e c i a l  u t i l i t y .  I t  becomes o b v io u s  w i t h  m a n i p u l a t i o n s  o f  T 

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

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

p r e s e n t  s e t  o f  e x p e r i m e n t a l  m a n i p u l a t i o n s ,  no a t t e m p t  was made 

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

i s  a l s o  a  s p e c i a l  c a s e .  However,  t h e  f i r s t  p r o c e d u r e  may a l s o  

be  i n c o r p o r a t e d  a s  a  s p e c i a l  c a s e  by t h e  s i m p le  e x p e d i e n t  o f  

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

a t  t h e  end o f  t ^ .  R e s p o n s e s  i n  t ^  m ig h t  t h e r e b y  c o u n t e r a c t  

an y  i n c r e a s e  i n  p r o b a b i l i t y  o f  r e i n f o r c e m e n t  p ro d u ce d  by r e ­

s p o n s e s  d u r i n g  t h e  p r e v i o u s  t D p e r i o d .  At any  c h o s e n  t i m e ,  a  

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

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

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

sp o n s e  i n  t ^  d e c r e m e n t s  t h e  p r o b a b i l i t y  r e g i s t e r  by t h e  same 

am ount ,  t h e n  t h e  p r o b a b i l i t y  o f  r e i n f o r c e m e n t  a t  t h e  t im e  t h e  

r e g i s t e r  i s  sam pled  may b e  z e r o  even  th o u g h  t ^  c o n t a i n e d  a  r e ­

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

p e n d e n t l y  o f  r e s p o n s e s ,  t h e n  i t  m ig h t  be  s a i d  t h a t  r e s p o n s e s  i n  

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

I n  t h e  p r e s e n t  e x p e r i m e n t ,  a  c o n t i n g e n c y  r e l a t i o n s h i p  b e ­

tw een  r e s p o n s e s  and r e i n f o r c e m e n t s  was a lw a y s  p r e s e n t .  The r e ­

s u l t s  c l e a r l y  d e m o n s t r a t e ,  how ever ,  t h a t  t h e  p r e s e n c e  o f  a  con­

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



t h e  m a i n t e n a n c e  o f  a  g i v e n  l e v e l  o f  R^ f re q u e n c y *  P a s t  d e la y  

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

emerge*

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

was c h a r a c t e r i z e d  a s  CRF o r  c o n t i n u o u s  r e i n f o r c e m e n t  ( e * g * ,  

S k i n n e r ,  1938; Dews, 1960; A z z i  e t  a l * ,  1 9 6 4 ) ,  each  i n c r e a s e  

i n  t h e  r e i n f o r c e m e n t  d e l a y  t im e  p ro d u c e d  a  n e c e s s a r y  and con-  

co m m ita n t  i n c r e a s e  i n  t h e  minimum i n t e r - r e i n f o r c e m e n t  time**

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

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

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

was n o t  c l e a r l y  d i s t i n g u i s h e d *  S k i n n e r  (1 93 8 )  a l s o  i n v e s t i g a ­

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

F I  5*« The d e l a y s  he u s e d  were  r a t h e r  s h o r t  ( 2 ,  4 ,  6 ,  and 8 

s e c o n d s ) ,  so  t h e  d i r e c t  e f f e c t  upon  r e i n f o r c e m e n t  f r e q u e n c y  

would be  r e l a t i v e l y  s l i g h t *

The v a r i a b l e  d e l a y  s t u d i e s  by  Morgan ( 1 9 7 0 ) ,  S c h o e n f e l d ,

C o l e ,  Lang and  Mankoff  (1973)»  and W i l l i a m s  (1976)  a l lo w e d  

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

f o r c e m e n t  ( t h e  R1 ) and t h e  r e i n f o r c e m e n t .  I n  t h e  s t u d i e s  by 

Morgan,  and by S c h o e n f e l d  e t  a l . ,  t h e  R^s c o u ld  a p p e a r  a t  any 

t im e  b e tw e e n  r e i n f o r c e r s *  Shou ld  R^s a t  a  g i v e n  t e m p o r a l  d i s ­

t a n c e  n o t  be  m a i n t a i n e d  a t  t h e i r  i n i t i a l  p r o b a b i l i t y  o f  e m is s io n  

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

s h o u l d  s h i f t  R^s c l o s e r  t o  t h e  t im e  o f  r e i n f o r c e m e n t .  S i n c e



p
t h e  R^s were t h e  Rs which t e r m i n a t e d  t h e  PS Ps i n  t h e s e  s t u d i e s  

one  would e x p e c t  t h e  a v e r a g e  PS^P t o  i n c r e a s e .  Morgan fo u n d ,
D

h o w e v e r ,  t h a t  t h e  a v e r a g e  PS P u n d e r  h i s  v a r i a b l e  d e l a y  o f  

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

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

maximum d e l a y  o f  r e i n f o r c e m e n t .  S c h o e n f e l d  e t  a l .  ( E x p e r i -
p

ment  1) found  t h a t  t h e  mean PS P i n c r e a s e d  s u b s t a n t i a l l y .  Of 

t h e  t h r e e  s u b j e c t s  t e s t e d  i n  E x p e r im e n t  1,  t h e  s c h e d u l e  p r o -
p

duced  PS Ps o f  a b o u t  3» 5» and 12 s e c o n d s  f o r  t h e  l a s t  f i v e

s e s s i o n s  w i t h  T = 6 " ,  and  10,  2 2 ,  and  18 s e c o n d s  f o r  t h e  l a s t

f i v e  s e s s i o n s  w i t h  T = 1211. The s t u d y  b y  W i l l i a m s  (1 9 7 6 )  u s e d

a  VI 2 '  s c h e d u l e  t o  which a  d e l a y e d  r e i n f o r c e m e n t  c o n d i t i o n  o f

3» 5» 8 o r  15 s e c o n d s  was a d d e d .  The R^s t h e r e f o r e  c o u ld  n o t

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

c o n s i d e r e d  a s  i d e n t i c a l  t o  tandem VT, FR 1 s c h e d u l e s ) .  U n f o r -
R Rt u n a t e l y ,  n e i t h e r  IS  T n o r  PS P d a t a  were  r e p o r t e d .

I n  t h e  p r e s e n t  e x p e r i m e n t ,  r e i n f o r c e m e n t  f r e q u e n c y  was
p

i n i t i a l l y  l i m i t e d  by t h e  t - c y c l e  to  a n  a v e r a g e  o f  one  S p e r  

m in u t e  so  t h a t  s i n c e  no r e i n f o r c e m e n t  d e l a y  i n  e x c e s s  o f  lf8 s e c ­

o n d s  was s c h e d u l e d ,  t h e r e  was p re s u m a b ly  no n e c e s s i t y  f o r  r e i n ­

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

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

o f  r e i n f o r c e m e n t  would a l s o  be c o n s t a n t .  I f ,  on  t h e  o t h e r  h a n d ,  

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

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

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

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

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

a l l  l e v e l  o f  r e s p o n d i n g  one  m ig h t  t h e n  e x p e c t  a  n e g a t i v e  g row th  

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

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

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

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

r e s p o n s e  f r e q u e n c y ,  e t c .  T h i s  n e g a t i v e  g row th  p r o c e s s  need 

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

be  l i n e a r .  A new p o i n t  o f  e q u i l i b r i u m  may be  r e a c h e d  b e f o r e  

t h e  p r o b a b i l i t y  o f  R^s f a l l s  c o m p l e t e l y  t o  z e r o .

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

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

c o n t i n g e n t  ( i . e . ,  d e p e n d e n t )  i s  a p p a r e n t l y  i n d e p e n d e n t  o f  t h i s

c o n t i n g e n c y  r e l a t i o n s h i p .  T h a t  i s ,  t h e  p r o b a b i l i t y  o f  R ^  i s
Rn o t  m a i n t a i n e d  by t h e i r  c o n t i n g e n c y  r e l a t i o n s h i p  w i t h  S s .  F a r  

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

s h i p  a  r e s p o n s e  c l a s s  h a s  w i t h  r e i n f o r c e m e n t .  A p p a r e n t l y ,  c o n -  

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

Rs and S s ,  c o n t i g u i t y  d i r e c t l y  a f f e c t i n g  r e s p o n s e  p r o b a b i l i t y .

As T a b l e s  5 and 6 show, t h e  c o r r e c t e d  r e s p o n s e  r a t e s  and 

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

i n t e r v a l s  most c l o s e l y  f o l l o w e d  by r e i n f o r c e m e n t .  The o n l y  ex­

c e p t i o n s  t o  t h i s  g e n e r a l  f i n d i n g  a r e  p rod u ce d  by Group 3 f o r  

P o i n t s  4 ,  5 ,  6 and 7 ( v e c t o r s  (0 .8O T ,  2 4 f,D ) ,  ( 0 .8 0 T ,  48"D ) ,
U1A 111 A

( 0 . 4 0 T ,  48"D ) ,  and ( 0 . 2 0 T ,  48"D ) ,  r e s p e c t i v e l y ) .  T h i s  f i n d i n g
IU a  U lA



138

d oes  n o t ,  how ever ,  s u p p o r t  t h e  view t h a t  c o n t i n g e n c y  i s  o f  

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

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

m en t ,  i n d e p e n d e n t l y  o f  t ^  l o c i ,  and t h e r e a f t e r  s l o w l y  f e l l *

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

would f i r s t  e m i t  t h e  i n t e r i m  b e h a v i o r s  a s  d e s c r i b e d  by  S ta d d o n  

and Simmelhag (1971)> t h e n  b e g i n  k e y - p e c k i n g .  As t im e  p r o g r e s s e d  

i n  t h e  t - c y c l e ,  some o f  t h e  b i r d s  would b e g i n  t o  e m i t  t h e  s t e r e o ­

ty p e d  k i n d  o f  b e h a v i o r  o b s e r v e d  by  S k i n n e r  i n  19^8 .  F o r  t h e  o t h e r  

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

b e h a v i o r  was n o t  e v i d e n t  ev en  th o u g h  t h e  r a t e  o f  k e y - p e c k i n g  

showed t h e  same t e m p o r a l  p a t t e r n .

The f u n c t i o n  o f  c o n t i n g e n c y  i n  m a i n t a i n i n g  c o n t i g u i t y  b e ­

tw een  r e s p o n s e s  and s u b s e q u e n t  r e i n f o r c e r s  i s  d e m o n s t r a t e d  i n  

F i g u r e s  Zf8. t h r o u g h  51* The f i g u r e s  p r e s e n t  d a t a  c o n c e r n i n g  

t h e  d e g r e e s  o f  c o n t i g u i t y  m a i n t a i n e d  b e tw e e n  Ry s  ( t h e  u l t i m a t e
Dresponse before a reinforcer) and S s by each maximum delay

contingency. The maximum delays as specified by D . ensuremx
pthat all RS Ts are less than or equal to these values but the

m ed ian s  and  even t h e  t h i r d  q u a r t i l e s  a r e  t y p i c a l l y  much l e s s
Rthan D , (see Table ?)• The maximum RS Ts in the above mentioned mx

figures were limited by the value of D so the cumulative per-mxR Rce-nt RS Ts always reached one hundred at or before the RS T
v a l u e  t h a t  was e q u a l  t o  Drax* T a b l e  7 p r e s e n t s  t h e  f i r s t ,  s e c o n d ,

and t h i r d  q u a r t i l e  v a l u e s  a s  a f u n c t i o n  o f  each  o f  t h e  D v a l u e smx
investigated. These quartiles were calculated using the average



d i s t r i b u t i o n s  from a l l  p o i n t s ,  r e g a r d l e s s  o f  g ro u p  o r  T v a l u e ,  

h a v in g  i n  common t h e  same v a l u e  o f  D . T h ese  d a t a ,  i n  c o n ju n c -IUa

t i o n  w i t h  t h e  d a t a  on  r e s p o n s e  r a t e s ,  i n d i c a t e  t h a t  even  a  few 

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

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

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



T? RFigure 48. Cumulative RS Ts as a function of RS T class for
Group 1. For clarity, each curve is  displaced
five units to the le ft  of the curve immediately to its
right. Point 2 for this group (vector (0.1OT, 6" D ))

I I  LA.

i s  n o t  d i s p l a y e d .
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Figure 49. Cumulative RSRTs as a function of RŜ T class for 
Group 2. For clarity, each curve is  displaced
five units to the le f t  of the curve immediately to its  
right. Point 2 for this group (vector (0.1 OT, 6’1]) ))

i l l A

i s  n o t  d i s p l a y e d .
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Figure 50. Cumulative RŜ Ts as a function of RŜ T class for 
Group 3. For clarity, each curve is  displaced
five units to the le f t  of the curve immediately to its  
right.



GROUP 3

T ------------------------1------------------------T
16 32 48

RSrT (SECONDS)



Figure 51. Cumulative RŜ Ts as a function of RŜ T class for 
Group 4. For clarity each curve is  displaced
five units to the le ft  to .the curve immediately to its  
right.
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APPENDIX A 

P r e t r a i n i n g  and R e sh a p in g

The aim o f  t h e  s h a p i n g  p r o c e d u r e s  was s im p ly  t o  g e t  t h e  

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

p a t t e r n  a s  q u i c k l y  a s  p o s s i b l e .  . S i n c e  r e s p o n s e  p a t t e r n s  a r e  

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

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

e x p e c t e d  p a t t e r n  t h a t  would o b t a i n  once  r e i n f o r c e r s  were  100% 

r e s p o n s e  c o n t i n g e n t .  F o l l o w i n g  e x p o s u r e  t o  r e i n f o r c e m e n t  

s c h e d u l e  m a t r i x  v a l u e s  t h a t  p ro d u ce d  i n  many s u b j e c t s  a c e s ­

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

u l e  v a l u e  o f  t h e  e x p e r i m e n t ,  a l l  s u b j e c t s  were  exposed  t o  t h e  

se co n d  k e y - p e c k  s h a p i n g  p r o c e d u r e  d e s c r i b e d  b e lo w .

Method

The f i r s t  s h a p i n g  p r o c e d u r e  expo sed  e i g h t  s u b j e c t s  (G roups  

1 and 2 )  t o  b e tw e e n  50 and 150 30- s e c o n d  t - c y c l e s  p e r  s e s s i o n .  

I n i t i a l l y  t h e  number o f  t - c y c l e s  v a r i e d  among s u b j e c t s  b e c a u s e  

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

g r a i n  from t h e  g r a i n  f e e d e r .  The w h i t e  c e n t e r - k e y  l i g h t  was 

t u r n e d  on a t  t h e  s t a r t  o f  e ac h  t D and was t u r n e d  o f f  w i t h  r e i n ­

f o r c e m e n t .  I f  a  r e s p o n s e  was made t o  t h e  l i g h t e d  c e n t e r - k e y  

w i t h i n  t h e  t D p e r i o d ,  r e i n f o r c e m e n t  was d e l i v e r e d  im m e d ia t e l y ;  

i f  no r e s p o n s e  was made i n  t D, t h e  r e i n f o r c e r  was d e l i v e r e d



llfiJ

T a b l e  7
TJ

Quartile RS Ts (in seconds) for each distribution of
RŜ Ts for each mx

^rax Q3 *2 *1

1 0 . 5 9 0 . 3 1 0 . 0 9

2 1 . 0 8 0 . 5 9 0 . 2 5

4 1 . 7 6 0 . 8 5 0 . 3 7

6 3 . 0 3 1 . 3 9 0 . 5 1

12 4 . 5 8 1 .7 1 0 . 5 9

24 . 7 . 0 9 2 . 5 5 0 . 8 6

48 1 3 . 0 8 3 . 5 9 1 . 0 4
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a u t o m a t i c a l l y  a t  t h e  end o f  t® ,  D u r in g  r e i n f o r c e m e n t  t h e  r e ­

p e a t i n g  t im e  c y c l e  and  t h e  c u m u l a t i v e  r e c o r d e r  were h a l t e d .

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

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

d u r i n g  t h e  s e s s i o n s .  I t  was o b s e r v e d  t h a t  many o f  t h e  b i r d s  

would t u c k  i n  t h e i r  h e a d s  and c ro u c h  when a  r e i n f o r c e r  was d e l i ­

v e r e d ,  i n s t e a d  o f  e a t i n g  from t h e  h o p p e r ,  and a f t e r  a  few 

r e i n f o r c e r  p r e s e n t a t i o n s  would t a k e  up  t h i s  s t a n c e  a s  f a r  

a s  p o s s i b l e  from t h e  f e e d e r .  S i n c e  su d d e n  n o v e l  ch an g e s  i n  

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

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

Changes  i n  a u d i t o r y  s t i m u l a t i o n  were  r e d u c e d  by p u t t i n g  more 

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

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

t h e  chamber t o  p a r t i a l l y  mask t h e  f e e d e r  p r e s e n t a t i o n  sound a s  

w e l l  a s  t o  mask e x t r a - c h a m b e r  n o i s e s .

The r e i n f o r c e r  p r e s e n t a t i o n  t im e  depended  on t h e  f e e d i n g  

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

p r e s e n t e d  f o r  a s  much a s  18 s e c o n d s .  However, t h e  p r e s e n t a t i o n  

was a lw a y s  t e r m i n a t e d  w i t h i n  3 s e c o n d s  a f t e r  e a t i n g  b e g a n .

Only two b i r d s  were  r e s p o n d i n g  by t h e  end o f  t h e  f i r s t  s e s s i o n .  

B e g in n i n g  w i th  t h e  s e co n d  s e s s i o n ,  t h o s e  b i r d s  t h a t  were  q u i c k l y  

e a t i n g  from t h e  f e e d e r  upon  i t s  p r e s e n t a t i o n ,  b u t  n o t  y e t  p eck ­

i n g  t h e  c e n t e r  key  r e c e i v e d  3 s e c o n d s  f e e d e r  p r e s e n t a t i o n  t im e  

f o r  s u c c e s s i v e  a p p r o x i m a t i o n s  t o  k e y - p e c k i n g  d u r i n g  t D p e r i o d s .
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D u r in g  t h e  s e c o n d  s e s s i o n ,  t h r e e  o f  t h e  e i g h t  b i r d s  made no r e ­

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

r e s p o n d e d .

As t h e  b i r d s  came t o  r e s p o n d  q u i c k l y  t o  t h e  l i g h t e d  k e y ,  

a t t e m p t s  were  made to  f a d e  i n  t h e  c o n d i t i o n  o f  c o n t i n u o u s  k e y -  

l i g h t  d u r i n g  t h e  t - c y c l e  by t u r n i n g  on t h e  k e y - l i g h t  some s e c ­

onds  b e f o r e  t h e  o n s e t  o f  t D. The l e n g t h  o f  t*5 c o n t i n u e d  t o  be  

6 s e c o n d s .  At f i r s t  many o f  t h e  b i r d s  c e a s e d  r e s p o n d i n g  a f t e r  

o n l y  a  few u n r e i n f o r c e d  peck s  on t h e  l i g h t e d  c e n t e r - k e y ,  even  

th o u g h  t h e y  r e s p o n d e d  w i t h  s h o r t  l a t e n c i e s  t o  k e y - l i g h t  o n s e t .  

I t  seems t h a t  i t  was t h e  k e y - l i g h t  o n s e t  r a t h e r  t h a n  t h e  k e y -  

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

r e s p o n d i n g .  Not u n t i l  t h e  s i x t h  s e s s i o n  ( S e s s i o n  006) d i d  a l l  

b i r d s  r e c e i v e  c o n t i n u o u s  k e y - l i g h t  d u r i n g  t h e  t - c y c l e s .  From 

S e s s i o n  007 t h r o u g h  S e s s i o n  020 ,  t h e  s u b j e c t s  from Groups 1 and 

2 r e c e i v e d  50  t - c y c l e s  p e r  s e s s i o n  ( s e e  T a b l e  A 1 ) .

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

s h a p i n g  p r o c e d u r e  was u s e d  to  d e s i g n  t h e  s e c o n d  s h a p i n g  p r o ­

c e d u r e .  The f i r s t  and  s e co n d  s e s s i o n s  were 50 t - c y c l e s  l o n g .  

Fo r  t h e  r e m a i n d e r  o f  t h e  e x p e r i m e n t ,  t h e  s e s s i o n s  were 2 5  t -  

c y c l e s  l o n g .  The r e m a i n i n g  e i g h t  b i r d s  (G ro u ps  3 and 4 )  were  

ex p o sed  t o  t h e  s e co n d  s h a p i n g  p r o c e d u r e  ( s e e  T a b l e  A 2 ) .  S h a r p  

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

i n g  t h e  h o u s e l i g h t  on t h r o u g h o u t  t h e  s e s s i o n s  and by i n t r o d u c ­

t i o n  o f  t h e  w h i t e  n o i s e .  The f e e d e r  a l s o  r e m a in e d  p a d d e d .  A
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Table A1
Pretraining and Reshaping Schedules

Group 1: B62, B75, B96, B04.
•Session T T SD Cycles

001- 006 30.. 0.20 * Normal 50-150
007- 020 30 0.20 0 Normal 50

1201-1202 60 0.10 * *  Gold 25

Group 2: B84, B30, B49, B61.
Session T T S'0 Cycles

001- 006 30 0.20 * Normal 50-150
007- 020 30 0.20 0 Normal 50

1101 60 0.10 ** Gold 25

Note: A of fl*11 means that the f ir s t autoshaping procedure
was being used and the maximum time between an S and the
previous R was unlimited although the fir st R in t15, would

Rproduce an immediate S •. A of ,l**n means that the 
second autoshaping procedure was used.



153

Table A2
Pretraining and Reshaping Schedules

Group 3: B342, B375, B390, B225.
.Session T T D SD Cycles

0 0 1 -  0 0 2  60  0 . 1 0  * *  G0 i d  5 q

003 60 0.20 ** Gold 25
1001 60 0.10 ** Gold 25

Group 4: B32, B242, B264, B341.
Session T T SD Cycles

001- 002 60 0.10 ** Gold 50
003 60 0.20 ** Gold 25

1001 60 0.10 ** Gold 25

Note: A D of "**•' means that the second autoshaping procedureilUv
R■was used and the maximum time between an S and the pre­

vious R was unlimited although.the first R in tD would
Rproduce an immediate S .



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

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

an y  e f f e c t .  I n  a d d i t i o n  to  r e d u c i n g  s h a r p  c h a n g e s  i n  t h e  i n ­

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

f r e q u e n c y  by  i n c r e a s i n g  t h e  t - c y c l e  l e n g t h  t o  60  s e c o n d s  on t h e  

^assum ption  t h a t  t h e  e f f e c t s  o f  su d d e n  n o v e l  c h a n g e s  i n  s t i m u l a ­

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

i ’a r  a p a r t .  The c e n t e r  key  was l i g h t e d  d u r i n g  t h e  6 - s e c o n d  t D 

p e r i o d  and i f  no r e s p o n s e  was made i n  t ^ ,  r e i n f o r c e m e n t  was 

p r e s e n t e d  a u t o m a t i c a l l y  a t  t h e  end o f  t ^  and  t h e  key  l i g h t  went 

o f f .  R e in f o r c e m e n t  p r e s e n t a t i o n  t im e  was c o n s t a n t  a t  3 s e c o n d s  

e v en  i f  t h e  b i r d s  d i d  n o t  e a t .  I f  a  r e s p o n s e  was made d u r i n g  

t*5, r e i n f o r c e m e n t  was d e l i v e r e d  i m m e d i a t e l y .  The key  l i g h t  

•went o f f  d u r i n g  r e i n f o r c e m e n t  a s  b e f o r e ,  b u t  came on a g a i n  f o r  

t h e  r e m a i n d e r  o f  t D a s  so o n  a s  r e i n f o r c e m e n t  p r e s e n t a t i o n  t e r ­

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

s t i m u l u s  f u n c t i o n  o f  k e y - l i g h t  o n s e t .  E x a c t l y  one  S was g i v e n  

i n  each  t - c y c l e .

By t h e  end o f  t h e  f i r s t  50 m in u te  s e s s i o n ,  a l t h o u g h  no p r i o r  

a d a p t a t i o n  t o  t h e  cham b er ,  no m aga z in e  t r a i n i n g  and  no r e i n f o r c e ­

ment o f  s u c c e s s i v e  a p p r o x i m a t i o n s  t o  key  p e c k i n g  was g i v e n ,  s i x  

o f  t h e  e i g h t  b i r d s  were r e s p o n d i n g  w h enever  t h e  key  l i g h t  was o n ,  

b o t h  b e f o r e  and a f t e r  r e i n f o r c e m e n t .  By t h e  end o f  t h e  se co n d  

50 m in u te  s e s s i o n ,  a l l  b i r d s  were  r e s p o n d i n g .  Most b i r d s  made 

few o r  no r e s p o n s e s  w h i l e  t h e  key  l i g h t  was o f f .  On t h e  t h i r d
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day t h e  s e s s i o n  was s h o r t e n e d  t o  25  t im e  c y c l e s ,  and t h e  key 

l i g h t  ( a n d  t ^ )  l e n g t h e n e d  t o  12 s e c o n d s  a f t e r  o n s e t  o f  t h e  c y c l e *  

A f t e r  t h e  t h i r d  s e s s i o n  o f  p r e t r a i n i n g  Groups 3 and 4 ,  t h e y  were 

s h i f t e d  i n t o  t h e  f i r s t  p h a se  o f  t h e  main  e x p e r i m e n t .

R e s u l t s

The e f f e c t s  o f  p r e t r a i n i n g  were  m easu red  i n  t h e  f o l l o w i n g

t e r m s :  1) o v e r a l l  c o r r e c t e d  r a t e  o f  r e s p o n d i n g  p e r  s e s s i o n  -----

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

f o r m u la  R / ( T t  -  T^gR j )  where  R i s  t h e  number o f  k e y - p e c k s  r e ­

c o r d e d ,  T̂ . i s  t h e  t o t a l  s e s s i o n  t i m e ,  and  *'s  t o t a l

r e i n f o r c e m e n t  a c c e s s  t i m e ;  2 )  l o c a l  c o r r e c t e d  r a t e  o f  r e s p o n d i n g

—  e a c h  t - c y c l e  was d i v i d e d  i n t o  s i x - s e c o n d  s u b i n t e r v a l s  and 

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

c u l a t e d  f o r  e ac h  s u b i n t e r v a l  o f  t h e  t - c y c l e ;  3 )  o v e r a l l  

r u n n i n g  r a t e  o f  r e s p o n d i n g  p e r  s e s s i o n  —  r u n n i n g  r a t e  o f  r e ­

s p o n d i n g  was c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o rm u la  R /  (T^. -  T( SR)

-  T p g R p j ) ,  where  R, T ^ ,  and  T ( s R) a r e  <3ef L̂ned a s  b e f o r e ,  and

T^pgRp) i s  t h e  t o t a l  p o s t - r e i n f o r c e m e n t  p a u se  t im e  p e r  s e s s i o n ;
R R4 )  mean PS P; and  5 )  mean r e s p o n s e s  p e r  c o n t i n g e n t  S ,

F i g u r e  A1 p r e s e n t s  t h e  o v e r a l l  c o r r e c t e d  r a t e s  f o r  t h e  

f i r s t  f i v e  s e s s i o n s  o f  P o i n t  0 f o r  t h e  i n d i v i d u a l  s u b j e c t s  o f  

G roups  1 and  2 .  The a c q u i s i t i o n  o f  k e y - p e c k i n g  was q u i t e  i r ­

r e g u l a r *  F o u r  o f  t h e  e i g h t  b i r d s  showed r a t e  r e v e r s a l s  a c r o s s
«



Figure A1. Overall corrected rates of.responding for the fir st  
five sessions of Point 0, shaping procedure number one, 
for the individuals of Groups 1 and 2.
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t h e  f i v e  s e s s i o n s .  The h i g h e s t  r e s p o n s e  r a t e ,  0 .5 9  r e s p o n s e s  

p e r  s e c o n d ,  was g i v e n  by B62 on t h e  f i f t h  s e s s i o n .  The s u b j e c t  

B61 n e v e r  gave o v e r  O.Olf r e s p o n s e s  p e r  second  p e r  s e s s i o n .

O v e r a l l  c o r r e c t e d  r a t e s  - f o r  t h e  l a s t  f i f t e e n  s e s s i o n s  o f  P o i n t  

0  a r e  shown i n  F i g u r e s  A2 and A3« T h ree  o f  t h e  e i g h t  s u b j e c t s  

(B75» B9 6 , and B61) made no r e s p o n s e s  d u r i n g  one o r  more o f  t h e s e  

f i f t e e n  s e s s i o n s .  T h e r e  was no a p p a r e n t  r e a s o n  f o r  t h e s e  l a p ­

s e s  I n  r e s p o n d i n g .  By t h e  end o f  t h e  l a s t  f i f t e e n  s e s s i o n s  o f  

P o i n t  0 ,  t h e  s u b j e c t s  were  r e s p o n d i n g  a t  r a t e s  be tw een  O.2 5  and 

1 .3 0  r e s p o n s e s  p e r  s e c o n d .

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

o f  Groups 1 and 2 a r e  p r e s e n t e d  i n  F i g u r e s  AZ* and A5 . The r e ­

s p o n s e  r a t e s  (means o f  1 .2 7  and 1 .3 0  R / s e c  r e s p e c t i v e l y  f o r  

Groups 1 and 2 ,  computed o v e r  t h e  l a s t  f i v e  s e s s i o n s  o f  P o i n t  0)  

i n  t h e  f i f t h  and  l a s t  s u b i n t e r v a l  o f  t h e  30 - s e c o n d  t - c y c l e  a r e  

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

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

s i o n a l l y  had h i g h e r  r e s p o n s e  r a t e s .  The t h i r d  o r  m id d le  su b ­

i n t e r v a l  showed a  r e s p o n s e  r a t e  o f  a b o u t  h a l f  t h a t  found i n  t h e  

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

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

The f i r s t  s u b i n t e r v a l  had  r a t e s  a p p r o x i m a t e l y  e q u a l  to  t h a t  o f  

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

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

t h e  e i g h t  b i r d s  (B9 6 , B84» and B30) t h e  t e r m i n a l  ( f o u r t h  and



Figure A2. Overall corrected rates of responding for the last 
.fifteen sessions of Point 0 (vector value (30"T, 0.20T, 
0"D )), for the individuals of Group 1.
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F i g u r e  A3. O v e r a l l  c o r r e c t e d  r a t e s  o f  r e s p o n d i n g  f o r  t h e  l a s t  

f i f t e e n  s e s s i o n s  o f  P o i n t  0  ( v e c t o r  v a l u e  ( 3 0 " T f 0 . 2 0 T ,  

C 'D j ^ ) ) ,  f o r  t h e  i n d i v i d u a l s  o f  G roup  2 .
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Figure A4. ‘Local corrected rates of responding for the indivi­
duals of Group 1 during the last fifteen sessions of Point 
0 (vector value (30HT, 0.20T, 0MD )). Each line repre- 
sents the mean corrected rate during one of the five six- 
second suhintervals of the t-cycle. See text for further 
description.
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Figure A5. Local corrected rates of responding for the indivi­
duals of Group 2 during the last fifteen sessions of Point 
0 (vector value (30UT, 0.20T, 0lfD_„))• Each line repre-

ULA.

sents the mean corrected rate during one of the five six- 
second suhinterV;als of the t-cycle. See text for further 
description.
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f i f t h  s u b i n t e r v a l s )  r e s p o n s e  r a t e s  were  s t i l l  i n c r e a s i n g  when 

t h e  p r e t r a i n i n g  p o i n t  ( P o i n t  0) was t e r m i n a t e d .  The p l a n  o f  

t h e  e x p e r i m e n t  d id  n o t  however c a l l  f o r  p r o l o n g a t i o n  o f  P o i n t  

0 ,  F o r  t h e  r e m a in d e r  o f  t h e  s u b j e c t s  and  s u b i n t e r v a l s ,  r e s p o n s e  

r a t e s  were show ing  no marked i n c r e a s e s  when P o i n t  0 was t e r m i n ­

a t e d  and P o i n t  1 ( t h e  f i r s t  e x p e r i m e n t a l  p o i n t )  b e g u n .  I t  

would seem t h a t  r e s p o n s e  r a t e s  l e v e l  o f f  more Q u i c k ly  f o r  t h e  

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

p e r  s u b i n t e r v a l  a r e  summarized i n  F i g u r e s  A6 and A7 f o r  t h e  l a s t  

f i v e  s e s s i o n s  o f  P o i n t  0 ,  The f u l l  c y c l e ,  from S u b i n t e r v a l  1 

t o  S u b i n t e r v a l  1 , i s  shown to  em p h a s ize  t h e  d e p r e s s a n t  e f f e c t  

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

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

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

q u i t e  s i m i l a r  i n  form, th ou g h  n o t  i n  o v e r a l l  h e i g h t ,  t o  t h e  

o v e r a l l  c o r r e c t e d  r a t e s  o f  r e s p o n d i n g  (co m p a re  F i g u r e s  A8 and 

A9 w i t h  F i g u r e s  A2 and A 3) ,  The o v e r a l l  r u n n i n g  r a t e s  shown i n  

F i g u r e s  A8 and A9 f r e q u e n t l y  exce ed e d  t h e  c o r r e s p o n d i n g  c o r r e c t e d  

r a t e s  i n  t h e  t e r m i n a l  s u b i n t e r v a l ' o f  t h e  t - c y c l e  ( s e e  F i g u r e  A4 

and A 5 ) .  T h i s  i s  e v id e n c e  t h a t  most  o f  t h e  " s c a l l o p "  i n  t h e  

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

v a r i a b i l i t y  i n  p au se  s i z e  a f t e r  r e i n f o r c e m e n t  r a t h e r  t h a n  

t o  a s t e a d y  d e c r e a s e  i n  IRT ( i n t e r - r e s p o n s e  t i m e )  s i z e  a s  t im e  

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

t h i s  jud g m en t .



Figure A6« Mean corrected response rates per t-cycle subinter­
val for the last five sessions of Point 0, for the indivi­
duals of Group 1.
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Figure A7. Mean corrected response rates per t-cycle suhinter- 
val for the last five sessions of Point 0 ,  for the indivi­
duals of Group 2.
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Figure A8. Overall running rates of responding per session for 
the individuals of Group 1 during the last fifteen sessions 

• of Point 0.
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FigurejA9. Overall running rates of responding per session for 
the individuals of Group 2 during the last fifteen sessions 
of Foint 0, Note the change in scale of the ordinate for 
subject 3384.
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The mean p a u se  a f t e r  r e i n f o r c e m e n t  was q u i t e  s t a b l e  f o r  

most b i r d s .  S u b j e c t  B84 had p a u s e s  a v e r a g i n g  1 .3 8  t - c y c l e s  on 

t h e  t h i r d  s e s s i o n  o f  F i g u r e  A11 ( S e s s i o n  008) b u t  by t h e  t e n t h  

s e s s i o n  o f  t h i s  p a n e l  ( S e s s i o n  015) t h e  mean PS P r a n g e d  be ­

tw e en  0 .3 3  t - c y c l e  and 0 . 5 0  t - c y c l e .  D u r in g  t h e  l a s t  f i v e  s e s -  

s i o n s  no i n d i v i d u a l  had a  mean PS P e x c e e d i n g  0 .6 6  t - c y c l e ,  o r
D

l e s s  t h a n  0 .3 3  t - c y c l e .  The mean PS P f o r  t h e  l a s t  f i v e  s e s ­

s i o n s  was 0 . 4 7  and 0 . 4 4  f o r  Group 1 and Group 2 r e s p e c t i v e l y .

I n  F i g u r e s  A10 and  A11 t h e r e  a r e  g a p s  l e f t  i n  t h e  d a t a  f o r  B75»

B96 and  B61• F o r  t h e  s e s s i o n s  a s s o c i a t e d  w i t h  t h e s e  gap s  t h e r e
£

were  no r e i n f o r c e r s  d e l i v e r e d  and mean PS Ps c o u ld  t h e r e f o r e  n o t  

be  com puted .  The g ap s  r e p r e s e n t  v a l u e s  i n t e r p o l a t e d  from v a l u e s  

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

F i n a l l y ,  F i g u r e s  A12 and A13 show t h e  mean number o f  r e s p o n ­

s e s  e m i t t e d  p e r  r e i n f o r c e m e n t  p e r  s e s s i o n .  S u b j e c t  B84 e m i t t e d  

t h e  most  r e s p o n s e s  p e r  r e i n f o r c e m e n t  ( a  mean o f  34»3 f o r  t h e  

l a s t  f i v e  s e s s i o n s  o f  P o i n t  0 ) ,  and B49 and B61 e m i t t e d  t h e  

f e w e s t  (1 3* 0  and 13*4 r e s p o n s e s  p e r  r e i n f o r c e m e n t  r e s p e c t i v e l y ) .  

The r e m a i n i n g  b i r d s  r a n g e d  b e tw e e n  a  mean o f  18.1 and  2 3 . 4  r e ­

s p o n s e s  p e r  r e i n f o r c e m e n t  f o r  t h e  l a s t  f i v e  s e s s i o n s  o f  P o i n t  0 .  

The mean f o r  Group 1 was 2 0 . 5 ;  f o r  Group 2 i t  was 2 1 . 2 .

Groups 3 and 4 had o n l y  t h r e e  s e s s i o n s  o f  p r e t r a i n i n g  r a t h e r  

t h a n  t h e  2 0  s e s s i o n s  which  Groups 1 and 2 h a d .  As de­

s c r i b e d  I n  t h e  method s e c t i o n  a b o v e ,  t h e  seco nd  s h a p i n g  p r o ­

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



Figure A10. Mean post-reinforcement pause time in t-cycle units 
for the individuals of Group 1 for the last fifteen ses­
sions of Point 0. The t-cycle was 30 seconds in length.
Gaps in the data lines represent interpolated values of 

RPS P. There were no reinforcements delivered during these 
sessions.
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Figure A11. Mean post-reinforcement pause time in t-cycle units 
for the individuals of Group 1 for the last fifteen ses­
sions of Point 0. The t-cycle was 30 seconds in length.
The gap in the data at the seventh session (Session 012)
for subject B61 represents the interpolated value of the 

RPS P. No reinforcements were delivered to this bird for 
this session.
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Figure A12. Responses per reinforcement per session during the 
last fifteen  sessions of Point 0 for the individuals of 
Group 1. Gaps in the data lines of subjects B75 and B96 
represent interpolated values from the surrounding ses­
sions* No reinforcers were delivered during those sessions 
because of. insufficient responding.
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Figure A13. Responses per reinforcement per session during the 
last fifteen sessions of Point 0 for the individuals of 
Group 2. The gap in the data line of B61 represents an 
interpolated value from the surrounding sessions. No 
reinforcers were delivered during that session because of 
insufficient responding.
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p e c k i n g  b e f o r e  t h e  f i r s t  e x p e r i m e n t a l  p o i n t  was b e g u n .  The 

mean p r o p o r t i o n s  o f  c o n t i n g e n t  r e i n f o r c e r s  f o r  Group 3 f o r  t h e  

f i r s t ,  s e c o n d ,  and t h i r d  s e s s i o n s  was 0 . 2 0 ,  0 .7 9  and 0 .9 8  r e ­

s p e c t i v e l y .  F o r  Group Zf t h e  mean p r o p o r t i o n s  were 0.13* 0 .96 ,  

and 0 . 9 9  f o r  t h e  f i r s t ,  s e c o n d ,  and t h i r d  s e s s i o n s  r e s p e c t i v e l y .

S i m i l a r l y ,  m ed ian  v a l u e s  were  0 .0 9 ,  0 .80 ,  and 0.98 f o r  Group 3*

and 0 .0 9 ,  0 .9 7 ,  and 1.00 f o r  Group Zf.

The o v e r a l l  c o r r e c t e d  r a t e s  o f  r e s p o n d i n g  were q u i t e  low

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

mance u n d e r  a  f i x e d - i n t e r v a l  o n e - m in u te  s c h e d u l e  o f  c o n t i n g e n t  

r e i n f o r c e m e n t .  The mean r e s p o n s e s  p e r  s e c o n d  were  0 .0 1 ,  0 .05 ,  

and 0.07 f o r  Group 3 and 0.01 , 0 .0 7 ,  and 0.07  f o r  Group Zf. The 

m ed ian s  were  0 .003 ,  0.0Zf8 and  0.062 f o r  Group 3» and 0.003,

0.07Zf, and 0.076 f o r  Group Zf. The r e s p o n s e  r a t e s  may be  lo w e r  

f o r  two r e a s o n s .  One i s  t h a t  s u b j e c t s  were i n i t i a l l y  n a i v e  to  

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

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

The se co nd  r e a s o n  i s  t h a t  d i f f e r e n t i a l  r e s p o n s e  r a t e s  g e n e r a l l y  

en su e  when v a r i o u s  s t i m u l u s  s t a t e s  ( s u c h  a s  l i g h t - o n ,  l i g h t - o f f )  

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

im m e d ia te  r e i n f o r c e m e n t .  The d i s c r i m i n a t i o n  i n d i c e s  f o r  t h e  

mean c o r r e c t e d  r a t e s  o f  t h e  f i r s t ,  second  and t h i r d  s e s s i o n s  

f o r  Groups 3 and Zf were  0.989* 0.979 and 0.995 ,  and 0 .706 ,

0 .990 and  0.9Zf1 r e s p e c t i v e l y ,  i n d i c a t i n g  a  s t r o n g  d e p r e s s i o n  o f  

r e s p o n s e  p r o b a b i l i t y  d u r i n g  t ^ .  The r u n n i n g  r a t e s  were  a l s o



lo w e r  t h a n  t h o s e  u s u a l l y  found  i n  a s y m p t o t i c  p e r f o r m a n c e .  Group 

3 r e s p o n d e d  w i t h  mean r a t e s  o f  0 ,11  0 , 0 8  and 0 .11 r e s p o n s e s  

p e r  s e co n d  f o r  t h e  f i r s t ,  seco n d  and t h i r d  p r e t r a i n i n g  s e s s i o n s  

r e s p e c t i v e l y .  S i m i l a r l y ,  Group l+ r e s p o n d e d  w i t h  r a t e s  o f  0 . 0 8 ,  

0 .0 9  and 0 .0 9  r e s p e c t i v e l y .

The mean p a u se  t i m e s  p e r  r e i n f o r c e m e n t  ( b o t h  c o n t i n g e n t  

and n o n c o n t i n g e n t )  were 0 . 8 8 , 0 .4 0  and 0 .3 8  t - c y c l e s  f o r  t h e  

t h r e e  p r e t r a i n i n g  s e s s i o n s  f o r  Group 3« F o r  Group  ̂ t h e y  were 

0 . 9 3» 0.21 and 0 .2 2  t - c y c l e s .  The m ed ian  PS^Ps f o r  Groups 3 

and ^  f o r  t h e s e  s e s s i o n s  w ere  r e s p e c t i v e l y  O .9 9 , 0 .3 9  and 0 . 3 2 ,  

and 0 . 8 6 ,  0 .1 6  and 0 .1 6  t - c y c l e B .  I n t e r p r e t a t i o n  o f  t h e s e  f i g ­

u r e s  must  be u n d e r t a k e n  w i t h  c a u t i o n .  F i r s t ,  t h e  number o f  

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

number was 50 i n  S e s s i o n s  001 and  0 0 2 ,  and  25  i n  S e s s i o n  0 03 .
RF u r t h e r m o r e ,  t h e  maximum p a u s e  a f t e r  a  g i v e n  S was 66 s e c o n d s  

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

p a u s e s  were t e r m i n a t e d  n o t  o n l y  by  t h e  f i r s t  r e s p o n s e  a f t e r  an
R R RS b u t  a l s o  by t h e  n e x t  S • The maximum mean PS P was t h e r e ­

f o r e  1 ,0 0  t - c y c l e .  T h i s  c o n s i d e r a t i o n  becomes l e s s  i m p o r t a n t
p

a s  a  h i g h e r  p r o p o r t i o n  o f  S s  a r e  r e s p o n s e - p r o d u c e d .  O t h e r  

f a c t o r s  must  t h e n  be  c o n s i d e r e d ,  s u c h  a s  t h e  h i g h  d i s c r i m i n a t i o n  

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

t h e  d i s t r i b u t i o n  o f  p a u s e  l e n g t h s  was b im o d a l  w i t h  p e a k s  a t  

PS^P < t® s e c ,  and PSRP »  60 s e c .  T h a t  i s ,  a f t e r  a  r e i n f o r c e m e n t  

t h e  s u b j e c t  would o f t e n  b e g i n  r e s p o n d i n g  a g a i n  b e f o r e  t D



( an d  SD) t e r m i n a t e d ,  o n l y  t o  s t o p  when S^  b e g a n .  T h i s  would
Rp r o d u c e  a  s h o r t  PS P o f  l e s s  t h a n  6 se c o n d s  ( o r  12 s e c o n d s  f o r

S e s s i o n  0 0 3 ) .  I f  no r e s p o n s e  was made b e f o r e  SD t e r m i n a t i o n ,
R Dt h e n  t h e  PS P would g e n e r a l l y  be  t e r m i n a t e d  w i t h  t h e  n e x t  t

Ro n s e t .  The mean PS Ps f o r  t h e  l a s t  two p r e t r a i n i n g  s e s s i o n s

a r e  t h e n  b a s i c a l l y  w e ig h te d  a v e r a g e s  o f  t h e s e  two modal v a l u e s

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

a t  a  h i g h  f r e q u e n c y .

The mean numbers o f  r e s p o n s e s  p e r  c o n t i n g e n t  r e i n f o r c e r

were  q u i t e  l o w —  2 . 8 8 ,  3«70 ,  and 4*02 f o r  S e s s i o n s  0 0 1 ,  002 and

003 r e s p e c t i v e l y  f o r  Group 3 ( t h e  mean v a l u e  f o r  S e s s i o n  001 i s

computed  u s i n g  o n l y  t h e  two s u b j e c t s  t h a t  o b t a i n e d  c o n t i n g e n t

r e i n f o r c e r s ) .  F o r  Group 4 t h e  v a l u e s  were 1 . 9 7 ,  4*24» and
R4 . 2 4  r e s p o n s e s  p e r  c o n t i n g e n t  S f o r  t h e  f i r s t  t h r e e  s e s s i o n s .
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