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A bstract

Reinforcem ent C on tingen t On Two E xhaustive  And 

E x c lu s iv e  C la s se s  Of An O rganism 's S p a t i a l  Arrangements

by

E rn e s t  C. Rosenberg 

A dvisor: P ro fe s s o r  W illiam  N. Schoenfeld

Two c l a s s e s  o f  a p ig e o n 's  s p a t i a l  arrangem ents  were d e s ig ­

n a ted  by th e  u se  o f  l i g h t  beams. A p igeon  was in  A whenever i t s  

s p a t i a l  arrangem ent i n t e r r u p t e d  one o r  more o f  th r e e  l i g h t  beams. 

The b i r d  was in  not-A  (A) whenever i t s  arrangem ent d id  n o t i n t e r ­
r u p t  th e  l i g h t  beams.

R epeating  tim e c y c le s  f o r  A (T^) and A (T^) were chosen to  

be equal and co te rm in o u s .  F u r th e r  d is c u s s io n  was in  terms o f  a

s in g l e  tim e c y c le  T, where T = T. = T . .  Two p r o b a b i l i t i e s  o f
Rfood re in fo rc e m e n t  (S ) were chosen f o r  s tudy : th e  p r o b a b i l i t y

R io f  re in fo rc e m e n t  i f  th e  p ig eo n  was in  A a t  th e  end o f  T, P(S |A), 

and th e  p r o b a b i l i t y  o f  r e in fo rc e m e n t  i f  th e  p igeon was in  A a t  th e  

end o f  T, P(SR|A ).
R i R iIn  Exp. I ,  P(S I A) and P(S |A) were equal and co n seq u en tly ,

r e s u l t e d  i n  th e  p r e s e n t a t i o n  o f  th e  same re in fo rc e m e n t  frequency

w hether A o r A o ccu rred  a t  th e  end o f  T. W ithin t h i s  framework

a p a ra m e tr ic  i n v e s t i g a t i o n  o f  S k in n e r 's  (1948) " s u p e r s t i t i o n "

phenomenon was p u rsu ed .  The e f f e c t s  o f  th e  fo llo w in g  p r o b a b i l i t i e s  
R i R i[P(S I A) = P(S | A)] on th e  occu rren ce  o f  A and A f o r  f i v e  p igeons 

were i n v e s t ig a t e d  a t  T = 15 s e c :  0 ( i . e . ,  o p e ra n t  l e v e l ) ,  1, .5 ,  

.25 , .125 , .084; th en  a r e t u r n  to  1 ( i . e . ,  r e c o v e ry ) .  Some 

prom inent e f f e c t s  were:
1) a t  some P(S ) > 0, a l l  s u b je c ts  showed an in c r e a s e ,  over

op eran t l e v e l ,  i n  th e  r a t e  o f  t r a n s i t i o n  from A to  A (R.) .
R2) average  tim e p e r  e n t r y  in to  A remained c o n s ta n t  as  P(S ) 

d e c rease d .

3) th e  number o f  e n t r i e s  in to  A p e r  re in fo rc e m e n t  in c re a se d  

as P(SR) d e c re a se d .



4) th e  T -cy c le  was subd iv ided  in t o  f i v e  c o n se c u t iv e  3 -se c

i n t e r v a l s ;  R. r a t e  was computed f o r  each o f  th e se  i n t e r v a l s .
RAt PCS ) = 1 th e r e  was a  h ig h  r a t e  s h o r t l y  a f t e r  r e i n ­

forcem ent fo llow ed by a d e c re a se  to  a  n e a r ly  zero r a t e  as

th e  tim e f o r  th e  n e x t  re in fo rc e m e n t  approached. As P(S ) 

d ecreased  th e  r a t e  d i f f e r e n c e s  between s u b d iv is io n s  d e ­

c reased  th e re b y  f l a t t e n i n g  th e  T -cy c le  f u n c t io n .

Exp. I I  in v e s t ig a t e d  th e  e f f e c t s  o f  re p e a te d  e x t in c t io n  and

re c o n d i t io n in g  o f  a " s u p e r s t i t i o n "  on two p igeons  from Exp. I .  At
RT = 15 s e c ,  a l t e r n a t i o n s  o f  e lev en  e x t i n c t i o n  s e s s io n s  [P(S ) = 0]

w ith  f iv e  r e c o n d i t io n in g  s e s s io n s  [P(S ) = 1] were re p e a te d  f iv e

t im e s .  The fo llo w in g  e f f e c t s  were found:

1) R^ r a t e  d ec rease d  back toward o p eran t l e v e l  whenever e x t i n c ­

t i o n  was in  e f f e c t .

2) R^ r a t e  was m ain ta ined  i n  r e c o n d i t io n in g .

3) th e  R^ r a t e  fu n c t io n  in  th e  f iv e  3 -sec  i n t e r v a l s  o f  a 

T -cy c le  m a in ta in ed  a s im i l a r  shape d u r in g  every  r e c o n d i t io n ­

ing s e s s io n .

4) few c o n s i s t e n t  changes in  any dependent v a r i a b l e  were 

no ted  in  comparisons among p e r io d s  o f  r e c o n d i t io n in g .

D
In Exp. I l l  th e  e f f e c t s  a t  T = 15 sec o f  p a s s in g  from P(S )

o f  1 f o r  bo th  A and A to  P(SR |A) > P(SR|A) on th r e e  p igeons from

Exp. I were in v e s t ig a t e d  by f ix in g  P(SR|A) a t  1 and d e c re a s in g  

P(SR|A) from 1 to  0 through  P(SR|A) v a lu e s  o f  .5 ,  .25, and .125.

After P(SR |A) = 0, a return was made to P(SR |A) = 1 recovery).
Some effects were:

1) th e  p e rc e n ta g e  o f  tim es t h a t  a  s u b je c t  was in  A a t  th e  

end o f  T in c re a s e d  over th e  f i r s t  fo u r  exper im en ta l  p o in t s  

fo r  a l l  s u b je c t s .  At th e  f i f t h  p o in t  [ i . e . ,  P(SR|A) = 0 ] ,  
th e  e f f e c t s  ranged from a l a r g e  in c r e a s e  to  a la r g e  d e c rease  

in  p e rc e n t  A a t  th e  end o f  T.

2) average time per entry into A increased as P(SR |A) de­
creased.
3) the number of entries into A per reinforcement went 
through a maximum as P(SR |A) decreased.
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G eneral I n t ro d u c t io n

Each o f  th e  fo llo w in g  experim ents  was developed w i th in  

th e  same g e n e ra l  p ro c e d u ra l  framework. The r a t i o n a l e s  f o r  th e  

i n d iv id u a l  experim ents  can be most c l e a r l y  u n d e rs to o d  by beg in n in g  

w ith  th e  p r e s e n t a t io n  o f  t h i s  framework.

Two c l a s s e s  o f  an o rg a n ism 's  s p a t i a l  arrangem ents  were 

a r r iv e d  a t  by s e c t io n in g  th e  exper im en ta l  environment i n to  two 

sp a c e s .  In  th e  t h r e e  s tu d i e s  to  fo l lo w ,  t h i s  s e c t io n in g  was a c ­

com plished by l i g h t  beams. The a re a  o f  th e  environment which was 

i n t e r c e p te d  by th e  l i g h t  beams d e f in e d  one sp a c e ,  and th e  a re a  

which was n o t  i n t e r c e p te d  by th e  l i g h t  beams d e f in e d  th e  o th e r  

sp ace .  Whenever th e  o rg a n ism 's  s p a t i a l  arrangem ent was such t h a t  

he i n t e r r u p t e d  th e  l i g h t  beams, i t  was s a id  to  be i n  A. Whenever 

th e  s p a t i a l  arrangem ent was such t h a t  th e  l i g h t  beams were n o t  

i n t e r r u p t e d ,  th e  organism  was s a id  to  be in  not-A  (A)* A and A 
have been d e f in e d  so t h a t ,  a t  every  i n s t a n t ,  th e  organism  was in  

one o r  th e  o th e r  ( i . e . ,  th ey  were e x h a u s t iv e  o f  a l l  s p a t i a l  a r ­

rangements in  th e  ex p e r im en ta l  sp a c e ) ,  and he was n ever  in  bo th  

( i . e . ,  th e y  were m u tu a l ly  e x c lu s iv e ) .

A re sp o n se  c l a s s  was d e r iv e d  from A and A by co n ce iv in g  

o f  a re sp o n se  (R) as a t r a n s i t i o n  from one c l a s s  o f  s p a t i a l  a r ­

rangem ents to  a n o th e r  (S chbenfe ld  and Farmer, 1970; Logan and 

F e r r a r o ,  1970). There were two such re sp o n se s :  a  t r a n s i t i o n  from 

A t o  A and a t r a n s i t i o n  from A t o  A.
R e in fo rc e r  p r e s e n t a t i o n  was made c o n t in g e n t  on th e  

occu rren ce  o f  A and A by c o n s t r u c t in g  two r e p e a t in g  tim e c y c le s ,  

one f o r  A (TA) , and th e  o th e r  f o r  A (T ^ ) . A g r a p h ic a l  r e p ­

r e s e n t a t i o n  o f  Ta  and T^ i s  g iven  in  F ig .  1. T^ and T^ were 

chosen f o r  th e s e  experim en ts  to  be equal and co te rm inous; f u r t h e r  

d i s c u s s io n  may t h e r e f o r e  be in  term s o f  a s in g l e  tim e c y c le ,  T 

where T=T.=T-. Two p r o b a b i l i t i e s  were chosen f o r  s tu d y :  th e  p ro b -

a b i l i t y  o f  re in fo rc e m e n t  (S ) g iven  t h a t  th e  organism  was in  A a t
R ith e  end o f  T, P(S |A), and th e  p r o b a b i l i t y  o f  r e in fo rc e m e n t  g iven

R it h a t  th e  organism  was i n  A a t  th e  end o f  T, P(S |A) ( a l l  d i s c u s ­

s io n  i s  r e s t r i c t e d  t o  th e  a r e a  o f  " p o s i t i v e "  r e in fo r c e m e n t ) .
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F ig .  1: A g ra p h ic a l  r e p r e s e n t a t i o n  o f  TA and V
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Since  A and A were e x c lu s iv e ,  only  one p r o b a b i l i t y  cou ld  be in  

e f f e c t  a t  th e  end o f  any T -c y c le ;  a  c o o rd in a te  system  o f  th e se  

independen t p r o b a b i l i t i e s  i s  g iven  in  F ig . 2.

In  F ig . 2, a t  th e  (0 ,1 )  p o in t  and T=0, every  e n t r y  i n t o  A 

i s  im m ediate ly  fo llow ed  by re in fo rc e m e n t ,  and co n seq u en tly ,  CRF i s  

s p e c i f i e d  f o r  th e  t r a n s i t i o n  A t o  A when th e  organism  i s  in  A 
im m ediate ly  a f t e r  r e in fo rc e m e n t .  S im i l a r ly ,  CRF f o r  th e  t r a n s i t i o n  

A to  A i s  found a t  th e  (1 ,0 )  p o i n t .  Reinforcem ent p ro ced u res  f o r  

re sp o n ses  and s p a t i a l  arrangem ents  a r e  no lo n g er  i d e n t i c a l  whenever 

every  t r a n s i t i o n  i n t o  A (o r  A) i s  n o t  im m ediately  fo llow ed  by r e i n ­

fo rcem en t.  When re in fo rc e m e n t  i s  c o n t in g e n t  on re sp o n se s  ( i . e . ,  
t r a n s i t i o n s ) , an u n re in fo rc e d  resp o n se  must be fo llow ed  by a t  l e a s t  

one o th e r  re sp o n se  in  o rd e r  f o r  re in fo rc e m e n t  t o  o c c u r .  In con­

t r a s t ,  when re in fo rc e m e n t  i s  c o n t in g e n t  on s p a t i a l  a rrangem en ts ,  

a f t e r  an u n re in fo rc e d  t r a n s i t i o n  ( i . e . ,  a response)  i n t o  A (o r  A), 

th e  organism  can rem ain in  A (o r  A) and o b ta in  re in fo rc e m e n t  w i th ­

ou t com pleting  any a d d i t i o n a l  t r a n s i t i o n s .

R e la ted  to  F ig .  2 i s  a s tu d y  by Baum and R ach lin  (1969). 

They d e s c r ib e d  an o rgan ism ’s s p a t i a l  arrangem ents  by th r e e  c l a s s e s :  

l e f t  s id e ,  r i g h t  s id e ,  and c e n te r  o f  an exper im en ta l  chamber. 

R einforcem ent was n ever  a v a i l a b l e  f o r  an organism  in  th e  c e n t e r ,  

and r e in fo rc e m e n t  was a v a i l a b l e  on VI sch ed u les  f o r  b e ing  on th e  

l e f t  and r i g h t  s id e s  o f  th e  chamber. S ince  th e s e  i n v e s t i g a t o r s  

were i n t e r e s t e d  in  th e  a p p l i c a b i l i t y  o f  th e  m atching law to  time 

a l l o c a t i o n ,  th ey  in tro d u c e d  a  changeover d e la y  f o r  a l l  t r a n s i t i o n s  

between th e  two s id e s .  D e s c r ip t iv e ly  and p r o c e d u ra l ly ,  F ig .  2 

p r e s e n t s  th e  s im p le r  ca se ;  t h e r e  a r e  two r a t h e r  th a n  th r e e  ex­

h a u s t iv e  and e x c lu s iv e  c l a s s e s  o f  s p a t i a l  arrangem ents  on which 

r e in fo rc e m e n t  i s  made c o n t in g e n t  w ith o u t  an a d d i t i o n a l  con tingency  

f o r  t r a n s i t i o n s .
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F ig . 2: C oord ina te  system f o r  P(SR |A) and P(SR|A).



(0,1) (1,1)

<
00
CL

(0,0) (1,0 )

P(SR(A)



Exp. I :  N oncontingent R e in fo rcem ent,

The " S u p e r s t i t i o n "  Phenomenon

On th e  d ia g o n a l  o f  F ig .  2 from (0 ,0 )  to  (1 ,1 )  th e  p ro b a ­

b i l i t i e s  o f  re in fo rc e m e n t  f o r  A and A a r e  e q u a l .  Due s p e c i f i c a l l y  

to  th e  s e le c t io n s  o f  and as equal and co te rm inous , and ex­

h a u s t iv e  b e h a v io ra l  c l a s s e s ,  t h i s  d iag o n a l  r e s u l t s  in  th e  p r e s e n ta ­

t i o n  o f  re in fo rc e m e n t  which i s  independen t o f  th e  d i s t r i b u t i o n  o f 

A and A a t  th e  end o f  T -c y c le s .  R einforcem ent p r e s e n t a t i o n  which 

i s  independen t o f  th e  tem poral d i s t r i b u t i o n  o f  b e h a v io ra l  c l a s s e s  

has been d e s ig n a te d  n o n co n tin g en t  r e in fo rc e m e n t  (S choenfe ld  and 
Farmer, 1970).

Among th e  e a r l i e s t  s tu d i e s  o f  th e  e f f e c t s  o f  n o n co n tin g en t  

re in fo rc e m e n t  was S k in n e r 's  (1948) " s u p e r s t i t i o n "  exper im en t.  

S k inner  found, by d e l iv e r in g  re in fo rc e m e n t  once every  15 sec to  

p igeons in d e p e n d e n tly  o f  t h e i r  b e h a v io r ,  t h a t  some re sp o n se  c l a s s  

im m ediately  p receded  r e i n f o r c e r  o c c u rre n c e .  The e s t a b l i s h e d  r e ­

sponse c l a s s e s  under t h i s  p ro ced u re  were d i f f e r e n t  f o r  each 

organism and in c lu d e d  c i r c l e  tu r n in g ,  head t h r u s t i n g ,  p eck in g ,  

and hopping. S u bsequen tly ,  t h i s  experim ent has been r e p l i c a t e d  

by Staddon and Simmelhag (1971).
Sk inner e x p la in ed  th e  a c q u i s i t i o n  o f  th e s e  re sp o n se  

c l a s s e s  by re a so n in g  t h a t  th e  f i r s t  n o n co n tin g en t  re in fo rc e m e n t  

im m ediate ly  fo llow ed some re sp o n se  c l a s s .  The r a t e  o f  t h i s  

re sp o n se  c l a s s  was then  in c r e a s e d ,  and i f  th e  tim e u n t i l  th e  n e x t  

re in fo rc e m e n t  was n o t  long enough f o r  th e  r a t e  to  d e c re a se  back 

to  o p e ra n t  l e v e l ,  th en  t h i s  re sp o n se  c l a s s  was i n c r e a s in g ly  l i k e l y  

to  occur aga in  j u s t  b e fo re  th e  n e x t  re in fo rc e m e n t .  Upon con­

t in u in g  r e i n f o r c e r  p r e s e n t a t i o n s ,  t h i s  re sp o n se  c l a s s  became ever  

more l i k e l y  u n t i l  i t s  o ccu rren c e  was c l e a r  to  th e  naked eye.

A l i n e  r f  r e s e a r c h  on n o n co n tin g en t  r e in fo rc e m e n t  has been 

d i r e c t e d  toward i t s  e f f e c t s  on some R w ith  a p a r t i c u l a r  h i s t o r y  o f  

c o n t in g e n t  re in fo rc e m e n t  (see  f o r  example, H e r rn s te in ,  1966;

Z e i l e r ,  1968; Edwards, 1970; N eu rin g er ,  1970; L a c h te r ,  1971;

L ach ter  e t  a l . ,  1971; Schoenfeld  e t  a l . ,  1972). A f te r  m a in ta in in g
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an R on a  c o n t in g e n t  r e in fo rc e m e n t  sc h e d u le ,  a change was made 

d i r e c t l y  to  a n o n co n tin g en t  sc h e d u le .  These experim en ts  d e t e r ­

mined w hether o r  n o t  n o n co n tin g en t  r e in fo rc e m e n t  m a in ta in ed  th e  

re sp o n se  r a t e s  p r e v io u s ly  e s t a b l i s h e d  by c o n t in g e n t  r e in fo rc e m e n t .  

M aintenance o f  resp o n se  r a t e  has  been found when an organism  has a 

h i s t o r y  o f  t h r e e  re in fo rcem en ts  on a  CRF schedu le  (N euringer ,

1970), and when an organism has a h i s t o r y  o f  v a r i a b l e  d e la y  o f  

re in fo rc e m e n t  (Schoenfeld  e t  a l . ,  1972). A d e c re a se  i n  r a t e  has 

been found when an organism  has a h i s t o r y  o f  i n t e r v a l  (H e r rn s te in ,  

1966; L a c h te r ,  1971; L ach te r  e t  a l . ,  1971) and r a t i o  (Edwards,

1970) r e in fo rc e m e n t .

A second l i n e  o f  r e s e a r c h  has been conducted in  th e  a re a s  

o f  " c o l l a t e r a l 1’ b e h a v io r ,  " sc h e d u le  induced" p o ly d ip s i a ,  and 

" sc h e d u le  induced" a g g re s s io n .  The i n t e r e s t  i n  th e s e  a re a s  has 

been i n  th o se  b eh av io rs  t h a t  do n o t  have a h i s t o r y  o f  c o n t in g e n t  

r e in fo rc e m e n t  b u t  b e a r  a  n o n c o n tin g e n t  r e l a t i o n  to  r e i n f o r c e r  

p r e s e n t a t i o n ,  independen t o f  w hether o r  n o t  r e in fo rc e m e n t  i s  con­

t i n g e n t  on some o th e r  re sp o n se  c l a s s .  In  a l l  o f  th e s e  a r e a s ,  

th e  im portance o f  th e  re in fo rc e m e n t  sch ed u le  has been dem onstra ted . 

L a t ie s  e t  a l .  (1965) have shown t h a t  r e i n f o r c e r  p r e s e n t a t i o n  r e ­

s u l t e d  in  th e  o ccu rrence  o f  " c o l l a t e r a l "  b e h a v io r  and t h a t  

e x t i n c t i o n  r e s u l t e d  in  a  r e t u r n  in  th e  c o l l a t e r a l  b eh av io r  to  i t s  

o p e ra n t  l e v e l .  Falk  (1966a) found t h a t  p o ly d ip s ia  d id  n o t  occur 

under  CRF b u t  d id  occur under  VI 1 min where food re in fo rc e m e n t  

was c o n t in g e n t  on b a r - p r e s s in g .  F a lk  (1966b) has a l s o  shown an 

i n c r e a s e  fo llow ed  by a d e c re a se  i n  th e  amount o f  w ate r  in ta k e  w ith  

in c r e a s e s  in  FI le n g th  where food re in fo rc e m e n t  was ag a in  c o n t in ­

g e n t  on b a r - p r e s s in g .  S i m i l a r ly ,  Burks (1970), a f t e r  m a in ta in in g  

b a r - p r e s s in g  on a  FR sch ed u le  f o r  food r e in fo rc e m e n t ,  has shown 

an in c r e a s e  i n  w ate r  in ta k e  w ith  in c r e a s in g  tim e between the  

p e r i o d ic  p r e s e n t a t io n  o f  n o n co n tin g en t  food r e in fo rc e m e n t .  

H utchinson e t  a l .  (1968) have shown in c r e a s e s  i n  th e  number o f  

a t t a c k  re sp o n ses  w ith  in c r e a s e s  in  t h e  FR req u irem en t  f o r  l e v e r -  

p r e s s in g  under food re in fo rc e m e n t .

An i n v e s t i g a t i o n  o f  th e  d ia g o n a l  run n in g  from (0 ,0 )  to
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(1 ,1 )  i n  F ig .  2 c o n t r ib u te d  to  th e  r e s e a r c h  on n o n co n tin g en t  r e i n ­

forcem ent by an exam ination  o f  th e  e f f e c t s  o f  a s ch ed u le  o f  non­

c o n t in g e n t  r e in fo rc e m e n t  on b e h a v io rs  w ith o u t a  h i s t o r y  o f  c o n t in ­

gen t r e in fo rc e m e n t ,  and by o b se rv in g  th e  e f f e c t s  t h a t  t h i s  r e i n ­

forcem ent sch ed u le  had on A and ft. The i n v e s t i g a t i o n  o f  t h i s  

d ia g o n a l  was a p a ra m e tr ic  i n v e s t i g a t i o n  o f  S k in n e r 's  (1948) 

" s u p e r s t i t i o n "  phenomenon. At th e  (1 ,1 )  p o in t  o f  t h i s  d ia g o n a l ,  

re in fo rc e m e n t  o c c u r re d  p e r i o d i c a l l y  once eve ry  T -cy c le  as i n  FI 

c o n t in g e n t  r e in fo rc e m e n t .  At th e  (0 ,0 )  p o in t  re in fo rc e m e n t  never  

o c c u r re d ;  t h i s  p o in t  was e i t h e r  o p e ra n t  l e v e l  o r  e x t i n c t i o n ,  

depending on w hether i t  p receded  o r  fo llow ed  a sch ed u le  o f  r e i n ­

fo rcem ent. At a l l  o th e r  p o i n t s ,  re in fo rc e m e n t  o ccu rred

a p e r i o d i c a l l y  as  i n  VI c o n t in g e n t  re in fo rc e m e n t .  The p r o b a b i l i t y
Ro f  re in fo rc e m e n t  a t  th e  end o f  any T -cy c le  was P, where P=P(S |A)=

R RP(S |A ). The in te r r e in f o rc e m e n t  tim e (IS T) d i s t r i b u t i o n s

g e n e ra te d  a t  p o in t s  a long  t h i s  d ia g o n a l  had a mean o f  T/P and a

v a r ia n c e  o f  T ^ ( l - P ) /P ^ .
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Method

S u b jec ts

F ive  e x p e r im e n ta l ly  n a iv e  w h ite  Carneaux hens (denoted  as 

P i ,  P2, P3, P4, and P5) app ro x im a te ly  two y e a rs  o ld  were f r e e - f e d  

f o r  30 d a y s ,  th en  reduced  to  80% +_ 15 gm o f  f r e e - f e e d in g  body 

w eight and m ain ta ined  w i th in  t h i s  range  f o r  app rox im ate ly  s ix  

months p r i o r  to  and th roughou t e x p e r im e n ta t io n .

Apparatus

A Lehigh V a lley  E le c t r o n i c s  Pigeon T e s t  Chamber (Model 

1519) was m odified  i n  th e  fo llo w in g  way. The s in g l e  i n t e l l i g e n c e  

p ane l was removed and re p la c e d  by two i n t e l l i g e n c e  p a n e ls  o f  th e  

same s i z e  s e p a ra te d  by 24 .9  cm and des igned  to  ho ld  p h o to c e l l  and 

l i g h t  sou rce  a s se m b lie s .  Both p a n e l s ,  as  shown in  F ig .  3, con­

s i s t e d  o f  fo u r  h o r iz o n ta l  rows o f  f i v e  1 .6  cm d iam ete r  c i r c u l a r  

h o le s .  The low est row was 17.1 cm from th e  chamber f l o o r ,  and 

th e  o th e r  t h r e e  rows were p la c e d  p r o g r e s s iv e ly  h ig h e r  on a pane l 

w a ll  w ith  4 .0  cm v e r t i c a l  s e p a ra t io n  between a l l  rows. The 

c e n te r s  o f  c o n se c u t iv e  h o le s  in  a row were 4 .0  cm a p a r t ,  and 

c o n se c u t iv e  rows were d is p la c e d  h o r i z o n ta l l y  by 2 .0  cm m easuring 

from th e  c e n te r s  o f  th e  h o le s .  The c e n te r  o f  th e  m iddle h o le  on 

t h e  low est row was i n  th e  c e n te r  o f  an i n t e l l i g e n c e  p a n e l .  The 

l i g h t  sou rce  and p h o to c e l l  a ssem b lie s  were from th e  Lehigh V a lley  

E le c tro n ic s :  221-10 p h o to sen so r  u n i t .  The so u rc e s  and c e l l s  were 

mounted in  aluminum s le e v e s  which were th en  in s e r t e d  i n to  th e  

h o le s  in  th e  i n t e l l i g e n c e  p a n e ls  so t h a t  th e y  faced  inw ard. The 

sou rces  and c e l l s  were r e c e s s e d  by th e  s le e v e s  ap p ro x im a te ly  1.1  

cm from th e  fa c e  o f  th e  i n t e l l i g e n c e  p a n e l s .  Three p a i r s  o f  

sources  and c e l l s  were p la c e d  i n  th e  p o s i t i o n s  shown in  F ig .  3 

g iv in g  a t r i a n g u l a r  c o n f ig u ra t io n .  This c o n f ig u ra t io n  was chosen 

on th e  b a s i s  o f  p i l o t  work which in d i c a t e d  t h a t  i t  would r e c o rd  

some o f  t h e  b e h a v io ra l  changes o b ta in e d  under n o n co n tin g en t 

re in fo rc e m e n t ;  no a t te m p t  was made t o  e x p lo re  th e  e f f e c t s  o f  

o th e r  such c o n f ig u ra t io n s .  A ll  h o le s  n o t  c o n ta in in g  so u rces  o r



F ig . 3: The fa c e s  o f  th e  i n t e l l i g e n c e  p a n e ls  ( th e  edge o f  an 

i n t e l l i g e n c e  p an e l lo c a te d  i n  th e  r e a r  o f  th e  chamber i s  

la b e le d  " r e a r 1*; th e  edge in  th e  f r o n t  o f  th e  chamber i s  la b e le d  

" f r o n t " ;  measurements a r e  in  cm).
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c e l l s  were l e f t  u n f i l l e d  so as  to  p e rm it  v e n t i l a t i o n .  The l i g h t  

so u rces  were powered from th e  a m p l i f i e r  o f  th e  LVE 221-10 u n i t ,  

w h ile  th e  p h o to c e l l s  were d isco n n e c ted  from th e  a m p l i f i e r  and 

in t e r f a c e d  i n t o  th e  programming c i r c u i t r y  by BRS (D ig i-B i t )  PA-203 

modules. A_ was d e f in e d  as th e  c l a s s  o f  s p a t i a l  arrangem ents  t h a t  

r e s u l t e d  in  th e  i n t e r r u p t i o n  o f  one o r more o f  th e  t h r e e  l i g h t  

beams; # was a l l  o th e r  s p a t i a l  arrangem ents . The reco rd ed  r e ­

sponse was a t r a n s i t i o n  from $ to  A; t h i s  re sp o n se  was c a l l e d  R^, 

th e  s u b s c r ip t  in d ic a t in g  th e  c l a s s  o f  s p a t i a l  arrangem ents  in to  

which th e  organism moved to  make a re sp o n se .  The ap p a ra tu s  was 

c o n s t ru c te d  so t h a t  when th e  organism a t e  from th e  food hopper, i t  

was in  A- The food hopper and house l i g h t ,  as shown in  F ig .  3, 

were lo c a te d  on o p p o s ite  p a n e ls  and were c e n te re d  on t h e i r  

r e s p e c t iv e  p a n e ls .
Experim enta l c o n d i t io n s  were programmed by BRS e l e c t r o n i c  

modules, p r e c i s io n  c lo c k s ,  and p r o b a b i l i t y  g e n e r a to r s .  Data were 

reco rded  on Sodeco im pulse co u n te rs  and a Gerbrands cum ulative  

r e c o rd e r .

Procedure

The s u b je c ts  were exposed a t  T = 15 sec  to  th e  fo llo w in g  

o rd e r  o f  p o in t s  from th e  d iag o n a l  r e f e r r e d  to  in  F ig .  2: (0 ,0) 

( i . e . ,  o p e ran t  l e v e l ) ;  ( 1 ,1 ) ;  ( . 5 , . 5 ) ;  ( . 2 5 , .2 5 ) ;  ( .1 2 5 , .1 2 5 ) ;  

( .0 8 4 , .0 8 4 ) ;  and then  a r e t u r n  to  th e  (1 ,1 )  p o in t  ( i . e . ,  r e c o v e ry ) .  

S k in n e r 's  (1948) r e in fo rc e m e n t  p rocedure  was d u p l ic a te d  a t  th e

(1 .1 )  p o in t  where r e in fo rc e m e n t  o ccu rred  once every  15 s e c .  A f te r  

exposure to  th e  (0 ,0 )  p o in t ,  th e  f i r s t  s e s s io n  o f  exposure a t  th e

(1 .1 )  p o in t  was d e s ig n a te d  as  th e  s e s s io n  a f t e r  th e  s u b je c t s  had 

f i r s t  been v i s u a l l y  observed  to  e a t  from th e  food hopper. R ein­

forcem ent was t h r e e  sec o f  access  to  P u rin a  p igeon  g r a in .  Data 

were n o t re co rd ed  d u r in g  r e i n f o r c e r  p r e s e n ta t io n ,  and th e  

su c c e ss io n  o f  T -c y c le s  was in t e r r u p t e d  d u r in g  r e i n f o r c e r  p r e ­

s e n ta t i o n .  At r e i n f o r c e r  p r e s e n t a t i o n ,  th e  house l i g h t  went ou t 

and th e  hopper l i g h t  came on; a t  r e i n f o r c e r  t e r m in a t io n ,  th e  

hopper l i g h t  went o u t and th e  house l i g h t  came back on. Table  1 

shows th e  number o f  s e s s io n s  o f  exposure a t  each p o i n t ,  th e  number



Table 1 
Procedure  For Exp. I

Experim ental S ess ions  T -cy c les  Per C r i t e r io n  Mean Of ISRT V ariance Of IS^^T 
P o in t  S ess io n  S ess io n s  D i s t r i b u t io n  D i s t r i b u t io n

(0 ,0 )  6 60
(sec) ( se c 2)

(1 .1 )  And 20 60 5 15 0
Recovery At The
(1 .1 )  P o in t

( . 5 , . 5 ) 20 120 30 450

( .2 5 , .2 5 ) 20 240 60 2,700

( .1 2 5 , .1 2 5 ) 32 300 120 12,600

( .0 8 4 , .0 8 4 ) 36 400 179 29,209

*0ne ex cep tio n  to  th e  p rocedure  d e sc r ib e d  in  Table  1 o ccu rred  due to  an unavo idab le  l a b o ra to ry  
shutdown f o r  11 days. The shutdown occu rred  f o r  P2 and P3 a f t e r  a change had been made from th e  (1 ,1) 
p o in t  to  th e  ( . 5 , . 5 )  p o in t .  For P I ,  P4, and P5, th e  shutdown o ccu rred  w hile  th ey  were be ing  exposed to  
th e  (1 ,1 )  p o in t .  In o rd e r  to  minimize th e  e f f e c t s  o f  th e  11 day la y o f f  on c r i t e r i o n  s e s s io n s  f o r  P I ,  
and P5 a t  th e  (1 ,1 )  p o i n t ,  th e se  s u b je c ts  were exposed to  th e  (1 ,1 )  p o in t  f o r  a t o t a l  o f  35 s e s s io n s  
(2100 re in fo rc e m e n ts ) .  C ond itions  f o r  P I ,  P4, and P5 w ere, o th e rw ise ,  as p re se n te d  in  Table 1.
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o f  T -cy c le s  p e r  s e s s io n ,  th e  number o f  c r i t e r i o n  s e s s io n s  ( th e  

s e s s io n s  a t  th e  end o f  an ex p er im en ta l  p o in t  from which c a lc u -
Rl a t i o n s  were made), and th e  expected  mean and v a r ia n c e  o f  th e  IS T 

d i s t r i b u t i o n s .  Excluding o p e ra n t  l e v e l ,  s u b je c t s  were exposed to  

each exper im en ta l  p o in t  f o r  a p r e d ic te d  number o f  1200 r e i n f o r c e ­

m ents. The p r e d ic te d  number o f  re in fo rc e m e n ts  a t  each p o in t  

a c ro ss  c r i t e r i o n  s e s s io n s  was 300.
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R e s u l ts  And D iscu ss io n

The dependent v a r i a b l e s  ( a l l  f ig u r e s  show means, computed from 

d a ta  pooled  over c r i t e r i o n  s e s s io n s )  a r e :

1) r a t e  ( to  n e a r e s t  .01 re sp o n ses  p e r  s e c ) :  th e  number

o f  t r a n s i t i o n s  from A to  A d iv id e d  by s e s s io n  le n g th ;  s e s s io n  le n g th

d id  n o t  in c lu d e  re in fo rc e m e n t  t im e s .

2) R^ r a t e  as a f u n c t io n  o f  tim e w i th in  a T -c y c le :  th e  15 

sec  T -cy c le  was su b d iv id ed  i n to  f i v e  c o n se c u t iv e  3 -se c  i n t e r v a l s ;

R^ r a t e  was computed f o r  each  o f  th e  f i v e  i n t e r v a l s .  Rate w ith in  

a T -cy c le  was i d e n t i c a l  to  r a t e  w i th in  an IS^T o n ly  a t  th e  (1 ,1 )  

p o in t  where re in fo rc e m e n t  o ccu rred  once every  T -c y c le .

3) p e rc e n t  A ( to  n e a r e s t  1 ) :  p e rc e n ta g e  o f  t im es t h a t  a

s u b je c t  was in  A a t  th e  end o f  each o f  th e  f iv e  3 -se c  i n t e r v a l s

o f  a  T -c y c le .  The end o f  th e  f i f t h  i n t e r v a l  ( i . e . ,  th e  end o f  a 

T -cy c le )  was th e  on ly  i n s t a n t  where re in fo rc e m e n t  could  occu r .

4) PS P ( to  n e a r e s t  .1 s e c ) :  p o s t - r e in fo rc e m e n t -p a u s e ,

t h e  tim e between th e  end o f  r e in fo rc e m e n t  and th e  f i r s t  re sp o n se .

A subject was in A at the end of reinforcement because of the
p o s i t i o n  o f  th e  food hopper r e l a t i v e  to  th e  placem ent o f  th e  l i g h t

beams. C onsequently , th e  f i r s t  re sp o n se  a f t e r  re in fo rc e m e n t  had

to  be a t r a n s i t i o n  from A to  A ( i . e . ,  R.) r a t h e r  th an  a t r a n s i t i o n  
Rfrom A to  A- PS P was, t h e r e f o r e ,  th e  tim e from th e  end o f  r e i n ­

forcem ent to  th e  f i r s t  R ..  S ince  an R. d id  n o t  have to  occur in
R A R Aevery  IS T, i t  was dec id ed  t h a t  a PS P would be te rm in a te d  by

e i t h e r  an R. o r  th e  n e x t  r e in fo rc e m e n t .  The maximum o b ta in a b le  
RPS P a t  any ex p e r im en ta l  p o in t  was t h e r e f o r e  equal to  th e  mean 
d  R R

IS T, and th e  d e r iv e d  measure PS P/Mean IS T was a c t u a l l y  p l o t t e d .
D R  D

PS P/Mean IS T g iv es  th e  p ro p o r t io n  o f  th e  mean IS T t h a t  a  sub­

j e c t  sp en t  in  A b e fo re  th e  f i r s t  R^ a f t e r  r e in fo rc e m e n t .  The 

upper l i m i t  o f  t h i s  measure was 1 which would i n d i c a t e  t h a t  a sub­

j e c t  never  responded a f t e r  any re in fo rc e m e n t ;  th e  lower l i m i t  was 

0. PS P was th e  on ly  measure tak en  d i r e c t l y  on A-
n

5) R̂ / s  (t0  n e a r e s t  1 ): R^s p e r  re in fo rc e m e n t .

6) Time/A ( to  n e a r e s t  .1 s e c ) : tim e p e r  e n t ry  i n t o  A,



t o t a l  amount o f  tim e sp en t  in  A d iv id e d  by th e  t o t a l  number o f  

e n t r i e s  i n to  A. This measure i s  r e sp o n se  d u r a t io n  f o r  R^.

7) Time/A as a f u n c t io n  o f  th e  f i v e  3 -se c  i n t e r v a l s  o f  a

T -c y c le :  tim e was accum ulated f o r  th e  i n t e r v a l s  o f  a  T -c y c le  f o r  

a l l  e n t r i e s  i n t o  A i n i t i a t e d  in  an i n t e r v a l ,  independen t o f  th e  

d u r a t io n  o f  th e  e n t ry .  Time/A f o r  an i n t e r v a l  c o u ld ,  th e r e f o r e ,  

be lo n g e r  th an  th e  d u ra t io n  o f  th e  3 -se c  i n t e r v a l .  At th e  (1 ,1 ) 

p o i n t ,  an e n t ry  in  th e  f i r s t  i n t e r v a l  o f  a T -c y c le  had a maximum 

o f  15 s e c ,  w h ile  an e n t r y  in  th e  f i f t h  i n t e r v a l  o f  a  T -cy c le  had a 

maximum o f  t h r e e  sec .

8) r e l a t i v e  tim e in  A ( to  n e a r e s t  .0 1 ) :  t o t a l  amount o f  

tim e sp en t  in  A d iv id e d  by s e s s io n  le n g th .  This measure i s  th e  

p ro d u c t  o f  Time/A and r a t e .

R e la t io n s  between measures t h a t  were ta k e n  on A and measures 

r e f e r r i n g  to  A:

1) th e  number o f  t r a n s i t i o n s  from A to  A ( i . e . ,  R^) i s  

equa l t o ,  one l e s s ,  o r  one g r e a t e r  th an  th e  number o f  t r a n s i t i o n s  

from A to  A (R^) depending on w ith  which c l a s s  o f  arrangem ents  th e  

organism  s t a r t e d  and ended a s e s s io n .

2) t o t a l  amount o f  tim e sp e n t  in  A d iv id e d  by th e  number

o f  e n t r i e s  i n t o  A (Time/A) can be determ ined  from Time/A and R^

r a t e  from th e  r e l a t i o n s :

r e l a t i v e  tim e in  A + r e l a t i v e  tim e in  A = 1 (a)

r e l a t i v e  tim e in  A = (Time/A) (R^ r a t e )  (b)

r e l a t i v e  tim e in  A = (Time/A) (R^ r a t e )  (c)
s u b s t i t u t i n g  th e  r i g h t  s id e  o f  e q u a t io n s  (b) and (c) in  

eq u a tio n  ( a ) :

(Time/A)(R^ r a t e )  + (Time/A) (R^ r a t e )  = 1 (d)

a l s o :
R^ r a t e  = R^ r a t e  (e)

s u b s t i t u t i n g  th e  r i g h t  s id e  o f  eq u a t io n  (e) in  e q u a t io n  (d) and 

t ra n s p o s in g  R^ r a t e  to  th e  r i g h t  s id e  o f  eq u a tio n  ( d ) :

(Time/A) + (Time/A) = Cl/R^ r a t e )  (f)
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eq u a tio n  ( f )  can be r e w r i t t e n  as :

(Time/A) = (1/R^ r a t e )  -  (Time/A) (g)
o r:

(Time/A) + (Time/A) = ( in te r r e s p o n s e  tim e (h)
f o r  Ra ) .

A v e rb a l  d e s c r ip t i o n  o f  each s u b j e c t ' s  b e h a v io r  a t  th e

(1 ,1 )  p o in t  i s  found in  Table  2. There was no a t te m p t  made in  

Table  2 to  p ro v id e  an e x h a u s t iv e  account o f  th e  s u b j e c t s '  b e h a v io r ;  

th e  d e s ig n a t io n  o f  b eh av io rs  as  o c c u r r in g  " j u s t  a f t e r "  and " j u s t  

b e fo re "  r e i n f o r c e r  p r e s e n ta t io n  was made s o le ly  by v i s u a l  

i n s p e c t io n  w ith  th e  exper im en te r  a c t in g  as th e  o b s e rv e r .  The ob­

s e rv a t io n s  in  Table 2 were from th e  c r i t e r i o n  s e s s io n s  a t  th e  (1 ,1 )  

p o in t .  Table  2 shows t h a t ,  in  th e  p r e s e n t  experim en t,  th e  v a r i e t y  

o f  b e h a v io rs  e s t a b l i s h e d  under nonco n tin g en t re in fo rc e m e n t  w ith  th e  

p igeon  was comparable to  o th e r  experim ents  u s in g  th e  same p ro ­

cedure and organism ( i . e . ,  S k in n e r ,  1948; Staddon and Simmelhag,

1971). At t h i s  r e in fo rc e m e n t  d e n s i ty ,  each s u b je c t  showed a 

un ique p a t t e r n  o f  movement and, as  Staddon and Simmelhag (1971) 

have p o in te d  o u t ,  a d i f f e r e n t  re sp o n se  p receded  re in fo rc e m e n t  th an  

fo llow ed  re in fo rc e m e n t .  A d d i t io n a l ly ,  Table 2 g iv e s  some i n d i ­

c a t io n  o f  th o se  v e rb a l  c a te g o r ie s  which corresponded  to  i n t e r ­

r u p t io n  o f  th e  l i g h t  beams. At o p e ra n t  l e v e l ,  a l l  s u b je c ts  seldom 

moved from a crouched p o s i t i o n .  Compared to  o p e ra n t  l e v e l  

a c t i v i t y ,  th e  e f f e c t  o f  p r e s e n t in g  re in fo rc e m e n t  a t  th e  (1 ,1 )  p o in t  

was to  i n c r e a s e ,  over o p e ran t  l e v e l ,  th e  o v e r a l l  a c t i v i t y  o f  each 

s u b je c t .  Some o f  t h i s  a c t i v i t y  change was reco rd ed  by A and A- 

The s e n s i t i v i t y  o f  measures taken  on A and A to  th e  be­

h a v io r a l  changes o c c u r r in g  under n o n co n tin g en t r e in fo rc e m e n t  can 

be seen in  F ig s .  4 and 5. Both s e t s  o f  f ig u r e s  show r a t e  as  a 

fu n c t io n  o f T/P (T/P was chosen in  p la c e  o f  p r o b a b i l i t y  so t h a t  

changes a long th e  a b c i s s a  would correspond  to  th e  a c tu a l  o rd e r  in  

which s u b je c t s  were exposed to  th e  ex p er im en ta l  p o in t s ;  see  Table  

1 f o r  a  t r a n s l a t i o n  between p r o b a b i l i t y  and T /P ) . The o p e ra n t  

l e v e l  f o r  a l l  s u b je c ts  was n e a r ly  z e ro .  Reinforcem ent was f i r s t



Table 2
Verbal D e s c r ip t io n  o f  The S u b je c t s 1 Behavior At The (1 ,1 )  P o in t

Subj e c t  

PI

P2

P3

P4

P5

Behavior J u s t  A f te r  R e in fo rc e r  P re s e n ta t io n

coun te rc lockw ise  c i r c l i n g  ( i n t e r r u p t s  l i g h t  
beams)

w alking along r i g h t  i n t e l l i g e n c e  p ane l ( i n t e r  
r u p ts  l i g h t  beams)

no beh av io r  d is c e rn a b ly  d i f f e r e n t  from th e  
one o c c u r r in g  j u s t  b e fo re  r e i n f o r c e r  p re se n ­
t a t i o n

back and f o r t h  head movements i n  f r o n t  o f  
r i g h t  i n t e l l i g e n c e  p ane l ( i n t e r r u p t s  l i g h t  
beams)

c i r c l i n g  and w alking a long r i g h t  i n t e l l i g e n c e  
pane l ( i n t e r r u p t s  l i g h t  beams)

Behavior J u s t  Before R e in fo rc e r  P r e s e n ta t io n  

s ta n d in g  n e a r  or f a c in g  th e  f r o n t  w all

head bobbing in  r i g h t  f r o n t  co rn e r

head bobbing in  r i g h t  f r o n t  co rn e r

head lowered to  food hopper

fa c in g  r e a r  w all

*
The d i v i s i o n  o f  b eh av io rs  i n t o  th o se  o c c u r r in g  j u s t  a f t e r  and j u s t  b e fo re  r e i n f o r c e r  p r e s e n ta t io n  fo llow s 

Staddon and Simmelhag (1971).



F ig . 4: Rate as a fu n c t io n  o f  T/P f o r  P I ,  P2, and P3 [ o p e ran t  

l e v e l  i s  a b b re v ia te d  M0L"; unconnected d a ta  p o in t s  a r e  th e  r a t e s  

f o r  th e  re c o v e ry  a t  th e  (1 ,1 )  p o in t  ] .
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F ig . 5: Rate as a f u n c t io n  o f  T/P f o r  P4 and P5 [ o p e ra n t  l e v e l  

i s  a b b re v ia te d  "OL"; unconnected  d a ta  p o in t s  a re  th e  r a t e s  f o r  

th e  reco v e ry  a t  th e  (1 ,1 )  p o in t  ] .
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p re se n te d  a t  T/P = 15 s e c ,  and th e r e  was a subsequent r i s e  in  r a t e  

over o p e ra n t  l e v e l  f o r  a l l  s u b je c t s .  These r a t e  in c r e a s e s  were 

e v id e n t  on th e  f i r s t  ex p er im en ta l  s e s s io n .  The r a t e  changes from 

o p e ra n t  l e v e l  a t  T/P = 15 sec  were s u b s t a n t i a l  f o r  fo u r  o f  th e  f i v e  

s u b je c t s  w i th  P3 showing a sm all in c r e a s e  ( .02  R / s e c )  which 

e v e n tu a l ly  became unequ ivoca l a t  T/P = 120 s e c .  A ll  s u b je c ts  

showed a  maximum r a t e  a t  some p o in t  between th e  p o in t  o f  h ig h e s t  

( i . e . ,  T/P = 15 sec) and low est ( i . e . ,  T/P = 179 sec) f requency  

o f  r e in fo rc e m e n t .

R e la t iv e  tim e i n  A a s  a  fu n c t io n  o f  T/P i s  shown in  F ig s .

6 and 7. As w ith  th e  r a t e  fu n c t io n s ,  a c l e a r  change over o p e ra n t  

l e v e l  was e v e n tu a l ly  dem onstra ted  f o r  a l l  s u b je c t s ,  and th e se  

fu n c t io n s  a l s o  went th ro u g h  a maximum. The s i m i l a r i t y  i n  shape 

between th e  r a t e  (F ig s .  4 and 5) and r e l a t i v e  tim e (F ig s .  6 and 7) 

fu n c t io n s  su g g e s ts  t h a t  changes in  r e l a t i v e  tim e [= ( r a t e )

(Time/A)] cou ld  have been p r im a r i ly  de term ined  by changes i n  r a t e  

w ith  on ly  sm all changes o c c u r r in g  in  Time/A. However, i f  Time/A 

showed on ly  sm all changes, th en  changes in  r a t e  must have been 

p r im a r i ly  de term ined  by changes in  Time/A. This  was indeed  th e  

case  as can be seen  when, in  F ig s .  8 and 9, Time/A i s  p l o t t e d  as 

a fu n c t io n  o f  T/P. For com parison, Time/A was a ls o  in c lu d ed  in  

F ig s .  8 and 9 ,  and was c a lc u la te d  from r a t e  and Time/A [(Time/A) + 

(Time/A) = ( 1 / R̂  r a t e ) ] .  F ig s .  8 and 9 show t h a t  Time/A changed 
on ly  s l i g h t l y ,  ex cep t  f o r  PI a t  T/P = 120 s e c ,  when T/P in c re a s e d  

as compared to  th e  changes e f f e c te d  in  Time/A. An e f f e c t  o f  d e ­
c r e a s in g  th e  p r o b a b i l i t y  o f  n o n co n tin g en t re in fo rc e m e n t  was r e ­

f l e c t e d  in  th e  tim e sp en t  i n  one o f  th e  two c la s s e s  o f  s p a t i a l  

a rrangem en ts .  This  f in d in g  has been observed  f o r  c o n t in g e n t  r e i n ­

forcem ent where re sp o n se  d u r a t io n  ( i . e . ,  Time/A) was shown to  be 

r e l a t i v e l y  i n s e n s i t i v e  to  changes in  e i t h e r  r a t i o  (S ch aefe r  and 

S t e i n h o r s t ,  1959) o r  i n t e r v a l  re in fo rc e m e n t  sch ed u les  (M illenson  

e t  a l . ,  1961); o n ly  when a change was made to  e x t in c t i o n  from a 

r a t i o  o r  i n t e r v a l  sc h e d u le ,  o r  a change was made from CRF t o  a 

r a t i o  o r  i n t e r v a l  sch ed u le  was a co rrespond ing  change r e p o r te d  f o r  

re sp o n se  d u r a t io n .
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F ig . 6: R e la t iv e  tim e in  A as a f u n c t io n  o f  T/P f o r  P I ,  P2, and 

P3 [ o p e ra n t  l e v e l  i s  a b b re v ia te d  "OL"; unconnected  d a ta  p o in t s  

a r e  th e  r e l a t i v e  tim es f o r  th e  re c o v e ry  a t  th e  (1 ,1 )  p o in t  ] .
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F ig . 7: R e la t iv e  tim e in  A as a f u n c t io n  o f  T/P f o r  P4 and P5 

[ o p e ran t  l e v e l  i s  a b b re v ia te d  "OL"; unconnected  d a ta  p o in t s  a re  

th e  r e l a t i v e  tim es f o r  th e  reco v ery  a t  th e  (1 ,1 )  p o in t  ] .
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F ig .  8: Time p e r  e n t ry  as  a f u n c t io n  o f  T/P f o r  P I ,  P2, and P3.
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F ig . 9: Time p e r  e n t ry  as  a fu n c t io n  o f  T/P f o r  P4 and P5.
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The c o n t in g e n t  re in fo rc e m e n t  sch ed u le s  t h a t  g e n e ra te  IS T 

d i s t r i b u t i o n s  which most c lo s e ly  approxim ate  th e  IS T d i s t r i b u t i o n s  

o f  t h i s  p r e s e n t  s tu d y  a r e  F a rm e r 's  (1962) random i n t e r v a l  

sc h e d u le s .  These sch ed u les  were such t h a t  th e  f i r s t  R a f t e r  th e  

end o f  a r e p e a t in g  tim e c y c le  o f  le n g th  T was fo llow ed  by r e i n ­

forcem ent w ith  p r o b a b i l i t y  P. Given t h a t  th e  organism makes a t

l e a s t  one R p e r  T -c y c le ,  random i n t e r v a l  sch ed u les  r e s u l t  in  a
Rmean and v a r ia n c e  o f  th e  IS T d i s t r i b u t i o n ,  as in  t h i s  s tu d y ,  o f 

2 2T/P and T (1 -P ) /P  , r e s p e c t i v e l y .  Farmer used f i v e  groups o f  p i ­

geons each having a d i f f e r e n t  v a lu e  o f  T and m anipu la ted  P w i th in  

each group. In  th e  p r e s e n t  s tu d y ,  a s  Farmer found f o r  a key peck

re sp o n se ,  i t  can be seen in  F ig s .  10 and 11, r e s p e c t i v e l y ,  t h a t
R R RR^/S g e n e r a l ly  in c re a s e d  w ith  in c r e a s in g  T/P, and PS P/Mean IS T

g e n e r a l ly  d ec rease d  w ith  in c r e a s in g  T/P. Farmer (1962) d id  no t 
R Ra c t u a l l y  p l o t  PS P/Mean IS T as  a fu n c t io n  o f  T/P; t h i s  measure i s  

computable from h i s  p re se n te d  raw d a t a ,  and a l l  12 s u b je c t s  showed 

d e c re a s in g  fu n c t io n s .

F ig s .  12-16 show r a t e ,  a t  each ex p er im en ta l  p o i n t ,  p l o t t e d  

as a fu n c t io n  o f  th e  f i v e  3 -sec  i n t e r v a l s  o f  a T -cy c le  f o r  each 

s u b je c t .  O perant l e v e l  was in c lu d ed  in  th e s e  fu n c t io n s  to  demon­

s t r a t e  ag a in  th e  s e n s i t i v i t y  o f  A and to  th e  b e h a v io ra l  changes 

o c c u r r in g  under  n o n co n tin g en t  re in fo rc e m e n t .  Except f o r  P3, th e  

p r e s e n ta t io n  o f  n o n co n tin g en t  re in fo rc e m e n t  a t  th e  (1 ,1 )  p o in t  r e ­

s u l t e d  in  a change over o p e ra n t  l e v e l  f o r  n e a r ly  a l l  i n t e r v a l s  o f  a 

T -c y c le ,  th o se  tem p o ra l ly  d i s t a n t  as w ell as th o se  tem p o ra l ly  c lo se  

to  r e i n f o r c e r  p r e s e n t a t i o n .  The l a r g e s t  changes in  R^ r a t e  were 

o b ta in ed  i n  th e  tim e i n t e r v a l s  o f  a T -cy c le  which im m ediately  f o l ­

lowed re in fo rc e m e n t .  In  g e n e r a l ,  th e  fu n c t io n s  a t  th e  (1 ,1 )  p o in t  

were curved w ith  a maximum a t  e i t h e r  th e  f i r s t  o r  second i n t e r v a l  

o f  a T -cy c le  a f t e r  which r a t e  dec reased  as  th e  tim e f o r  r e i n f o r c e ­

ment approached . Staddon and Simmelhag (1971) p re se n te d  noncon­

t in g e n t  food re in fo rc e m e n t  to  p igeons  once every  12 s e c .  The r e i n ­

forcem ent p rocedure  most s im i l a r  to  S ta d d o n 's  and Simmelhag’ s 

in  th e  p r e s e n t  s tu d y ,  i s  found a t  th e  (1 ,1 )  p o in t  where r e i n f o r c e ­

ment occu rred  every  15 s e c .  The low R^ r a t e s  o b ta in e d  in  th e  l a t e r
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F ig .  10: R ./S R as  a  fu n c t io n  o f  T/P f o r  a l l  s u b je c t s .
A
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F ig .  11: PS^P/Mean IS^T as a f u n c t io n  o f  T/P f o r  a l l  s u b je c t s  

[ unconnected  d a ta  po: 

a t  th e  (1 ,1 )  p o in t  ] .

R R[ unconnected  d a ta  p o in t s  a r e  th e  PS Ps/Mean IS T f o r  th e  re c o v e ry
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F ig . 12: R a te ,  a t  each exper im en ta l  p o in t ,  as  a fu n c t io n  o f  th e  

f i v e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  PI [ o p e ra n t  l e v e l  i s  a b b re ­

v i a te d  "OL"; re c o v e ry  i s  a r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  the  

( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig . 13: R a te ,  a t  each ex p er im en ta l  p o i n t ,  as a f u n c t io n  o f  th e  

f i v e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P2 [ o p e ran t  l e v e l  i s  a b b re ­

v i a t e d  "OL"; reco v e ry  i s  a r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  th e  

( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig .  14: R a te ,  a t  each ex p er im en ta l  p o i n t ,  as a f u n c t io n  o f  th e  

f i v e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P3 [ o p e ra n t  l e v e l  i s  a b b re ­

v i a t e d  "OL"; r e c o v e ry  i s  a  r e t u r n  t o  th e  (1 ,1 )  p o in t  a f t e r  th e  

( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig .  15: R a te ,  a t  each exper im en ta l  p o i n t ,  as a f u n c t io n  o f  th e  

f i v e  3 -sec  i n t e r v a l s  o f  a T -cy c le  f o r  P4 [ o p e ra n t  l e v e l  i s  a b b re ­

v i a t e d  n0LM; reco v e ry  i s  a  r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  the  

( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig . 16: R a te ,  a t  each exper im en ta l  p o i n t ,  as a fu n c t io n  o f  th e  

f iv e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P5 [ o p e ran t  l e v e l  i s  a b b re ­

v ia te d  "OL"; re c o v e ry  i s  a r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  th e  

( .0 8 4 , .0 8 4 )  p o in t  ] .
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i n t e r v a l s  o f  a  T -cy c le  a t  th e  (1*1) p o in t  showed, as p r e v io u s ly  

observed by Staddon and Simmelhag, t h a t  a  re sp o n se  which o ccu rred  

soon a f t e r  n o n co n tin g en t  r e in fo rc e m e n t  r a r e l y  occu rred  j u s t  b e fo re  

n o n co n tin g en t re in fo rc e m e n t .  In  th e  p r e s e n t  s tu d y ,  th e  e f f e c t  o f  

d e c re a s in g  th e  p r o b a b i l i t y  o f  n o n co n tin g en t  re in fo rc e m e n t  was a 

p ro g re s s iv e  f l a t t e n i n g  o f  th e  r a t e  w i th in  a T -cy c le  fu n c t io n s  

u n t i l  n e a r ly  f l a t  fu n c t io n s  were o b ta in e d  a t  th e  lower p r o b a b i l ­

i t i e s  o f  re in fo rc e m e n t .  This f in d in g  can be extended from T- 
£

c y c le s  to  IS Ts by an exam ination  o f  th e  cum ula tive  re c o rd s  p r e ­

sen te d  in  F ig s .  17-21. These cu m ula tive  r e c o rd s  were taken  f o r  

a l l  s u b je c ts  from th e  b eg inn ing  o f  th e  l a s t  c r i t e r i o n  s e s s io n  a t  

each ex p er im en ta l  p o in t .  The r e c o rd s  show t h a t  th e  fu n c t io n s  in  

F ig s .  12-16 were n o t  th e  r e s u l t  o f  b e h a v io r  in  only  a  few T-

c y c le s  between re in fo rc e m e n ts  b u t were d e s c r i p t i v e  o f  b eh av io r  
Rth roughou t IS Ts. The change in  th e  shape o f  th e  f u n c t io n  fo r

£
r a t e  w i th in  an IS T from curved to  f l a t  as  r e i n f o r c e r  p r e s e n ta t io n  

went from p e r io d ic  [ i . e . ,  th e  (1 ,1 )  p o in t ]  to  a p e r io d ic  ( i . e . ,  a l l  

o th e r  p o in t s )  has s i m i l a r l y  been shown under c o n t in g e n t  r e i n f o r c e ­

ment when a change was made from a FI to  a VI re in fo rc e m e n t  

schedu le  ( F e r s t e r  and S k in n er ,  1957; Farmer, 1962; C a ta n ia  and 

Reynolds, 1968). Compared to  FI s c h e d u le s ,  th e  f l a t t e r  f u n c t io n s

f o r  r a t e  w i th in  an IS T found w ith  VI sch ed u les  were n e c e s s a r i l y
Rdue to  in c r e a s e s  in  th e  v a r ia n c e  o f  th e  IS T d i s t r i b u t i o n .  This

su g g e s ts  t h a t  th e  f l a t  r a t e  fu n c t io n s  o b ta in e d  h e re  were a l s o  due
£

p r im a r i ly  to  i n c r e a s e s  in  th e  v a r ia n c e  o f  th e  IS T d i s t r i b u t i o n

a l th o u g h ,  in  th e  p r e s e n t  s tu d y ,  a d e c re a se  in  th e  p r o b a b i l i t y  o f

re in fo rc e m e n t ,  w ith  T c o n s ta n t ,  caused  an in c r e a s e  in  b o th  th e
Rmean and th e  v a r ia n c e  o f  th e  IS T d i s t r i b u t i o n .

As w ith  th e  r a t e  fu n c t io n s  w i th in  a T -c y c le ,  F ig s .  22-26 

show t h a t  a s  p r o b a b i l i t y  d e c re a se d  th e  f u n c t io n s  f o r  p e rc e n t  A a t  

th e  end o f  each tim e i n t e r v a l  o f  a T -c y c le  became p r o g re s s iv e ly  

f l a t t e r .  For a l l  s u b je c t s ,  th e  p e r c e n t  A f o r  a l l  tim e i n t e r v a l s  

was a f f e c te d  by a d e c re a se  in  th e  p r o b a b i l i t y  o f  r e in fo rc e m e n t .

The d a ta  from F ig s .  22-26 were r e p l o t t e d  in  F ig s .  27-31 to  show 

th e  e f f e c t  on p e rc e n t  A a t  th e  end o f  each tim e i n t e r v a l  o f  i n ­

c re a s in g  T/P ( i . e . ,  d e c re a s in g  th e  p r o b a b i l i t y  o f  r e in fo rc e m e n t) .



F ig . 17: Cum ulative re c o rd s  from th e  beg in n in g  o f  th e  l a s t  c r i t e r i o n  

s e s s io n  a t  each exper im en ta l  p o in t  f o r  PI ( s la s h e s  r e p re s e n t  

re in fo rc e m e n ts  ) .
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F ig . 18: Cum ulative re c o rd s  from th e  beg in n in g  o f  th e  l a s t  c r i t e r i o n  

s e s s io n  a t  each exper im en ta l  p o in t  f o r  P2 ( s la s h e s  r e p r e s e n t  

re in fo rc e m e n ts  ) .
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F ig .  19: Cumulative re c o rd s  from th e  b eg inn ing  o f  th e  l a s t  c r i t e r i o n  

s e s s io n  a t  each exper im en ta l  p o in t  f o r  P3 ( s la s h e s  r e p r e s e n t  

r e in fo rc e m e n ts  ) .
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F ig . 20: Cum ulative re c o rd s  from th e  b eg inn ing  o f  th e  l a s t  c r i t e r i o n  

s e s s io n  a t  each ex p er im en ta l  p o in t  f o r  P4 ( s la s h e s  r e p r e s e n t  

re in fo rc e m e n ts  ) .
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F ig . 21: Cum ulative re c o rd s  from th e  b eg inn ing  o f  th e  l a s t  c r i t e r i o n  

s e s s io n  a t  each exper im en ta l  p o in t  f o r  P5 ( s la s h e s  r e p r e s e n t  

re in fo rc e m e n ts  ) .
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F ig .  22: P e rcen t  A, a t  each  ex p e r im en ta l  p o i n t ,  as a  f u n c t io n  o f 

th e  f iv e  3 -se c  i n t e r v a l s  o f  a  T -cy c le  f o r  PI [ re c o v e ry  i s  a r e tu r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  ( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig .  23: P e rcen t  A, a t  each ex p e r im en ta l  p o i n t ,  as a f u n c t io n  o f  

th e  f i v e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P2 [ re c o v e ry  i s  a r e t u r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  ( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig .  24: P e rc e n t  A, a t  each ex p e r im en ta l  p o i n t ,  as  a f u n c t io n  o f  

th e  f i v e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P3 [ r e c o v e ry  i s  a r e tu r n  

t o  th e  (1 ,1 )  p o in t  a f t e r  th e  ( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig .  25: P e rc e n t  A, a t  each  ex p e r im en ta l  p o i n t ,  as a  f u n c t io n  o f  

th e  f i v e  3 -se c  i n t e r v a l s  o f  a  T -c y c le  f o r  P4 [ re c o v e ry  i s  a  r e tu r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  ( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig . 26: P e rc e n t  A, a t  each ex p er im en ta l  p o i n t ,  as a f u n c t io n  o f 

th e  f i v e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P5 [ re c o v e ry  i s  a  r e t u r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  ( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig . 27: P e rc e n t  A, f o r  each i n t e r v a l  o f  a T -c y c le ,  as  a f u n c t io n  o f  

T/P f o r  PI ( i n t e r v a l  i s  a b b re v ia te d  "INT" ) .
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F ig .  28: P e rc e n t  A, f o r  each i n t e r v a l  o f  a  T -c y c le ,  as a fu n c t io n  o f  
T/P f o r  P2 ( i n t e r v a l  i s  a b b re v ia te d  "INT" ) .
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F ig . 29: P e rcen t  A, f o r  each i n t e r v a l  o f  a T -c y c le ,  as  a fu n c t io n  o f  

T/P f o r  P3 ( i n t e r v a l  i s  a b b re v ia te d  "INT" ) .
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F ig .  30: P e rc e n t  A, f o r  each, i n t e r v a l  o f  a T -c y c le ,  as  a f u n c t io n  o f  

T/P f o r  P4 ( i n t e r v a l  i s  a b b re v ia te d  ” INTn ) .
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F ig .  31: P e rc e n t  A, f o r  each i n t e r v a l  o f  a T -c y c le ,  as a f u n c t io n  o f  

T/P f o r  P5 ( i n t e r v a l  i s  a b b re v ia te d  "INT" ) .
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The s i m i l a r i t y  o f  th e  shapes o f  th e s e  fu n c t io n s  f o r  each  s u b je c t  

Showed t h a t  th e  p e rc e n t  A o b ta in in g  a t  th e  i n s t a n t  o f  r e i n f o r c e ­

ment ( i . e . ,  t h e  end o f  th e  f i f t h  i n t e r v a l )  was n o t  a f f e c te d  

d i f f e r e n t l y ,  in  term s o f  d i r e c t i o n  o f  change, by a d e c re a se  in  

p r o b a b i l i t y  th a n  p e rc e n t  A a t  th e  end o f  i n t e r v a l s  more tem p o ra lly  

d i s t a n t  from r e i n f o r c e r  p r e s e n t a t i o n .  For each  s u b je c t ,  i t  i s  a l s o  

o f  i n t e r e s t  to  n o te  t h a t ,  f o r  each  tim e i n t e r v a l  o f  a T -c y c le ,  a l l  

o f  th e s e  p e rc e n t  A fu n c t io n s  were s im i l a r  in  shape to  th e  r e l a t i v e  

tim e f u n c t io n  (F ig .  6 o r  F ig .  7 ) .  This su g g e s ts  t h a t  th e  r e l a t i v e  

tim e fu n c t io n  could  be used to  p r e d i c t  th e  shape o f  th e  p e rc e n t  A 

and T/P f u n c t io n  f o r  any i n s t a n t  w i th in  a T -c y c le .  Although th e  

r e l a t i v e  tim e and r a t e  f u n c t io n s  were q u i t e  s im i l a r ,  a  r e l a t i v e  

tim e fu n c t io n  was th e  b e t t e r  p r e d i c t o r  o f  th e  shape o f  a p e rc e n t  A 

fu n c t io n  because  o f  th e  sm all changes t h a t  d id  occur in  Time/A 

(F ig s .  8 and 9 ) .  D if fe re n c e s  i n  shape between th e  p e rc e n t  A and 

r e l a t i v e  tim e fu n c t io n s  were most commonly due to  th e  v a lu e s  fo r  

p e r c e n t  A o b ta in e d  a t  T/P = 15 s e c .

Time/A as  a  f u n c t io n  o f  th e  f i v e  3 -se c  i n t e r v a l s  o f  a T- 

c y c le  i s  shown i n  F ig s .  32-36. Although th e s e  f u n c t io n s  d id  no t 

show th e  sy s te m a t ic  changes found w ith  th e  co rresp o n d in g  r a t e  and 

p e r c e n t  A f u n c t io n s ,  th e r e  seems to  be a t r e n d  toward f l a t t e r  

fu n c t io n s  as p r o b a b i l i t y  d e c re a se d .  For P2, P4, and P5, th e  

fu n c t io n s  were f l a t t e r  a t  T/P = 179 sec  th an  th ey  were a t  T/P = 15 

sec  f o r  bo th  th e  i n i t i a l  exposure to  th e  (1 ,1 )  p o in t  and th e  r e ­

covery  o f  th e  (1 ,1 )  p o in t ;  th e  t r e n d  toward f l a t t e r  fu n c t io n s  was 

p a r t i c u l a r l y  c l e a r  fo r  P4.

Except f o r  P3, th e  r a t e s  (F ig s .  4 and 5) and r e l a t i v e  tim es 

in  A (F ig s .  6 and 7) o b ta in e d  on th e  re c o v e ry  o f  th e  (1 ,1 )  p o in t  

were c lo s e ,  r e s p e c t i v e l y ,  to  th e  r a t e s  and r e l a t i v e  tim es i n  A 

o b ta in e d  on th e  i n i t i a l  exposure to  th e  (1 ,1 )  p o i n t ;  and th e  r a t e s  

and r e l a t i v e  tim es i n  A o b ta in e d  in  re c o v e ry  were n e i t h e r  u n i -  

fo rm a l ly  h ig h e r  n o r  lower th a n  th e  r a t e s  and r e l a t i v e  tim es in  A 

found on th e  i n i t i a l  exposure to  th e  (1 ,1 )  p o i n t .  The d i f f e r e n c e s  

in  r a t e  between th e  i n i t i a l  exposure  to  th e  (1 ,1 )  p o in t  and th e  

re c o v e ry  a t  th e  (1 ,1 )  p o in t  were Crate a t  i n i t i a l  exposure minus



F ig . 32: Time/A ( t o t a l  amount o f  tim e sp e n t  i n  A d iv id e d  by th e  

t o t a l  number o f  e n t r i e s  i n t o  A ) ,  a t  each  ex p er im en ta l  p o i n t ,  as  a 

fu n c t io n  o f  th e  f i v e  3 -se c  i n t e r v a l s  o f  a  T -cy c le  f o r  PI [ reco v ery  

i s  a r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  th e  ( .0 8 4 , .0 8 4 )  p o in t  ] .
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F ig . 33: Time/A ( t o t a l  amount o f  tim e sp e n t in  A d iv id e d  by th e  

t o t a l  number o f  e n t r ie s  in to  A ) ,  a t  each  ex p erim en ta l p o in t ,  as a 

fu n c tio n  o f  th e  f iv e  3 -se c  i n t e r v a l s  o f  a T -cy c le  fo r  P2 [ reco v ery  

i s  a r e tu r n  to  th e  (1 ,1 ) p o in t  a f t e r  th e  ( .0 8 4 ,.0 8 4 )  p o in t  ] .
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F ig . 34: Time/A ( t o t a l  amount o f tim e sp e n t in  A d iv id e d  by th e  

t o t a l  number o f  e n t r ie s  in to  A ) ,  a t  each  ex p e rim en ta l p o in t ,  as  a 

fu n c tio n  o f  th e  f iv e  3 -sec  in t e r v a l s  o f  a  T -cy c le  fo r  P3 [ reco v e ry  

i s  a r e tu r n  to  th e  (1 ,1 )  p o in t  a f t e r  th e  ( .0 8 4 ,.0 8 4 )  p o in t  ] .
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F ig . 35: Time/A ( t o t a l  amount o f  tim e sp en t in  A d iv id e d  by th e  

t o t a l  number o f  e n t r i e s  in to  A ) ,  a t  each  ex p erim en ta l p o in t , as a 

fu n c tio n  o f  th e  f iv e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P4 [ reco v ery  

i s  a r e tu r n  to  th e  (1 ,1 ) p o in t  a f t e r  th e  ( .0 8 4 ,.0 8 4 )  p o in t  ) .
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F ig . 36: Time/A ( t o t a l  amount o f  tim e sp e n t in  A d iv id e d  by th e  

t o t a l  number o f  e n t r ie s  in to  A ) ,  a t  each ex p e rim en ta l p o i n t , as a 

fu n c tio n  o f  th e  f iv e  3 -sec  in t e r v a l s  o f  a T -cy c le  f o r  P5 [ reco v ery  

i s  a r e tu r n  to  th e  (1 ,1 ) p o in t  a f t e r  th e  ( .0 8 4 ,.0 8 4 )  p o in t  ] .
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r a t e  a t  re v o v e ry ) : .01 f o r  P I; .02 f o r  P2; - .2 1  f o r  P3; - .0 7  

f o r  P4; and .03 f o r  P5. The d i f f e r e n c e s  in  r e l a t i v e  tim e betw een 

th e  i n i t i a l  exposure to  th e  (1 ,1 ) p o in t  and th e  re c o v e ry  a t  th e

(1 .1 ) p o in t  were ( r e l a t i v e  tim e a t  i n i t i a l  exposure minus r e l a t i v e  

tim e a t  re c o v e ry ) :  .02 f o r  P I; .05 f o r  P2; - .1 3  f o r  P3; - .0 4  f o r  

P4; and .02 f o r  P5. PS^P/Mean IS^T (F ig . 11) showed a  d ec re a se  

o v er th e  i n i t i a l  exposure to  th e  (1 ,1 )  p o in t  on re c o v e ry  a t  th e

(1 .1 )  p o in t  f o r  P2 and P3, and an in c re a s e  f o r  P I, P4, and P5.
R RThe d i f f e r e n c e s  in  PS P/Mean IS T betw een th e  two ex posu res to  th e

(1 .1 )  p o in t  were la rg e  f o r  some s u b je c ts  o th e r  th an  P3; P I , f o r
R Rexam ple, showed over a th r e e - f o ld  in c re a s e  in  PS P/Mean IS T on

re c o v e ry  a t  th e  (1 ,1 )  p o in t .  Except f o r  P3, a l l  o f  th e  rem ain ing

fo u r  s u b je c ts  would, how ever, show th e  same d e c re a s in g  fu n c tio n s  
R Rbetw een PS P/Mean IS T and T/P i f  th e  v a lu e s  o b ta in e d  on th e  

i n i t i a l  exposure to  th e  (1 ,1 )  p o in t  were re p la c e d  by th e  v a lu e s  

o b ta in e d  f o r  th e  re c o v e ry  a t  th e  (1 ,1 )  p o in t .  Except f o r  P3, th e  

r a t e  fu n c tio n s  w ith in  a T -cy c le  (F ig s . 12-16) and th e  p e rc e n t A 

fu n c tio n s  w ith in  a  T -cy c le  (F ig s . 22-26) were f l a t  a t  th e  ( .0 8 4 , 

.084) p o in t  and su b se q u en tly  resum ed, in  re c o v e ry , th e  curved  

shape which had been p re v io u s ly  o b ta in e d  on th e  i n i t i a l  exposure 

to  th e  (1 ,1 )  p o in t .  The maximum o f  b o th  th e  r a t e  and p e rc e n t A 

fu n c tio n s  w ith in  a T -cy c le  g e n e ra l ly  o ccu rred  in  th e  same in te r v a l  

o f  a  T -c y c le  f o r  th e  i n i t i a l  exposure and rec o v e ry  a t  th e  (1 ,1 )  

p o in t  ex cep t f o r  P3. I n te r e s t i n g ly ,  d a ta  s im i la r  to  th e  o th e r  

s u b je c ts  were o b ta in e d  f o r  P3 a t  th o se  ex p e rim en ta l p o in ts  where a 

b e h a v io ra l change over o p e ra n t le v e l  was c l e a r ly  re c o rd e d . The 

r a t e  (F ig . 14) and p e rc e n t  A (F ig . 24) fu n c tio n s  w ith in  a  T -c y c le  

a t  ( .1 2 5 ,.1 2 5 )  and ( .0 8 4 ,.0 8 4 )  were f l a t  f o r  P3, and th e s e  same 

fu n c tio n s  upon a  r e tu r n  to  th e  (1 ,1 )  p o in t  were m arkedly  curved 

w ith  a  maximum soon a f t e r  re in fo rc e m e n t.

When n o n co n tin g en t re in fo rc e m e n t i s  d e l iv e r e d  to  a p ig eo n , 

i t  has  been found , under c o n d it io n s  s im i la r  to  th o se  o f  t h i s  p re s e n t  

ex p erim en t, t h a t  d i f f e r e n t  s u b je c ts  engaged in  d i f f e r e n t  b e h av io rs  

when th o se  b eh a v io rs  were d e sc r ib e d  by everyday  speech  (S k in n e r, 

1948; Staddon and Simmelhag, 1971). T h is r e s u l t  i s  a ls o  found in



T able 2. In  t h i s  p r e s e n t  s tu d y , th e  b e h a v io r  o f  a l l  s u b je c ts  was 

d e sc r ib e d  by th e  same b e h a v io ra l c la s s e s ,  A and A; and and A 

have been shown to  p ro v id e  dependent v a r ia b le s  w hich were s e n s i t iv e  

to  changes in  th e  p r o b a b i l i ty  o f  n o n co n tin g en t re in fo rc e m e n t. 

Throughout t h i s  s e c t io n  th e  fu n c t io n a l  s i m i l a r i t i e s  betw een con­

t in g e n t  i n te r v a l  re in fo rc e m e n t and n o n co n tin g en t re in fo rc e m e n t f o r
R Rth e  m easures o f  re sp o n se  d u ra t io n  ( i . e . ,  Tim e/A ), PS P/Mean IS T,

D
resp o n ses  p e r  re in fo rc e m e n t, and r a t e  w ith in  an IS T have been i n ­

d ic a te d .  The b a s is  o f  th e  com parison has been th a t  in  b o th  

sch ed u le s  re in fo rc em e n t i s  d e l iv e re d  o n ly  a f t e r  th e  p assag e  o f  some 

in te r v a l  o f  tim e . A d i f f e r e n c e  betw een th e  e f f e c t s  o f  c o n tin g e n t 

and n o n co n tin g en t re in fo rc e m e n t can be found in  th e  f a c t  t h a t  in  

c o n tin g e n t in t e r v a l  re in fo rc e m e n t a p r e - s p e c i f i e d  R i s  always 

te m p o ra lly  co n tig u o u s w ith  r e in f o r c e r  p r e s e n ta t io n ;  w h ile  in  con­

t r a s t ,  n o n co n tin g en t re in fo rc e m e n t p e rm its  th e  R which i s  i n i t i a l l y  

tem p o ra lly  co n tig u o u s w ith  r e in f o r c e r  p r e s e n ta t io n  to  be r e ­

p la ce d  by some d i f f e r e n t  R upon a sch ed u le  change. The low R^ r a t e  

in  th e  th re e  sec  p re ce d in g  re in fo rc e m e n t a t  th e  (1 ,1 ) p o in t  (F ig s . 

12-16) in d ic a te d  th a t  R^, a t  t h i s  p o in t ,  fo llow ed  and was n o t 

tem p o ra lly  co n tig u o u s w ith  r e in f o r c e r  p r e s e n ta t io n .  At th e  low er 

p r o b a b i l i t i e s  o f  r e in fo rc e m e n t, R^ showed an in c re a s e  in  r a t e  over 

th e  r a t e  a t  th e  (1 ,1 )  p o in t  in  th e  th r e e  sec  im m ediate ly  p re ce d in g  

re in fo rc em e n t ( i . e . ,  th e  f i f t h  in t e r v a l  o f  a  T - c y c le ) . T his i n ­

c re a se  in  r a t e  im m ediate ly  b e fo re  r e in f o r c e r  p r e s e n ta t io n  in d ic a te s  

th a t  R^ may have re p la c e d  th e  re sp o n se  which was once tem p o ra lly  

co n tig u o u s w ith  re in fo rc e m e n t a t  th e  (1 ,1 ) p o in t .  In  th e  

cum ula tive  re c o rd s  (F ig s . 17 -21), i t  can be c l e a r ly  seen  fo r  P2,

P4, and P5, t h a t  R^ was o c c u rr in g  j u s t  p r io r  to  r e in f o r c e r  p r e s e n t ­

a t io n  a t  th e  low er p r o b a b i l i t i e s  o f  re in fo rc e m e n t.

N um erical v a lu e s  o f  means and s ta n d a rd  d e v ia t io n s  f o r  each 

s u b je c t  in  Exp. I a re  found in  Appendix A.
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Exp. I I :  E x tin c t io n  And R ec o n d itio n in g  Of A " S u p e r s t i t io n "

S k inner (1948) in v e s t ig a te d  th e  e f f e c t  o f  o m ittin g  non­

c o n tin g e n t r e in f o r c e r  p r e s e n ta t io n  ( i . e . ,  e x t in c t io n )  on th e  

hopping resp o n se  o f  a  s in g le  p ig eo n . A f te r  in c re a s in g  th e  tim e 

between p e r io d ic  n o n c o n tin g en t r e in f o r c e r  p r e s e n ta t io n s  from 15 

sec  to  1 m in, e x t in c t io n  was in tro d u c e d . There was a subsequen t 

d e c re a se  in  th e  hopping r a t e  u n t i l  few re sp o n se s  o ccu rred  in  a 10 

o r  15 min p e r io d . S k in n er th e n  a l t e r n a te d  re c o n d it io n in g  (1 min 

p e r io d ic  r e in f o r c e r  p r e s e n ta t io n s )  w ith  e x t in c t io n .  On th e  

second re c o n d it io n in g , a change in  re sp o n se  c la s s  from hopping to  

w alking abou t th e  cage was o b se rv ed .

Exp. I I  in v e s t ig a te d  th e  e f f e c t s  o f  e x t in c t io n  [ i . e . ,  th e  

(0 ,0 ) p o in t  o f  F ig . 2] and r e c o n d it io n in g  on A and jL  In  a d d i­

t i o n ,  A and & p e rm itte d  q u a n t i t a t iv e  m easures to  be o b ta in e d  when, 

as S k inner r e p o r te d ,  a change in  re sp o n se  c la s s  o ccu rs  as  th e  

r e s u l t  o f  t h i s  p ro c e d u ra l m a n ip u la tio n .



Method

Subj e c ts

Two b i rd s  from Exp. I ;  P4 and P5, were m ain ta in ed  a t  80% 

15 gm o f  f r e e - f e e d in g  body w eig h t.

A pparatus

Same as  Exp. I .

P rocedure

A f te r  re c o v e ry  a t  th e  (1 ,1 ) p o in t  in  Exp. I ,  th e se  su b ­

j e c t s  were exposed a t  T = 15 sec  to  f iv e  a l t e r n a t io n s  o f  an ex­

t i n c t i o n  p e r io d  fo llo w ed  by a re c o n d it io n in g  p e r io d . Each ex ­

t i n c t i o n  p e r io d  was e lev en  s e s s io n s  a t  th e  (0 ,0 )  p o in t  o f  F ig . 2 

each s e s s io n  was 120 T -c y c le s . Each r e c o n d it io n in g  p e r io d  was 

f iv e  s e s s io n s  a t  th e  (1 ,1 )  p o in t  o f  F ig . 2; each s e s s io n  was 60 

T -c y c le s . P rocedures w ere , o th e rw ise , th e  same as in  Exp. I .
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R e su lts  And D iscu ss io n

F ig s . 37-38 and F ig s . 39-40 show r a t e  as a fu n c tio n  o f 

s e s s io n s  in  each  e x t in c t io n  and r e c o n d it io n in g  p e r io d  f o r  P4 and 

P5, r e s p e c t iv e ly .  The r a t e  in  th e  f i r s t  e x t in c t io n  p e r io d  showed 

o v er s e s s io n s  a p ro g re s s iv e  d e c l in e  back tow ard o p e ra n t le v e l  

(F ig . 5) f o r  b o th  s u b je c ts .  This p ro g re s s iv e  r a t e  d e c re a se  i s  n o t 

found in  su b seq u en t e x t in c t io n  p e r io d s .  In  a l l  o th e r  e x t in c t io n  

p e r io d s  th e re  was a  la rg e  r a t e  d e c re a se  in  th e  f i r s t  e x t in c t io n  

s e s s io n ,  and r a t e  rem ained r e l a t i v e l y  unchanged f o r  th e  fo llo w in g  

10 e x t in c t io n  s e s s io n s .  For each re c o n d it io n in g  p e r io d , th e re  

was a r a t e  in c r e a s e  over th e  p r io r  e x t in c t io n  s e s s io n s  on th e  

f i r s t  r e c o n d i t io n in g  s e s s io n  which was m ain ta in ed  in  th e  fo u r  

succeed ing  r e c o n d it io n in g  s e s s io n s .

F ig . 41 shows Time/A f o r  s u c c e ss iv e  p e r io d s  o f  e x t in c t io n  

and re c o n d it io n in g  f o r  P4 and P5, in c lu d in g  th e  reco v e ry  a t  th e

(1 ,1 )  p o in t  in  Exp. I .  Time/A was c a lc u la te d  fo r  each  e x t in c t io n  

p e r io d  over th e  f i r s t  f iv e  e x t in c t io n  s e s s io n s  and over a l l  f iv e  

r e c o n d it io n in g  s e s s io n s  f o r  each r e c o n d it io n in g  p e r io d . Time/A 

f o r  e x t in c t io n  p e r io d s  was g e n e ra l ly  h ig h e r  th an  th e  p rec ed in g  r e ­

c o n d itio n in g  p e r io d . T his was always th e  case  fo r  P4 whose r a t e s  

in  e x t in c t io n  were s u b s t a n t i a l .  P5, on th e  o th e r  hand , showed in  

th e  t h i r d  and fo u r th  e x t in c t io n  p e r io d s  a  d e c re a se  in  Time/A over 

th e  p r io r  r e c o n d it io n in g  p e r io d . The r a t e s ,  how ever, f o r  P5 in  

th e  l a t e r  e x t in c t io n  p e r io d s  were ex trem ely  low, and th e  e f f e c t  

was c l e a r  f o r  th e  f i r s t  e x t in c t io n  p e r io d  where th e  r a t e  was 

r e l a t i v e l y  h ig h .

R. r a t e  as a fu n c tio n  o f  th e  f iv e  3 -se c  i n t e r v a l s  o f  a A
T -cy c le  f o r  each r e c o n d it io n in g  s e s s io n  i s  shown in  F ig s . 42-44 

f o r  P4 and F ig s . 45-47 f o r  P5. For com parison , th e  r a t e s  over th e  

f iv e  i n t e r v a l s  o f  a  T -cy c le  from th e  p rec e d in g  e x t in c t io n  s e s s io n  

were a ls o  in c lu d e d . These fu n c tio n s  show t h a t  th e  shape o f  th e  

r a t e  fu n c tio n s  w ith in  a  T -cy c le  rem ained n e a r ly  unchanged a c ro ss  

a l l  s e s s io n s  in  a l l  r e c o n d it io n in g  p e r io d s ,  and were s im i la r  to  

th e  i n i t i a l  exposure and reco v e ry  a t  th e  (1 ,1 ) p o in t  in  Exp. I



F ig . 37: R ate as a fu n c tio n  o f  s e s s io n s  in  e x t in c t io n  and re c o n ­

d i t io n in g  p e r io d s  f o r  P4 w ith  reco v e ry  from Exp. I in c lu d ed  

( e x t in c t io n  i s  a b b re v ia te d  "EXT"; r e c o n d it io n in g  i s  a b b re v ia te d  

"RECOND" ) .
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F ig . 38: R ate as a fu n c tio n  o f  s e s s io n s  in  e x t in c t io n  and re c o n ­

d i t io n in g  p e r io d s  f o r  P4 ( e x t in c t io n  i s  a b b re v ia te d  "EXT"; 

re c o n d it io n in g  i s  a b b re v ia te d  "RECOND" ) .
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F ig . 39: R ate as a fu n c tio n  o f  s e s s io n s  in  e x t in c t io n  and re c o n ­

d i t io n in g  p e r io d s  f o r  P5 w ith  reco v e ry  from Exp. I in c lu d ed  

( e x t in c t io n  i s  a b b re v ia te d  "EXT"; re c o n d it io n in g  i s  a b b re v ia te d  

"RECOND" ) .
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F ig . 40: R ate as a fu n c tio n  o f  s e s s io n s  in  e x t in c t io n  and re c o n ­

d i t io n in g  p e r io d s  f o r  P5 ( e x t in c t io n  i s  a b b re v ia te d  "EXT"; 

re c o n d it io n in g  i s  a b b re v ia te d  "RECOND" ) .
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F ig . 41: Time/A ( t o t a l  amount o f  tim e sp en t in  A d iv id e d  by th e  

t o t a l  number o f  e n t r ie s  in to  A ) as  a  fu n c tio n  o f  s u c c e ss iv e  p e rio d  

o f  e x t in c t io n  and r e c o n d it io n in g  f o r  P4 and P5 [ rec o v e ry  a t  th e

(1 ,1 )  p o in t  from Exp. I i s  a b b re v ia te d  "REC"; e x t in c t io n  i s  

a b b re v ia te d  "EXT"; r e c o n d it io n in g  i s  a b b re v ia te d  "RECOND" ] .
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F ig . 42: R ate as a fu n c tio n  o f  th e  f iv e  3 -sec  i n t e r v a l s  o f  a  T -cy c le  

fo r  th e  reco v e ry  a t  th e  (1 ,1 ) p o in t  from Exp. I and th e  f i r s t  

r e c o n d it io n in g  p e r io d  f o r  P4 [ th e  r a t e  w ith in  a T -cy c le  fu n c tio n  

f o r  th e  (0 ,0 ) p o in t  i s  from th e  l a s t  s e s s io n  o f  th e  p re c ed in g  

e x t in c t io n  p e r io d  ] .
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F ig . 43: R ate as  a fu n c tio n  o f  th e  f iv e  3 -sec  i n t e r v a l s  o f  a T -cy c le  

in  th e  second and t h i r d  re c o n d it io n in g  p e r io d s  f o r  P4 [ th e  r a t e  

w ith in  a T -c y c le  fu n c tio n  f o r  th e  (0 ,0 ) p o in t  i s  from th e  l a s t  

s e s s io n  o f  th e  p re c ed in g  e x t in c t io n  p e r io d  ] .
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F ig . 44: R ate as a fu n c tio n  o f  th e  f iv e  3 -sec  i n t e r v a l s  o f  a  T -cy c le  

in  th e  f o u r th  and f i f t h  re c o n d it io n in g  p e r io d s  f o r  P4 [ th e  r a t e  

w ith in  a T -cy c le  fu n c tio n  f o r  th e  (0 ,0 ) p o in t  i s  from th e  l a s t  

s e s s io n  o f  th e  p re c ed in g  e x t in c t io n  p e r io d  ] .
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F ig . 45: R ate as a fu n c tio n  o f  th e  f iv e  3 -sec  i n t e r v a l s  o f  a T -cy c le  

f o r  th e  reco v e ry  a t  th e  (1 ,1 )  p o in t  from Exp. I and th e  f i r s t  

r e c o n d it io n in g  p e r io d  fo r  P5 [ th e  r a t e  w ith in  a T -cy c le  fu n c tio n  

f o r  th e  (0 ,0 ) p o in t  i s  from th e  l a s t  s e s s io n  o f  th e  p reced in g  

e x t in c t io n  p e r io d  ] .
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F ig . 46: R ate as a fu n c tio n  o f  th e  f iv e  3 -se c  in t e r v a l s  o f  a  T -cy c le  

in  th e  second and th i r d  r e c o n d it io n in g  p e r io d s  f o r  P5 [ th e  r a t e  

w ith in  a T -c y c le  fu n c tio n  fo r  th e  (0 ,0 ) p o in t  i s  from th e  l a s t  

s e s s io n  o f  th e  p rec ed in g  e x t in c t io n  p e r io d  ] .
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F ig . 47: R ate as a fu n c tio n  o f  th e  f iv e  3 -sec  i n te r v a l s  o f  a T -cy c le  

in  th e  f o u r th  and f i f t h  r e c o n d it io n in g  p e r io d s  f o r  P5 [ th e  r a t e  

w ith in  a T -cy c le  fu n c tio n  f o r  th e  (0 ,0 ) p o in t  i s  from th e  l a s t  

s e s s io n  o f  th e  p rec ed in g  e x t in c t io n  p e r io d  ] .
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(F ig s . 15 and 16). As compared to  th e  f l a t  r a t e  fu n c tio n s  ob­

ta in e d  a t  o p e ra n t l e v e l ,  and a t  a l l  f i n a l  e x t in c t io n  s e s s io n s ,  

b o th  s u b je c ts  showed a maximum r a t e  s h o r t ly  a f t e r  re in fo rc em e n t 

fo llow ed  by a p ro g re s s iv e  d e c re a se  in  r a t e  as th e  tim e f o r  th e  

n ex t re in fo rc em e n t approached . The o n ly  perm anent change was fo r  

P5. In  th e  l a s t  s e s s io n  o f  th e  f i r s t  re c o n d it io n in g  p e r io d , th e  

maximum r a t e  f o r  P5 s h i f t e d  from th e  second to  th e  f i r s t  i n t e r v a l  

o f  a T -c y c le ; t h i s  change, ex cep t f o r  one s e s s io n ,  was su b se ­

q u e n tly  m a in ta in e d . P4 showed th e  same change betw een th e  l a s t  

s e s s io n  o f  th e  second r e c o n d it io n in g  p e r io d  and th e  f i r s t  two 

s e s s io n s  o f  th e  t h i r d  re c o n d it io n in g  p e r io d . This change, however, 

was t r a n s i e n t  as i t  appeared  o n ly  once more a f t e r  th e  second 

s e s s io n  o f  th e  t h i r d  re c o n d it io n in g  p e r io d .
R RF ig . 48 p r e s e n ts ,  f o r  b o th  s u b je c ts ,  r a t e ,  PS P/Mean IS T,

r e l a t i v e  tim e in  A, Time/A, and p e rc e n t A a t  th e  end o f  T

a t  each r e c o n d it io n in g  p e r io d  w ith  rec o v e ry  from Exp. I in c lu d e d ;

d a ta  were c a lc u la te d  from a l l  f iv e  s e s s io n s  o f  a  re c o n d it io n in g

p e r io d . Time/A and p e rc e n t A a t  th e  end o f  T were g e n e ra l ly  f l a t

a c ro ss  r e c o n d it io n in g  p e r io d s .  R e la t iv e  tim e went th ro u g h  a m axi- 
R Rmum, and PS P/Mean IS T went th ro u g h  a  minimum. R ate was d e­

c re a s in g  a f t e r  th e  second r e c o n d it io n in g  p e r io d  f o r  b o th  s u b je c ts .
RThe r a t e  d e c re a se s  were r e f l e c t e d  f o r  P4 in  R ./S  , b u t n o t f o r  P5 

Rbecause R ./S  were rounded to  th e  n e a r e s t  whole number. In  A
g e n e ra l ,  how ever, th e r e  were no la rg e  changes in  any o f  th e se  

fu n c tio n s  ex cep t in  r a t e  f o r  P4.
The r e l i a b i l i t y  o f  th e  shape o f  th e  fu n c tio n s  f o r  r a t e  

w ith in  a T -c y c le , b o th  betw een and w ith in  r e c o n d it io n in g  p e r io d s ,  

and th e  f a i l u r e  to  c o n s is te n t ly  f in d  la rg e  changes in  th e  fu n c tio n s  

o f  F ig . 48 in d ic a te d  th a t  th e  b e h a v io r  re c o n d itio n e d  u nder non­

c o n tin g e n t re in fo rc e m e n t was n o t n e c e s s a r i ly  s u s c e p t ib le ,  as 

S k inner (1948) found , to  a  change in  re sp o n se  c la s s .

N um erical v a lu e s  o f  means and s ta n d a rd  d e v ia t io n s  f o r  each 

s u b je c t  in  Exp. I I  a re  found in  Appendix B.



F ig . 48: R a te , PSRP/Mean ISRT, R^/SR, r e l a t i v e  tim e in  A, Time/A, 

and P e rce n t A a t  th e  end o f  a T -c y c le  a t  each r e c o n d it io n in g  p e r io d  

f o r  P4 and P5 [ rec o v e ry  a t  th e  (1 ,1 )  p o in t  from Exp. I i s  

a b b re v ia te d  "REC" ] .
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Exp. I l l :  N oncontingent To C o n tin g en t R einforcem ent

Cole (1970) and S choenfe ld  e t  a l .  (1972) have examined 

th e  e f f e c t s  o f  a  g rad u a l change from c o n tin g e n t to  n o n co n tin g en t 

re in fo rc e m e n t on th e  key peck  re sp o n se  o f  p ig e o n s . Cole i n i t i a l l y  

m a in ta in ed  th e  key peck re sp o n se  on a  random in te r v a l  r e in f o r c e ­

ment sch ed u le  (T = 6 s e c ,  P = .1 ,  T/P = 60 s e c ) .  A n o n co n tin g en t 

sch ed u le  was th en  in tro d u c e d  c o n c u r re n tly  w ith  th e  c o n tin g e n t 

s c h e d u le ; th e  T -cy c le  was a ls o  6 sec f o r  th e  n o n co n tin g en t 

s c h e d u le . Upon th e  in t ro d u c t io n  o f  th e  n o n c o n tin g en t sc h ed u le , 

th e  p r o b a b i l i ty  o f  n o n co n tin g en t re in fo rc e m e n t was .0 5 , and th e  

p r o b a b i l i ty  o f  re in fo rc e m e n t f o r  R was reduced  to  .05 ; th e  sum o f  

th e s e  two p r o b a b i l i t i e s  was k ep t a t  .1  th ro u g h o u t th e  experim en t. 

The p ro p o r tio n  o f  c o n tin g e n t and n o n co n tin g en t re in fo rc e m e n ts  was 

th en  v a r ie d  by d e c re a s in g  th e  p r o b a b i l i ty  o f  re in fo rc e m e n t f o r  R 

and in c re a s in g  th e  p r o b a b i l i ty  o f  n o n co n tin g en t re in fo rce m en t u n t i l  

a l l  re in fo rc e m e n ts  were n o n c o n tin g e n t. S choenfeld  e t  a l .  a ls o  

m a in ta in ed  th e  key peck re sp o n se  o f  a  p igeon  on a random in te r v a l  

re in fo rc e m e n t sch ed u le  (T = 6 s e c ,  P = .1 , T/P = 60 s e c ) .  A non­

c o n tin g e n t re in fo rc e m e n t sch ed u le  was in tro d u c e d  c o n c u r re n tly  w ith  

th e  c o n tin g e n t sch ed u le  (T = 6 s e c ,  P = .1 , T/P = 60 sec) w ith o u t 

an i n i t i a l  re d u c tio n  in  th e  p r o b a b i l i ty  o f  re in fo rc e m e n t f o r  R.

The p ro p o r tio n  o f  c o n tin g e n t and n o n co n tin g en t re in fo rc e m e n ts  was 

th en  v a r ie d  by h o ld in g  th e  p r o b a b i l i ty  o f  n o n co n tin g en t r e i n ­

forcem ent c o n s ta n t and d e c re a s in g  th e  p r o b a b i l i ty  o f  re in fo rce m en t 

f o r  R u n t i l  a l l  re in fo rc e m e n ts  were n o n co n tin g e n t. The outcome 

o f  b o th  o f  th e se  s tu d ie s  was th e  same: re sp o n se  r a t e s  d ec reased  as 

th e  s h i f t  was made to  co m p le te ly  n o n co n tin g en t re in fo rc e m e n t.

A continuum  which has  a t  i t s  ex trem es c o n tin g e n t and non­

c o n tin g e n t re in fo rc e m e n t i s  found in  F ig . 2 on th e  to p  h o r iz o n ta l  

from (0 ,1 ) to  (1 ,1 )  where P(SR| a) = 1 and P(SR|&) v a r ie s  betw een 

0 and 1. P o in ts  on t h i s  continuum  may be d e s c r ib e d  by th e  p ro ­

p o r t io n  o f  T -c y c le s  in  which r e in f o r c e r  p r e s e n ta t io n  was non­

c o n tin g e n t.  R e in fo rc e r  p r e s e n ta t io n  in  a T -c y c le  was n o n co n tin g en t
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when re in fo rc e m e n t was a v a i la b le  b o th  f o r  A and A* Since r e i n ­

fo rcem en t, on t h i s  continuum , was alw ays a v a i la b le  f o r  A a t  th e  

end o f  T, n o n co n tin g en t re in fo rc e m e n t o ccu rred  when re in fo rc e m e n t

was a ls o  a v a i la b le  f o r  A a t  th e  end o f  T. R einforcem ent was
Ra v a i la b le  f o r  A a t  p r o b a b i l i ty  P(S |A ), o r  th e  p ro p o rtio n  o f  

c y c le s  in  which re in fo rc e m e n t was n o n co n tin g en t was P (S ^ |A )- The

p ro p o r tio n  o f  c y c le s  in  which re in fo rc e m e n t was c o n tin g e n t was
R i1 - P(S |A ). At one extrem e o f  th e  continuum , th e  (1 ,1 )  p o in t ,  

n o n co n tin g en t re in fo rc e m e n t o cc u rred  in  a l l  o f  th e  c y c le s .  At th e  

o th e r  ex trem e, th e  (0 ,1 )  p o in t ,  th e r e  were no c y c le s  in  which non­

c o n tin g e n t re in fo rc e m e n t o c c u rre d ; a l l  re in fo rcem en ts  were c o n tin ­

gen t on th e  organism  b e in g  in  A a t  th e  end o f  T. The c lo s e r  th e  

in te rm e d ia te  p o in ts  were to  ( 0 ,1 ) ,  th e  low er th e  p ro p o r tio n  o f 

c y c le s  in  which r e in f o r c e r  p r e s e n ta t io n  was n o n c o n tin g e n t.

The p re s e n t  in v e s t ig a t io n  o f  th e  to p  h o r iz o n ta l  o f  F ig . 2 

beg inn ing  a t  th e  (1 ,1 ) p o in t  and p ro ceed in g  to  th e  (0 ,1 )  p o in t  

ex tended th e  work o f  Cole and S choenfeld  e t  a l .  in  two ways:

1) th e  e f f e c t s  o f  re in fo rc e m e n t c o n tin g e n t on s p a t i a l  arrangem ents 

were in v e s t ig a te d  r a th e r  th an  th e  e f f e c t s  o f  re in fo rc e m e n t con­

t in g e n t  on t r a n s i t i o n s  betw een s p a t i a l  arrangem ents ( i . e . ,  

re sp o n se s) , and 2) th e  e f f e c t s  o f  p a s s in g  from n o n c o n tin g en t to  

c o n tin g e n t re in fo rc e m e n t were in v e s t ig a te d  r a th e r  th an  th e  

e f f e c t s  o f  p a s s in g  from c o n tin g e n t to  n o n co n tin g en t re in fo rc e m e n t.



Method

S u b je c ts

Three b i rd s  from Exp. I :  P I ,  P2, and P3, were m ain ta in ed  

a t  80% _+ 15 gm o f  f r e e - f e e d in g  body w e ig h t.

A pparatus

Same a s  Exp. I .

P rocedure

A f te r  re c o v e ry  a t  th e  (1 ,1 )  p o in t  in  Exp. I ,  th e s e  sub ­

j e c t s  were exposed a t  T = 15 sec  to  th e  fo llo w in g  o rd e r  o f  p o in ts  

ly in g  on th e  to p  h o r iz o n ta l  o f  F ig . 2: ( . 5 , 1 ) ;  ( .2 5 ,1 ) ;  ( .1 2 5 ,1 ) ;  

( 0 ,1 ) ;  and th e n  a  r e tu r n  to  th e  (1 ,1 ) p o in t .  In  o rd e r  to  c l e a r ly  

d e s ig n a te  th e  two ex posu res to  th e  (1 ,1 ) p o in t ,  th e  fo llo w in g  

n o ta t io n  was u sed : th e  reco v e ry  o f  th e  (1 ,1 ) p o in t  from Exp. I was 

c a l le d ,  in  t h i s  ex p erim en t, th e  (1 ,1 ) p o in t ;  th e  r e tu r n  to  th e  

(1 ,1 ) p o in t  a f t e r  th e  (0 ,1 ) p o in t  was c a l le d  re c o v e ry . S u b je c ts  

were exposed to  each  p o in t  f o r  20 s e s s io n s ;  each  s e s s io n  was 60 

T -c y c le s . C r i te r io n  s e s s io n s  were th e  l a s t  f iv e  a t  each p o in t .  

P rocedures w ere, o th e rw ise , th e  same as in  Exp. I .



R e su lts  And D iscu ss io n

The p ro g re s s io n  from (.1,1) to  (0 ,1 )  a long  th e  to p  h o r i ­

z o n ta l  o f  F ig . 2 was s im i la r  to  a shap ing  p ro ced u re  in  th a t  th e re  

was a g rad u a l p ro g re s s io n  to  th e  c o n d itio n  where r e in f o r c e r  p r e ­

s e n ta t io n  was c o n tin g e n t on a s in g le ,  p r e - s p e c i f ie d  b e h a v io ra l 

c l a s s .  I t  i s  u s u a l ,  in  a shap ing  p ro c ed u re , f o r  th e  b e h a v io ra l 

c la s s  on which re in fo rc e m e n t becomes s o le ly  c o n tin g e n t to  have an 

i n i t i a l l y  low freq u en cy  o f o cc u rre n c e . The r e s u l t  o f  a  shap ing  

p ro ced u re  i s  to  in c re a s e  th e  freq u en cy  o f  o ccu rren ce  o f  t h i s

b e h a v io ra l c l a s s .  F ig s . 49-51 p re s e n t  p e rc e n t A a t  th e  end o f
Reach o f  th e  f iv e  in te r v a l s  o f  a T -cy c le  as a fu n c tio n  o f P(S |$ )

R if o r  P I, P2, and P3, r e s p e c t iv e ly .  [A ll a b s c is s a s  in v o lv in g  P(S |A) 

were re v e rse d  so th a t  changes along  th e  a b s c is s a s  would co rrespond  

to  th e  o rd e r  in  which s u b je c ts  were exposed to  th e  ex p erim en ta l 

p o in t s . ]  R einforcem ent fo r  o ccu rred  when th e  s u b je c t  was in  A 

a t  th e  end o f  T ( i . e . ,  th e  end o f  th e  f i f t h  i n t e r v a l  o f  a T -c y c le ) .  

As can be seen  in  th e s e  f ig u r e s ,  p e rc e n t A fo r  th e  f i f t h  i n te r v a l  

was i n i t i a l l y  low a t  P(S^|A ) = 1 fo r  a l l  s u b je c ts .  As th e  p ro ­

p o r t io n  o f  T -cy c le s  in  which re in fo rc e m e n t was c o n tin g e n t on A 

o c c u rr in g  a t  th e  end o f  T in c re a s e d  ( i . e . ,  th e  p ro p o r t io n  o f  c y c le s  

in  which re in fo rc e m e n t was n o n co n tin g en t d ec rease d ) th e  p e rc e n t A 

a t  th e  end o f  th e  f i f t h  in te r v a l  in c re a se d  th ro u g h o u t th e  f i r s t  

fo u r  ex p erim en ta l p o in ts .  At th e  f i f t h  p o in t ,  PI showed a la rg e  

d e c re a se ; P2 showed a la rg e  in c re a s e ;  and P3 showed a sm all 

d e c re a se . In  any c a s e , th e  p e rc e n t A a t  th e  end o f  th e  f i f t h  i n ­

t e r v a l  o f  a T -cy c le  was h ig h e r  a t  th e  (0 ,1 )  p o in t  th an  a t  th e  (1 ,1 ) 

p o in t  f o r  a l l  s u b je c ts .  For each s u b je c t ,  th e  shape o f  th e  p e rc e n t 

A fu n c tio n s  f o r  th e  end o f  th e  o th e r  fo u r  i n t e r v a l s  was s im i la r  

to  th e  shape o f  th e  fu n c tio n  f o r  th e  f i f t h  i n t e r v a l .  R e la t iv e  tim e 

in  A as a fu n c tio n  o f  P(S |$ )  i s  g iven  in  F ig . 52. The r e l a t i v e  

tim e fu n c tio n  f o r  each  s u b je c t  was s im i la r  in  shape to  th e  c o r ­

resp o n d in g  p e rc e n t A f u n c t io n s .  P e rc en t A a t  th e  end o f  a l l  f iv e

in t e r v a l s  o f  a T -c y c le , fo r  each  ex p erim en ta l p o in t ,  i s  shown in
RF ig s . 53-55. As P(S |A) d e c re a se d , th e  peak o f  th e se  fu n c tio n s



F ig . 49: P e rc e n t A, f o r  each  in te r v a l  o f  a T -c y c le , as a fu n c tio n  o f 
P(S | / )  f o r  PI ( i n t e r v a l  i s  a b b re v ia te d  "INT" ) .
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F ig . 50: P e rc e n t A, f o r  each in t e r v a l  o f  a T -c y c le , as a  fu n c tio n  o f  

P(SR|A) f o r  P2 ( in t e r v a l  i s  a b b re v ia te d  "INT" ) .
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F ig . 51: P e rc en t A_, f o r  each in t e r v a l  o f  a T -c y c le , a s  a  fu n c tio n  o f 

P(SR|A) fo r  P3 ( in t e r v a l  i s  a b b re v ia te d  "INT" ) .
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F ig . 52: R e la t iv e  tim e in  A as a fu n c tio n  o f  P(S |A) f o r  a l l  

s u b je c ts  [ unconnected  d a ta  p o in ts  a re  th e  r e l a t i v e  tim es f o r  

th e  re co v e ry  a t  th e  (1 ,1 )  p o in t  ] .



RELATIVE TIME

131



F ig . 53: P e rce n t A, a t  each ex p e rim en ta l p o in t  

th e  f iv e  3 -sec  in t e r v a l s  o f  a T -cy c le  f o r  PI [ 

to  th e  (1 ,1 ) p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .

as  a fu n c tio n  o f  

re c o v e ry  i s  a r e tu rn
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F ig . 54: P e rce n t A, a t  each ex p erim en ta l p o in t  

th e  f iv e  3 -sec  i n t e r v a l s  o f  a T -cy c le  fo r  P2 [ 

to  th e  (1 ,1 ) p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .

as a fu n c tio n  o f  

re c o v e ry  i s  a r e tu rn
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F ig . 55: P e rce n t A_, a t  each ex p e rim en ta l p o in t ,  as a  fu n c tio n  o f  

th e  f iv e  3 -se c  i n t e r v a l s  o f  a  T -cy c le  f o r  P3 [ re co v e ry  i s  a r e tu r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .
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moved f o r  a l l  s u b je c ts  from e a r ly  in  th e  T -cy c le  to  l a t e r  in  th e  
T -c y c le .

Time/A as a fu n c tio n  o f  P(.SR|A) i s  p re se n te d  in  F ig . 56

and shows th a t  Time/A in c re a se d  as  P(SR|A) d e c re a se d . Time/A as

a fu n c tio n  o f  th e  f iv e  3 -se c  i n t e r v a l s  o f  a  T -cy c le  i s  g iv en  in

F ig s .  57-59 . These fu n c tio n s  were r e l a t i v e l y  f l a t  a t  P(SR )A) = 1;

as  P(SR|A) d e c re a se d , Time/A w ith in  a T -cy c le  became m arkedly
curved  f o r  a l l  s u b je c ts .

R ate as a  fu n c tio n  o f P(SR|A) i s  shown in  F ig . 60. The

rate function for PI and P3 went through a maximum, while the rate
fu n c tio n  f o r  P2 went th rough  a  minimum. S ince  Time/A as a fu n c tio n

of P(SR |A) was replicated on all subjects, these discrepancies in
th e  r a t e  fu n c tio n s  must have been due to  d is c re p a n c ie s  in  changes

in  Time/A, as shown in  T ab le  3 . R ate as a fu n c tio n  o f  th e  f iv e

3 -se c  i n t e r v a l s  o f  a  T -cy c le  i s  p re se n te d  in  F ig s . 61-63 . These

f u n c t io n s ,  a t  th e  (1 ,1 )  p o in t ,  were more curved th an  th e  fu n c tio n s

a t  th e  (0 ,1 )  p o in t .  R ./S  , shown in  F ig . 64, went th ro u g h  a
R Rmaximum f o r  a l l  s u b je c ts ,  and PS P/Mean IS T, shown in  F ig . 65,

R idecreased as P(S |A) decreased.
Upon a r e tu r n  to  th e  (1 ,1 ) p o in t ,  th e r e  was an in c re a s e

over th e  i n i t i a l  exposure to  th e  (1 ,1 )  p o in t  ( in  t h i s  experim ent)

in  Time/A (F ig . 5 6 ), r a t e  (F ig . 60) and c o n seq u en tly  in  r e l a t i v e
£

tim e in  A and R ./S  f o r  a l l  s u b je c ts .  There was a d e c re a se  in  
R RPS P/Mean IS T f o r  a l l  s u b je c ts .  In  F ig s . 53-55 , i t  can be seen  

th a t  th e  h ig h  p e rc e n t  A a t  th e  end o f  in t e r v a l s  e a r ly  in  a  T -cy c le  

a t  th e  (1 ,1 ) p o in t  and th e  lower p e rc e n t A a t  th e  end o f  i n t e r v a l s  

l a t e  in  a T -cy c le  a t  th e  (1 ,1 ) p o in t  were re co v e re d  f o r  P2 and P3 

b u t n o t f o r  P I . The change from th e  (0 ,1 ) p o in t  to  th e  (1 ,1 )  p o in t  

was an im m ediate s h i f t  from c o n tin g e n t to  n o n co n tin g en t r e i n ­

fo rcem en t. For P2 and P3, t h i s  s h i f t  r e s u l te d  in  a  d e c re a se  in  

p e rc e n t  A a t  th e  end o f  T. That i s ,  n o n co n tin g en t re in fo rc e m e n t 

r e s u l t e d  in  a d e c re a se  in  th e  freq u en cy  o f  b eh av io r e s ta b l is h e d  

by c o n tin g e n t re in fo rc e m e n t. T his e f f e c t  has been s im i la r ly  found 

f o r  re sp o n se  r a t e s  when a  s h i f t  i s  made from in t e r v a l  o r  r a t i o  

sch ed u les  to  n o n co n tin g en t re in fo rc e m e n t (see  In tro d u c tio n  to  

Exp. I f o r  r e f e r e n c e s ) .  The shapes o f  th e  fu n c tio n s  d e s c r ib in g



F ig . 56: Time/A ( t o t a l  amount o f  tim e sp en t in  A d iv id e d  

t o t a l  number o f  e n t r i e s  in to  A ) ■ as a fu n c tio n  o f  P(S |$ ) 

s u b je c ts  [ unconnected  d a ta  p o in ts  a re  th e  Time/A f o r  th e  

re c o v e ry  a t  th e  (1 ,1 ) p o in t  ] .

by th e  

fo r  a l l
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F ig . 57: Time/A ( t o t a l  amount o f  tim e sp e n t  in  A d iv id e d  by th e  

t o t a l  number o f  e n t r i e s  i n t o  A ) ,  a t  each ex p e r im en ta l  p o i n t ,  as a 

f u n c t io n  o f  th e  f i v e  3 -se c  i n t e r v a l s  o f  a  T -c y c le  f o r  PI [ reco v e ry  

i s  a r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .
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F ig .  58: Time/A ( t o t a l  amount o f  tim e sp en t  in  A d iv id e d  by th e  

t o t a l  number o f  e n t r i e s  i n to  A ) ,  a t  each ex p er im en ta l  p o i n t ,  as a 

f u n c t io n  o f  th e  f i v e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  P2 [ reco v e ry  

i s  a r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .
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F ig . 59: Time/A ( t o t a l  amount o f  tim e sp e n t  in  A d iv id e d  by th e  

t o t a l  number o f  e n t r i e s  i n t o  A ) ,  a t  each e x p e r im en ta l  p o i n t ,  as  a 

fu n c t io n  o f  th e  f i v e  3 -se c  i n t e r v a l s  o f  a T -c y c le  f o r  P3 [ reco v ery  

i s  a r e t u r n  to  th e  (1 ,1 )  p o in t  a f t e r  th e  (0 ,1 )  p o in t  ) .
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. 60: Rate as a f u n c t io n  o f  P(SR|A) f o r  a l l  s u b je c ts  [ unconnec t-  

d a ta  p o in t s  a re  th e  r a t e s  f o r  th e  re c o v e ry  a t  th e  (1 ,1 )  p o in t  ] .
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Table 3

Time/A (sec) As A F un c tio n  Of P(SR|A) For A ll  S u b je c ts  [ Time/A 

was c a l c u la te d  from: Time/A = Cl/R^ r a t e )  - (Time/A).]

p (s r |A) £ i P2_ P3

1.0 5 .3 2.4 3.7

0.5 3 .9 3 .9 2.9

0.25

CO•CM 4 .8 1.2

0.125 2.5 2.3 0.9

0 .0 14.6 0.7 1.4

Recovery At The 2.3 1.6 1.4
(1 ,1 )  P o in t



F ig .  61: R ate , a t  each ex p e r im en ta l  p o i n t ,  as a f u n c t io n  o f  th e  

f iv e  3 -se c  i n t e r v a l s  o f  a T -cy c le  f o r  PI [ reco v e ry  i s  a r e t u r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .
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F ig . 62: R a te ,  a t  each exper im en ta l  p o i n t ,  as a f u n c t io n  o f  th e  

f iv e  3 -sec  i n t e r v a l s  o f  a T -cy c le  f o r  P2 [ re c o v e ry  i s  a r e t u r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .
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F ig .  63: R a te ,  a t  each exper im en ta l  p o i n t ,  as a fu n c t io n  o f  th e  

f i v e  3 -se c  i n t e r v a l s  o f  a  T -cy c le  f o r  P3 [ re c o v e ry  i s  a r e t u r n  

to  th e  (1 ,1 )  p o in t  a f t e r  th e  (0 ,1 )  p o in t  ] .



155

P3

0-80 -| (1,1)

0-60

0  40  ■

020

<S,I)

0  80 -) (-28,1)

0-60

5* 0-40 ■

0-20

(-128,1)

0-80 (0,1)

0-60

0  40  -

0-20 -

1 2  3 4  8

RECOVERY

1 2  3 4  8

SUCCESSIVE INTERVALS



156

R RF ig . 64: R ./S  as a f u n c t io n  o f  P(S |^ )  f o r  a l l  s u b je c t s .
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Fig . 65: PSRP/Mean ISRT as a fu n c t io n  o f  P(SR|i() f o r  a l l  s u b je c t s
R R[ unconnected d a ta  p o in t s  a r e  th e  PS Ps/Mean IS T f o r  th e  re c o v e ry  

a t  th e  (1 ,1 )  p o in t  ] .
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Time/A w i th in  a T -c y c le  were n o t  re c o v e re d ,  a l th o u g h  th e  shapes 

o f  th e  f u n c t io n s  f o r  r a t e  w i th in  a T -cy c le  were re c o v e re d .

Numerical v a lu e s  o f  means and s ta n d a rd  d e v ia t io n s  f o r  

each s u b je c t  in  Exp. I l l  a r e  found in  Appendix C.



Appendix A 

Data From Exp. I

( See R e s u l ts  And D iscu ss io n  s e c t io n  o f  Exp. I f o r  a  d e s c r ip t i o n  

o f  th e  m easures and th e  deg ree  o f  accu racy  o f  each m easure. Data 

were pooled  over c r i t e r i o n  s e s s io n s  and means were computed. 

S tandard  d e v ia t io n s  were computed from th e  d a ta  c o l l e c t e d  in  each 

c r i t e r i o n  s e s s io n  to  g iv e  an i n d i c a t i o n  o f  day to  day v a r i a b i l i t y .  

S tandard  d e v ia t io n s  f o r  Time/A were n o t  computed f o r  o p e ran t  l e v e l  

because  in  a s u b s t a n t i a l  number o f  s e s s io n s  no e n t r i e s  i n to  A 

o c c u r re d .  Operant l e v e l  was a b b re v ia te d  "OL". )



Experimental
Point Rate

OL
M .01
SD .02

(1 , 1)
M .17
SD .02

( . 5 , . 5 )
M .11
SD .05

( .2 5 , .2 5 )
M .23
SD .03

( .1 2 5 , .1 2 5 )
M .09
SD .05

( .0 8 4 , .0 8 4 )
M .08
SD .03

Table 4
Means ( M ) And Standard D eviations ( SD ) For PI Across C riter io n  S ession s

Rate In The Five 3 -sec  In terv a ls  o f  T

V sR PSRP/Mean ISRT

Recovery At 
The (1 ,1 )  P o in t  

M 
SD

.16

.07

.01
.01

.50

.02

.24

.08

.29

.05

.12

.04

.09

.03

,35
,06

.01

.01

.18

.05

.13

.06

.24

.04

.08

.04

.09

.03

.12

.09

.01

.01

.07

.03

.06

.04

.20

.03

.07

.05

.08

.03

.09

.09

.01

.02

.06

.02

.06

.04

.22

.03

.08

.05

.08

.03

.11
.11

.02

.03

.07

.04

.05

.03

.19

.05

.08

.05

.07

.04

.12

.11

3
0

3 
1

14
1

10
5

16
4

2
1

.09
,03

.17

.21

.02

.00

.01

.00

.04

.04

.28

.11

R e la t iv e  Time

.24

.34

.18

.07

.12

.04

.24

.03

.53

.10

.13

.05

,16
.05
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Table 4 (Continued)
Means (M) And Standard D eviations (SD) For PI Across C riter io n  S ession s

Experimental
Point Time/A

OL
M 20.5
SD

( 1 , 1)
M 1.1
SD .4

( . 5 , . 5 )
M 1.1
SD .2

( .2 5 , .2 5 )
M 1.1
SD .2

( .1 2 5 , .1 2 5 )
M 6 .0
SD 4 .4

( .0 8 4 , .0 8 4 )
M 1.7
SD .3

Recovery At 
The (1 ,1 )  P o in t  

M 1.0
SD .2

Time/A In  The F ive  3 -sec  I n t e r v a l s  Of T 
1 2 3 4 5

P e rc e n t  A For The F ive  3 -sec  I n t e r v a l s  Of T 
1 2 3 4 5

28.0

1. 2
.3

1.3
. 2

1. 2
.5

10.9
6 .4

1.9
1.1

1.1
.4

42.3

1.0
.5

.9

.5

1.5 
. 2

4.5
3.5

1.7
. 8

,8
.3

18.5

.7

.5

1 .0
.6

1.0
.1

4 .1
2. 8

1.5
1.0

1.3
.4

.8

.4

.8

.4

.8

.1

4 .3
5.8

1. 8  
1.7

1 .0
.3

24.5

.7

.3
«

.7

. 2

1. 0
. 2

3.5
2 .9

1.4
.6

.8

.3

25
35

39
14

22
8

25
4

55
8

14
5

20
11

24
35

13 
8

12
4

27
4

53
12

14

12
8

25
35

8
6

6
2

23
3

53
10

13
5

15
9

23
32

9
5

7
3

23
4

52
10

13
4

15
9

24
35

I I
7

6
3

21
3

52
10

13
4

16
10
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Experimental
Point

OL
M
SD

Table 5
Means (M) And Standard D eviations (SD)

Rate In The Five 3 -sec  In terv a ls  Of T

(1 , 1)
M
SD

( . 5 , . 5 )
M
SD

( .2 5 , .2 5 )
M
SD

(.1 2 5 , .1 2 5 )
M
SD

(.0 8 4 , .0 8 4 )
M
SD

Recovery At 
The (1 ,1 )  P o in t  

M 
SD

Rate

.00

.01

.40

.04

.61

.02

.61

.02

.34

.05

.49

.09

.38

.04

.00

.01

.38

.10

.57

.05

.55

.03

.33

.05

.46

.09

.66

.06

.00

.01

.68

.10

.88

.02

.72

.04

.35

.07

.50

.10

1.06
.16

,00
.00

.61

.13

.78
,04

.72
,04

,36
,05

.51

.09

.17

.03

.01

.01

.24

.10

.47

.03

.58

.04

.35

.05

.50

.10

.02

.02

.00

.01

.06

.02

.40

.03

.52

.03

.32

.06

.49
.09

.01

.01

For P2 Across C r i t e r i o n  S ess io n s

RA/S R PSRP/Mean ISRT R e la t iv e  Time

.00

.01

6 .22 .13
1 .03 .01

19 .05 .18
0 .01 .01

37. .03 .21
3 .00 .02

39 .02 .06
9 .00 .01

84 .02 .08
17 .00 .01

6 .11 .08
1 .02 .01
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Table 5 (Continued)
Means (M) And Standard D eviations (SD) For P2 Across C riter io n  S ession s

Experimental
Point Time/A

OL
M .3
SD

U , l )
M .3
SD 0.0

( . 5 , . 5 )
M .3
SD 0 .0

( .2 5 , .2 5 )
M .4
SD 0 .0

( .1 2 5 , .1 2 5 )
M .2
SD 0 .0

( .0 8 4 , .0 8 4 )
M .2
SD 0 .0

Recovery At 
The (1 ,1 )  P o in t  

M .2
SD 0.0

Time/A In  The F ive 3 -sec  I n t e r v a l s  Of T 
1 2 3 4 5

.1

P e rcen t  A For The F ive 3 -sec  I n t e r v a l s  Of T

.3
0 .0

.2
0 . 0

.3
0 .0

. 2
0.0

. 2
0.0

.3
0 . 0

.3
0 .0

. 2
0 . 0

.3
0 .0

. 2
0 . 0

. 2
0 .0

. 2
0 . 0

.4

.1

.3
0.0

.3
0 . 0

. 2
0 .0

.2
0.0

.2
0 .0

.4

.1

.3
0 .0

.4
0 .0

. 2
0.0

. 2
0.0

.3
.1

.3

.1

.3
0 .0

.4
0 .0

. 2
0 .0

.2
0.0

.4

.1

0
0

15
4

17
3

19
2

6
2

9
2

32
4

0
0

18
3

22
4

27
2

6
2

10
2

10
5

1
1

11
6

18
3

23
3

5
1

8
1

1
1

0
0

3
1

10
4

20
4

5 
1

7
2

1
1

0
0

2
1

11
2

16
4

4
1

7
2
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Experim ental
P o in t Rate

OL
M .00
SD .00

(1 ,1 )
M .02
SD .01

( . 5 , . 5 )
M : 02
SD :oi

( .2 5 , .2 5 )
M .02
SD .01

( ,1 2 5 , .1 2 5 )
M .13
SD .10

( .0 8 4 , .0 8 4 )
M .06
SD .02

Recovery At
The (1 ,1 )  P o in t

M .23
SD .01

Table 6
Means (M) And S tandard  D ev ia tio n s  (SD) For P3 Across C r i t e r i o n  S ess ions

Rate In The F ive  3 -se c  I n t e r v a l s  Of T
Ra/S R PSRP/Mean ISRT R e la t iv e  Time

.00 .00 .00 .00 .00 - -  .00

.00 .00 .01 .00 .00 -  - .00

.01 .03 .02 .01 .00 0 .95 .01

.01 .02 .02 .01 .01 0 .03 .00

:oi :o6 :oi .0 1  ;oi 1 : 7 s  :oi
:0 1  . 0 2  :oo :oo .0 1  0 .0 6  .0 0

.03 .03 .01 .02 .02 1 .61 .01

.01 .01 .01 .01 .01 0 .07 .00

.13 .14 .14 .14 .13 17 .27 .05

.09 .10 .11 .10 .11 11 .11 .04

.05 .06 .06 .06 .05 11 .13 .02

.03 .03 .03 .02 .02 0 .02 .01

.35

.02
.43
.07

,32
,05

.05

.02
.00
.01

3
0

.17
.02

.14

.01

166



5

0
0

1
0

1
1

1
1

4
3

2
3

0
1

Table 6 (Continued)
Means (M) And Standard D eviations (SD) For P3 Across C riter io n  S ession s

Time/A In  The F ive 3 -sec  I n te r v a l s  Of T P e rc e n t  A For The F ive  3 -sec

.6 0
0

0
0

0
0

0
0

,5
,2

.3
.2

.4

.5
.6
.3

.3
0.0

1
0

0
0

1
0

1
0

.8

.3
.5
.1

.6

.3
.6
.3

.6
1.6

3
1

1
0

.4

.1
.4
.1

.4

.1
.5
.1

.3

.1
2
1

1
3

0
4

1
3

.4
0 . 0

.4

.1
.4
.1

.3
0.0

.3
0. 0

5
4

5
3

5
4

4
3

.5

.2
.4
.1

.4

.1
.4

0 .0
.3
.1

2
1

3
1

3
1

.6

.1
.7
. 2

. 6

.1
.5
.2

.6

.4
15

5
24

6
15
5



Experim ental
P o in t Rate

OL
M .00
SD .01

(1 ,1 )
M .51
SD .10

. ( . 5 , . 5 )
M .32
SD .06

( .2 5 , .2 5 )
M .76
SD .04

( .1 2 5 , .1 2 5 )
M .64
SD .05

( .0 8 4 , .0 8 4 )
M .66
SD .04

Recovery At
The (1 ,1 )  P o in t

M .58
SD .07

Table 7
Means (M) And S tandard  D ev ia t io n s  (SD) For P4 Across C r i t e r i o n  S ess ions

Rate In  The Five 3 -sec I n te r v a l s Of T
ra/ Sr PSRP/Mean1 2 3 4 5

.01 .00 .01 .01 .00 _

.01 .01 .02 .00 .00 _ _

IS^T R e la t iv e  Time

.00

.00

.87

.03
1.00

.25
.47
.19

.15

.07
.08
.05

8
2

.08

.01
.18
.02

.43

.07
.58
.10

.40

.07
.13
.06

.06

.04
10

2
.04
.01

.16

.02

.71

.06
.95
.06

.86

.05
.66
.05

.61

.04
54

8
.02
.00

.27

.02

.60

.04
.68
.06

.68

.06
.63
.05

.61

.05
73

9
.02
.01

.23

.03

.62

.04
.68
.04

,68
.03

.67
,04

.66

.03
114

20
.02
.01

.25

.02

.90

.09
1.57

.24
.41
.12

.02

.01
.01
.01

9
1

.09

.02
.22
.03



E xperim ental

Table 7 (Continued)
Means (M) And Standard D eviations (SD) For P4 Across C riter io n  S ession s

Time/A In  The F ive  3 -se c  I n t e r v a l s  Of T P e rcen t  A For The F ive 3 -sec  I n t e r v a l s  Of T
P o in t Time/A

OL
M .2
SD -

(1 ,1 )
M .4
SD 0 .0

( . 5 , . 5 )
M .5
SD 0 .0

( .2 5 , .2 5 )
M .4
SD 0.0

( .1 2 5 , .1 2 5 )
M .4
SD 0.0

( .0 8 4 , .0 8 4 )
M .4
SD 0 .0

1

. 2

.5

.1

. 6 

.1

.4
0.0

.4
0 . 0

.4
0 . 0

Recovery At 
The (1 ,1 )  P o in t  

M .4
SD .1

, 6
.1

.4

.1

.6

.1

.4
0.0

.4
0 . 0

.4
0 . 0

.3
0 .0

3

.1

. 2
0 . 0

.4

.1

.4
0 . 0

.4

.1

.4

.1

.3
0 .0

.1

.1

.3
0.0

.3
0 . 0

.3
0 . 0

.4
0 . 0

.4

.1

.1

.1

.3

.1

.3
0.0

.3
0 . 0

.4
0 . 0

.5

.7

1
1

55
7

32
4

30
4

23 
4

24 
2

67
6

0
0

32
5

25
4

34
2

27 
3

28 
1

34
7

1
1

2
3

11
5

25
6

24
4

24
2

3
2

0
0

2
1

2
1

18
3

20
4

24
3

0
0

0
0

1
1

3 
1

22
4

19
5

24
1

0
0

a



Table 8
Means (M) And S tandard  D ev ia tio n s  (SD) 

Experim ental Rate In The F ive  3 -sec  I n te r v a l s  Of T
P o in t Rate 1

OL
M .05 .04
SD .03 .03

(1 ,1 )
M .15 .16
SD .03 .05

( . 5 , . 5 )
M .08 .08
SD .03 .03

( .2 5 , .2 5 )
M .25 .23
SD .03 .04

( .1 2 5 , .1 2 5 )
M .27 .25
SD .07 .07

(084±. 084)
M .25 .24
SD .03 .03

Recovery At 
The (1 ,1 )  P o in t

M .11 .16

2 3 4 5

.05 .05 .07 .07

.03 ,11 .04 .04

.31 .16 .08 .03

.08 .04 .03 .02

.11 .09 .07 .08

.03 .05 .02 .02

.26 .26 .25 .24

.03 .04 .06 .02

.27 .28 .27 .27

.07 .07 .06 .07

.25 .25 .25 .25

.04 .03 .03 .03

.22 .11 .05 .01

For P5 Across C r i t e r i o n  S ess ions

Ra/S R PSRP/Mean ISRT R e la t iv e  Time

.07

.07

2 .36 .07
0 .03 .01

3 .42 .09
1 .13 .03

15 .06 .35
2 .01 .06

32 .05 .28
10 .02 .05

50 .05 .14
13 .02 .02

2 .50 .05
0 .09 .02
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Experimental
Point Time/A

OL
M 1.0
SD

(1 ,1 )
M .5
SD .1

( . 5 , . 5 )
M 1.0
SD .1

( .2 5 , .2 5 )
M 1 .4
SD .3

( .1 2 5 , .1 2 5 )
M 1 .1
SD .1

( .0 8 4 , .0 8 4 )
M .5
SD .1

Recovery At 
The (1 ,1 )  P o in t  

M .4
SD .1

Table 8 (Continued)
Means (M) And Standard D eviations (SD) For P5 Across C r iter io n  S ession s

Time/A In  The F ive  3 -se c  I n te r v a l s  Of T P e rcen t  A For The F ive  3 -se c  I n t e r v a l s  Of T

1.2

.5

.1

1.0
.2

1.4
.3

1.1
.2

.6

.1

.4

.1

1.1

.6

.1

.8

.1

1.4
.4

1.0
.1

.6

.1

.4

.1

1.4

.5

.1

1.1
.2

1.3
.4

1.1
.2

.5

.1

.5

.2

.7

.4

.3

1.5
.3

1.1
.1

.5

.1

.4

.2

.9

.3

.2

1.2 1.2
.4 .2

1.5
.2

1.1
.2

.6

.1

.7

.4

7
6

20
7

11
6

30
4

27
3

12
3

10
4

8
8

11
4

10
6

36
4

26
7

13
3

6
4

6
4

4 
3

9
5

34
8

28
5

14
3

5
5

5 
7

2
2

10
6

39
7

29
5

13
2

3
1

7
7

0
1

11
4

40
5

30
6

14
2

1
1
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Appendix B 

Data From Exp. I I  

( See R e s u l ts  And D iscu ss io n  s e c t io n  o f  Exp. I f o r  a d e s c r i p t i o n  

o f  th e  measures and th e  degree  o f  accu racy  o f  each m easure. Data 

which r e f e r  to  more th an  one s e s s io n  were pooled  over c r i t e r i o n  

s e s s io n s  and means were computed. S tandard  d e v ia t io n s  were 

computed from th e  d a ta  c o l l e c t e d  in  each c r i t e r i o n  s e s s io n  to  

g ive  an i n d i c a t i o n  o f  day to  day v a r i a b i l i t y .  )



Table 9
Data For P4

F ir s t  E x tin ctio n  Period

Rate In  The F ive  3 -se c  I n t e r v a l s  Of T
S ess io n Rate 1 2 3 4 5

1 .61 .58 .63 .62 .63 .59
2 .55 .52 .58 .53 .57 .54
3 .46 .42 .46 .49 .48 .43
4 .24 .28 .21 .24 .24 .21
5 .24 .23 .25 .26 .23 .23
6 .06 .06 .07 .06 .06 .06
7 .06 .07 .04 .06 .07 .06
8 .05 .04 .05 .06 .06 .04
9 .11 .08 .15 .08 .11 .12
10 .03 .03 .02 .04 .04 .04
11 .06 .06 .06 .05 .08 .07

Time/A over the f i r s t  f iv e  e x t in c tio n  s e ss io n s  had a mean o f

.5  sec  and a standard d ev ia tio n  o f  .1 se c .



Table 10
Data For P4

F ir s t  R econditioning Period

D aily  Data

Rate In  The F ive  3 -sec  I n t e r v a l s  Of T
S ess io n Rate 1 2 3 4 5

1 .60 .89 1.21 .53 .23 .13
2 .39 .80 .84 .23 .06 .03
3 .51 .91 1.23 .31 .05 .03
4 .45 .79 1.23 .17 .02 .02
5 .39 .71 .81 .33 .05 .03

Data Computed Over The F ive  R eco n d itio n in g  S ess io n s  
( means a re  p re se n te d  in  th e  f i r s t  row; s ta n d a rd  d e v ia t io n s  a re  p re se n te d  in  th e  second row )

Rate ra/ sR PSRP/Mean IS1̂  R e la t iv e  Time Time/A %A At The End Of T

.47 7 .08 .23 .5 2

.08 1 .02 .03 0 .0  2
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Table 11
Data For P4

Second E x tin ctio n  Period
Rate In The F ive 3-sec I n te r v a l s Of '

S ess io n Rate 1 2 3 4 5

1 .12 .10 .11 .16 .13 .11
2 .21 .18 .16 .28 .22 .22
3 .31 .28 .33 .31 .29 .33
4 .11 .14 .14 .11 .08 .09
5 .25 .26 .24 .28 .25 .23
6 .07 .07 .08 .06 .07 .06
7 .15 .16 .15 .16 .11 .15
8 .06 .07 .05 .04 .04 .08
9 .03 .05 .03 .03 .03 .03
10 .14 .14 .12 .10 .18 .14
11 .07 .08 .07 .05 .06 .09

Time/A over the f i r s t  f iv e  e x t in c t io n  s e ss io n s  had a mean o f

.7  sec and a standard d ev ia tio n  o f  .1 s e c .



Table 12
Data For P4

Second R econditioning Period

D aily  Data
Rate In  The F ive  3 -sec  I n te r v a l s  Of T

S ess io n Rate 1 2 3 4 5

1 .61 .97 1.37 .48 .11 .09
2 .55 .99 1.17 .44 .08 .04
3 .62 1.07 1.49 .42 .04 .04
4 .46 1.06 1.24 .12 .02 .01
5 .48 1.06 1.04 .24 .04 .01

Data Computed Over The F ive R econd ition ing  S ess io n s  
( means a re  p re se n te d  in  th e  f i r s t  row; s ta n d a rd  d e v ia t io n s  a re  p re se n te d  in  th e  second row )

Rate Ra/S R PSRP/Mean I S ^  R e la t iv e  Time Time/A %A At The End Of T

.55 8 .03 .25 .5 3

.06 1 .01 .01 0 .0  2
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Table 13
Data For P4

Third E x tin ctio n  Period

Rate In The Five 3 -sec I n te r v a l s Of
S ess io n Rate 1 2 3 4 5

1 .17 .17 .18 .15 .16 .18
2 .12 .11 .10 .09 .16 .14
3 .20 .18 .19 .18 .22 .20
4 .08 .07 .09 .09 .06 .09
5 .07 .08 .07 .06 .08 .06
6 .05 .05 .05 .04 .06 .06
7 .06 .04 .06 .07 .08 .04
8 .09 .10 .10 .10 .07 .07
9 .07 .04 .06 .09 .06 .07

10 .10 .12 .09 .09 .09 .10
11 .07 .06 .06 .09 .07 .07

Time/A over th e  f i r s t  f iv e  e x t in c t i o n  s e s s io n s  had a mean o f 

.7 sec and a s ta n d a rd  d e v ia t io n  o f  .1 s e c .

177



Table 14
Data For P4

Third R econditioning Period

D aily  Data
Rate In The Five 3 -sec  In terv a ls  Of T

Session Rate 1 2 3 4 5

1 .40 .97 .79 .21 .02 .03
2 .41 .98 .83 .19 .04 .02
3 .54 1.07 1.26 .34 .02 .01
4 .50 .84 1.03 .51 .04 .04
5 .60 .95 1.39 .56 .07 .01

Data Computed Over The F ive  R econd ition ing  S ess io n s
( means a re p re se n te d  in  th e  f i r s t row; s tan d a rd d e v ia t io n s  a re  p re se n te d  in  th e  second row )

Rate Vs'R PSRP/Mean I S ^ R e la t iv e  Time Time/A %A At The End Of T

.49 7 .05 .22 .5 0

.08 1 .01 .01 0 .0  1
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Table 15
Data For P4

Fourth E xtin ction  Period

Rate In The Five 3-sec I n te r v a l s Of '
S ess io n Rate 1 2 3 4 5

1 .20 .22 .19 .19 .19 .20
2 .23 .25 .26 .21 .22 .23
3 .19 .18 .16 .21 .20 .18
4 .22 .20 .21 .23 .21 .22
5 .15 .13 .14 .18 .15 .16
6 .27 .27 .24 .26 .30 .29
7 .04 .05 .03 .04 .03 .04
8 .10 .13 .12 .08 .08 .07
9 .07 .05 .09 .09 .10 .04

10 .10 .09 .10 .12 .11 .08
11 .05 .04 .02 .06 .08 .05

Time/A over th e  f i r s t  f i v e  e x t in c t i o n  s e s s io n s  had a mean o f  

.8 sec and a s ta n d a rd  d e v ia t io n  o f  .1 sec .

a 
i 

t



Table 16
Data For P4

Fourth R econditioning Period

D aily  Data
Rate In The F ive 3 -sec  In terv a ls  Of T

S ession Rate 1 2 T 4 5

1 .43 .93 .89 .28 .03 .03
2 .42 .89 1.04 .14 .02 .02
3 .38 .73 .99 .16 .02 .02
4 .52 .71 1.43 .39 .05 .02
5 .46 .73 1.18 .32 .03 .01

( means a re p re se n te d  in  th e  f i r s t
Data Computed Over The F ive  R eco n d itio n in g  S ess io n s  

row; s ta n d a rd  d e v ia t io n s  a re  p re se n te d  in  th e  second row

Rate R /S R PSRP/Mean I S ^ R e la t iv e  Time Time/A %A At The End Of T

.44 7 .08 .21 .5 0

.05 1 .01 .02 .1 1

H
O

T



Table 17
Data For P4

F ifth  E x tin ctio n  Period

Rate In The F ive 3 -sec  I n t e r v a l s  Of T
S ession Rate 1 2 3 4 5

1 .10 .11 .13 .11 .08 .09
2 .09 .08 .09 .09 .07 .08
3 .18 .20 .18 .16 .16 .20
4 .04 .03 .03 .06 .06. .05
5 .15 * * * * *
6 .17 .19 .14 .19 .16 .18
7 .05 .06 .09 .03 .04 .05
8 .17 .19 .14 .18 .13 .20
9 .14 .16 .13 .16 .11 .13

10 .10 .09 .13 .07 .13 .08
11 .22 .21 .24 .19 .23

Time/A over th e  f i r s t  f i v e  e x t in c t i o n  s e s s io n s  had a  mean o f  

.8 sec and a  s ta n d a rd  d e v ia t io n  o f  .1 sec .

ie
I n d ic a te s  d a ta  which were l o s t  due to  an ap p a ra tu s  f a i l u r e .



Table 18
Data For P4

F ifth  R econditioning Period

D aily  Data

Rate In  The Five 3-sec I n te r v a l s Of
S ess io n Rate 1 2 3 4 5

1 .36 .71 .80 .21 .07 .02
2 .32 .64 .81 .13 .03 .01
3 .39 .69 .92 .28 .04 .01
4 .44 .56 1.16 .42 .03 .01
5 .43 .57 1.24 .32 .02 .00

Data Computed Over The F ive  R eco n d itio n in g  S ess ions  
( means a r e  p re se n te d  in  th e  f i r s t  row; s ta n d a rd  d e v ia t io n s  a r e  p re se n te d  in  th e  second row )

Rate

.39

.04

Vs 
6 
1

R PSRP/Mean ISRT

.10

.02

R e la t iv e  Time

.23

.03

Time/A %A At The End Of T

.6 0
0 .0  1
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Table 19
Data For P5

F ir s t  E x tin ctio n  Period

Rate In  The F ive  3 -sec  I n t e r v a l s  Of T
S ession Rate 1 2 3 4 5

1 .12 .11 .11 .16 .12 .12
2 .15 .17 .14 .14 .16 .14
3 .07 .09 .06 .08 .06 .04
4 .09 .10 .08 .08 .10 .10
5 .08 .08 .10 .07 .10 .08
6 .03 .01 .02 .05 .03 .02
7 .06 .08 .06 .05 .06 .04
8 .06 .06 .08 .06 .06 .06
9 .04 .05 .03 .05 .03 .02

10 .02 .02 .02 .01 .01 .02
11 .01 .01 .01 .01 .01 .01

Time/A over th e  f i r s t  f i v e  e x t in c t i o n  s e s s io n s  had a mean o f  

1.1 sec and a s ta n d a rd  d e v ia t io n  o f  .2 sec .
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Table 20
Data For P5

F ir s t  R econditioning Period

D aily  Data

Rate In  The F ive  3 -se c  I n te r v a l s  Of T
S ession Rate 1 2 3 4 5

1 .14 .25 .29 .12 .03 .01
2 .10 .13 .26 .11 .02 .00
3 .17 .23 .32 .22 .08 .01
4 .19 .29 .36 .24 .06 .02
5 .15 .26 .24 .13 .09 .02

Data Computed Over The F ive  R econd ition ing  S ess io n s  
C means a re  p esen ted  in  th e  f i r s t  row; s ta n d a rd  d e v ia t io n s  a re  p re se n te d  in  th e  second row )

R PSRP/Mean ISRT R e la t iv e  Time Time/A %A At The End Of T

.28 .09 .6 1

.07 .01 .1 1

Rate Vs
.15 2
.03 0

t-R
T



Table 21
Data For P5

Second E x tin ctio n  Period
Rate In  The Five 3 -sec I n te r v a l s Of

S ession Rate 1 2 3 4 5
1 .03 .02 .01 .02 .03 .08
2 .01 .02 .01 .00 .01 .01
3 .01 .01 .01 .01 .01 .01
4 .00 .00 .00 .01 .00 .00
5 .03 .02 .03 .03 .03 .04
6 .04 .04 .05 .04 .04 .03
7 .03 .04 .03 .02 .03 .04
8 .00 .01 .00 .00 .00 .00
9 .02 .02 .01 .03 .02 .02

10 .05 .05 .04 .06 .06 .03
11 .00 .00 .00 .00 .01 .00

Time/A over the f i r s t  f iv e  e x t in c t io n  se s s io n s  had a mean

1 .0  sec  and a standard d ev ia tio n  o f  .5 se c .



Table 22
Data For P5

Second reco n d itio n in g  Period

D aily  Data

Rate In The Five 3 -sec  In terv a ls  Of T
Session Rate 1 2 3 4 5

1 .22 .39 .36 .20 .12 .02
2 .21 .46 .33 .21 .06 .00
3 .26 .52 .39 .27 .08 .03
4 .21 .43 .37 .15 .07 .03
5 .20 .44 .29 .19 .05 .02

Data Computed Over The F ive  R econd ition ing  S ess ions  
( means a re  p re se n te d  in  th e  f i r s t  row; s ta n d a rd  d e v ia t io n s  a r e  p re se n te d  in  th e  second row )

^ PS^P/Mean IS^T R e la t iv e  Time Time/A %A At The End Of T

.20 .12 .6 1

.04 .01 0 .0  1

Rate Vs
.22 3
.02 0
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Table 23
Data For P5

Third E x tin ctio n  Period

Rate In The F ive 3 -sec  I n t e r v a l s  Of T
S ess io n Rate 1 2 3 4 5

1 .00 .00 .00 .00 .00 .00
2 .00 .00 .00 .00 .00 .00
3 .01 .02 .01 .01 .01 .01
4 .00 .00 .00 .00 .00 .00
5 .00 .00 .00 .00 .00 .00
6 .00 *00 .00 .00 .00 .00
7 .00 .00 .00 .00 .00 .00
8 .01 .02 .02 .00 .01 .00
9 .01 .02 .01 .00 .00 .02

10 .00 .00 .00 .00 .00 .00
11 .01 .01 .00 .00 .01 .00

Time/A over th e  f i r s t  f iv e  e x t in c t io n  s e s s io n s  had a mean o f  

.4 sec and a s ta n d a rd  d e v ia t io n  o f  .2 sec .

187



Table 24
Data For P5

Third R econditioning Period

D aily  Data

Rate In The F ive 3 -sec  I n te r v a l s  Of T
S ess io n Rate 1 2 3 4 5

1 .12 .28 .21 .05 .03 .05
2 .18 .27 .34 .24 .03 .01
3 .18 .36 .30 .15 .08 .01
4 .15 .31 .27 .09 .06 .02
5 .14 .28 .27 .14 .03 .00

Data Computed Over The F ive R econd ition ing  S ess io n s  
( means a re  p re se n te d  in  th e  f i r s t  row; s ta n d a rd  d e v ia t io n s  a r e  p re se n te d  in  th e  second row )

Rate Vs
.15 2
.02 0

R PSRP/Mean I S ^  R e la t iv e  Time Time/A . %A At The End Of T

.34 .09 .6 1

.04 .02 .2 1

188



Table 25
Data For P5

Fourth E x tin ctio n  Period

Rate In The F ive  3 -sec  I n t e r v a l s  Of T
S ession Rate 1 2 3 4 5

1 .00 .00 .00 .00 .01 .00
2 .00 .00 .00 .00 .00 .00
3 .02 .03 .02 .01 .01 .02
4 .01 .01 .00 .02 .00 .00
5 .01 .01 .00 .02 .00 .01
6 .03 .03 .01 .03 .04 .03
7 .02 .00 .01 .01 .03 .02
8 .00 . .00 .00 .01 .01 .01
9 .01 .01 .00 .01 .01 .03

10 .02 .01 .02 .01 .02 .02
11 .03 .04 .05 .05 .02 .01

Time/A over the f i r s t  f iv e  e x t in c tio n  se ss io n s  had a mean

.6  sec  and a standard d ev ia tio n  o f  .1 se c .



Table 26
Data For P5

Fourth R ecqnditioning Period

D aily  Data

Rate In  th e  F ive  3 -se c  I n t e r v a l s  Of T
S ession Rate 1 2 3 4 5

1 .14 .42 .23 .06 .01 .00
2 .18 .48 .26 .12 .02 .00
3 .22 .54 .37 .14 .04 .01
4 .19 .41 .36 .17 .01 .00
5 .14 .32 .26 .12 .02 .00

( means a re

Rate Vs
.17 3
.03 0

R

Data Computed Over The F ive  R eco n d itio n in g  S ess io n s

PSRP/Mean I S ^  R e la t iv e  Time Time/A %A At The End o f  T

.22 .09 .5 0

.04 .01 .1 0

iyu



Table 27
Data For P5

F ifth  E x tin ctio n  Period

Rate In  The F ive  3 -sec  i n t e r v a l s  Of T
Session Rate 1 3 4 5

1 .05 .04 .02 .04 .06 .08
2 .01 .01 .02 .02 .00 .02
3 .01 .01 .01 .01 .01 .01
4 .00 .00 .00 .00 .00 .00
5 .01 .00 .01 .02 .02 .01
6 .00 .00 .01 .01 .00 .00
7 .00 .00 .00 .00 .00 .00
8 .00 .00 .00 .00 .00 .00
9 .01 .01 .01 .02 .00 .01

10 .01 .00 .00 .00 .00 .02
11 .02 .01 .02 .01 .01 .03

Time/A over the f i r s t  f iv e  e x t in c tio n  se ss io n s  had a mean o f

.8  sec  and a standard d ev ia tio n  o f  .3  se c .



Table 28
Data For P5

F if th  R econditioning Period

D aily  Data
Rate In  The F ive  3 -se c  I n t e r v a l s  Of T

S ession Rate 1 2 3 4 5

1 .18 .22 .14 .07 .03 .01
2 .14 .16 .11 .06 .01 .01
3 .15 .36 .27 .09 .02 .00
4 .14 .33 .21 .14 .04 .00
5 .10 .21 .17 .10 .03 .00

Data Computed Over The F ive  R econd ition ing  S ess io n s  
( means a r e  p re se n te d  in  th e  f i r s t  row; s ta n d a rd  d e v ia t io n s  a r e  p re se n te d  in  th e  second row )

Rate Vs
.14 2
.03 0

R PSRP/Mean IS^T R e la t iv e  Time Time/A %A At The End Of T

.30 .07 .5 1

.13 .02 .1 1

hVlr*



Appendix C 

Data From Exp. I l l  

( See R e s u l ts  And D iscu ss io n  s e c t io n  o f  Exp. I f o r  a d e s c r ip t io n  

o f  th e  measures and th e  deg ree  o f  accu racy  o f  each m easure. Data 

were pooled  over c r i t e r i o n  s e s s io n s  and means were computed.

S tandard  d e v ia t io n s  were computed from th e  d a ta  c o l l e c t e d  in  each 

c r i t e r i o n  s e s s io n  to  g ive  an i n d i c a t i o n  o f  day to  day v a r i a b i l i t y .  )



Table 29
Means (M) And Standard D eviations (SD)

Experim ental
P o in t Rate

(1 ,-5 )
M .22
SD .08

(1 ,-2 5 )
M .23
SD .05

(1 ,.1 2 5 )
M .17
SD .06

(1 ,0 )
M .05
SD .05

Recovery At

The (1 ,1 )  P o in t
M .25
SD .12

Rate In The F ive  3 -sec  I n te r v a l s  Of T

.32 .19 .22 .19 .11

.06 .06 .09 .19 .09

.35 .27 .20 .18 .16

.04 .08 .08 .08 .08

.35 .15 .15 .12 .09

.09 .06 .11 .09 .09

.12 .04 .02 .02 .02

.18 .05 .08 .06 .02

,44
,06

.22

.09
.24
.17

.20

.15
.16
.13

For PI Across C r i t e r i o n  S ess io n s

Ra/S R PSRP/Mean ISRT R e la t iv e  Time

6 .08 .15
2 .03 .02

7 .04 .36
2 .02 .06

4 .05 .54
2 .02 .21

4 .03 .18
2 .01 .29

4 .07 .43
2 .02 .10



Table 29 (Continued)
Means (M) And Standard D eviations (SD) For PI Across C riter io n  S ession s

Experim ental Time/A In  The F ive 3 -se c  I n t e r v a l s  Of T P e rcen t  A For The F ive 3 -sec  I n te r v a l s  Of T
P o in t Time/A 1 2 3 4 5

(1 > • 5)
M .8 1.0 .7 .8 .8 .7
SD .2 .4 .2 .7 .6 .1

C l , .25)
M 1.5 2.6 1.1 1.4 1.3 .8
SD .5 .8 .6 .8 .1 .1

(1 ,.1 2 5 )  
M 
SD

3.4 4 .9 2.1 2.7 1.6 .9
1.9 2 .3 1.5 1.6 .8 .8

(1 ,0 )
M 3.9 5.3 3.1 1.8 3.1 .4
SD 2.8 2.2 2.4 .6 2.5 .2

Recovery At
The (1 ,1 )  P o in t  

M 1.7 2.5 1.4 1.5 1.5 .9
SD 1.3 1.7 1.2 1.6 1.2 .2

1 2 3 4 5

17 14 19 18 20
2 4 5 6 4

36 36 39 40 38
9 6 5 10 10

57 52 54 61 61
21 21 23 21 24

19 21 18 19 19
32 31 30 32 32

39 36 39 49 54
11 13 10 15 15

toOn



Experimental
Point Rate

(1 , .5 )
M .24
SD .06

C l , .25)
M .19
SD .04

C l , -125)
M .36
SD .04

(1 , 0)
M .65
SD .03

Recovery At 
The (1 ,1 )  P o in t  

M 
SD

Table 30
Means (M) And Standard D eviations (SD)

Rate In The Five 3 -sec  In terv a ls  Of T

.50

.04

.29

.06

.25

.04

.38

.04

. 66 

.04

.60

.07

.41
,15

.22

.07

.40

.05

.75

.04

1 .00
.02

.28

.10

,21
.05

.37

.06

.64

.03

.70

.15

.12

.02

.13

.03

.34

.07

.56

.04

.17

.09

.10

.03

.14

.03

.30

.03

.63

.08

.04

.02

For P2 Across C r i t e r i o n  SEssions

Ra/S R PSRP/Mean I s S  R e la t iv e  Time

7 .10 .06
1 .04 .01

9 .06 .09
2 .02  . 02

17 .03 .17
2 .01 .03

14 .05 .54
1 .01 .02

8 .09 .22
1 .01 .02

196



Table 30 (Continued)
Means (M) And Standard D eviations (SD) For P2 Across C riter ion  S ession s

Experimental
Point Time/A

.3

.1

(1, .5)
M
SD

(1, .25)
M,
SD

(1, .125)
M
SD

(1, 0)
M
SD

Recovery At
The (1 ,1 )  P o in t  

M
SD 0 .0

Time/A In  The F ive 3 -se c  I n t e r v a l s  Of T P e rc e n t  A For The F ive 3 -sec  I n t e r v a l s  Of T

.3

.1
. 2
.1

. 2

. 2
.3
.1

. 2

.1
14
4

8
4

6
2

4

3
2

3
2

.5 .4 .5 .5 .6 .3 11 12 9 7 6

.1 .1 .1 .2 .2 .1 1 3 3 3 4

.5 .5 .5 .5 .6 .4 18 18 16 23 19

.1 .1 .1 0 .0 .1 .1 7 5 4 8 3

.8 .7 .8 1.0 1.1 .7 40 55 62 63 67

.0 .1 .1 .1 .1 0 .0 3 4 7 7 2

.4 .4 .5 .4 .3 .3 44 48 10 2 1
0.0 0 . 0 .1 . 1



Table 31
Means (M) And Standard D eviations (SD)

Experim ental
P o in t Rate

(1 ,-5 )
M .29
SD .11

(1 ,-2 5 )
M .57
SD .05

(1 ,.1 2 5 )
M .48
SD .03

(1 ,0 )
M .46
SD .07

Recovery At
The (1 ,1 )  P o in t

M .45
SD .08

Rate In  The F ive  3 -sec  I n te r v a l s  Of T

.21 .32 .34 .29 .30

.05 .14 .15 .12 .15

.41 .59 .62 .62 .61

.05 .05 .09 .07 .07

,44 .56 .58 .39 .40
.04 .05 .04 .06 .02

,41 .53 .50 .39 .48
.04 .06 .09 .13 .08

.45

.05
.60
.10

.44

.11
.43
.11

.32

. 12

For P3 Across C r i t e r io n  S ess io n s

ra/ s r PSRP/Mean IS1̂ R e la t iv e  Time

8 .25 .14
3 .08 .06

15 .13 .36
2 .04 .04

10 .12 .57
1 .03 .04

11 .11 .56
2 .02 .03

7
1

.10

.01
.36
.07



Table 31 (Continued)
Means (M) And Standard D eviations (SD) For P3 Across C riter io n  S ession s

Experimental
Point Time/A

Time/A In  The F ive  3 -sec  I n t e r v a l s  Of T P e rcen t  A For The Five 3 -sec  I n t e r v a l s  Of T

C l , .5)
M .5
SD .1

C l , - 25)
M .6
SD .1

(1 ..1 2 5 )
M 1.2
SD .1

(1 ,0 )
M 1.2
SD .2

Recovery At
The (1 ,1 )  P o in t  

M .8
SD .1

.5

.1

.5

.1

.8

.1

.9

.6

,9
1

.5

.1

.5

.1

1. 2
.1

1.4
.4

1. 0
.3

.6

.1

.8

.1

1.4
.1

1.6
.4

.9

. 2

.5

.1

.8

.2

1.8
. 2

1.4
. 2

.6
.1

.4
0 . 0

.5

.1

. 8

.1

.8

.1

.4
0.0

11
5

27
3

37
13

35
8

36
10

19
14

35
3

56
6

59
10

50
16

18
10

47
9

70
7

73
7

44
17

12
6

46
10

78
5

73
3

26
12

18
8

39
6

65
4

62
4

12
7
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