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A b s tra c t

VARYING PROBABILITY OF REINFORCEMENT AND TEMPORAL 

LOCATION OF AN INTRUDED STIMULUS IN A TAU 

REINFORCEMENT SCHEDULE 

by

R ichard  B. R ice

A dvisor: P ro fe s s o r  Thom Verhave

One approach to  th e  a n a ly s is  o f  b eh av io r in v o lv es  th e  s tu d y  o f  

th e  e f f e c t s  o f  adding a  s tim u lu s  to  a p re v io u s ly  e s ta b l is h e d  

b e h a v io ra l b a s e l in e .  T h is  experim ent was adapted from such an 

" in tru d e d  s tim u lu s  paradigm " by Farmer and Schoenfeld  (1966a).

P igeons were c o n d itio n e d  to  peck a key on a ta u  sch ed u le  o f 

re in fo rcem en t (S choenfe ld  and C o le , 1972). Tau, th e  c y c le  le n g th , 

was 60 seconds. Tau*5 and tau^  were a l t e r n a t in g  components o f  ta u ;  

th e  d u ra tio n s  of th e s e  components were 6 and 54 seconds r e s p e c t iv e ly .  

Each component was c o r r e la te d  w ith  a d i f f e r e n t  p r o b a b i l i ty  of
D

re in fo rc e m e n t g iven  th e  o ccu rren ce  o f a re sp o n se . During ta u  th e
A

resp o n se  key was l ig h te d  w h ite ; d u rin g  ta u  th e  key was l ig h te d  

g re e n . Thus, th e  ta u  c y c le  components formed a  m u lt ip le  sch ed u le . 

S u b je c ts  were ass ig n ed  to  v a ry in g  p r o b a b i l i t i e s  o f  re in fo rc e m e n t in  

ta u ^  and ta u ^ . The s e r i e s  o f  p r o b a b i l i t i e s  in  tau*5 was e i t h e r  1 .0 0 ,

0 .4 0 , 0 .1 0 , o r 1 .0 0 , 0 .2 0 , 0 .0 5 . The p r o b a b i l i ty  o f re in fo rc e m e n t 

in  ta u ^  was e i t h e r  0 .0 2  o r  0 .0 0  th ro u g h o u t th e  experim en t. For each
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p r o b a b i l i ty  o f  re in fo rc e m e n t in  ta u D 10 s e s s io n s  were conducted

b e fo re  th e  in tro d u c tio n  o f  a s ix  second change in  c o lo r  (S^) w ith in

ta u ^ . S u b seq u en tly , 10 s e s s io n s  were conducted f o r  each o f  fo u r

lo c a t io n s  o f S1̂ . During th e  c o lo r  on th e  resp o n se  key was w h ite ,

th e  same as  t h a t  d u rin g  ta u D.

As p r o b a b i l i ty  o f  re in fo rc e m e n t in  tau^  was d e c re a se d , c o rre c te d

Nr a t e s  in c re a se d  a t  each S lo c a t io n .  At p r o b a b i l i t i e s  o f

re in fo rc e m e n t in  tau"* l e s s  th a n  one and p r o b a b i l i ty  o f  re in fo rc e m e n t

in  ta u ^  equal to  0 .0 0 , each s e r i e s  o f in t r u s io n s  produced an
Nin v e r te d  U-shaped fu n c tio n  o f  c o rre c te d  r a t e s  in  S . C o rrec ted  r a t e

Nwas rec o v e red  a t  one S lo c a t io n  f o r  m ost s u b je c ts .  Recovery r a t e s
Nconfirm ed th a t  c o rre c te d  r a t e  in  S was a fu n c t io n  o f tem poral 

lo c a t io n . As p r o b a b i l i ty  o f  re in fo rc e m e n t in  tau ^  was d e c re a se d , 

c o rre c te d  r a t e s  in  tau ^  in c re a se d  a t  each p r o b a b i l i ty  and a ls o  

in c re a se d  over th e  cou rse  o f 50 s e s s io n s  a t  each p r o b a b i l i ty .

At p r o b a b i l i ty  o f  re in fo rc e m e n t in  ta u ^  equal to  0 .0 2 , c o rre c te d

r a t e s  in  ta u ^  in c re a se d  th roughou t th e  experim en t. At p r o b a b i l i ty
A Ao f re in fo rc e m e n t in  ta u  equal to  0 .0 0 , c o rre c te d  r a t e s  w ith in  ta u

N
were e i t h e r  m inim al o r p o s i t iv e ly  a c c e le r a te d .  Responding d u rin g  S 

A
and w ith in  ta u  appeared  to  be under s e p a ra te  s tim u lu s  c o n tro l .
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The d e s ig n  o f  th e  p re s e n t  experim ent evolved m ost d i r e c t l y  

from th e  " in tru d e d  s tim u lu s  paradigm " o f  Farmer and Schoenfeld  (1966a, 

1966b). In  such an experim ent an a d d it io n a l  s tim u lu s  i s  superim posed 

upon a  p re v io u s ly  e s ta b l is h e d  b a s e l in e .  Farmer and Schoenfeld  

c o n tra s te d  two approaches to  th e  a n a ly s is  o f  b eh av io r w ith  reg a rd  to  

t h i s  in tru d e d  s tim u lu s . The more t r a d i t i o n a l  approach was to  an a ly ze  

th e  b eh av io r in  term s o f  m u lt ip le  fu n c tio n s  o f  th e  in tru d e d  s tim u lu s . 

In  The B ehavior o f Organisms B. F. Skinner (1938) id e n t i f i e d  

s e v e ra l  fu n c t io n s  o f  a  s tim u lu s , such as e l i c i t a t i o n ,  d is c r im in a t io n , 

and re in fo rc e m e n t. These fu n c tio n s  were d e riv e d  from S k in n e r 's  

d i s t i n c t io n  betw een two ty p e s  o f  C o n d itio n in g , Type S (responden t) 

and Type R ( o p e ra n t) . B esides th e  a n a ly s is  in  term s o f  m u lt ip le  

fu n c tio n s  Farmer and S choenfe ld  d e sc r ib e d  th e  e f f e c t s  o f th e  s in g le  

c a te g o ry  " in tru d e d  s tim u lu s"  in  r e l a t i o n  to  th e  tem poral p a ram ete rs  

o f  th e  d e s ig n . They concluded t h a t  t h i s  l a t t e r  a n a ly s is  was 

s u f f i c i e n t .  Schoenfeld  and Cole (1972) suggested  th a t  th e  s tu d y  o f  

th e  s in g le  c a te g o ry  " s tim u lu s"  was perhaps a p p ro p r ia te  because th e  

d i s t i n c t io n s  among d i f f e r e n t  s tim u lu s  fu n c tio n s  have become 

l e s s  c le a r .

The p re s e n t  experim ent was based on two th e o r e t i c a l  assum ptions 

which a re  d e lin e a te d  below . (1) The a n a ly s is  o f  b eh av io r should 

proceed  in  term s o f  a  s in g le  c a te g o ry  o f  s tim u lu s  fu n c t io n .

(2) T h is  s tim u lu s  fu n c t io n  should  be s tu d ie d  in  r e l a t i o n  to  schedu le  

p a ra m e te rs , b u t n o t w ith  r e s p e c t  to  ty p es  o f  c o n d it io n in g .

Sk inner s e t  f o r th  a d i s t i n c t io n  betw een resp o n d en t and o p e ra n t 

c o n d itio n in g  p ro ced u res  which had t h e i r  o r ig in s  in  th e  work o f
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I .  P. Pavlov and E. L. T horndike r e s p e c t iv e ly  (K e lle r  and S choen fe ld , 

1950; S k in n e r, 1938; V erhave, 1966). A fundam ental d i f f e r e n c e  in  

th e s e  p ro ced u res  was th e  o rd e r  o f  o ccu rren ce  o f  th e  re sp o n se  and 

r e in f o rc in g  s tim u lu s . In  resp o n d en t c o n d it io n in g , th e  r e in f o rc in g  o r  

u n co n d itio n ed  s tim u lu s  (UCS) p receded  and , as S k inner p u t i t ,  e l i c i t e d  

th e  u n co n d itio n ed  resp o n se  (UCR). C ond ition ing  as  a  p ro c e s s  occu rred  

when th e  c o n d itio n ed  s tim u lu s  (CS) was p a ire d  w ith  th e  UCS.

E v e n tu a lly , a f t e r  a c e r t a in  number o f  p a i r in g s ,  th e  CS p re se n te d  by 

i t s e l f  e l i c i t e d  th e  co n d itio n e d  resp o n se  (CR). In  o p e ra n t 

c o n d it io n in g , th e  o ccu rren ce  o f  a  re sp o n se  was fo llow ed  by a 

r e in f o rc in g  s tim u lu s  and was s a id  to  be e m itte d . C o n d ition ing  

o ccu rred  when th e  r e in f o rc in g  s tim u lu s  could be shown to  a f f e c t  

th e  subsequent r a t e  o f  re sp o n se . In  c o n ju n c tio n  w ith  th e  d i f f e r e n c e s  

betw een c o n d itio n in g  p ro c e d u re s , S k inner id e n t i f i e d  a c la s s  o f  

b eh av io r which was c o n d itio n e d  e x c lu s iv e ly  by each p ro ced u re . 

Respondent b e h a v io r , c o r r e la te d  w ith  a  p r io r  e l i c i t i n g  s tim u lu s , 

could  n o t be c o n d itio n e d  in  an o p e ran t p ro ced u re ; o p e ra n t b e h a v io r , 

c o r r e la te d  w ith  a p o s te r io r  r e in fo rc in g  s tim u lu s , could  n o t be 

c o n d itio n e d  in  a  re sp o n d en t p ro ced u re .

Another d i f f e r e n c e  betw een S k in n e r 's  two ty p e s  o f  c o n d itio n in g  

concerned th e  fu n c t io n  o f  th e  s tim u lu s  which preceded  th e  o ccu rren ce  

o f  th e  re sp o n se . In  resp o n d en t c o n d it io n in g , a s  s ta te d  above, th e  

CS e l i c i t e d  th e  CR. A lthough o p e ran t behav io r was n o t c o r r e la te d  

w ith  an e l i c i t i n g  s tim u lu s , S kinner (1938) d isc e rn e d  th a t  

s t im u la tio n  p r io r  to  th e  o p e ran t d id  a f f e c t  th e  s tr e n g th  o f  th e  

o p e ran t and th a t  a  s o -c a l le d  " d is c r im in a tiv e  s tim u lu s"  should  be
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in c o rp o ra te d  in  th e  b a s ic  o p e ra n t c o n d itio n in g  paradigm . S k inner

dem onstra ted  th e  fu n c t io n  o f  a  d i s c r im in a t iv e  s tim u lu s  in  a schedu le

o f  p e r io d ic  r e c o n d itio n in g  ( f ix e d  i n t e r v a l ) .  The f i r s t  b a r  p re s s

resp o n se  by a r a t  in  th e  p resen ce  o f  a  l ig h t  (SD) produced a

re in fo rc e m e n t and tu rn e d  th e  l ig h t  o f f  (S^) fo r  a f iv e  m inute
D

in te r v a l .  When respond ing  was m ain ta ined  in  S and e x tin g u ish e d  in  

S^, a " d is c r im in a tio n '' was sa id  to  have been e s ta b l is h e d . B esides 

th e  d i f f e r e n c e s  betw een th e  two ty p e s  o f  c o n d it io n in g , i t  may be 

no ted  th a t  th e  CS in  resp o n d en t c o n d itio n in g  and th e  S^ in  o p e ra n t 

c o n d itio n in g  a re  b o th  examples o f " in tru d e d  s t im u l i ."  In  each 

in s ta n c e  a " n e u tr a l  s tim u lu s"  a c q u ire s  a s p e c i f ic  fu n c tio n  when i t  

i s  added to  a ru d im en ta ry  schedu le  o f  re in fo rc e m e n t.

The two types  o f  c o n d itio n in g  could  be d is t in g u is h e d  on th e  

b a s is  o f  th e  a c q u is i t io n  o f  s p e c i f ic  s tim u lu s  fu n c t io n s .

P a r t i c u la r ly ,  th e  e l i c i t i n g  fu n c t io n  o f  th e  CS was s p e c i f ic  to  

resp o n d en t c o n d itio n in g  (S k in n e r , 1938). W ith in  th e  f i e l d  o f  o p e ran t 

c o n d it io n in g , m ajor a re a s  o f  r e s e a rc h  have been concerned w ith  th e  

a c q u is i t io n  o f s tim u lu s  fu n c tio n s  and w ith  th e  a n a ly s is  o f  b eh av io r 

in  term s o f  th e s e  fu n c t io n s  (Honig, 1966). Through S k in n e r 's  o p e ran t 

d is c r im in a t io n  p rocedu re  a n e u tr a l  s tim u lu s  could a c q u ire  a 

d is c r im in a t iv e  fu n c t io n . In  a d d i t io n ,  S k inner (1938) re p o r te d  th a t  

a  d is c r im in a t iv e  s tim u lu s  could  a ls o  fu n c t io n  as a c o n d itio n e d  

r e in f o r c e r .  An experim ent by Dinsmoor (1950) i l l u s t r a t e d  th e  

r e l a t io n s h ip  betw een th e  d is c r im in a t iv e  and c o n d itio n e d  r e in f o rc in g  

fu n c t io n s . R a ts  were co n d itio n e d  on a  co n tin u o u s re in fo rc e m e n t 

schedu le  in  th e  p re se n c e  o f  a  l ig h t  and th en  d iv id e d  in to  th r e e  

groups f o r  e x t in c t io n .  One ex p erim en ta l g roup was used  to  t e s t  th e
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d is c r im in a t iv e  r o l e  o f  th e  l i g h t  (SD) .  T h is  group was e x tin g u ish e d  

in  th e  p re se n c e  o f  S^, b u t each re sp o n se  produced th re e  seconds o f  

d a rk  (S ^ ) . A second ex p e rim en ta l group was used  to  t e s t  th e  

c o n d itio n e d  r e in f o rc in g  r o le  o f  S*\ T h is  group was e x tin g u ish e d  in  

S ^ , b u t each resp o n se  produced th re e  seconds o f  S^. A c o n tro l  group 

was e x tin g u ish e d  in  S^. Response t o t a l s  f o r  th e  two experim en ta l 

g roups in  e x t in c t io n  were n o t s ig n i f i c a n t l y  d i f f e r e n t ,  b u t  th e y  were 

g r e a t e r  th a n  resp o n se  t o t a l s  f o r  th e  c o n tro l  g roup . Dinsmoor 

concluded th a t  e s ta b l is h in g  a s tim u lu s  as an was s u f f i c i e n t  to  

e s ta b l i s h  i t  as  a co n d itio n e d  r e in f o r c e r  and t h a t  th e  two r o le s  were 

e q u iv a le n t in  t h e i r  e f f e c t iv e n e s s  on resp o n d in g .

A lthough th e  d is c r im in a t iv e  and c o n d itio n e d  r e in f o rc in g

fu n c tio n s  o f  a  s tim u lu s  could  be e s ta b l is h e d  th rough  o p e ran t

p ro c e d u re s , o th e r  re s e a rc h  has dem onstra ted  t h a t  th e s e  fu n c tio n s  do

n o t r e s u l t  s o le ly  from o p e ra n t c o n d it io n in g . T e rra c e  (1966) and

R esc o rla  and Solomon (1967) c i te d  an experim ent by Morse and S k inner

(1958) in  which th e  fu n c t io n  o f  a d i s c r im in a t iv e  s tim u lu s  in  an

o p eran t p ro ced u re  was e s ta b l is h e d  a t  l e a s t  in  p a r t  th rough  responden t
D Rc o n d it io n in g . The tem poral a s s o c ia t io n  between S and S in  o p e ra n t 

c o n d it io n in g , s im i la r  to  th e  p a ir in g  o f  CS and UCS in  responden t 

c o n d it io n in g , r e s u l te d  in  th e  c o n tro l  o f  SD over re sp o n d in g .

P igeons were r e in fo rc e d  w ith  food on a n o n -co n tin g en t v a r ia b le  

in te r v a l  sch ed u le  in  th e  p re se n c e  o f  e i t h e r  a  re d  o r  g reen  chamber 

l ig h t  and were n ev er r e in fo rc e d  in  th e  p re se n c e  o f  th e  a l t e r n a t iv e  

c o lo r .  Then th e  s u b je c ts  were t r a in e d  to  peck a  key f o r  food on a 

v a r ia b le  i n te r v a l  schedu le  in  th e  p re se n c e  o f  a  w h ite  l ig h t .
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F in a l ly ,  resp o n d in g  was e x tin g u ish e d  w h ile  th e  re d  and g reen  l ig h t s  

were a l te r n a te d .  During e x t in c t io n  more resp o n d in g  occu rred  in  th e  

p rese n c e  o f  th e  c o lo r  t h a t  was o r ig in a l ly  p a ire d  w ith  food . T e rra c e  

(1966) and R e sc o rla  and Solomon (1967) p o in te d  o u t t h a t  th e  e l i c i t i v e  

fu n c tio n  o f  th e  l i g h t  a f f e c te d  o p e ran t b e h a v io r . S ince  th e  e l i c i t i v e  

fu n c t io n  i s  supposed ly  s p e c i f ic  to  resp o n d en t c o n d it io n in g , th e  

d i s t i n c t io n  betw een th e  d is c r im in a t iv e  and e l i c i t i v e  fu n c tio n s  

becomes obscured .

B ersh (1951) in v e s t ig a te d  th e  e s ta b lish m e n t o f  a secondary  

(c o n d itio n e d )  r e i n f o r c e r .  The d u ra tio n  o f  th e  in te r v a l  between 

th e  o n se t o f  a n e u t r a l  s tim u lu s  ( l i g h t )  and a r e in f o r c e r  (food) 

was s y s te m a t ic a l ly  v a r ie d  from ze ro  to  te n  seconds. R ats  were 

g iven  p a ire d  p r e s e n ta t io n s  o f  l ig h t  and food w ith  a b a r -p re s s in g  

le v e r  u n a v a ila b le .  S u b seq u en tly , th e  b a r  was made a v a i la b le ,  and 

a b a r  p re s s  produced th e  l i g h t .  B a r-p re ss in g  t o t a l s  re v e a le d  a 

maximum e f f e c t iv e n e s s  f o r  in te r v a l s  o f 0 .5  and 1 .0  seconds.

A m a jo r i ty  o f  re sp o n d en t c o n d itio n in g  s tu d ie s  had shown th e  op tim al 

CS-UCS in te r v a l  to  be 0 .5  seconds. T h e re fo re , Bersh supported  a 

P av lov ian  c o n d itio n in g  h y p o th es is  o f  co n d itio n e d  re in fo rc e m e n t.

A f te r  rev iew ing  th e  a v a i la b le  l i t e r a t u r e  K e lleh e r (1966) a ls o  

concluded th a t  a  s tim u lu s  was e s ta b l is h e d  as a  c o n d itio n e d  r e in f o r c e r  

th rough  responden t c o n d it io n in g . As w ith  th e  d is c r im in a t iv e  

fu n c t io n  in  an o p e ra n t p ro ce d u re , th e  c o n d itio n e d  r e in f o rc in g  

fu n c t io n  appears to  in v o lv e  th e  e l i c i t i v e  fu n c t io n . I f  d i s t i n c t io n s  

among th e s e  fu n c t io n s  cannot be m a in ta in e d , then  i t  i s  re a so n a b le  

to  p roceed  w ith  a  s in g le  c a te g o ry  o f  s tim u lu s  fu n c t io n .
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S ince  th e  ty p es  o f  c o n d it io n in g  appear to  o v e rla p  in  th e  a n a ly s is  

o f  s tim u lu s  fu n c t io n s  in  an o p e ra n t p ro ce d u re , a c le a r  d i s t i n c t io n  

betw een th e  ty p es  o f  c o n d itio n in g  m ust r e s t  upon th e  d i s c r e te  c la s s e s  

o f  o p e ra n t and resp o n d en t b e h a v io r . Of c o u rse , e i t h e r  p ro ced u re  can 

r e s u l t  in  a  re sp o n d en t o r o p e ra n t depending upon which p a r t  o f  th e  

beh av io r stream  i s  observed . The same food p e l l e t  can r e in f o r c e  a 

p reced in g  b a r  p re s s  re sp o n se  and e l i c i t  a s a l iv a r y  re sp o n se .

The d i s t i n c t io n  betw een c la s s e s  o f b eh av io r has been t e s t e d  by try in g  

to  c o n d it io n  resp o n d en ts  th ro u g h  o p e ra n t p ro ce d u re s . T e rra c e  (1973) 

re p o r te d  experim ents (DiCara and M il le r ,  1968; M il le r  and Carmona, 

1967) in  which resp o n d en ts  such as s a l iv a t io n  and h e a r t  r a t e  were 

c o n d itio n e d  s u c c e s s fu l ly  w ith  o p e ra n t p ro ce d u re s . Thus, T e rra c e  

concluded th a t  th e  ty p e s  o f  c o n d itio n in g  cou ld  n o t be d is t in g u is h e d  

on th e  b a s is  o f  d i s c r e te  re sp o n se  c la s s e s .

A lthough th e  accum ulated  ev idence  c h a lle n g e s  th e  v a l i d i t y  o f 

tw o -fa c to r  th e o ry , a b e t t e r  fo rm u la tio n  has n o t been found. The 

weakening o f  th e  d i s t i n c t io n s  betw een th e  two ty p es  o f  c o n d itio n in g  

g iv e s  added fo rc e  to  th e  p o s s i b i l i t y  o f  a s in g le  ty p e  o f  c o n d it io n in g , 

b u t th e re  has been no c le a r  way to  e x p la in  th e  e x is t in g  phenomena 

in  s im p le r  te rm s. S choenfe ld  (1966) review ed S k in n e r 's  d i s t i n c t io n s  

betw een c o n d itio n in g  paradigm s and co n sid e red  a re d u c t io n  in to  a 

s in g le  paradigm . He b e lie v e d  th a t  a tte m p ts  to  r e s o lv e  th e  

d i f f e r e n c e s  in  paradigm s by c o n d itio n in g  re sp o n d e n ts  th rough  o p e ra n t 

p ro ced u res  were p ro b ab ly  f u t i l e .  I f  a  resp o n d en t were c o n d itio n e d  

through  an o p e ran t p ro c e d u re , th en  i t  could be reaso n ed  th a t  th e  

resp o n d en t had been m edia ted  by th e  co n d itio n e d  o p e ra n t. In  a  way
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which byp asses  th e  c o m p le x itie s  o f  th e  d i f f e r e n c e s  in  ty p e s  o f 

c o n d it io n in g , Schoenfe ld  suggested  th e  p o s s i b i l i t y  o f th e  r e d u c tio n  

o f  th e  two p ro ced u res  th ro u g h  in c o rp o ra t io n  in to  a common system o f  

sc h e d u le s . The dichotom y in  c o n d itio n in g  p ro ced u res  cou ld  be re s o lv e d  

by in te g r a t in g  th e  common o p e ra t io n a l  p a ra m e te rs . F u rtherm ore , 

new c a te g o r ie s  cou ld  be used  to  d e s c r ib e  b eh av io r in  r e l a t i o n  to  

sch ed u le  p a ra m e te rs . W ith in  th e  o p e ra n t c o n d itio n in g  fram ew ork, 

th e  Farm er and S choenfe ld  (1966a) experim ent dem onstra ted  an a n a ly s is  

o f  th e  e f f e c t s  o f  v a ry in g  th e  p o s i t io n  o f a s in g le  c a te g o ry  

" in tru d e d  s tim u lu s"  in  a  f ix e d  in te r v a l  sc h ed u le . S ubseq u en tly , 

o th e r  e x p e rim en te rs  (B e n a ss i, 1974; E v ra , 1974; M a rtin , 1971) have 

s y s te m a t ic a l ly  v a r ie d  th e  p o s i t io n  o f  an in tru d e d  s tim u lu s  in  f ix e d  

and random in te r v a l  sc h e d u le s .

In  th e  Farmer and Schoenfeld  (1966a) experim ent p ig eo n s were 

co n d itio n e d  to  peck a key which was l ig h te d  w h ite  on a  60 second 

f ix e d  in te r v a l  sch ed u le  o f  re in fo rc e m e n t. A f te r  60 b a s e l in e  

s e s s io n s ,  th e  c o lo r  on th e  key was changed from w hite  to  g reen  (S j)  

d u rin g  th e  l a s t  s ix  seconds o f  th e  i n te r v a l .  The p lacem ent o f  S j 

was v a r ie d  w ith in  th e  f ix e d  i n te r v a l  in  b lo ck s  o f  seven s e s s io n s  each 

a t  10 d i f f e r e n t  lo c a t io n s :  54 -S 9 .9 9 , 4 8 -5 3 .9 9 , 42-47 .99  seco n d s , e tc .

The e f f e c t s  o f  S j showed up as  c h a r a c t e r i s t i c  re sp o n se  p a t te r n s  

w ith in  th e  f ix e d  i n te r v a l .  At p lacem en ts 6 o r 12 seconds b e fo re  

re in fo rc e m e n t re sp o n se  r a t e s  were low p reced ing  S j and th e n  in c re a se d  

r a p id ly  d u rin g  S j .  At p lacem en ts 18 th rough  60 seconds b e fo re  

re in fo rc e m e n t re sp o n se  r a t e s  in c re a s e d  to  h ig h  le v e ls  b e fo re  and 

a f t e r  S j ,  b u t  were n e a r  zero  d u rin g  S^. Farmer and Schoenfeld
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d isc u sse d  th e  T o le  o f  S j in  term s o f  S k in n e r 's  (1938) c a te g o r ie s  o f

s tim u lu s  f u n c t io n s .  According to  th o se  fu n c t io n s ,  S j could  a c t  a s  a

co n d itio n e d  r e in f o r c e r  f o r  re sp o n se s  which p receded  S j and a

d is c r im in a t iv e  s tim u lu s  f o r  re sp o n se s  d u rin g  S j .  However, an

e x p la n a tio n  in  term s o f  c o n d itio n e d  re in fo rc e m e n t seemed u n n ecessa ry

because Dews (1962) found th a t  a  f ix e d  in te r v a l  s c a l lo p  con tinued  in

s p i t e  o f  in te r r u p t io n s  by s h o r t  p e r io d s . The a u th o rs  reasoned

th a t  th e  f ix e d  in te r v a l  b a s e l in e  was s u f f i c i e n t  to  account f o r  th e

in c re a s in g  r a t e s  b e fo re  and a f t e r  S j .  In a  second experim ent Farmer

and Schoenfeld  (1966a) changed th e  p rev io u s  d e s ig n  sim ply by adding

a second in tru d e d  s tim u lu s  o f  th e  same c o lo r  in  th e  f ix e d  i n te r v a l .

As in  th e  f i r s t  experim ent th e  lo c a t io n  o f Sj (now d e s ig n a te d  S |)
0

was v a r ie d .  In  a d d i t io n ,  th e  second s tim u lu s  (S j)  alw ays occurred  

d u rin g  th e  l a s t  s ix  seconds o f  th e  i n te r v a l .  The r e s u l t s  d i f f e r e d  

from th e  f i r s t  experim ent in  t h a t  s u b je c ts  responded d u rin g  s |  a t  

each tem poral lo c a t io n  as w ell as  d u rin g  S j and paused o r responded 

a t  low r a t e s  in  th e  absence o f  th e s e  in tru d e d  s t im u l i .  M oreover, th e  

amount o f  respond ing  in  sj d e c reased  as sj became more tem p o ra lly  

rem ote from S j and re in fo rc e m e n t.

The d e s ig n  o f  th e  p re s e n t  experim ent used th e  same f ix e d  

in te r v a l  len g th  as  Farmer and Schoenfeld  and a ls o  schedu led  two s ix  

second l i g h t s  w ith in  th e  f ix e d  in te r v a l .  Farmer and Schoenfeld  

schedu led  re in fo rc e m e n t fo llo w in g  th e  te rm in a tio n  o f  th e  l ig h t  a t  th e  

end o f  th e  f ix e d  in te r v a l .  B ut, in  th e  p re s e n t  experim ent th e  l ig h t  

a t  th e  end o f  th e  in te r v a l  was p a ire d  w ith  re in fo rc e m e n t (Dinsmoor, 

1951; S k in n e r, 1938). One independen t v a r ia b le  was th e  tem poral
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lo c a t io n  o f  S*; th e  second independen t v a r ia b le  was th e  p r o b a b i l i ty  

o f  re in fo rc e m e n t c o r r e la te d  w ith  S j .

Farmer and S c h o e n fe ld 's  C1966a) pu rposes f o r  adding a  s tim u lu s  

to  a  f ix e d  in te r v a l  schedu le  stemmed in  p a r t  from re s e a rc h  

(S choenfe ld  and C ole, 1972; S choen fe ld , Gumming, and H e a rs t, 1956) 

which has been based on a  system  o f tem poral sc h ed u le s . Schoenfeld  

and Cole have summarized th e  th e o ry  and experim ents o f  th e  t - t a u  

system s which p ro v id e  an o rg a n iz a t io n a l  framework o f  o p e ran t 

p ro ced u res  f o r  th e  sch ed u lin g  o f  s t im u li  in  tim e . In  op eran t 

c o n d itio n in g  schedu les  o f  re in fo rc e m e n t have been d ichotom ized  in to  

r a t i o  and in te r v a l  schedu les  ( F e r s te r  and S k in n e r, 1957; S k in n e r, 

1938). Schoenfeld  and Cole l i s t e d  two g u id e l in e s  f o r  b asin g  a 

system  o f  sch ed u les  e x c lu s iv e ly  on tim e. F i r s t ,  i t  was. p r e f e ra b le  

to  c o n s tru c t  schedu le  p a ram ete rs  which p o ssessed  c o n tin u i ty .  I t  was 

n e c e s s a ry , th e r e f o r e ,  to  choose e i t h e r  count o r in te r v a l  sc h ed u le s . 

Second, i t  was p re f e ra b le  to  have an independen t v a r i a b le ,  a schedu le  

o f re in fo rc e m e n t, which was n o t confounded by th e  dependent v a r i a b le ,  

th e  responding^ o f th e  s u b je c t .  Time was chosen as  th e  independen t 

v a r ia b le  because  i t  was p o s s ib le  to  s p e c ify  th e  d e l iv e ry  o f a " f r e e "  

re in fo rc e m e n t by means o f a tem poral sch ed u le . W ith a r a t i o  schedu le  

th e  d e l iv e ry  o f  a re in fo rc e m e n t was alw ays dependent upon th e  

o ccu rran ce  o f  a re sp o n se . A f u r th e r  re a so n  f o r  choosing a com ple te ly  

tem poral s p e c i f ic a t io n  i s  p a r t i c u l a r l y  r e le v a n t  to  th e  Farmer and 

Schoenfeld  in tru d e d  s tim u lu s  paradigm . I f  th e  two ty p es  o f 

c o n d itio n in g  were someday reduced  to  one c a te g o ry , th en  th e  

c o n d itio n in g  p rocedu re  would m ost l ik e ly  be based on tim e s in c e  

th e  P av lov ian  c o n d itio n in g  p ro ced u res  e s s e n t i a l ly  c o n s is t  o f  tem poral
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sch ed u le s  o f  s t im u l i .  The Farmer and Schoenfeld  (1966a) f i r s t  

in tru d e d  s tim u lu s  experim ent was viewed as  an o p eran t p rocedu re  

because  th e  au th o rs  s tu d ie d  th e  b eh av io r which produced th e  

re in fo rc e m e n t. However, th e  sch ed u lin g  o f  an in tru d e d  s tim u lu s  and 

n o n -co n tin g en t re in fo rc e m e n t would be e q u iv a le n t to  Pav lov ian  

t r a c e  c o n d it io n in g .

The t-sy s te m  has th r e e  p a ra m e te rs . F i r s t ,  th e r e  i s  th e  

r e p e a tin g  tim e  c y c le  d e s ig n a te d  as t .  Second, t  i s  d iv id e d  in to  two 

segm ents, iP  and t ^ ;  th e  p ro p o r t io n  o f  t 15 to  t °  p lu s  t^  i s  c a l le d  t .  

T h ird , th e  p r o b a b i l i ty  o f  re in fo rc e m e n t i s  h ig h e r  in  t ^  th an  in  t ^ .  

F u rth e rm o re , in  a l l  th e  t-sy s te m  experim en ts  r e p o r te d  to  d a te  th e  

fo llo w in g  conven tions  have been u se d : t  i s  f ix e d  in  le n g th ;  t^  and t^

a re  a l t e r n a te d ;  o n ly  th e  f i r s t  resp o n se  in  t^  i s  made e l i g i b l e  f o r  

re in fo rc e m e n t; and , th e  p r o b a b i l i ty  o f  re in fo rc e m e n t in  t ^  i s  s e t  a t  

z e ro . In  th e  Farmer and Schoenfe ld  (1966a) experim ent th e  o n se t o f  a 

new f ix e d  in te r v a l  d id  n o t occur u n t i l  a  re in fo rc e m e n t had been 

o b ta in e d , w hereas in  th e  t-sy s te m  th e  t °  p e r io d  can e x p ire  w ithou t 

th e  o ccu rren ce  o f  re in fo rc e m e n t. A lthough th e  t-sy s te m  in c o rp o ra te d  

th e  e x is t e n t  i n te r v a l  s c h e d u le s , i t  d id  n o t accom plish  one o f  th e  

o r ig in a l  pu rposes o f  th e  system . R e in fo rc in g  th e  f i r s t  resp o n se  in  

t D i s  th e  same as coun ting  to  one. Thus, re sp o n se  count i s  s t i l l  

p a r t  o f  th e  t -s y s te m . C onsequen tly , th e  s o -c a l le d  ta u  system  was 

d ev ised  in  which th e  d e l iv e ry  o f  re in fo rc e m e n t i s  independen t o f 

re sp o n se  co u n t. The p a ram ete rs  o f  th e  ta u  system  p a r a l l e l  th o se  o f  

th e  t-sy s te m . The d u ra t io n  o f  th e  re p e a tin g  tim e c y c le  i s  d e s ig n a te d  

as ta u .  Tau° and tau ^  a re  a l t e r n a t in g  segm ents o f  ta u ;  th e
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p ro p o r t io n  o f  t a u 5 to  tau*5 p lu s  ta u ^  i s  c a l le d  t a u .  W ithin  tau*5 and 

ta u ^ , t D and t^  s im i la r ly  a re  a l te r n a t in g  segm ents, and th e  

p ro p o rtio n  o f  t*5 to  t*5 p lu s  t ^  i s  c a l le d  F. The len g th  o f  th e  t*5 

p lu s  t ^  i n te r v a l  i s  made s h o r te r  th an  th e  minimum in te r re s p o n s e  tim e , 

and any resp o n se  which occu rs  d u rin g  t*5 i s  r e in f o rc e d .  T hus, th e  

v a lu e  o f  F de te rm in es  th e  p r o b a b i l i ty  o f  re in fo rc e m e n t which by 

d e f i n i t i o n  i s  g r e a te r  in  ta u °  th a n  in  ta u ^ . R einforcem ent i s  n o t 

dependent upon resp o n se  count because  any re sp o n se  in  th e  ta u  c y c le  i s  

e l i g ib l e  f o r  re in fo rc e m e n t a t  a g iv en  p r o b a b i l i ty .

The ta u  system  was chosen f o r  th e  p re s e n t  experim ent a f t e r  

c o n s id e rin g  th e  e f f e c t s  o f  p a ir in g  a l i g h t  w ith  e i t h e r  t*5 o r  tau*5. 

Weissman (1961) p a ire d  a change in  c o lo r  (S*5) w ith  t*5. The 

p r o b a b i l i ty  o f  re in fo rc e m e n t in  t*5 was s e t  equal to  1 .0 0 . The f i r s t  

re sp o n se  in  t*5 p rocured  a re in fo rc e m e n t and te rm in a te d  S*5. T here were

no p rev io u s  ta u  system experim en ts  in  which a cue had been p a ire d  w ith

ta u D. I f  th e  Weissman p ro ced u re  were used  w ith  th e  p re s e n t  d e s ig n , 

th en  th e  d u ra t io n  o f  th e  i n te r v a l  between S*5 and th e  in tru d e d  s tim u lu s  

would be dependent upon a re sp o n se  in  t*5. However, i t  was in tended  

th a t  respond ing  w ith in  a  f ix e d  c y c le  would be s tu d ie d  as a fu n c tio n  o f 

p r e c is e  in te r v a l s  betw een S*5 and th e  in tru d e d  s tim u lu s . P o s s ib ly  th e  

conven tions  o f  th e  t-sy s te m  could have been a l t e r e d ,  b u t a more 

imm ediate s o lu t io n  was found in  th e  ta u  system  because  th e  

te rm in a tio n  o f tau*5 i s  independen t o f  resp o n d in g .

Two o f  th e  p rev io u s  tau  system  s tu d ie s  (Snapper, 1962; V ick ery ,

1971) were a ls o  concerned w ith  th e  v a r i a b le  o f  p r o b a b i l i ty  o f
R Dre in fo rc e m e n t. Follow ing V ic k e ry 's  u sa g e , p(S /R * tau  ) r e f e r s  to  th e
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" p r o b a b i l i ty  o f re in fo rc e m e n t g iv en  th e  o c c u rren ce  o f  a  re sp o n se  in  

th e  tau ^  p e r io d ."  Snapper s tu d ie d  th e  e f f e c t s  o f  v a ry in g  p(SR/R -tau ^ )

f o r  each s u b je c t  from 0 .08  to  0 .01 2 5 . Tau was he ld  c o n s ta n t a t  10
——- R Am in u tes ; ta u  was c o n s ta n t a t  0 .2 0 ; and , p (S  /R - ta u  ) was equal to

0 .0 0 . Response r a t e s  were g e n e ra l ly  in s e n s i t i v e  to  v a r i a t i o n s  in

p (S R/R - ta u ^ ) . Responses p e r  re in fo rc e m e n t (R/SR) and th e  p o s t-
R R Dre in fo rc e m e n t pause (PS P) d e c re a sed  as p(S  /R - ta u  ) was in c re a se d .

Given t h a t  re sp o n se s  p e r  c y c le  d id  n o t v a ry ,  R/S would d e c re a se  when

more re in fo rc e m e n ts  were o b ta in e d  a t  h ig h e r  p r o b a b i l i t i e s .

V ickery  (1971) in v e s t ig a te d  th e  e f f e c t s  o f  changes in  cy c le  

R Alen g th  and p(S /R - ta u  ) .  Groups o f  s u b je c ts  were schedu led  w ith

s e r i e s  o f  c y c le  le n g th s  ran g in g  from 10 t o  500 seconds in  b lo ck s  o f

36 s e s s io n s  a t  each c y c le  le n g th . In  a  th r e e - p ly  m u lt ip le  sc h ed u le ,
R Ap(S /R - ta u  ) equaled  0 .0 0 , 0 .1 0 , and 0 .01  in  random ly o rdered  500

second components in  each s e s s io n  over 144 s e s s io n s . For each group 
R Dp(S /R - ta u  ) was equal to  e i t h e r  1 .0  o r  0 .1  th ro u g h o u t th e

  R D
experim en t. Tau was h e ld  c o n s ta n t a t  0 .2 0 . When p(S /R - ta u  ) was

R Ag r e a te r  th an  p(S  /R - ta u  ) ,  in c re a s in g  c y c le  le n g th  r e s u l te d  in
R Ad ecreased  runn ing  r a t e s  f o r  th e  e n t i r e  c y c le . As p(S /R - ta u  ) was

in c re a se d  w ith in  s e s s io n s ,  runn ing  r a t e  in  ta u ^  and ta u ^  in c re a se d .

For p r o b a b i l i t i e s  o f re in fo rc e m e n t o th e r  th an  0 .0 0 , runn ing  r a t e

in c re a se d  over 144 s e s s io n s .

In th e  p re s e n t  ta u  system  experim en t p r o b a b i l i ty  o f

re in fo rc e m e n t was v a r ie d  in  bo th  tau ^  and ta u ^ . T hree groups o f

R Ds u b je c ts  were scheduled  f i r s t  w ith  p(S  /R - ta u  ) equal to  1 .00  to  

p e rm it com parison w ith  th e  d a ta  o f  th e  Farmer and Schoenfeld  (1966a)
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R Ds tu d y . For each g ro u p , two o th e r  p(S  /R - ta u  ) v a lu e s ,  e i t h e r  0 .4 0 ,

0 .1 0 , o r  0 .2 0 , 0 .0 5 , were a rran g ed  in  a descend ing  s e r i e s .  Snapper

R D(1962) had used  a mixed s e r i e s  o f p(S  /R - ta u  ) f o r  in d iv id u a l  s u b je c ts

and found n e a r ly  c o n s ta n t r a t e s  a c ro s s  p r o b a b i l i t i e s .  O ther

experim en ts  on p r o b a b i l i ty  o f  re in fo rc e m e n t (B randauer, 1958; N evin ,

1964; S id le y  and S ch o en fe ld , 1964), f ix e d  r a t i o  (B oren, 1961; F e r s te r

and S k in n e r, 1957), v a r ia b le  r a t i o  (A u to r, 1960), and p e rc e n ta g e

re in fo rc e m e n t (N eu rin g e r, 1968; Z e i le r ,  1972) have shown t h a t  a

d e c re a s in g  s e r i e s  o f  p r o b a b i l i t i e s  over s e s s io n s  does r e s u l t  in

d i f f e r e n t  re sp o n se  r a t e s .  T h e re fo re , in  th e  p re s e n t  experim ent a

R Dd e c re a s in g  s e r i e s  o f  p(S /R - ta u  ) was employed in  o rd e r  to  observe

th e  e f f e c t  o f changes in  th e  r a t e  o f  re sp o n se  in  ta u D. F u rth e rm o re ,

R Atwo o f  th e  groups were schedu led  w ith  p(S /R - ta u  ) equal to  0 .00  and

one group w ith  0 .02  th ro u g h o u t th e  experim en t. Given th e  o ccu rren ce

o f  a c h a r a c t e r i s t i c  p a t t e r n  o f  resp o n d in g  d u rin g  th e  in tru d e d  s tim u lu s
R Aa t  tem poral lo c a t io n s  w ith  p(S /R - ta u  ) equa l to  0 .0 0 , th e  in te n t io n

was to  observe  th e  e f f e c t  o f  p (S ^ /R -tau ^ ) a t  a v a lu e  equa l to  0 .02  on

t h i s  p a t t e r n .  The main pu rposes o f  t h i s  s tudy  were to  e x p lo re  th e
R De f f e c t  o f  va ry in g  (1) p(S /R - ta u  ) and (2) th e  tem poral lo c a t io n  o f 

an " in tru d e d  s tim u lu s"  in  ta u A on th e  p a t t e r n  o f  resp o n d in g  d u rin g  

th e  ta u ^  p e rio d . Changing th e  lo c a t io n  o f  th e  in tru d e d  s tim u lu s  in  

ta u ^  may p ro v id e  f u r th e r  in fo rm a tio n  abou t th e  fu n c t io n  o f  t h a t  

s tim u lu s  in  th e  in tru d e d  s tim u lu s  paradigm .
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METHOD

S u b je c ts :

Nine w h ite  Carneaux r e t i r e d  b re e d e r  p ig e o n s , ap p ro x im ate ly  fo u r  

y e a rs  in  a g e , were o b ta in e d  from th e  P a lm etto  P igeon P la n t in  Sum ter, 

South C a ro lin a . The s u b je c ts  were housed in  in d iv id u a l  w ire  cages a t  

th e  d e p a rtm e n ta l v iv a riu m . P u rin a  Pigeon G ra in , g r i t ,  and w a te r were 

p ro v id ed  in  u n lim ite d  amounts f o r  15 d a y s , and th e  median w e ig h ts  from 

th e  l a s t  f iv e  days were s e le c te d  as ad l ib itu m  w eig h ts . Through th e  

d e p r iv a tio n  o f  g r a in ,  th e  r e i n f o r c e r ,  runn ing  w eigh ts  were b rough t 

down to  80% o f  th e  ad lib itu m  w e ig h ts .

Apparatus:

A Lehigh V a lle y  E le c tro n ic s  Model No. 1519C p igeon  chamber w ith  

th r e e  keys on th e  work p an e l was u sed . The c e n te r  key d i r e c t l y  above 

th e  hopper was th e  operandum; th e  two s id e  keys rem ained in o p e ra tiv e  

th ro u g h o u t th e  ex perim en t. A 24 VDC power supp ly  o p e ra ted  th re e  

G eneral E l e c t r i c  #1820 m in ia tu re  lam ps: one in  th e  h o u s e lig h t

f ix t u r e  above th e  operandum b e fo re  and a f t e r  each s e s s io n , a  second 

beh ind  th e  t r a n s lu c e n t  p l a s t i c  operandum d u rin g  a s e s s io n , and a  

t h i r d  over th e  g r a in  hopper d u r in g  re in fo rc e m e n t ac ce ss  tim e .

E xperim enta l c o n d it io n s  were programmed w ith  a system  o f  r e l a y s ,  

t im e r s ,  c o u n te rs ,  and Lehigh V a lle y  E le c tro n ic s  p r o b a b i l i ty  

g e n e ra to r s .  D ata were reco rd ed  by Sodeco c o u n te rs  and a  G erbrands 

cum ula tive  r e c o rd e r .
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P rd ced u re :

Pecking resp o n se s  were shaped to  th e  t r a n s lu c e n t  p l a s t i c  key 

which was l ig h te d  w h ite -  S u b je c ts  pecked f o r  50 re in fo rc e m e n ts  on a 

con tinuous re in fo rc e m e n t schedu le  f o r  f iv e  d a i ly  s e s s io n s .  

R einforcem ent a c ce ss  tim e  was two seconds.

A ll s u b je c ts  were co n d itio n e d  on th e  same b a s e l in e  ta u  

re in fo rc e m e n t schedu le  in  o rd e r  to  a s s ig n  s u b je c ts  as e q u a lly  as 

p o s s ib le  to  g roups on th e  b a s is  o f  c o rre c te d  re sp o n se  r a t e s .  Tau, 

th e  c y c le  le n g th ,  was 60 seconds. Tau, th e  p ro p o rtio n  o f  ta u D to  

t a u ,  was 0 .1 . These pa ram ete r v a lu e s  were h e ld  c o n s ta n t th roughou t 

th e  ex p erim en t. During tau ^  th e  resp o n se  key was l ig h te d  w h ite ;

d u rin g  ta u ^  th e  key was l ig h te d  g re e n . The b a s e l in e  p r o b a b i l i t i e s
R D R Ao f re in fo rc e m e n t were: p(S /R *tau  ) = 1 .0 0 ; p(S /R * tau  ) = 0 .0 0 .

R einforcem ent access  tim e con tinued  to  be two seconds f o r  th e  e n t i r e

experim ent and d id  n o t i n te r r u p t  th e  sch ed u lin g  o f  th e  60 second

c y c le . S u b je c ts  were m a in ta in ed  on th e  b a s e l in e  sch ed u le  f o r  te n

s e s s io n s ;  each s e s s io n  c o n s is te d  o f  30 c y c le s . C o rrec ted  resp o n se

r a t e s  in  ta u ^  were averaged f o r  s e s s io n s  e ig h t ,  n in e ,  and t e n ,  and

s u b je c ts  were ranked accord ing  to  th e s e  r a t e s .  The s u b je c ts  were

th en  a ss ig n e d  to  th re e  g roups so t h a t  th e  sums o f ran k s  were equal

and a t  th e  same tim e so t h a t  any s u b je c ts  who responded s ig n i f i c a n t l y

in  th e  ta u ^  e x t in c t io n  component were d i s t r ib u te d  among th e

th re e  g ro u p s.

T ab le  1 p re s e n ts  th e  s e r i e s  o f  p (S ^ /R -ta u R) and one p (S^/R *tau^) 

f o r  each g roup . With ta u  equal to  60 seconds and ta u  equal to  0 .1 , 

each p a i r  o f  tavP and ta u ^  p r o b a b i l i t i e s  com pleted th e  v a lu e s  o f th e



Table 1

S e r ie s  o f  p(SR/R *tauD) , re c o v e ry  p o in t  p(SR/R *tauD) , and

R Ap(S /R 't a u  ) f o r  each group.

Group p(SR/R -ta u ° )  Recovery p(SR/R *tau^)
P o in t

A 1 .0 0 , 0 .2 0 , 0 .05  0 .05  0 .00

B 1 .0 0 , 0 .4 0 , 0 .10  1.00 0 .00

C 1 .0 0 , 0 .2 0 , 0 .05  0 .20  0 .02
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param eters  f o r  one ta u  re in fo rc e m e n t sc h ed u le . S u b je c ts  in  groups

A and B com pleted one ex p erim en ta l p o in t  on th e  f i r s t  ta u

re in fo rcem en t schedu le  d u rin g  th e  p re v io u s ly  d e sc r ib e d  b a s e l in e  by

which s u b je c ts  were a ssig n ed  to  g roups. Group C was scheduled  w ith  

R Ap(S /R «tau  ) = 0 . 0 2  th roughou t th e  experim ent. P reced ing  th e  f i r s t

ta u  re in fo rc e m e n t schedu le  in  t a b le  1, group C was co n d itio n e d  f o r  10

a d d it io n a l  s e s s io n s  in  o rd e r to  en su re  responding  in  ta u ^  a t  th e  0.02
A

p r o b a b i l i ty .  For group C o n ly , th e  c o lo r  on th e  key d u rin g  ta u  was

changed from g re e n , which had been c o r r e la te d  w ith  e x t in c t io n ,  to  re d .

p(S^/R *tau^) con tinued  a t  1 .00 ; p(S^/R *tau^) was d ec reased  g ra d u a lly

from 1.00 to  0 .0 2 .

For each ta u  re in fo rc e m e n t schedu le  in  t a b le  1, te n  30 c y c le

d a i ly  s e s s io n s  were conducted b e fo re  th e  in tro d u c tio n  o f  a s ix  second
Nchange in  key c o lo r  (S ) .  S u b seq u en tly , 10 s e s s io n s  were conducted

N N
f o r  each o f  fo u r  lo c a t io n s  o f  S . The tem poral lo c a t io n s  o f  S m

o rd e r  o f  p r e s e n ta t io n  were: 4 8 .0 -5 3 .9 , 3 6 .0 -4 1 .9 , 2 4 .0 -2 9 .9 , 1 2 .0 -
1 4

17.9  seconds. These lo c a t io n s  were d e s ig n a te d  S through  S in  th e
N

same o rd e r . The c o lo r  o f  S on th e  key was w h ite , th e  same as th a t  

d u rin g  tau ^ .

Assignm ents f o r  th e  re c o v e ry  o f  one te n  s e s s io n  ex p erim en ta l

p o in t  by each s u b je c t  were made accord ing  to  th e  fo llow ing  r u le s .

F i r s t ,  each group was a ssig n ed  random ly to  one o f  th e  th re e

p(S^/R *tau°) v a lu e s  in  i t s  s e r i e s  w ith  th e  q u a l i f i c a t i o n  t h a t  each

one o f  th e  th re e  o rd in a l  p o s i t io n s  in  th e se  s e r i e s  would be

re p re s e n te d  by one o f  th e  g ro u p s. The group assignm en ts f o r
R Dreco v e ry  p o in ts  to  p(S  /R *tau  ) a re  shown in  t a b le  1. Second, in
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th e  same manner each s u b je c t  in  a  group was ass ig n ed  random ly to  s \

? 3 NS , o r  S w ith  th e  q u a l i f i c a t i o n  t h a t  a l l  th re e  lo c a t io n s  o f  S would

be r e p l i c a t e d .  The re c o v e ry  o f  ex p erim en ta l p o in ts  was done

R Dim m ediately  a f t e r  th e  e n t i r e  50 s e s s io n s  on th e  p(S  /R * tau  ) v a lu e  to  

which re c o v e ry  was a ss ig n e d .
A

Group C was th e  on ly  group w ith  re in fo rc e m e n t a v a i la b le  in  ta u  . 

S ince  group C could  consume many more re in fo rc e m e n ts  in  a 30 c y c le  

s e s s io n  th a n  th e  o th e r  g ro u p s, t h i s  group was l im ite d  to  60 

re in fo rc e m e n ts  p e r  s e s s io n  which approxim ated th e  maximum number 

secu red  by th e  o th e r  groups and p rev en ted  e x c e ss iv e  in c re a s e s  in  

w eigh ts  above runn ing  w e ig h ts . T h e re fo re , s e s s io n s  f o r  group C were 

te rm in a te d  a f t e r  60 re in fo rc e m e n ts  o r 30 c y c le s .

A ll resp o n se  m easures were averages o f  th e  l a s t  th r e e  o f  te n  

s e s s io n s  on each ex p erim en ta l p o in t .
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RESULTS AND DISCUSSION 

F ig u re s  one th ro u g h  n in e  p re s e n t  d a ta  f o r  in d iv id u a l  s u b je c ts  in  

a fo rm at s im i la r  to  Farmer and S choenfe ld  (1 9 6 6 a). C o rrec ted  r a t e s  

in  re sp o n se s  p e r  second were averaged  f o r  s u c c e s s iv e  s ix  second 

d iv is io n s  of th e  ta u  c y c le . To compute c o r re c te d  r a t e ,  re in fo rc e m e n t 

access  tim e  was s u b tra c te d  from s e s s io n  tim e . C o rrec ted  r a t e  was 

p re fe r r e d  to  runn ing  r a t e  f o r  com parison a t  d i f f e r e n t  p r o b a b i l i t i e s  o f 

re in fo rc e m e n t because  ru n n in g  r a t e  cannot be computed when th e
£

p r o b a b i l i ty  i s  1 .0 0 . For runn ing  r a t e ,  re in fo rc e m e n t tim e and PS P

tim e a re  s u b tra c te d  from s e s s io n  tim e . T h e o r e t ic a l ly ,  no tim e  base

e x is t s  f o r  runn ing  r a t e  a t  th e  1.00 p r o b a b i l i t y .  In th e s e  f ig u r e s

th e  d iv is io n  betw een tau ^  and ta u ^  has n o t been  in d ic a te d .  The f i r s t

e x perim en ta l p o in t  in  each fu n c t io n  i s  c o r re c te d  r a t e  d u rin g  ta u ° ;

th e  rem ain ing  p o in ts  a re  c o rre c te d  r a t e s  d u rin g  ta u ^ . Each d o t

b eneath  th e  a b s c is s a  in d ic a te s  th e  s ix  second change in  c o lo r  on th e

resp o n se  key. T ab les  two th ro u g h  te n  p re s e n t  th e  num erica l v a lu e s  
D Nf o r  th e  ta u  and S c o rre c te d  r a t e s  which a re  p lo t te d  in  th e  f ig u r e s .

A
In  a d d it io n , th e s e  ta b le s  l i s t  th e  average  c o rre c te d  r a t e s  f o r  ta u

Nw ith  th e  e x cep tio n  o f  r a t e s  d u rin g  S , th e  average  c o r re c te d  r a t e s
N A

d u rin g  b a s e l in e  f o r  each S lo c a t io n  in  ta u  , and th e  ran g e  o f

c o rre c te d  r a t e s  f o r  each o f  th e  p re v io u s ly  s ta te d  m easu res.

G e n e ra lly , th e  c o rre c te d  r a t e s  f o r  th e  s ix  s u b je c ts  in  groups
R D R A

A and B w ith  p(S /R 't a u  ) = 1 .00 and p(S /R * tau  ) = 0 .0 0  d id  n o t

produce th e  Farmer and Schoenfeld  (1966a) r e s u l t s  w ith  r e s p e c t  to

resp o n se  r a t e s  d u rin g  th e  in tru d e d  s t im u l i .  R eference  to  Farmer and

S choenfe ld  (1966a) i s  alw ays to  th e  second experim ent in  which r a t e s
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F ig u re  1. C o rrec ted  r a t e s  in  re sp o n se s  p e r  second as a  fu n c tio n  o f

tim e w ith in  ta u  c y c le s  f o r  s u b je c t  A - l . The tau *  p r o b a b i l i t i e s  o f

re in fo rc e m e n t [p (S ^ /R * tauD) ] a re  shown above each column; th e  ta u ^

p r o b a b i l i ty  o f  re in fo rc e m e n t [p (S ^ /R * ta u ^ )] was equal t o  0 .00

th ro u g h o u t th e  experim en t. The sequence o f  th e  experim ent

proceeded  from to p  to  bottom  w ith in  columns and from l e f t  to  r i g h t

a c ro s s  colum ns. One rec o v e ry  fu n c t io n  (d o ts )  was determ ined  a f t e r

th e  sequence w ith in  t h a t  column. Each fu n c t io n  i s  composed o f

p o in ts  a t  s u c c e s s iv e  s ix  second i n t e r v a l s .  The d o t below th e

a b s c is s a  a t  ze ro  seconds in d ic a te s  th e  o n se t o f  a s ix  second l ig h t

(S^) c o r r e la te d  w ith  tau**; o th e r  d o ts  in d ic a te  th e  o n se t o f
A

At 48 , 36, 24, o r 12 seconds in  ta u  .
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F ig u re  2. C o rrec ted  r a t e s  in  resp o n se s  p e r  second as  a  fu n c t io n  o f

R Dtim e w ith in  ta u  c y c le s  f o r  s u b je c t  A-2. p(S /R - ta u  ) i s  shown

above each  column; p (S^/R *tau^) was equal to  0 .00  th roughou t th e

experim en t. The sequence o f  th e  experim ent proceeded  from to p  to

bottom  w ith in  columns and from l e f t  to  r i g h t  a c ro s s  columns.

One re c o v e ry  fu n c t io n  (d o ts )  was de te rm ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c tio n  i s  composed o f  p o in ts  a t

s u c c e s s iv e  s ix  second i n te r v a l s .  The d o t below th e  a b s c is s a  a t
N

zero  seconds in d ic a te s  th e  o n se t o f  a s ix  second l ig h t  (S )
D Nc o r r e la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n se t o f  S a t

48, 36, 24, o r 12 seconds in  tau ^ .
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F ig u re  3. C o rrec ted  r a t e s  in  re sp o n se s  p e r second as  a  fu n c tio n  o f
R D

tim e w ith in  ta u  c y c le s  f o r  s u b je c t  A -3. p(S  /R ’ta u  ) i s  shown

above each column; p (SR/R *tau^) was equal t o  0 .00  th roughou t th e

experim ent. The sequence o f  th e  experim ent proceeded from to p  to

bottom  w ith in  columns and from l e f t  to  r i g h t  a c ro ss  columns.

One reco v e ry  fu n c tio n  (d o ts )  was determ ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c tio n  i s  composed o f p o in ts  a t

su c c e ss iv e  s ix  second i n t e r v a l s .  The d o t below th e  a b s c is s a  a t
Nzero  seconds in d ic a te s  th e  o n s e t  o f  a s ix  second l i g h t  (S )

D N
c o r re la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n se t o f  S a t

48, 36, 24, o r  12 seconds in  ta u ^ .
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F ig u re  4. C o rrec ted  r a t e s  in  re sp o n se s  p e r  second as a fu n c t io n  o f

tim e w ith in  ta u  c y c le s  f o r  s u b je c t  B - l . p(S /R - ta u  ) i s  shown

above each column; p (S ^ /R -tau ^ ) was eq u a l to  0 .00  th ro u g h o u t th e

experim en t. The sequence o f  th e  experim ent proceeded  from to p  to

bottom  w ith in  columns and from l e f t  to  r i g h t  a c ro s s  columns.

One rec o v e ry  fu n c t io n  (d o ts )  was de te rm ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c t io n  i s  composed o f  p o in ts  a t

s u c c e s s iv e  s ix  second i n t e r v a l s .  The d o t below th e  a b s c is s a  a t
Nzero  seconds in d ic a te s  th e  o n se t o f a  s ix  second l ig h t  (S )

D Nc o r r e la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n s e t  o f  S a t
A

48, 36, 24, o r 12 seconds in  ta u  .
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F ig u re  5. C o rrec ted  r a t e s  in  re sp o n se s  p e r  second a s  a fu n c t io n  o f
R Dtim e w ith in  ta u  c y c le s  f o r  s u b je c t  B-2. p(S /R » tau  ) i s  shown

above each  column; p(S^/R *tau^) was equal to  0 .00  th ro u g h o u t th e

experim en t. The sequence o f  th e  experim ent proceeded  from to p  to

bottom  w ith in  columns and from l e f t  to  r i g h t  a c ro s s  colum ns.

One re c o v e ry  fu n c t io n  (d o ts )  was de te rm ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c tio n  i s  composed o f  p o in ts  a t

su c c e s s iv e  s ix  second i n te r v a l s .  The d o t below th e  a b s c is s a  a t
Nzero  seconds in d ic a te s  th e  o n se t o f  a  s ix  second l i g h t  (S )

D N
c o r r e la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n se t o f  S a t

48 , 36, 24 , o r 12 seconds in  ta u ^ .
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F ig u re  6. C o rrec ted  r a t e s  in  resp o n ses  p e r  second as a  fu n c tio n  o f
R D

tim e w ith in  ta u  c y c le s  f o r  s u b je c t  B-3. p(S /R * tau  ) i s  shown

above each column; p (S ^/R *tau^) was equal to  0 .0 0  th roughou t th e

experim en t. The sequence o f  th e  experim ent proceeded  from to p  to

bottom  w ith in  columns and from l e f t  to  r i g h t  a c ro s s  columns.

One rec o v e ry  fu n c tio n  (d o ts )  was determ ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c tio n  i s  composed o f  p o in ts  a t

su c c e ss iv e  s ix  second i n t e r v a l s .  The d o t below th e  a b s c is s a  a t
N

zero  seconds in d ic a te s  th e  o n se t o f  a s ix  second l i g h t  (S )
D N

c o r r e la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n se t o f  S a t
A

48, 36, 24, o r 12 seconds in  ta u  .
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F ig u re  7 . C o rrec ted  r a t e s  in  re sp o n se s  p e r  second as  a  fu n c t io n  o f
R Dtim e w ith in  ta u  c y c le s  f o r  s u b je c t  C - l .  p (S  /R 't a u  ) i s  shown

R Aabove each column; p (S  /R * tau  ) was equal t o  0 .02  th ro u g h o u t th e

experim en t. The sequence o f  th e  experim ent proceeded  from to p  to

bottom  w ith in  columns and from  l e f t  to  r i g h t  a c ro s s  columns.

One re c o v e ry  fu n c t io n  (d o ts )  was de te rm ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c t io n  i s  composed o f  p o in ts  a t

s u c c e s s iv e  s ix  second i n t e r v a l s .  The d o t below th e  a b s c is s a  a t
Nzero  seconds in d ic a te s  th e  o n se t o f  a  s ix  second l ig h t  (S )

D . Nc o r re la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n se t o f  S a t
A

48 , 36, 24, o r 12 seconds in  ta u  .
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F ig u re  8. C o rrec ted  r a t e s  in  re sp o n se s  p e r  second as a  fu n c t io n  o f
R Dtim e w ith in  ta u  c y c le s  f o r  s u b je c t  C-2. p(S  /R * tau  ) i s  shown

R Aabove each column; p(S /R * tau  ) was equal to  0 .02  th ro u g h o u t th e

experim en t. The sequence o f th e  experim ent proceeded  from to p  to

bottom  w ith in  columns and from l e f t  to  r i g h t  a c ro s s  columns.

One rec o v e ry  fu n c t io n  (d o ts )  was de te rm ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c t io n  i s  composed o f  p o in ts  a t

s u c c e ss iv e  s ix  second i n t e r v a l s .  The d o t below th e  a b s c is s a  a t
N

zero  seconds in d ic a te s  th e  o n se t o f  a  s ix  second l i g h t  (S )
D N

c o r r e la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n s e t  o f  S a t

48 , 36, 24, o r 12 seconds in  ta u ^ .
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F ig u re  9 . C o rrec ted  r a t e s  in  re sp o n se s  p e r  second as a fu n c t io n  o f

R Dtim e w ith in  ta u  c y c le s  f o r  s u b je c t  C-3. p(S  /R * tau  ) i s  shown
R Aabove each  column; p(S /R - ta u  ) was equal to  0 .0 2  th ro u g h o u t th e

experim en t. The sequence o f  th e  experim ent proceeded from to p  to

bottom  w ith in  columns and from l e f t  to  r i g h t  a c ro s s  colum ns.

One re c o v e ry  fu n c t io n  (d o ts )  was de te rm ined  a f t e r  th e  sequence

w ith in  t h a t  column. Each fu n c t io n  i s  composed o f  p o in ts  a t

s u c c e s s iv e  s ix  second i n te r v a l s .  The d o t below th e  a b s c is s a  a t
N

zero  seconds in d ic a te s  th e  o n se t o f  a  s ix  second l ig h t  (S )
D N

c o r r e la te d  w ith  ta u  ; o th e r  d o ts  in d ic a te  th e  o n se t o f  S a t

48, 36, 24, o r  12 seconds in  ta u ^ .
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Table 2

Mean c o rre c te d  r a t e s  and ran g e  o f  c o r re c te d  r a t e s  in  re sp o n se s  p e r  second d u r in g  t a u \  ta u ^ ,  S^ , and
N R D N

S lo c a t io n  d u rin g  b a s e l in e  as a  fu n c t io n  o f  p (S  /R - ta u  ) and S lo c a t io n  f o r  s u b je c t  A -l.

r D
p(S  /R * tau  )

1.00

0.20

0.05

N D A oN oN
S ta u ta u S S

L ocation B a se lin e

B a se lin e 0 .84 0 .8 2 -0 .8 5 0 .08 0 .0 5 -0 .1 1
1 0 .85 0 .8 0 -0 .8 6 0 .01 0 .0 1 -0 .0 1 0 .05 0 .0 2 -0 .0 7 0 .18 0 .1 1 -0 .2 4
2 0 .90 0 .8 4 -0 .9 5 0.08 0 .0 5 -0 .1 0 0 .13 0 .0 5 -0 .1 7 0 .14 0 .1 0 -0 .2 4
3 1.03 0 .9 5 -1 .1 5 0 .24 0 .21^0 .27 0 .10 0 .0 9 -0 .1 1 0 .0 3 0 .0 2 -0 .0 5
4 1.03 0 .9 6 -1 .1 5 0 .33 0 .3 2 -0 .3 5 0 .08 0 .0 5 -0 .1 3 0 .01 0 .0 0 -0 .0 1

B a se lin e 1 .20 1 .1 2 -1 .3 6 0.47 0 .3 8 -0 .5 2
1 1.54 1 .3 7 -1 .7 0 0 .10 0 .0 7 -0 .1 2 0 .48 0 .3 3 -0 .6 3 0.97 0 .8 5 -1 .1 8
2 1.56 1 .4 6 -1 .7 2 0 .28 0 .2 5 -0 .3 0 1.19 1 .0 3 -1 .3 6 0.72 0 .6 6 -1 .0 1
3 1.81 1 .7 9 -1 .8 4 0 .48 0 .4 3 -0 .5 3 0 .46 0 .2 7 -0 .6 8 0 .16 0 .0 8 -0 .2 5
4 1.86 1 .8 3 -1 .9 2 0 .52 0 .5 1 -0 .5 3 0 .22 0 .0 9 -0 .4 7 0.01 0 .0 0 -0 .0 2

B a se lin e 1.96 1 .8 4 -2 .1 2 0 .32 0 .3 2 -0 .3 3
1 2.04 1 .8 3 -2 .2 1 0 .16 0 .0 8 -0 .2 2 0 .70 0 .3 9 -1 .0 8 0 .63 0 .4 7 -0 .7 3
2 2.21 2 .1 2 -2 .3 0 0 .26 0 .2 1 -0 .3 3 2.25 2 .1 9 -2 .3 3 0 .35 0 .3 1 -0 .3 7
3 1.82 1 .6 6 -1 .9 1 0.19 0 .1 8 -0 .2 0 1.32 0 .8 9 -1 .6 9 0 .16 0 .1 4 -0 .1 8
4 2.00 1 .8 5 -2 .1 6 0 .15 0 .1 3 -0 .1 7 0 .79 0 .5 3 -1 .2 6 0 .01 0 .0 0 -0 .0 3

Recovery
1 2.51 2 .2 6 -2 .8 1 0 .07 0 .0 6 -0 .0 8 0 .98 0 .7 4 -1 .1 2 0 .63 0 .4 7 -0 .7 3



Table 3

Mean c o rre c te d  r a t e s  and ran g e  o f  c o rre c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  ta u D, ta u A, SN, and 

SN lo c a t io n  d u rin g  b a s e l in e  as a  fu n c t io n  o f  p (S ^ /R * tau  ) and lo c a t io n  f o r  s u b je c t  A-2.

R D p(S  /R * tau  ) sN tan*5 ta u ^ sN SN
L ocation B a se lin e

1 .00 B a se lin e 1.10 0 .9 4 -1 .2 8 0 .00 0 .0 0 -0 .0 0
1 1.63 1 .6 2 -1 .6 4 0.01 0 .0 1 -0 .0 2 0 .45 0 .3 8 -0 .4 9 0 .00 0 .0 0 -0 .0 1
2 1.64 1 .4 8 -1 .7 2 0 .01 0 .0 0 -0 .0 1 0 .35 0 .3 0 -0 .4 2 0 .00 0 .0 0 -0 .0 1
3 1.57 1 .3 9 -1 .8 0 0 .02 0 .0 1 -0 .0 3 0 .24 0 .1 8 -0 .3 2 0 .00 0 .0 0 -0 .0 0
4 2.44 2 .3 2 -2 .5 7 0 .03 0 .0 2 -0 .0 4 0 .10 0 .0 5 -0 .1 3 0 .00 0 .0 0 -0 .0 0

0 .20 B a se lin e 2.81 2 .6 1 -2 .9 3 0.09 0 .0 7 -0 .1 0
1 2.74 2 .5 9 -2 .8 3 0.12 0 . l l r O . 14 1.35 0 .9 9 -1 .7 1 0 .15 0 .1 2 -0 .1 7
2 2.66 2 .2 9 -2 .9 1 0 .14 0 .1 1 -0 .1 9 2 .30 2 .1 4 -2 .4 8 0 .11 0 .0 8 -0 .1 4
3 3 .72 3 .4 8 -4 .0 7 0 .14 0 .1 2 -0 .1 6 1.44 1 .1 0 -1 .7 2 0 .06 0 .0 4 -0 .0 8
4 3 .96 3 .7 8 -4 .2 7 0 .22 0 .1 7 -0 .2 6 0 .80 0 .4 7 -1 .3 4 0 .02 0 .0 0 -0 .0 3

0 .05 B a se lin e 3 .49 2 .7 7 -3 .9 9 0 .20 0 .1 9 -0 .2 1
1 2.38 2 .0 9 -2 .5 6 0 .62 0 .4 9 -0 .7 3 1.50 1 .4 2 -1 .6 6 0.38 0 .3 3 -0 .4 8
2 4 .48 4 .3 0 -4 .7 5 0 .69 0 .5 7 -0 .8 2 4 .35 4 .2 1 -4 .6 0 0 .24 0 .2 1 -0 .2 8
3 4 .64 4 .5 0 -4 .8 4 0 .54 0 .5 1 -0 .5 7 3 .23 2 .7 0 -3 .8 9 0 .14 0 .1 2 -0 .1 8
4 5.01 4 .9 4 -5 .0 6 0 .56 0 .4 4 -0 .6 6 1.18 1 .0 4 -1 .2 7 0 .01 0 .0 1 -0 .0 2

Recovery
2 4.79 4 .6 3 -5 .0 3 0 .54 0 .5 1 -0 .5 6 4 .96 4 .5 9 -5 .2 4 0 .24 0 .2 1 -0 .2 8



Table 4

Mean c o rre c te d  r a t e s  and ran g e  o f  c o r re c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  ta u ^ ,  ta u ^ , S^ , and 

SN lo c a t io n  d u r in g  b a s e l in e  as  a  fu n c t io n  o f  p(S  /R • ta u  ) and lo c a t io n  f o r  s u b je c t  A-3.

p (S R/R -ta u ° )

1.00

0.20

0 .05

N D A _N _N
S ta u ta u S S

L ocation B a se lin e

B a se lin e 0 .54 0 .4 8 -0 .5 9 0 .01 0 .0 0 -0 .0 1
1 0.49 0 .3 4 -0 .7 3 0 .08 0 .0 4 -0 .1 3 0.41 0 .2 3 -0 .7 1 0 .0 0 0 .0 0 -0 .0 1
2 0.73 0 .5 8 -0 .8 1 0 .01 0 .0 1 -0 .0 1 0 .64 0 .5 1 -0 .7 4 0 .0 0 0 .0 0 -0 .0 0
3 0 .76 0 .7 0 -0 .7 9 0 .01 0 .0 0 -0 .0 1 0 .20 0 .1 6 -0 .2 7 0 .01 0 .0 1 -0 .0 2
4 0 .92 0 .9 1 -0 .9 4 0 .00 0 .0 0 -0 .0 1 0 .J7 0 .1 0 -0 .2 7 0 .00 0 .0 0 -0 .0 1

B a se lin e 1.32 1 .1 9 -1 .4 3 0 .01 0 .0 0 -0 .0 1
1 1.62 1 .4 6 -1 .7 8 0 .22 0 .1 4 -0 .3 6 0 .95 0 .6 7 -1 .1 8 0 .01 0 .0 1 -0 .0 1
2 1.33 1 .0 9 -1 .4 8 0 .03 0 .0 1 -0 .0 6 0 .84 0 .6 6 -1 .0 2 0 .00 0 .0 0 -0 .0 0
3 1 .36 1 .3 1 -1 .4 1 0 .03 0 .0 2 -0 .0 4 0 .5 0 0 .4 3 -0 .5 7 0 .00 0 .0 0 -0 .0 0
4 1.24 1 .1 2 -1 .3 7 0 .01 0 .0 1 -0 .0 2 0 .40 0 .3 6 -0 .4 6 0 .00 0 .0 0 -0 .0 0

B a se lin e 1.61 1 .3 4 -1 .7 5 0 .06 0 .0 4 -0 .0 9
1 1.28 1 .0 4 -1 .4 5 0 .05 0 .0 3 -0 .0 7 1.05 0 .8 9 -1 .2 8 0 .04 0 .0 1 -0 .0 6
2 2.15 1 .9 9 -2 .3 9 0 .04 0 .0 3 -0 .0 5 2.22 1 .9 7 -2 .4 2 0 .06 0 .0 1 -0 .1 3
3 2 .85 2 .5 3 -3 .2 2 0 .05 0 .0 4 -0 .0 5 3 .25 3 .0 7 -3 .5 7 0 .03 0 .0 0 -0 .0 6
4 2.99 2 .8 1 -3 .2 7 0.11 0 .0 7 -0 .1 5 2.21 2 .0 7 -2 .4 7 0 .03 0 .0 0 -0 .0 6

Recovery
3 3.18 3 .0 0 -3 .3 3 0 .20 0 .1 8 -0 .2 2 1.63 1 .4 4 -1 .8 6 0 .03 0 .0 0 -0 .0 6



Table 5

Mean c o rre c te d  r a t e s  and ran g e  o f  c o r re c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  ta u D, t a u \  SN, and 

SN lo c a t io n  d u r in g  b a s e l in e  as  a  fu n c t io n  o f  p (SR/R 'ta u ° )  and S1̂  lo c a t io n  f o r  s u b je c t  B - l .

R Dp(S /R * tau  )

1.00

0 .40

0.10

N n A _N _N
S ta u ta u S S

L ocation B a se lin e

B a se lin e 0 .59 0 .5 1 -0 .6 4 0 .01 0 .0 0 -0 .0 1
1 0 .62 0 .5 4 -0 .7 7 0 .00 0 .0 0 -0 .0 0 0 .04 0 .0 3 -0 .0 6 0 .02 0 .0 1 -0 .0 3
2 0 .84 0 .7 6 -0 .9 0 0.01 0 .0 1 -0 .0 1 0 .10 0 .0 8 -0 .1 4 0 .01 0 .0 0 -0 .0 1
3 0.98 0 .9 7 -1 .0 0 0 .01 0 .0 1 -0 .0 2 0 .02 0 .0 0 -0 .0 4 0 .0 0 0 .0 0 -0 .0 1
4 0.89 0 .8 5 -0 .9 3 0.01 0 .0 1 -0 .0 1 0 .03 0 .0 1 -0 .0 5 0 .00 0 .0 0 -0 .0 0

Recovery
1 0.81 0 .6 7 -0 .9 3 0 .01 0 .0 0 -0 .0 1 0 .04 0 .0 1 -0 .0 6 0 .02 0 .0 1 -0 .0 3

B a se lin e 0 .94 0 .8 2 -1 .0 8 0 .01 0 .0 1 -0 .0 1
1 0 .85 0 .8 3 -0 .8 8 0 .00 0 .0 0 -0 .0 1 0 .03 0 .0 3 -0 .0 4 0 .01 0 .0 0 -0 .0 2
2 1.23 1 .1 3 -1 .3 1 0 .01 0 .0 1 -0 .0 2 0 .22 0 .1 0 -0 .3 8 0 .01 0 .0 0 -0 .0 1
3 1.17 1 .0 4 -1 .2 9 0 .01 0 .0 1 -0 .0 1 0 .12 0 .0 1 -0 .2 3 0 .01 0 .0 1 -0 .0 1
4 1.11 1 .0 4 -1 .2 3 0 .01 0 .0 1 -0 .0 1 0 .06 0 .0 3 -0 .1 3 0 .00 0 .0 0 -0 .0 0

B a se lin e 1.28 1 .1 4 -1 .3 8 0 .01 0 .0 1 -0 .0 1
1 1.24 1 .2 3 -1 .2 6 0 .02 0 .0 2 -0 .0 2 0.42 0 .3 0 -0 .4 9 0 .01 0 .0 0 -0 .0 1
2 1.23 0 .8 8 -1 .5 1 0 .05 0 .0 4 -0 .0 6 1.23 0 .8 6 -1 .6 2 0 .02 0 .0 1 -0 .0 2
3 1.51 1 .4 9 -1 .5 5 0 .02 0 .0 2 -0 .0 2 0 .50 0 .3 4 -0 .7 3 0 .01 0 .0 0 -0 .0 1
4 1.61 1 .5 4 -1 .6 6 0 .01 0 .0 1 -0 .0 2 0.07 0 .0 2 -0 .0 9 0 .00 0 .0 0 -0 .0 1

■t*
00



T ab le  6

Mean c o rre c te d  r a t e s  and ran g e  o f  c o rre c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  t a u ° ,  ta u ^ ,  SN, and 
w R D NS lo c a t io n  d u rin g  b a s e l in e  as  a  fu n c t io n  o f  p(S  /R * tau  ) and S lo c a t io n  f o r  s u b je c t  B-2.

R D p(S /R - ta u  )

1.00

0 .40

0.10

N D A _N _NS ta u ta u S S
L ocation B a se lin e

B a se lin e 0.51 0 .4 3 -0 .5 6 0 .01 0 .0 0 -0 .0 1
1 0 .76 0 .6 9 -0 .8 7 0 .04 0 .0 4 -0 .0 4 0 .22 0 .0 7 -0 .3 3 0 .01 0 .0 0 -0 .0 1
2 0.89 0 .8 6 -0 .9 4 0 .01 0 .0 1 -0 .0 2 0 .39 0 .3 3 -0 .4 7 0 .00 0 .0 0 -0 .0 1
3 0.79 0 .7 2 -0 .9 0 0 .00 0 .0 0 -0 .0 0 0 .32 0 .3 1 -0 .3 3 0 .01 0 .0 0 -0 .0 1
4 1.03 1 .0 0 -1 .1 0 0 .01 0 .0 1 -0 .0 1 0 .13 0 .0 8 -0 .1 8 0 .01 0 .0 0 -0 .0 1

Recovery
3 0.74 0 .6 9 -0 .7 9 0.01 0 .0 1 -0 .0 1 0 .30 0 .2 6 -0 .3 8 0 .01 0 .0 0 -0 .0 1

B a se lin e 1.44 1 .3 4 -1 .5 8 0.01 0 .0 0 -0 .0 1
1 1.47 1 .2 9 -1 .6 6 0.07 0 .0 5 -0 .0 9 0 .18 0 .1 1 -0 .2 5 0 .00 0 .0 0 -0 .0 1
2 1.44 1 .2 8 -1 .6 0 0 .03 0 .0 3 -0 .0 4 0 .73 0 .6 1 -0 .9 1 0 .01 0 .0 0 -0 .0 2
3 1.73 1 .6 6 -1 .8 0 0 .02 0 .0 1 -0 .0 2 0 .75 0 .5 6 -0 .9 3 0.01 0 .0 0 -0 .0 2
4 1.61 1 .4 6 -1 .8 0 0.01 0 .0 1 -0 .0 2 0 .18 0 .1 3 -0 .2 2 0.01 0 .0 1 -0 .0 2

B a se lin e 1.51 1 .3 1 -1 .6 6 0 .02 0 .0 2 -0 .0 3
1 2.11 2 .0 7 -2 .1 6 0 .05 0 .0 4 -0 .0 6 0 .68 0 .5 8 -0 .8 0 0 .00 0 .0 0 -0 .0 0
2 1.96 1 .7 7 -2 .2 7 0 .09 0 .0 7 -0 .1 0 2 .21 1 .9 2 -2 .6 4 0 .01 0 .0 1 -0 .0 1
3 2 .13 1 .9 9 -2 .2 8 0.07 0 .0 5 -0 .1 0 1.94 1 .6 4 -2 .2 7 0.01 0 .0 0 -0 .0 2
4 2 .54 2 .3 5 -2 .6 9 0.07 0 .0 6 -0 .1 0 1.74 1 .3 8 -2 .3 4 0 .0 0 0.00=0.01

-e*to



Table 7

Mean c o rre c te d  r a t e s  and ran g e  i f  c o rre c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  ta u ° ,  ta u ^ , SN, and

N R D NS lo c a t io n  d u rin g  b a s e l in e  as  a  fu n c t io n  o f  p(S  /R * tau  ) and S lo c a t io n  f o r  s u b je c t  B-3.

R D p(S  /R - ta u  )

1.00

0 .4 0

0 .10

N n A _N _N
S ta u ta u S S

L ocation B a se lin e

B a se lin e 3.72 3 .5 5 -3 .8 3 0 .42 0 .3 4 -0 .5 1
1 1.90 1 .6 1 -2 .2 5 0 .50 0 .4 0 -0 .5 6 1.33 1 .2 6 -1 .3 8 0 .52 0 .4 0 -0 .6 7
2 1.58 1 .3 9 -1 .7 7 0 .74 0 .7 1 -0 .7 6 0 .66 0 .6 0 -0 .7 3 0 .57 0 .5 3 -0 .6 6
3 1.32 1 .2 3 -1 .4 3 0.69 0 .6 0 -0 .7 6 0 .26 0 .2 1 -0 .3 4 0 .55 0 .4 7 -0 .6 7
4 1.45 1 .3 0 -1 .6 1 0 .78 0 .7 3 -0 .8 1 0 .23 0 .2 1 -0 .2 7 0.21 0 .1 6 -0 .3 2

Recovery
2 1.08 1 .0 3 -1 .1 5 0 .56 0 .5 2 -0 .5 9 0 .36 0 .3 1 -0 .3 9 0 .57 0 .5 3 -0 .6 6

B a se lin e 2 .60 2 .4 9 -2 .7 1 0.59 0 .5 5 -0 .6 2
1 1.87 1 .7 9 -1 .9 2 0 .63 0 .5 7 -0 .7 4 1 .30 1 .2 4 -1 .4 1 1.13 1 .0 6 -1 .2 2
2 1.94 1 .7 1 -2 .1 0 0 .63 0 .5 2 -0 .7 2 1.22 1 .1 0 -1 .3 3 0 .82 0 .7 4 -0 .9 3
3 2.33 2 .2 1 -2 .4 5 0 .54 0 .4 1 -0 .6 2 1.09 0 .9 9 -1 .1 9 0 .29 0 .1 7 -0 .4 3
4 1.85 1 .6 9 -1 .9 9 0 .38 0 .3 1 -0 .4 4 0 .72 0 .6 0 -0 .9 3 0.05 0 .0 1 -0 .0 8

B a se lin e 1.82 1 .6 1 -1 .9 7 0.37 0 .3 3 -0 .4 2
1 2.37 2 .3 0 -2 .4 1 1.01 0 .8 6 -1 .1 6 2.02 1 .8 6 -2 .1 5 0 .69 0 .6 4 -0 .7 3
2 2.14 1 .9 7 -2 .3 3 0 .46 0 .4 3 -0 .4 9 2 .26 2 .1 9 -2 .3 4 0 .50 0 .3 4 -0 .6 1
3 2.41 2 .3 0 -2 .5 1 0 .77 0 .6 5 -0 .9 1 1.91 1 .7 2 -2 .1 4 0 .22 0 .1 7 -0 .2 6
4 2 .32 2 .2 0 -2 .4 6 1 .00 0 .8 5 -1 .0 8 1.19 0 .9 7 -1 .4 4 0 .03 0 .0 0 -0 .0 7

inO



Table 8

Mean c o r re c te d  r a t e s  and ran g e  o f  c o r re c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  tau*5, t a u ^ ,  and

SN lo c a t io n  d u rin g  b a s e l in e  as  a  fu n c t io n  o f p(SR/R -ta u D) and SN lo c a t io n  f o r  s u b je c t  C - l .

R D 
p(S  /R * tau  )

N
S

L ocation
ta u ta u „N s"

B a se lin e

1.00 B a se lin e
1
2
3
4

1 .30  1 .2 4 -1 .4 0
1.48 1 .2 7 -1 .7 7
1.42 1 .2 8 -1 .5 7
1.43 1 .1 1 -1 .7 4  
1 .24  1 .0 5 -1 .4 6

0 .72  0 .6 7 -0 .8 8  
0 .98  0 .8 6 -1 .0 6  
1 .18 1 .1 7 -1 .1 9  
1 .10  0 .9 2 -1 .2 8  
1 .02 0 .9 7 -1 .0 7

1.49 1 .1 5 -1 .7 1  
0 .85  0 .7 4 -1 .0 0  
0 .64  0 .5 4 -0 .7 7  
0 .94  0 .6 7 -1 .2 3

0 .69  0 .5 4 -0 .9 2  
0 .72  0 .6 3 -0 .7 6  
0 .76  0 .6 2 -0 .9 2  
1 .00  0 .8 5 -1 .1 6

0.20

0 .05

B a se lin e 2 .24 2 .0 8 -2 .3 9 1.42 1 .3 5 -1 .5 2
1 2.48 2 .3 4 -2 .6 9 1.63 1 .5 1 -1 .6 9 1.51 1 .4 2 -1 .5 7 1.15 1 .1 0 -1 .1 9
2 2.32 2 .2 9 -2 .3 5 1.91 1 .6 9 -2 .0 7 1.79 1 .6 7 -1 .9 6 1.58 1 .4 9 -1 .6 8
3 2 .42 2 .2 8 -2 .5 6 1.44 1 .3 2 -1 .5 8 2.18 2 .0 4 -2 .3 4 1.59 1 .4 4 -1 .6 8
4 2.60 2 .5 0 -2 .6 5 1.44 1 .3 0 -1 .5 9 1.33 1 .1 2 -1 .6 1 1.45 1 .3 5 -1 .6 3

Recovery
1 2.14 2 .0 2 -2 .4 6 1.92 1 .7 4 -2 .0 2 1.71 1 .6 9 -1 .8 0 1.15 1 .1 0 -1 .1 9

B a se lin e 2 .73 2 .5 0 -2 .9 4 2.27 2 .2 0 -2 .3 6
1 2 .22 2 .0 0 -2 .5 5 2.61 2 .5 9 -2 .6 5 1.70 1 .6 4 -1 .7 7 1.89 1 .8 4 -1 .9 7
2 3.57 3 .3 8 -3 .7 6 2.69 2 .3 2 -2 .9 2 3 .30 3 .1 1 -3 .4 7 2.18 2 .0 8 -2 .3 6
3 3.61 3 .3 0 -4 .0 7 2 .70 2 .5 3 -2 .8 1 3 .72 3 .5 1 -4 .0 8 2 .25 2 .1 3 -2 .3 9
4 3.81 3 .7 4 -3 .8 7 2 .92 2 .8 7 -2 .9 8 3 .80 3 .5 2 -4 .1 7 2 .74 2 .5 5 -2 .8 8



Table 9

Mean c o rre c te d  r a t e s  and ran g e  o f  c o r re c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  ta u D, ta u A, SN, and 

SN lo c a t io n  d u rin g  b a s e l in e  as  a  fu n c t io n  o f  p (S^/R *tau^) and lo c a t io n  f o r  s u b je c t  C-2.

p (S R/R - ta u D)

1.00

0.20

0 .05

sN tau ^ ta u ^ SN s N
L ocation B a se lin e

B a se lin e 1.40 1 .0 4 -1 .6 2 0.97 0 .8 4 -1 .0 8
1 1.86 1 .6 8 -1 .9 6 1.16 1 .0 9 -1 .2 5 1.90 1 .8 0 -2 .0 1 0 .89 0 .7 9 -0 .9 6
2 1.45 1 .3 2 -1 .5 2 0 .78 0 .7 5 -0 .8 3 1.29 1 .1 2 -1 .3 8 0 .81 0 .7 6 -0 .8 9
3 1.70 1 .5 5 -1 .9 5 1 .04 0 .9 5 -1 .2 1 0.54 0 .4 6 -0 .6 0 0 .88 0 .8 3 -0 .9 8
4 1.76 1 .6 6 -1 .8 3 1 .18 0 .9 6 -1 .3 0 1.67 1 .4 0 -1 .9 5 1 .16 0 .9 1 -1 .3 3

B a se lin e 2.25 2 .1 5 -2 .3 5 1.35 1 .2 7 -1 .4 3
1 2.32 2 .1 8 -2 .4 3 1.69 1 .5 7 -1 .8 3 2.07 1 .9 5 -2 .1 4 1.30 1 .2 1 -1 .4 9
2 2.75 2 .5 9 -2 .8 4 1.95 1 .8 5 -2 .0 7 2 .72 2 .5 3 -2 .8 4 1 .14 1 .0 4 -1 .3 0
3 2.77 2 .5 3 -2 .9 6 1.93 1 .6 8 -2 .1 7 2 .65 2 .4 9 -2 .8 1 1.38 1 .3 5 -1 .4 4
4 2.95 2 .8 2 -3 .1 1 2.06 1 .9 8 -2 .1 1 2 .62 2 .5 0 -2 .7 6 1.66 1 .4 7 -1 .8 3

Recovery
3 3 .2 0 2 .8 9 -3 .3 6 2 .20 2 .1 8 -2 .2 5 2 .86 2 .7 6 -2 .9 4 1 .38 1 .3 5 -1 .4 4

B a se lin e 2.57 2 .4 8 -2 .6 7 2 .33 2 .2 6 -2 .3 9
1 2.74 2 .6 0 -2 .9 4 2.35 2 .3 0 -2 .4 5 2.48 2 .3 9 -2 .6 0 2.52 2 .4 7 -2 .5 8
2 2.64 2 .5 0 -2 .7 1 2 .46 2 .4 1 -2 .5 2 2.61 2 .4 4 -2 .8 0 2 .46 2 .4 0 -2 .5 5
3 2.80 2 .6 5 -3 .0 3 2 .43 2 .3 7 -2 .4 7 2 .53 2 .4 1 -2 .6 7 2 .26 2 .1 2 -2 .3 5
4 2.81 2 .5 6 -2 .9 7 2 .11 2 .0 2 -2 .1 5 2.75 2 .4 8 -2 .9 4 2 .05 1 .9 8 -2 .2 0

inN5



T able 10

Mean c o rre c te d  r a t e s  and ran g e  o f  c o rre c te d  r a t e s  in  re sp o n se s  p e r  second d u rin g  ta u ^ , ta u ^ ,  S^, and 

SN lo c a t io n  d u rin g  b a s e l in e  as  a  fu n c t io n  o f  p (S ^ /R - ta u ^ )  and lo c a t io n  f o r  s u b je c t  C-3.

p (S R/R - ta u D) oN <"’" D °N cN

1.00

0.20

0 .05

s ta u ta u S S
L ocation B a se lin e

B a se lin e 1.22 1 .0 2 -1 .3 4 0 .55 0 .4 0 -0 .6 6
1 1.15 1 .1 0 -1 .1 9 0.71 0 .5 9 -0 .9 5 2.01 1 .9 5 -2 .0 6 0 .28 0 .2 5 -0 .3 4
2 1.51 1 .1 1 -2 .1 5 0.98 0 .9 3 -1 .0 5 1.61 1 .4 3 -1 .7 0 0 .44 0 .2 4 -0 .5 7
3 1.25 1 .13 -1 .37 1.29 1 .1 9 -1 .4 8 1.54 1 .3 8 -1 .6 3 0 .55 0 .2 3 -0 .7 7
4 1.67 1 .4 4 -1 .8 2 1.08 1 .0 3 -1 .1 8 1.84 1 .6 8 -2 .0 1 1.04 0 .8 9 -1 .1 4

B a se lin e 2 .14 2 .0 7 -2 .2 5 1.12 1 .0 4 -1 .2 0
1 2.39 2 .1 6 -2 .5 9 1.42 1 .3 9 -1 .4 7 2.37 2 .2 7 -2 .4 8 1 .26 1 .1 1 -1 .4 2
2 2.23 2 .1 9 -2 .2 7 1.39 1 .3 6 -1 .4 1 2.38 2 .2 9 -2 .5 0 1.09 1 .0 0 -1 .1 5
3 2.35 2 .2 9 -2 .4 5 1.37 1 .2 0 -1 .4 8 2 .18 2 .0 1 -2 .2 7 0 .93  0 .8 3 -1 .0 5
4 2.27 2 .0 7 -2 .4 2 1.48 1 .4 3 -1 .5 4 2 .08 2 .0 1 -2 .2 0 0 .96 0 .8 0 -1 .1 6

Recovery
2 2.52 2 .4 6 -2 .5 7 1.49 1 .3 8 -1 .5 9 2.44 2 .3 7 -2 .5 1 1.09 1 .0 0 -1 .1 5

B a se lin e 2.39 2 .3 6 -2 .4 3 1.70 1 .6 7 -1 .7 3
1 2.43 2 .2 6 -2 .5 2 2 .12 2 .0 7 -2 .1 6 2.39 2 .3 1 -2 .5 0 1.69 1 .6 1 -1 .7 4
2 2 .00 1 .6 4 -2 .2 4 2 .51 2 .4 3 -2 .5 8 1.89 1 .6 8 -2 .1 4 1.69 1 .6 4 -1 .7 1
3 1.85 1 .5 0 -2 .1 0 2 .51 2 .4 5 -2 .6 0 1.85 1 .7 0 -1 .9 8 1.70 1 .4 7 -1 .8 3
4 2.39 2 .2 8 -2 .5 5 2.43 2 .4 2 -2 .4 3 2.39 2 .2 6 -2 .5 0 1.85 1 .7 3 -1 .9 5
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1 1 Rd u rin g  S j d e c re a sed  as  th e  i n te r v a l  betw een S j and S len g th en ed .

The t a b le s  show th a t  s u b je c ts  A-2 and B-3 were th e  o n ly  s u b je c ts  who

produced th e  Farmer and S choenfe ld  f in d in g ,  w h ile  th e  o th e r  fo u r

2 3s u b je c ts  e x h ib ite d  a p a t t e r n  o f  h ig h e r  r a t e s  in  e i t h e r  S o r S th an
1 4  N A

in  S and S . T h is  p a t t e r n  o f  h ig h e r  S r a t e s  in  th e  m idd le  o f  ta u  ,

an in v e r te d  U -shaped fu n c t io n , su b seq u en tly  emerged as th e  most
N

c h a r a c te r i s t i c  p a t t e r n  o f  respond ing  d u rin g  S in  th e  experim en t.
R D

Each s u b je c t  in  group C w ith  p(S /R * tau  ) = 1.00 and 

R Ap(S /R - ta u  ) = 0 .02  showed a c o n s is te n t  p a t t e r n  o f  respond ing  f o r  th e
N 1s e r i e s  o f S p lacem en ts . C o rrec ted  re sp o n se  r a t e s  were h ig h e r  in  S

and th an  in  and S'*. Thus, th e  e f e c t  o f p (S R/R -tau ^ ) = 0 .02  was
Nto  in v e r t  th e  fu n c t io n  o f  S r a t e s  produced by fo u r  ou t o f  th e  s ix

s u b je c ts  in  g roups A and B.

W ith p fS ^ /R ’tau^*) l e s s  th an  1.00 and p(SR/R ’ tau ^ ) = 0 .0 0 ,

s u b je c ts  in  g roups A and B dem onstra ted  ex trem ely  c o n s is te n t  p a t te r n s
N

o f resp o n se  r a t e s  f o r  each s e r i e s  o f S p lacem en ts . Each o f  th e  s ix
N

s u b je c ts  in  th e s e  groups was g iv en  a s e r i e s  o f  S p lacem ents a t  two
R Dp(S /R « tau  ) l e s s  th a n  1 .0 0 . C o rrec ted  re sp o n se  r a t e s  were h ig h e s t

2 3
d u rin g  S o r S in  11 o u t o f 12 o f th e s e  in d iv id u a l  s e r i e s .

R DF urtherm ore , as  p(S /R * tau  ) was d ec reased  over th r e e  v a lu e s  f o r  each
N

s u b je c t ,  th e  h ig h e s t  S c o r re c te d  r a t e  f o r  each s e r i e s  o f  p lacem en ts 

in c re a se d  d i r e c t l y  f o r  f iv e  ou t o f  th e  s ix  s u b je c ts .

For group C th e  p a t t e r n  o f  c o rre c te d  resp o n se  r a t e s  f o r  th e
N R D

s e r ie s  o f  S p lacem en ts d id  n o t rem ain  c o n s ta n t when p(S  /R * tau  )

was d e c re a se d . Whereas a l l  th r e e  s u b je c ts  had shown h ig h e s t  r a t e s  in

S* and w ith  p(SR/R *tau*) = 1 .0 0 , a l l  th re e  in v e r te d  t h i s  p a t t e r n
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n n 2 3
w ith  p(S /R * tau  ) = 0 .2 0  and d isp la y e d  th e  h ig h e s t  r a t e s  in  S or S .

However, n e i th e r  th e  same fu n c t io n  o f  S c o rre c te d  r a t e s  n o t th e

c o n s is te n c y  among s u b je c ts  was m ain ta in ed  by group C when

p(S^/R >tau^) was d e c re a sed  to  0 .0 5 . At t h i s  p r o b a b i l i t y ,  C -l r a t e s

in c re a se d  r e g u la r ly  w ith  s u c c e s s iv e  p lacem en ts ; C-2 r a t e s  in c re a se d

i r r e g u la r l y  w ith  s u c c e s s iv e  p lacem en ts ; and , C-3 r a t e s  r e v e r te d  to
R D 1 4

th e  p a t t e r n  w ith  p(S  /R *tau  ) = 1 .0 0 , w ith  h ig h e s t  r a t e s  in  S and S .
N

G e n e ra lly , each fu n c t io n  o f  S c o rre c te d  r a t e s  a t  d i f f e r e n t

p r o b a b i l i t i e s  o f  re in fo rc e m e n t was s im i la r  f o r  in d iv id u a l  s u b je c ts  in

groups A and B and d i s s im i la r  f o r  s u b je c ts  in  group C, b u t a summary

s ta te m e n t abou t group C m ust ta k e  in to  account th e  s p e c i f ic

p r o b a b i l i t i e s  o f  re in fo rc e m e n t which were schedu led . W ith 

R Dp(S /R * tau  ) = 0 . 2 0  group C d id  produce th e  in v e r te d  U -shaped 
Nfu n c tio n  o f  S c o rre c te d  r a t e s  d isp la y e d  by g roups A and B on t h a t  

p r o b a b i l i ty .  When group C was schedu led  w ith  0 .0 5 , th e  p r o b a b i l i t i e s  

o f  re in fo rc e m e n t in  ta u ^  and ta u ^  were s u f f i c i e n t l y  c lo s e ,  0 .05  and

0 .02  r e s p e c t iv e ly ,  t h a t  re sp o n se  r a t e s  became more uniform  du ring
n N R D

ta u  and a l l  S lo c a t io n s .  O ther p(S /R 't a u  ) v a lu e s  betw een 1.00

and 0 .05  could  be exp lo red  in  o rd e r  to  d e te rm in e  th e  p o s s i b i l i t y  o f
N

o b ta in in g  a d d it io n a l  in v e r te d  U -shaped fu n c t io n s  o f  S r a t e s .
R D

The re c o v e ry  o f  ex p e rim en ta l p o in ts  a t  v a r io u s  p (S  /R * tau  ) and

SN lo c a t io n s  by in d iv id u a l  s u b je c ts  confirm ed th e  f in d in g  th a t  r a t e  

Nin  S was a fu n c t io n  o f  tem poral lo c a t io n  w ith in  th e  ta u  c y c le . 

In sp e c tio n  o f  th e  re c o v e ry  fu n c t io n s  in  f ig u r e s  one th ro u g h  n in e  and 

o f  th e  c o rre c te d  r a t e s  in  t a b le s  two th ro u g h  te n  shows a  re c o v e ry  o f 

c o rre c te d  r a t e s  f o r  seven o u t o f  n in e  s u b je c t s .  S u b je c ts  A - l ,  B - l ,
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B-2, B-3, and C -l produced re c o v e ry  r a t e s  ran g in g  inbetw een th e

N Np rev io u s  r a t e  a t  t h a t  S lo c a t io n  and th e  p reced in g  o r fo llo w in g  S

Nin  th e  s e r i e s .  For s u b je c ts  A-2 and C-3 th e  h ig h e s t  S r a t e  occu rred

No r ig i n a l l y  a t  th e  rec o v e ry  S lo c a t io n ,  and in  b o th  o f  th e s e  c a se s  th e

re c o v e ry  r a t e  was h ig h e r  th an  th e  o r ig in a l  r a t e .  Recovery r a t e s  f o r
N

A-3 and C-2 on ly  d id  n o t confirm  th e  o r ig in a l  fu n c t io n s  o f  S 

c o rre c te d  r a t e s .
N

F ig u re  10 p re s e n ts  th e  mean c o r re c te d  r a t e s  d u rin g  S f o r  each

group. In  th e  l e f t  p an e l f o r  groups A and B, d a ta  f o r  s ix  s u b je c ts

were combined a t  p (S ^ /R ’ tau ^ ) = 1 .0 0 . At low er p r o b a b i l i t i e s  th e  d a ta

were th e  averages  o f  th re e  s u b je c ts :  0 .20  and 0 .05  f o r  group A, 0 .40
R Dand 0 .10  f o r  group B. W ith p(S /R * tau  ) = 1.00 th e  c o rre c te d  r a t e s

N
f o r  combined g roups show a  d i r e c t  d e c re a se  w ith  s u c c e s s iv e  S

p lacem en ts . As s ta te d  p re v io u s ly ,  o n ly  two o u t o f  s ix  in d iv id u a l
R D

s u b je c ts  e x h ib i te d  t h i s  p a t t e r n .  With p(S  /R * tau  ) l e s s  th an  1 .0 0 ,

th e  group averages  concur w ith  an a n a ly s is  o f  in d iv id u a l  s u b je c ts .
R D

In  summary, d e c re a s in g  p(S /R - ta u  ) r e s u l te d  in  in c re a s in g  r a t e s  a t
N N

a l l  S lo c a t io n s  and p r o p o r t io n a te ly  h ig h e r  r a t e s  a t  S lo c a t io n s  in

th e  c e n te r  o f  th e  ta u ^  component. For p(S^/R *tau^) l e s s  th a n  1 .00 ,
N

each s e r i e s  o f  S in t r u s io n s  r e s u l te d  in  an in v e r te d  U-shaped 
N

fu n c tio n  o f  S c o rre c te d  r a t e s .
N

In  th e  r i g h t  p a n e l o f  f ig u r e  10 mean c o rre c te d  r a t e s  d u rin g  S
R D

a re  p re se n te d  f o r  group C. W ith p(S  /R 't a u  ) = 1.00 and 0 .20  th e

group fu n c t io n s  d u p l ic a te  th e  fu n c t io n s  which were found f o r  a l l
R Dth re e  s u b je c ts .  With p(S /R * tau  ) = 0 .0 5 , th e  group fu n c t io n  does

n o t a c c u ra te ly  r e p r e s e n t  th e  in d iv id u a l  s u b je c ts .  T hus, d e c re a s in g

R D Np(S /R - ta u  ) r e s u l te d  in  h ig h e r  r a t e s  a t  each S lo c a t io n ,  b u t no
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N
F ig u re  10. C o rrec ted  r a t e  d u rin g  a s ix  second l ig h t  (S ) p re se n te d

w ith in  ta u ^  as a  fu n c t io n  o f  p f S ^ /R 'ta u 5) and tem poral lo c a t io n  o f 
N R AS . p(S /R - ta u  ) i s  shown above th e  l e f t  p an e l f o r  g roups A and B

R Dand above th e  r i g h t  p an e l f o r  group C. D ata fo r  p(S /R * tau  ) = 1.00 

in  th e  l e f t  p an e l a re  th e  averages  o f  s ix  s u b je c t s ,  combining 

groups A and B; a l l  o th e r  d a ta  a re  th e  av e rag es  o f  th r e e  s u b je c ts .
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o rd e r ly  r e l a t i o n s h ip  was found betw een d e c re a s in g  p r o b a b i l i ty  o f

Nre in fo rc e m e n t and th e  fu n c t io n s  o f  S c o rre c te d  r a t e s .

The p reced in g  d e s c r ip t io n  o f  c o rre c te d  r a t e s  in  was c a r r ie d

ou t under th e  assum ption  th a t  b eh av io r should be analyzed  w ith

re fe re n c e  to  a s in g le  c a te g o ry  " s t im u lu s ."  A ccording to  S k in n e r 's
N

(1938) te rm in o lo g y , S could  have been la b e le d  a s  a " d is c r im in a t iv e

s tim u lu s"  because i t  s e t  th e  o ccas io n  f o r  an o p e ra n t re sp o n se .

S k inner c le a r ly  d is t in g u is h e d  betw een th e  s tim u lu s  fu n c t io n s  o f

d is c r im in a t io n  and e l i c i t a t i o n .  Only resp o n d en t b eh av io r was

e l i c i t e d .  However, f u r th e r  r e s e a rc h  (Morse and S k in n e r, 1958;

R esco rla  and Solomon, 1967; T e r ra c e , 1966) has dem onstra ted  t h a t  a

" d is c r im in a tiv e  s tim u lu s"  appears  to  in v o lv e  th e  fu n c t io n  o f

e l i c i t a t i o n .  S ince  th e s e  fu n c tio n s  a re  n o t in d iv id u a l ly  d i s t i n c t ,

i t  seems more a c c u ra te  to  r e f e r  to  a  s in g le  s tim u lu s  fu n c t io n .

W hile th e  term " d is c r im in a tio n "  may be in a p p ro p r ia te  f o r  th e  fu n c t io n

o f a  s tim u lu s , " d is c r im in a tio n ” does mean to  show d i f f e r e n t i a l

respond ing  in  th e  p resen ce  o f  d i f f e r e n t  s tim u lu s  s i t u a t i o n s .  In  th e
N A .

p re s e n t  ex p e rim en t, th e  d i f f e r e n t  r a t e s  in  S and ta u  i l l u s t r a t e  a

d is c r im in a t io n . A lso , th e  d i f f e r e n t i a l  respond ing  as a fu n c t io n  o f 
N AS lo c a t io n  w ith in  ta u  i l l u s t r a t e s  a  " tem poral d is c r im in a t io n "  

(S k in n e r , 1938).

I f  th e  r a t i o n a l e  f o r  a s in g le  ca te g o ry  " s t im u lu s "  has v a l i d i t y ,  

th en  i t  m ust be a p p lic a b le  to  th e  c a te g o r ie s  o f  " in tru d e d  s tim u lu s"  

and " r e in f o r c e r . "  In  th e  p re s e n t  ex p erim en t, s ta te m e n ts  abou t th e  

in tru d e d  s tim u lu s  (S^) and th e  r e in f o r c e r  (SR) may su g g est d i s c r e te  

c a te g o r ie s .  T here a re  two f a c to r s  which may c r e a te  th e  im p ressio n  o f
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a dichotom y in  s tim u lu s  fu n c t io n ;  th e  p r o p e r t ie s  o f  th e s e  s t im u li  

and th e  re s p o n s e -c o n tm g e n c ie s . The in tru d e d  s tim u lu s  has been 

c a l le d  a  " n e u t r a l  s tim u lu s"  because  i t  supposed ly  has no dem onstrab le  

e f f e c t  on b eh a v io r b e fo re  i t  i s  added to  a b e h a v io ra l b a s e l in e  

(Farmer and S ch o en fe ld , 1966a). However, l ig h t  o r  food may n o t be 

d e sc r ib e d  as " n e u t r a l"  o r " re in fo rc in g "  w ith o u t re g a rd  to  th e  

p r o p e r t ie s  o f  t h a t  s tim u lu s  in  a p a r t i c u l a r  s i t u a t i o n .  I f  th e  

i n te n s i t y  o f th e  l ig h t  were in c re a s e d , i t  m ight n o t be " n e u t r a l ."  

S im i la r ly ,  i f  th e  d u ra tio n  o f  a c ce ss  tim e to  food were d e c re a se d , 

i t  m ight n o t be e f f e c t iv e  as a " r e in f o r c e r . "  Thus, th e  d e s c r ip t iv e  

c a te g o r ie s  " in tru d e d  s tim u lu s"  and " r e in fo r c e r "  r e f e r  to  s tim u lu s  

p r o p e r t ie s  which e x h ib i t  c o n tin u i ty .

The in tru d e d  s tim u lu s  and r e in f o r c e r  a ls o  d i f f e r e d  in  th e  m a tte r  

o f re sp o n se -c o n tin g e n c y . In  S k in n e r 's  (1938) o p e ra n t c o n d itio n in g  

p rocedu re  th e  d e l iv e ry  o f  re in fo rc e m e n t was c o n tin g e n t upon th e  

o ccu rren ce  o f  a resp o n se  which was s p e c i f ie d  in  advance. The o p e ra n t 

p rocedu re  f o r  n o n co n tin g en t re in fo rc e m e n t was viewed as th e  s p e c ia l  

ca se  o f " s u p e r s t i t io u s "  c o n d itio n in g  (S k in n e r, 1948). A tem poral 

system  o f  s c h e d u le s , such as th e  t - t a u  system s (S choenfe ld  and C ole , 

1972), can in c o rp o ra te  th e  p rocedu re  f o r  e i t h e r  re sp o n se -c o n tin g e n t

o r noncon tingen t in tr u s io n  o f  any s tim u lu s . In  th e  p re s e n t  tau

R j „Nsystem  experim ent S was re s p o n s e -c o n tin g e n t ,  and S was

n o n c o n tin g e n t. In  o th e r  s im ila r  experim en ts Farmer and Schoenfeld

(1966b) in tru d e d  a re s p o n se -c o n tin g e n t l i g h t ,  and B enassi (1974)

in tru d e d  no n co n tin g en t food . M oreover, s in c e  th e  p r o b a b i l i ty  o f

re sp o n s e -c o n tin g e n t and /o r n o ncon tingen t re in fo rc e m e n t may be v a r ie d

f o r  a p a r t i c u l a r  locus in  tim e , re sp o n se -c o n tin g e n c y  and
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noncontingency  r e p re s e n t  th e  ex trem es o f  o p e ra t io n a l  c o n tin u a  (E vra , 

1974; L a c h te r , C o le , and S ch o en fe ld , 1971).

R DA lthough s ix  s u b je c ts  were schedu led  w ith  p(S /R « tau  ) = 1 .00 

R Aand p(S /R 't a u  ) = 0 .00  f o r  th e  pu rpose  o f com parison w ith  th e  Farmer

and Schoenfeld  ( 1966a) ex p e rim en t, th e  f a i l u r e  to  produce th e  Farmer
Nand Schoenfeld  r e s u l t s  w ith  r e s p e c t  to  re sp o n se  r a t e s  d u rin g  S does

n o t d e t r a c t  from th e  r e l i a b i l i t y  o f  th e  p re s e n t  f in d in g s  which were

confirm ed th rough  in tra g ro u p  r e p l i c a t io n  and th e  rec o v e ry  o f
Nex p e rim en ta l p o in ts .  The d i f f e r e n t  p a t t e r n s  o f  S r a t e s ,  th e r e f o r e ,  

m ust r e s u l t  from th e  d i f f e re n c e s  in  p ro c e d u re s . The p re s e n t d e s ig n  

d ep arted  from th e  Farmer and Schoenfeld  paradigm  in  more than  j u s t  

one f e a tu r e ;  f o r  exam ple, th e  i n i t i a l  b a s e l in e s  were d i f f e r e n t ,  and 

Farmer and Schoenfeld  d id  n o t p a i r  th e  in tru d e d  s tim u lu s  a t  th e  end 

o f th e  i n te r v a l  w ith  re in fo rc e m e n t. C on seq u en tly , i t  i s  im p o ssib le  

to  a t t r i b u t e  th e  d i f f e r e n c e s  in  r e s u l t s  to  any one change in  

p ro ced u re .

One f a c to r  which may have in flu e n c e d  th e  r a t e  o f  respond ing  in  

SN was th e  s u b je c t s ' tem poral d is c r im in a t io n  (S k in n e r , 1938) o f  th e  

60 second c y c le . Z e i le r  (1972) s tu d ie d  th e  e f f e c t s  o f  vary ing  

p e rc e n ta g e  re in fo rc e m e n t (PR) on resp o n se  r a t e s  in  a f ix e d  in te r v a l  

sch ed u le . I n te r v a ls  were te rm in a te d  w ith  e i t h e r  re in fo rc e m e n t o r  a 

tim eou t s tim u lu s . At PRs ran g in g  from 10% t o  90%, s u b je c ts  o f te n  

responded d u rin g  tim eou t and th ro u g h o u t th e  n ex t i n te r v a l .  In  a 

second ex p e rim en t, a 10 second b la c k o u t fo llow ed  each in te r v a l .

With th e  b lac k o u t th e  c h a r a c t e r i s t i c  f ix e d  in te r v a l  s c a l lo p  occu rred  

f o r  PRs ran g in g  from 7% to  100%. Thus, th e  b lac k o u t may have
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m ain ta in ed  th e  s u b je c t s '  tem poral d is c r im in a t io n  o f  th e  f ix e d

i n t e r v a l .  In  th e  Farmer and S choenfe ld  (1966a) experim ent each

c y c le  te rm in a te d  w ith  re in fo rc e m e n t. The resp o n d in g  d u rin g  S j a t

d i f f e r e n t  tem poral p lacem en ts resem bled  segm ents o f  a f ix e d  in te r v a l

s c a l lo p .  S ince  s j  changed o n ly  in  i t s  tem poral lo c a t io n  w ith in  th e

f ix e d  i n t e r v a l ,  th e  s u b je c t s ' d i f f e r e n t i a l  respond ing  e x h ib i te d  a

tem poral d is c r im in a t io n .  T ab les  two th rough  seven o f  th e  p re s e n t
R Dexperim ent show th a t  s u b je c ts  in  group A  w ith  p (S  /R . ta u  ) = 0.05

and in  group B w ith  p (SR/R*tau**) = 0 .10  produced c o r re c te d  r a t e s

which d id  n o t o f f e r  ev id en ce  o f  a  tem poral d is c r im in a t io n  betw een 

2 DS and ta u  . W hile t h i s  f in d in g  i s  based  on a com parison o f

c o rre c te d  r a t e s ,  f u r th e r  a n a ly s is  o f  th e  tem poral d is c r im in a t io n  o f 

NS w ith in  th e  ta u  c y c le  cou ld  a ls o  ta k e  in to  accoun t th e  e f f e c t  o f  
£

PS P on re sp o n se  r a t e s .
R DAs p(S /R * tau  ) was d e c re a s e d , group A and B mean c o rre c te d

r a t e s  in  tau** in c re a s e d . T ab les  two th rough  seven  g iv e  th e  c o rre c te d
D 4

r a t e s  in  ta u  d u r in g  th e  f i n a l  s e s s io n s ,  e i t h e r  S o r re c o v e ry , f o r

each p r o b a b i l i t y  o f  re in fo rc e m e n t. For each s u b je c t  c o r re c te d  r a t e s

in  tau *  in c re a se d  a t  each o f  th e  th r e e  p r o b a b i l i t i e s .  The tre n d  o f
D

c o rre c te d  r a t e s  in  ta u  over th e  co u rse  o f  50 s e s s io n s  a t  each v a lu e  

o f  p (SR/R *tauD) was de te rm ined  by comparing r a t e s  d u rin g  b a s e l in e  w ith
4

r a t e s  du ring  S o r  re c o v e ry . For fo u r  o u t o f  s ix  s u b je c ts  c o rre c te d

r a t e s  in  ta u °  in c re a se d  over 50 s e s s io n s  a t  each o f  th e  th re e

p r o b a b i l i t i e s .  S u b je c t A-3 showed an in c re a s e  in  c o rre c te d  r a t e s  in

tau** over 50 s e s s io n s  f o r  p(SR/R*tau**) = 1 ,00  and 0 .0 5 , and s u b je c t  
R DB-3 f o r  o n ly  p(S  /R *tau  ) = 0 .1 0 . O v e ra ll ,  th e  in d iv id u a l  c o rre c te d
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D Nr a t e s  in  ta u  in c re a se d  over 50 s e s s io n s  f o r  15 o u t o f  18 o f  th e  S

s e r i e s .  T ab les  e ig h t  th rough  te n  p re s e n t  th e  group C mean c o rre c te d

r a t e s  in  tau*5. These r a t e s  in c re a se d  over th re e  p(SR/R .ta u D) f o r

s u b je c t  C -l o n ly . S u b je c ts  C-2 and C-3 produced h ig h e r  c o rre c te d

r a t e s  in  tau*5 w ith  p(S ^/R »tauD) = 0 .20  th an  w ith  0 .0 5 . In  50

s e s s io n s  on each p(SR/R *tauD) group C c o rre c te d  r a t e s  in  ta u °
Nin c re a s e d  in  s ix  o u t o f  n in e  s e r i e s  o f  S in t r u s io n s .

R DThe in v e rse  r e l a t io n s h ip  betw een d e c re a s in g  p(S /R * tau  ) and 

in c re a s in g  mean c o rre c te d  r a t e s  in  tau*3 f o r  groups A and B r e s u l te d  

from a t  l e a s t  two a sp e c ts  o f th e  ta u  re in fo rc e m e n t sch ed u le : th e

schedu le  o f  d e c re a s in g  p r o b a b i l i t i e s  o f  re in fo rc e m e n t and th e  two 

component m u lt ip le  sch ed u le  in  which one o f  th e  components was an 

e x t in c t io n  sch ed u le . In  an experim ent w ith  random r a t i o  sch ed u le s  

Farmer and Schoenfeld  (1967) e s ta b l is h e d  th a t  runn ing  r a t e  does no t 

v a ry  s y s te m a t ic a l ly  f o r  p r o b a b i l i t i e s  o f  re in fo rc e m e n t ran g in g  from 

0 .8  to  0 .0 0 2 . They suggested  th a t  r a t e s  could be a fu n c t io n  o f  th e  

o rd e r  o f  p r o b a b i l i t i e s .  A ll s u b je c ts  were c o n d itio n e d  f i r s t  on th e  

0.002 p r o b a b i l i ty  and th e n  on a mixed sequence o f  h ig h er 

p r o b a b i l i t i e s .  I t  was found th a t  as th e  p r o b a b i l i ty  o f  re in fo rc e m e n t 

was d e c re a se d , th e  PS**P len g th en ed . Thus, in  a mixed sequence o f  

random r a t i o  s c h e d u le s , r a t e s  in  re sp o n se  ru n s  were n e a r ly  c o n s ta n t ,  

w h ile  PS P was in v e r s e ly  r e l a t e d  to  p r o b a b i l i ty  o f re in fo rc e m e n t. 

S ince  B randauer (1958) and S id le y  and Schoenfeld  (1964) had re p o r te d  

d i f f e r e n c e s  in  c o rre c te d  r a t e s  f o r  a  s e r i e s  o f  p r o b a b i l i t i e s ,  Farmer 

and Schoenfeld  e x p la in ed  th e s e  d i f f e r e n c e s  in  p a r t  as th e  r e s u l t  o f  

computing c o rre c te d  r a th e r  th an  runn ing  r a t e s .  However, th e  r e s u l t s
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o f  th e  p r e s e n t  experim ent do n o t s u b s ta n t ia te  th e  Farmer and 

Schoenfeld  (1967) f in d in g s .  I f  resp o n se  r a t e s  d u rin g  ru n s  were 

c o n s ta n t ,  and i f  d e c re a s in g  p r o b a b i l i ty  o f  re in fo rc e m e n t leng thened  

PS P, th en  c o rre c te d  r a t e s  should  d e c re a s e ,  th e  o p p o s ite  o f  what was 

found h e re . T h e re fo re , th e  sequence o f p r o b a b i l i t i e s  o f  re in fo rc e m e n t 

appears to  be one f a c to r  which a f f e c te d  th e  c o rre c te d  r a t e s .  The 

in v e rse  r e l a t i o n s h ip  betw een p r o b a b i l i ty  o f  re in fo rc e m e n t and 

c o rre c te d  r a t e  confirm ed s e v e ra l  s im i la r  f in d in g s  w ith  f ix e d  r a t i o  

(B oren, 1961; F e r s te r  and S k in n e r, 1957) and random r a t i o  (B randauer, 

1958; S id le y  and S ch o en fe ld , 1964) sc h e d u le s .

V ickery  (1971) a ls o  h as  found d i f f e r e n c e s  in  resp o n se  r a t e s  f o r  

d i f f e r e n t  p r o b a b i l i t i e s  o f  re in fo rc e m e n t in  th e  tavP and ta u ^  

components o f  a  ta u  re in fo rc e m e n t sc h e d u le , b u t in  h is  experim ent th e  

sch ed u lin g  o f  a  mixed sequence o f  p(SR/R *tau^) v a lu e s  r e s u l te d  in  a 

d i r e c t  r e l a t i o n s h ip  betw een p r o b a b i l i ty  of re in fo rc e m e n t and resp o n se  

r a t e .  V ickery  s ta te d  t h a t  t h i s  s e n s i t i v i t y  in  resp o n se  r a t e  to  

p(S^/R *tau^) was a m ajor f in d in g  because  i t  c o n tra s te d  w ith  th e  

Farmer and S choenfe ld  (1967) f in d in g  abou t random r a t i o  r a t e s .

He c i te d  Morse (1966) who re p o r te d  t h a t  re sp o n se  r a t e  was more 

s e n s i t iv e  to  changes in  re in fo rc e m e n t freq u en cy  in  a  m u lt ip le  

sch ed u le . A lthough V ic k e ry 's  r e s u l t s  w ith  r e s p e c t  to  th e  

r e l a t i o n s h ip  betw een p r o b a b i l i ty  o f  re in fo rc e m e n t and re sp o n se  r a t e  

were r e v e rs e d  in  th e  p re s e n t  ex p erim en t, th e  sequence in  which th e  

p r o b a b i l i t i e s  were schedu led  may account f o r  th e  c o n tra ry  r e s u l t s .

The in c re a s e  in  mean c o rre c te d  r a t e s  in  ta u D over th e  co u rse  o f 

50 s e s s io n s  a t  each v a lu e  o f  p(SR/R ’ ta u ° )  confirm s th e  d a ta  o f
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S id le y  and S choenfe ld  (1964) an{* V ickery  (1971), b u t  d is a g re e s  w ith  

th e  f in d in g s  by Eckerman (1966). S id le y  and Schoenfeld  in v e s t ig a te d  

th e  e f f e c t s  o f  ex tended  exposure to  random r a t i o  sc h e d u le s . At 

p r o b a b i l i t i e s  o f  re in fo rc e m e n t 0 .10  and 0 .05  s u b je c ts  were 

c o n d itio n e d  d a i l y  f o r  10 m in u tes . A sym ptotic r a t e s  were o b ta in ed  

a f t e r  40 s e s s io n s .  Eckerman t r a in e d  s u b je c ts  to  d is c r im in a te  between 

a l t e r n a t in g  random r a t i o  and e x t in c t io n  components. R ates were 

n e a r ly  c o n s ta n t du ring  th e  random r a t i o  component.

In c re a s in g  c o rre c te d  resp o n se  r a t e s  in  tau^  d u rin g  each s e r i e s
N No f  S in t r u s io n s  may have in flu e n ce d  in  tu r n  th e  fu n c t io n s  o f  S

c o rre c te d  r a t e s  in  f ig u r e  10. In  an a tte m p t to  ta k e  in to  account th e

e f f e c t  o f  in c re a s in g  c o rre c te d  r a t e s  in  ta u ^ , f ig u r e  11 p re s e n ts  th e
N Dr a t i o  o f  c o r re c te d  r a t e  in  S to  c o r re c te d  r a t e  in  ta u  reco rd ed

d u rin g  th e  same s e s s io n . T h is r a t i o  in d ic a te s  th e  r e l a t i v e  amount o f  
N Drespond ing  d u r in g  S and ta u  . F ig u re  11 r e v e a ls  t h a t  th e  in c re a s in g

c o rre c te d  r a t e s  in  ta u ^  d id  n o t a f f e c t  th e  c h a r a c t e r i s t i c  shape o f
Nth e  group fu n c t io n s  o f  S c o rre c te d  r a t e s  as shown in  f ig u r e  10.

In  f ig u r e  11 w ith  p (S ^ /R -tau ^) = 1.00 and p (S^/R *tau^) = 0 .0 0 , group
N D

A and B c o r re c te d  r a t e s  d u rin g  S were l e s s  th an  h a l f  o f  th e  ta u
R D

r a t e s .  As p(S  /R * tau  ) was d e c re a sed  f o r  groups A and B, c o rre c te d
N D

r a t e s  d u rin g  S g e n e ra l ly  in c re a se d  p r o p o r t io n a te ly  to  ta u  c o rre c te d

r a t e s  up to  p (S ^ /R ’ tau ^ )  = 0 .1 0 . At p(S^/R *tau^) = 0 .10  th e  r a t i o  o f  
2 DS to  ta u  c o rre c te d  r a t e s  was s l i g h t l y  h ig h e r  th an  1 .0  which p o in ts

2 D
out aga in  t h a t  th e  s u b je c ts  d id  no t d is c r im in a te  betw een S and ta u  .

NIn th e  l e f t  p a n e l o f  f ig u r e  10 c o rre c te d  r a t e s  d u rin g  S fo r  

p (S ^ /R .ta u ^ ) = 0 .05  were h ig h e r  a t  a l l  lo c a t io n s  th a n  f o r  0 .1 0 .
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F ig u re  11. The r a t i o  o f  c o rre c te d  r a t e  d u rin g  a  s ix  second l ig h t

(S^) p re se n te d  w ith in  tau *  to  c o r re c te d  r a t e  d u rin g  tau** on th e

same experim en ta l p o in t  as  a fu n c t io n  o f  th e  tem poral lo c a t io n  o f  
N R DS . One p (S  /R * tau  ) i s  shown in  each p a i r  o f  c o o rd in a te s .

n  A
p(S  /R »tau  ) i s  equal to  e i t h e r  0 .0 0  ( s o l id  l in e )  o r  0 .0 2  (dashed 

l i n e ) .  D ata  fo r  p (S ^ /R * tau°) = 1 .00  and p(S^/R *tau*) = 0 .00  

in  th e  upper l e f t  p an e l a re  th e  av erag es  o f  s ix  s u b je c t s ,  combining 

g roups A and B; a l l  o th e r  d a ta  a re  th e  averages  o f  th r e e  s u b je c ts .
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In  f ig u r e  11 a com parison o f  th e  0 .10  and 0 .0 5  fu n c t io n s  r e v e a ls

2 4 Dth a t  S and S r a t e s  d id  n o t in c re a s e  p r o p o r t io n a te ly  to  ta u  r a t e s

R Da t  th e  low er p r o b a b i l i t y .  With p(S  /R - ta u  ) = 0 .05  th e  in c re a s e s  in

N Dth e s e  S c o r re c te d  r a t e s  r e f l e c t e d  th e  in c re a s e  in  t a u  r a t e s .

With p (S ^/R * tau^) = 0.02 in  th e  l e f t  column o f  f ig u r e  11 th e  
N D

group C r a t i o s  o f  S to  ta u  c o r r e c te d  r a t e s  were c lo s e r  to  1 .0  th an
2 R Dgroup A, ex cep t d u rin g  S w ith  p(S  /R * tau  ) = 0 .0 5 . Thus, one e f f e c t

R A No f p(S  /R * tau  ) = 0 .0 2 , compared w ith  e x t in c t io n ,  was to  in c re a s e  S

respond ing  r e l a t i v e  to  ta u ^  re sp o n d in g . For group C, in d iv id u a l
Nd if f e r e n c e s  in  th e  fu n c t io n  o f  S c o rre c te d  r a t e s  o ccu rred  f o r  th e  

R Df i r s t  tim e a t  p(S  /R 't a u  ) = 0 .0 5 . F ig u re  11 shows t h a t  f o r  t h i s
N Dp r o b a b i l i ty  S c o rre c te d  r a t e s  were n e a r ly  equa l to  ta u  r a t e s  a t  a l l

lo c a t io n s .  T h e re fo re , th e  group C fu n c t io n  d is s o lv e d  when s u b je c ts
D Nno lo n g er d is c r im in a te d  betw een ta u  and tem poral lo c a t io n s  o f  S .

In  f ig u r e s  one th ro u g h  s ix  th e  c o r re c te d  re sp o n se  r a t e s  w ith in

tau ^  a re  shown f o r  s u b je c ts  in  g roups A and B. Four o f  th e  s u b je c ts

r e p l i c a te d  th e  Farmer and S choenfe ld  (1966a) f in d in g  t h a t  s u b je c ts

paused when th e  in tru d e d  s t im u l i  were n o t sch ed u led . The o th e r  two
A

s u b je c t s ,  A -l and B -3, d isp la y e d  in c re a s in g  r a t e s  w ith in  th e  ta u  
R Dcomponent. As p(S /R * tau  ) was d e c re a se d , no c h a r a c t e r i s t i c  t re n d

A
appeared  in  th e  amount o r p a t t e r n  o f  th e  c o rre c te d  r a t e s  in  ta u  .

S u b je c t B -l paused th ro u g h o u t; s u b je c ts  A-3 and B-2 responded d u rin g

some o f  th e  ex p e rim en ta l p o in ts ;  s u b je c ts  A - l ,  A -2, and B-3 responded

d u rin g  a l l  ex p e rim en ta l p o in ts  w ith  e i t h e r  f a i r l y  c o n s ta n t o r

in c re a s in g  r a t e s .

For s u b je c ts  in  groups A and B, resp o n d in g  w ith in  ta u ^  and 

Nd u rin g  S appeared  to  be under s e p a ra te  s tim u lu s  c o n tr o l .  The
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N Afu n c tio n s  o f  th e  c o rre c te d  r a t e s  in  S w ith in  th e  ta u  component were 

m a in ta in e d  w hether o r n o t a s ig n i f i c a n t  amount o f  resp o n d in g  o ccu rred

in  ta u ^ . L ikew ise , in  th e  ca se  o f  th o se  s u b je c ts  where th e  r a t e s  in

A Nta u  in c re a s e d , th e  S in t r u s io n s  d id  n o t perm anen tly  i n t e r r u p t  th e

s c a l lo p .  Dews’ (1962, 1970) experim en ts  which added m u lt ip le

p e r io d s  to  a  f ix e d  in te r v a l  b a s e l in e  a re  r e le v a n t  h e re . He found

th a t  th e  p e r io d s  in te r r u p te d  respond ing  d u rin g  th e  f ix e d  i n t e r v a l ,

b u t th a t  th e  p e r io d s  d isp la y e d  an o v e r a l l  p a t t e r n  o f  s c a llo p e d

resp o n d in g . Dews su g g ested  th a t  re sp o n se  r a t e s  d u rin g  p e r io d s

were m ain ta in ed  a t  in c re a s in g  s tr e n g th s  th ro u g h o u t th e  f ix e d  in te r v a l

because  th e  d e la y  betw een re sp o n se  and re in fo rc e m e n t d e c re a se d .

In  th e  p re s e n t  ex p erim en t, respond ing  in  th e  ta u ^  e x t in c t io n

component sometim es resem bled  th e  s c a l lo p in g  in  a f ix e d  in te r v a l .

One e x p la n a tio n  f o r  th e  m ain tenance o f  th e  s c a llo p in g  in  ta u ^  can be

made in  term s o f  th e  fu n c t io n  o f  a "co n d itio n e d  r e i n f o r c e r . "  The
N D Np a ir in g  o f  S w ith  ta u  shou ld  be s u f f i c i e n t  to  e s t a b l i s h  S a s  a

co n d itio n e d  r e in f o r c e r  (D insm oor, 1950); any respond ing  which

occu rred  in  ta u ^  would be r e in fo rc e d  a d v e n t i t io u s ly  by th e  o n se t o f

th e  ta\P l i g h t  (S k in n e r , 1948).

In  th e  above a n a ly s is  th e  la b e l  "co n d itio n e d  r e in f o r c e r "  seems 
Na p p ro p r ia te  because  S may have acq u ired  th e  c a p a c i ty  to  r e in f o r c e  

respond ing  in  ta u ^ . But in  o rd e r  to  m a in ta in  an a n a ly s is  o f  b e h a v io r  

in  term s o f  a s in g le  c a te g o ry  " s t im u lu s ,"  i t  i s  n e c e s sa ry  to  

de te rm ine  w hether th e  fu n c t io n  o f  a c o n d itio n e d  r e in f o r c e r  i s  

in d iv id u a l ly  d i s t i n c t .  In  t h i s  r e g a r d ,  th e  "c o n d itio n e d  r e in f o r c e r "  

may be compared w ith  th e  fu n c t io n  o f  a  " c o n d itio n e d  s tim u lu s "  in  a
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resp o n d en t p ro c e d u re . As s ta te d  p re v io u s ly ,  th e  c o n d itio n e d  

r e in f o r c e r  in  o p e ran t c o n d itio n in g  ap p ears  to  be e s ta b l is h e d  th ro u g h  

th e  p a ir in g  o f a n e u tr a l  s tim u lu s  and r e in f o r c e r  as in  resp o n d en t 

c o n d itio n in g  (B ersh , 1951; K e lle h e r , 1966). Thus, th e  fu n c t io n  o f  a 

c o n d itio n e d  r e in f o r c e r  o v e rla p s  w ith  th e  c o n d itio n e d  s tim u lu s  on th e  

b a s is  o f  th e  p rocedu re  th ro u g h  which i t  i s  a c q u ire d .

In  f ig u r e s  seven th ro u g h  n in e  c o rre c te d  r a t e s  in  ta u ^  a re  shown 

f o r  th e  in d iv id u a l  s u b je c ts  o f group C. S u b je c t C -l c o rre c te d  r a t e s  

u s u a l ly  d e c re a sed  over 54 seconds f o r  each e x p e rim e n ta l p o in t ;  

s u b je c t  C-2 r a t e s  were f a i r l y  s t a b l e ;  and , s u b je c t  C-3 r a t e s  o f te n  

in c re a s e d . Thus, th e re  was no group tre n d  in  th e  p a t t e r n  o f 

c o rre c te d  r a t e s  in  ta u ^ . In  t a b le s  e ig h t  th rough  t e n ,  a com parison 

o f  b a s e l in e  r a t e s  in  ta u ^  w ith  th e  f i n a l  r a t e s  in  ta u ^  on each 

p(SR/R .ta u ° )  shows th a t  c o rre c te d  r a t e s  in  ta u ^  in c re a se d  d u rin g

e ig h t  o f  th e  n in e  in d iv id u a l  s e r i e s .  A lso , f o r  s u b je c ts  C -l and C-3
A R Dc o rre c te d  r a t e s  in  ta u  in c re a se d  f o r  each v a lu e  o f  p(S  /R * tau  ) .

R DS u b je c t C-2 d isp la y e d  one r e v e r s a l  w ith  p(S  /R *tau  ) = 0 .0 5 , when

c o rre c te d  r a t e  in  tau ^  n o t on ly  d e c re a sed  w ith in  t h i s  s e r i e s , b u t
R Da ls o  d ec reased  from th e  r a t e  w ith  p(S /R «tau  ) = 0 .2 0 . G e n e ra lly , 

th e  in c re a s e d  in  c o rre c te d  r a t e s  in  tau ^  c o rro b o ra te d  th e  same 

f in d in g  f o r  r a t e s  in  tau*'* and o th e r  experim en ts  w ith  random r a t i o  

sch ed u le s  (S id le y  and S ch o en fe ld , 1964; V ic k e ry , 1971).
N A

A nother way o f  a n a ly z in g  th e  e f f e c t s  o f  in tru d in g  S w ith in  ta u  
Ni s  t o  compare S r a t e s  w ith  b a s e l in e  r a t e s  a t  th e  same lo c a t io n .

NB a se lin e  c o rre c te d  r a t e s  a t  each S lo c a t io n  a re  l i s t e d  in  t a b l e s  

two th rough  te n .  As p re v io u s ly  d e s c r ib e d , th e  fu n c t io n s  o f  th e  

c o r re c te d  r a t e s  in  S w ere s im i la r  f o r  in d iv id u a l  s u b je c ts  r e g a r d le s s
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o f  th e  p a t t e r n  o f  ta u ^  resp o n d in g , ex cep t f o r  th o se  in  group C a t

R D N Np(S /R * tau  ) = 0 .0 5 . At each  S lo c a t io n  c o rre c te d  r a t e s  d u rin g  S

appeared  to  d is p la c e  b a s e l in e  r a t e s .  W ith p(SR/R *tau^) = 0 .0 0 , group

NA and B c o r re c te d  r a t e s  d u rin g  S exceeded th e  b a s e l in e  r a t e s  a t

co rrespond ing  lo c a t io n s  on 68 o u t o f  72 e x p e rim en ta l p o in ts .  Those
Nr e l a t i v e l y  few in s ta n c e s  in  which S r a t e s  were l e s s  th an  b a s e l in e

N Ar a t e s  f u r th e r  i l l u s t r a t e  th e  s e p a ra te  c o n tro l  which S and ta u  had
N Aover re sp o n d in g . S r a t e s  were n o t compounded w ith  ta u  r a t e s .

For exam ple, s u b je c t  A -l on each p (SR/R *tau^) o f te n  e x h ib i te d  an
A Na c c e le r a t in g  r a t e  in  ta u  and th e  fu n c t io n  o f c o rre c te d  r a t e s  in  S

which was ty p ic a l  f o r  t h i s  experim en t. W ith p(SR/R *tau^) = 1 .0 0 ,
Nc o rre c te d  r a t e  d u rin g  S was lower th an  b a s e l in e  r a t e  a t  lo c a t io n s

S* and and h ig h e r  a t  and S^. With p(SR/R *tau^) = 0 .2 0 , r a t e

was low er th an  b a s e l in e  r a t e  on ly  a t  lo c a t io n  S*. In  th e s e  in s ta n c e s

a low er in tru d e d  s tim u lu s  r a t e  sim ply d isp la c e d  a segment o f  th e

sc a llo p e d  resp o n d in g  in  th e  tau ^  component.

F ig u re  12 shows th e  p e rc e n ta g e  o f  tau ^  components w ith  a t  l e a s t

one re in fo rc e m e n t f o r  each p (SR/R *tau^) a s  a  fu n c t io n  o f
D

p lacem en ts . P e rcen tag e  o f  ta u  w ith  re in fo rc e m e n t could  have a
N

s in g u la r  e f f e c t  on respond ing  d u rin g  S . P a r t i c u la r ly  f o r  g roups A
A

and B w ith  e x t in c t io n  in  ta u  , th e  o ccu rren ce  o f  a t  l e a s t  one 

re in fo rc e m e n t in  each tau ^  could  be s u f f i c i e n t  f o r  th e  tem poral 

d is c r im in a t io n  o f  th e  60 second c y c le . In  th e  l e f t  p an e l g roups A 

and B w ith  p(SR/R *tauD) = 1.00 p rocu red  re in fo rc e m e n ts  in  98% o f th e  

ta u D components d u rin g  S* and in  100% o f  th e  tau ^  components du ring  

th e  o th e r  p lacem en ts . As p (SR/R .ta u D) was d e c re a se d , th e
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F ig u re  12. P e rce n t o f  t a u  w ith  re in fo rc e m e n t a s  a  fu n c t io n  o f

p (S ^ /R * tau°) and th e  tem poral lo c a t io n  o f a  s ix  second l i g h t  (S^)

p re se n te d  w ith in  ta u ^ . p(S ^/R *tau^) i s  shown above th e  l e f t  p an e l

f o r  groups A and B and above th e  r i g h t  p an e l f o r  group C. Data 
R Df o r  p(S /R * tau  ) = 1 . 0 0  in  th e  l e f t  p ane l a r e  th e  av erag es  o f  s ix  

s u b je c t s ,  combining g roups A and B; a l l  o th e r  d a ta  a re  th e  

averages o f  th r e e  s u b je c t s .
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p e rc e n ta g e  o f tau ^  components w ith  re in fo rc e m e n t d e c re a sed  d i r e c t l y .  

According to  f ig u r e  11, g roups A and B f a i l e d  to  d is c r im in a te  betw een 

tau ^  and w ith  p(SR/R »tau^) = 0 .10  and 0 .0 5 ; in  f ig u r e  12 a t  th e s e  

p(SR/R *tau^) th e  p e rc e n ta g e  o f  ta u ^  w ith  re in fo rc e m e n t d ec reased  

below 70%.

R DIn  f ig u r e  12 , as p(S /R - ta u  ) was d e c re a se d , th e  fu n c tio n

changed from a f l a t  to  a n e g a tiv e  r e l a t i o n s h ip .  In  th e  l e f t  p a n e l

w ith  p fS ^ /R 'ta u ^ )  = 0 .10  and 0 .05  and in  th e  r i g h t  p a n e l w ith

p(SR/R * taun) = 0 .0 5 , th e  p e rc e n ta g e  o f ta u °  c o r r e la te d  w ith

Nre in fo rc e m e n t in c re a se d  as S was r e lo c a te d  from 48 th rough  12

seconds in  ta u ^ . These in c re a s e s  were m ost l ik e ly  a fu n c t io n  o f
D Nin c re a s in g  r a t e s  in  ta u  th ro u g h o u t th e  experim ent r a t h e r  th an  S

p lacem en t. On a  random r a t i o  sch ed u le  in c re a s e s  in  r a t e  r e s u l t  in

p ro p o r t io n a te  in c re a s e s  in  re in fo rc e m e n t and in  th e  p re se n t

experim ent a h ig h e r  p e rc e n ta g e  o f tau*5 w ith  re in fo rc e m e n t.

The rem ain ing  f ig u r e s  show resp o n se  m easures as a  fu n c t io n  o f  
R Din c re a s in g  p(S /R * tau  ) .  D ire c t  com parison w ith  p re v io u s  ta u  system

f in d in g s  may n o t alw ays be m eaningfu l b ecause  in  t h i s  experim ent tavP

and ta u ^  formed a m u lt ip le  sc h ed u le . F ig u re  13 shows c o rre c te d  r a t e
N

( s o l id  l in e )  and runn ing  r a t e  (d o ts )  d u rin g  S as  a p o s i t i v e ly
R Da c c e le ra te d  fu n c tio n  o f  in c re a s in g  p(S /R *tau  ) f o r  groups A and B.

F ig u re  14 shows th e  same r e s u l t  f o r  group C. For g roups A and B, as
N Ath e  tem poral lo c a t io n  o f  S was s h i f te d  toward th e  o n se t o f  t a u  , th e

d i f f e r e n c e  betw een c o rre c te d  and runn ing  r a t e  in c re a s e d . Running

r a t e  i s  n e a r ly  superim posed on c o rre c te d  r a t e  a t  48 seconds (S * );

ru n n in g  r a t e  i s  se p a ra te d  f u r t h e s t  from c o rre c te d  r a t e  a t  12 seconds
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F ig u re  13. C o rrec ted  r a t e  ( s o l id  l in e )  and ru n n in g  r a t e  (d o ts )
N A

d u rin g  a  s ix  second l i g h t  (S ) p re s e n te d  w ith in  t a u  a s  a f u n c t io n
R Do f p(S /R .ta u  ) f o r  g roups A and B. The o n se t in  seconds f o r  one

N
tem poral lo c a t io n  o f  S i s  shown in  each p a i r  o f  c o o rd in a te s .

R DD ata f o r  p(S /R * tau  ) = 1 .00  a re  th e  av e rag es  o f  s ix  s u b je c t s ,  

combining groups A and B; a l l  o th e r  d a ta  a re  th e  av e rag es  o f  

th r e e  s u b je c ts .
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F ig u re  14. C o rrec ted  r a t e  ( s o l id  l in e )  and ru n n in g  r a t e  (d o ts )
N &

d u rin g  a  s ix  second l i g h t  (S ) p re s e n te d  w ith in  ta u  as a
R Dfu n c tio n  o f  p(S /R - ta u  ) f o r  group C. The o n se t in  seconds f o r

None tem poral lo c a t io n  o f  S i s  shown in  each p a i r  o f  c o o rd in a te s .
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4 R(S ) .  As s ta t e d  p re v io u s ly ,  PS P accoun ts  f o r  th e  d i f f e r e n c e  betw een

c o rre c te d  and runn ing  r a t e .  The amount o f  PSRP in  S^ was r e l a te d  to

a t  l e a s t  two f a c t o r s :  respond ing  in  ta u ^  and S^. PSRP extended  from

ta u P  re in fo rc e m e n t tim e in to  ta u P .  The f u r th e r  PSRP extended in to

ta u ^ , th e  more l ik e ly  i t  would be te rm in a te d  by any in c id e n ta l  o r

a c c e le ra te d  respond ing  in  ta u ^ . When PSRP leng thened  from tau ^  in to

SN, th o se  SN lo c a t io n s  w ith  low er r a t e s  would accum ulate more PSRP
4

tim e . For exam ple, s u b je c t  B -l o c c a s io n a l ly  d id  n o t respond in  S
R 4(12 seconds) so t h a t  PS P extended th rough  S . C onsequen tly , f o r

groups A and B th e  maximum d i f f e r e n c e  betw een c o rre c te d  and runn ing

r a t e  a t  12 seconds may be a t t r ib u t e d  to  i t s  e a r ly  lo c a t io n  w ith in

ta u ^  and to  i t s  r e l a t i v e l y  low c o rre c te d  r a t e .  The minimum

d i f f e r e n c e  a t  48 seconds may be due s o le ly  to  lo c a t io n  w ith in  tau ^

because  c o rre c te d  r a t e  a t  48 seconds was lower th an  a t  24 o r

36 seconds.

For group C in  f ig u r e  14 th e  d i f f e r e n c e s  between c o rre c te d  and

Nrunn ing  r a t e s  were n e a r ly  equal a t  each S lo c a t io n  and g e n e ra l ly
R As m a lle r  th an  f o r  groups A and B. The schedu le  o f  p(S /R - ta u  ) = 0.02

m ain ta in ed  respond ing  th ro u g h o u t tau ^  and p rec lu d ed  t a u 5 PSRP from 
N

ex tend ing  in to  S . The increm ent in  runn ing  r a t e  over c o rre c te d  r a t e
R A

r e s u l te d  from PS P which o r ig in a te d  in  ta u  .
R NF ig u re  15 shows th e  PS P f o r  b a s e l in e  and S as a fu n c t io n  o f

p (S R/R *tauD) f o r  groups A and B. S im ila r ly ,  f ig u r e  16 shows PSRP in

ta u D and ta u ^  fo r  group C. PSRP fo r  ta u ^  o r  tau ^  in c lu d e s  any PSRP

ex tend ing  beyond th a t  component to  th e  n e x t re sp o n se . For a l l  g roups

PS P showed no s y s te m a tic  in c re a s e s  o r d e c re a s e s . S e v e ra l s tu d ie s
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D RF ig u re  15. Tau p o s t- re in fo rc e m e n t pause CPS P) in  seconds as  a

R Df u n c tio n  o f  p(S  /R * tau  ) f o r  groups A and B. B a se lin e  o r  o n se t in
Nseconds f o r  one tem poral lo c a t io n  o f  a  s ix  second l i g h t  (S )

p re se n te d  w ith in  ta u ^  i s  shown in  each p a i r  o f  c o o rd in a te s .
R DD ata f o r  p(S  /R * tau  ) = 1 .00  a re  th e  averages o f  s ix  s u b je c t s ,  

combining g roups A and B; a l l  o th e r  d a ta  a re  th e  av e rag es  o f  

th r e e  s u b je c ts .
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F ig u re  16. Tau*5 ( s o l id  l in e )  and ta u ^  (dashed l in e )  p o s t -  

re in fo rc e m e n t pause (PS^P) in  seconds as  a  fu n c t io n  o f  p(S^/R*tau®)

f o r  group C. B a se lin e  o r o n se t in  seconds f o r  one tem poral
N Alo c a t io n  o f  a  s ix  second l i g h t  (S ) p re se n te d  w ith in  ta u  as

shown in  each p a i r  o f  c o o rd in a te s .
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w ith  random r a t i o  sch ed u le s  (B randauer, 1958; Farmer and S ch o en fe ld , 

1967; S id le y  and S ch o en fe ld , 1964; Snapper, 1962; V ick e ry , 1971) 

re p o r te d  t h a t  in c re a s e s  in  p r o b a b i l i t y  o f  re in fo rc e m e n t r e s u l te d  in

d e c re a se s  in  PS P , b u t th e s e  s tu d ie s  d id  n o t u se  a m u lt ip le  sc h ed u le .

R NPS P was lo n g er f o r  a l l  p r o b a b i l i t i e s  d u rin g  b a s e l in e ,  when no S was
N Nin tru d e d , and d u rin g  th e  S lo c a t io n  a t  48 seco n d s , when S was

in tru d e d  a t  th e  lo n g e s t tem poral s e p a ra tio n  from ta u ° .  For group C,

A R D Rta u  PS P was u s u a l ly  lo n g er th an  ta u  PS P. T h is  d i f f e r e n c e  was
Ng r e a te r  d u rin g  b a s e l in e  th an  d u r in g  any S lo c a t io n .  T hus, th e

N A Rp rese n c e  o f  S d e c reased  ta u  PS P.
£

F ig u re  17 f o r  g roups A and B and f ig u r e  18 f o r  group C show R/S
R Das a p o s i t i v e ly  a c c e le r a te d  fu n c t io n  o f  in c re a s in g  p(S  /R * tau  ) .

With a random r a t i o  schedu le  th e  com putation  o f  R/SR f o r  tau*1 a lone

would sim ply  r e p o r t  th e  accu racy  o f  th e  p r o b a b i l i ty  g e n e ra to r  in

d e l iv e r in g  re in fo rc e m e n t a t  a g iv en  p r o b a b i l i t y  over tim e . T h e re fo re , 
£

R/S was computed f o r  th e  whole c y c le  to  in d ic a te  th e  d i s t r i b u t io n  o f  

re sp o n se s  betw een ta u ^  and ta u ^ . For group A w ith  p (S ^/R *tau^) =

0 .05  and f o r  group B w ith  p (S ^ /R -tau ^ ) = 0 .10  th e  e f f e c t  o f  S^ was to
R R

in c re a s e  R/S compared to  b a s e l in e  resp o n d in g . The h ig h e s t  R/S
No ccu rred  a t  24 o r  36 seconds when c o rre c te d  r a t e  in  S was h ig h e s t .

N
For group C th e  v a r i a t i o n  in  S lo c a t io n  had an in s i g n i f i c a n t  e f f e c t

on th e  d i s t r i b u t io n  o f  re sp o n se s  betw een th e  ta u  system  components
R D fo r  each p(S  /R * tau  ) .

D RF ig u re  19 shows ta u  in te r - r e in fo rc e m e n t  tim e (IS  T) as  a
R Dp o s i t i v e ly  a c c e le r a te d  fu n c t io n  o f  in c re a s in g  p(S  /R - ta u  ) f o r  g roups 

A and B. V ickery  (1971) s im i la r ly  found th a t  d e c re a s in g  e i t h e r
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£
F ig u re  17. Responses p e r  re in fo rc e m e n t (R/S ) a s  a  fu n c t io n  o f  

R Dp(S  /R - ta u  ) f o r  g roups A and B. B a se lin e  o r o n se t in  seconds f o r

None tem poral lo c a t io n  o f  a s ix  second l i g h t  (S ) p re s e n te d  w ith in
A Rta u  i s  shown in  each p a i r  o f  c o o rd in a te s . R/S e q u a ls  t o t a l

re sp o n se s  in  one s e s s io n  d iv id e d  by t o t a l  re in fo rc e m e n ts .
R DD ata f o r  p(S /R - ta u  ) = 1.00 a r e  th e  av e rag es  o f  s ix  s u b je c t s ,  

combining groups A and B; a l l  o th e r  d a ta  a re  th e  av e rag es  o f 

th r e e  s u b je c ts .
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£
F ig u re  18. Responses p e r  re in fo rc e m e n t (R/S ) a s  a  fu n c t io n  o f

p (S R/R *tau^) f o r  group C. B a se lin e  o r o n se t in  seconds f o r  one

N Atem poral lo c a t io n  o f  a  s ix  second l i g h t  (S ) p re se n te d  w ith in  ta u
D

i s  shown in  each p a i r  o f  c o o rd in a te s . R/S e q u a ls  t o t a l  re sp o n se s  

in  one s e s s io n  d iv id e d  by t o t a l  re in fo rc e m e n ts .
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F ig u re  19. Tau° in te r - r e in fo rc e m e n t  tim e  (IS^T) in  seconds as a 

R Dfu n c tio n  o f  p(S  /R * tau  ) f o r  groups A and B. B a se lin e  o r o n s e t  in
Nseconds f o r  one tem poral lo c a t io n  o f  a  s ix  second l ig h t  (S )

p re s e n te d  w ith in  ta u ^  i s  shown in  each p a i r  o f  c o o rd in a te s .
R DD ata fo r  p(S  /R * tau  ) = 1 .00  a re  th e  av erag es  o f  s ix  s u b je c t s ,  

combining g roups A and B; a l l  o th e r  d a ta  a re  th e  av erag es  o f  

th r e e  s u b je c t s .
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p(SR/R - ta u D) o r  pCSR/R *tau^) was s u f f i c i e n t  to  in c re a s e  ISRT f o r  th e

whole c y c le . For group C, f ig u r e  20 shows ta u ^  ISRT as a p o s i t i v e ly

a c c e le ra te d  fu n c tio n  and tau ^  ISRT as a n e g a tiv e ly  a c c e le ra te d

fu n c t io n  o f in c re a s in g  p (SR/R * ta u ^ ) . P r o b a b i l i ty  o f  re in fo rc e m e n t in

ta u ^  was c o n s ta n t th ro u g h o u t th e  experim en t. T h e re fo re , th e

n e g a tiv e ly  a c c e le r a te d  IS^T fu n c t io n  in  tau ^  r e p r e s e n ts  th e  in c re a s e

in  tau ^  r a t e s ,  a ls o  r e p o r te d  in  t a b le s  e ig h t  th rough  te n .  V a r ia tio n

in  lo c a t io n  d id  n o t a f f e c t  ISRT in  ta u ^ .

The m ajor f in d in g s  o f  t h i s  experim ent a re  summarized as fo llo w s : 

R D(1) As p(S  /R * tau  ) was d e c re a sed  over f iv e  v a lu e s  from 1 .00  to  0 .05

w ith  p(SR/R *tau^) = 0 .0 0 , c o rre c te d  r a t e s  in c re a se d  a t  each

Nlo c a t io n  and in c re a se d  p r o p o r t io n a te ly  as S was moved toward th e
A R D Nc e n te r  o f  ta u  . For p(S  /R > tau  ) l e s s  th a n  1 .0 0 , each s e r i e s  o f  S

in tr u s io n s  r e s u l te d  in  an in v e r te d  U-shaped fu n c t io n  o f  c o rre c te d
N R Dr a t e s  in  S . As p(S /R * tau  ) was d ec reased  over th r e e  v a lu e s  from

1.00 to  0 .05  w ith  p(SR/R »tau^) = 0 .0 2 , c o rre c te d  r a t e s  in c re a se d  a t

each S1̂ lo c a t io n ,  b u t th e  fu n c t io n s  o f  c o rre c te d  r a t e s  in  SN were
R D Ni r r e g u la r .  At each p(S  / R 't a u  ) c o rre c te d  r a t e s  in  S were re c o v e re d .

T h e re fo re , c o r re c te d  r a t e s  were a fu n c t io n  o f  tem poral lo c a t io n .

(2) As p (SR/R ’ tau ^ ) was d e c re a sed  w ith  p (S ^/R *tau^) = 0 .00  o r  0 .0 2 ,

c o rre c te d  r a t e  in  tau ^  in c re a se d  f o r  each p(SR/R *tau^) and in c re a se d
R D

over th e  co u rse  o f  50 s e s s io n s  a t  each v a lu e  o f  p(S /R * tau  ) .

(3) At p(SR/R *tau^) = 0 .00  c o rre c te d  r a t e s  in  ta u ^  were e i t h e r  

m inim al o r p o s i t i v e ly  a c c e le r a te d .  Responding w ith in  tau ^  and d u rin g  

SN appeared  to  be under s e p a ra te  s tim u lu s  c o n tr o l .  At p(SR/R »tau^)

= 0 .02  c o rre c te d  r a t e s  in  ta u A in c re a se d  th ro u g h o u t th e  experim en t.
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r

F ig u re  20. Tau° ( s o l id  l in e )  and ta u ^  (dashed l in e )  i n t e r -  

re in fo rc e m e n t tim e  ( I S ^ )  in  seconds as  a  fu n c t io n  o f p(SR/R *tauD)

f o r  group C. B a se lin e  o r  o n se t in  seconds f o r  one tem poral lo c a t io n
N Ao f  a  s ix  second l i g h t  (S ) p re se n te d  w ith in  ta u  i s  shown in  each

p a i r  o f  c o o rd in a te s .
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