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Punishm ent i s  an o p e ra n t c o n d i t io n in g  p ro ced u re  c o n s is t in g  o f 

th e  adven t o f  nox ious s t im u la t io n  c o n tin g e n t upon th e  o c c u rre n c e  o f a 

g iv e n  re sp o n se  (Hoffman and F l e s h i e r ,  1965), w hich e f f e c t s  a r e  d i r e c t l y  

o p p o s ite  to  th o s e  p roduced  by re in fo rc e m e n t (M ichael, 1975). A nox ious 

s tim u lu s  has been  d e f in e d  by C a ta n ia  (1968) a s  a  s tim u lu s  t h a t  a f f e c t s  

p a in  re c e p to r s  o r th a t  p ro d u ces  t i s s u e  damage.

Punishm ent h as  been  o p e r a t io n a l ly  d e f in e d  as a re d u c t io n  o f th e  

f u tu r e  p r o b a b i l i t y  o f a  s p e c i f i c  re sp o n se  a s  a  r e s u l t  o f  th e  im m ediate 

d e l iv e ry  o f  a  s tim u lu s  f o r  t h a t  re sp o n se  (A zrin  and H olz , 1966). The 

s tim u lu s  a rra n g e d  a s  th e  consequence o f  th e  pun ished  re sp o n se  i s  c a l le d  

a  " p u n ish e r"  o r  a  "p u n ish in g  s t im u lu s ."

The r e d u c t io n  o f re sp o n se s  by punishm ent i s  im m ediate i f  th e  

punishm ent i s  a t  a l l  e f f e c t i v e  (A z rin , 1956; A z rin , 1959a; A z r in ,

1959b; A z rin , 1960a; D insm oor, 1952; E s te s ,  1944). The e x te n t  and 

d u ra t io n  o f th e  i n i t i a l  s u p p re s s io n  i s  a  d i r e c t  fu n c tio n  o f  th e  

i n t e n s i t y  o f  punishm ent.

The m ajor d e te rm in a n ts  o f th e  e f f e c t iv e n e s s  o f a p u n is h e r  and  o f 

a  r e in f o r c e r  a r e  i d e n t i c a l :

1) C h a r a c te r i s t i c s  o f  th e  e v e n t :

The sudden in t r o d u c t io n  o f punishm ent ap p ea rs  to  p rod u ce  a  much 

la r g e r  re d u c t io n  o f  th e  p u n ish ed  re sp o n ses  th a n  i f  punishm ent i n t e n s i t y  

i s  in c re a s e d  g ra d u a l ly  (A z rin , Holz and Hake, 1963; M asserman, 1946; 

M il le r ,  1960). The s u p p re s s io n  o f  re sp o n se s  by punishm ent i s

1
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a c c e n tu a te d  by th e  sudden in t r o d u c t io n  o f  th e  punishm ent s tim u lu s  a t  

f u l l  i n t e n s i t y .  A sudden and s u b s t a n t i a l  in c re a s e  o f  th e  p r e v a i l in g  

in t e n s i t y  o f th e  p u n ish in g  s tim u lu s  w i l l  a l s o  a c c e n tu a te  th e  d eg ree  of 

su p p re ss io n  produced  (A zrin , 1959a; A z rin , 1960a; Holz and A z rin ,

19 6 2 a).

E s te s  (1944) found th a t  a  p u n ish in g  s tim u lu s  was j u s t  a s  e f f e c t i v e  

in  red u c in g  re sp o n se s  when i t  was non-im m ediate  a s  when i t  was 

d e l iv e r e d  im m ed ia te ly  a f t e r  th e  re sp o n se s . Hunt and Brady (1955) 

o b ta in e d  s im i la r  r e s u l t s .  In  b o th  s tu d ie s  th e  a d m in is t r a t io n  o f  

punishm ent was r e s t r i c t e d  to  l e s s  th a n  one h o u r . A zrin  (1956) o b ta in e d  

s im i la r  r e s u l t s  d u rin g  th e  f i r s t  ho u r o f  pun ishm en t. A f te r  t h a t  tim e , 

re sp o n se s  re c o v e re d  s u b s t a n t i a l l y  and o f te n  c o m p le te ly  d u rin g  non- 

im m ediate pun ishm en t, w hereas re sp o n se s  w ere i n d e f i n i t e l y  and o f te n  

co m p le te ly  reduced  d u rin g  im m ediate pun ishm en t. The c o n t ig u i ty  betw een 

re sp o n se  and p u n is h e r  s ig n i f i c a n t l y  in c re a s e s  th e  e f f e c t iv e n e s s  o f 

punishm ent (Camp, Raymond and Church, 1967). I t  seems th a t  th e  

p u n ish in g  s tim u lu s  sh o u ld  be  d e l iv e re d  im m ed ia te ly  a f t e r  th e  re sp o n se  

f o r  en d u rin g  su p p re s s io n  to  o ccu r. One i n t e r p r e t a t i o n  o f  th e  g r e a te r  

su p p re s s io n  o b se rv ed  in  an im m ediate punishm ent group th a n  in  a  d e lay  

punishm ent group i s  th a t  th e  s u b je c t  can a s s o c ia t e  th e  p u n ish e r  w ith  

th e  resp o n se  more c l e a r ly  i n  th e  form er case  th a n  in  th e  l a t t e r  (C hurch, 

1969).

The g r e a t e r  th e  i n t e n s i t y  o f th e  p u n ish in g  s tim u lu s  th e  g r e a t e r  th e  

re d u c t io n  o f th e  pu n ish ed  re sp o n se s  (A ppel, 1963; A z r in , 1959b; A z rin , 

1960a; A z rin , 1960b; A z r in , H olz and Hake, 1963; B rethow er and R eynolds, 

1962; D insmoor, 1952; E s te s ,  1944).
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Once th e  b e h a v io r  h a s  become c o m p le te ly  su p p re sse d  th e  pun ished  

re sp o n se  does n o t re c o v e r  f o r  a  long  p e r io d  of tim e , even a f t e r  th e  

p u n ish ed  co n tin g en cy  h as  been  removed (A ppel, 1961; A z rin , 1960a; 

M asserman, 1946; S torm s, B oro cz i and B roen , 1962). The l ik e l ih o o d  o f 

o b ta in in g  such  en d u rin g  su p p re ss io n  i s  a  fu n c t io n  o f punishm ent i n t e n s i t y .  

At low er i n t e n s i t i e s  t h i s  endu ring  and p a r t l y  i r r e v e r s i b l e  e f f e c t  o f  

punishm ent does n o t o c c u r. In te n s e  pun ishm ent red u ce s  re sp o n se s  to  

an a b s o lu te  l e v e l  o f ze ro  and, s in c e  punishm ent i s  d e l iv e re d  o n ly  a f t e r  

a  re sp o n se  o c c u rs , th e  s u b je c t  does n o t have an o p p o r tu n ity  to  d e te c t  

th e  absence o f  punishm ent u n le s s  i t  re sp o n d s .

M ild pun ishm ent a llo w s a  c h a r a c t e r i s t i c  re c o v e ry  from punishm ent 

w h ile  th e  pun ishm ent con tin g en cy  i s  s t i l l  i n  e f f e c t .  The d eg ree  o f 

re c o v e ry  d u rin g  pun ishm ent i s  a  fu n c tio n  o f  th e  i n t e n s i t y  o f pun ishm ent. 

When th e  i n t e n s i t y  i s  v e ry  h ig h  no re c o v e ry  i s  o b se rv ed . There i s  

p a r t i a l  re c o v e ry  a t  in te rm e d ia te  i n t e n s i t i e s .  There i s  reco v e ry  o f  

re s p o n s e s , b o th  betw een and w ith in  s e s s io n s ,  a t  low er i n t e n s i t i e s .  T h is  

re c o v e ry  phenomenon has been  found in  many punishm ent s i t u a t i o n s ,  l i k e  

b a r - s la p  w ith  r a t s  (S k in n e r , 1938), n o is e  w ith  p ig eo n s (Holz and A z rin , 

1962b ), fo o t-s h o c k  w ith  p ig eo n s  (A zrin , 1 9 5 6 ), e l e c t r i c  shock w ith  

monkeys (Hake and A z rin , 1963), and c o n d itio n e d  punishm ent w ith  p ig eo n s  

(Hake and A z rin , 1 965 ). When tim e o u t was u sed  a s  p u n ish e r  re c o v e ry  

d id  n o t o ccu r (H olz, A z rin , and U lr ic h ,  1963).

T here i s  a  c h a r a c t e r i s t i c  in c re a s e  in  b e h a v io r  fo llo w in g  th e  

te rm in a t io n  o f  p u n ishm en t, som etim es a t  a  r a t e  t h a t  te m p o ra r ily  exceeds 

th e  unpun ished  l e v e l ,  w ith  shock  i n t e n s i t i e s  up to  th e  p o in t  o f  com plete 

s u p p re s s io n  (A z rin , 1960a; A z rin , 1960b). T h is  com pensatory in c re a s e
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o ccu rs  a f t e r  ex tended  pun ishm en t, even when th e  re sp o n se  r a t e  d u rin g  

punishm ent h as  re c o v e re d  to  p re-p u n ish m en t l e v e l s  (A z rin , 1960b), a 

phenomenon c a l le d  "punishm ent c o n t r a s t  e f f e c t . "  T h is  im m ediate r e tu r n  o f 

re sp o n se s  h as  been  o b served  o n ly  a f t e r  c o n tin u o u s  pun ishm en t. I n t e r 

m i t te n t  punishm ent le a d s  to  a  g ra d u a l reco v e ry  o f  re sp o n se s  a f t e r  th e  

pun ishm ent has been  te rm in a te d  (A zrin , H olz and Hake, 1963; E s te s ,  1944).

C ontinuous punishm ent p roduces more s u p p re s s io n  th a n  in t e r m i t t e n t  

pun ishm ent w h ile  th e  pun ishm ent con tin g en cy  i s  m a in ta in e d  (A z rin , Holz 

and Hake, 1963; E s te s ,  1944; Zimmerman and F e r s t e r ,  1963 ). A f te r  th e  

punishm ent co n tin g en cy  i s  d is c o n tin u e d , c o n tin u o u s  punishm ent a llo w s  more 

r a p id  reco v e ry  o f  th e  re s p o n s e s .  At v e ry  h ig h  i n t e n s i t i e s  th e  r e la t io n s h ip  

i s  p ro b ab ly  more c o m p lica ted  (A zrin  and H olz , 1966).

An in c re a s e  in  th e  d u ra t io n  o f punishm ent h a s  e f f e c t s  s im i la r  to  

an in c re a s e  in  i n t e n s i t y  on th e  degree o f  re sp o n se  su p p re s s io n . As the  

d u ra t io n  o f  punishm ent i s  in c re a se d  th e re  i s ,  a t  f i r s t ,  no s u p p re s s io n , 

th e n  p a r t i a l  su p p re s s io n  w ith  com plete re c o v e ry , p a r t i a l  su p p re s s io n  

w ith o u t com plete re c o v e ry  and , f i n a l l y ,  t o t a l  su p p re s s io n  w ith o u t reco v e ry . 

S im ila r  e f f e c t s  a r e  found w ith  in c re a s e s  in  th e  i n t e n s i t y  o f punishm ent 

(C hurch, 1969). The i n t e n s i t y  and th e  d u ra t io n  o f th e  p u n is h e r  combine 

to  d e te rm in e  th e  s e v e r i t y  o f punishm ent, w hich i s  d i r e c t l y  r e l a t e d  to  

th e  m agnitude o f  su p p re s s io n  (C hurch, 1969).

Punishm ent ex p erim en ts  in v o lv e  th e  i n t e r a c t i o n  o f r e in f o r c in g  and 

p u n ish in g  s t im u l i .  R ein fo rcem en t i s  r e q u ire d  to  e s t a b l i s h  and m a in ta in  

some b e h a v io r  t h a t  w i l l  s u b se q u e n tly  be p u n ish e d . The e x te n t  to  which 

a  fo o d - re in fo rc e d  re sp o n se  r e s i s t s  th e  e f f e c t s  o f punishm ent depends on 

th e  d eg ree  o f  food d e p r iv a t io n .  Dinsmoor (1952) found th a t  re sp o n se s
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w ere red u ced  by punishm ent w hether th e  s u b je c t s  w ere d e p riv e d  o f food  to  

a  la r g e  o r  a  s l i g h t  d e g re e . Under s e v e re  d e p r iv a t io n  o f food th e  re sp o n se s  

w ere red u ced  by a  sm a lle r  p ro p o r t io n .  When a  lo n g  h i s to r y  o f  v a r ia b le  -  

i n t e r v a l  food  re in fo rc e m e n t h a s  been  i n  e f f e c t ,  re sp o n se  r a t e  does n o t 

change a p p re c ia b ly  as a  fu n c tio n  o f  th e  d eg ree  o f  food  d e p r iv a tio n  

( F e r s t e r  and S k in n er, 1957). When punishm ent i s  added to  t h i s  long 

h i s t o r y ,  th e  pun ished  re sp o n se  r a t e  a p p e a rs  u n u su a lly  s e n s i t i v e  to  even 

s l i g h t  changes in  food  d e p r iv a t io n  (A z rin , 1960a; A z rin , H olz, and Hake,

1963). I f  th e  re sp o n se s  have been  co m p le te ly  su p p re sse d  u nder low food 

m o t iv a t io n ,  an  in c re a s e  in  m o tiv a t io n  does n o t ap p ea r to  be e f f e c t iv e  

in  r e s to r in g  re sp o n ses  (Masserman, 1946; S torm s, B o ro cz i, and Broen,

1962).

2) R e la tio n s h ip  betw een re sp o n se  and e v e n t :

A n o x io u s s tim u lu s  i s  dependen t upon a  re sp o n se  i f  th e  p r o b a b i l i ty  

o f th e  n o x io u s  s tim u lu s  g iv e n  a  re sp o n se  i s  n o t e q u a l to  th e  p r o b a b i l i ty  

of th e  n ox ious  s tim u lu s  g iv e n  a  n o n -re sp o n se . I f  th e  two c o n d i t io n a l  

p r o b a b i l i t i e s  a r e  e q u a l ,  th e  nox ious s tim u lu s  i s  in d ep en d en t o f th e  

re sp o n se  (Church, 1969). The g r e a t e r  th e  i n t e n s i t y  o f  n o n co n tin g en t 

pun ishm ent th e  g r e a te r  th e  re sp o n se  su p p re s s io n , a lth o u g h  th e  m agnitude 

o f su p p re s s io n  of a  p o s i t i v e  in s tru m e n ta l  re sp o n se  i s  g r e a t e r  i f  th e  

a v e r s iv e  s tim u lu s  i s  c o n tin g e n t upon th e  re sp o n se  th a n  i f  i t  i s  n o t 

(A z rin , 1956; Camp, Raymond and C hurch, 1967; G ibbon, 1967).

Two v a r ia b le s  p o t e n t i a l l y  r e le v a n t  to  th e  e f f e c t iv e n e s s  o f an a v e r s iv e  

s t im u lu s  dependent on a  re sp o n se  a r e :

— c o n t ig u i t y : tem p o ra l p ro x im ity  betw een th e  re sp o n se  and punishm ent, and
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-  c o n tin g e n c y ; p r o b a b i l i s t i c  dependence o f  punishm ent upon th e  re sp o n se .

The m agnitude o f re sp o n se  s u p p re s s io n  i s  a fu n c tio n  o f  th e  tem p o ra l 

c o n t ig u i ty  betw een re sp o n ses  and p u n ish m e n t, even when th e  dependence o f 

punishm ent upon th e  re sp o n se  i s  h e ld  c o n s ta n t .

3) P resen ce  o f  a  d is c r im in a t iv e  s t im u lu s :

A d is c r im in a t iv e  s tim u lu s  f o r  pun ishm en t in c re a s e s  th e  e f f e c t iv e n e s s  

o f  th e  even t in  th e  p re se n c e  o f th e  s ig n a l  and d e c re a se s  i t s  e f f e c t iv e n e s s  

i n  th e  absence  o f  th e  s ig n a l  (C hurch, 1 9 69). Seligm an (1968) p roposed  

th a t  a c r u c i a l  v a r ia b le  c o n t r o l l i n g  b e h a v io r  in  a v e r s iv e  s i t u a t i o n s  i s  

th e  p re sen ce  o f a  r e l i a b l e  p r e d ic to r  o f  " s a f e "  p e r io d s .

When re sp o n se s  a r e  p u n ish ed  in  th e  p re se n c e  o f one s tim u lu s  (w arning 

s ig n a l )  and n o t in  th e  p re se n c e  o f  a n o th e r  s tim u lu s  ( s a f e  p e r io d ) , th e r e  

may be  a  r e d u c t io n  o f  re sp o n se s  d u r in g  th e  w arn ing  s tim u lu s  b u t l i t t l e  

o r  no l a s t i n g  r e d u c t io n  d u r in g  th e  s a f e  s tim u lu s  (A zrin , 1956; B rethow er 

and R eynolds, 1962; Hunt and B rady, 1 9 5 5 ). Some su p p re s s io n  o f re sp o n se s  

g e n e ra l iz e  t o  th e  s a f e  p e r io d  i n i t i a l l y ,  b u t a f t e r  co n tin u ed  exposu re  

th e  re sp o n se s  d u rin g  th e  s a f e  s tim u lu s  re c o v e r  s u b s t a n t i a l l y ,  u s u a l ly  

to  th e  unpunished  l e v e l  (A zrin , 1956; D insm oor, 1952; Honig and S l iv k a ,

1964). The re sp o n se s  d u rin g  th e  s a f e  p e r io d  e v e n tu a lly  re a c h  a  l e v e l  

exceed in g  th e  l e v e l  p r e s e n t  b e fo re  pun ishm ent was in tro d u c e d  in  th e  o th e r  

s tim u lu s  (B rethow er and R eyno lds, 1 9 6 2 ), an in s ta n c e  o f  punishm ent 

c o n t r a s t  e f f e c t .  Hymowitz (1973) found  t h a t  th e  l e a s t  amount o f o v e r a l l  

re sp o n se  su p p re s s io n  o ccu rred  when th e  s ig n a l  p receded  e l e c t r i c  shock 

1 0 0 % o f  th e  tim e , a s  opposed to  i n t e r m i t t e n t  p a i r i n g s .
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A p re v io u s ly  n e u t r a l  s t im u lu s  p a i r e d  w ith  e l e c t r i c  sho ck  o r  o th e r  

a v e r s iv e  s t im u l i  (u n c o n d it io n a l s t im u lu s  o r  UCS) w i l l  a c q u i r e  co n d itio n e d  

p u n ish in g  p r o p e r t i e s .  C ond itio n ed  punishm ent need  n o t b e  a t r a n s i t o r y  

phenomenon i f  th e  p re v io u s ly  n e u t r a l  s t im u lu s  (now c o n d i t io n a l  s tim u lu s  

o r  CS) i s  o c c a s io n a l ly  a s s o c ia te d  w ith  th e  UCS (A zrin  and H o lz , 1966).

Hake and A z rin  (1965) found t h a t  th e  5 -seco n d  p r e s e n ta t io n  o f  th e  CS 

a f t e r  each  re sp o n se  s e v e re ly  reduced  th e  r a t e  o f  re sp o n d in g  i n  a 

c o n d itio n e d  punishm ent paradigm  w ith  p ig e o n s , i n  w hich  th e  p a i r i n g  o f  th e  

CS and UCS w ere c o n tin u e d .

A w arn in g  s tim u lu s  may be more a v e r s iv e  th a n  th e  n o x io u s  e v en t i t  

s i g n a l s .  The r e in f o r c in g  e f f e c t  o f  te rm in a t in g  th e  w arn ing  s tim u lu s  

may com pete w ith  th e  p u n ish in g  e f f e c t  o f  th e  co te rm in u s n o x io u s  ev e n t. 

Kamin (1956) found t h a t  th e  te rm in a t io n  o f  th e  w arn ing  s t im u lu s  in  a 

s h u t t l e - b o x  av o id an ce  s i t u a t i o n  m a in ta in e d  re sp o n d in g  even  when resp o n d in g  

d id  n o t  a v o id  sh o ck s . Under some c o n d it io n s  r a t s  w i l l  re sp o n d  a t  h ig h e r  

r a t e s  to  p o stp o n e  a  w arning s ig n a l  th a n  to  p o stp o n e  a  shock  (Sidman,

1957; Sidman and B oren, 1957).

I t  a p p e a rs  a p p ro p r ia te  to  d e s c r ib e  punishm ent a s  a  p ro c e s s  s im i la r  

to  re in fo rc e m e n t in  te rm s o f  i t s  d e te rm in a n ts ,  b u t  o p p o s ite , i n  term s 

o f  th e  d i r e c t i o n  o f  b e h a v io ra l  change (A zrin  and H o lz , 19 6 6 ).

The m agnitude o f re sp o n se  su p p re s s io n  produced  by a  n o x io u s  s tim u lu s  

i n  a  punishm ent p ro c e d u re  i s  a l s o  a  fu n c t io n  o f  p r i o r  e x p e r ie n c e  o f  th e  

s u b je c t  w ith  t h a t  s t im u lu s .  T here a re  two e f f e c t s :

-  a d a p ta t io n : p r i o r  exposure to  th e  n o x io u s  s t im u lu s  d e c re a se s  th e

e f f e c t iv e n e s s  o f  punishm ent (K arsh , 1963).
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-  s e n s i t i z a t i o n : p r io r  ex posu re  to  th e  nox ious s tim u lu s  in c re a s e s  th e

e f f e c t iv e n e s s  o f pun ishm ent ( P e a r l ,  W a lte rs  and 

A nderson, 1964).

' P r io r  ex posu re  to  punishm ent o f g ra d u a l ly  in c re a s in g  d u ra tio n  red u ce s  

th e  e f f e c t iv e n e s s  o f  subsequen t lo n g -d u ra t io n  pun ishm ent. Some ex p lan a 

t io n s  th a t  have been o f fe re d  f o r  t h i s  phenomenon a r e  sen so ry  a d a p ta t io n ,  

c o u n te r -c o n d it io n in g ,  c o n d itio n in g  o f  com peting re s p o n s e s , e t c .  At t h i s  

p o in t  none o f  them ap p ear s u f f i c i e n t  to  e x p la in  th e  m entioned e f f e c t  

(C hurch, 1969).

The e f f e c t s  o f  punishm ent depend i n  p a r t  upon w hich re sp o n se  in  a 

b e h a v io r  sequence i s  pu n ish ed . A b e h a v io r  sequence may be d e f in e d  as a 

s e r i e s  o f re sp o n se s  t h a t  le a d  to  re in fo rc e m e n t (C hurch, 1969). Punishm ent 

o f th e  f i r s t  re sp o n se  in  a  b e h a v io r  sequence o f te n  p roduces g r e a t e r  

re sp o n se  s u p p re s s io n  th an  punishm ent o f  th e  o th e r  re sp o n ses  in  th e  

sequence . Two p o s s ib le  e x p la n a tio n  f o r  t h i s  e f f e c t  a re :

-  th e  d is ta n c e  from  punishm ent to  re in fo rc e m e n t i s  g r e a t e r ,  and

-  punishm ent f o r  a  p a r t i c u l a r  re sp o n se  i s  more c e r t a in .

S u b je c ts  may show an a n t i c ip a t io n  o f  punishm ent when an in s tru m e n ta l  

re sp o n se  in  a  b e h a v io r  sequence i s  fo llo w ed  by a  nox ious s t im u lu s .  T h is  

a n t i c ip a t io n  may be n o te d  by a  r e d u c t io n  in  re sp o n se  r a t e  s h o r t ly  b e fo re  

th e  punishm ent i s  due to  o c c u r, p a r t i c u l a r l y  when th e  pun ished  re sp o n se  

i s  c l e a r ly  d is c r im in a b le  from o th e r  re s p o n s e s .  The e f f e c t  o f  punishm ent 

can  be  s p e c i f i c a l l y  r e s t r i c t e d  t o  th e  moment a t  w hich th e  punishm ent 

i s  sc h e d u le d . A zrin  (1956) found th a t  a f t e r  ex tended  ex posu re  to  a 

f ix e d  -  i n t e r v a l  (F I) sch ed u le  f o r  shock  p r e s e n ta t io n ,  th e  re sp o n se  r a t e  

dropped to  z e ro  a s  th e  moment app roached  f o r  th e  sch ed u led  p u n is h e r  to
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be d e l iv e r e d .  Gibbon (1967) found marked su p p re s s io n  o f in te r s t im u lu s  

re sp o n d in g  j u s t  b e fo re  s tim u lu s  o n se t in  r a t s  resp o n d in g  under a  v a r i a b le  -  

i n t e r v a l  40-seconds (VI 40) sch ed u le  f o r  w a te r ,  r e c e iv in g  t r i a l s  in  

w hich one o f two s t im u l i  in d ic a te d  a p e r io d  o f a v o id a b le  o r u n av o id ab le  

sh o ck s . T h is phenomenon w i l l  be d is c u s s e d  a t  more le n g th  l a t e r  on , 

u nder tem p o ra l d is c r im in a t io n .

Som etim es, when an in s tru m e n ta l  re sp o n se  i n  a  b e h a v io r sequence i s  

fo llo w ed  by a  n ox ious  e v e n t, th e r e  i s  a  r e a c t io n  n o te d  as a p ause  a f t e r  

pun ishm en t. B a s ic a l ly ,  th e  s h o r te r  th e  d is ta n c e  from  punishm ent to  

re in fo rc e m e n t th e  s h o r te r  th e  p au se  a f t e r  pun ishm en t, r e l a t i v e  to  t h a t  

o f an unpunished  c o n t ro l  group on th e  e q u iv a le n t  re sp o n se  (C hurch, 1969).

D is c r im in a tiv e  punishm ent p ro c e d u re s  in v o lv e  th e  p r e s e n ta t io n  o f 

an a v e r s iv e  e v e n t c o n tin g e n t on a g iv e n  re sp o n se  i n  th e  p re se n c e  o f an 

i n i t i a l l y  n e u t r a l  s tim u lu s  c o n t ro l le d  by th e  ex p e rim e n te r . The 

d is c r im in a t iv e  punishm ent p ro ced u re  can b e  c o n tra s te d  w ith  th e  c o n d itio n e d  

s u p p re s s io n  parad igm , a ls o  known a s  c o n d itio n e d  em o tional re sp o n se  

p ro ced u re  (CER), d e f in e d  o p e ra t io n a l ly  by Lyon (1968) as a  s i t u a t i o n  in  

w hich a " s h o r t  d u ra t io n  s tim u lu s  i s  superim posed  on an  o p e ran t perfo rm ance 

and te rm in a te d  in d e p e n d e n tly  o f  th e  a n im a l 's  b e h a v io r  c o in c id e n t ly  w ith  

a  b r i e f  u n av o id ab le  sh o ck ."  T h is  p ro ced u re  was f i r s t  dem onstra ted  by 

E s te s  and S k in n er (1941), in  w hich an i n t e r m i t t e n t  sch ed u le  o f  food 

re in fo rc e m e n t was i n  e f f e c t  d u rin g  th e  s e s s io n  and th e  b e h a v io r  m a in ta in e d  

by t h i s  sc h e d u le  was su p p ressed  d u rin g  a  p e r io d  of to n e  p r e s e n ta t io n  

end ing  w ith  an  u n av o id ab le  shock . In  th e  d is c r im in a t iv e  punishm ent 

p ro c e d u re  th e  nox ious s tim u lu s  i s  c o n d i t io n a l  upon an  e x p e rim en te r -  

c o n t ro l le d  s tim u lu s .  The b a s ic  d i f f e r e n c e  betw een b o th  p ro ced u res  i s
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t h a t  in. th e  d is c r im in a t iv e  punishm ent paradigm  th e re  i s  a  dependency 

r e la t io n s h ip  betw een a  re sp o n se  and a  s tim u lu s .  T h is  dependence does 

n o t e x i s t  i n  th e  CER p ro c e d u re .

The amount of re sp o n se  su p p re s s io n  d u rin g  a  p o r t io n  o f a  s e s s io n  

i s  u s u a lly  m easured by an i n f l e c t i o n  o r  su p p re s s io n  r a t i o  (Blackman,

1977). The m ost f r e q u e n t ly  u t i l i z e d  s u p p re s s io n  r a t i o s  a re  g iv e n  below .

A r e p re s e n ts  th e  re sp o n se  r a t e  d u r in g  th e  CS, o r  s t im u lu s  t h a t  h as  been 

p re v io u s ly  p a ire d  w ith  shock ; and B_ r e p r e s e n ts  th e  c o n t ro l  re sp o n se  

r a t e ,  u s u a l ly  th e  r a t e  d u rin g  th e  p e r io d  im m ediate ly  p r io r  t o  CS o n s e t .

The su p p re ss io n  r a t i o s  a r e :

w here com plete re sp o n se  su p p re s s io n  d u r in g  th e  CS i s  

in d ic a te d  by a  r a t i o  e q u a l to  z e ro . A r a t i o  o f  1 .0  

in d ic a te s  no su p p re s s io n  o f  re sp o n d in g  d u r in g  th e  CS. A 

r a t i o  l e s s  th a n  1 . 0  b u t g r e a t e r  th a n  z e ro  in d i c a te s  some 

su p p re s s io n  d u r in g  th e  s ig n a l ;  th e  s m a lle r  th e  r a t i o  th e  

g r e a t e r  th e  re sp o n se  su p p re s s io n  (Blackman, 1968; Sidman, 

S te in ,  and B rady , 1958).

where com plete re sp o n se  su p p re s s io n  d u rin g  th e  CS i s  

in d ic a te d  by a  r a t i o  e q u a l to  z e ro . A r a t i o  o f 0 .5  in d ic a te s  

no su p p re s s io n  o f  re sp o n d in g  d u rin g  th e  CS, and a  r a t i o  

betw een 0 .5  and z e ro  in d i c a te s  some s u p p re s s io n  o f  respond ing  

d u rin g  th e  s ig n a l .  The s m a lle r  th e  r a t i o  th e  g r e a t e r  th e  

su p p re s s io n  (Beauchamp, 1966; Church, 1969; D a v is , Memmott, 

and H urw itz , 1976; Ramin, 1965; R e sc o r la , 1968). 

c) (B-A)/B; w here com plete re sp o n se  su p p re s s io n  d u rin g  th e  CS i s  in d ic a te d  

by a  r a t i o  e q u a l to  1 .0 .  A r a t i o  eq u a l to  ze ro  in d ic a te s

a) A/B;

b) A/A+B);
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no s u p p re s s io n  of re sp o n d in g  d u r in g  th e  CS,and a  r a t i o  betw een 

ze ro  and 1 . 0  in d ic a te s  some s u p p re s s io n  of re sp o n d in g  d u r in g  

th e  s ig n a l ;  th e  g r e a te r  th e  r a t i o  th e  g r e a t e r  th e  re sp o n se  

s u p p re s s io n  (Hoffman, 1969a; Hoffman and F le s h ie r ,  1965).

These r a t i o s  g iv e  a  r e l a t i v e  m easure t h a t  may make i t  e a sy  to  compare

c o n d itio n e d  s u p p re s s io n  o f  d i f f e r e n t  p a t t e r n s  o f o p e ra n t b e h a v io r  assum ing ,

a r b i t r a r i l y ,  t h a t  u nder c o n s ta n t e x p e r im e n ta l c o n d it io n s  th e  w arn ing

s tim u lu s  (CS) w i l l  p roduce th e  same r e l a t i v e  d ecrem en t, in d ep en d en t o f

th e  r a t e  o f re sp o n d in g  a t  th e  moment o f CS o n s e t (Hoffman, 1969b). T here

i s  ample e v id e n c e  th a t  t h i s  assum ption  i s  f a l s e  (Blackm an, 1977 ).

S u p p re ss io n  r a t i o s  in  ex p erim en ts  in  w hich th e  same p re -sh o c k  s tim u lu s

i s  superim posed  on d i f f e r e n t  r a t e s  o f o p e ra n t b e h a v io r  a r e  n o t  i d e n t i c a l

(Blackman, 1966; Blackman, 1967; Blackm an, 1968 ). A ccording  to  Blackman

(1977, p . 348) th e s e  f in d in g s  can be i n t e r p r e t e d  i n  two w ays:

a  su p p re s s io n  r a t i o  may alw ays r e f l e c t  a c c u r a te ly  th e  
s t r e n g th  o f a  c l a s s i c a l l y  c o n d itio n e d  re sp o n se  e l i c i t e d  
by th e  CS. The more s e v e re  th e  d i s r u p t io n  o f  o p e ra n t 
b e h a v io r  a s  e x p re sse d  by a  s u p p re s s io n  r a t i o  th e  g r e a t e r  
th e  s t r e n g th  o f th e  CR. D i f f e r e n t  s t r e n g th s  o f CR a r e  
developed  by a  un ifo rm  p ro c e d u re  when i t  i s  superim posed  
on d i f f e r e n t  o p e ra n t re sp o n se  r a t e s .

-  a  s ta n d a rd  c l a s s i c a l  c o n d it io n in g  p ro c e d u re  may alw ays 
r e s u l t  in  a  CR o f un ifo rm  s t r e n g th .  D if f e r e n t  s u p p re s s io n  
r a t i o s  d e s c r ib in g  th e  e f f e c t s  o f  a  p re -sh o c k  s tim u lu s  on 
d i f f e r e n t  p a t t e r n s  o f o p e ran t b e h a v io r  may r e s u l t  b ecau se  
t h i s  u n ifo rm  CS i n t e r a c t s  d i f f e r e n t l y  w ith  th e s e  p a t t e r n s  
o f  b e h a v io r ."

I t  ap p ea rs  p ru d e n t to  su p p o rt in f e r e n c e s  b ased  on r e l a t i v e  m e asu re s , 

l i k e  s u p p re s s io n  r a t i o s ,  w ith  a b s o lu te  d a ta  (Blackm an, 1977).

Hunt and Brady (1955) compared th e  e f f e c t s  o f  CER and d is c r im in a t iv e  

punishm ent p ro c e d u re s  on le v e r - p r e s s in g  by r a t s  u n d er a  v a r i a b le —i n t e r v a l
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(VI) sc h e d u le  o f food  re in fo rc e m e n t. B oth  g roups showed n e a r ly  com plete  

su p p re s s io n  d u r in g  th e  s tim u lu s  p r e s e n ta t io n ,  a lth o u g h  o th e r  v a r ia b le s  

cou ld  have i n t e r f e r r e d  w ith  th e  r e s u l t s ,  l i k e  number o f sh o ck s, 

d u ra t io n  o f sh ock , i n t e r v a l  betw een re sp o n se  and a v e r s iv e  s t im u lu s ,  e t c . ,  

t h a t  d i f f e r e d  f o r  b o th  g ro u p s .

Beauchamp (u n p u b lish e d , 1966, in  C hurch, 1969) compared d is c r im in a t iv e  

punishm ent and  CER p ro c e d u re s , exposing  h i s  s u b je c t s  to  a  VI sch ed u le  

o f  re in fo rc e m e n t .  The d is c r im in a t iv e  pun ishm ent group re c e iv e d  an 

e l e c t r i c  shock  a t  th e  end of th e  s ig n a l  o n ly  i f  th e y  had made one o r 

m ore re sp o n s e s  d u rin g  th e  s ig n a l .  More re sp o n se  su p p re s s io n  d u rin g  th e  

s ig n a l  was found f o r  th e  d is c r im in a t iv e  punishm ent group th a n  f o r  th e  

CER g roup , even  though  th e  fo rm er group re c e iv e d  few er shocks th an  th e  

CER group .

F ra n c h e l (1972) confirm ed  Beaucham p's r e s u l t s  i n  a s im i la r  ex p erim en t. 

In  b o th  s tu d i e s ,  v a r ia b le s  l i k e  re sp o n se -sh o c k  i n t e r v a l  and shock 

d u ra t io n  w ere e q u a te d  f o r  b o th  p ro c e d u re s .

In  f iv e  a d d i t io n a l  ex p erim en ts  c a r r i e d  o u t i n  R. M. C hurch 's  

la b o ra to r y  (C hurch , 1969) com paring d i s c r im in a t iv e  punishm ent and CER 

p ro c e d u re s , th e  m agnitude o f  s u p p re s s io n  in  th e  two groups has  been 

ro u g h ly  com parab le . The problem  w ith  a l l  th e s e  ex p erim en ts  i s  th a t  th e  

p ro p o r t io n  o f  s ig n a l s  fo llo w ed  by shock has been  u n eq u a l f o r  b o th  g ro u p s .

O rm e-Johnson and Y arczow er (1974) com pared a group o f  p igeons t r a i n e d  

u nder a  d i s c r im in a t iv e  punishm ent p ro ced u re  w ith  a  yoked group t r a in e d  

u n d er CER p ro c e d u re . In  experim en t I ,  th e  p r e s e n ta t io n  o f  th e  CS a lo n e , 

c o n tin g e n t on k e y -p e c k in g , reduced  re sp o n se  r a t e s  (c o n d it io n e d  punishm ent 

e f f e c t )  in  th e  CER group b u t n o t in  th e  d is c r im in a t iv e  punishm ent g roup .
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In  experim en t I I I ,  th e  d is c r im in a t iv e  .punishm ent group d id  n o t show 

c o n d itio n e d  punishm ent e f f e c t  even  when p o s i t iv e  r e in f o r c e r s  w ere 

u n a v a i la b le  d u rin g  th e  d is c r im in a t iv e  punishm ent s c h e d u le . The CS in  

th e  CER group a c q u ire d  th e  a b i l i t y  to  p u n ish  b e h a v io r , w h ile  i t  d id  n o t 

a c q u ir e  p u n ish in g  p r o p e r t i e s  i n  th e  d is c r im in a t iv e  punishm ent g roup .

A ccording to  Hoffman (1 9 6 5 ), com parisons betw een r e l a t i v e  e f f e c t s  

o f  d is c r im in a t iv e  punishm ent and CER p ro ced u res  m ust be v e ry  te n u o u s .

I f  shocks a r e  to o  in te n s e  o r  m a sse d ,th e  b e h a v io r  i s  o b l i t e r a t e d .

N oxious s t im u l i  in te n s e  enough to  m odify b eh av io r in  e scap e  and avo idance  

p ro c e d u re s  have been o b se rv ed  to  p roduce l i t t l e  o r  tem p o rary  e f f e c t s  

w i th in  CER and punishm ent p a rad ig m s. When th e  i n t e n s i t y  o f  th e  nox ious 

s tim u lu s  i s  betw een th e s e  e x tre m e s , th e  w arning s ig n a l  su p p re s se s  

ongoing b e h a v io r . The two p ro c e d u re s  y ie ld  d i s t i n c t i v e  p a t t e r n s  o f 

b e h a v io r  d u rin g  th e  p r e s e n ta t io n  o f  th e  w arning s ig n a l .  In  punishm ent 

p ro c e d u re s  th e re  i s  an  a b ru p t c e s s a t io n  o f  re sp o n d in g , w h ile  in  CER 

p ro c e d u re  th e r e  i s  e i t h e r  no re sp o n d in g  o r  re sp o n d in g  a t  low r a t e s .

T h is  p ro ced u re  te n d s  to  su p p re s s  b a s e l in e  re sp o n d in g , w h ile  d is c r im in a t iv e  

punishm ent p ro ced u re  does n o t .  The e f f e c t s  o f d is c r im in a t iv e  punishm ent 

e x t in g u is h  f a s t e r  th a n  th o s e  o f  CER p ro c e d u re , even when number and 

te m p o ra l d i s t r i b u t i o n  o f shocks a r e  eq u ated  f o r  th e  two p ro c e d u re s .

Sidman (1960) has n o te d  t h a t ,  in  p r in c ip le ,  any s e le c te d  b e h a v io r  

would fo llo w  th e  same g e n e ra l  la w s . I t  i s  re a so n a b le  t o  assume th a t  

punishm ent o f s p e c i f i c  c l a s s e s  o f  b e h a v io r , such  a s  consumm atory and 

s p e c ie s —s p e c i f i c  b e h a v io rs ,  sh o u ld  be  governed by th e  same r u l e s  found 

to  govern  punishm ent o f in s t ru m e n ta l  b e h a v io rs , such as l e v e r —p re s s  and 

k ey -p eck .
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Consummatory o p e ra n ts  a r e  p resum ably  th o se  s p e c ie s - s p e c i f ic  

b e h a v io rs  t h a t  a r e  in v o lv e d  in  th e  consum ption of food  o r  w a te r .  Church 

(1969) has  n o te d  t h a t  consummatory re sp o n se s  a r e  th o se  lo c a te d  a t  th e  

end o f a  c h a in  o f  o p e ra n ts ,  c lo s e r  t o  th e  r e in f o r c e r  th a n  e a r l i e r  l i n k s  

l i k e  b a r -p r e s s in g  o r  k ey -p e c k in g .

Solomon (1964) i n i t i a l l y  th o u g h t t h a t  a  consummatory o p e ra n t ,  l i k e  

l i c k in g  o r  chewing b e h a v io r s ,  sh o u ld  be h ig h ly  r e s i s t a n t  to  s u p p re s s io n  

by punishm ent due to  i t s  b io lo g ic a l  s ig n i f i c a n c e .  However, he concluded  

th a t  t h i s  c l a s s  o f b e h a v io r  i s  f a r  more s e n s i t i v e  to  th e  s u p p re s s iv e  

e f f e c t s  o f punishm ent th a n  o p e ra n t b e h a v io r  in  g e n e ra l .

There i s  c l e a r  ev id en ce  th a t  consummatory b e h a v io rs  can  be su p p ressed  

by a  r e s p o n s e -c o n tin g e n t a v e r s iv e  e v e n t ,  b u t  i t  i s  d i f f i c u l t  to  d i r e c t l y  

compare th e s e  s tu d ie s  w ith  ex p erim en ts  on punishm ent o f  in s tru m e n ta l  

b e h a v io rs  due to  p ro c e d u ra l d i f f e r e n c e s .

Masserman (1943) and L ic h te n s te in  (1950) re p o r te d  perm anent 

su p p re s s io n  o f  e a t in g  in  c a ts  and dogs by m oderate e l e c t r i c  shock  o r 

a i r  b l a s t s  d e l iv e re d  when th e  an im a l was e a t in g .  In  some c a s e s  th e  

su p p re s s io n  was so ex trem e a s  to  make th e  an im al s ta r v e  t o  d e a th .

Beach, C an o v itz , S te in b e rg ,  and G o ld s te in  (1956) found s e v e re  

su p p re s s io n  o f  s e x u a l b e h a v io r  i n  m ale r a t s  by m ild  pun ishm en t. Leaf 

and M u lle r (1965) found t h a t  marked s u p p re s s io n  of l i c k in g  b e h a v io r  was 

produced by in te n s e  e l e c t r i c  shock  and th a t  th e  deg ree  o f  s u p p re s s io n  

was a  m onotonic fu n c t io n  o f  th e  shock  i n t e n s i t y .  D e p r iv a tio n  le v e ls  

d id  n o t  d i f f e r e n t i a l l y  a f f e c t  th e  amount o f  su p p re s s io n .

Q uinsey (1971) found t h a t  h ig h  i n t e n s i t i e s  of e l e c t r i c  shock  produced 

c o n s is te n t  l i c k in g  s u p p re s s io n ,  w h ile  low i n t e n s i t i e s  p roduced  m inim al 

s u p p re s s io n .
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Solomon, T u rn e r , and  L essac (1968) found t h a t  e a t in g  a  h ig h ly  

p r e f e r r e d  food  was co m p le te ly  su p p re sse d  in  fo o d -d e p riv e d  dogs when 

e a t in g  was p u n ish ed  by sw ats  w ith  a  new spaper. The dogs w ere allow ed 

to  e a t  a  l e s s  p r e f e r r e d  food as an a l t e r n a t i v e  b e h a v io r  and t h i s  

a v a i l a b i l i t y  may have a f f e c te d  th e  d eg ree  o f  s u p p re s s io n  o b ta in e d , s in c e  

th e  e x is te n c e  o f  an a l t e r n a t i v e  re sp o n se  le a d s  to  more s e v e re  re d u c tio n  

of a  pu n ish ed  re sp o n se  (A zrin  and H olz , 1966).

Bond, Blackman, and S cru ton  (1973) found t h a t  sch e d u le -in d u c e d  

l i c k in g  can be su p p re sse d  by p ro ced u re s  th a t  su p p re s s  o p e ra n t b e h a v io r .

Some s tu d ie s  have d i r e c t l y  compared th e  s u p p re s s io n  caused  by 

punishm ent on b o th  in s tru m e n ta l and consummatory re s p o n s e s :

Church (1969) found th a t  punishm ent o f  th e  in s tru m e n ta l  resp o n se  

produced g r e a t e r  su p p re s s io n  th an  punishm ent o f  th e  consummatory re sp o n se . 

DeCosta and A yres (1971) re p o r te d  th a t  l e v e r - p r e s s in g  was c o n s is te n t ly  

more su p p re sse d  th a n  l i c k in g  b eh av io r in  a  s tu d y  u t i l i z i n g  a  CER 

p ro ced u re .

C o n tra ry  to  th e s e  r e s u l t s ,  B e rtsc h  (1972) found th a t  punishm ent o f 

th e  consummatory re sp o n se  produced g r e a te r  su p p re s s io n  th a n  punishm ent 

o f th e  in s tru m e n ta l  re sp o n se , b o th  d u rin g  and a f t e r  pun ishm ent.

F e i r s t e i n  and M il le r  (1953) found th a t  w h e th e r consummatory 

b e n a v io r  was more o r  l e s s  su p p ressed  th a n  in s tru m e n ta l  b e h a v io r  depended 

upon th e  i n t e n s i t y  and freq u en cy  o f  th e  punishm ent e v e n t.

Myer (1973) found s im i la r  s u p p re s s io n  o f  re sp o n d in g  when s u b je c ts  

le v e r - p r e s s in g  f o r  w a te r  w ere pun ished  w ith  e l e c t r i c  shock , e i t h e r  a f t e r  

each p re s s  o r a f t e r  d r in k in g . Punishm ent in c re a s e d  th e  la te n c y  of 

p re s s in g  and red u ce d  th e  number o f  sequences i n i t i a t e d ,  r a th e r  th a n
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s e l e c t iv e ly  s u p p re s s in g  th e  p u n ish ed  b e h a v io r  f o r  b o th  t r e a tm e n ts .

I n  summary, th e r e  a r e  e m p ir ic a l  d a ta  su p p o r tin g  Solom on 's p o s i t i o n  

t h a t  consummatory b e h a v io rs  a r e  more s e n s i t i v e  to  th e  s u p p re s s iv e  e f f e c t s  

o f  punishm ent th a n  in s tru m e n ta l  b e h a v io r s ,  a s  w e ll  as  d a ta  showing th e  

o p p o s ite  r e s u l t s ,  and even d a ta  showing no d if f e r e n c e  in  th e  d e g re e  o f  

su p p re s s io n  by pun ishm ent o f  in s t ru m e n ta l  and consummatory re s p o n s e s .

A ngeram i (1976 , u n p u b lish e d  M a s te r 's  t h e s i s )  u t i l i z e d  a  d is c r im in a t iv e  

punishm ent p ro c e d u re  t o  a s s e s s  th e  e f f e c t s  o f  e l e c t r i c  shock  i n t e n s i t y  

in  consumm atory l i c k in g  b e h a v io r . R a ts  w ere t r a in e d  to  l i c k  w a te r  from  

a  m e ta l tu b e  d u r in g  10-m inu te  s e s s io n s .  Once p e r  s e s s io n  a  to n e  was 

p re s e n te d  f o r  1 0  seconds and any l i c k s  d u r in g  th a t  s t im u lu s  p r e s e n ta t io n  

r e s u l t e d  in  shock  d e l iv e r e d  im m ed ia te ly  fo llo w in g  th e  s tim u lu s  o f f s e t .

Shock i n t e n s i t y  was v a r ie d  betw een th e  g ro u p s . In  g e n e ra l ,  Angerami 

found t h a t  th e  d eg ree  o f  re sp o n se  su p p re s s io n  was a  fu n c t io n  o f  shock 

i n t e n s i t y .  These f in d in g s  a r e  in  agreem ent w ith  th e  l i t e r a t u r e  on 

punishm ent o f o th e r  c l a s s e s  o f o p e ra n t b e h a v io r , such  a s  l e v e r - p r e s s in g  

and k ey -p e c k in g . The f u n c t io n a l  r e l a t i o n s h ip  betw een i n t e n s i t y  o f  th e  

a v e rs iv e  e v e n t and th e  d eg ree  o f  su p p re s s io n  i s  th e  same i n  b o th  c a s e s .  

D uring re c o v e ry  s e s s io n s  Angerami in te r s p e r s e d  two s e s s io n s  d u r in g  

which th e  s u b je c t s  w ere c o n tin u o u s ly  exposed to  th e  to n e : th e  s tim u lu s  

was tu rn e d  on a t  th e  s t a r t  o f  th e  s e s s io n  and rem ained on f o r  th e  w hole 

10 m in u te s . T here  was no su p p re s s io n  o f  th e  av e rag e  s e s s io n  l i c k  r a t e .

A r e tu r n  to  b a s e l in e  c o n d it io n s  r e s u l t e d  in  re sp o n se  su p p re s s io n  to  th e  

10-second  to n e . These f in d in g s  su g g e s te d  t h a t  th e  s u b je c t s  w ere 

p ro b ab ly  re sp o n d in g  to  a  s tim u lu s  com plex t h a t  in c lu d e d  th e  o n s e t o f th e  

tone  and th e  amount o f  tim e e la p se d  s in c e  th e  b eg in n in g  o f  th e  s e s s io n .
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S k in n er (1938) i n i t i a l l y  spoke o f  th e  e s ta b l is h m e n t  o f a  tem poral 

d is c r im in a t io n  as  th e  d i f f e r e n t i a l  r e a c t io n  o f  an  o rg an ism  to  th e  

s tim u lu s  a t  some p o in t  and to  th e  s tim u lu s  a t  a  c e r t a i n  o th e r  p o in t th a t  

has  been  c o in c id e n ta l ly  r e l a t e d  to  a  second e v e n t .  S k in n er e x e m p lif ie d  

such d is c r im in a t io n  w ith  th e  perform ance of r a t s  u n d e r a  f i x e d - i n t e r v a l  

(F I) sc h e d u le  o f  food re in fo rc e m e n t. A f te r  th e  d e l iv e r y  o f a  food 

p e l l e t  r a t s  s to p p ed  re sp o n d in g  and a f t e r  some tim e  th e y  began to  respond  

a g a in , a s  tim e  to  th e  n e x t r e in f o r c e r  a v a i l a b i l i t y  ap p ro ach ed . T his 

s t e p - l i k e  re sp o n d in g  was e x p la in e d  by  S k in n er a s  due to  th e  f a c t  th a t  

re sp o n se s  im m ed ia te ly  fo llo w in g  food  d e l iv e ry  w ere  n e v e r  r e in f o r c e d ,  

w h ile  re sp o n se s  a f t e r  th e  a p p ro p r ia te  p e r io d  o f tim e  fo llo w in g  food 

d e l iv e r y  had e la p s e d  w ere r e in fo rc e d .

F e r s t e r  and S k in n e r (1957) c o n s id e re d  th e  te m p o ra l d is c r im in a t io n  

e v id e n t in  F I s c h e d u le s  o f food re in fo rc e m e n t ,  i n  w hich  th e  lo n g e r  th e  

tim e s in c e  th e  l a s t  re sp o n se  th e  more l i k e l y  th e  n e x t re sp o n se  i s  going 

to  be r e in f o r c e d .  T h is  F I  sch ed u le  g e n e ra te s  a  p a t t e r n  o f resp o n d in g  

in  w hich a  p ause  fo llo w s  each  food d e l iv e r y ,  a f t e r  w hich th e  r a t e  

a c c e le r a te s  to  a  u s u a l ly  m oderate  v a lu e .

Sidman (1954) found ev idence  o f  tim e  d is c r im in a t io n  in  a  f r e e  o p e ran t 

n o n -d is c r im in a te d  avo id an ce  s i t u a t i o n  in  th e  f a c t  t h a t  in te r - r e s p o n s e  

tim es (IR T 's )  o f  in te rm e d ia te  v a lu e s  o c c u rre d  more f r e q u e n t ly  i n  a 

cu m u la tiv e  f re q u e n c y  d i s t r i b u t i o n  o f  IR T 's  th a n  e x p e c te d  assum ing random 

re sp o n d in g . Such d is c r im in a t io n  u s u a l ly  o c c u rre d  a f t e r  p ro lo n g ed  

exposu re  to  th e  p ro c e d u re . F iv e  o th e r  cu m u la tiv e  f re q u e n c y  d i s t r i b u t io n s  

p re s e n te d  d id  n o t  show ev idence  o f tem p o ra l d i s c r im in a t io n .
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Anger (1963) perform ed  an IR T -p e r-o p p o r tu n ity  (IRT/OP) a n a ly s i s  

on th e  f iv e  d i s t r i b u t i o n s  r e p o r te d  by Sidman (1954) as n o t showing 

e v id en ce  o f tem p o ra l d is c r im in a t io n . ' In  fo u r  o f  th e  f iv e  ca se s  th e  

IRT/OP curve ro s e  a t  lo n g  IR T 's , in d i c a t in g  a  tem pora l d is c r im in a t io n .  

Anger p r e f e r s  IRT/OP a n a ly s i s  because  o f  i t s  p o s s ib ly  g r e a te r  

s e n s i t i v i t y  in  d e te c t in g  tem p o ra l d is c r im in a t io n s .

M orse, Mead, and K e lle h e r  (1 967 ), and McKearney (1968), dem o n stra ted  

t h a t  F I sch ed u le s  o f  e l e c t r i c  shock p r e s e n ta t io n  m a in ta in ed  re sp o n d in g  

and t h a t  th e  re sp o n se  p a t t e r n  resem bled  th o s e  r e p o r te d  by F e r s t e r  and 

S k in n er (1957). M orse e t  a l  (1967) r e p o r te d  th a t  shock d e l iv e r y  u s u a l ly  

i n i t i a t e d  a  b r i e f  h ig h  r a t e  o f resp o n d in g  and f u r th e r  re sp o n d in g  

o ccu rred  j u s t  b e fo re  th e  n e x t shock was d e l iv e r e d ,  in  s u b je c ts  w ith  

co n tin u o u s  exposure  to  f ix e d - t im e  (FT) and FI shock s c h e d u le s . McKearney 

(1968) found t h a t  re sp o n se  r a t e s  w ere low im m ediate ly  a f t e r  each  shock 

d e l iv e r e d  in  a  F I s c h e d u le , fo llo w ed  by a  g ra d u a l in c re a s e  i n  re sp o n d in g  

u n t i l  th e  n e x t shock was p re s e n te d .

H u tch inson , Renfrew , and Young (1971) r e p o r te d  t h a t  w ith  co n tin u ed  

ex p o su re  to  FT shock p r e s e n ta t io n ,  l e v e r - p r e s s in g  and c h a in -p u l l in g  

re sp o n se s  g ra d u a l ly  in c re a s e d  as shock tim e  approached .

The p re s e n t  ex p erim en t was d es ig n ed  to  r e p l i c a t e  Angeram i’ s r e s u l t s  

d u r in g  th e  co n tin u o u s  to n e -o n  c o n d it io n  and to  a tte m p t an a n a ly s i s  of 

th e s e  f in d in g s  by a s s e s s in g  th e  e f f e c t s  on l i c k in g  b e h a v io r o f  t r a i n in g  

w ith  c e r t a in  f ix e d  C S-onset v a lu e s ,  and th e  e f f e c t s  o f  t e s t i n g  w ith  

d i f f e r e n t  o n se t t im e s . The e f f e c t s  o f  v i s u a l  and a u d ito ry  s t im u l i  in  

a  d is c r im in a t iv e  punishm ent s i t u a t i o n  w ere a l s o  a s s e s s e d . The 

d is c r im in a t iv e  punishm ent p ro ced u re  was th e  same used  by A ngeram i, w ith
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a 10 -m in u te  s e s s io n  and one CS p r e s e n ta t io n  p e r  s e s s io n .  The i n t e n s i t y  

o f e l e c t r i c  shock was th e  same f o r  a l l  g ro u p s .
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METHOD

Subj e c t s

Twelve e x p e r im e n ta lly  n a iv e  m ale a lb in o  r a t s  from  The Upjohn 

Company co lony  in  Kalam azoo, M ich igan , served  as  s u b je c t s .  They w ere 

a p p ro x im a te ly  80 days o ld  a t  th e  b eg in n in g  o f  w a te r  d e p r iv a t io n ,  

in d iv id u a l ly  housed in  a  c o n s ta n t ly - i l lu m in a te d ,  e n v iro n m e n ta lly -  

c o n t ro l le d  room, w ith  P u r in a  la b o ra to ry  r a t  chow f r e e l y  a v a i l a b l e .

B efo re  th e  s t a r t  o f  th e  ex perim en t th e  s u b je c ts  w ere p la c e d  on a  

w a te r  d e p r iv a t io n  sch ed u le  u n t i l  th e y  reached  and m a in ta in e d  80% o f 

t h e i r  a d - l ib i tu m  w e ig h t.

A ppara tus

F our e x p e rim e n ta l cham bers w ere u sed , each  o f w hich was 1 2 .5  cm 

w id e , 20 .5  cm lo n g , and 1 5 .5  cm h ig h ,  housed in  a  l a r g e r  plywood 

so u n d -a tte n u a te d  e n c lo s u re .  The c e i l i n g  and w a lls  w ere made o f  p le x ig la s  

and th e  i n t e r i o r  s u r fa c e  o f th e  w a lls  was covered  w ith  a  s h e e t  o f 

aluminum. The c l e a r  p le x ig la s  c e i l i n g  had sm a ll h o le s  f o r  v e n t i l a t i o n .  

The f l o o r  was com prised o f  fo u r  tu b u la r  aluminum g r id s ,  each  1 .6  cm 

in  d ia m e te r , spaced  3 .3  cm a p a r t  c e n te r - to - c e n te r  and p a r a l l e l  to  th e  

s id e  w a l l s ,  th ro u g h  w hich shocks w ere d e l iv e r e d .  A s ta n d a rd  r a t  le v e r  

( le h ig h  V a lle y  E le c t r o n ic s ,  BRS/LVE, B e l t s v i l l e ,  M aryland, m odel 29A) 

was lo c a te d  on th e  f r o n t  w a ll  w ith  i t s  c e n te r  3 .5  cm from  th e  l e f t  s id e  

w a l l ,  10 .0  cm above th e  g r id  f l o o r ,  and p ro tru d in g  2 .5  cm in t o  th e

20
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cham ber. The le v e r  rem ained  in o p e ra t iv e  th ro u g h o u t th e  ex p erim en t. 

L ocated  10 .0  cm from  th e  l e f t  s id e  w a l l  and 2 .5  cm above th e  c e n te r  o f  

th e  g r id  f lo o r  was a  3 .0  cm round h o le  a llo w in g  a c c e s s  to  a  l i q u id  

d ip p e r  (Lehigh V a lle y  E le c t r o n ic s ,  BRS/LVE, B e l t s v i l l e ,  M aryland, 

m odel 114-02) w ith  i t s  cup 1 .5  cm away from  th e  f r o n t  w a l l .  The d ip p e r 

was up and dry  th ro u g h o u t th e  ex p erim en t. An a u d i to r y  s tim u lu s  was 

p ro v id ed  by a  S o n a le r t  to n e  g e n e ra to r  (M a llo ry , model SC628, 2900 H z), 

mounted on th e  o u ts id e  o f  th e  l e f t  s id e  w a l l ,  7 .5  cm from  th e  f r o n t  

w a ll  and 1 0 .5  cm above th e  g r id  f lo o r  in  a  3 .0  cm round r o l e  p ro te c te d  

w ith  a  w ire  mesh. A s t im u lu s  l i g h t  (C hicago M in ia tu re ,  #1819, 0 .96  W) 

covered  w ith  a  c l e a r  re d  le n s  (D ia lco ) was a l s o  mounted on th e  o u ts id e  

o f  th e  l e f t  s id e  w a l l ,  7 .5  cm from th e  f r o n t  w a ll  and 6-5 cm above th e  

g r id  f lo o r .  A 3 .0  cm round h o le  made o n ly  i n  th e  aluminum s h e e t  

co v erin g  th e  p le x ig la s  w a ll  made th e  l i g h t  v i s i b l e  to  th e  an im al. A 

0 .9 6  W bu lb  (C hicago M in ia tu re ,  #1819) co v ered  w ith  a  w h ite  le n s  (D ialco ) 

was mounted away from  th e  chamber a t  th e  r e a r  o f  th e  e n c lo su re  and se rv ed  

a s  a  d i f f u s e  h o u s e l ig h t .  M asking n o is e  p roduced  by a  G ra so n -S ta d le r  

w h ite -n o is e  g e n e ra to r  (m odel 1048) was d e l iv e r e d  to  a  1 0 .2  cm, 8 ohm 

sp eak e r (A llie d  E l e c t r o n i c s ) , mounted a t  th e  r e a r  o f th e  e n c lo su re  

d i r e c t l y  b eh in d  th e  l e f t  s id e  w a ll  o f th e  cham ber. A d d it io n a l  masking 

n o is e  was p roduced  by a  fa n  p ro v id in g  v e n t i l a t i o n .

Shocks w ere d e l iv e r e d  by a  3 2 5 -v o lt s t e p —up tra n s fo rm e r  f o r  0 .24  

second a t  2 .0  mA (60 Hz) a c ro s s  fo u r  s u c c e s s iv e  g r id s .  The aluminum 

w a lls  and le v e r - c o v e r  w ere e l e c t r i c a l l y  grounded and se rv e d  a s  one p a r t  

o f th e  shock c i r c u i t .
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On th e  w a ll  o p p o s ite  th e  l e v e r ,  9 .0  cm from  th e  l e f t  s id e  w a ll  

and 4 .0  cm above th e  g r id  f l o o r  ( c e n t e r - to - c e n te r )  was a  1 .0  cm round 

h o le  th rough  w hich th e  s u b je c t  co u ld  g a in  a c c e s s  to  a  m e ta l d r in k in g  

tu b e  r e s t i n g  on th e  p le x ig la s  p o r t io n  o f  th e  w a l l .  The opening  a t  th e  

end o f  th e  tu b e , 3 .0  mm in  d ia m e te r ,  cou ld  be  reac h ed  on ly  by th e  

a n im a l 's  tongue . A w a te r  b o t t l e  was h e ld  o u ts id e  th e  chamber by a 

m e ta l clamp mounted on th e  w a ll  o f  th e  s o u n d -a tte n u a te d  c a b in e t .  The 

b o t t l e  was connected  to  th e  l i c k in g  tu b e  th ro u g h  a  p ie c e  o f ru b b e r 

h o se . The l i c k  t r a n s d u c e r  was a  lic k o m e te r  assem bled  from an EICO 1800 

e l e c t r o n i c  k i t ,  p roduced  by EICO, New Y ork, New York.

A ll programming and d a ta  re c o rd in g  w ere done by means o f  a  PDP 

8/ e  com puter m anufac tu red  by D ig i t a l  Equipm ent C o rp o ra tio n  o f  M aynard, 

M a ssa c h u se tts , lo c a te d  in  a  n earb y  room. The com puter was connec ted  

to  th e  chambers v i a  a  d i g i t a l  lo g ic  and r e la y  i n t e r f a c e  s u p p lie d  by 

S ta te  System s, In c o rp o ra te d ,  o f Kalam azoo, M ich igan , and u t i l i z e d  a 

t im e -s h a r in g  system  th a t  a llo w s  programming and d a ta  a n a ly s is  to  be 

conducted  w h ile  th e  ex p erim en t i s  in  p ro g re s s  (S napper, 1976; S napper, 

S tep h e n s, Cobez, and van  H aaren , 1976). The s t a t e  ta b le s  used  in  t h i s  

s tu d y , w r i t t e n  in  th e  SKED language  (S napper, S tep h e n s, and L ee, 1974; 

Snapper, S tep h en s, Cobez, and  van  H aaren , 1 9 76), a r e  on f i l e  w ith  th e  

SKED U se rs ' Group (W estern  M ichigan  U n iv e r s i ty ,  Kalamazoo, M ichigan) 

and w i l l  be d i s t r i b u t e d  upon r e q u e s t .

P ro ced u re

The s u b je c ts  w ere m a in ta in e d  i n  f r e e  food  and f r e e  w a te r  f o r  fo u r  

weeks to  a llow  f o r  a c c l im a ta t io n  to  th e  new env ironm ent and to  o b ta in
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w eig h t r e c o rd s .  Then w a te r  d e p r iv a t io n  was s t a r t e d  c o n s is t in g  o f  a  

d a i ly  p e r io d ,  ran g in g  from th r e e  to  f i f t e e n  m in u te s , d u rin g  w hich w a te r  

was a v a i la b le  in  th e  home cag e . S u b je c ts  w ere weighed every  day b e fo re  

th e  w a te r in g  p e r io d , w hich was a d ju s te d  a c c o rd in g ly  to  w e ig h t lo s s .

Once th e  r a t s  reach ed  80% o f  t h e i r  f r e e - f e e d in g  w eigh t ( th e  av e ra g e  o f 

th e  l a s t  th r e e  days o f  th e  a c c l im a ta t io n  p e r io d ) , th e y  w ere random ly 

a s s ig n e d  to  th r e e  g roups o f  f o u r  s u b je c t s  each  and , b eg in n in g  w ith  th e  

i n i t i a l  t r a i n in g  s e s s io n  and th ro u g h o u t th e  s tu d y , th ey  o n ly  had a c c e s s  

t o  w a te r  d u rin g  th e  d a i ly  s e s s io n s .

E xperim en ta l s e s s io n s  w ere conducted  seven  days a  w eek, 

w ere 10 m inu tes  lo n g , and d r in k in g  was n o n -c o n tin g e n t upon any d i r e c t  

m a n ip u la tio n . A n e u t r a l  s t im u lu s  was p re s e n te d  once every  s e s s io n  f o r  

10 se c o n d s , ex cep t d u rin g  t e s t i n g  s e s s io n s  in  which th e  le n g th  o f th e  

s t im u lu s  p r e s e n ta t io n  v a r ie d .  A ll  s u b je c t s  w ere exposed to  th r e e  

d i f f e r e n t  t r a in in g  p ro c e d u re s :

1 -  B a s e l in e : th e  s u b je c t s  had f r e e  a c c e s s  to  w a te r f o r  10 m in u tes  in  

th e  e x p e rim e n ta l cham ber. The f i r s t  re sp o n se  ( l i c k )  s t a r t e d  th e  s e s s io n ,  

tu r n in g  on th e  background s t im u l i .  The n e u t r a l  s tim u lu s  o n s e t o c c u rre d  

a t  some f ix e d  p o in t d u rin g  th e  s e s s io n ,  and rem ained on f o r  10 seco n d s . 

The s u b j e c t 's  b e h a v io r  had  no e f f e c t ,  e x c e p t f o r  s t a r t i n g  th e  s e s s io n .

2 -  D is c r im in a tiv e  pun ishm en t: chese  s e s s io n s  w ere s im i la r  to  th o se  in

th e  B a s e lin e  p ro ced u re  w ith  th e  e x c e p tio n  th a t  a  2 mA e l e c t r i c  shock  was 

d e l iv e r e d  im m ediately  a f t e r  th e  n e u t r a l  s tim u lu s  o f f s e t  i f  th e  s u b je c t  

had  e m itte d  one o r  more re sp o n se s  d u r in g  th e  10-second s tim u lu s  

p r e s e n ta t io n .  The n e u t r a l  s t im u lu s  was th u s  a s s o c ia te d  w ith  shock  

d e l iv e r y  and w i l l  be r e f e r r e d  to  a s  c o n d i t io n a l  s tim u lu s  (C S). I f  th e
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s u b je c t  d id  n o t  re sp o n d  d u rin g  th e  CS p r e s e n ta t io n ,  th e  e l e c t r i c  

shock was n o t d e l iv e r e d .

3 - R ecovery: th e  c o n d it io n s  d u rin g  th e se  s e s s io n s  w ere th e  same as

under th e  B a se lin e  p ro c e d u re .

In  a d d i t io n ,  s e v e r a l  t e s t i n g  p ro ced u res  w ere in te r s p e r s e d  in  

t r a in in g  s e s s io n s  and  w i l l  be d e sc r ib e d  in  d e t a i l  f o r  each  group l a t e r  

on. They a l l  c o n s is te d  o f  10-m inute s e s s io n s  in  w hich th e  same t r a in in g  

CS was tu rn e d  on a t  a  d i f f e r e n t  tim e , rem ain ing  on f o r  th e  r e s t  o f 

th e  s e s s io n .  The a n im a l’s  b e h a v io r  had no e f f e c t  d u rin g  t e s t  s e s s io n s  

and no shocks w ere d e l iv e r e d .

The g roups w ere form ed on th e  b a s is  o f th e  fo llo w in g  d i f f e r e n t  

t r a in in g  c o n d i t io n s  o r  in d ep en d en t v a r ia b le s :

-  n a tu re  o f  th e  s t im u lu s : e i t h e r  v i s u a l  o r  a u d i to r y ,  and

-  tim e o f s tim u lu s  o n se t d u rin g  t r a i n i n g : e i t h e r  a t  th e  m idd le  o f  th e

s e s s io n  o r  a t  th e  b eg in n in g  of i t .

In  a d d i t io n ,  a l l  s u b je c t s  w ere te s t e d  on a t h i r d  in d ep en d en t 

v a r ia b le :

-  tim e o f s tim u lu s  o n s e t  d u rin g  t e s t i n g : a t  th e  b e g in n in g  o f  th e

s e s s io n ,  a t  th e  m id d le , and a t  th e  end o f th e  s e s s io n .

Responses w ere re c o rd e d  in  60 10-second b in s .  S e v e ra l dependent 

v a r ia b le s  w ere com puted d a i ly  f o r  each s u b je c t :

1 -  Pre-CS re sp o n se  r a t e : mean resp o n se  r a t e  ( in  l i c k s  p e r  second) 

d u rin g  th e  10 seconds im m ed ia te ly  p r io r  to  CS o n s e t .

2 - CS re sp o n se  r a t e : mean re sp o n se  r a t e  d u rin g  th e  10 seconds o f

s tim u lu s  p r e s e n ta t io n .
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3 - Post-C S re sp o n se  r a t e : mean re sp o n se  r a t e  d u r in g  th e  10 seconds

im m ed ia te ly  fo llo w in g  CS o f f s e t .

4 -  Mean s e s s io n  re sp o n se  r a t e ; av e rag e  re sp o n se  r a t e  f o r  th e  w hole 

s e s s io n  (600 s e c o n d s ) .

5 -  S u p p re ss io n  r a t i o : th e  amount of re sp o n se  su p p re s s io n  d u rin g  some

p e rio d  i n  th e  s e s s io n  was computed by th e  fo rm u la  A/B, w here A 

r e p r e s e n t s  th e  respon 'se r a t e  d u rin g  t h a t  g iv en  p e r io d  and IS r e p r e s e n ts  

th e  mean s e s s io n  resp o n se  r a t e .  A s u b je c t  re sp o n d in g  d u r in g  th e  

p e r io d  in  q u e s tio n  a t  th e  same r a t e  m a in ta in e d , on th e  a v e ra g e , 

d u rin g  th e  s e s s io n  would have a  r a t i o  o f  1 .0 ;  a  s u b je c t  n o t

re sp o n d in g  a t  a l l  d u rin g  th a t  p e r io d  would have a  r a t i o  o f  z e ro .

The low er th e  r a t i o  th e  g r e a te r  th e  re sp o n se  s u p p re s s io n .

D uring d is c r im in a t iv e  punishm ent c o n d it io n s  th e  p e rc e n t  o f  shocks 

re c e iv e d  by th e  s u b je c t  was a ls o  c a l c u la te d .

The number o f  s e s s io n s  and th e  o rd e r  in  w hich p ro c e d u re s  w ere

p re s e n te d  f o r  each  group a r e  shown in  T ab le  I .

F ig u re  1 shows th e  b a s ic  s t a t e  d iagram  f o r  th e  d is c r im in a t iv e  

punishm ent p ro ced u re  used  f o r  a l l  th e  g ro u p s . S ta te  s e t  one ( S . S . l , )  

i s  i n i t i a l i z e d  by th e  f i r s t  l i c k in g  re sp o n se  (R3) w hich tu r n s  on th e  

background s t im u l i  (A ), s t a r t i n g  th e  s e s s io n .  A f te r  a  f ix e d  tim e  h as  

e la p se d  from  th e  b eg in n in g  o f th e  s e s s io n  ( t l ) , a  s tim u lu s  (B) i s  

p re s e n te d  and , i f  th e  s u b je c t  makes no re sp o n se s  d u rin g  th e  fo llo w in g  

10 seco n d s , th e  s tim u lu s  i s  tu rn e d  o f f  (C) and th e  s e s s io n  c o n tin u e s  f o r  

a  f ix e d  amount o f tim e ( t 2 ) , a f t e r  w hich a l l  s t im u l i  a r e  tu rn e d  o f f .

Any re sp o n se s  made d u rin g  th e  s tim u lu s  p r e s e n ta t io n  (B) g e n e ra te  a  p u ls e  

(Z5) th a t  s e t s  up th e  shock d e l iv e ry  in  S .S .2 , w ith o u t a f f e c t i n g  th e
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s tim u lu s  d u r a t io n .  S ta te  s e t  two (S .S .2 , )  c o n t r o l s  th e  d e l iv e ry  o f 

shock . The p u ls e  g e n e ra te d  by a re sp o n se  d u r in g  th e  s tim u lu s  

p r e s e n ta t io n  (B) s e t s  up th e  d e l iv e ry  o f  a  0 .2 4 -se c o n d  shock (S -) to  

o ccu r c o in c id e n ta l ly  w ith  th e  o f f s e t  o f  th e  s tim u lu s  (C ).

The b a s ic  s t a t e  d iagram  f o r  b a s e l in e  and re c o v e ry  p ro ced u re s  i s  

th e  sam e, c o n s is t in g  o n ly  o f  S .S . l  f o r  th e  pun ishm ent p ro ced u re  (F ig . 1 ) .

T ab le  I I  shows th e  s t im u l i  c o n d it io n s  and  tim e v a lu e s  f o r  a l l  

t r a i n in g  p ro c e d u re s  f o r  each  group .

F ig u re  2 shows th e  b a s ic  s t a t e  d iag ram s f o r  th e  d i f f e r e n t  t e s t  

p ro c e d u re s  u sed  f o r  a l l  g ro u p s . For T e s t 1 th e  CS was tu rn e d  on w ith  

th e  f i r s t  l i c k ,  rem a in in g  on f o r  th e  w hole s e s s io n .  W ith th e  e x c e p tio n  

o f Group IB , th e  h o u s e l ig h t  was a ls o  tu rn e d  on w ith  th e  f i r s t  l i c k  and 

rem ained on u n t i l  th e  end o f th e  s e s s io n  f o r  a l l  th e  t e s t i n g  p ro c e d u re s . 

For T e s t 2 th e  f i r s t  l i c k  i n i t i a l i z e d  th e  s e s s io n ,  tu rn in g  on th e  

background s t i m u l i  (A ). A f te r  10 seco n d s th e  CS was p r e s e n te d ,  

ream in in g  on f o r  th e  r e s t  o f  th e  s e s s io n .  F or T e s t 3 th e  f i r s t  l i c k  

i n i t i a l i z e d  th e  s e s s io n ,  and a f t e r  580 seco n d s th e  CS was p re s e n te d ,  

ram in in g  on f o r  th e  l a s t  20 seconds o f th e  s e s s io n .  F o r T e s t  4 th e  f i r s t  

l i c k  i n i t i a l i z e d  th e  s e s s io n ,  tu rn in g  on th e  CS th a t  rem ained  on f o r  

th e  w hole s e s s io n ,  e x c e p t f o r  th e  10 seconds in  th e  m idd le  when th e  

CS was tu rn e d  o f f .

A d e t a i l e d  d e s c r ip t io n  o f  th e  p ro c e d u re s  u sed  f o r  each  group fo llo w s

Group 1 :

Phase A: fo u r  s u b je c t s  w ere t r a in e d  f o r  t h i s  p hase  w ith  a  2900 Hz to n e

tu rn e d  on f o r  10 seco n d s as  CS a t  th e  m idd le  o f  th e  s e s s io n .  The
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T ab le  I :  Sequence o f  p ro c e d u re s  and number o f  s e s s io n s
in  each  c o n d it io n  f o r  each group.
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TABLE 1

SEQUENCE OF PROCEDURES AND NUMBER OF SESSIONS IN EACH CONDITION FOR 
EACH GROUP.

PROCEDURE NUMBER OF SESSIONS

Group 1A Group IB Group 2 Group 3

B a s e lin e 14 14 13 13

Punishm ent I 14 14 14 14

Recovery I 14 8 9 9

Punishm ent I I 5 6 8 8

T e s t 1 2 2 2 2

R ecovery I I 5 2 2 2

Punishm ent I I I 3 3 3 3

T est 2 2 2 2 2

R ecovery I I I 4 2 2 2

Punishm ent IV 3 4 3 3

T e s t 3 2 2 2 2

R ecovery IV 3 2 2 2

Punishm ent V 3 3 3 3

T e s t 4 2 2 2 2

R ecovery V 1 1 1 1
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F igure 1: B a s ic  s t a t e  diagram f o r  th e  d is c r im in a t iv e
punishm ent procedure used  f o r  a l l  grou p s.
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T able I I :  S tim u li  c o n d i t io n s  and tim e  v a lu e s  f o r  t r a i n in g
p ro c e d u re s  f o r  each  group . See F ig . 1 f o r  a  
d e s c r ip t io n  o f  th e  p ro c e d u re s .
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TABLE I I

STIMULI CONDITIONS AND TIME VALUES FOR TRAINING PROCEDURES FOR EACH GROUP.

Group 1A Group IB Group 2 Group 3

H o u se lig h t on H o u se lig h t on H o u se lig h t on H o u se lig h t on
A Tone o f f Tone o f f Tone o f f Tone on

Tone on .4 "  h o u s e l ig h t  o f f , Tone on Tone o f f
B .4 "  h o u s e l ig h t  on

C Tone o f f H o u se lig h t on Tone o f f Tone on

T1 280 seconds 280 seconds 10 seconds 280 seconds

T2 310 seconds 310 seconds 580 seconds 310 seconds

A= Background s t im u l i  f o r  s e s s io n  
B= CS o n se t 
C= CS o f f s e t
Tl= Time from s t a r t  o f  s e s s io n  to  CS o n se t 
T2= Time from  CS o f f s e t  to  encl o f s e s s io n

OJJO



F ig u r e  2 B a s ic  s t a t e  diagram s f o r  th e  d i f f e r e n t
t e s t  procedures used  f o r  a l l  grou p s.
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background s t im u l i  (A, i n  F ig . 1) f o r  t h i s  group c o n s is te d  of. h o u s e lig h t 

on , to n e  o f f ;  th e  s tim u lu s  o n se t (B) was to n e  on; s t im u lu s  o f f s e t

(C) was to n e  o f f .  The tim e  from th e  s t a r t  o f  th e  s e s s io n  to  s tim u lu s

o n se t ( t l )  was 280 seco n d s; th e  tim e  from  s tim u lu s  o f f s e t  to  th e  end

of- th e  s e s s io n  ( t2 )  was 310 seconds.

T e s t 1 ( s e e  F ig . 2) c o n s is te d  o f  th e  to n e  b e in g  tu rn e d  on f o r  

th e  w hole s e s s io n .  For T est 2 th e  to n e  was tu rn e d  on a f t e r  th e  f i r s t  

10 seconds and  rem ained on f o r  th e  r e s t  o f  th e  s e s s io n .  For T e s t 3 

th e  to n e  was tu rn e d  on f o r  th e  l a s t  20 seconds o f th e  s e s s io n s .  For 

T e s t 4 th e  to n e  was on f o r  th e  whole s e s s io n ,  b e in g  tu rn e d  o f f  f o r  

10 seconds a t  th e  280th  second o f  th e  s e s s io n .

Phase B: th e  same fo u r  s u b je c ts  from  p hase  A w ere th e n  t r a in e d  w ith

th e  h o u s e l ig h t  f l i c k e r in g  on and o f f  ev e ry  0 .4  second f o r  10 seconds 

a s  th e  CS. The t r i a l  was p re se n te d  a t  th e  m id d le  o f th e  s e s s io n ,  as  

b e fo re .  The background s t im u l i  (A, in  F ig . 1) f o r  t h i s  group were 

h o u s e l ig h t  on , to n e  o f f ;  th e  CS o n se t (B) was th e  h o u s e l ig h t  f l i c k e r in g  

on and o f f ;  CS o f f s e t  (C) was th e  h o u s e l ig h t  c o n tin u o u s ly  on. The 

tim e from  th e  s t a r t  of th e  s e s s io n  to  CS o n se t ( t l )  was 280 seco n d s; 

th e  tim e  from  CS o f f s e t  to  th e  end o f  th e  s e s s io n  ( t2 )  was 310 seco n d s .

T e s t 1 (s e e  F ig . 2) c o n s is te d  o f  th e  h o u s e l ig h t  f l i c k e r in g  on 

and o f f  f o r  th e  w hole s e s s io n .  D uring T e s t 2 th e  h o u s e l ig h t  was on 

f o r  th e  f i r s t  10 seconds and then  s t a r t e d  t o  f l i c k e r  f o r  th e  rem ainder 

o f th e  s e s s io n .  D uring  T e s t 3 th e  h o u s e l ig h t  was f l i c k e r in g  f o r  th e  

l a s t  20 seconds o f  th e  s e s s io n ,  b e ing  c o n tin u o u s ly  on f o r  th e  f i r s t  

580 seco n d s . D uring  T e s t 4 th e  h o u s e l ig h t  was f l i c k e r in g  f o r  th e
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w hole s e s s io n ,  b e in g  c o n tin u o u s ly  on a t  th e  m id d le  o f  th e  s e s s io n  f o r  

10 seco n d s , a f t e r  w hich  i t  s t a r t e d  t o  f l i c k e r  ag a in  f o r  th e  r e s t  o f  

th e  s e s s io n .

Group 2 :

Four d i f f e r e n t  s u b je c t s  w ere t r a i n e d  w ith  a 2900 Hz to n e  a s  th e  

CS and th e  t r i a l  was p re s e n te d  a f t e r  th e  f i r s t  10 seconds o f  th e  

s e s s io n .  The background  s t im u l i  (A, in  F ig . 1) f o r  t h i s  group w ere 

h o u s e lig h t on, to n e  o f f ;  th e  CS o n se t (B) was to n e  on; CS o f f s e t  (C) 

was to n e  o f f .  The tim e  from  th e  s t a r t  o f th e  s e s s io n  to  CS o n s e t  ( t l )  

was 10 seco n d s; th e  tim e  from  CS o f f s e t  to  th e  end o f  th e  s e s s io n  ( t2 )  

was 580 seco n d s.

The t e s t  p ro c e d u re s  ( s e e  F ig .  2) u t i l i z e d  f o r  t h i s  group w ere 

e x a c tly  th e  same a s  th o s e  u sed  f o r  group 1A.

Group 3 :

Four new s u b je c t s  w ere  t r a in e d  w ith  a  CS c o n s is t in g  o f  tu r n in g  o f f  

a 2900 Hz to n e  f o r  10 se c o n d s . The t r i a l  was p re s e n te d  a t  th e  m idd le  

o f th e  s e s s io n .  The background s t im u l i  (A, in  F ig . 1) f o r  t h i s  group 

were h o u s e lig h t  o n , to n e  on ; th e  CS o n s e t (B) was to n e  o f f ;  CS o f f s e t  

(C) was to n e  on. The tim e  from  th e  s t a r t  o f th e  s e s s io n  to  th e  CS o n s e t

( t l )  was 280 se c o n d s ; th e  tim e from  CS o f f s e t  to  th e  end o f  th e  s e s s io n

( t2 )  was 310 seco n d s .

T e s t 1 ( s e e  F ig .  2) c o n s is te d  o f  th e  to n e  b e in g  o f f  d u r in g  th e  

whole s e s s io n .  F o r  T e s t 2 th e  to n e  was on f o r  th e  f i r s t  10 seco n d s

and th e n  i t  was tu rn e d  o f f  f o r  th e  r e s t  o f  th e  s e s s io n .  F o r T e s t 3
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th e  to n e  was on f o r  th e  f i r s t  580 seconds o f  th e  s e s s io n  and th e n  i t  

was tu rn e d  o f f  f o r  th e  rem ain in g  20 seco n d s . For T e s t 4 th e  to n e  was 

o f f  d u rin g  th e  w hole s e s s io n ,  b e in g  tu rn e d  on in  th e  m id d le  f o r  10 

seco n d s.
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RESULTS

F or a l l  th e  f ig u r e s  in  t h i s  s e c t io n ,  CS re sp o n se  r a te s  (open 

c i r c l e s )  i n d i c a t e  th e  average l i c k in g  r a t e ,  in  re sp o n ses  p e r  second , 

d u rin g  th e  10 seconds o f th e  CS p r e s e n ta t io n  f o r  t r a in in g  c o n d i t io n s ,  

and th e  a v e ra g e  l i c k in g  r a t e  d u rin g  th e  f i r s t  10 seconds o f  th e  CS 

f o r  t e s t  c o n d i t io n s .  Second CS re sp o n se  r a t e s  ( t r i a n g le s )  in d ic a te  

th e  a v e ra g e  re sp o n se  r a t e  d u rin g  th e  f i r s t  10 seconds o f th e  

r e - i n i t i a t i o n  o f th e  CS d u rin g  T es t 4 . S e s s io n  resp o n se  r a t e s  

( f i l l e d  c i r c l e s )  in d ic a te  av e rag e  re sp o n se  r a t e s  d u rin g  th e  whole 

s e s s io n .

S u p p re ss io n  r a t i o s  w ere c a lc u la te d  by d iv id in g  th e  10-second 

re sp o n se  r a t e  d u rin g  th e  p e r io d  in  q u e s tio n  ( e i t h e r  b e fo re ,  d u r in g , o r  

a f t e r  CS p r e s e n ta t io n )  by th e  av e ra g e  re sp o n se  r a t e  d u rin g  th e  whole 

s e s s io n .  A r a t i o  o f  1 .0  in d ic a te s  no s u p p re s s io n  o f  l i c k s  d u rin g  th e  

10-se c o n d  p e r io d ,  w h ile  a  r a t i o  o f  ze ro  in d i c a te s  com plete su p p re s s io n  

o f re sp o n d in g  d u rin g  th a t  p e r io d .

Group 1 :

F ig u re  3 shows th e  me<iu re sp o n se  r a t e ,  i n  re sp o n se s  p e r  second , 

f o r  a l l  s u b je c t s  in  group 1 , phase A, f o r  each  c o n d it io n . B a se lin e  

d a ta  shows th a t  CS re sp o n se  r a t e s  w ere h ig h e r  o r  e q u a l to  average  

s e s s io n  r a t e s  f o r  th r e e  o f th e  fo u r  s u b je c t s .  O v e ra ll  response  r a t e s  

w ere v e ry  s t a b l e  a c ro s s  c o n d itio n s  f o r  a l l  s u b je c t s  and , excep t f o r  

R824 d u rin g  T e s t 1 , th e re  was no o v e r a l l  su p p re s s io n  o f resp o n d in g

38
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F ig u re  3 : Mean re sp o n se  r a t e s  ( in  l i c k s  p e r  seco n d ) as  a  fu n c tio n
o f c o n d i t io n s ,  f o r  each  s u b je c t  in  group 1A. IJ in d ic a te s  
b a s e l in e  p ro c e d u re ; in d ic a te s  pun ish m en t; and R 
in d ic a te s  re c o v e ry . T es t p ro ced u re s  a r e  in d ic a te d  by 
th e  numbers to  4^ D ata p o in ts  f o r  b a s e l in e ,  pun ishm en t, 
and f i r s t  re c o v e ry  c o n d itio n s  a re  a v e ra g e s  of th e  l a s t  
two days in  th o s e  c o n d i t io n s .  D ata p o in t s  f o r  reco v e ry  
c o n d itio n s  a f t e r  each  t e s t  a r e  a v e ra g e s  o f  th e  f i r s t  two 
days i n  t h a t  c o n d i t io n .  D ata p o in t s  f o r  t e s t  p ro ced u re s  
in d ic a te  re s p o n se  r a t e s  in  th e  f i r s t  day  o f  th e  c o n d it io n .
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d u rin g  t e s t  c o n d i t io n s .  The f i r s t  punishm ent p ro c e d u re  produced  a lm o st 

com plete su p p re s s io n  o f  re sp o n d in g  d u rin g  CS p r e s e n ta t io n  i n  a l l  s u b je c t s ,  

and reco v e ry  was v a r i a b l e  a c ro s s  r a t s .  For each  s u b je c t ,  th e  amount 

o f reco v e ry  fo llo w in g  th e  second punishm ent c o n d i t io n  d e c re a se d , 

g e n e ra l ly ,  to  a  v e ry  low  l e v e l .  D uring T es t 1 , re p o n se  r a t e s  d u r in g  

th e  f i r s t  10 seconds o f  th e  CS (0 to  10 seconds from  s t a r t  o f s e s s io n )  

w ere h ig h e r  th a n  th e  mean s e s s io n  r a t e s  f o r  th r e e  o f  f o u r  s u b je c t s .

For th e  s u b je c t  whose r a t e  was su p p re sse d  d u rin g  th e  CS to  punishm ent 

l e v e l s ,  th e  mean s e s s io n  r a t e  was n o t  d e p re sse d . D uring  T e s t 2 r a t e s  

i n  th e  f i r s t  10 seco n d s o f th e  CS (10 to  20 seconds from  s t a r t  o f  

s e s s io n )  w ere h ig h e r  th a n  th e  av e rag e  f o r  t h a t  s e s s io n  in  two o f th e  

s u b je c t s ,  w h ile  r a t e s  w ere  low er th a n  th e  o v e r a l l  b u t  above th e  CS 

r a t e s  d u rin g  t r a i n in g  c o n d i t io n s  f o r  th e  o th e r  two s u b je c t s .  R824 

had i t s  h ig h e s t  re s p o n s e  r a t e  d u rin g  t h i s  t e s t .  The d a ta  f o r  T e s t 3 

showed a lm ost com plete  su p p re s s io n  o f  re sp o n d in g  d u r in g  th e  f i r s t  10 

seconds o f  th e  CS (580 to  590 seconds from  s t a r t  o f  s e s s io n )  f o r  a l l  

s u b je c t s .  T e s t 4 d a ta  showed v e ry  h ig h  re sp o n se  r a t e s  d u r in g  th e  

f i r s t  10 seconds o f th e  CS (0 to  10 seconds from  s t a r t  o f  s e s s io n )  f o r  

a l l  s u b je c t s .  F or th r e e  o f  th e  fo u r  s u b je c ts  t h e i r  h ig h e s t  re sp o n se  

r a t e s  o ccu rred  d u r in g  t h i s  f i r s t  p r e s e n ta t io n  o f  th e  CS, w hich o n se t 

o ccu rred  a t  th e  same tim e  a s  i n  T e s t 1 . Two o f  th e  s u b je c t s  showed 

l i t t l e  d isc re p a n c y  betw een  th e  re sp o n se  r a te s  f o r  th e  two c o n d i t io n s ,  

a n o th e r  r a t  showed some d is c re p a n c y , and th e  f o u r th  s u b je c t  showed a  

d ram a tic  d i f f e r e n c e  be tw een  th e  two c o n d i t io n s ,  w ith  re sp o n se  r a t e s  

d u rin g  T e s t 4 b e in g  h ig h e r  i n  a l l  c a s e s .  A f te r  280 seco n d s had 

e la p se d  from  th e  s t a r t  o f  th e  s e s s io n  th e  CS was tu rn e d  o f f  f o r  10
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seconds and  th e n  p re s e n te d  a g a in . R esponding d u rin g  th e  f i r s t  10 

seconds o f th e  second  CS p r e s e n ta t io n  (290 to  300 seconds from  th e  

s t a r t  of s e s s io n )  was a lm ost co m p le te ly  su p p resse d  f o r  a l l  s u b je c t s .

T h is  CS o n se t o c c u rre d  o n ly  10 seco n d s a f t e r  th e  u s u a l CS o n s e t tim e 

d u rin g  t r a i n in g  c o n d i t io n s ,  and  th e r e  i s  no d isc re p a n c y  betw een th e  

CS resp o n se  r a t e s  d u r in g  t h i s  p a r t  o f  th e  t e s t  and CS r a t e s  d u rin g  

t r a in in g  c o n d itio n s  f o r  any o f  th e  s u b je c t s .

T able I I I  shows th e  a b s o lu te  number o f  l i c k s  reco rd ed  i n  10 -second  

b in s  f o r  th e  f i r s t  40 seconds o f  th e  s e s s io n ,  f o r  th e  50 seconds in  

th e  m id d le , and f o r  th e  l a s t  40 seconds o f  th e  s e s s io n .  D ata  a re  

p re s e n te d  f o r  each  s u b je c t  f o r  th e  f i r s t  day of each  t e s t  c o n d i t io n  

and f o r  th e  f i r s t  day  o f reco v e ry  p ro c e d u re s  a f t e r  t e s t  d a y s . The 

l a s t  d is c r im in a t iv e  punishm ent s e s s io n  b e fo re  T e s t 1 i s  a ls o  shown.

T h is  group was t r a i n e d  w ith  th e  CS p re s e n te d  d u rin g  b in  29. U n d erlin ed  

numbers in d ic a te  th e  f i r s t  10 seco n d s o f  th e  CS p r e s e n ta t io n  f o r  each 

s e s s io n .  D uring t r a i n in g  s e s s io n s  th e  CS in  b in  29 m arkedly  reduced  

l i c k in g  f o r  a l l  s u b je c t s .  The a v e ra g e  re sp o n se  r a t e ,  in  l i c k s  p e r  

second , d u rin g  each  b in  i s  c a lc u la te d  by d iv id in g  th e  number o f l i c k s  

in  th e  b in  by te n .  G e n e ra lly , th e  CS re sp o n se  r a t e  in  th e  f i r s t  

re c o v e ry  c o n d i t io n  a f t e r  each  t e s t  i s  q u i t e  low , betw een .00  and .02  

l i c k s  p e r  seco n d . In  most c a s e s ,  th e r e  was no marked d e c re a se  in  

resp o n d in g  d u rin g  th e  20 seconds p re c e d in g  th e  o n se t o f th e  CS (b in s  

27 and 2 8 ) ,  w h ile  re sp o n d in g  d u r in g  th e  10 seconds a f t e r  CS o f f s e t  

(b in  30) d id  n o t  re a c h  th e  l e v e l s  found  b e fo re  CS p r e s e n ta t io n .

Recovery o f re sp o n d in g  to  t h i s  p r e —CS l e v e l  was u s u a l ly  found a f t e r  

th e  11 th  second from  CS o f f s e t  (b in  3 1 ) . R esponding d u rin g  th e  f i r s t
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T able I I I :  Number o f  l i c k s  in  10 -second  b in s  a t  b e g in n in g , m id d le ,
and end o f s e s s io n  f o r  th e  l a s t  day o f d is c r im in a t iv e  
punishm ent c o n d itio n  b e fo re  T e s t 1 , f o r  th e  f i r s t  day 
o f  each  t e s t  c o n d i t io n ,  and f o r  th e  f i r s t  day o f  reco v e ry  
p ro c e d u re  a f t e r  each  t e s t ,  f o r  s u b je c t s  in  group 1A.
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TABLE I I I

NUMBER OF LICKS IN 10-SECOND BINS AT BEGINNING, MIDDLE, AND END OF 
SESSION FOR SUBJECTS IN GROUP 1A.

CONDI
TION

BIN NUMBER

1 2 3 4 . . . 2 7  28 29 30 3 1 . . .5 7  58 59 60

821
P 56 35 6 6 63 6 6 65 1 2 1 67 0 40 24 25
T l 1 0 19 65 61 62 60 61 61 0 0 32 6 8
R 6 6 62 61 59 61 61 0 16 64 9 0 0 4
T2 69 24 6 8 6 6 56 0 29 62 60 0 1 67 0
R 70 67 6 8 6 6 63 62 1 36 65 0 0 56 41
T3 65 64 63 62 43 53 41 63 49 67 61 1 0
R 72 70 67 67 4 65 23 65 67 13 48 48 65
T4 70 6 6 67 64 0 62 63 1 53 4 0 0 0
R

822
67 65 64 62 62 62 1 2 2 65 67 50 30 46

P 6 8 64 62 62 60 46 0 13 67 6 6 65 26 1 0
Tl 53 60 60 60 57 30 0 35 63 62 62 49 2
R 6 8 65 63 65 63 63 1 37 64 0 37 6 8 6 6
T2 65 40 65 64 3 0 28 65 62 65 5 0 0
R 70 6 6 64 63 61 61 1 26 65 31 2 0 0
T3 6 8 63 62 62 41 0 15 63 62 41 27 0 0
R 70 65 64 63 45 17 0 51 62 O 38 23 0
T4 70 65 64 62 61 59 49 1 45 62 62 35 0
R

823
70 6 6 54 64 4 54 1 38 65 6 8 2 1 16 23

P 70 6 6 65 60 49 0 0 34 42 0 0 42 40
T l 57 65 64 62 64 63 61 59 61 30 40 64 62
R 6 6 6 6 62 52 62 36 1 54 6 6 64 24 62 38
T2 72 48 65 6 6 65 50 0 44 46 54 17 65 0
R 74 73 60 58 47 62 0 29 6 8 28 27 25 2 0
T3 64 65 53 62 63 63 8 45 49 0 7 0 0
R 6 6 6 6 69 61 65 64 2 18 6 8 53 0 0 0
T4 63 67 65 57 64 64 61 0 0 0 0 0 0
R

824
71 64 60 67 0 0 0 31 6 8 65 36 55 30

P 70 56 53 4 57 52 1 42 57 57 56 37 49
T l 65 52 28 1 0 1 0 0 59 45 58 58 58 59 58
R 65 64 54 1 1 24 49 0 0 2 2 60 55 57 55
T2 72 6 8 63 36 59 57 46 57 62 14 3 64 0
R 74 67 39 45 56 54 0 57 60 58 60 52 63
T3 65 63 47 35 55 17 0 33 60 56 36 0 1 0
R 70 54 39 61 58 57 1 24 63 63 59 58 55
T4 67 61 55 48 49 55 41 1 34 1 0 55 53 57
R 6 8 61 25 3 49 59 2 45 61 59 57 58 57
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40 seconds o f th e  s e s s io n  was v e ry  s t a b l e  w ith in  s u b je c t s  and a t  h ig h  

r a t e s .  R824 showed a  c o n s is te n t  d e c re a se  in  l i c k s  around  b in s  3 and 

4 . Responding d u rin g  th e  l a s t  40 seconds o f th e  s e s s io n  was v a r i a b l e ,  

b u t u s u a lly  a t  low er l e v e l s  th a n  e a r l i e r  in  th e  s e s s io n .  T e s t d a ta  

show th e  amount o f r e d u c t io n  in  re sp o n d in g , i f  any , d u rin g  each  b in .

In  some c a se s  th e re  was a  marked d e c re a se  in  re sp o n d in g  d u rin g  b in s  

27, 28, 29 a n d /o r  30, th e  u s u a l  p la c e  o f CS o n s e t ,  f o r  a l l  s u b je c t s .

R822 showed t h i s  e f f e c t  f o r  th r e e  o f  th e  fo u r  t e s t  p ro c e d u re s .

Table IV shows th e  mean p re -C S , CS, and post-C S  s u p p re s s io n  r a t i o s  

f o r  each c o n d it io n  f o r  s u b je c t s  in  group 1A. B a s e l in e ,  pun ishm en t, 

and f i r s t  b lo c k  of re c o v e ry  c o n d it io n s  a re  av e rag es  o f th e  l a s t  two 

s e s s io n s  i n  each  p ro c e d u re . A ll  o th e r  reco v e ry  c o n d i t io n s  a r e  

av e rag es  o f th e  f i r s t  two s e s s io n s  in  t h a t  p ro c e d u re . T e s t c o n d i t io n s  

a r e  d a ta  f o r  th e  f i r s t  day in  each  p ro ced u re . In  m ost c a s e s  th e r e  was. 

more su p p re ss io n  a f t e r  th e  CS o f f s e t  th a n  b e fo re  i t s  p r e s e n ta t io n .

CS r a t i o s  w ere v e ry  c lo s e  to  z e ro ,  in d ic a t in g  a  marked s u p p re s s io n  

of respond ing  d u rin g  th e  CS, ex cep t f o r  b a s e l in e  c o n d it io n  and some 

t e s t  days.

F ig u re  4 shows th e  mean re sp o n se  r a t e s  f o r  a l l  s u b je c t s  in  group 

1, phase B, f o r  each c o n d i t io n .  B a s e lin e  CS re sp o n se  r a t e s  w ere h ig h e r  

o r  eq u a l to  o v e r a l l  re sp o n se  r a t e s  f o r  th r e e  o f th e  fo u r  s u b je c t s .  

S ess io n  resp o n se  r a t e s  w ere s t a b l e  a c ro s s  c o n d it io n s  f o r  th r e e  o f  th e  

s u b je c t s ,  and th e r e  was some v a r i a b i l i t y  f o r  th e  o th e r  s u b je c t .  R821 

showed a d e c re a se  i n  o v e r a l l  re sp o n se  r a t e  d u rin g  T e s t 4 , R822 showed 

a d e c re a se  in  o v e r a l l  r a t e  d u rin g  T e s t 3 , and th e  o v e r a l l  s e s s io n  r a t e s  

f o r  R824 and R822 w ere s l i g h t l y  low er th a n  av e ra g e  d u r in g  T e s t 1 . T here
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Table IV: Mean p re -C S , CS, and post-C S  s u p p re s s io n  r a t i o s  f o r  each
c o n d i t io n  f o r  s u b je c t s  i n  group 1A. B a s e l in e ,  pun ishm en t, 
and f i r s t  b lo c k  o f  reco v e ry  c o n d i t io n s  a r e  a v e ra g e s  o f 
th e  l a s t  two s e s s io n s  in  each  p ro c e d u re . A ll  o th e r  
re c o v e ry  c o n d i t io n s  a re  a v e ra g e s  o f  th e  f i r s t  two s e s s io n s  
i n  t h a t  p ro c e d u re . T es t c o n d i t io n s  a r e  d a ta  f o r  th e  f i r s t  
day i n  each  p ro ced u re .
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F ig u re  4 : Mean resp o n se , r a t e s  ( in  l i c k s  p e r  second) a s  a  fu n c tio n  o f
c o n d i t io n s ,  f o r  each  s u b je c t  i n  group IB . J5 in d i c a te s  
b a s e l in e  p ro c e d u re ; P in d ic a te s  p u n ishm en t; and R in d i c a te s  
re c o v e ry . T e s t p ro ced u re s  a re  in d ic a te d  by th e  numbers _1 
to  41. D ata  p o in t s  f o r  b a s e l in e ,  pun ishm en t, and f i r s t  
re c o v e ry  c o n d i t io n s  a r e  av erag es  o f  th e  l a s t  two days in  
th o se  c o n d i t io n s .  D ata p o in ts  f o r  re c o v e ry  c o n d it io n s  
a f t e r  each  t e s t  a r e  av e ra g es  o f  th e  f i r s t  two days in  
th a t  c o n d i t io n .  D ata p o in ts  f o r  t e s t  p ro c e d u re s  in d ic a te  
re sp o n se  r a t e s  in  th e  f i r s t  day o f th e  c o n d i t io n .
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was no o v e r a l l  s u p p re s s io n  d u rin g  th e  o th e r  t e s t  p ro c e d u re s . The 

f i r s t  punishm ent p ro c e d u re  produced  a lm o s t com plete s u p p re s s io n  o f  

respond ing  d u rin g  CS p r e s e n ta t io n  i n  a l l  s u b je c t s ,  and l i t t l e  recovery- 

o ccu rred  a f t e r  t h i s  c o n d i t io n .  R ecovery a f t e r  th e  second punishm ent 

c o n d it io n  was v a r i a b le  a c ro s s  r a t s .  D uring T e s t 1 re sp o n se  r a t e s  

w ere h ig h e r  th a n  th e  mean s e s s io n  r a t e s  d u rin g  th e  f i r s t  1 0  seconds o f 

th e  CS (0 to  10 seconds from  s t a r t  o f  s e s s io n )  f o r  a l l  s u b j e c t s .  T hree 

r a t s  showed th e  h ig h e s t  r a t e s  d u rin g  t h i s  siession . In  T e s t 2 , re sp o n se  

r a t e s  d u rin g  th e  f i r s t  10 seconds o f  th e  CS (10 to  20 seco n d s from  s t a r t  

o f  s e s s io n )  w ere h ig h e r  th a n  th e  s e s s io n  mean f o r  a l l  s u b je c t s .  D ata 

f o r  T e s t 3 showed a lm o st com plete  s u p p re s s io n  o f re sp o n d in g  d u rin g  

th e  f i r s t  10 seconds o f th e  CS (580 to  590 seconds from  s t a r t  o f 

s e s s io n )  f o r  a l l  s u b je c t s .  T e s t 4 d a ta  showed h ig h  re sp o n se  r a t e s  

d u rin g  th e  f i r s t  10 seconds o f  th e  CS (0 to  10 seconds from  s t a r t  o f 

s e s s io n )  fo r  a l l  s u b je c t s .  T hree o f  th e  fo u r  s u b je c ts  showed a lm o st 

no d isc rep a n cy  betw een CS re sp o n se  r a t e s  d u rin g  T es t 1 and th e  f i r s t  

p r e s e n ta t io n  o f th e  CS i n  T e s t 4 . R823 showed some d is c re p a n c y

betw een th e  r a t e s  o f  th e s e  c o n d i t io n s  and , ex cep t f o r  t h i s  s u b je c t ,  

re sp o n se  r a t e s  w ere h ig h e r  d u rin g  T e s t  1. Response r a t e s  d u r in g  th e  

f i r s t  10 seconds o f  th e  second  o n se t o f  th e  CS (290 to  300 seco n d s from  

s t a r t  o f s e s s io n )  w ere low er th a n  f o r  th e  f i r s t  o n se t f o r  a l l  s u b je c t s .  

However, th e s e  r a t e s  w ere h ig h e r  th a n  th e  mean o v e r a l l  r a t e s  f o r  t h a t  

s e s s io n  f o r  th r e e  o f  th e  r a t s .  The second o n se t o f  th e  CS i n  T e s t  4 

o ccu rred  on ly  10 seconds a f t e r  th e  u s u a l  CS o n se t tim e  f o r  t r a i n i n g  

c o n d itio n s  and, i n  a l l  c a s e s ,  th e r e  i s  a  v e ry  marked d is c re p a n c y  

betw een th e  CS r a t e s  f o r  th e  second o n s e t  i n  t h i s  t e s t  and CS r a t e s
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i n  t r a i n i n g  c o n d i t io n s .  T h is  e f f e c t  i s  i n  s tro n g  c o n t r a s t  w ith  th e  

f in d in g s  in  p hase  A d u r in g  th e  second  p a r t  o f t h i s  t e s t ,  u t i l i z i n g  

th e  same s u b je c ts  b u t d i f f e r e n t  CS.

T ab le  V shows th e  a b s o lu te  number o f  l i c k s  re c o rd e d  in  10 -seco n d  

b in s  f o r  th e  f i r s t  40 seco n d s  o f  th e  s e s s io n ,  f o r  th e  50 seco n d s  in  

th e  m id d le , and f o r  th e  l a s t  40 seconds o f  th e  s e s s io n .  D ata  a r e  

p re s e n te d  fo r  each s u b je c t  f o r  th e  f i r s t  day of each  t e s t  c o n d i t io n  

and f o r  th e  f i r s t  day o f  r e c o v e ry  p ro ced u re  a f t e r  t e s t  d a y s . The l a s t  

d is c r im in a t iv e  punishm ent s e s s io n  b e fo re  T e s t 1 i s  a l s o  shown. T h is  

group was t r a in e d  w ith  th e  CS p re s e n te d  d u rin g  b in  29. U n d e rlin e d  

num bers in d ic a te  th e  f i r s t  10 seco n d s  o f th e  CS p r e s e n ta t io n  f o r  each 

s e s s io n .  D uring t r a i n in g  s e s s io n ,  th e  CS p re s e n te d  in  b in  29 m arked ly  

red u ced  l ic k in g  f o r  a l l  s u b j e c t s .  The av e rag e  re sp o n se  r a t e  i n  l i c k s  

p e r  second d u rin g  each  b in  i s  c a lc u la te d  by d iv id in g  th e  number o f  

l i c k s  i n  th e  b in  by te n .  G e n e ra l ly ,  th e  CS re sp o n se  r a t e  i n  th e  f i r s t  

re c o v e ry  c o n d itio n  a f t e r  each  t e s t  i s  q u i te  low . T here was no marked 

d e c re a se  in  respond ing  d u r in g  th e  2 0  seconds p re c e d in g  th e  o n s e t  o f 

th e  CS (b in s  27 and 28) i n  m ost c a s e s  and th e  in c re a s e  i n  re sp o n d in g  

ob served  d u rin g  th e  10 seco n d s a f t e r  CS o f f s e t  (b in  30) was v a r i a b l e ,  

i n  some c a se s  th e  r a t e  was s t i l l  v e ry  low . Recovery o f  re sp o n d in g  to  

pre-C S le v e l s  was u s u a l ly  o b se rv ed  a f t e r  th e  1 1 th  second from  CS 

o f f s e t  (b in  3 1 ). R esponding d u r in g  th e  f i r s t  40 seconds o f  th e  s e s s io n  

was v e ry  s t a b l e  w ith in  s u b je c t s  and a t  h ig h  r a t e s .  R esponding  d u rin g  

th e  l a s t  40 seconds of th e  s e s s io n  was c o n s i s te n t ly  h ig h  f o r  R821, 

w h ile  i t  was more v a r i a b l e  f o r  th e  o th e r  s u b je c t s .  T e s t  d a ta  showed 

th a t  re sp o n d in g  was su p p re s se d  o n ly  f o r  T es t 3 , f o r  th e  l a s t  20 seconds
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T ab le  V: Number o f l i c k s  in  10 -second  b in s  a t  b e g in n in g , m id d le ,
end o f  s e s s io n  f o r  th e  l a s t  day o f  d is c r im in a t iv e  
punishm ent c o n d itio n  b e fo re  T e s t  1 , f o r  th e  f i r s t  day of 
re c o v e ry  p ro ced u re  a f t e r  each  t e s t ,  f o r  s u b je c t s  in  
g roup IB.
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TABLE V

NUMBER OF LICKS IN 10-SECOND BINS AT BEGINNING. MIDDLE AND END OF 
SESSION FOR SUBJECTS IN GROUP IB .

CONDI
TION BIN NUMBER

1 2 3 4 . . .2 7 28 29 30 3 1 .. .57 58 59 60
821

P 70 6 6 61 55 39 4 0 1 0 27 41 42 52 46
T1 67 63 63 62 35 0 1 6 6 62 26 30 65 65
R 69 65 64 65 64 63 2 0 61 65 33 36 25
T2 6 8 65 64 63 59 60 60 60 60 54 64 64 48
R 69 65 64 64 6 6 55 26 29 26 55 69 69 43
T3 65 6 6 64 63 2 2 60 46 19 0 2 0 6 8 1 0
R 6 8 64 64 63 48 0 0 35 70 9 51 7 6 6
T4 6 6 64 62 24 9 2 0 0 35 41 48 39 37 36
R 69 6 6 65 64 36 44 1 44 6 8 51 53 62 37

822
P 71 6 6 65 65 27 17 1 43 71 0 40 56 2 1
T1 71 6 8 6 6 65 45 0 7 59 65 5 1 24 1
R 72 6 8 6 6 67 26 57 1 17 63 3 0 2 0 16
T2 73 6 8 67 65 65 53 0 5 6 6 38 51 0 0
R 70 64 64 62 60 59 2 0 61 62 63 62 61
T3 70 67 65 64 0 38 6 8 6 6 30 23 0 0 0
R 71 6 6 65 64 2 0 6 6 4 0 6 6 40 0 28 52
T4 67 63 60 60 13 0 0 40 60 41 62 50 61
R

823
6 8 63 61 59 17 5 1 0 29 53 49 1 0

P 57 52 43 56 45 48 1 49 46 5 9 53 53
T1 57 57 45 63 25 26 51 59 2 1 0 0 35 6 6
R 53 58 3 2 16 25 0 35 16 42 15 18 41
T2 73 70 64 62 44 49 48 62 6 8 42 67 39 53
R 70 6 8 6 6 65 29 27 1 54 67 61 65 1 1 0
T3 70 63 57 58 65 48 58 5 45 6 8 25 1 0
R 71 64 6 8 67 36 67 7 49 70 6 8 23 0 46
T4 71 68 67 59 2 0 15 60 61 52 65 1 1 0 53
R

824
6 8 60 58 28 30 14 0 15 39 51 51 38 33

P 72 6 6 39 64 28 55 0 40 55 54 48 57 58
T1 70 6 6 63 57 60 9 52 63 62 0 0 0 16
R 71 6 8 6 6 62 50 55 2 49 54 51 48 56 56
T2 73 65 63 63 58 55 60 63 50 0 43 61 1 2
R 71 6 8 67 6 6 52 63 13 0 52 0 0 43 65
T3 70 67 65 64 57 64 6 8 67 63 16 52 0 0
R 70 67 65 64 62 49 7 62 64 6 8 1 1 37 64
T4 6 8 6 6 60 62 35 0 30 54 61 9 58 55 39
R 70 64 63 64 60 63 1 52 67 0 0 45 69
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of th e  s e s s io n .  Except R823 th a t  showed some su p p re s s io n , a l l  th e  

o th e r  s u b je c ts  showed marked s u p p re s s io n  o f  respond ing  d u rin g  th e  

b in s  27, 28, 29, 30 a n d /o r  31, th e  u s u a l  p la c e  o f  CS o n s e t ,  i n  some 

o f th e  t e s t  days. R822 showed t h i s  e f f e c t  d u rin g  a l l  t e s t  c o n d i t io n s .

T ab le  VI shows th e  mean p re -C S , CS, and post-C S  su p p re s s io n  

r a t i o s  f o r  each c o n d it io n  f o r  s u b je c t s  in  group IB. B a s e lin e , 

pun ishm ent, and f i r s t  b lo c k  o f re c o v e ry  c o n d itio n s  a re  av e ra g es  o f  

th e  l a s t  two s e s s io n s  in  each p ro c e d u re . A ll  o th e r  reco v e ry  c o n d i t io n s  

a re  av e ra g es  of th e  f i r s t  two s e s s io n s  in  t h a t  p ro ced u re . T e s t 

c o n d i t io n s  a r e  d a ta  f o r  th e  f i r s t  day in  each p ro c e d u re . In  m ost c a s e s ,  

th e re  was more s u p p re s s io n  a f t e r  th e  CS o f f s e t  th a n  b e fo re  i t s  p re s e n 

t a t i o n .  CS r a t i o s  w ere g e n e ra l ly  low , c lo s e  to  z e ro , in d ic a t in g  a 

marked su p p re s s io n  o f  respond ing  d u r in g  th e  CS, excep t f o r  b a s e l in e  

c o n d it io n  and some t e s t  d ay s .

Group 2 :

F ig u re  5 shows th e  mean re sp o n se  r a t e s  f o r  a l l  s u b je c ts  in  g roup 2 , 

f o r  each  c o n d it io n . CS re sp o n se  r a t e s  w ere h ig h e r  th a n  th e  o v e r a l l  

re sp o n se  r a t e s  f o r  a l l  s u b je c t s .  S e s s io n  re sp o n se  r a t e s  w ere s t a b l e  

a c ro s s  c o n d itio n s  f o r  a l l  s u b je c t s .  R818 and R820 showed a s l i g h t  

d e c re a se  in  o v e r a l l  re sp o n se  r a t e s  d u r in g  T es t 1 , and R817 and R819 

showed th e  same e f f e c t  d u rin g  T e s t 3 . The f i r s t  punishm ent p ro c e d u re  

produced com plete s u p p re s s io n  o f re sp o n d in g  d u rin g  th e  CS p r e s e n ta t io n  

f o r  two o f  th e  s u b je c t s ,  marked s u p p re s s io n  o f respond ing  f o r  a n o th e r ,  

and v e ry  l i t t l e  s u p p re s s io n  f o r  R820. T here was a  h igh  amount o f 

re c o v e ry  o f CS re sp o n se  r a t e  f o r  R817, w h ile  th e r e  was none o r  v e ry
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T able V I: Mean p re-C S , CS, and post-C S s u p p re s s io n  r a t i o s  f o r  each
c o n d i t io n  f o r  s u b je c ts  i n  Group IB. B a s e l in e ,  pun ishm en t, 
and f i r s t  b lo c k  o f  reco v e ry  c o n d it io n s  a re  a v e ra g e s  o f  
th e  l a s t  two s e s s io n s  in  each  p ro c e d u re . A l l  o th e r  
re c o v e ry  c o n d it io n s  a r e  av erag es  o f  th e  f i r s t  two s e s s io n s  
in  t h a t  p ro c e d u re . T es t c o n d itio n s  a r e  d a ta  f o r  th e  f i r s t  
day in  each  p ro c e d u re .
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F ig u re  5 : Mean resp o n se  r a t e s  ( in  l i c k s  p e r  second) a s  a  fu n c tio n
o f c o n d i t io n s ,  f o r  each  s u b je c t  i n  group 2 . Ji in d ic a te s  
b a s e l in e  p ro c e d u re ; in d i c a te s  pun ish m en t; and R 
in d i c a te s  re c o v e ry . T e s t p ro c e d u re s  a r e  in d ic a te d  by 
th e  numbers 1̂  to  _4. D ata p o in t s  f o r  b a s e l in e ,  pun ishm ent, 
and f i r s t  reco v e ry  c o n d i t io n s  a r e  a v e ra g e s  o f  th e  l a s t  two 
days in  th o se  c o n d i t io n s .  D ata p o in t s  f o r  re c o v e ry  
c o n d it io n s  a f t e r  each  t e s t  a r e  a v e ra g e s  o f  th e  f i r s t  two 
days in  th a t  c o n d i t io n .  D ata  p o in t s  f o r  t e s t  p ro ced u re s  
in d i c a te  re sp o n se  r a t e s  i n  th e  f i r s t  day o f  th e  c o n d i t io n .
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l i t t l e  re c o v e ry  fo r  th e  o th e r  th r e e  s u b je c t s .  The second punishm ent 

c o n d i t io n  was l e s s  e f f e c t iv e  in  re d u c in g  re sp o n d in g  during  th e  CS 

th a n  th e  f i r s t  punishm ent c o n d i t io n .  W ith th e  e x ce p tio n  o f  R820, CS 

re sp o n se  r a t e s  were low f o r  a l l  th e  o th e r  t r a i n i n g  c o n d i t io n s .  CS 

re sp o n se  r a t e s  f o r  R820 w ere v e ry  v a r i a b l e  and th e  h ig h e s t amount o f  

su p p re s s io n  was found d u rin g  t e s t  d a y s . The punishm ent p ro ced u re  d id  

n o t ,  in  g e n e ra l ,  produce a  m arked d e c re a se  i n  respond ing  d u rin g  th e  

CS f o r  t h i s  s u b je c t .  D uring  T e s t 1 th e r e  was a lm o st com plete su p p re s 

s io n  o f  respond ing  d u rin g  th e  f i r s t  10 seconds o f  th e  CS (0 to  10 

seconds from  s t a r t  o f s e s s io n )  f o r  a l l  s u b je c t s .  The CS in  t h i s  t e s t  

c o n d i t io n  was p re se n te d  o n ly  1 0  seconds e a r l i e r  th a n  u s u a l f o r  t r a i n i n g  

c o n d i t io n s .  The e f f e c t  i s  s im i la r  to  th e  one found in  th e  second p a r t  

o f  T e s t 4 f o r  group 1A. D uring T e s t 2 , re sp o n d in g  d u ring  th e  f i r s t  10 

seconds o f  th e  CS (10 to  20 seco n d s from  s t a r t  o f  s e s s io n )  was co m p le te ly  

su p p re sse d  fo r  two s u b je c t s ,  w h ile  th e r e  was an  in c re a s e  in  re sp o n d in g  

f o r  th e  o th e r  two s u b je c t s ,  a lth o u g h  re sp o n se  r a t e s  d id  n o t re a c h  th e  

le v e l  o f  mean o v e ra l l  s e s s io n  r a t e s .  The CS d u rin g  th i s  t e s t  f o r  group 

2 was p re s e n te d  a t  th e  u s u a l  o n s e t  tim e  f o r  t r a i n in g  c o n d itio n s .  These 

d a ta  a re  in  c o n f l i c t  w ith  th e  r e s u l t s  o b ta in e d  in  T es t 1 f o r  th e s e  two 

s u b je c t s .  F u rth erm o re , th e  d a ta  f o r  R819 d u rin g  t h i s  t e s t  a r e  in  

d is c re p a n c y  w ith  th e  u s u a l  CS re s p o n se  r a t e s  d u r in g  t r a in in g  c o n d i t io n s  

f o r  t h i s  s u b je c t .  D ata f o r  T e s t 3 showed a lm o st com plete su p p re s s io n  

o f  re sp o n d in g  during  th e  f i r s t  10 seconds o f  th e  CS (580 to  590 seco n d s 

from  th e  s t a r t  o f th e  s e s s io n )  f o r  a l l  s u b je c t s .  T es t 4 d a ta  showed 

v e ry  low resp o n d in g  d u rin g  th e  f i r s t  10 seconds of th e  CS (0 to  10 

seconds from  s t a r t  of s e s s io n )  f o r  a l l  s u b je c t s .  A gain , t h i s  p r e s e n ta t io n
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of th e  CS o ccu rred  o n ly  10 seconds e a r l i e r  th a n  th e  u su a l CS o n se t 

tim e  f o r  t r a i n in g  c o n d i t io n s .  T here was a lm o s t no d isc re p a n c y  betw een  

th e  CS re sp o n se  r a t e s  d u ring  T e s t 1 and th e  f i r s t  p a r t  o f T e s t 4 , f o r  

w hich th e  CS was p re s e n te d  a t  th e  same moment i n  th e  s e s s io n .  A f te r  

280 seconds had  e la p se d  from th e  s t a r t  o f  th e  s e s s io n  th e  CS was 

te rm in a te d  f o r  1 0  seconds and th e n  p re s e n te d  a g a in  f o r  th e  rem ain d er 

o f  th e  s e s s io n .  Responding d u rin g  th e  f i r s t  10 seconds o f th e  second  

CS o n se t (290 to  300 seconds from  s t a r t  o f s e s s io n )  was a lm o st co m p le te ly  

su p p re sse d  f o r  th r e e  o f  th e  fo u r  s u b je c t s ,  a lth o u g h  t h i s  o n s e t d i f f e r e d  

m arkedly  from  th e  tim e  o f  u su a l o n se t o f  th e  CS f o r  t r a in in g  c o n d i t io n s .  

The CS re sp o n se  r a t e  d u rin g  t h i s  second p a r t  o f  T e s t 4 f o r  R820 reac h ed  

th e  mean o v e r a l l  l e v e l  o f re sp o n d in g .

T ab le  V II shows th e  a b s o lu te  number o f l i c k s  reco rd ed  in  10-second  

b in s  f o r  th e  f i r s t  40 seconds o f  th e  s e s s io n ,  f o r  th e  50 seconds in  

th e  m idd le  o f th e  s e s s io n ,  and f o r  th e  l a s t  40 seconds o f th e  s e s s io n .  

D ata a r e  p re s e n te d  f o r  each  s u b je c t  f o r  th e  f i r s t  day o f each  t e s t  

c o n d it io n  and f o r  th e  f i r s t  day o f re c o v e ry  p ro c e d u re s  a f t e r  t e s t  d a y s . 

The l a s t  d is c r im in a t iv e  punishm ent s e s s io n  b e fo re  T e s t 1 i s  a l s o  shown. 

T h is  group was t r a in e d  w ith  th e  CS p re s e n te d  d u rin g  b in  2. U n d erlin ed  

numbers in d i c a te  th e  f i r s t  10 seconds o f  th e  CS p re s e n ta t io n  f o r  each  

s e s s io n .  D uring t r a i n in g  s e s s io n s  th e  CS p re s e n te d  in  b in  2 m arkedly  

reduced  l i c k in g  f o r  th r e e  of th e  s u b je c t s .  The av erag e  re sp o n se  r a t e ,  

i n  l i c k s  p e r  second , d u rin g  each b in  i s  o b ta in e d  by d iv id in g  th e  number 

o f  l i c k s  i n  th e  b in  by 10. The CS re sp o n s e  r a t e  d u rin g  th e  f i r s t  

t r a i n in g  c o n d i t io n  a f t e r  each t e s t  was u s u a l ly  v e ry  c lo se  to  ze ro  f o r  

th e  th r e e  s u b je c ts  t h a t  su p p ressed  c o n s i s t e n t ly .  Responding d u rin g  th e
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T ab le  V II : Number o f  l i c k s  in  10 -second  b in s  a t  b e g in n in g , m id d le ,
and end o f  s e s s io n  f o r  th e  l a s t  day  o f  d is c r im in a t iv e  
pun ishm ent c o n d itio n  b e fo re  T e s t 1 , f o r  th e  f i r s t  day o f  
each  t e s t  c o n d it io n , and f o r  th e  f i r s t  day of reco v e ry  
p ro c e d u re  a f t e r  each t e s t ,  f o r  s u b je c t s  in  group 2 .
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TABLE V I I

NUMBER OF LICKS IN 10-SECOND BINS AT BEGINNING, MIDDLE, AND END OF 
SESSION FOR SUBJECTS IN GROUP 2 .

1 2 3 4 . . .27 28 29 30 31. . .5 7 58 59

817
P 32 42 2 1 65 59 59 53 59 23 0 0 0
T1 1 0 0 9 0 0 54 60 61 57 48 0
R 23 13 29 64 61 47 59 51 59 0 33 48
T2 14 0 7 48 7 61 18 0 0 0 0 0
R 18 0 26 59 60 9 0 42 61 0 13 34
T3 1 0 0 2 0 43 60 60 59 59 9 38 0 0
R 13 0 0 0 51 60 1 2 0 13 0 0 53
T4 3 0 36 61 0 42 62 3 59 2 2 2 2 0
R 3 5 45 6 6 58 60 56 34 0 0 15 33

818
P 1 0 0 4 48 24 32 52 54 43 44 9
T1 0 0 0 0 47 47 36 49 54 47 43 39
R 0 0 0 0 45 51 34 41 54 4 1 1
T2 1 0 0 3 50 50 52 50 58 0 2 0 52
R 0 0 3 2 48 50 55 2 43 53 6 8
T3 7 8 8 67 53 54 32 52 53 32 33 0
R 3 0 7 41 60 51 57 51 52 43 49 35
T4 1 0 0 2 54 60 63 2 59 48 57 50
R 1 0 16 63 54 57 45 53 50 37 47 43

819
P 36 1 2 35 67 42 52 48 48 30 40 59 29
T1 1 0 24 51 49 9 52 59 57 43 56 44
R 0 0 33 53 1 2 26 60 47 47 35 41
T2 3 13 42 46 56 37 47 44 23 1 2 2 2 45
R 23 0 38 56 40 7 60 59 62 47 59 55
T3 0 27 2 1 1 29 2 0 42 1 23 50 50 0
R 30 2 65 57 58 55 56 53 56 62 64 59
T4 1 5 32 63 50 48 51 0 47 57 64 54
R

820
6 0 0 0 48 45 0 43 56 61 55 2

P 32 59 6 6 70 56 65 55 42 56 6 6 67 3
T1 0 0 0 8 31 50 40 39 51 51 35 51
R 42 60 53 61 56 59 54 61 56 64 62 6 6
T2 4 40 60 55 43 64 13 50 61 0 25 65
R 44 0 27 32 37 56 37 27 27 52 57 38
T3 14 28 50 53 41 6 6 43 6 6 1 13 70 1
R 48 53 64 62 38 40 58 54 51 1 2 6 8 61
T4 3 5 1 2 32 58 34 47 54 67 6 8 65 54
R 0 0 0 0 35 52 64 58 60 0 14 63

60

0
0
0
0
0
0

11
0
0

0
0

10
56
47

0
53
54
51

44
5

44
44
41

0
64
22

0

0
3

46
29
49
37

0
49
54
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10 seconds p re c e d in g  CS o n s e t (b in  1) was low er th a n  d u rin g  l a t e r  

p o r t io n s  o f  th e  s e s s io n  f o r  a l l  s u b je c t s ,  and th e  l e v e l s  o f  l i c k in g  

d u rin g  th e  10 seconds a f t e r  CS o f f s e t  (b in  3) w ere a ls o  low . H igher 

re sp o n se  r a t e s ,  com parable to  r a t e s  found to w ard s th e  m idd le  o f  th e  

s e s s io n ,  w ere o bserved  a f t e r  th e  11th  second from  CS o f f s e t  (b in  4) 

f o r  th r e e  s u b je c t s .  Responding d u rin g  th e  l a s t  40 seconds o f  th e  

s e s s io n  was v a r ia b le  betw een s u b je c t s ,  w h ile  d u rin g  th e  m id d le  o f th e  

s e s s io n  re sp o n d in g  was g e n e ra l ly  h ig h . T e s t  d a ta  showed a lm o s t com plete 

su p p re s s io n  o f re sp o n d in g  f o r  every t e s t  c o n d i t io n ,  e x c e p t f o r  R820 

d u rin g  T e s t 2 and second p a r t  of T est 4 . The second p a r t  o f T e s t 4 

(b in  30) r e s u l t e d  i n  a  marked su p p re ss io n  o f re sp o n d in g  d u rin g  th e  

f i r s t  10 seconds o f th e  CS f o r  th r e e  o f  th e  s u b je c t s ,  w h ile  r a t e s  

reco v e re d  to  p re v io u s  l e v e l s  d u rin g  th e  n e x t 10 seconds (b in  3 1 ) . T h is  

group had n ev e r e x p e rie n c e d  CS o n se t a t  t h i s  p o in t  in  th e  s e s s io n .  T es t 

3 d a ta  showed marked su p p re s s io n  o f re sp o n d in g  in  th e  absence  o f th e  

CS d u rin g  th e  f i r s t  30 seconds o f th e  s e s s io n  (b in s  1 , 2 , and 3) f o r  

th r e e  s u b je c t s ,  and d u r in g  th e  f i r s t  2 0  seco n d s f o r  th e  f o u r th  r a t .

An e f f e c t  found by o b s e rv a tio n  o f th e  s u b je c t s  and n o t m easured 

o b je c t iv e ly  was t h a t ,  in  c o n t r a s t  w ith  th e  r a t s  i n  th e  o th e r  th r e e  groups 

t h a t  would s t a r t  l i c k in g  a s  soon a s  th ey  w ere p la c e d  in  th e  b oxes, 

th e  s u b je c t s  in  group 2  would d e lay  s t a r t i n g  th e  s e s s io n  f o r  long  

p e r io d s  o f  tim e , in  some c a s e s  up to  1 0  m in u te s .

T ab le  V II I  shows th e  mean pre-CS, CS, and post-C S  s u p p re s s io n  

r a t i o s  f o r  each  c o n d i t io n  f o r  s u b je c ts  in  group 2 . B a s e l in e ,  pun ishm en t, 

f i r s t  b lo c k  o f  re c o v e ry  c o n d itio n s  a r e  a v e ra g e s  o f  th e  l a s t  two 

s e s s io n s  in  each  p ro c e d u re . A ll  o th e r  re c o v e ry  c o n d i t io n s  a r e  a v e ra g e s
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T able V I I I :  Mean p re-C S , CS, and post-C S  s u p p re s s io n  r a t i o s  f o r  each
c o n d itio n  f o r  s u b je c t s  in  group 2 . B a s e l in e , pun ishm ent, 
and f i r s t  b lo c k  o f re c o v e ry  c o n d i t io n s  a r e  av erag es  
o f  th e  l a s t  two s e s s io n s  in  each  p ro c e d u re . A ll o th e r  
re c o v e ry  c o n d i t io n s  a r e  a v e ra g e s  o f  th e  f i r s t  two 
s e s s io n s  i n  th a t  p ro c e d u re . T e s t c o n d it io n s  a re  d a ta  
f o r  th e  f i r s t  day in  each  p ro c e d u re .
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of th e  f i r s t  two s e s s io n s  i n  t h a t  p ro c e d u re . T e s t c o n d itio n s  a r e  

d a ta  f o r  th e  f i r s t  day i n  each  p ro c e d u re . I n  m ost c a s e s ,  su p p re s s io n  

r a t i o s  a r e  low , b o th  b e fo re  and a f t e r  th e  CS p r e s e n ta t io n ,  an  e f f e c t  

n o t found w ith  th e  o th e r  g ro u p s . CS r a t i o s  w ere v e ry  low fo r  th r e e  

s u b je c t s ,  ex ce p t d u rin g  b a s e l in e  c o n d i t io n .  D ata f o r  R820 was v e ry  

v a r i a b l e ,  pre-C S r a t i o s  u s u a l ly  showed some su p p re s s io n  of re sp o n d in g , 

w h ile  post-C S  r a t i o s  a r e  v e ry  h ig h . CS r a t i o s  f o r  t h i s  s u b je c t 

g e n e ra l ly  showed some s u p p re s s io n  o f re sp o n d in g , b u t in  many c a s e s  th e  

pre-C S r a t i o s  w ere low er th a n  d u rin g  th e  CS, an e f f e c t  a lso  o b se rv ed , 

to  a  l e s s e r  d e g re e , on ly  i n  R816 in  group 3.

Group 3 :

F ig u re  6  shows th e  mean re sp o n se  r a t e s  f o r  a l l  th e  s u b je c ts  in  

group 3 , f o r  each  c o n d i t io n .  B a se lin e  CS re sp o n se  r a t e s  were low er 

th a n  th e  mean o v e r a l l  s e s s io n  r a t e s  f o r  th r e e  o f  th e  s u b je c t s .  S e ss io n  

r a t e s  w ere v e ry  s t a b l e  f o r  one s u b je c t ,  and th e  v a r i a b i l i t y  f o r  th e  

o th e r  s u b je c t s  was m a in ly  ob serv ed  d u rin g  t e s t  c o n d i t io n s .  T e s t 1 

produced  a  d e c re a se  in  o v e r a l l  re sp o n se  r a t e s  f o r  two s u b je c ts ;  T e s t 2 

reduced  th e  o v e r a l l  r a t e  f o r  one s u b je c t ;  T e s t 3 produced  a s l i g h t  

d e c re a se  in  o v e r a l l  re sp o n se  r a t e  f o r  two s u b je c t s ;  and T est 4 d e p re s se d  

th e  o v e r a l l  r a t e  f o r  one s u b je c t .  R814 was th e  o n ly  s u b je c t  th a t  showed 

a  d e c re a se  in  o v e r a l l  re sp o n se  r a t e  f o r  each  t e s t  c o n d i t io n .  The f i r s t  

punishm ent c o n d i t io n  p roduced a lm o st com ple te  s u p p re s s io n  of re sp o n d in g  

d u r in g  th e  CS p r e s e n ta t io n  f o r  th r e e  s u b je c t s ,  and some su p p re ss io n  

f o r  th e  f o u r th  s u b je c t .  T h is  c o n d i t io n  a l s o  d e p re sse d  o v e r a l l  re sp o n se  

r a t e s  f o r  a l l  s u b je c t s ,  an  e f f e c t  n o t g e n e r a l ly  ob serv ed  in  th e  o th e r
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F ig u re  6 : Mean re sp o n se  r a t e s  ( in  l i c k s  p e r  second) a s  a  fu n c tio n  o f
c o n d i t io n s ,  f o r  each  s u b je c t  i n  group 3 . 15 in d ic a te s
b a s e l in e  p ro c e d u re ; _P in d i c a te s  p u n ish m en t; and R in d ic a te s  
re c o v e ry . T e s t p ro c e d u re s  a r e  in d ic a te d  by th e  numbers 
_1 to  4^ D ata p o in t s  f o r  b a s e l in e ,  p u n ish m en t, and f i r s t  
re c o v e ry  c o n d i t io n s  a r e  a v e ra g e s  o f  th e  l a s t  two days in  
th o se  c o n d i t io n s .  D ata p o in ts  f o r  re c o v e ry  c o n d itio n s  
a f t e r  each  t e s t  a re  a v e ra g e s  o f  th e  f i r s t  two days in  th a t  
c o n d i t io n .  D ata p o in t s  f o r  t e s t  p ro c e d u re s  in d ic a te  
re sp o n se  r a t e s  in  th e  f i r s t  day o f  th e  c o n d i t io n .  Rat 813 
was w ithdraw n from th e  ex perim en t j u s t  b e fo re  T e s t 4 due 
to  i l l n e s s .
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gro u p s. T here was recov.ery  o f o v e r a l l  and o f  CS re sp o n se  r a t e s  f o r  

a l l  s u b je c t s .  The second punishm ent c o n d i t io n  was l e s s  e f f e c t i v e  in

su p p re ss in g  CS re sp o n d in g  f o r  two o f  th e  r a t s ,  and i t  d id  no t d e p re s s

o v e r a l l  re sp o n se  r a t e s  f o r  any s u b je c t .  D uring T e s t 1 , re sp o n se  r a t e s  

w ere v e ry  h ig h  d u rin g  th e  f i r s t  10 seconds o f  th e  CS (0 to  10 seconds 

from s t a r t  o f s e s s io n )  f o r  a l l  s u b je c t s .  I n  T es t 2 , re sp o n se  r a t e s  

d u rin g  th e  f i r s t  10 seconds o f th e  CS (10 to  20 seconds from s t a r t  o f 

s e s s io n )  w ere h ig h e r  th a n  th e  mean o v e r a l l  s e s s io n  r a t e s  f o r  a l l  th e  

s u b je c t s ,  a l th o u g h  n o t as  h ig h  a s  CS r a t e s  d u rin g  T e s t 1 . The d a ta  

fo r  T e s t 3 showed a lm o s t com plete  s u p p re s s io n  of resp o n d in g  f o r  th r e e  

of th e  fo u r  s u b je c t s  d u rin g  th e  f i r s t  10 seconds o f  th e  CS (580 to  590 

seconds from th e  s t a r t  o f th e  s e s s io n ) .  The CS re sp o n se  r a t e  f o r  R816 

was low er th a n  th e  mean o v e r a l l  r a t e  f o r  t h a t  s e s s io n . T est 4 d a ta  

showed v e ry  h ig h  re sp o n se  r a t e s  d u r in g  th e  f i r s t  10 seconds o f  th e  CS 

( 0  to  1 0  seconds from  s t a r t  o f  s e s s io n )  f o r  a l l  th r e e  s u b je c ts  t h a t  

ex p erien ced  t h i s  c o n d i t io n ,  a lth o u g h  th e  r a t e s  w ere low er th a n  CS r a t e s

d u rin g  T e s t 1 , i n  w hich th e  CS o n s e t o c c u rre d  a t  th e  same moment in

th e  s e s s io n .  R813 was w ithdraw n from  th e  experim en t j u s t  b e fo re  T e s t 4 

due to  i l l n e s s .  A f te r  280 seconds had e la p se d  from th e  s t a r t  o f th e  

s e s s io n ,  th e  CS was te rm in a te d  f o r  10 seconds and th e n  p re se n te d  a g a in  

f o r  th e  rem a in d er o f  th e  s e s s io n .  The re sp o n se  r a t e  d u rin g  th e  f i r s t  10 

seconds o f  th e  second  CS o n se t (290 to  300 seconds from  s t a r t  o f  s e s s io n )  

was co m p le te ly  su p p re sse d  f o r  one s u b je c t ,  somewhat d ep ressed  below  th e  

mean o v e r a l l  r a t e  f o r  th e  s e s s io n  f o r  a n o th e r  r a t ,  and q u i te  h ig h ,  a lm ost 

to  th e  l e v e l  o b ta in e d  d u rin g  th e  f i r s t  o n se t o f th e  CS f o r  th e  t h i r d  

s u b je c t .  The CS in  t h i s  p a r t  o f T e s t 4 was p re s e n te d  o n ly  10 seconds
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a f t e r  th e  u s u a l  o n se t tim e f o r  t r a i n in g  c o n d i t io n s  and th e  d a ta  fo r  

R815 i s  th e  o n ly  one showing d isc re p a n c y  betw een th e  CS re sp o n se  r a t e  

f o r  th e  second CS o n se t in  T e s t 4 and th e  u s u a l  CS r a t e s  d u rin g  t r a in in g  

c o n d i t io n s .

T ab le  IX shows th e  a b s o lu te  number o f l i c k s  re c o rd e d  in  10-second 

b in s  f o r  th e  f i r s t  40 seconds o f th e  s e s s io n ,  f o r  th e  50 seconds in  

th e  m id d le , and f o r  th e  l a s t  40 seco n d s o f  th e  s e s s io n .  D ata a r e  

p re s e n te d  f o r  each  s u b je c t  f o r  th e  f i r s t  day o f  each  t e s t  c o n d it io n  and 

f o r  th e  f i r s t  day o f reco v e ry  p ro c e d u re  a f t e r  t e s t  d ay s . The l a s t  

d is c r im in a t iv e  punishm ent s e s s io n  b e fo r e  T e s t  1 i s  a l s o  shown. T his 

group was t r a in e d  w ith  th e  CS p re s e n te d  d u r in g  b in  29. U nderlined  

numbers in d ic a te  th e  f i r s t  10 seconds o f th e  CS p r e s e n ta t io n  f o r  each 

s e s s io n .  D uring t r a in in g  s e s s io n s ,  th e  CS p re s e n te d  i n  b in  29 m arkedly  

reduced  l i c k in g  f o r  a l l  s u b je c t s .  The a v e ra g e  re sp o n se  r a t e ,  in  l i c k s

p e r  second , can  be c a lc u la te d  by d iv id in g  th e  number o f  l i c k s  i n  each

b in  by 10. CS re sp o n se  r a t e  was u s u a l ly  v e ry  low , ex ce p t f o r  R816, 

whose r a t e  was s l i g h t l y  h ig h e r .  In  m ost c a s e s ,  th e r e  was r e d u c t io n  in  

resp o n d in g  d u rin g  th e  20 seconds p re c e d in g  th e  o n s e t  o f  th e  CS (b in s  

27 and 2 8 ) , and respond ing  was s t i l l  red u ced  10 seconds a f t e r  CS o f f s e t  

(b in  30) i n  some c a s e s .  Recovery o f re sp o n d in g  to  av e rag e  s e s s io n  

le v e l s  o ccu rred  a f t e r  th e  1 1 th  second from  CS o f f s e t  (b in  3 1 ) ,  ex cep t

f o r  R816, whose r a t e  was som etim es low er d u r in g  t h i s  b in  th a n  in  th e

b in s  im m ediate ly  p rece d in g  o r  fo llo w in g  CS p r e s e n ta t io n .  Responding 

d u rin g  th e  f i r s t  40 seconds o f  th e  s e s s io n  was u s u a l ly  very  s ta b l e  

w ith in  s u b je c t s  and resp o n se  r a t e s  w ere h ig h .  T e s t d a ta  showed th e  

amount o f  r e d u c t io n  in  re sp o n d in g , i f  an y , d u r in g  each  b in . Every
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T ab le  IX: Number of l i c k s  in  1 0 -seco n d  b in s  a t  b e g in n in g , m id d le ,
and end of s e s s io n  f o r  th e  l a s t  day o f d is c r im in a t iv e  
pun ishm ent c o n d itio n  b e f o r e  T e s t 1 , f o r  th e  f i r s t  day o f  
re c o v e ry  p ro ced u re  a f t e r  each  t e s t ,  f o r  s u b je c ts  in  group
3 . R at 813 was w ithdraw n from  th e  experim en t j u s t  b e fo re  
T e s t 4 due to  i l l n e s s .
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TABLE IX

NUMBER OF LICKS IN 10-SECOND BINS AT BEGINNING, MIDDLE, AND END OF 
SESSION FOR SUBJECTS IN GROUP 3 .

1 2 3 4 . . .27 28 29 30 31. . .5 7 58 59

813
P 6 6 53 61 51 56 36 1 56 56 37 0 51
T1 55 64 61 47 25 55 52 23 53 3 58 23
R 6 6 63 62 60 60 17 0 53 35 56 29 33
T2 61 53 62 61 28 36 42 25 42 16 56 0
R 65 63 63 55 45 38 1 38 33 0 60 8
T3 67 55 60 51 32 55 0 32 37 62 1 2 0
R 64 64 62 51 43 18 0 17 61 26 41 0
T4
R

■“ *“ “* — —

814
P 70 65 58 60 60 1 0 53 25 6 29 3
T1 70 65 56 36 13 1 1 23 40 0 1 1 0 0
R 6 8 64 62 29 0 55 4 46 62 53 51 1 2
T2 6 6 2 0 58 44 1 1 3 2 0 16 9 13
R 67 55 29 61 2 0 57 1 1 2 65 0 0 0
T3 60 41 65 61 5 0 0 0 0 32 0 0
R 47 51 62 46 6 65 1 0 51 16 38 0
T4 58 26 0 39 1 5 0 0 0 0 7 24
R

815
6 8 1 0 44 63 0 31 3 29 63 46 6 6 27

P 65 63 57 56 58 57 6 51 60 2 0 7 41
T1 65 59 51 56 51 58 51 50 1 0 56 1 0 0
R 64 59 55 56 59 51 1 2 2 60 40 40 59
T2 65 55 60 60 61 59 46 60 61 62 62 61
R 45 5 2 2 0 56 39 0 31 59 54 53 19
T3 25 16 52 18 5 2 0 42 57 55 53 42 1
R 6 8 64 58 61 59 32 1 0 51 63 42 31 36
T4 64 62 61 60 56 42 45 61 53 38 38 2
R

816
69 64 63 62 58 18 0 0 0 63 26 5

P 6 8 65 62 60 39 36 13 34 27 34 9 35
T1 6 8 63 62 61 0 0 6 2 3 1 0 0 7
R 70 64 63 63 49 1 0 1 1 0 28 7 27 0
T2 70 6 6 63 63 44 59 61 47 29 30 27 57
R 33 2 1 1 26 36 36 1 1 9 0 39 46 44
T3 70 63 63 62 64 45 33 36 6 6 0 0 27
R 67 65 60 62 61 61 30 41 39 47 2 2 30
T4 67 65 37 18 32 9 7 16 27 53 52 52
R 70 6 6 64 65 58 57 9 39 61 4 62 58

60

10
51
38

0
41

2
22

37
0

20
0

19
0
0
0

55

0
47
50
61

0
32
51

0
48

7
11

0
35
39
27

0
60
54
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s u b je c t  showed a  d ra m a tic  d e c re a se  in  re sp o n d in g  d u rin g  b in s  27 , 28,

29, 30 a n d /o r  31 (u s u a l  p la c e  o f CS o n s e t)  d u r in g  some t e s t  c o n d i t io n s .  

R814 showed t h i s  e f f e c t  f o r  a l l  fo u r  t e s t s .

T ab le  X shows th e  mean pre-C S , CS, and post-C S  s u p p re s s io n  r a t i o s  

f o r  each  c o n d i t io n  f o r  s u b je c t s  in  group 3 . B a s e l in e ,  pun ishm en t, 

and th e  f i r s t  b lo c k  o f  reco v e ry  c o n d it io n s  a r e  a v e ra g e s  o f  th e  l a s t  

two s e s s io n s  i n  each  p ro c e d u re . A ll  o th e r  re c o v e ry  c o n d i t io n s  a re  

a v e ra g e s  o f  th e  f i r s t  two s e s s io n s  in  t h a t  p ro c e d u re . T e s t c o n d it io n s  

a r e  d a ta  f o r  th e  f i r s t  day in  each  p ro c e d u re . T here was u s u a l ly  no 

s u p p re s s io n  b e fo re  th e  CS o n s e t.  CS r a t i o s  w ere v e ry  c lo s e  to  z e ro ,  

in d ic a t in g  a  m arked su p p re s s io n  d u rin g  th e  CS, ex ce p t f o r  b a s e l in e  and 

some t e s t  c o n d i t io n s  f o r  th r e e  o f th e  s u b je c t s .  CS r a t i o s  f o r  R816 

were h ig h , b u t s t i l l  in d ic a t in g  s u p p re s s io n . Post-C S  r a t i o s  w ere u s u a l ly  

low er th a n  pre-C S r a t i o s .

T ab le  XI shows th e  p e rc e n t o f  shock  r e c e iv e d  by each  s u b je c t  d u rin g  

a l l  d is c r im in a t iv e  pun ishm ent p ro c e d u re s . On th e  a v e ra g e , s u b je c t s  in  

group 2  w ere th e  m ost s u c c e s s fu l  in  a v o id in g  shocks by co m p le te ly  

su p p re s s in g  d u rin g  th e  CS (p a s s iv e  a v o id a n c e ) , fo llo w ed  by s u b je c t s  

in  group 3 . The l e a s t  e f f i c i e n t  s u b je c t s  i n  su p p re s s in g  l i c k s  and 

a v o id in g  shocks w ere th e  ones in  group IB.

I t  sh o u ld  be remembered th a t  g roups 1A and IB c o n s is te d  o f  th e  same 

s u b je c t s .  I t  i s  i n t e r e s t i n g  to  compare th e  p e rc e n t o f  shocks re c e iv e d  

by th e  same s u b je c t  u n d er two d i f f e r e n t  t r a i n in g  c o n d i t io n s .  T hree o f 

th e  fo u r  r a t s  av o id ed  more shocks when th e  CS was a  to n e  th a n  when th e  

CS was a  f l i c k e r i n g  h o u s e l ig h t .  R824 showed th e  o p p o s ite  e f f e c t ,  

sw itc h in g  from  b e in g  th e  s u b je c t  w ith  th e  h ig h e s t  p e rc e n t o f  shocks
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Table X: Mean p re-C S , CS, and post-C S  s u p p re s s io n  r a t i o s  f o r  each
c o n d itio n  f o r  s u b je c t s  i n  group 3 . B a s e l in e ,  punishm ent, 
and f i r s t  b lo c k  o f  reco v e ry  c o n d i t io n s  a r e  av erag es  o f th e  
l a s t  two s e s s io n s  in  each  p ro c e d u re . A ll  o th e r  reco v ery  
c o n d it io n s  a r e  a v e ra g e s  o f  th e  f i r s t  two s e s s io n s  in  t h a t  
p ro ced u re . T e s t c o n d it io n s  a re  d a ta  f o r  th e  f i r s t  day in  
each p ro c e d u re . R at 813 was w ithdraw n from th e  experim ent 
j u s t  b e fo re  T e s t 4 due to  i l l n e s s .
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T ab le  X I: P e rc e n t o f  shock  re c e iv e d  by each  s u b je c t  d u rin g
d is c r im in a t iv e  punishm ent c o n d i t io n s ,  and av erag es  
f o r  each  group .
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TABLE X I

PERCENT OF SHOCKS RECEIVED BY EACH SUBJECT DURING DISCRIMINATIVE 
PUNISHMENT CONDITIONS, AND AVERAGES FOR EACH GROUP.

GROUP 1A 821 822 823 824
GROUP

AVERAGE

53.8% 61.5% 65.4% 84.6% 66.3%

GROUP IB 821 822 823 824
GROUP

AVERAGE

67.9% 82.8% 8 6 . 2 % 65.5% 75.6%

GROUP 2 817 818 819 820
GROUP

AVERAGE

54.8% 30.0% 51.6% 80.6% 54.3%

GROUP 3 813 814 815 816
GROUP

AVERAGE

56.7% 40.0% 77.4% 72.4% 61.6%
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r e c e iv e d  i n  group 1A to  be ing  th e  s u b je c t  w ith  th e  lo w est p e rc e n t o f  

shocks re c e iv e d  in  group IB, w h ile  th e  o th e r  s u b je c t s  k ep t t h e i r  

r e l a t i v e  p o s i t i o n s  w ith in  th e  g ro u p s .

O nly two o f  th e  s u b je c ts  in  th e  ex perim en t re c e iv e d  l e s s  th an  

50 p e r c e n t  o f  a l l  schedu led  sh o ck s , and th e y  belonged  to  d i f f e r e n t  

g ro u p s .
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DISCUSSION

A com parison betw een g roups in d i c a te s  t h a t  s u b je c ts  in  g roups 1A and 

IB showed th e  most s t a b l e  o v e r a l l  s e s s io n  re sp o n se  r a t e s .  The 

s u b je c ts  in  group 3 had th e  m ost v a r i a b i l i t y  in  o v e r a l l  s e s s io n  resp o n se  

r a t e s  th ro u g h o u t th e  e x p e rim en t. The c o n d itio n s  in  group 1A (to n e  

on a s  CS p re se n te d  a t  th e  m idd le  o f  th e  s e s s io n )  seemed to  p roduce 

th e  l e a s t  d is r u p t io n  o f  o v e r a l l  s e s s io n  respond ing  d u rin g  t e s t i n g  

p ro c e d u re s . The c o n d i t io n s  i n  group 3 ( to n e  o f f  a s  CS p re s e n te d  a t  

th e  m idd le  o f  th e  s e s s io n )  seemed to  produce th e  m ost d i s r u p t io n  o f 

o v e r a l l  s e s s io n  re sp o n d in g  d u rin g  t e s t  days.

The d is c r im in a t iv e  punishm ent p ro ced u re  ap p ea red  to  p roduce more 

r e l i a b l e  e f f e c t s  f o r  s u b je c t s  in  g roup 1A, fo r  w hich t h i s  p ro ced u re  

a lm ost co m p le te ly  s u p p re s se d  re sp o n d in g  d u rin g  th e  CS. The s u b je c t s  

i n  group 2  showed th e  m ost v a r i a b i l i t y  in  th e  amount o f  su p p re s s io n  

o f resp o n d in g  d u rin g  th e  CS under d is c r im in a t iv e  punishm ent c o n d i t io n s .  

One s u b je c t  in  t h i s  group had a  maximum CS r a te  o f a lm o s t fo u r  l i c k s  

p e r  second, in  th e  a v e ra g e , d u rin g  punishm ent c o n d i t io n s ,  w h ile  a n o th e r  

s u b je c t  reached  a  maximum CS r a t e  o f  .2  l i c k s  p e r  seco n d , i n  th e  a v e ra g e , 

f o r  th e  punishm ent p ro c e d u re . The CS r a t e  fo r  t h i s  s u b je c t  was a lm o st 

com ple te ly  su p p re sse d  th ro u g h o u t th e  ex p erim en t, e x c e p t f o r  b a s e l in e  

c o n d itio n .

The s u b je c ts  in  group 2 showed su p p re s s io n  o f  re sp o n d in g  in  th e  10 

seconds p r i o r  to  CS o n s e t  d u r in g  a l l  c o n d i t io n s ,  and s u b je c t s  in  group 3 

showed some re d u c t io n  i n  th e  20 seconds p r io r  to  CS o n s e t  d u rin g

79
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t r a i n in g  c o n d i t io n s .  The s u b je c ts  in  th e  o th e r  g roups u s u a l ly  d id  

n o t show a  r e d u c t io n  o f  respond ing  p r i o r  to  CS o n se t d u rin g  t r a in in g  

c o n d it io n s .  A ll  th e  groups showed su p p re s s io n  o f  l i c k in g  d u rin g  th e  

10 seconds a f t e r  CS o f f s e t  w ith  r a t e s  u s u a l ly  re c o v e rin g  to  th e  le v e l  

o f pre-C S r a t e s  a f t e r  th e  1 1 th  second from CS o f f s e t .

T e s t 1 (CS on from  th e  s t a r t )  d id  n o t su p p re s s  CS resp o n se  r a t e s  

below o v e r a l l  s e s s io n  r a t e s ,  ex cep t f o r  one s u b je c t  in  group 1A, and 

fo r  s u b je c ts  i n  group 2, in  which th e  CS was p re s e n te d  o n ly  10 seconds 

e a r l i e r  th a n  d u rin g  t r a i n in g  c o n d i t io n s .  The h ig h e s t  r a t e s  in  th e  

ex perim en t f o r  th r e e  o f  th e  s u b je c ts  in  g roup 3 and th r e e  o f th e  

s u b je c ts  in  g roup IB w ere found d u rin g  t h i s  t e s t .  T e s t 1 produced a 

s l i g h t  d e c re a s e  in  o v e r a l l  resp o n se  r a t e s  f o r  one s u b je c t  in  each group , 

and some d e c re a se  f o r  one s u b je c t  in  group 2  and a n o th e r  r a t  in  group 3 .

T e s t 2 (CS on 10 seconds a f t e r  s t a r t )  d id  n o t su p p re ss  CS resp o n se  

r a t e s  below o v e r a l l  s e s s io n  r a t e s  f o r  s u b je c t s  in  g roups IB and 3 , and 

fo r  two o f  th e  s u b je c t s  in  group 1A. T h is  p ro c e d u re  d id  n o t su p p ress  

CS resp o n se  r a t e s  to  th e  le v e l s  found d u rin g  t r a i n in g  c o n d itio n s  f o r  

th e  o th e r  two s u b je c t s  in  group 1A and f o r  two s u b je c t s  in  group 2.

T his t e s t  caused  some d e c re a se  in  o v e r a l l  s e s s io n  r a t e  f o r  one s u b je c t  

in  group 3 o n ly .

T e s t 3 (CS 580 seconds a f t e r  s t a r t )  p roduced  th e  m ost c o n s is te n t  

r e s u l t s  betw een g ro u p s . T h is p ro ced u re  a lm o s t co m p le te ly  supp ressed  

CS re sp o n se  r a t e s  f o r  a l l  s u b je c t s ,  ex ce p t f o r  R816 in  group 3 th a t  had 

v e ry  v a r ia b le  CS r a t e s  th roughou t th e  e x p e rim e n t, and whose CS r a te  

was low er th a n  th e  o v e r a l l  s e s s io n  r a t e  f o r  t h i s  t e s t .  T e s t 3 produced 

a  s l i g h t  d e c re a se  i n  o v e r a l l  re sp o n se  r a t e s  f o r  one s u b je c t  in  group 2 ,
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and i t  p roduced  some su p p re s s io n  f o r  one s u b je c t  i n  group IB , one 

s u b je c t  i n  group 2 , and two s u b je c ts  in  group 3 .

The f i r s t  o n s e t  i n  T e s t  4 (CS a t  s t a r t )  d id  n o t  su p p ress  CS 

resp o n se  r a t e s  below  o v e r a l l  s e s s io n  r a t e s ,  e x c e p t f o r  s u b je c ts  in  

group 2, f o r  w hich  th e  CS was p re s e n te d  o n ly  10 seconds e a r l i e r  th an  

du rin g  t r a i n i n g  c o n d i t io n s .  T h is  f i r s t  o n s e t i s  i d e n t i c a l  to  T est 1 

and th e r e  i s  l i t t l e  o r  no d isc re p a n c y  betw een th e  r e s u l t s  o f  b o th  

t e s t s .  T hree o f  th e  s u b je c t s  in  group 1A had  t h e i r  h ig h e s t  r a te s  

d u rin g  t h i s  p a r t  o f  T e s t 4.

The second  CS o n s e t  i n  T e s t 4 ( a f t e r  290 seco n d s  from  s t a r t )  

produced a lm o s t co m p le te  su p p re s s io n  o f  CS r a t e s  f o r  a l l  s u b je c ts  in  

group 1A, f o r  th r e e  s u b je c t s  i n  group 2 , and one s u b je c t  in  group 3 ; 

i t  produced s u p p re s s io n  o f  CS r a t e s  below  o v e r a l l  r a t e s  f o r  one s u b je c t  

in  group IB and one s u b je c t  in  group 3 ; and i t  p roduced  no su p p re ss io n  

o f  CS r a t e s  f o r  th e  r e s t .  T h is  o n se t o c c u rre d  o n ly  10 seconds l a t e r  

th a n  th e  u s u a l  o n s e t  tim e f o r  t r a i n in g  c o n d i t io n s  f o r  g roups 1A, IB, 

and 3. T here was no d is c re p a n c y  betw een th e  r e s u l t s  o f  t h i s  p a r t  o f  

T e s t  4 and CS r a t e s  d u r in g  t r a in in g  c o n d it io n s  f o r  a l l  s u b je c ts  in  

group 1A and f o r  two o f  th e  th r e e  r a t s  in  group 3 t h a t  ex p erien ced  

T e s t 4 . T here i s  a  marked d isc re p a n c y  betw een th e  r e s u l t s  of t h i s  p a r t  

o f  T e s t 4 and CS r a t e s  d u r in g  t r a in in g  c o n d i t io n s  f o r  a l l  s u b je c ts  in  

group IB. T e s t 4 p roduced  a  v e ry  s l i g h t  d e c re a s e  i n  o v e r a l l  s e s s io n  

resp o n se  r a t e s  f o r  one s u b je c t  in  group 3 , and i t  p roduced  some 

d e p re s s io n  o f  o v e r a l l  r a t e s  f o r  one s u b je c t  in  g roup  IB .

Angerami (1976) d id  n o t f in d  ev idence  o f te m p o ra l d is c r im in a t io n  

when th e  CS was c o n tin u o u s ly  p re s e n t  d u rin g  th e  s e s s io n .  The l i c k  r a t e
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a t  th e  p o in t  w here th e  CS had been  p re s e n te d  d u r in g  t r a i n i n g  was n o t 

su p p re sse d . The r e s u l t s  o f T e s t 1 f o r  group 1A r e p l i c a t e d  some of 

A ngeram i's  f i n d i n g s ,  u t i l i z i n g  th e  same p ro c e d u re  and p a ra m e te rs .

T here was no s u p p re s s io n  of CS resp o n se  r a t e s ,  e x c e p t f o r  one s u b je c t ,  

and th e r e  was no s u p p re s s io n  o f  o v e r a l l  s e s s io n  r a t e s ,  ex cep t fo r  

one s u b je c t .  The f i r s t  p a r t  o f  T e s t 4 c o n s is te d  on th e  same c o n d it io n s  

and th e r e  was no su p p re s s io n  of CS o r  o f  o v e r a l l  s e s s io n  r a t e s .  Two 

s u b je c t s  d u r in g  T e s t 1 and one s u b je c t  d u r in g  T e s t 4 c o m p le te ly  

su p p ressed  l i c k in g  w ith in  20 seconds o f  th e  u s u a l  CS o n s e t .  T his 

f in d in g  i s  i n  d is c re p a n c y  w ith  A ngeram i’ s  r e s u l t s .

When th e  CS was p re s e n te d  from th e  s t a r t  o f  th e  s e s s io n  (T e s ts  1 

and 4 ) ,  CS re sp o n se  r a t e s  were v e ry  h ig h  f o r  th e  g roups w ith  a  u s u a l  

o n se t a t  th e  m id d le  o f th e  s e s s io n .  When th e  CS was p re s e n te d  a t  some 

p o in t  a f t e r  th e  s e s s io n  had s t a r t e d ,  CS r a t e s  w ere u s u a l ly  n o t so h ig h  

f o r  th e  g ro u p s w ith  a  u s u a l  o n s e t a t  th e  m id d le  o f  th e  s e s s io n .  When 

th e  o n s e t was v e ry  c lo s e  to  th e  u s u a l  tim e  o f CS o n s e t ,  e i t h e r  b e fo re  

o r  a f t e r  i t ,  CS r a t e s  w ere a lm o st c o m p le te ly  su p p re sse d  (T e s ts  1 , 2 , 

and f i r s t  p a r t  o f  4 f o r  group 2; and second p a r t  o f  T e s t 4 f o r  a l l  

o th e r  g ro u p s ) . These r e s u l t s  seem to  i n d i c a t e  t h a t  s u b je c t s  w ere 

re sp o n d in g  to  a  complex s tim u lu s  com prised o f CS o n s e t and tim e e lap se d  

s in c e  th e  s t a r t  o f  th e  s e s s io n ,  a lth o u g h  in  some o c c a s io n s  p assag e  o f 

tim e  a lo n e  seemed to  be  s u f f i c i e n t  to  c au se  s u p p re s s io n  o f  re sp o n d in g  

a t  th e  u s u a l  tim e o f  CS o n s e t .  A ll  s u b je c t s  showed t h i s  marked 

d e c re a se  i n  re sp o n d in g  d u rin g  some t e s t  d ay s , even in  th e  absence o f 

th e  CS, as  in  T e s t 3 , in d ic a t in g  some te m p o ra l d is c r im in a t io n .  Most of 

t h i s  su p p re s s io n  o c c u rre d  w ith in  20 seconds o f  th e  u s u a l  CS o n se t tim e , 

u s u a l ly  p r i o r  to  i t .
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I t  would seem t h a t  th e  CS o n se t once th e  s e s s io n  had s t a r t e d  

was more e f f e c t i v e  in  su p p re s s in g  resp o n d in g  d u r in g  th e  f i r s t  1 0  

seconds th a n  when i t  was p re s e n te d  from  th e  s t a r t ,  i n  v iew  of th e  

r e s u l t s  o b ta in e d  f o r  th e  second p a r t  o f T e s t 4 f o r  th r e e  o f  th e  

s u b je c t s  in  group 2 and f o r  T e s t 3 f o r  a l l  g ro u p s . A lso , T e s t 2 

u s u a l ly  r e s u l t e d  in  low er CS r a t e s  th a n  T e s t 1 o r  f i r s t  p a r t  o f T e s t

4.

A c r u c i a l  v a r i a b le  t h a t  seems to  be confounded w ith  p assag e  of 

tim e  in  t h i s  experim en t i s  d e p r iv a t io n .  At th e  b eg in n in g  o f  th e  

s e s s io n  d e p r iv a t io n  i s  v e ry  h ig h  and i t  may o v e r - r id e  th e  s u p p re s s iv e  

e f f e c t s  o f  th e  CS. Towards th e  end o f  th e  s e s s io n  s u b je c t s  have been 

d r in k in g  a t  h ig h  r a t e s  f o r  some tim e and d e p r iv a t io n  i s  reduced , a  

f a c t  in d ic a te d  by th e  low and v a r ia b le  r a t e s  found f o r  m ost s u b je c ts  

d u r in g  th e  l a s t  40 seconds o f  th e  s e s s io n .  The s u p p re s s iv e  e f f e c t s  

of th e  CS may depend to  a  g r e a t  e x te n t upon th e  im m ediate d e p r iv a tio n  

c o n d i t io n  o f  th e  o rgan ism , w hich i s  d e c re a s in g  a s  th e  s e s s io n  p ro g re s s e s .  

Low d e p r iv a t io n  l e v e l s  cou ld  e x p la in  th e  r e s u l t s  o f T e s t 3 f o r  a l l  

g ro u p s .

I t  i s  p o s s ib le  t h a t  th e  p r e s e n ta t io n  o f  th e  CS so e a r ly  in  th e  

s e s s io n  f o r  group 2  d u r in g  t r a in in g  c o n d i t io n s  made t h i s  s tim u lu s  

r e l a t i v e l y  more a v e r s iv e  f o r  t h i s  group th a n  f o r  th e  o th e r  g ro u p s , due 

to  th e  h ig h  l e v e l s  o f d e p r iv a t io n  a t  t h a t  p o in t  in  th e  s e s s io n .  The 

f a c t  th a t  th e  s u b je c t s  i n  group 2  de layed  th e  s t a r t  o f  th e  s e s s io n  

w h ile  th e  o th e r  s u b je c ts  d id  n o t ,  seems to  su p p o r t th e  assum ption  o f 

g r e a t e r  a v e r s iv e n e s s  o f  th e  e a r ly  CS. T h is  a ssu m p tio n  co u ld  a ls o  

e x p la in  th e  f in d in g s  d u rin g  th e  second p a r t  o f T e s t 4 f o r  th e  s u b je c ts
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in  group 2 . A lthough t h i s  CS was p r e s e n te d  a t  th e  m iddle o f  th e  

s e s s io n ,  and th e s e  s u b je c t s  n ev e r had  e x p e rie n c e d  th e  CS o n se t a t  

t h i s  tim e , th e r e  was a lm o s t com plete  s u p p re s s io n  o f  respond ing  f o r  

th r e e  o f  th e  s u b je c ts  d u rin g  th e  f i r s t  10 seconds o f  th e  CS. F urther., 

su p p o rt f o r  th e  assum ption  of g r e a t e r  a v e r s iv e n e s s  o f  th e  CS f o r  

group 2  i s  found in  th e  f a c t  t h a t  th e  s u b je c t s  i n  t h i s  group w ere , in  

th e  a v e ra g e , th e  most s u c c e s s fu l  a v o id e r s  o f  shocks.

Some o f th e  r e s u l t s  a r e  p u z z l in g  and do n o t seem to  be e x p la in e d  

by th e  i n t e r a c t io n  o f d e p r iv a t io n  l e v e l  and  CS su p p re s s iv e  e f f e c t s .

The second p a r t  o f T e s t 4 f o r  group IB d id  n o t r e s u l t  in  su p p re s s io n  

of CS r a t e s ,  even though t h i s  o n se t was o n ly  10 seconds a f t e r  th e  u s u a l  

CS p r e s e n ta t io n .  A ll  th e  s u b je c t s  i n  th e  group su p p ressed  c o n s i s t e n t ly  

d u rin g  t r a in in g  c o n d it io n s ,  and i t  can  be assumed th a t  d e p r iv a tio n  

l e v e l s  w ere s im i la r  f o r  T e s t 4 . One p o s s ib le  e x p la n a tio n  i s  t h a t  th e  

te rm in a t io n  o f th e  CS f o r  10 seconds in  th e  m idd le  o f  th e  s e s s io n  and 

i t s  second p r e s e n ta t io n  was l e s s  s a l i e n t  f o r  t h i s  g roup , due to  th e  

v i s u a l  n a tu r e  o f th e  CS. S u b je c ts  i n  group IB w ere , in  th e  a v e ra g e , 

th e  w o rs t a v o id e rs  o f sh o ck s , and t h i s  c o u ld  a ls o  be ex p la in ed  by th e  

la c k  o f  s a l i e n c e  of th e  CS f o r  t h i s  g ro u p , i n  com parison  w ith  th e  g ro u p s 

th a t  had an  a u d i to ry  CS.

A nother p u z z lin g  r e s u l t  was found d u r in g  T e s t 2 f o r  two o f  th e  

s u b je c t s  in  group 2. A lthough t h i s  CS was p re s e n te d  a t  th e  e x a c t 

moment o f  u s u a l  CS o n se t f o r  t r a i n in g  s e s s io n s ,  th e r e  was an a p p re c ia b le  

am ount o f  respond ing  d u rin g  th e  f i r s t  10 seconds o f  th e  CS f o r  th e s e  

two s u b je c t s .  I t  can be assumed t h a t  d e p r iv a t io n  le v e l s  were th e  

same f o r  t h i s  t e s t  and f o r  t r a i n in g  s e s s io n s .  One o f  th e  s u b je c ts  had
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v e ry  v a r ia b le  CS r a t e s  th ro u g h o u t th e  e x p e rim en t, b u t  th e  o th e r  

s u b je c t  had v e ry  low  CS r a t e s .  Both s u b je c ts  su p p re sse d  a lm ost 

com ple te ly  d u rin g  T e s t 1 and f i r s t  p a r t  o f  T es t 4 , w here th e  CS o n se t 

was o n ly  10 seconds p r i o r  to  th e  o n se t in  T e s t 2 .

When th e  CS c o n s is te d  o f tu rn in g  o f f  a  to n e  (group 3) th e  r e s u l t s  

d id  n o t d i f f e r  m arkedly  from  th o se  found when th e  CS was th e  to n e  on , 

ex ce p t f o r  an  in c re a s e  in  v a r i a b i l i t y .  D is re g a rd in g  th e  d a ta  fo r  

R816, whose CS r a t e  was v e ry  v a r ia b le ,  th e  r e s u l t s  o f th e  second p a r t  

o f T e s t 4 f o r  th e  rem ain ing  two s u b je c ts  t h a t  e x p e rie n c e d  t h i s  t e s t  

were co m p le te ly  o p p o s i te .  One s u b je c t  had a  CS r a t e  a s  h ig h  a s  

d u rin g  th e  f i r s t  o n s e t ,  w h ile  th e  o th e r  co m p le te ly  su p p ressed  l i c k in g .

I t  i s  d i f f i c u l t  to  e x p la in  th e s e  r e s u l t s .

Angerami (1976) found su p p re ss io n  o f re sp o n d in g  d u rin g  th e  p o s t -  

CS p e r io d  d u rin g  t r a i n in g  c o n d i t io n s ,  a  phenomenon a l s o  found in  th e  

p re s e n t  experim en t. Angerami a ls o  observed  t h a t  th e  s u b je c ts  o f te n  

made one o r two re sp o n se s  a t  th e  v e ry  b eg in n in g  o f  th e  CS p e rio d  d u rin g  

t r a in in g  c o n d i t io n s ,  p o s s ib ly  as  a c a r ry -o v e r  from  a  b u r s t  of l i c k s  

t h a t  had s t a r t e d  b e fo re  th e  CS, fo llow ed  by s u p p re s s io n  f o r  th e  r e s t  

o f th e  CS. T h is  was a ls o  observed  in  th e  p r e s e n t  ex p erim en t, v i a  an  

in t e r f a c e  p a n e l t h a t  in d ic a te d  re sp o n ses  and s t im u l i  c o n d it io n s  i n  th e  

cham bers, a lth o u g h  a s  re sp o n se s  were c o l le c te d  i n  1 0 -seco n d  b in s ,  i t  

was im p o ss ib le  to  o b je c t iv e ly  d e term ine  a t  w hich p o in t  d u rin g  th e  1 0  

seconds th e  re sp o n se s  had o c c u rre d , and no d a ta  a r e  p re s e n te d  re g a rd in g  

t h i s  o b se rv a tio n .

In  summary, th e  r e s u l t s  o f t h i s  experim en t su g g e s t t h a t  th e  g r e a t e r  

th e  l e v e l  o f  d e p r iv a t io n  when th e  CS i s  p re s e n te d  d u rin g  t r a in in g
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c o n d i t io n s ,  th e  g r e a t e r  th e  a v e r s iv e  p r o p e r t i e s  th e  CS w i l l  a c q u i r e ,  

p ro d u c in g  g r e a t e r  su p p re s s io n  o f re sp o n d in g  when th e  CS i s  p re s e n te d  

in  t e s t  c o n d i t io n s ,  c a u s in g  m ore s u c c e s s f u l  avo idance  of sh o ck s  i n  a  

d is c r im in a t iv e  punishm ent p ro c e d u re . On th e  o th e r  hand , th e  r e s u l t s  

in d ic a te  th a t  g iv e n  a  c e r t a in  a v e r s iv e n e s s  o f  th e  CS, th e  e a r l i e r  i t  

i s  p re s e n te d  i n  th e  t e s t  s e s s io n ,  when d e p r iv a t io n  l e v e l s  a r e  v e ry  

h ig h , th e  l e s s  su p p re s s io n  i t  w i l l  c a u s e ; w h ile  th e  l a t e r  th e  CS i s  

p re s e n te d  in  th e  s e s s io n ,  when d e p r iv a t io n  le v e ls  a r e  low , th e  more 

su p p re s s io n  i t  w i l l  c au se .

The v i s u a l  CS u t i l i z e d  in  t h i s  ex p erim en t r e s u l t e d  in  th e  l e a s t  

amount o f shock av o id an ce , p o s s ib ly  b eca u se  i t  was l e s s  s a l i e n t  f o r  

th e  s p e c ie s .

I t  w i l l  be n e c e s s a ry  to  s e p a r a te  th e  e f f e c t s  o f te m p o ra l 

d is c r im in a t io n  from  th o se  o f  d e p r iv a t io n .  T h is  cou ld  be acco m p lish ed  

by th e  u se  o f  a r e in f o r c e r  w hich e f f e c t iv e n e s s  does n o t depend upon 

d e p r iv a tio n  l e v e l ,  l i k e  i n t r a - c r a n i a l  shock  (IC S). A nother way to  

s e p a ra te  th e s e  v a r i a b le s  would b e  by u t i l i z i n g  an in t e r m i t t e n t  s c h e d u le  

o f  re in fo rc e m e n t d e l iv e r y  t h a t  w ould s t i l l  m a in ta in  l i c k in g  w ith o u t 

s i g n i f i c a n t l y  d e c re a s in g  th e  d e p r iv a t io n  l e v e l  o f  th e  o rgan ism .

I t  would b e  i n t e r e s t i n g  to  t e s t  t h i s  p ro ced u re  w ith  o th e r  tem p o ra l 

lo c a t io n s  o f th e  CS o n s e t ,  bo th  d u rin g  t r a i n in g  and t e s t i n g .  I t  i s  

su g g ested  to  u t i l i z e  a  w ith in -g ro u p  d e s ig n ,  so th a t  every  s u b je c t  

s e rv e s  a s  c o n t ro l  f o r  i t s e l f  and in d i v id u a l  d i f f e r e n c e s  would n o t 

o b scu re  th e  r e s u l t s .  I t  would be a l s o  n e c e ssa ry  to  a t te m p t to  r e p l i c a t e  

th e s e  r e s u l t s  u t i l i z i n g  an  in s tru m e n ta l  re sp o n se  in s te a d  o f  a  

consummatory o ne .
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